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This series of mini-atlases, of which this is the fourth, is an outgrowth of Mastery of 
Surgery. As the series editor, I have been involved with Mastery of Surgery since the 
3rd edition, when I joined two greats of American surgery Lloyd Nyhus and Robert 
Baker who were the editors at that time. At that time, in addition to Mastery of Surgery, 
which really was, almost in its entirety, an excellent atlas of how to do operations, 
atlases were common and some quality atlases which existed at that time by Dr. John 
Madden of New York, Dr. Robert Zollinger of Ohio State, and two other atlases, with 
which the reader may be less familiar with is a superb atlas by Professor Pietro Valdoni, 
Professor of Surgery at the University of Rome, who ran 10 operating rooms simultane
ously, and as the Italians like to point out to me, a physician to three popes. One famous 
surgeon said to me, what can you say about Professor Valdoni: "Professor Valdoni said 
to three popes, 'take a deep breath,' and they each took a deep breath." This superb 
atlas, which is not well known, was translated by my partner when I was on the staff 
at Mass General Hospital, Dr. George Nardi from the Italian. Another superb atlas was 
that by Dr. Robert Ritchie Linton, an early vascular surgeon whose atlas was of very 
high quality. 

However, atlases fell out of style, and in the 4th and 5th edition of Mastery of Sur
gery, we added more chapters that were "textbooky" types of chapters to increase access 
to the increasing knowledge base of surgery. However, atlases seem to have gone out of 
favor somewhat. In discussing with Brian Brown and others of Lippincott, as well as 
some of the editors who have taken on the responsibility of each of these mini-atlases, 
it seemed that we could build on our experience with Mastery of Surgery by having 
individual books which were atlases of 400 to 450 pages of high quality, each featuring 
a particular anatomical part of what was surgery and put together an atlas of operations 
of a sharply circumscribed area. This we have accomplished, and all of us are highly 
indebted to a group of high quality editors who will have created superb mini atlases 
in these sharply circumscribed areas. 

Why the return of the atlas? Is it possible that the knowledge base is somewhat more 
extensive with more variations on the various types of procedures, that as we learn more 
about the biochemistry, physiology, genetics, and pathophysiology in these different areas, 
there have gotten to be a variation on the types of procedures that we do on patients in 
these areas. This increase in knowledge base has occurred simultaneously at a time when 
the amount of time available for training physicians-and especially surgeons-has been 
diminished time-wise and continues to do so. While I understand the hypothesis that 
brought the 80 hour work week upon us, and that limits the time that we have for instruc
tion, and I believe that it is well intentioned, but I still ask the question: is the patient 
better served by a somewhat fatigued resident who has been at the operation, and knows 
what the surgeon and what he or she is worried about, or a comparatively fresh resident 
who has never seen the patient before? 

I don't know, but I tend to come down on the side that familiarity with the patient 
is perhaps more important. And what about the errors of hand off, which seem to be 
more of an intrinsic issue with the hand off which we are not able to really remedy 
entirely rather than poor intentions. 

This series of mini-atlases is an attempt to help fill the voids of inadequate time 
for training. We are indebted to the individual editors who have taken on this respon
sibility and to the authors who have volunteered to share their knowledge and experi
ence in putting together what we hope will be a superb series. Inspired by their 
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x Series Preface 

experience of teaching residents and medical students, a high calling, matched only by 
their devotion, and superb care they have given to thousands of patients. 

It is an honor to serve as the series editor for this outstanding group of mini-atlases, 
which we hope will convey the experiences of an excellent group of editors and authors 
to the benefit of students, residents and their future patients in an era in which time 
for education seems to be increasingly limited. 

Putting a book together, especially a series of books is not easy, and I wish to acknowl
edge the production staff at Lippincott, Wolters Kluwer's including Brian Brown, Julia Seto, 
Brendan Huffman and many others, and my personal staff in the office who include Edie 
Burbank-Schmitt, Ingrid Johnson, Abigail Smith, and Jere Cooper. None of this would have 
been possible without them. 

Josef E. Fischer, MD, FACS 
Boston, Massachusetts 



This lovely atlas, expertly edited by Dr. Daniel Jones, comes at a time when I believe we 
must reconsider our priorities. For the past decade (or decade and a half) the emphasis has 
been on performing a repair with the emphasis on reducing recurrence and thus the empha
sis has been on the use of some type of artificial prosthesis. 

The price for artificial prosthesis has been high with pain ranging from, it seems, 
a minimum of 10% (with which I agree) to as high as 50o/o as mentioned by Bruce 
Ramshaw in an excellent chapter. 

While triple neurectomy can relieve some (and on many occasions most) of the 
patient's pain, even in the hands of practiced surgeons-including myself-a stubborn 
residual of as many as 20% remain. Suicide, while thankfully rare, is not unknown. It 
is clear that we do not understand this complication in all patients. In view of this, I 
call for a return to open Shouldice-type of transversalis repair. Recurrence in general 
should be in the range of 3% to 5o/o. 

The problem is who will instruct our residents in the open technique since many 
of them have never seen one. The current joke among "senior surgeons" is that we are 
called upon when an "old guy" is needed. I suppose this is what happens when work 
hours legislate that our residents finish with 500 cases instead of 900 to 1,000 and most 
residents report two open cholecystectomies. 

If there is any solace it is that "ESO" or "excessive surgical optimism"-a category 
I have used in the past at M&M (morbidity & mortality), is no substitute for data. 

Josef E. Fischer, MD, FACS 
Boston, Massachusetts 
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Master Techniques in Surgery: Hernia seeks to demystify the repair of hernia and 
abdominal wall defects. Illustrations are depicted in color to clearly emphasize ana
tomical relationships. Intraoperative photographs and online video compliment the text 
and the illustrations. Experts, many of whom are leaders in the American Hernia Soci
ety, address the many operations which have been and are currently employed to close 
and patch hernias. 

As a third Cornell medical student rotating on the Surgery clerkship at the New 
York Hospital in 1989, I would assist Dr. George Wantz, a true expert in hernia repair. 
With ease he would splay out anatomical structures, manipulate my hands, and voila
the hernia was fixed. All day long, direct, indirect, and femoral hernia repairs under 
local anesthesia were repaired in no time at all. He had dedicated the latter part of his 
career to inguinal hernia and he made it look deceptively easy. So it is to this giant, I 
dedicate Master Techniques in Surgery: Hernia. 

As a resident at Washington University-Barnes Hospital in the 1990s, we were 
trained in Bassini, Cooper, Shouldice, and then Lichtenstein repair. Every staff surgeon 
had a favorite repair and their own version of it. We learned the nuances of a transition 
stitch, releasing incision, and shutter mesh overlap. Mesh could be glued, sutured, 
tacked, or stapled. The laparoscopic TAPP and later TEP mesh repair became very 
popular, and about the same time the American College of Surgeons was studying 
whether "watchful waiting" was a safer option in patients with asymptomatic inguinal 
hernias. The great hernia debates argued learning curves, postoperative pain, seroma, 
neuralgia, recurrence, and cost. The merits of local and MAC versus the general anesthe
sia required of laparoscopy became part of the discussion. 

We had solid data that recurrence rates for ventral hernia were lowest with mesh 
repairs compared to primary repair. Patients have been reluctant to agree to a rand
omized controlled trial to compare a laparoscopic ventral hernia repair to the open 
repair, and consequently, we have a paucity of data to advocate for laparoscopic ventral 
hernia repair even today. The debate most recently has focused on the types of mesh 
utilized, especially the value of the light weight, and biological mesh products. 

I have not forgotten the folklore of a surgery chief resident from a California program, 
who was called upon to explain at Morbidity and Mortality Conference, "What is a hernia?" 
He answered confidently, "It's a protrusion through an orifice." The Chairman stuck out 
his tongue and challenged, "Like this?" The resident muttered, "No, that's a hemorrhoid." 
The resident never finished Surgery. 

Sir Astley Paston Cooper in 1804 said it best, "No disease of the human body, 
belonging to the province of the surgeon, requires in its treatment, a better combination 
of accurate, anatomical knowledge with surgical skill than Hernia in all its varieties." 

Master Tedmiques in Surgezy: Hernia tries to describe many of the more commonly 
performed hernia repairs for the groin, abdominal wall, and diaphragm. We have sought 
surgeon authors knowledgeable of the various techniques, and they have shared their sur
gical pearls. I am particularly grateful to the publishers, Brian Brown and Brendan Huffman, 
for the liberal use of color illustrations to elucidate important anatomical relationships and 
key operative steps. 

I hope you find the book informative and a fun read. 

Daniel B. Jones, MD 
Boston, Massachusetts 
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Dpan Inguinal Hamia 

1 Anatomy and Pathophysiology 
of Hernias 
Daniel J. Scott and Luisangel A. Rondon 

Introduction 
The repair of an abdominal wall hernia represents one of the most frequent procedures 
performed by general surgeons. In 2006, more than 1.1 million hernia repairs were 
performed in the United States. 

An abdominal hernia is a defect in the wall of the abdominal cavity that allows 
protrusion of an organ or abdominal content through it. These defects most commonly 
involve the anterior abdominal wall, particularly at sites considered weak as the 
inguinal, femoral, and umbilical areas. The groin represents the area where the majority 
of abdominal wall hernias occur, totaling approximately 75% of the total incidence. 

Anterolateral Abdominal Wall 
Containing most of the abdominal viscera, the abdominal wall forms a flexible and 
deformable girth that extends over the bony framework of the lumbar spine posteriorly, 
the pelvis inferiorly, and the costal margin superiorly. Though it is primarily formed 
by muscle and aponeurosis, the lateral abdominal wall consists of at least nine layers 
placed one on the other. From superficial to deep, it includes skin, Camper's fascia, 
Scarpa's fascia, the external oblique aponeurosis and muscle, the internal oblique 
aponeurosis and muscle, the transversus abdominis aponeurosis and muscle, the trans
versalis fascia, the preperitoneal fat, and the peritoneum (Fig. 1.1). These layers con
tinue in the region of the groin as they form their insertions in the inguinal canal. 
Medially, the rectus abdominis muscle forms a major component. 

The groin represents the portion of the anterolateral abdominal wall below the level 
of the anterior superior iliac spines formed by the inferior insertion of the lateral oblique 
muscles surrounding the inguinal canal on both sides of the pubis. 

Camper's Fascia 

This is a thick superficial layer that contains the bulk of fat in the lower abdominal wall 
that blends with the reticular layer of the dermis. Its thickness varies with the body 
composition of the person. This layer, which is continuous with the corresponding 

1 
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layers covering the perineum and genitalia, also contains the dartos muscle fibers of the 
scrotum. The major blood vessels of this layer are the suparlicial epigastric vessels and 
suparlicial circumflex iliac vessels, tributaries of the femoral vessels. 

Scarpa's Fascia 

Scarpa's fascia is a homogeneous membranous sheet of areolar tissue that forms a lam
ina in the depths of the subcutaneous tissues and usually is most prominent in the 
region of the groin. It is loosely connected to the external oblique muscle, but in the 
midline it is more intimately adherent to the linea alba and to the pubic symphysis, 
and is prolonged onto the dorsum of the penis, forming the fundiform ligament (sus
pensory ligament of the clitoris in females): below and laterally, it blends with the 
fascia lata of the thigh. 

External Oblique Muscle and Aponeurosis 

The external oblique muscle is the most superficial of the three flat musculoaponeurotic 
layers that make up the anterolateral wall of the abdomen. It is directed inferiorly and 
medially extending from the posterior aspects of the lower eight ribs to the linea alba, 
the pubis, and the iliac crest (Fig. 1.2). Medially, the tendinous fibers pass anterior to 
the rectus abdominis muscle, forming the anterior layer of the rectus sheath. 

Below the anterior superior iliac spine, the external oblique muscle is wholly apone
urotic and therefore, in the groin region, there is no external oblique muscle, only apone
urosis. The anteroinferior fibers of insertion of the external oblique aponeurosis fold on 
themselves to form the inguinal ligament Inferiorly, the aponeurotic insertions into the 
body of the pubis and the pubic tubercle form the superficial or external inguinal ring, 
a triangular opening through which the spermatic cord or round ligament passes. 

Inguinal Ligament 
The inguinal ligament is the lower, thickened portion of the external oblique aponeu
rosis suspended between the anterior superior iliac spine and the pubic tubercle. The 
fibers of the external oblique aponeurosis that form the inguinal ligament present a 
rounded surface toward the thigh and a hollow surface toward the inguinal canal func
tioning as a supporting shelf for the spermatic cord (Fig. 1.3). 
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figure 1.2 External oblique muscle 
and internal oblique muscle. 

First described by Antonio de Gimbernat in 1793, the lacunar ligament is a triangular 
extension of the inguinal ligament before its insertion upon the pubic tubercle. It is 
inserted at the pecten pubis, and its lateral end meets the proximal end of the ligament 
of Cooper. It is considered the medial border of the femoral canal (Fig. 1.3). 

External Inguinal Ring 
The superficial or external inguinal ring is located above the superior border of the 
pubis, immediately lateral to the pubic tubercle. It is a triangular opening of the apone
urosis of the external oblique, the base being part of the pubic crest with the margins 
formed by two crura, medial and lateral. The medial crus is formed by the aponeurosis 
of the external oblique itself: the lateral crus is formed by the inguinal ligament. To be 
mol'8 specific, the medial crus is attached to the lateral border of the rectus sheath and 
to the tendon of the rectus abdominis muscle. The lateral crus is attached to the pubic 
tubercle (Fig. 1.3). 
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Internal Oblique Muscle and Aponeurosis 

The internal oblique muscle and aponeurosis represent the middle layer of the three 
flat musculoaponeurotic layers of the abdominal wall. The internal oblique muscle 
arises in part from the thoracolumbar fascia and the iliac crest splaying obliquely 
upward, forward, and medially to insert upon the inferior borders of the lower three or 
four ribs, the linea alba and the pubis (Fig. 1.2). 

The aponeurosis of the internal oblique above the level of the umbilicus splits to 
envelop the rectus abdominis, re-forming in the midline to join and interweave with 
the fibers of the linea alba. Below the level of the umbilicus, the aponeurosis does not 
split but rather runs only anterior to the rectus muscle (Fig. 1.4). 

The lowest fibers of the internal oblique muscle arch over the spermatic cord or the 
round ligament. Medially, the lower border of this muscular arch is usually at or slightly 
above the level of the aponeurotic arch of the underlying transversus abdominis layer. 
Some of the lower muscle bundles in the male form the cremaster muscle fibers that 
invest the spermatic cord. 

The internal oblique layer is mainly muscular in the inguinal region and throughout 
much of its course in the groin, it is intimately attached to the underlying fibers of the 
transversus abdominis aponeurosis. The aponeurotic continuation of these lower bun
dles of the internal oblique usually is directed transversely to the linea alba and slightly 
more inferiorly inserted to the body of the pubis. 

Transversus Abdominis Muscle and Aponeurosis 

The transversus abdominis muscle and aponeurosis are the deepest of the three fiat anterior 
abdominal muscles layers. These layers arise from the fascia along the iliac crest, thmaco
lumbar fascia, iliopsoas fascia, and from the lower six costal cartilages and ribs (Fig. 1.5). 

The muscle bundles of the transversus abdominis course horizontally except the 
inferior border of the transversus abdominis layer that forms a curved line, the trans
versus abdominis arch (Fig. 1.6), an important landmark for the surgeon because it 
represents the superior border of the direct inguinal hernia space. The area beneath the 
arch and the number of aponeurotic fibers and strength in this lower portion of the 
transversus abdominis lamina varies, having a major influence in the development of a 
direct inguinal hernia. 
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Figur• t5 Transvarsalis muscla. 

The aponeurosis of the transversus abdominis joins the posterior lamina of the 
internal oblique forming part of the posterior rectus sheath above the umbilicus. Below 
the umbilicus, the transversus abdominis aponeurosis is a component of the anterior 
rectus sheath. The gradual termination of aponeurotic tissue on the posterior aspect of 
the rectus abdominis muscle forms the arcuate line of Donglu. 

The medial aponeurotic fibers of the transversus abdominis insert on the pectin 
pubis and the crest of the pubis to form the ligament of Henle or falx inguinalis (Fig. 
1.6). The falx inguinali.s has an intimate relation with the rectus sheath consisting of 
the dense insertion of the transversus aponeurosis lateral to the tendon and muscular 
belly of the rectus muscle. Rarely, the fibers of the transversus abdominis aponeurosis 
are joined in this area by fibers from the internal oblique aponeurosis to form a true 
conjoined tendon. 
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Conjoined Tendon 
The conjoined tendon is, by definition, the fusion of lower fibers of the internal oblique 
aponeurosis with similar fibers from the aponeurosis of the transversus abdominis 
where they insert on the pubic tubercle and superior ramus of the pubis. A true con
joined tendon is considered rare, according to Condon present in 3o/o of cases and 
believed by McVay to be only an artifact of dissection. 

Rectus Abdominis Muscle 

The rectus abdominis forms the central and anchoring muscle mass of the anterior 
abdomen. The rectus abdominis muscle attaches to the fifth, sixth, and seventh costal 
cartilages and the xiphoid process above. Below, it attaches to the pubic crest, sym
physis pubis, and the superior ramus of the pubis. Each rectus muscle is traversed by 
tendinous intersections at the level of the xiphoid process, the mid-upper abdomen, 
and at the umbilicus. 

The rectus muscle is enclosed within a stout sheath formed by the aponeuroses of 
the three flat muscles that divide and pass anteriorly and posteriorly around the muscle. 
From the rib margin to a point midway between the umbilicus and the pubis (arcuate 
line of Douglas), the posterior sheath is made up of the posterior leaf of the internal 
oblique aponeurosis, the aponeurosis of the transversus abdominis muscle, and the 
transversalis fascia. Below this level, the posterior wall is formed by transversalis fascia 
alone, with variable contributions of aponeurotic bands from the transversus abdominis 
(Fig. 1.4). The deep epigastric arteries and veins course along the posterior surface of 
the rectus muscle, so below the arcuate line they are separated from the peritoneum 
only by transversalis fascia. 

Medially, the two recti are separated by the linea alba, a tendinous line wherein 
the aponeuroses of the three flat muscles fuse with and decussate across the midline. 

Transversalis Fascia 

The transversalis fascia is a portion of the continuous layer of the endoabdominal fascia 
that completely encloses the abdominal cavity. In various areas, the endoabdominal 
fascia is given particular regional designations derived from the overlying muscles, in 
this instance, the transversus abdominis muscle. The transversalis fascia is immediately 
continuous with the lumbar, iliac, psoas, and obturator fasciae. It continues medially 
as the rectus fascia, forming a posterior covering of the lower part of the rectus muscle. 

The lower portion of the transversalis fascia between the transversus abdominis arch 
superiorly and Cooper's ligament and the iliopubic tract inferiorly represents the critical 
weak area in which inguinal hernias are found (Fig. 1.7). The transversus abdominis 
arch forms a relatively resistant aponeurotic superior margin that begins laterally at the 
iliopectineal arch and is directed medially above the deep inguinal ring and across the 
groin to insert into the rectus sheath or pubic bone. Similarly, the iliopubic tract and 
Cooper's ligament together form a resistant inferior margin that begins laterally at the 
iliopectineal arch and is directed medially below the deep inguinal ring and across the 
external femoral vessels to the superior ramus of the pubis. Between these aponeurotic 
margins, the continuity of the transversus abdominis layer is maintained mainly by the 
transversalis fascia. Hence, this layer is referred to as the floor of the inguinal canal. 

lliopubic Tract 
The iliopubic tract, described by Alexander Thomson in 1836, is an aponeurotic band 
within the transversus abdominis lamina that bridges across the external femoral ves
sels that begin near the anterior superior iliac spine and extend medially to attach to 
Cooper's ligament at the pubic tubercle. It forms the inferior margin of the deep mus
culoaponeurotic layer made up of the transversus abdominis muscle and aponeurosis 
and the transversalis fascia. 

Laterally, the fibers of the iliopubic tract are overlapped by the inguinal ligament, 
which lies immediately superficial to it. However, the inguinal ligament and the 
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figure 1.1 Deep inguinal ring and 
tranm~rsalis fascia. 

iliopubic tract are separate entities and belong to different musculoaponeurotic lay
ers of the groin. The inguinal ligament is part of the external oblique layer; the ili
opubic tract is part of the transversus abdominis layer. 

The iliopubic tract as it trajects medially becomes separated from the inguinal liga
ment. It passes medially to form the lower border of the internal inguinal ring (Fig. 1.7). 
Together with the trSDBversalis fascia, the tract crosses the femoral vessels to form the 
anterior margin of the femoral canal. 

Cooper's Ligament 
Cooper's ligament or the pectineal ligament is a condensation of trSDBversalis fascia and 
periosteum of the superior pubic ramus lateral to the pubic tubercle. It is usually several 
millimeters thick and densely adherent to the pubic ramus, and joins the iliopubic tract 
and lacunar ligaments at their medial insertions. Cooper's ligament is considered the 
posterior margin of the femoral canal. 

lntamallnguinal Ring 
The deep or internal inguinal ring, formed mainly by aponeurotic fibers of the trans
versus abdominis layer, is located halfway between the pubic tubercle and the anterior 
superior iliac spine. At the lateral half of the area between the transversus abdominis 
arch above and the illopubic tract below, the fascia transversalis thickens and forms an 
incomplete ring in the shape of an inverted "V", with the open end pointing laterally 
and superiorly (transversalis fascia crura), that supports the spermatic cord structures 
as they enter the inguinal canal. The inferior border is formed by the iliopubic tract 
The trSDBversus abdominis arch along with the superior crus of the transversalis fascia 
forms the superior border of the deep inguinal ring (Fig. 1.7). 

The transversalis fascia crura provides the basis for the shutter mechanism that is 
thought to operate at the internal inguinal ring. During coughing or similar activities 
that increase the intraabdominal pressure, the transversus abdominis muscle contracts 
and the crura are drawn closer together and laterally. The approximation and lateral 
sliding motion of the crura partially closes the internal ring and flattens the cord struc
tures against the abdominal wall respectively, thus providing additional protection to 
this area from forces that may lead to the formation of a hernia. 

Preperitoneal Space 

The preperitoneal space is the potential space between the peritoneum posteriorly and 
the transversalis fascia. 
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Figur• 1.8 Peritoneal folds. 

Near the pubis, the peritoneum is separated from the transversalis fascia by the 
urach118, a fibro118 remnant of the allantois that extends from the apex of the bladder to 
the umbilicus. In the area of the bladder, this retropubic preperitoneal space is known 
as the space of Retzi118. The elevation of the peritoneum in the midline by the urachus 
forms the median umbilical fold. Just lateral to this fold, is the medial umbilical fold, 
which represents the obliterated portion of the fetal umbilical artery on both sides of 
the urach118 (Fig. 1.8). 

Laterally, the separation of the peritoneum from the muscle layers of the abdo
men is known as the space of Bogros. In other words, the space of Bogros is a lateral 
extension of the space of Retzius. The inferior epigastric artery runs vertically 
upward in the space of Bogros to enter and ramify within the rectus abdominis 
muscle. The peritoneum underneath the inferior epigastric artery forms the lateral 
umbilical fold. 

The inferior epigastric artery is the lateral border of Hasselbach's triangle and thus 
provides a useful landmark to differentiate between direct and indirect hernias. A 
defect medial to the inferior epigastric vessels is considered direct, whereas a lateral 
defect is an indirect hernia. 

Myopectineal Orifice of Fruchaud 
H. Fruchaud, a French surgeon, described in 1956 an oval-shaped area in the groin 
protected only by the combined lamina of the aponeurosis of the transversus abdominis 
and the transversalis fascia where all groin hernias originate named myopectineal 
orifice (MPO). The MPO (Fig. 1.9) is bordered: 

• Superiorly by the arching fibers of the internal oblique and transversus abdominis 
muscles 

• Medially by the lateral border of the rectus muscle 
• Inferiorly by Cooper's Ligament 
• Laterally by the iliopsoas muscle 

The inguinal ligament and iliopubic tract divide the MPO into two areas, both keys 
in the understanding of groin hernias: 

• Superior compartment containing the inguinal canal. The inferior epigastric artery 
further divides this compartment into: 
• Hesselbach'sl triangle, medial to the inferior epigastric and weak area where direct 

inguinal hernias develop. 
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Figur• 1.9 Myopactinaal orifice. 

• Lateral triangle, containing the internal inguinal ring. A defect in this 8I'9a is an 
indirect hernia. 

• Inferior compartment containing the femoral canal. 

Inguinal Canal 

The inguinal canal is an oblique passage directed inferiorly, anteriorly, and medially in 
the lower part of the anterior abdominal wall located above the medial portion of the 
inguinal ligament extending from a point approximately 2 em medial to the anterior 
superior iliac spine laterally to the pubic tubercle medially (Fig. 1.10). 

The canal begins intraabdominally on the deep aspect of the abdominal wall, where 
the spermatic cord in males and the round ligament in females pass through the internal 
inguinal ring. The canal then concludes on the superficial aspect of the abdominal wall 
musculature at the superficial or external inguinal ring, the point at which the spermatic 
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cord crosses the medial defect of the external oblique aponeurosis. In the normal situa
tion, parietal peritoneum covers the intraabdominal portion of the spermatic cord as well 
as the internal ring. However, when an inguinal hernia is present, the peritoneum pro
trudes through a defect and is considered the hernia sac. It is classic to describe four 
walls as the boundaries of the canal: Anterior, posterior, inferior, and superior. 

Anterior wall. It is formed essentially by the aponeurosis of the external oblique 
muscle that laterally is reinforced by the underlying muscle fibers of the internal oblique 
and transversus abdominis muscles. 

Inferior wall. The inferior wall of the canal is a narrow groove formed by the 
inguinal ligament. 

Superior wall. It is formed by the arched fibers of the lower edge of the internal 
oblique muscle and by the transversus abdominis muscle and aponeurosis. 

Posterior wall. The posterior wall is formed primarily by the aponeurosis of the 
transversus abdominis muscle and the transversalis fascia. The transversalis layer is 
reinforced, inferiorly by the iliopubic tract and Cooper's ligament. The posterior wall 
is the most complex and important wall of the inguinal canal as defects in this layer 
allow hernia formation. 

Spermatic Cord 

The spermatic cord is a structure present in males that resembles a cord that suspends 
the testis within the scrotum. It begins in the preperitoneal space with the confluence 
at the deep inguinal ring of the ductus deferens and the testicular artery and vein that 
pass from the abdominal cavity through the inguinal canal down into the scrotum. 

The spermatic cord is composed of: 
Three fasciae: 

External spermatic fascia, formed from the investing fascia of the external oblique 
aponeurosis as the spermatic cord emerges from the superficial ring. 
Cremasteric fascia derived from the internal oblique muscle and fascia. 
Internal spermatic fascia, closely adherent to the cord structures as they pass through 
the deep inguinal ring. It arises from the transversalis fascia. 

Three arteries: 

Testicular artery, branch of the aorta and supplies the testis. 
Cremasteric artery, branch of the inferior epigastric artery. 
Deferential artery, derived from the umbilical artery. 

Three veins: 

Pampiniform plexus and testicular vein, venous drainage from the testis. On the right 
side they drain directly into the inferior vena cava and on the left side, into the left 
renal vein. 
Cremasteric vein, drains into the inferior epigastric vein. 
Deferential vein, drains into the pampiniform plexus and the vesical plexus. 

Three nerves: 

Genital branch of genitofemoral nerve 
ilioinguinal nerve 
Sympathetic nerves 

Lymphatics, drain into the paraaortic nodes. 

Round Ligament 

The round ligament is composed of fibrous tissue and muscle fibers. It attaches to the 
superoanterior aspect of the uterus and runs via the broad ligament to the lateral pelvic 
wall. The round ligament crosses the external iliac vessels and enters the inguinal 
canal, ending by inserting into the labia majora in a fanlike fashion. 
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• Floor: Aponeurosis of the b:ansvarus abdominis muscle 
• Roof: External oblique and latissimus dorsi muscles 

Nerves of the Anterior Abdominal Walland Groin Region (Fig.1.12) 

The innervation of the anterior wall muscles is multiple. The lower intercostal and 
upper lumbar nerves (T7 to T12, 11, L2) contribute most of the innervation to the lateral 
muscles and to the rectus abdominis and overlying skin. The nerves run in a plane 
between the internal oblique and transversus abdominis muscles. The axtamal oblique 
receives branches of the intercostal nerves. The anterior ends of the nerves form part 
of the cutaneous innervation of the abdominal wall. 

The nerves of the inguinal region arise from the lumbar plexus, innervate the 
abdominal musculature, and provide sensation for the skin and parietal peritoneum. 

The iliohypogastric nerves (T12, Ll) emerge from the lateral edge of the psoas 
muscle and course within the layers of the abdominal wall. It penetrates the external 
oblique muscle within 1 to 2 em of the superiomedial aspect of the external ring where 
it supplies the skin in the suprapubic region with sansocy fibers. 

The ilioinguinal nerve (Ll) courses with the iliohypogastric nerve and then joins 
the spermatic cord or round ligament through the internal and external inguinal rings 
to innervate the skin of the base of the panis or mons pubis, the scrotum or labia majora, 
and the medial aspect of the thigh. 

The genitofemoral nerves (11, L2) run along the anterior aspect of the psoas 
muscle and divide before reaching the internal inguinal ring. The genital branch 
penetrates the iliopubic tract lateral to the internal inguinal ring and than enters the 
ring to join the cord. It supplies the anterior scrotum with sensory fibers, the cremas
ter muscle with motor fibers, and is the eHerent limb for the cremasteric reflex (strok
ing the inner thigh produces contraction of the cremaster muscle and elevation of 
the ipsilateral testicle). The femoral branch courses beneath the inguinal ligament to 
provide sensation to the anteriomedial thigh and is the afferent limb for the cremas
teric reflex. 

The lateral femoral cutaneous nerves (L2, L3) emerge at the lateral edge of the psoas 
muscle, course along the iliac fossa, lateral to the iliac vessels, and beneath the iliopu
bic tract and inguinal ligament to provide sensation to the lateral thigh. 
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The femoral nerves (L2 to L4) emerge from the lateral aspect of the psoas muscle 
and cou.r8e beneath the inguinal ligament lateral to the femoral vessels and outside of 
the femoral sheath to provide motor and sensory innervation for the thigh. 

Vasculature of the Abdominal Wall and Groin Region 

The blood supply of the lateral muscles of the anterior abdominal wall is primarily from 
the lower three or four intercostal arteries, the deep circumflex iliac artery, and the 
lumbar arteries. The rectus abdominis has a complicated blood supply derived from the 
superior epigastric artery (a terminal branch of the internal mammary artery), the infe
rior epigastric artery (a branch of the external iliac artery), and the lower intercostal 
arteries. The superior and inferior epigastric arteries enter the rectus sheath and anas
tomose near the umbilicus. 

The inferior epigastric artery and vain cross over the iliopubic tract at the medial 
aspect of the internal ring and ascend along the posterior surface of the rectus muscles, 
invested in a fold of peritoneum called lateral umbilical ligament Near its takeoff the 
inferior epigastric artery givas off two branches, the cremasteric and the pubic. The cre
masteric branch penetratas the transversalis fascia and joins the spermatic cord. The pubic 
branch courses in a vertical fashion inferiorly, crossing Cooper's ligament, and anastomo
ses with the obturator artery forming a circl~the corona mortia-before entering the 
obturator foramen (Fig. 1.13). Injury to the circle, usually sustained while working in the 
area of Cooper's ligament, may cause copious bleeding. 

The testicular vessels follow the ureter into the pelvis on its lateral border, and then 
course along the lateral edge of the external iliac artery, cross the iliopubic tract, and 

nerve 
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join the spermatic cord at the lateral aspect of the intamal ring. The testicular or inter
nal spermatic artery arises from the aorta just below the renal arteries. Anastomoses 
between the testicular, deferential, and cremasteric arteries supply the testicle with rich 
collateral circulation. The testicular veins drain into the inferior vena cava on the right 
and the renal vein on the left. 

The deferential artery arises from the inferior vesicle artery, forming a microvascu
lar network with the adventitia of the vas deferens. The deferential vein drains into the 
pampiniform plexus and the vesical plexus. The pampiniform plexus drains into tes
ticular veins that course with the testicular artery. 

The cremasteric or external spermatic artery arises from the inferior epigastric 
artery. The cremasteric vein drains into the inferior epigastric vein. 

Pathophysiology of Abdominal 
Wall Hernias 
The most common hernias develop at sites where the abdominal wall strength to with
stand the intraabdominal pressure is lower, such as the internal inguinal ring, the 
umbilicus, esophageal hiatus, and previous surgical entry sites. The cause of abdominal 
wall hernias is probably multifactorial, with one or more factors applying in any par
ticular case. 

Raised lntraabdominal Preuure 

Factors that increase the pressure in the abdominal cavity, such as obesity, coughing 
with chronic lung disease, straining, and ascites have traditionally been considered 
important in the etiology of abdominal hernias; however, recent work suggests that 
these conditions do not cause hernias on their own but may be additional facilitating 
factors. Several studies have documented strenuous physical activity as a predisposing 
risk factor to acquiring an inguinal hernia. Repeated physical exertion may increase 
intraabdominal pressure: however, whether this process occurs in combination with a 
patent processus vaginalis or through age-related weakness of abdominal wall muscu
lature is unknown. 

Interestingly, several studies have noted a protective eHect of obesity. In a large, 
population-based prospective study of American individuals (First National Health and 
Nutrition Examination Survey), the risk of inguinal hernia development in obese men 
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2 Lichtenstein-based Groin 
Hernia Repair 
Steven D. Schwaitzberg 

Introduction 
There are a variety of open hernia repair techniques that the surgeon can choose from 
today. For the last 20 years the majority of surgeons have employed some form of mesh 
augmented repair for the reconstruction of the groin. One of the by early adopters of 
mesh augmented hernia repair was Irving Lichtenstein who along with Alex Shulman 
and Parviz Amid developed this method of hernia repair. This technique followed in 
the footsteps of the earliest mesh augmented repairs pedormed by Francis Usher who 
used a piece of polypropylene mash to create a cuff around the conjoined tendon 
before suturing it to the inguinal ligament. The Lichtenstein repair came into existence 
with the recognition that classic Bassini or McVay (Cooper's ligament) type procedures 
were associated with higher than acceptable long-term recurrence rates even when 
relaxing incisions in the anterior rectus fascia were employed. This repair requires the 
surgeon to define precise anatomic landmarks. A tension-free repair is then created 
utilizing a modest size polypropylene mesh to reconstruct the O.oor of the inguinal 
canal which continues laterally with a keyhole in the mesh to accommodate this sper
matic cord thus reconstructing the internal ring. This repair can be mastered with a 
relatively shallow learning curve and is associated with low recurrence rates and com
plications. 

~ INDICATIONS 

The Lichtenstein hernia repair is indicated for initial mild to moderate, direct or indi
rect inguinal as well as femoral hernias in both men and women. It can also be deployed 
in patients with recurrent groin hernias particularly when an alternate technique was 
used at the initial repair. Surgeons who choose this technique should be prepared to 
make the appropriate technique modifications that are based on the specific type of 
hernia encountered. 

11 



18 Part I Open Inguinal Hernia 

f:l PREOPERATIVE PLANNING 

Patient Preparation 
This technique can be performed under local, regional, or general anesthesia. One cited 
advantage of performing this technique in awake patients is the opportunity to ask the 
patient to cough and assess the repair for weakness. The arms may remain outstretched 
or can be tucked on the basis of the patient's body habitus and the surgeon's preference. 
In routine cases, a urinary catheter is not necessary. Sufficient bladder decompression 
is achieved if the patient is able to urinate immediately prior to the procedure and a 
consensus is reached with anesthesia that minimal amounts of intravenous fluids will 
be administered intraoperatively. The lower abdomen and groin are prepped consistent 
with the surgeon's preference. Many surgeons prefer the use of a plastic barrier draped 
over the skin to prevent contact of the mesh with the skin. Unless the patient has a 
large intrascrotal hernia, the scrotum does not need to be draped into the operative 
field. The use of the plastic barrier drape makes it possible to easily include the umbili
cus, the anterior superior iliac spine (ASIS), and the pubic tubercles into the operative 
field. A single dose of first generation cephalosporin is commonly administered for 
prophylaxis. 

0 SURGERY 

Incision 
For most patients, a properly placed incision need not be much lSiger than 5 em. Thera 
are two basic incision types for this procedure, transverse or oblique (Fig. 2.1). Trans
verse incisions have the advantage of being made in the lines of Langer which imparts 
a theoretical cosmetic advantage. The oblique incision is essentially made over the 
distance from the internal to the external ring which in theory allows for the smallest 
length of incision needed. The oblique incision is prepared by marking a line from the 
ASIS to the pubic tubercle. A 5 to 7 em incision is then made parallel 1 em cephalad 
to the previously marked line which begins medially 2 em lateral to the pubic tubercle 
and continued for the selected distance. Given the general laxity of the skin in this 
region it can easily be shifted in order to visualize all of the required structures to be 
dissected. Once the skin is incised, the incision is carried down to the extamal oblique 
fascia sharply or by cautery. It is common to encounter a subcutaneous vein requiring 
ligation in the lateral aspect of the wound. The external oblique should be exposed from 
the external ring 10 em laterally and at least 5 em in width. This will facilitate closure 
at the and of the case. 

___:,...---Anterior 
superior 
iliac spine 

--~~--------Pu~c 
tubercle 

figur• 2.1 Either a transverse or 
inguinal incision may be used for this 
procedure. 
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Figur• 2.2 A finger is placed through the 
external ring protecting the spannatic cord 
as the external oblique is opened in line 
with its fibers. 

The true dissection commences at opening the external oblique fascia in line with its 
fibers (Fig. 2.2). After identifying the pubic tubercle the surgeon or assistant can place 
their finger into the external ring just under the external oblique fascia. The fascia is 
then opened medially to laterally with electrocautery using the surgeon's finger to pro
tect the underlying structures. Alternatively, one blade of the Metzenbaum scissors is 
placed under the external oblique aponeurosis and the scissors are "pushed" in the 
direction of the fibers opening the layer. This guarantees that the external ring will be 
completely opened which is a requirement for adequate exposure. The external oblique 
should be open for at least 10 em which will allow for complete exposure of the inter
nal ring as well as a few centimeters laterally. Cephalad and caudad flaps of the exter
nal oblique aponeurosis are developed from the pubic tubercle for the entire length of 
the incision. The cephalad extent of the dissection should expose the conjoined tendon 
and rectus sheath. The caudad flap dissection should be continued until the inguinal 
ligament (Poupart) is clearly demonstrated. Self-retaining retractors are used to main
tain the exposure. At this point the course of the ilioinguinal nerve should be discerned. 
At this point either the nerve is carefully mobilized and retracted behind the cephalad 
flap of the external oblique aponeurosis or some surgeons prefer to resect the nerve and 
allow the proximal end to retract into the internal oblique muscle fiber. The second 
option is more commonly employed in older patients. Not all patients experienced 
numbness when this resection maneuver is performed because of overlapping innerva
tion. If the nerve is resected, neuroma is possible, inguinodynia is avoided. 

The spermatic cord is then mobilized. It is elevated off the pubic tubercle in its 
entirety along with its cremasteric fibers. A Penrose type drain is then secured around 
it. The spermatic cord must be carefully elevated from 2 em distal to the pubic tubercle 
all the way to the internal ring. There are often cremasteric fibers that are lateral and 
medial to the spermatic cord that require division in order to achieve full mobilization. 
Moderate to large direct hernias may present as a structure adherent to the undersurface 
of the spermatic cord. These hernias are easily separated and diagnosed by elevating 
the spermatic cord anteriorly and sweeping the direct hernia posteriorly without violat
ing the plane of the cremasteric muscle. The spermatic cord is then mobilized laterally. 
The anterior and medial portion of the cremasteric envelope of the spermatic cord is 
opened for 3 to 4 em in the line of its fibers. The hernia sac associated with an indirect 
hernia is located in this portion of the spermatic cord. If a peritoneal sac is identified, it 
is mobilized by retracting a hernia sac cephalad and laterally while mobilizing the sper
matic cord structures medially (Fig. 2.3A). The process is likened to opening a book. with 
the spine of the book. centered in the internal ring. This process should be continued 
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Figure 2.3 A: The hernia sac is teased out from the anteromedial portion af the spermatic cord after incising the cremasteric 
fibers. 1: After removing the indirect sac lif present) the spermatic cord is encircled \Mth a penrose drain. C: The trasversalis 
fascia can be open to explore for a femoral hernia which would be found medial to the femoral vein and just anterior to 
Cooper's ligament 

until the vas deferens and cord vessels are seen entering into the internal ring and 
completely separated from the peritoneal sac. Lipomata of the spermatic cord are mobi
lized in a similar fashion. Once these structures are mobilized, they are either ligated 
and excised or mobilized back into the retroperitoneum. 

After the completion of the exploration of the spermatic cord, the fioor of the inguinal 
canal is assessed by examining the transversalis fascia. If the integrity of the fioor of the 
inguinal canal is intact, then the transversalis fascia does not need to be opened unless a 
femoral hernia is suspected (Fig. 2.3B). These suspicions can be confirmed by examining 
the region outside of the extemal oblique just medial to the femoral vein and palpitating 
for any suspicious masses suggesting femoral hernia. If either a direct hernia or femoral 
hernia exists, then the transversalis fascia should be opened in its medial portion near the 
pubic tubercle at its juncture with the inguinal ligament By doing so, Cooper's ligament in 
the femoral canal can be exposed (Fig. 2.3C). Femoral hemias are then reduced and Coop
er's ligament is cleared off from the femoral vein to the pubic tubercle with care to avoid 
injury to the rectal vein which can run parallel to Cooper's ligament The ligament is iden
tified as a firm but slightly spongy structure lying over the pubic ramus. 

The final portion of the dissection is an examination of the conjoined tendon. The 
structure represents the fusion of the internal oblique and transversus abdominis 
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A B 
Inguinal Transition Cooper's 
ligament suture ligament 

Figure 2.4 A: For an indirect or small direct hernia: The mesh is sewn onto place with a series of interrupted sutures. 
The medial suture is in the pubic tubercle. The caudal sutures are in the inguinal ligament and the cephalad sutures are in 
the conjoined tendon. The tail of the mesh are joined together laterally allowing the tip of the surgeon's finger tD enter the 
neo-internal ring. 1: The large direct defects are repaired by sewing the mesial mesh tD Coope(s ligament instead of the 
inguinal ligament When the femoral vessels are encountered, a •transition• stitched is placed in both Coope(s and 
inguinal ligaments sealing the femoral canal. 

The neo-intemal ring is now assessed. It should be wide enough to admit just the 
tip of the surgeon's index finger through the hole in the mesh. If the hole is too tight, 
a small slit is cut on the medial side. If the hole is too loose, then an additional suture 
is placed until the proper spacing is achieved. 

If the patient's pathology demonstrates the presence of a femoral hernia, than the 
repair is modified to bring the medial-caudad mesh down on to Cooper's ligament 
instead of the inguinal ligament (Fig. 2.4B). Clearly, it is not possible to close the 
femoral space by suturing the mesh to the inguinal ligament which is anterior to the 
femoral canal. The idea of placing sutures through an intact transversalis fascia on to 
Cooper's ligament should be avoided in favor of clearly identifying Cooper's ligament 
and inspecting the femoral canal. Interrupted sutures are placed first in the mesh, than 
in Cooper's ligament until the femoral vein is reached. The shape of the mesh can be 
modified to leave a larger portion medially to simply tension-free coverage of the fem
oral space. This final stitch on Cooper's ligament is known as the "transition stitch" 
since a second bite is also placed on the inguinal ligament more anteriorly. This is what 
closes the femoral space. Since Cooper's ligament run more deeply than the inguinal 
ligament, it is convenient to place these sutures without tying them until the inguinal 
ligament is reached and then "parachute" them into place and tie them. The remainder 
of the repair is performed in the same fashion as above. Large direct hernias should 
also be repaired in this fashion. 

Technique Variations in Women 
As in men, direct and indirect inguinal hernias are more common than femoral hernias 
in woman; however, the incidence of femoral hernias are higher in women than in men. 
This should alert the surgeon to be vigilant for this possibility and have a low threshold 
to open the transversalis fascia layer to inspect the femoral space. The presence of the 
round ligament in place of the spermatic cord requires some consideration as well. 
Some surgeons prefer to ligate the round ligament in the preperitoneum with the idea 
that future indirect hemia recurrence risk is lessened by closing the entire floor of the 
(inguinal) canal of Nook. In younger women, this could reduce the support to the uterus 
and may not be advisable. In the event that the round ligament is preserved it is han
dled in a fashion analogous to the spermatic cord in males using a somewhat smaller 
keyhole in the mesh. 



Wound Closure 

Cll1ptar 2 Lichtenstein-based Groin Hernia Repair 

figure 2.5 The external oblique fascia is closed 
with a continuous absorbable suture with care not 
to incorporate a nerve into the suture line or make 
the external ring too tight 

If preserved the ilioinguinal nerve is returned to its normal position. Irrigation is used 
consistent with the surgeon's preference. The penrose drain around the spermatic cord 
is removed and the dissection of the spermatic cord is inspected for bleeding. Since 
this technique does not depend on extensive distal mobilization of the spermatic cord, 
the testicle should be in a relatively normal position. This is confirmed after the drapes 
are removed and the scrotum is inspected at the end of the case. The external oblique 
layar is closed by identifying the new location of the external ring and suturing the 
aponeurosis together at this point with care not to make the ring too tight or catch a 
portion of the spermatic cord or ilioinguinal nerve into the closure. Since this layer 
does not contribute strength to the hernia repair, this layer can be approximated with 
a running 2-o absorbable suture (Figure 2.5). Scarpa's layer is closed with three inter
rupted a-o absorbable sutures and the skin is closed by the surgeon's preferred choice. 

POSTOPERATIVE MANAGEMENT 

An ice pack is used for 24 hours on the wound to minimize swelling. Male patients 
should wear scrotal support for at least a weak. This reduces tension on the testicle and 
increases comfort in the postoparative period. Patients are given oral narcotic pain med
ication and non-steroidal anti-intlammatory agents for pain. Most patients can return to 
work depending on the physical requirements in 1 to 2 weeks, but there is a wide vari
ation on the basis of patient motivation and the extent of physical activity required. 
Patients are advised to avoid truly strenuous lifting for 6 weeks postoperatively. 
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3 Plug and Patch Inguinal 
Hernia Repair 
Jonathan F. Critchlow 

Introduction 
Inguinal hernia repair is one of the most common operations performed by general 
surgeons, with approximately 750,000 operations done per year in the United States by 
surgeons who incorporate it as a part of their varied practices. Conventional open 
repairs without prosthetics are most often successful for small hernias. However, they 
are plagued in general by a high recurrence rates except in specialized centers. This 
has prompted most surgeons in the United States to turn to prosthetics which have the 
following advantages: 

Less tension 
Utility in areas where there is poor tissue strength 
Strengthening other weak areas of the floor at the time of operation 
Coverage of the areas which may deteriorate over time 

Attention to all of the above have led to lower recurrence rates with the use of 
grafts. The quest has continued for a prosthetic repair which is rapid, safe, versatile, 
and easily taught. The patch/plug repair has thus been embraced by a large number of 
surgeons as their procedure of choice. 

The open preperitoneal approach described by Stoppa is quite effective but involves 
extensive dissection in often somewhat unfamiliar anatomy. It is now relegated to com
plex hernias and recurrences. The anterior approach was addressed by Lichtenstein, 
whose work revolutionized herniorrhaphy in the United States. However, this tech
nique, which reinforces the entire floor of the inguinal canal without directly address
ing the defect, requires a meticulous closure with continuous sutures, and does expose 
the patient to some risk of recurrence through small gaps in the external repair, or 
because the primary defect has not been bridged. 

Gilbert described the "sutureless" repair which was preperitoneal placement of a 
mesh patch to close the defect of an indirect hernia with an overlay similar to that of 
Lichtenstein, but without sutures as the original defect had been addressed. Direct 
hernia defects were bridged with a round plug followed by an overlay to reinforce the 
floor and help to hold the plug in place. Rutkow and Robbins developed an approach 
to repair the primary defect with a prosthetic material ("plug") and resurfacing the 

25 



2& Part I Open Inguinal Hernia 

entire floor with mesh to prevent recurrence and to help hold the plug in place. This 
approach is applicable to direct and indirect hernias and has enjoyed tramandous suc
cess and is arguably the most common repair done in the United States. It can be done 
quickly and efficiently under local anesthesia with or without sedation, allowing for 
safe repair in high risk patients with low recurrence rates. This is a very versatile tech
nique and is adaptable to most all types of hernias including the findings of an unsus
pected femoral hernia or Pantaloon hernias. It is rapid and can most often be done as 
an outpatient without general anesthesia. Some have argued that this is a more "mini
mally invasive" approach to hernia repair than laparoscopy as it can be done without 
general anesthesia, bladder catheterization, or extensive dissection violating the space 
of Retzius around the bladder and prostate which could complicate subsequent prosta
tectomy. Some surgical educators bemoan the fact that this relatively simple technique 
does not require the more extensive skill and understanding of complex anatomy on 
the part of the trainee to complete a successful repair as comp81'8d to tissue repairs and 
that future surgeons are not as prepared to handle the unusual contaminated case. This 
can be considered, but countered by excellent patient outcomes and that the tine points 
of anatomy are often lost on the most junior trainees who do the majority of these 
operations during residency. This technique has allowed hernia repair to truly become 
an "intern-case". 

~ INDICATIONS 

• Elective repair of most all indirect and direct hernias 
• Emergent repair of most all indirect and direct hernias without contamination 
• Hernia repair in patients unable to tolerate general anesthesia 
• Bilateral inguinal hernia repairs-patient preference 

~ CONTRAINDICATIONS 

• Strangulated hernias with gangrene 
• Wound contamination 
• Asymptomatic hernias in very high risk patients 
• Multiple recurrent hernias previously repaired via an anterior approach 

V PREOPERATIVE PLANNING 

If possible, anti platelet medications and anticoagulants should be held. Aspirin should 
be stopped 10 days prior to the date of operation unless essential for prevention of 
serious coronary or vascular events. Non-steroidal anti-inflammatory drugs should be 
discontinued 24 to 48 hours prior to operation. Warfarin is held in patients who are at 
low to moderate risk for thromboembolism. It may be continued at a lower dose to eHect 
an international normalized ratio (INR) of approximately 2.0 in patients of moderate 
risk, and most often the operation may be performed easily without the need for a 
heparin "bridge". Prophylaxis for deep venous thrombosis is generally not necessary as 
most patients are done under sedation with local anesthesia unless general anesthesia 
is used in a patient at very high risk. These repairs are generally done under local 
anesthesia with sedation delivered by an anesthesiologist. Repair of hernias which are 
very large, recurrent or those in uncooperative patients are done under general anesthe
sia. Intravenous antibiotics with good gram-positive coverage are administered, as graft 
material is implanted. An alcohol-based antiseptic (e.g., chlorhexidine) is used to pre
pare the skin as it is more bacteriocidal than povidone-iodine. 
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Figur• 3.1 Incision and site of nerve block: 
x = injection site;-= incision. 

A mixture of 0.5% xylocaine and 0.5o/o bupivacaine is infiltrated locally. This is 
used throughout the procedure prior to incision of each fascial layer. A nerve block is 
also helpful for intraoperative anesthesia and postoperative analgesia. This is placed 
2 em medially and superior to the anterior superior iliac spine. A blunted 22 gauge 
needle is used so that a "pop" can be felt as the needle penetrates through the external 
oblique fascia thus delivering the solution in the appropriate layer (Fig. 3.1). 

tS) SURGICAL TECHNIQUE 

A 4 to 6 em oblique incision is made beginning at the pubic tubercle and extending 
toward the internal ring (Fig. 3.1). This allows for exposure both the pubic tubercle and 
the ring through a very short incision, which is hidden in the hairline. Undermining 
of the subcutaneous tissue greatly facilitates exposure through a small skin incision. 
Hand-held retractors offer excellent exposure in all areas of dissection and repair. The 
external oblique aponeurosis is opened down to the external ring. Blunt dissection is 
used to dissect the tissues away from the external oblique laterally and inferiorly. The 
cord is then blunted dissected off of the aponeurosis at the level of the pubic tubercle 
under direct vision. Medial dissection is then done in a similar fashion coming down 
to the pubic tubercle and clearing this area off as well. The cord can then be easily 
encircled at the level of the pubic tubercle passing a right-angled clamp and encircling 
it with a Penrose drain under direct vision in most cases. This obviates the possibility 
of leaving tissue behind or entering an attenuated O.oor if blind digital dissection is 
carried out cephalad to the tubercle. The ilioinguinal nerve is preserved and generally 
not dissected away from the surrounding tissues to avoid injury. The cord is then mobi
lized off the floor up to the level of the internal ring. The cord is then carefully explored 
by separating the cremasteric fibers. 

Indirect hernia sacs are dissected well up into the retroperitoneum to the level of 
the internal ring. This dissection should be carried out quite high and the sac should 
be separated from the cord structures. "High ligation" is unnecessary in most cases and 
the sac can be allowed to fall back into the retroperitoneum. Ligation is sometimes 
required for large scrotal hernias where the sac is dissected down to the level of the 
pubic tubercle and then divided with the proximal portion being closed with absorb
able sutures, leaving the distal end open to prevent a hydrocele. Lipomas of the cord 
are similarly dissected back to the retroperitoneum and can either be resected or left in 
situ and allowed to fall back into the retroperitoneum. 
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A B 

Figura 3.2 (A) Dissection of the cord and indirect sac. (B) Plug placement into internal ring. 

The plug is then placed to the internal ring and held in placed with sutures, either 
absorbable or permanent (Fig. 3.2). The number of sutures will depend on the size of 
the defect and the amount of "underlay" coverage afforded by the prosthesis. Gilbert 
described the suture placement of a flat sheet of mesh which is unfurled in the retro
peritoneum, while most surgeons now use a preformed prosthesis and attach them in 
several locations around the fascial defect 

An ever increasing array of plugs are now available. Small defects and some femoral 
hernias can be repaired with a cone created by folding a triangular piece of flat mesh 
several times into a cone shape and then fixing it with the suture (Fig. 3.3A). The Perfix11 

Mesh Plug is popular, containing an outer layer with multiple inner "petals" which can 
be trimmed to accommodate smaller defects or used to attach the mesh to the fascia 
affording more underlay coverage (Fig. 3.3B). Absorbable or semi-absorbable plugs 
address concerns about deformation, shrinkage, and potential adherence to underlying 
structures which have been reported, though rarely, with permanent materials. The Gore 
Bio/A11 Plug absorbs over months and becomes collagen and scar. As all repairs require 
the placement of a permanent overlay, which incorporates quicldy, there is little concern 
as to the ultimate strength of the resulting tissue of the defect This device supports 
relatively wide underlay afforded by the four flat vanes which are deployed under the 
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Figure 13 Types of plugs: lA) handmade •cone,• 
(B) Pemx• Plug, ICl Gore BiolA• Plug, 
(D) Prolene Hernia System•. 
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Figure 3.4 Opening af direct hernia to the 
retJoperitoneum. 

defect as well a.s a trimmable external component, and has at least a theoretical advan
tage of being absorbed if a preperitoneal approach is needed for repair of a recurrence, 
either open or laparoscopic (Fig. 3.3C). The Prolene Mesh SystemiiD which affords even 
more underlay, is a double sheet of mesh designed to cover the internal ring or direct 
defect a.s well as provide the overlay in one piece. This does have the advantages of 
more "underlay" coverage. However, it is a permanent prosthesis and also is not as 
versatile for use especially with direct hernias (Fig. 3.30). 

Direct hernias are approached by circumferential excision of a portion of the atten
uated transversalis fascia of the sac (Fig. 3.4). The edges are grasped with clamps, and 
in larger defects the retroperitoneal space is developed by packing a 4 x 4 gauze sponge 
through the defect and then removing it A plug is then placed and secured with mul
tiple sutures around the defect. My personal preference is the Gore BiolA Plug<IO, which 
should be placed inside of the defect, assuring that all four of the flat vanes are deployed 
against the abdominal wall for maximum coverage of the defect rather than using this 
as simply as space occupying mass (Fig. 3.5). 

B ~~-----Non· deployed 
mesh 

c 

Figure 3.5 Placement of gore Bio/A8 

Plug: (A) Bafore repair, IB) correct. 
(C) incorrect 
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Figure 1& Suture placement-pubic 
tubercle and inguinal ligament 

Lm:ge defects may require more than one plug and these can often be sutured 
together. Pantaloon hernias also require multiple plugs. 

All initial inguinal hernia repairs require placement of an onlay graft to resur
face the entire floor to prevent future hernias, and to help to keep the plug in place. 
Commercial systems are available, or this can be fashioned from a flat sheet of mesh 
cut to approximately 8 em x 14 em with a slit cut laterally to accommodate the cord. 
The graft is positioned and sutured to the aponeurosis over the pubic tubercle 
(Fig. 3.6). In most hernias, absorbable sutures can be used as they may obviate the 
potential of a painful reaction if permanent sutures are placed too deeply. In larger 
direct defects, a permanent suture such as Prolene<IO may be more appropriate. A 
number of mesh choices are available. Permanent material is recommended for elec
tive repairs. I prefer polypropylene as it is easy to handle, inexpensive, and has a 
very good chance of healing even in cases of infection. Expanded polytetra.fluoroeth
ylene (PTFE) is more expensive, more difficult to handle, and must be removed if 
the field becomes infected as there is minimal porosity which could allow any 
granulation tissue to develop. Lightweight meshes are available; however, I find 
them more difficult to handle and great care must be taken to place the sutures far 
away from cut edges to assure that the mesh does not fray or pull through. 

Gilbert's "sutureless herniorrhaphy" and Rutkow and Robbins patch-plug tech
nique describe placement of the overlay graft without sutures. This should be ade
quate for small, indirect hernia defects but probably not for all. I do have some 
concerns over possible medial recurrences and larger direct hernias or slippage of the 
graft material and reports of delayed lateral recurrences have also been reported. 
Therefore, I prefer to suture the graft to the shelving edge of the inguinal ligament to 
assure that it sits properly (Fig. 3.6). Larger defects may require more sutures. 
The cord is placed between the two "pant legs" which are then sutured together or 
crossed over. A tacking suture or two on the rectus sheath also will assure full cover
age by the graft, especially infero-medially. Care must be taken to assure that a branch 
of the ilioinguinal or iliohypogastric nerve is not incorporated in these sutures. 
Absorbable sutures are probably adequate, except in cases of larger direct hernias 
(Fig. 3.7). 

The external oblique is then closed with a running absorbable suture taldng care 
not to incorporate the ilioinguinal nerve. Scarpa's fascia is closed with interrupted 
absorbable sutures and the skin with a running absorbable suture. 
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figure 1'1 Suture placement-rectus sheath. 

POSTOPERATIVE MANAGEMENT 

Patients are transferred to the post-anesthetic care unit and are usually ready for dis
charge when the effects of the short acting sedatives have dissipated. Unless there is a 
significant history of urinary dysfunction, patients may be discharged home without 
voiding. Patients are discharged home to do normal activities. They may drive when 
able to react quickly and press quickly on the brake. Activities requiring marked 
Valsalva are discouraged (in the absence of any good data) for 2 to 3 weeks. Patients 
are given pr&scrlptions for non-steroidal anti-inflammatory drugs, unless contraindicated, 
and opioids if required for breakthrough pain. Patients with very large scrotal hernias 
r&quiring more dissection may benefit from scrotal support. 

_) COMPLICATIONS 

Recurrence 

Recurrence rates for several variations of this technique run between 1 o/o and 3o/o in 
large series. This is quite similar to results from other "tension-free" techniques, lapar
oscopic repairs, and results from the Shouldice Clinic. 

Infections 
Infections occur in less than 1o/o of procedures. Permanent woven mesh (e.g., Marlex'l, 
Prolene11) will most often eventually incorporate and does not require immediate 
removal. Use of mesh with small pore size such as PTFE will not support granulation 
tissue and should be excised. 

Ischemic Orchitis 

The development of ischemic orchitis is less than 1 o/o. This may be diminished by 
not completely dissecting a large sac out of the scrotum but instead by dividing it and 
not interfering with the arterial and venous plexi that adhere directly to the sac 
distally. 
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Persistent Pain/Neuralgia 

Three to thirty percent of patients may have persistent pain/neuralgia. Significant 
chronic pain after hernia repairs is a relatively rare complication. Most patients have 
mild symptoms but a few complain bitterly. Although sometimes called "mesh inguin
odynia", a randomized trial of Shouldice, Lichtenstein, and laparoscopic TAPP repairs 
demonstrated less persistent pain with the TAPP repair, but essentially equivalence 
between the mesh and the non-mesh open repair. This supports the contention that 
excessive handling of the cord and partial injuries to the nerve during manipulation 
are most likely to blame in the few severe cases rather than adherence to the mesh itself. 
Avoidance of the nerves or even division of the nerves rather than excessive handling 
may well result in a lower incidence of this problem. Occasionally, these patients may 
require nerve blocks, ablation, or rarely exploration and resection. 
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David C. Treen, Jr. 

~ INDICATIONS/CONTRAINDICATIONS 

Prerequisite for the performance of any surgical procedure, and as important as tech
nique, is a thorough working knowledge and understandhlg of the anatomy involved. 
Robart Condon said, "The anatomy of the inguinal region is misunderstood by some 
surgeons of all levels of seniority." Appreciation of the complexity of groin anatomy 
eludes most surgical residents, and argues that groin hernia repair by surgical residents 
should be in the hands of the more senior trainees under supervision of expart attsnd
ings. The understanding of the pathology of hernia formation in this region is still evolv
ing, and humbles us with each new discovery. The pursuit of the ideal solution for groin 
hernia repair therefore necessarily incorporates as a foundational cornerstone knowledge 
of the anatomy and pathology affecting the pelvic O.oor. Prosthetic devices whose design 
processes begin with these foundations will lead the way toward the ultimate goal. 

Fruchaud described the myopectineal orifice (MPO) (Fig. 4.1), as the area at risk for 
the development of groin hernia. This area of the MPO bas been subdivided into three 
component triangles: medial, lateral, and femoral. 

The integrity or vulnerability of the tissue within each triangle is dependent upon 
multiple variables, and can be enhanced or diminished by the introduction of mesh 
prosthetics in the repair of groin hernias. In the pre-mesh era of groin berniorrapby, prior 
to the introduction of the Lichtenstein onlay mesh technique, failures occurred pre
dominantly in the medial triangle of the inguinal region, often adjacent to the pubic 
tubercle. Eventually, the reason generally accepted for these failures was the degree of 
tension created with the mobilization and suturing of tissues adjacent to the original 
defect. Following the adoption of tension-free methods employing various mesh materi
als and techniques, medial triangle recurrences became rare while recurrent hernias 
presenting through the lateral triangle became more common. This suggested that incom
plete mesh coverage of all three triangles of the MPO at the original operation predis
posed patients to recurrences in unprotected, more vulnerable locations. 

The Prolene Hernia System• (PHS) (Ethicon, Inc., Somerville, NJ) (Fig. 4 .2) was 
developed by Dr. Arthur Gilbert and colleagues at the Hernia Institute of Florida, and 
was introduced in 1999. As described by Gilbert, the PHS is "a bilayer polypropylene 
(mesh) device" (PPM) intended for use in the repair of groin hernia including inguinal 
(direct, indirect, and recurrent) and femoral hernias. The impetus for the design of 
the PHS was to achieve positioning of a O.at mesh inside the preperitoneal space (PPS) 
of the groin via a conventional anterior surgical approach. The goal of the technique 
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Figure 4.1 Myopectineal Orifice 
with medial lA), lateral II), and 
femoraiiC) ttiangles. 

is to cover and protect the entirety of the myopectoneal orifice (MPO) within this PPS 
with the "underlay" mesh component, augmented by the addition of the second mesh 
layer in the fioor of the inguinal canal. Use of the PHS has also been found to be 
efficacious in the repair of umbilical, epigastric, spigelian, and small incisional her
nias, provided that protection of viscera is achievable with either preperitoneal place
ment of the underlay component, or by positioning the omentum immediately adjacent 
to the intraabdominal mesh. Recently developed similar devices, which employ tis
sue separating visceral protection components, have replaced the use of the PHS in 
many of these applications beyond the groin area. While our use of the PHS has been 
applicable to virtually any primary or recurrent groin hernia, including those with 
previous mesh, alternative techniques and materials should be considered in circum
stances where the PPS is either inaccessible or obliterated by previous surgery or 
irradiation. It has been suggested that the use of mesh in the inguinal PPS should be 
avoided in patients at risk for future radical pelvic surgery such as prostatectomy: 

Figure 4.Z Prolene Hernia System411• 
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however, reports have been published which refute this concern, and it is our belief 
that choice of technique and materials should not be limited by potential future pathol
ogy. Questions have also been raised about the potential adverse effect of mesh devices, 
particularly polypropylene, upon the integrity of the iliac vessels and the patency of 
the vas deferens. In our experience, and based upon other published reports, these 
concerns are unwarranted. Finally, hypersensitivity to polypropylene has been reported 
rarely, but remains an obvious contraindication to use of the PHS. 

Y PREOPERATIVE PLANNING 

As in any surgical procedure, careful history and physical examination is essential. 
Assessment of the patient's body habitus is important particularly in the case of severely 
obese individuals; as such anatomic obstacles may cause significant challenges to the 
performance of groin hernia repair. Accurate documentation of any previous abdominal, 
pelvic, vascular, or groin surgery can lead to the selection of an altemant approach to 
preperitoneal mesh placement for groin hemiorraphy. 

Skin infection or other conditions which could lead to poor healing or potential 
complications should be resolved when possible prior to implantation of any foreign 
body, particularly synthetic mesh. The use of enteral or parenteral perioperative anti
biotics, and the practice of antibiotic irrigation during mesh hemiorraphy have been 
debated for years. Most authors conclude that there is no statistically significant advan
tage to the use of antibiotic prophylaxis in the performance of routine inguinal hernia 
repair with or without synthetic mesh prosthesis. Nevertheless, many surgeons argue 
that antibiotic prophylaxis is both inexpensive and safe, and that such practice should 
not be considered inappropriate. 

Anesthesia options for PHS repair include general, spinal, epidural, or local
regional anesthetic. 

We have found that groin hernia repair with PHS using local anesthesia with 
regional infiltration is well tolerated; however, such is not the case in the repair of 
umbilical hernias with PHS or other preperitoneal or intraperitoneal devices, and our 
preference for umbilical hernia repair is general anesthesia. 

(i) SURGERY 

Operative technique of initial dissection and exposure for the Prolene Hernia System 
repair is similar to standard methods of anterior approach to the inguinal region. Rsfer 
to the accompanying videos for all technique steps. 

Skin preparation with clipping rather than shaving is preferred. 
Gel prep cleansers reduce the incidence of caustic chemical skin irritation in the 
dependent skin folds near the thigh and perineum. 
Surgical exposure of the inguinal region is accomplished through a 3 inch oblique 
incision minimizing dissection where possible. Appropriate retractors are placed, 
and stretching and pressure on the skin is avoided. In obese patients, 'n'endelenburg 
position can be advantageous. 
The external oblique aponeurosis is opened in the direction ofits fibers, and medial 
and lateral flaps of this layer are minimally mobilized and retracted. 
Care is taken to preserve the ilioinguinal nerve, the iliohypogastric nerve, and the 
genital branch of the genitofemoral nerve (GFN). In cases where a bifurcated nerve 
hinders necessary dissection, the minor branch is sacrificed sharply and ligated 
with fine, absorbable suture. It is widely agreed that an injured nerve is more 
problematic than a divided nerve; therefore, suspected injury warrants division 
and ligation. 

• The spermatic cord (SC) is encircled with a ~ inch penrose drain, and gently 
retracted, allowing inspection of the inguinal O.oor. A direct hernia, if present, is 
separated from its attachments to the under surface of the cord structures. 
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A 

• The cremasteric muscle fibers are separated on the anteromedial aspect of the prox
imal SC, and careful search for an indirect hernia sac is completed. This is particu
larly important in cases of obvious direct hernia, as occult indirect hernias can be 
missed without diligent and careful dissection of the proximal SC as it exits the deep 
(internal) inguinal ring. 

1. Indirect Inguinal Hernia Repair 

• The indirect hernia sac is carefully separated from the other structures within the 
interior of the SC, identifying and preserving the blood supply to the testis and the 
delicate investments and vassals attached to the vas deferens. 

• The hernia sac is separated from the vas deferens deep into the PPS most often with 
gentle blunt dissection using the tip of a finger or the back of a Dabakay forcap. 
Rarely is sharp dissection necessary for this maneuver. 

• Attachments of the internal oblique and transversus abdominis muscles to the neck. 
of the hernia sac are released where these layers overlap the internal ring. This is 
particularly important to ensure that the hernia sac will be freed from the lateral 
triangle in order to permit separation of the peritoneum lateral to the internal ring. 

• The deep epigastric vessels are identified in the medial rim of the internal ring, and 
are encircled with an Allis forcap, permitting medial retraction of the vessels while 
the hernia sac is retracted laterally (Fig. 4.3). 

• The tissue bridging between the deep epigastric vessels and the hernia sac is trans
versalis fascia (TF), and cutting through this TF affords entry into the PPS. The TF 
can be hi-laminate in this area, and in such cases may require deeper dissection to 
gain entry to the PPS. The fat within the PPS is readily identifiable, and palpation of 
Cooper's ligament with the index finger through this internal ring confirms PPS access. 

• Blunt separation of the abundant fat in the PPS beneath the inguinal fioor and along 
Cooper's ligament with index finger and dry gauze clears the medial and femoral 
triangles of the MPO. 

• Continue the blunt finger dissection cephalad, beneath the deep epigastric vessels, 
and toward the lateral triangle. As the dissection proceeds laterally, the PPS will no 
longer contain fat, requiring attention to peel the peritoneum away from the overlying 
TF in order to create the lateral triangle space for optimal mesh deployment (Fig. 4.4). 

• The peritoneum is intimately applied over the iliac vessels and retroperitoneal seg
ment of the vas deferens. 

figure 4.3 Partll (A) and {8): Dissection of the PPS {indirect hernia sac is omitted in illustration tD avoid complexity). 
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figure 4.4 Manual dissection of 
tha PPS. 

• Retracting the hernia sac cephalad, exposing the iliac vassals, and gently dissecting 
the peritoneum off the iliac vein completes the PPS dissection. There are several 
lymph nodes between the peritoneum and the iliac vein, which may or may not 
require dissection; however, surgeons who are new to this procedure are advised to 
exercise great care in separating these lymph nodes, and optimal mesh deployment 
overlying the iliac veins does not necessarily require this lymph node dissection. 

• Dissection of the PPS should be essentially bloodless, as no significant vessels 
traverse the PPS; however, previous pelvic sur:gary can alter the PPS significantly, 
and care is advised in these casas. 

• The hernia sac is not ligated unless the sac extends into the scrotum and contains 
the testicle. Otherwise, the sac is inverted laterally and in a cephalad direction. 

• The PHS mash is prepared for insertion by folding the oblong mash layer into thirds, 
grasping the folded mesh with a ring forcep, and collapsing the mesh into a cone 
similar to closing an umbrella (Fig. 4.5 A-D). 

• The mash is moistened with salina. 
• Insert the mash umbrella fully into the PPS through the internal ring, ensuring that 

the hernia sac is fully inverted. 
• While stabilizing the folded onlay mesh with the ring forcep, deploy the underlay 

umbrella by grasping the medial leaflet of mash with a Dabakey forceps, and push the 
edge of mash beneath the inguinal floor toward the undersurface of the pubic tubercle. 

• Deploy the cephalad leaflet of the underlay mesh similarly, pushing the edge of mesh 
beneath the aponeurotic arch and deep epigastric vassals. 

• Deploy the caudad leaflet of the underlay mash by grasping similarly and rolling the 
mesh down into the PPS between the peritoneum and Cooper's ligament and iliac 
vessels. This maneuver is safely facilitated using the back end of the Debakey forcep 
to unroll this leaflet into position, draping over the retroperitoneal structures. 

• The lateral leaflet of the underlay mesh is deployed into the lateral triangle with forceps. 
• Confirm proper deployment with gentle palpation of the relationship of the mesh to 

the abdominal wall and pelvic structures. The mash should now be in the shape of 
a taco shell, curving posteriorly as it drapes over Cooper's ligament and the iliac 
vessels. It is common for the mesh to have minor wrinkles, which are typically flat
tened as the patient's intraabdominal pressure is applied against the mesh. 

• The ring forcep is removed, unfolding the onlay mesh into the inguinal floor. 
• An absorbable suture is used to loosely tack the medial edge of the onlay mesh to 

the rectus tendon just above its insertion into the pubic tubercle. 
• A slit is cut in the edge of the onlay mash to allow passage of the SC through the 

mesh, and this cut edge is similarly sutured to the inguinal ligament adjacent to the 
internal ring, avoiding injury to the genital branch of the GFN (Fig. 4.6). 
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Figure 4.5 Preparation af the PHS 
lA-D). 

figure 4.6 Slit in PHS onlay compo
nent and location af sutures. 
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figure 4.1 A:. Laparoscopic view of right inguinal hernia repair \IIIith PHS 12 years post-op). Nota folded lateral 
edge on the right side. B. Optimal deployment of PHS. 

• The caudal edge of the oolay mash may be trimmed slightly between the two previ
ously placed sutures, allowing enough residual mesh overlap of the inguinal liga
ment and placement of the third suture midway between the other sutures. 

• It is extremely uncommon to require any additional sutures to anchor the mesh. 
• Closure of the external oblique, recreating the superficial inguinal ring is accom

plished with continuous absorbable suture. Closure of Scarpa's fascia and skin 
approximation complete the operation. 

2. Direct Inguinal Hernia Repair 

• The classic technique for PHS placement for direct inguinal hernias is to enter the 
PPS through the fioor defect. This is acceptable provided the dissection of the 
lateral triangle is not impeded by the adherence of the peritoneum to the under
surface of the internal ring. Many surgeons fail to recognize the incompleteness of 
the lateral triangle dissection in such casas, and thereby obtain sub-optimal deploy
ment of the underlay mesh in this critical area of the MPO (Fig. 4.7 A, B). 

• Following blunt separation of the PPS around the MPO using finger and gauze dis
section, PHS deployment through the direct defect is accomplished in a manner 
similar to the steps defined above for indirect hemia repair (Fig. 4.8). 

• The margins of the direct defect can be tightened around the connector portion of 
the PHS, which affords enhanced stability of the mash in the inguinal fioor. 

• As a result of the central portion of the mash device baing positioned medial to the 
deep epigastric vessels and the internal ring, many surgeons choose the extended 
version of the PHS, which has added length of onlay mesh to compensate for the 
slight medial relocation of the device. 

• The slit in the onlay mesh should be positioned where the SC will comfortably pass 
through the mesh. Do not force the SC to exit the onlay mesh adjacent to the central 
connector if this position appears inappropriate. 

• In the case of complete destruction of the fioor, stabilization of the mesh can be 
achieved using continuous absorbable sutures along the inguinal ligament and the 
aponeurotic arch similar to any other onlay mesh technique. 

3. Alternant approach for Direct Hernia Repair {refer to video) 

• It has become our preference and practice to approach direct hemia repair with the 
same intemal ring access as in an indirect hernia repair. 
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Figure 4.8 Direct hernia repair 
dissection and mesh placement 
lA-D). 

A B 

• The major advantage of this approach is to directly visualize the retroperitoneal struc
tunls including the vas deferens and iliac vessels through the internal ring, confirming 
the separation of the peritoneal sac from the internal ring and lateral triangle, and to 
position the central connector of the device in the internal ring. 

• Through the internal ring, the contents of the direct defect are evacuated, separating 
the preperitoneal fat from the attenuated TF. 

• The remaining steps of the procedure are identical. 

4. UhraPro Hernia System Repair 

• The Ulb:aPro Hernia SystemCP (UHS) (Fig. 4.9) (Ethicon, Inc. Somarville, NJ) is a 
lightweight polypropylene mesh version of the PHS. Its permanent PPM construction 
is augmented with absorbable monofilament fiber and film (Monocryl11 poliglec
aprona 25) in order to provide temporary enhancement of lightweight mesh handling 
qualities. Following absorption of the Monocrylalaments, the remaining mash affords 
sufficient strength of repair with the reported advantages of lightweight mesh. 

• The handling characteristics of UHS diller from PHS in that the latter behaves and 
unfolds with fabric-l.ike qualities; whereas the Monocryl film on the underlay com
ponent of UHS renders a mora plastic quality, which can result in challenges when 
folding and deploying UH8 in the same manner as PHS. 

• Suboptimal mash deployment in the repair of a groin hernia can lead to a higher risk. 
of hernia recurrence if vulnerable areas of the MPO remain unprotected. Our solution 
to the challenges of these handling characteristics includes an alternant method of 
mash preparation and insertion, which takes advantage of the plastic quality of the 
Monocryl components. 
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fig•• 4.9 UltraPro Hernia System•. 

5. Modified Preparation and Inssrti.on Thdmique for UltraPro Hernia System Repair 

• The onlay portion of the mash is folded into the canter in thirds (Fig. 4.10 A, B). 
The medial end then is folded onto the lateral end (Fig. 4.10 C). The underlay por
tion of the mesh is rolled from its "cephalad" and "caudad" edges toward the central 
connector into a scroll-like SITangement (Fig. 4.10 C). A suture is employed totem
porarily maintain the scroll in this configuration during initial implantation and 
positioning (Fig. 4.100). 

figure 4.10 UHS Scroll 
configuration. 
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A 

ligura 4.11 A: Insertion of UHS; 1: UHS scroll intD medial and lateral triangles of MPO. 

• The medial and of the scrolled mash is grasped and directed into the internal ring 
and advanced toward the pubic tubercle in the PPS (Fig. 4.11 A). The lateral margin 
of the internal ring is elevated upward with a retractor to allow the lateral end of the 
scrolled mash to be inserted and advanced into the lateral triangle (Fig. 4.11 B). The 
retractor is then removed. 

• The temporary suture is cut and removed. The index finger or back end of a Debakey 
forcep is used to unroll the cephalad scroll into position under the aponeurotic arch 
and beneath the deep epigastric vassals (Fig. 4.12). The caudad scroll is similarly 
unrolled against Cooper's ligament and draped over the iliac vessels (Fig. 4.13). The 
underlay mesh deployment is completed, establishing a mesh roof superficial to the 
preparitonaal fat medially, and the peritoneum laterally. 

• The light weight on lay mesh component does not employ the absorbable monocryl 
film, and typically requires 3 or 4 interrupted, absorbable sutures to ensure that the 

figure 4.12 Un·scrolling UHS beneath 
aponeurotic arch. 
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Figure 4.13 Un·scrolling UHS onto 
iliac vessels and femoral triangle. 

final position of the on lay mesh is maintained through the tissue in-growth period 
(Fig. 4.14 A, B) (Fig. 4.15). 

POSTOPERATIVE MANAGEMENT 

Care of the hernia patient is generally not different where the PHS or the UHS have been 
employed compared to other repair methods. However, since these methods involve the 
use of broad preperitoneal mesh stabilized over the defect(s) in the PPS, mobility and 
activity restrictions are minimal and patients are allowed to return to activity or work
related obligations as soon as their minimal postoperative discomfort has resolved. 

A 

figure 4.14 A: UHS onley sutures; 1: UHS bilayer endpoint position, side view. 
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.) COMPLICATIONS 

figure 4.15 UHS bilayer endpoint 
position, 30 view • 

As with any technique for the repair of groin hernias, complications are fortunately 
uncommon. Particularly sig:n:ifi.cant is the fact that recummces following the adoption 
of tension-free techniques employing various forms of mesh have diminished to rates 
typically below 1 o/o to 2o/o among non-laparoscopic techniques. Specific data and dis
cussion on recurrence rates will be addressed in the next section on results. In our 
experience, complications with the use of the PHS or the UHS are also quite rare. 

• Wound infection, in reported studies, occurs in less than 1 o/o of cases, and is most 
often minor, superficial, and effectively treated with local care and antibiotics. Rare 
infections involving polypropylene mesh, regardless of density and weight, are usu
ally effectively treated without the requirement of mesh removal. 

• Seroma formation is also rare and occurs in patients having large hernias extending 
into the scrotum leaving significant dead space. 

• Hematoma has been seen also in the postoperative period following repair of scrotal 
hernias, and are treated most often with conservative observation, typically requiring 
weeb to resolve. Retroperitoneal hematoma can occur if operative injury to the deep 
epigastric vessels or their branches are unrecognized, or from injury to the iliac, obtu
rator, or testicular vessels. Careful dissection in the PPS makes this exceedingly rare. 

• Nerve injury is rare in primw:y repairs, but can be more common in the repair of 
recurrent hernias, particularly where previous mesh contributes to scar-related 
obscurity of the nerves or entrapment Management of the nerves during dissection 
of the groin has been debated for years, with those who advocate routine severance 
of the nerves on the one hand, to those who prefer preservation and minimal nerve 
manipulation. Our approach is the latter where possible. 

• Chronic pain is also rare in the use of the PHS and the UHS partly due to the use 
of absorbable suture in limited number. Patients with chronic postoperative groin 
pain are managed conservatively, referring to pain management in parsistent cases, 
and rarely require surgical neurectomy. 

• Hypersensitivity or allergic reaction to polypropylene mesh has been reported in case 
studies and are quite rare, usually in applications for uro-gynecologic procedures. 

~ RESULTS 
Outcomes have been widely published comparing PHS with other methods of inguinal 
herniorraphy. The rate of recurrence following inguinal hernia repair has long been 
considered the defining quality of any repair method or technique. Gilbert's initial 
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report of 759 cases in 1999 revealed no recurrences. In a follow-up report by Gilbert in 
2004, three recurrences were known among 4,801 repairs, for a rate of 0.18%. In this 
same report, results submitted by trained preceptors for the PHS repair, and other gen
eral surgeons trained in the use of PHS revealed recUITence rates of 0.15% and 0.16%, 
respectively. Subsequent reviews of outcomes among general surgeons trained in the 
PHS tachnique duplicated the results of hernia specialists. 

Comparing PHS to the Lichtenstein technique, lGngsnorth reported less postopera
tive pain, earlier return to normal activities, shorter duration of operation, and fewer 
recUITences in the PHS group. 

~ CONCLUSIONS 

• PHS and UHS provide a reliable repair of groin hernias. 
• Surgical technique of preperitoneal and onlay mesh deployment via the anterior 

approach is safe, results in rare complications, and is applicable to the overwhelming 
majority of groin hernias. 

• Results among general sUI'geons utilizing the PHS are equivalent to those of hernia 
specialists. 
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5 The Bassini Operation 
Oreste Terranova and Luigi De Santis 

Introduction 
Edoardo Bassini was an eminent teacher and surgeon at the University of Padua, School 
of Medicine and Surgery, where he was head of surgical pathology from 1882 to 1888 
when he was appointed Chair of Clinical Surgery, a post he held until 1919. 

Following extensive study of the anatomy of the inguinal region, he devised a revolu
tionary method for the surgical treatment of inguinal hernia: The Bassini operation (Fig. 5.1). 

Resting on firm anatomic and pathophysiologic foundations, his technique improved 
on previous empirical methods. And with time, it was proved correct in theory and 
effective in practice. Much has been said spoken and written on such matters as perhaps 
on any other. Nonetheless, there is a need to keep abreast of new developments as 
surgical techniques continue to evolve. In 1986, on the centennial of the publication of 
Bassini's article reporting a new approach to inguinal hernia repair, and in homage to 
Bassini's work, the Paduan School of Surgery celebrated the occasion with a scientific 
meeting that gathered such renowned international experts in surgery as Stoppa R, 
Bendavid R, Nyhus LM, Chevrel JP, and Wantz GE, in which a further contribution to 
the path pioneered by Bassini was added. At this meeting, the state of the art was 
defined and the figure of this illustrious physician commemorated. 

Biography of Eduardo Bassini 

Edoardo Bassini was born into a family of wealthy landowners and patriots in Pavia in 
1844. He studied medicine at the University of Pavia, graduating in 1866 at the age of 
only 22 years. 

It is unknown whether he had originally intended to become a surgeon. What is 
certain is that from an early age he was fascinated by the movement for Italian unification. 
A friend of the Cairoli brothers, prominent figures in the Italian Risorgimento, he joined 
the unification movement as an infantry soldier during the third war of independence. 

In June 1867, together with the Cairoli brothers, he fought in the battle of Villa Glori 
near Terni. Numerous historical accounts describe the bayonet assault of 78 men against 
a troop of 1,000 soldiers. During the battle, Bassini was wounded by a Zouave who took 
him by surprise and planted a bayonet in his abdomen. 

After the battle, Bassini was brought by the few remaining survivors in a cart to the 
Holy Spirit Hospital, where he was nursed for several months because of a fecal fistula 
and stercoraceous peritonitis resulting from the bayonet wound to the iliac right fossa 
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figur• 5.1 The Inguinal Canal. 

that had pierced the abdominal wall and the intestine. The wounded did not receive 
particular care because the hospital surgeons believed them inoperable. 

Thanks to his extraordinary physical resistance, he recovered from the peritonitis 
but remained stercoraceous probably because of the fecal fistula. He was transferred to 
Pavia where was placed in the care of Luigi Porta, a great clinical surgeon of that time. 
During his long stay in the clinic, he gained the friendship and esteem of Porta, who 
urged Bassini to become a surgeon. 

Porta's ancouragamant was decisive; he recognized Bassini's talent for the surgical 
art and the ingeniousness and the intuition he was beginning to demonstrate in surgical 
practice. 

It was already than, perhaps, that the young student Bassini had begun to think. 
about how best to reconstruct the inguinal canal and restore the anatomy. These expe
riences, his background, and character would prepare him for a brilliant surgical career. 

Descending from a long lineage of farmers, he grew up in an agrarian community, 
living among man who worked the fields. His family lad a comfortable life without 
luxury. Since his youth he admired the hard work of common laborers, who were 
poorly paid for the hardships they endured. His love of the land and farming people 
remained in his heart, though he would later have little contact with rural life. 

Accustomed to hard work and sacrifice, he acquired a rigid character, yet earned 
the respect and admiration of his collaborators. An operating room nurse once said of 
him, without a grudge but with much pride, that he was a very good person, while he 
was showing him the shin scars the teacher had given him. 

He was surely a generous man; while still alive, gave his farms to his laborers and 
willed everything he had to the Milan Institute for the Poor which bears his name today. 
In a few words, he did shun the city's fashionable salons. Yet he was known as a pro
tagonist and a great admirer of the surgical art. He showed determination when he 
declined a professorship at the University Parma because the competition was irregular, 
preferring to remain in La Spezia, where his mentor Porta had found him a temporary 
post so that he could gain experience. 

After attaining a professorship in Padua, he devoted himself to the study of inguinal 
and crural hernia, reviewing descriptive anatomy and applied anatomy and conducting 
cadaver studies in which he tasted his operating techniques. 



Chapter 5 The Bassini Operation 

On Christmas Eve of 1884, he carried out an operation for inguinal hernia for the 
first time using the mathod he had devised and which he would repeat in 1885 and 
1886. In 1887, he published his "Nuovo metoda operative per la cura dell'emia 
inguinale" in which he reported 262 cases: 251 of which were inguinal hernias includ
ing free and persistent hernias, and 11 strangulated hernias, with low mortality, plus 
5 recurrences, a surprising result considering that in those days the recurrenc.e rate with 
any method was over 30%. On the 50th of the operation, his students Fasiani and 
Catterina wrote: "Half a century has passed and the Bassini method remains a conquest 
that has survived an criticisms, all attempts at change and daily verification countless 
times the world over." 

In addition to the original Bassini operation for inguinal hernia, Bassini should also 
be remembered for having developed other fundamental surgical techniques, including 
nephropexy, subtotal hysterectomy, ileocolostomy, the cravat incision of the neck for 
thyroid operations (usually called Kocher's incision), suprapubic cystostomy, hip dis
articulation, intrascapular-thoracic amputation, and a technique for crural hernia. 

In 1904, he was appointed senator for life to the Italian parliament. On seeing that 
his career as teacher and surgeon had ended it course, he said good-bye to his first 
assistant Mario Donati, who was waiting at the clinic door, and retired to his house in 
Vigasio. Bassini left to posterity the rational dexterity of his hands and the principle of 
restoring a diseased organ to its original anatomy and function. 

Widely regarded as a meticulous and careful operator, he was considered a great 
man, teacher, and surgeon in the noblest sense. 

(9 SURGERY 

The Bauini Operation far Inguinal Hernia 

The Bassini operation for the treatment of inguinal hernia entails the reconstruction 
(Fig. 5.2) of the abdominal wall with a suture that includes three layers (Fig. 5.3) com
prising the transversalis fascia, the transversus and the internal oblique muscles supe
riorly, and the inguinal ligament inferiorly. The mathod can be easily performed under 
local anesthesia. 

Figur• 5.2 Inguinal Hurnia. 
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ligura 5.3 Reconstruction of the postJ!rior wall of the inguinal canal \Mth inte1Tup1J!d sutures placed in the triple layer !comprising the 
transversalis fascia, the transverse abdominis, and the internal oblique muscles) superiorly end the iliopubic and inguinal ligament 
inferiorty. The spe!Tnatic cord lies under the external oblique aponeurosis. 

Technique 

1. Incision of the Skin and the Subcutaneous Planes 
The cutaneous incision starts at the pubic tubercle, placed laterally to the pubic 
symphysis, and runs for 8 to 12 em to the anterior superior iliac spine (Fig. 5.4). 

Identified in the subcutaneous adipose tissue, the superficial epigastric vessels 
are tied and dissected. 

The superficial abdominal fascia (Scarpa's fascia) is than divided. 
Release of the external oblique aponeurosis muscle from the innominate fascia 

(which connects into the spermatic fascia composed of loose cellular tissue), exposes 
the superficial inguinal ring. 

2. Incision of the External Oblique Aponeurosis 
The external oblique aponeurosis muscle runs along the course of its fibers; an inci
sion of the aponeurosis is placed on the upper rim of the superficial inguinal ring 
to expose the inguinal canal (Fig. 5.5). 

The upper leaf of the external oblique aponeurosis is released with scissors .&om 
the internal oblique muscle, while the lower leaf is separated from the spermatic 
cord or round ligament in the male and the female, respectively. 

This exposes the genital branches of the iliohypogastric and the ilioinguinal 
nerve (Fig. 5.6). 

The iliohypogastric nerve lies on the internal oblique muscle, parallel and 
superior to the spermatic cord: a superior terminal branch leaves the inguinal 
canal through a small orifice medially and superior to the superficial inguinal 
ring. 

The ilioinguinal nerve runs anterior to the inferior spermatic cord. Both nerves 
must be identified for selective block with local anesthetic and to prevent inadvert
ent injury or entrapment while placing the suture. 
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Figura 5.4 Infiltration of the skin with a local anesthetic solution 18 to 10 ml) along the incision line parallel to the inguinal ligament 
for 8 to 10 em, starting from the anterior superior iliac spine to the pubic tubercle. 

3. Isolation of the Spermatic Cord 
The spermatic cord is isolated from the posterior wall of the inguinal canal. Isolation 
starts near the pubic tubercle, which is ea.siar by first sliding a finger down over the 
groove formed by the inguinal ligament, and then high, above the edge of the inter
nal oblique muscle (Fig. 5.7 A, B). 

Extarnall:tiiqua 
aponauroals 

--:""":""-Ilioinguinal 
nerve 

Spanmatic cord 

Figura 5..5 Infiltration of the external oblique aponeurosis after dissection of subcutaneous tissue. The aponeurosis is then incised 
in the direction of its fibers to the superficial inguinal ring, thus providing wide exposure of the inguinal canal. 
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Figure 5.& Selective blocking af the ilioinguinal and iliohypogsstJic nerves. 

Completely freed, the spermatic cord is encircled with a Penrose drain end 
pulled forward so that it can be detached from the posterior wall of the inguinal 
canal, consisting of the transversalis fascia. The spermatic cord is thus completely 
freed from the deep inguinal ring until the pubic tubercle. The internal oblique 
muscle is visible superiorly, the transversalis fascia deeply, and the inguinal liga
ment inferiorly. 

4. Resection of the Cremaster Muscle 
The cremaster muscle is elevated with two forceps and resected longitudinally to 
divide it into two flaps: An upper and a lower flap (Fig. 5.8A, B). 

The thinner upper flap is coagulated and sectioned. The lower flap, which contains 
the cremasteric vessels, is grasped with two small Klemmer forceps, ligated and sectioned. 

The genital branch of the genitofemoral nerve entering the inguinal canal at the 
deep inguinal ring is identified and then placed on the posterior aspect of the sper
matic cord (Fig. 5.9). 

5. 'Ii'eatment of an External Oblique Sac 
An indirect inguinal hernia, if present, will be isolated and separated from the sur
rounding structures (seminal vessel and spermatic vessels) as high as possible. 

Once open, the sac and any adhesions are resected and the content in the abdom
inal cavity reduced: the sac is then ligated with suture material to slow absorption 
at the neck: its distal part is resected. 

If the sac has been sufficiently freed from surrounding adhesions, the stump re
enters and disappears easily into the preperitoneal space (Fig. 5.10A, B). 

A pre-hernial lipoma must be isolated from the spermatic cord, ligated and sec
tioned at the deep inguinal ring. 

A different approach is required for treating sliding hernias, which are large 
hernias often of long duration. The hernia contains the hernia sac formed by the 
peritoneum, in addition to intraperitoneal and partly extraperitoneal organs that, 
accompanying the hernia sac, slips down. The bladder and the cecum can be found 
on the right and the pelvic colon on the left. 

Preoperative diagnosis may be difficult, as a sliding hernia is usually inciden
tally discovered during surgery. 
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Figur• 5.7 A: The anesthatic solution is deposited near 
the pubic tubercle. B: Finger detachment of the sper· 
matic cord from the posterior wall of the inguinal canal. 
C: Photograph of technique. 

Unwary isolation and opening of the hernia sac can increase the risk of inadvert
ent injury to the intestine or bladder. 

The best treatment is resection of the excess peritoneum of the sac, without 
removing the visceral adhesions. 

The serosa is closed with a continuous suture and the adherent herniated bowel is 
freed from adhesions to the parietal structures and reduced into the abdominal cavity. 

The cord, put on two laces, is moved down, two Klemmer forceps grasp the 
extremity medial and lateral to the inferior edge of the external oblique fascia above 
the spermatic cord. 

8. Opening of the Tranavtmilalis Faacia 
The transversalis fascia is incised parallel to the inguinal ligament (Fig. 5.11A, B). 

The fascia is lifted by two forceps and opened beginning at the medial aspect of 
the deep inguinal ring, while holding the tip of the scissors towards the pubic crest; 
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Cremaster 
muscle 

A B 

Figura 5.1 A: Opening the cremaster muscle. 1: Ligature and dissection af the inferior flap of the cremaster muscle. 

Figura 5.9 Ligature and dissection 
of the cord vessels and the genital 
branch of the genitofemoral nerve. 
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Figur• 5.10 A: Isolation af an indirect hernia sac. 
B: Opening, exploration, ligature, and division af an indi· 
rect hernia sac. C: Photograph of technique. 

particular care must be taken to avoid injuring the epigastric vessels just below the 
transversalis fascia. 

The transversalis fascia is incised to the pubic tubercle. 
The preperitoneal fat is pushed away from the transversalis fascia to move the 

peritoneum and the bladder, displaying the rectus abdom.inis and the aponeurosis 
of the transversus muscle superiorly and Cooper's ligament inferiorly. 

In cases of direct inguinal hemia, the sac can be dissected after opening the 
fascia transversalis. 

TYPically, direct hernias consist primarily of preperitoneal fat and sometimes the 
vesical horn. In such cases, it is unnecessary to treat the peritoneal sac; instead, it 
is sufficient to remove the fat from the posterior aspect of the fascia transversalis and 
push it down deeply (Fig. 5.12). 

The redundant and weakened part of the transversalis fascia is resected at the 
lower edge of the transverse and internal oblique muscles. 

The lower edge of the transversalis fascia almost always shows a marginal vein 
internally that should be tied or cauterized to avoid troublesome bleeding. 

Blunt finger dissection is performed to search for associated femoral hernia. 
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A B 

7. Deep Parietal Sutu.:re 

figure 5.11 A: Opening the transversalis fascia: Incision 
line. B: Opening the transversalis fascia from the lateral 
margin af the deep inguinal ring to the pubic tubercle. This 
is a fundamental step in the Bassini operation, as it also 
permits exploration of the femoral region. C: Photograph of 
technique. 

Hernia repair starts with the first suture placed medially and superiorly which 
encompasses the sheath of the rectus abdominis muscle; the handle of the forceps 
is inserted under the transversalis fascia to move away the preperitoneal fat protect
ing the peritoneum and the bladder. 

A Farabeuf retractor holds the triple layer and the underlying structures superi
orly, making it easy to place the first suture below the tubercle, the pubic periosteum 
and the inguinal ligament. Subsequent sutures include the triple layer superiorly, 
about 3 em from its lower edge, and staggered 1 em apart from each other to avoid 
involvement of the iliohypogastric nerve (Fig. 5.13). 

Below, the second or third stitch includes the transversalis fascia, the inguinal 
ligament and Cooper's ligament; this prevents the development of crural hernia. 
Subsequent stitches are passed only through the transversalis fascia and the inguinal 
ligament 
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ligura 5.12 The inguinal region after clearing of the pre peritoneal fat of Bogros's space. 

The sutures are tied without excessive traction; the triple layer is simply apposed 
with the inguinal ligament; sutures tied too tightly can cause ischemia and cut the 
affected tissues (Fig. 5.14). 

With the last stitch the deep inguinal ring is rebuilt, which must not be tied too 
tight, otherwise it will compress the cord vessels. 

The tip of the finger should be able to commit at this level and the axial mobility 
of the cord contents checked by traction using forceps after having tied the last suture. 

8. R.econatrnction of the Superficial Planes 
The cord is replaced into the inguinal canal, and the external oblique fascia is rebuilt. 

ligura 5.13 The first suture of the deep plane. It is passed through the triple layer and part of the rectus abdominis 
muscle superiorly and inferiorly through the pubic periosteum and the inguinal ligament 
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Cooper's ligament 

ligura 5.14 Suture of the deep plane. Inferiorly the sutures pass through the iliopubic tract and the inguinal ligament The second 
and third sutures usually include Cooper's ligament to ensure reinforcement of the femoral region. 

The suparlicial fascia and subcutaneous fat are apposed with intaiTUpted stitches 
so as to leave no dead space (Fig. 5.15A, B). 

The wound is closed with a loop suture. 

~ CONCLUSIONS 

The operation described above is the original technique: the estimated risk of recur
ranee is 8%. Therefore, among the changes later advanced was the more successful 
Shouldice technique proposed some 50 years ago. The principle is the same as that of 
the Bassini operation: the Shouldice technique diHers in that the triple layer is sewn 
to the inguinal ligament and the iliopubic tract with multiple continuous sutures instead 
of loop sutures. In this way, the tension on the repaired tissue is reduced, with less 
space between the tissues and the elimination of areas of weakness between stitches 
that may occur with the Bassini technique. 

The recurrence rate after a Shouldice intervention is between 0.8% and 1%. 
The authors suggested using deep suture loops for parietal reconstruction, as Bassini 

had originally conceived of in his technique, wherein a suture is placed in the double 
layer of the transversalis fascia, corresponding precisely to the first and second suture 
lines of the Shouldice technique. This reconstruction of separate transversalis fascia is 
performed after passing all the sutures between the inguinal ligament and the triple 
layer before finally tying it 

In this way, the tension at the suture is reduced, starting at the deepest plana. This 
allows a stronger scar to form, ultimately producing a more physiologic and stronger 
reconstruction, with recurrence rates similar to the method devised by Shouldice. 
Today, tension-free hernia repair techniques have largely replaced these interventions: 
They are more easily learned, and mora quickly performed, with a very satisfactory 
postoperative course. 

For some authors, the drawbacks to the method are a recurrence rate less than 0.2o/o, 
the use of prosthetic material, and a rate of postoperative chronic pain of more than 
10% in some cases. 
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figure 5.15 A: The suture af the deep plane is completed. 
The number af sutures varies from six to eight depending on 
the length af the inguinal canal. They should not be tied too 
tight so as to avoid ischemia and shearing through the 
affected tissue. B: Reconstruction of the external oblique 
aponeurosis. C: Photograph of technique. 

The final word has not yet been written on hernia repair. Today, the choice of tech
nique is orientated to "customized" repair on the basis of place, size, type of defect, 
patient age, and clinical condition. What remains is the wealth of knowledge, experi
ence, and treatment methods such as the Bassini technique, one of the great achieve
ments in the history of medical science. 
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6 Cooper Ligament Repair 
Alex Nagle and Kenric Murayama 

~ INDICATIONS 

The Cooper ligament repair is a primary tissue repair that involves suturing the con
joined tendon (superiorly) to Cooper's ligament (inferiorly) medial to the femoral vein 
and to the inguinal ligament at the level of and lateral to the femoral vein. It typically 
requires a relaxing incision and careful dissection near the femoral vessels. It provides 
closure of the femoral, indirect and direct spaces, and, as such, can be used to repair 
any hernia defect that may occur in the groin. However, it is almost always reserved 
for the repair of femoral hernias. Femoral hernias account for 2% to 4% of groin her
nias, are more common in women, and are more apt to present with strangulation and 
require emergency surgery. The postoperative morbidity and mortality increase signifi
cantly in patients undergoing emergent repair. This highlights the importance of repair
ing femoral hernias in an elective setting and suggests that watchful waiting is not a 
prudent strategy in patients with femoral hernias, even those who are asymptomatic. 

The Cooper ligament repair is rarely performed today, as it has been replaced by 
tension-free prosthetic mesh repairs. The well-known advantages of tension-free hernia 
repair have led to the development of various mesh techniques for femoral hernia 
repair. In addition, a laparoscopic approach provides an excellent repair of femoral 
hernias. However, there remain clinical situations in which a prosthetic mesh should 
be avoided and a Cooper ligament repair is indicated. The most common clinical sce
nario involves an emergent operation for a small bowel obstruction secondary to an 
incarcerated femoral hernia. 

Femoral hernia repair when a prosthetic mesh is contraindicated 
Femoral hernia repair in the presence of infected mesh 
Femoral hernia repair in the presence of gangrenous bowel 
Femoral hernia repair in the presence of a contaminated field 

~ PREOPERATIVE PLANNING 

• Complete medical history is essential. Any existing co-morbidities should be identi
fied and addressed. Cardiac and pulmonary consultations are occasionally indicated. 
Accurate documentation of any previous abdominal, pelvic, vascular, or groin surgery. 

&1 
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• Complete physical examination with focus on both groins including testicles. It is 
important to document the status of the testicles preoperatively. 

• In a patient with a small bowel obstruction secondary to an incarcerated femoral 
hernia, proper resuscitation is essential prior to going to surgery. 

• The risks and benefits of surgery versus expectant management, as wall as potential 
surgical complications, should be reviewed with the patient The risk of postoperative 
neuralgia should be discussed. All male patients are told of the possible occurrence of 
ischemic orchitis and subsequent testicular atrophy. In the setting of an incarcerated 
femoral hamia, the risk of bowel resection and possible laparotomy are discussed. 

• Peri-operative antibiotics: The role of routine antibiotic prophylaxis for elective 
inguinal hernia remains controversial. There is a body of literature indicating no 
statistically significant advantage to the usa of antibiotic prophylaxis in the perform
ance of routine inguinal hernia repair with or without the use of a prosthetic mesh. 
Nevertheless, many surgeons argue that antibiotic prophylaxis is both inexpensive 
and safe, and that such practice should not be considered inappropriate. In the acute 
setting of a small bowel obstruction secondary to an incarcerated femoral hernia, pari
operative antibiotic should be given within 30 minutes of the initial skin incision. 

• Decompression of the bladder immediately preoperatively. In most elective casas a 
foley catheter is not necessary. 

• DVT prophylaxis with calf-length pneumatic compression devices. 
• Anesthesia options for femoral hernia repair include general, spinal, or local with 

intravenous sedation. Emergent cases of small obstruction secondary to an incarcer
ated femoral hernia will require general anesthesia. 

(i) SURGERY 

Anatomy 

AB with any hernia repair a thorough working knowledge and understanding of the 
anatomy of the inguinal region is mandatory. All groin hernias begin as a weak area 
within the myopectineal orifice. The myopectineal orifice is divided into the medial, 
lateral, and femoral triangles (Fig. 6.1). With a decreased strength of the aponeurotic 

Figur• 6.1 Myopectineal Orifice 
with medial, latBral, and femoral 
triangles. 
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figure &.2 Borders of a femoral 
hernia. Anterior-inguinal 
ligament. posterior-Cooper's 
ligament. medial-lacunar 
ligament. lateral-femoral vein. 

fibars in this area from defective collagen metabolism (e.g., from smoking) and a gradual 
attenuation from increased intraabdominal pressure (e.g., from prostatism, obesity, con
stipation, or chronic lung disease), a hernia can result. The transversalis fascia deterio
rates and allows a peritoneal protrusion through it. Depending on the length of the 
insertion of the transversus abdominis on Cooper's ligament, the presence of a patent 
processus vaginalis, and the width of the femoral ring, the hernia might be direct, indi
rect, femoral, or any combination of the three. 

Bordars of a femoral hernia (Fig. 6.2): 

• Anterior: Inguinal ligament 
• Posterior: Cooper's ligament (pubic ramus) 
• Medial: Lacunar ligament 
• Lateral: Famoral vein 

Technique 

• Skin preparation with clipping rather than shaving is preferred. 
• The surgical area is prepped and draped in a sterile fashion. 
• An oblique inguinal skin incision is utilized. Using electrocautery the soft tissue is 

dissected down to the level of the aponeurosis of the external oblique. Appropriate 
ratractors ara utilized. 

• The aponeurosis of the external oblique is dissected and the external ring is identified. 
• The aponeurosis of the external oblique is opened in the direction of its fibers extend

ing through and obliterating the external ring. 
• The ilioinguinal nerve is identified and is usually preserved, but it may also be 

excised according to the surgeons' preference. 
• The spermatic cord is mobilized in the canal but is not disturbed medial to the pubic 

tubercle to preserve testicular collateral circulation. At the level of the pubic tuber
cle, a penrose drain is placed around the cord structures and can be used to provide 
ratraction allowing inspection of the inguinal floor (Fig. 6.3). 

• The spermatic cord is explored for evidence of an indirect hernia. In addition, any 
cord lipoma or preperitoneal fat should be excised. 

• The fioor of the inguinal canal (transversalis fascia) is incised and completely opened 
destroying the internal ring (Fig. 6.4). 

• This provides exposura of the preperitoneal space, femoral vein, and femoral canal 
(Fig. 6.5). 

• The femoral hernia sac is reduced, thereby converting a femoral hernia to a direct 
hernia (Fig. 6.6). 

&3 
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Figure U Retraction af the sper
matic cord tD allow visualization 
of the inguinal floor ltransveraalia 
fascia). 

Figur• U Opening of the inguinal 
floor !transversalis fascia~ ExtBnds 
from the internal ring to the pubic 
tubercle. 

External oblique 
aponeurosis--------:.._ 

Inguinal floor 

Femoral hernia 

• Occasionally, an incarcerated or strangulated femoral hernia cannot be reduced in 
spite of traction from above in the preperitoneal space and pressure from below the 
femoral ring on the anterior thigh. In such cases, the lacunar ligament (medially) can 
be incised to enlarge the femoral ring. If this is not successful, the inguinal ligament 
can be transacted just above the femoral ring (Fig. 6.7). 

• It is mandatory to open the hernia sac and evaluate the bowel for viability (Fig. 6.8). 
If the bowel is questionable or non-viable, a bowel resection and anastomosis is 
indicated. This can frequently be performed through the groin incision. However, 
if the exposure is inadequate a laparotomy will be required. Mesh may safely be 

Internal oblique 
mulde------------------~~--~ 

--....:....-----External oblique 
aponeurosis 

~...;....;~--TranS'II8rsalis 

fascia 

Cooper"s ligament 
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Cooper's ligament 

used for the repair of incarcerated hamias if the hamiatad tissue looks normal or 
is only mildly edematous. Profound edema and/or dusky bowel that gains its nor
mal color during observation mitigate against the use of mesh. Mesh should never 
ba used in the prasanca of gangrenous tissue. If spontaneous reduction of the 
hamia occurs, the bowel should ba explored by retrieving it through the opened 
hernia sac. Alternatively, laparoscopy can be utilized to assure that the bowel is 
viable and that the hernia has not reduced "en mass" with potentially obstructive 
adhesions. Claar yellow peritoneal fluid is reassuring, but does not necessarily 
rule out gangrene. 

Figure &.& Reduction af femoral hernia. 
Thereby converting a femoral hernia to a 
direct hernia. 

Figure &.5 Exposure af the 
preperitonealspace,Coope(s 
ligament. femoral vein, and the 
femoral canal. 



&& Part I Open Inguinal Hernia 

Repair of Femoral Canal and Inguinal Floor 

figure &:1 Sharp transection of the 
inguinal ligament at the level at the 
femoral canal to facilitate reduction 
at a femoral hernia. 

• The conjoined tendon is sutured to Cooper's ligament from the pubic tubercle medi
ally to the femoral vein as it crosses Cooper's ligament laterally (Fig. 6.9). This is 
performed with multiple interrupted permanent sutures on a short thick needle. An 
Allis clamp is used to grasp the conjoined tendon to be certain that good bites are 
placed in it, not merely in the overlying internal oblique. 

• A transition stitch is placed incorporating the conjoined tendon, Cooper's ligament, 
the femoral sheath at the medial aspect of the femoral vein, and the inguinal ligament 

figure U Opening of the femoral 
hernia sac to allow visualization and 
evaluation of the bowel for viability. 
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(occasionally, the femoral sheath cannot be identified and can be excluded) (Fig. 6.10). 
If there is bleeding from the suture site in the femoral sheath and gentle pressure 
does not abate the bleeding, the suture should be removed as it may have injured 
the femoral vein. Pressure should be held until bleeding stops and rarely is suture 
repair necessary. 

• The remainder of the inguinal fioor is repaired by approximating the conjoined ten
don to the inguinal ligament and extending laterally to the level of the internal (deep 
inguinal) ring (Fig. 6.11). 

• The spermatic cord comes out obliquely laterally at the new internal ring. No sutures 
are placed lateral to the cord. The cord is moved laterally approximately 1.5 em from 
its original position. 

Anterior femoral 
sheath 

figure 6.10 Transition stitch. 
Conjoined tendon is sutured to 
Coope(sligament. the femoral 
sheath, and the shelving edge 
af the inguinal ligament 

Figure &.9 Closure af the femoral 
canal. Conjoined tendon is sutured 
to Coope(s ligament from the 
pubic tubercle !medially) to the 
femoral vein !laterally). 
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Figur• 6.11 Closure af the 
remaining floor. The conjoined 
tendon is sutured to the shelving 
edge of the inguinal ligament 

• The new internal ring is snug and admits only the tip of a clamp (Fig. 6.12). 
• This repair creates considerable tension. To release this tightness, a relaxing incision 

is required (Fig. 6.13). This involves first exposing the rectus sheath behind the 
external oblique aponeurosis. Sparing the external oblique component, the rectus 
sheath is then incised vertically from the tubercle extending cephalad for approxi
mately 6 em along its lateral edge. The relaxing incision should be performed BEFORE 
tying the sutures approximating the conjoined tendon to Cooper's ligament. 

Figur• 6.12 Recreation af the internal 
ring. The new internal ring is snug and 
admits only the tip of a clamp. 
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• The cord is returned to its anatomical position on top of the inguinal floor. The 
aponeurosis of the external oblique is closed over the cord with a continuous suture, 
thereby recreating the external ring. 

• Scarpa's fascia and skin are closed. Sterile dressing is applied. 

POSTOPERATIVE MANAGEMENT 

• Patients tend to have more pain and a longer recovery compared to a tension-free 
mesh repair. 

• Patients are instructed to avoid heavy lifting or exercise for 6 weeks postoperatively. 
• Considering that a Cooper ligament repair is typically performed in the setting of a 

contaminated field, i.e., strangulated bowel, hospitalization and recovery is depend
ent on bowel function and infectious complications. 

• Follow-up is typically 2 weeks after discharge from the hospital. 

) COMPLICATIONS 

• Thromboembolic complications: Thromboembolism has been reported as a complica
tion of a Cooper ligament repair. This is due to compression of the femoral vein by 
transition sutures placed too far laterally in Cooper's ligament If the most lateral 
suture in Cooper's ligament is placed just medial to the femoral vein, there should 
be no venous constriction or increased thromboembolic risk. 

• Surgical site infection (SSI): SSI is an uncommon postoperative complication follow
ing an elective Cooper ligament repair. However, in the present day, a Cooper liga
ment repair is almost always performed in the setting of bacterial contamination and 
therefore SSI is more frequent. 

• Postoperative pain: The Cooper ligament repair is associated with more postoperative 
pain compared to a tension-free mesh repair. This has been minimized with the 

Figure &.13 Relaxing incision. 
Retraction of the aponeurosis of 
the external oblique tD allow 
exposure of the anterior rectus 
sheath. The anterior rectus 
sheath is incised from near the 
pubic tubercle vertically (cepha
lad) for approximately ll em. 
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addition of a relaxing incision. The relaxing incision does not make the repair "ten
sion free", but it does reduce the tension to allow for better healing. However since 
mesh is not used, the risk of nerve entrapment within a mesh is eliminated. 

3 RESULTS 

• Recurrence following a Cooper ligament repair is expected to be higher compared to 
a tension-free mesh repair. It is well documented that the use of prosthetic material 
minimizes the risk of recurrence. The published recurrence rates using a Cooper 
ligament repair is between 2o/o and 15%. 

• A Cooper ligament repair is also associated with a longer convalescence and return 
to work. 

• Femoral hernias are often associated with emergent operations and bowel resection. 
Compared to elective operations, the postoperative morbidity and mortality increase 
significantly in patients undergoing emergent repairs. The Swedish Hernia Register 
reported on 3,980 femoral hernia repairs between 1992 and 2006. 1,490 were men 
and 2,490 were woman. 1,430 (35.9%) patients underwent emergent operations. 
Bowel resection was performed in 325 (22.7%) of emergent femoral hernia repairs. 
An emergent femoral hernia repair was associated with a 10-fold increased mortality 
risk. 

~ CONCLUSIONS 

• A Cooper ligament repair is primary tissue repair that provides a strong posterior 
wall reconstruction and closes the femoral canal. A relaxing incision is needed. 

• The Cooper ligament repair is rarely performed today, as it has been replaced by 
tension-free prosthetic mesh repairs. 

• A Cooper ligament repair is typically performed for repair of a femoral hernia in the 
setting when a prosthetic mesh is contraindicated, e.g., strangulated bowel. In this 
setting, a Cooper ligament repair provides acceptable results. 
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7 The Shouldice 
Hospital Repair 
Robert Bendavid 

Introduction 
There is evidence that, despite advances in hernia surgery, the rate of hernia recurrence 
has remained the same, hovering at about 14% worldwide, with a range of 10% to 22% 
(Tables 7.1, 7.2 and Figure 7.1). By advances we mean the several varieties of prosthetic 
meshes, the numerous kinds of implantable, one size fits all gadgets which flood every 
surgical meeting, and the still controversiallaparoscopic techniques. It may be that in 
the hands of surgeons sub-specializing in hernia surgery, the results are better but the 
overwhelming majority of hernias are repaired by general surgeons who, on average, do 
50 cases a year only!. Statistics from the Shouldice Hospital point to the fact that 65% 
of the failed herniorrhaphies are due to an inadequate search for a hernia or simply due 
to a grossly inadequate knowledge of anatomy. Much to the regret of the surgical com
munity, the Shouldice Hospital has not come forward, in the last 20 years, with mean
ingful peer reviewed publications or statistical data to support the claims which they 
put forth at conferences; nor have their statistics ever been presented with a seal of 
approval by a bona fide statistician. For those reasons, the comparative results must 
come from older series as well as from older reports, albeit from competent surgeons. 
It must also be kept in mind, in all fairness, that pure tissue repairs do not get the 
approval and support of an industry which is geared to produce and sell what it man
ufactures. We shall revisit these ethical issues. 

History 
The Shouldice Hospital was established in 1945 by Earle Shouldice. Its accomplish
ment is not in having designed a new operation. It did not. It simply carried out the 
steps of the Bassini operation faithfully. These steps were introduced by one of the staff 
surgeons, Ernie Ryan. Three differences stand out between the classic Bassini operation 
and what is done at the Shouldice Hospital today: The use of stainless steel wire as a 
suture material, as opposed to the cotton and silk which were available in Bassini's 
days; a continuous suture rather than the interrupted sutures which Bassini inserted; 
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Figur• 7.1 Constancy af recur· 
renee rate while mesh repair 
reaches its peak use. 
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~ PREOPERATIVE PLANNING 

Obesity 

Obesity is always a drawback in all surgery. Whereas the evidence is overwhelming 
on obesity being a factor in inc:isional hernia recurrences, the same cannot be said 
for inguinal hernias. Overweight makes surgery longer, will require more local 
anesthesia, and may limit ambulation after surgery. It will be a factor in postoperative 
infections. Otherwise, a moderate adiposity should not be an objection to inguinal 
hernia repair. It has been a custom at the Shouldice Hospital to promote weight loss 
and while the intent is noble, it is not always successful. Certainly not in the class 
that would be labeled obese. In larger centers, bariatric surgeons become part of the 
team. 

Sedation 

Preoperative sedation consists of Diazepam (10 to 25 mg, orally) 90 minutes prior to 
surgery and Meperidine (25 to 100 mg) 45 minutes before making the incision. These 
drugs can be varied to suit the needs and condition of the patient and the experience 
of the surgical and anesthetic teams. Intravenous sedation is not uncommon and can 
be an additional option. 

Local Anesthesia 

The Shouldice Hospital has had extensive experience with procaine hydrochloride 
(novocain) and continues to use it to this day. It is a safe, eHective, and a cost
eHective drug. The concentration is 1 o/o to a maximum volume of 200 cc. Here again, 
the choice of anesthetic agent may vary with local customs and uses. Novocain has 
never been associated with malignant hyperthermia. It may induce tremulousness 
but this is properly controlled by the preoperative sedatives be they benzodiazepines 
or barbiturates. Properly carried out, in terms of quantity and timing of the medica
tions, there is no doubt that adequate sedation and anesthesia can be effective and 
satisfying. The advantage of the method is that it makes surgery possible and safe 
for the majority if not all patients regardless of age and health status. Local anesthe
sia also imparts the benign nature that herniorrhaphies are in terms of surgery and 
safety, as many patients have a morbid and unreal fear of general anesthesia. Appre
hension of cardiac complications are a justified risk particularly in the above 50 age 
group. These apprehensions were mapped out and at the risk of sounding trite 
through repetition, one must insist on that repetition. It has been established from 
the records of the Shouldice Hospital that the cardiac status of a patient population 
is as seen in Table 7.3. 

Cardiac arrflythmia 
Hypertansion 
Congestive Heart Failure therapy 
History of myocardial infarction 
History of angina 
Anticoagulation (aspirin, warfarin, 

sulfinpyrazone) 

50% 
20% 
17% 
15% 
15% 
12% 
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(.9 SURGERY 

The Incision 

Most textbooks describe the inguinal incision 2 to 3 em "above" a line joining the pubic 
crest to the anterior superior iliac spine. Experience has shown that the incision should 
be instead, along that line, not above. Also, it should be from the pubic crest laterally 
to a distance of 10 em. This incision brings the inguinal area into full view without 
undue discomfort from the traction of retractors. This retraction is a source of marked 
discomfort under local anesthesia since it affects areas not covered by your local 
anesthesia. 

Local Anesthesia 

The infiltration of the skin is carried out by raising a wheal 3 to 4 em wide at the site 
of the proposed incision. A volume of 60 to 90 cc of 1% procaine hydrochloride will 
be generous and sufficient (Fig. :7.2). After the initial incision is made, when the exter
nal oblique aponeurosis is identified, another 20 cc of anesthetic agent is injected deep 
to this aponeurosis allowing it to bathe the sub-aponeurotic space. Later, when this 
aponeurosis has been incised, all the nerves in the groin will be easily identified and 
infiltrated individually with 1 to 2 cc of the anesthetic agent. One must remember their 
tremendous variation and distribution. The genital branch of the genitofemoral nerve 
which issues from the deep inguinal ring appears on the lateral aspect of the cremastsric 
muscle and often within the substanca of that muscle. 

The Dissection 

The external oblique aponeurosis is incised from the superficial inguinal ring laterally, 
along the direction of its fibers, to a level of 2 to 3 em lateral to the deep inguinal ring 
(Fig. 7.3). After infiltrating the individual nerves, another 5 cc of anesthetic agent is 
injected within the loose aerolar tissue of the spermatic cord at the level of the internal 
ring to block conduction of the sympathetic nerve pain fibers within the cord. The two 
flaps of the external oblique aponeurosis are undermined as laterally and as medially 
as feasible (Fig. :7 .4). Any nerves that can be spared gently are left intact: however, if 
the nerves should be in the way of a proper dissection and eventual reconstruction, I 
do not hesitate to resect them. The division of all the nerves (ilioinguinal, iliohypogas
tric, and genital branches of the genitofemoral) can be divided with impunity, Fruchaud 
had already made a mention of this fact in 1956! The loss of sensation on the skin is a 
discoid area of 2 to 5 em at most near the pubic crest area. With time and the in-growth 
of nerve fibers, this area re-acquires its innervation. The only exception to the division 
of the nerves is seen in female patients in whom the genital branch of the genitofemo
ral nerve should be spared. If not, there may ensue a loss of sensation over the labiae. 

The cremasteric muscle which has now become evident is incised longitudinally 
along the direction of its fibers, from the level of the pubic crest to the deep inguinal 
ring (Fig. 7.4). After developing medial and lateral flaps they are resected as follows. 
The medial flap is usually quite thin and negligible; however, near the deep inguinal 
ring, its musculature will often exhibit a substantial arterial vessel (not named) which 
must be carefully ligated. 

The lateral flap of the cremaster is doubly clamped halfway between the pubic 
spine and the deep inguinal ring, divided and each stump doubly ligated. These stumps 
will include the genital branch of the genitofemoral nerves and the cremasteric vessels. 

When the cremaster has been resected and the spermatic cord retracted laterally, the 
posterior wall of the inguinal canal becomes clearly evident, and in full view. At this 
stage, one should look for the presence of an indirect sac on the medial aspect of the 
spermatic cord at the internal ring. If a sac is found, it is dissected out and resected at 



7& Part I Open Inguinal Hernia 

figure 1.2 A:. Superficial anatomy 
and B: Proposed lina of infiltration 
and incision, along tha lina joining 
tha anterior superior iliac spina 
and tha pubic crest 
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the internal ring. Many surgeons may simply drop the sac into the preperitoneal space 
without resecting it. There is no harm to that practice, provided that the sac is not a 
tubular structure with areas of narrowing which may promote incarceration of a viscus. 
If no indirect sac is found, one must endeavor to identify a peritoneal protrusion which 
would literally guarantee the absence of an indirect hernia. Very rarely, I have seen a 
hi-lobed hernia sac when one side has been identified and the second could have been 
missed! At this stage, any direct inguinal hernia or defect will be easily observed. Next 
to be considered is the division of the posterior inguinal wall (Fig. 7.5). Beginning at the 
medial aspect of the deep inguinal ring, the posterior wall is incised carefully, taking 
care not to injure the inferior epigastric vessels. Under constant direct view, the incision 
is extended to the pubic crest You are now in the preperitoneal space and more 
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Extemal oblique 
aponeurosis----....;:.,..:--

particularly, the space of Bogros. The two resulting flaps are medially the triple layar 
described by Bassini and which consists of the true transversalis fascia, the aponeuroses 
of the transversus and internal oblique muscles, however thin they may have become. 
Mora medially as well as laterally, the muscle fibers of the internal oblique and trans
versus abdominis become evident and will be included in the repair. Laterally, the tlap 
is made up of the same layers but its deepest edge is made up of the iliopubic tract of 
Thomson which is often extremely thin, especially at its lateral third. The iliopubic tract 
is thickest near the pubis where it is easily identified and must be included in the repair. 
Care must be taken not to injure a vein which is always found on the deep aspect of the 
iliopubic ligament which has now been named iliopubic vein (Fig. 7.6). 

At this stage, the cribriformis fascia below the inguinal ligament, on the upper and 
anterior aspect of the groin is incised from the level of the femoral vessels to the pubis 

figur• 1.3 Infiltration of local 
anesthetic deep to the external 
oblique aponeurosis. 

Figur• 7A Incision of the external 
oblique aponeurosis along the 
direction of its fibers. 
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Figur• 7.5 Division of the poste· 
rior wall of the inguinal canal 
lthe transversalis fascia). 

Figur• 7.6 Illustration of the 
venous vasculature in the preperi· 
toneal space of Bogros. 

Transversalis ----r-::,:-
fascia 

(Fig. 7.7). This move will allow examination of the undersurface of the femoral canal 
and eliminate the possibility of a simultaneous femoral hernia. This exploration is car
ried out in conjunction with a look at the femoral ring from the space of Bogros. 

Reconstruction 
Surgical repairs must be learned from the experts whenever feasible or possible. That 
possibility is afforded anyone by contacting the Shouldice Hospital and requesting that 
privilege. I have never known them to refuse that demand from anyone! 
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Figur• 7.7 Freeing the thigh fascia to 
reveal the lower end of the femoral canal 
and examine for the presence of a femo· 
ral hernia. 

If an indirect inguinal hernia is identified at the medial side of the spermatic cord, 
at the deep inguinal ring, it should be dissected free from all surrounding elements of 
the cord from distal to proximal ends. The sac, if long and narrow, may be resected: if 
wide and short, it may simply be freed and reduced from the preperitoneal space of 
Bogros. An indirect sac need never be resected unless it is narrow and scarred or poses 
the possibility of adhesions to viscera or incarceration within the narrow sac. The pos
terior inguinal wall having been divided throughout its length, especially when a direct 
inguinal hernia is identified, is now to be reconstructed. 

The reconstruction aims at the repair of a solid posterior wall of the inguinal canal 
in all cases. The repair begins near the pubic crest by approximating the iliopubic tract 
laterally to the medial triple layer: The true transversalis fascia, the transversus 
abdominis muscle or aponeurosis, the internal oblique muscle or aponeurosis but also 
the lateral edge of the rectus muscle which is not part of the triple layer (Fig. 7.8). Of 
course at that level and especially in the case of a direct inguinal hernia, the muscula· 
ture may be markedly absent and one finds a thin bulged out wall made up of the thin, 
degenerating layers of the aponeuroses of the transversus and internal oblique muscles. 
In the case of direct inguinal hernias, if the tissues involved in the repair cannot be 
trusted, this would be the ideal situation for the use of a sheet of mesh. The repair 
might otherwise be under a great deal of tension and with poor tissues. To get substan
tial tissue would mean relying on a triple layer too close to the midline and therefore 
far too "unphysiologic" due to the extreme tension. The suture proceeds towards the 
internal ring and at about the halfway mark, the lateral edge of the rectus (Fig. 7.9), 
which becomes almost vertical, and therefore not parallel to the "inguinal ligament" 
becomes too distant for inclusion in the line of repair. At the internal ring, the suture 
picks up the lateral stump of the cremasteric bundle then crosses over to the opposite 
side (Fig. 7.10), piercing from inside out, the true transversalis fascia, the transversus 
abdom.inis muscle, and the internal oblique muscle. A new internal ring is thus created. 
The suture reverses its course and becomes the second line of suture towards the pubic 
crest This second line approximates the borders of the transversus and internal oblique 
muscles to the shelving edge of the "inguinal ligament" or more accurately, the external 
oblique aponeurosis, along a line parallel to the first line of sutures, thus creating a 
second, artificial "inguinal ligament" (Fig. 7.11 ). The suture ends are tied near the pubic 
crest The first suture has now contributed two lines of repair. At this stage, a relaxing 
incision can be made if the surgeon feels that the repair is under some tension. This 
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Figur• 7.8 Appearance of tha 
preperitonaal space whan tha 
dissection has baan dona. Nota 
tha inclusion of tha lateral edga of 
tha rectus muscle and be careful 
to avoid tha marginallpubic) vein. 

A 

Inferior epigastric 
vessels 

relaxing incision should be generous end can extend from the pubis to the level of the 
internal inguinal ring. The defect resulting from the relaxing incision is recovered 
'Within a week by a new sheath, a fact that was confirmed by Amos Koontz, professor 
of surgery at Johns Hopkins, in his textbook "HERNIA" (Appleton, Century, Crofts, 
1963). 

Another two lines of repair 'Will now be created by a second suture. The latter is 
begun near the internal ring (Fig. 7.12) where medial to the ring the needle is driven 
through the internal oblique, the transversus abdominis muscles then across to the 
inner aspect of the external oblique aponeurosis along a line parallel to the previous 
artificial inguinal ligament, namely the second line. This third line proceeds to the 

B 

figur• 1.9 A: First lina of tha first suture proceeding toward tha internal ring. B: End of first lina of first suture just bsfora 
reversing its co ursa as second I ina of first suture towards tha pubic crest. whara it will ba tiad. 
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Stump of 
c~t~master musc:kl 

pubic crest from which it reverses its course back towards the internal ring where it is 
tied to the strand of the suture left awaiting. This completes the fourth line (Fig. 7.13). 
You will observe from the diagrams that medially, the external oblique aponeurosis is 
used to cover and protect the medial aspect of the posterior wall of the inguinal canal. 
This maneuver displaces the superficial inguinal ring by 2 to 3 em laterally. This medial 
portion of the posterior wall of the inguinal canal is the commonest area for direct 
recurrences in the hands of even experts! The medial or distal cremasteric muscular 
bundle is anchored near the pubis or the superficial pubic crest and this step will pre
vent the eventual drooping of the testicle and scrotum. This drooping is a minor com
plication but nevertheless one that causes distress to many patients. At this stage, the 
cord is placed back in its normal anatomical position and the external oblique aponeu
rosis is closed over it with a running absorbable suture (Fig. 7.14). Subcutaneous tissues 

Inguinal ligament 

figure '1.11 The second line incorpo
rates the external oblique aponeuro
sis along a line parallel and 
superficial to the inguinal ligament 

Figur• 7.10 The final bite of 
the first line of the first suture 
includes the lateral stump of the 
cremaster muscle. The suture 
now reverses its course to 
become the second line of the 
first suture. 
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Figur• 7.13 The fourth line of 
suture lor the second line of the 
second suture) reversing its 
course near the superficial ring 
toward the deep inguinal ring. 

figur• 1.12 The third line lor first line of 
the second suture), begun at the inter· 
nal ring and proceeding toward the 
superficial ring, incorporates the extur· 
nal oblique aponeurosis along a line 
parallel and more superficial yet to the 
inguinal ligament 

are also approximated in the same fashion. The skin is closed with Michel clips half 
of which are removed in 24 hours and the rema:indar in 48 houi'8. 

POSTOPERATIVE MANAGEMENT 

At the end of surgery, the patient is made to stand away from the table, to walk to a 
waiting wheelchair, and to be taken to his room. There he will sleep off the preopera
tive medications for 4 to 6 hours after which he is encouraged to be up and about. His 

External oblique-----~;....__ 

aponeurosis 



Chapter 7 The Shouldice Hospital Repair 83 

External oblique----~~ 
aponeurosis 

first meal will be in his room, after that the patient is expected to go to the common 
dining room for his meals. Beginning the next mom:ing, light exercises 81'8 performed 
by all patients as a group. These will be repeated every day for 2 to 3 days until the 
patient goes home after 48 to 72 hours following surgery. 

3 ' RESULTS AND FOLLOW-UP DATA 

There have been very few series reported recently on the Shouldice repair, compared 
to even 10 years ago. The reasons for this aberration have been the relentless push and 
promotion by the manufacturing companies to use prostheses and gadgets. For obvious 
reasons, no one stands to profit financially from pure tissue repairs. The only profit 
would be seen by hospitals and Health Care Systems whose budgets would be improved 
by the abandonment of laparoscopic and mesh techniques. Such a radical abandonment 
is not implied here for there is a definite use for meshes but the use should be indicated, 
judicious and not in a blanket manner for everyone regardless of types of hernias. The 
last review of the Shouldice repair as presented by Dr. Byrnes Shouldice himseH (Inter
national Hernia Congress, Boston, USA, June 7 to 11, 2007) stated that the overall 
recurrence of a Shouldice repair is less than 1 o/o for all repairs: 0.5o/o following primary 
inguinal repairs. Still, others have reported comparable success as seen in Table 7.4, 
from series in the last 20 years. Despite their success, it is puzzling to see that many of 
those authors have gone on to include meshes in most of their repairs. 

Interesting to note that Berliner used two lines of repair instead of the usual four! 

._) COMPLICATIONS 

Infections 

Infection is a negligible complication at the Shouldice Hospital simply because the 
hospital limits itself to a single operation. That is, no other surgery is carried out in 
their hospital. If any patient should present with any sepsis, as minimal as it may be 
(ear infection, a boil, urinary tract infection, etc.), surgery is delayed. There is no such 
thing as a nosocomial infection. Also, the majority of surgeries take less than an hour 

Figur• 7.14 Closure af the axter· 
nal oblique aponeurosis over the 
spermatic cord which is placed in 
its normal anatomical space. 
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Author I Casas Fallow-up (%) Fallow-up (y) Racurranca 

Shearburn 550 100 13 0.2 
Volpe 415 50 3 0.2 
Bacchi 1640 84 5 0.6 
Devlin 350 6 0.8 
Flament 134 6 0.9 
Wantz 3454 1-20 1 
Moran 121 6 2.0 
Berliner 591 2-5 2.7 

to perform. I have seen superficial, subcutaneous abscesses develop but never a deep 
infection deep to the repair requiring dismantling the repair for proper drainage! Still 
the recorded infection rates are less than 0.5% on a yearly basis. 

Hematomas 

A most unusual complication which invariably originates from the cremasteric stumps. 
The incidence in a personal series of close to 6,000 cases is about 0.3%. It is wise to 
return a patient to the operating room within hours or the hematoma may reach enor
mous sizes and require several months for complete resorption. 

Hydrocoeles 

An incidence of 0.7% was reported by N. Obney who suggested to minimize suture ties 
along the spermatic cord as well as to ensure loose reconstructions of the deep and 
superficial inguinal rings. 

Testicular Atrophy 

No technique of hernia repair is free from this complication be it pure tissue, tension 
free, or laparoscopic. A series of 59 752 inguinal hernia repairs from 1986 to 1993 was 
reviewed at the Shouldice Hospital. Recurrences were recorded in 19 instances follow
ing 52 583 primary inguinal repairs (0.036%) and 33 instances following 7,169 repairs 
of recurrent inguinal hernias (0.46%). Such an incidence must be explained to the 
patient beforehand as such unfortunate results may lead to a suit alleging malpractice 
or negligence when in fact neither can be the cause. 

Dysejaculation 

Dysejaculation is a rare complication and most distressing situation for patients. This 
syndrome should not be confused with groin pain reported to occur during the sexual 
act and which is associated with strain, pull, push, and twists of the groin muscles. 
The dysejaculation syndrome is characterized by a burning or searing sensation occur
ring just before, during, or just after ejaculation at the time of the sexual act. I have seen 
it happen when sexual stimulation has begun when the sex act has not taken place yet. 
That is even before the stimulus leading to ejaculation! The incidence has been esti
mated at 1 in 2,500 cases. Fortunately, this complication requires patience and no 
surgical intervention. The mechanism has been alluded to as being an obstruction of 
the vas as can be seen during fibrosis formation following hernia repair which leads to 
kinking and tortuous appearance of the vas. The pain, of necessity, has to be due to the 
distention of the hollow organ which the vas is and the stimulus is mediated through 
the autonomic nervous system via the three nerves of the groin. The worst and most 
trying case I have observed lasted 5 years! It is to be pointed out that this syndrome is 
being over-reported and I have rejected many an article purporting to describe the 
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syndrome when in fact what ware described were episodes of nerve affected by entrap
ment, sutures, clips, tacks, erosion by polypropylene meshes, etc. 

Chronic Postoperative Pain (lnguinodynia) 

Much is being said and written nowadays with reference to postoperative inguinal pain. 
Some have gone as far as claiming that postoperative inguinodynia has surpassed recur
rences as a complication following inguinal hernia repair. Incidence of inguinodynia 
has been reported as high as 50%1 Another fact I have personally observed is that when 
statisticians of non-surgical background are involved, the figures are apocalyptic! 

My personal experience and that of the Shouldice Hospital do not mirror this 
concern. In a personal series of 100 cases, our incidence was recorded as lo/o in 1995. 
By chronic pain, we defined any pain following inguinal hernia surgery, lasting a 
year or more and distinctly different from any strain syndromes of the groin such as 
adductor, pectineal and rectus strains which can mar a post-op course perhaps 
because of the imbalance of muscular exertion which may follow on such surgeries 
for weeks if not months in some cases. In the 100 cases cited above, a careful review 
of the operative notes revealed that 90% of the patients had their nerves "carefully 
preserved!" The other 10o/o had operative notes stating that "all nerves were divided!" 
This has justified my practice since 1985 of dividing all nerves which would prevent 
an adequate dissection, at the time of surgery. Often, this amounted to a prophylactic 
triple neurectomy. It is of interest that this practice had already been recommended 
by Fruchaud in his outstanding "Surgical Anatomy of Hernias of the Groin" (Doin
Publishers, 1956). 

Major Complications 

This class of complication is essentially non-existent, because surgery is carried out 
under local anesthesia and followed by early ambulation. 

~ CONCLUSION 

Pure tissue repairs, such as the Shouldice (and the Bassini by extension) can yield 
excellent, life-long good results. The key is to remember to perform the procedures 
exactly as described by the originators of those techniques. These techniques demand 
only one strict imperative: The flawless knowledge of your inguinal anatomy. Whatever 
technique you perform routinely, you must remember that a pure tissue repair is a must 
in the armamentarium of the surgeon because the day will come when nothing but a 
pure tissue repair and its necessary accompaniment of detailed and clear anatomy will 
save the day in the presence of infection, recurrences, previous mesh repairs, and lapar
oscopic repairs. 

Epilog and Ethics 
The advances of medicine are forever creating new dawns. In western countries, where 
health is an important issue, the right to health is no longer the purview of the rich but 
a state that must be added to that most perfect of declarations and changed to "Life, 
liberty, health, and the pursuit of happiness." Such "unalienable rights" are a noble 
cause, a feasible target but unfortunately at a tremendous financial cost We, as sur
geons, must do our part. Professor Volker Schumpelick, Editor-in-Chief of the World 
Journal of Hernia and Abdominal Wall Surgery, in his address to the American Hernia 
Society meeting in Boston, Mass, 2006, stated that despite the introduction of meshes, 
implantable gadgets, laparoscopic surgery with a net result that more than 90% of all 
hernia surgery is done with one mesh or another, the incidence of hernia recurrence 
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has not improved in the last 30 years. The rate of recurrence hovers at 14% with a range 
of 11% to 22%! The irony of this paradox is that the cost of failure has become pro
hibitive! Whereas the Shouldice Hospital claimed in 1995 that the expenses of all 
disposables (including IV fluids, drugs, masks, gloves, etc.) amounted to $20 per patient, 
the cost of mesh and laparoscopic set-up and disposable equipment will amount to 
$200 to $2,000 and more. The cost of some prosthetic meshes, at least in Canada cost 
as much as ten times the surgeon's fee for that particular incisional hernia repair. While 
90% of hernia surgery occurs in the groin, the claim that meshes and laparoscopy imply 
a saving because of decreased hospitalization, no longer stands. Many publications have 
confirmed this fact. Never has a Genesis made itself so necessary amid this chaos. Sur
geons must re-assume their own intellectual independence and meet their challenges. 
I am not decrying the progresses and opportunities of new technologies. I am promoting 
the judicious and intelligent use of new technologies by applying it to necessary 
demands instead of blind, blanket use of one size of gadget fits all hernias. The unfor
tunate plug (!) is that "with the plug, you do not need to know your anatomy!" The 
real problem, in fact, is the lack of knowledge of the most accurate anatomy necessary 
for a problem which requires exquisite knowledge of anatomy! 
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8 Groin Hernia Repair/ 
Kugel Technique 
John T. Moore 

Introduction 
Hernia repair constitutes a major part of the typical general surgical practice. Expansive 
literatura has baen producad dsmonstrating bensfits associatsd with a larga numbsr 
of repain. Most of lhasa rspairs have focusad on tsnsion-frsa techniquas. Tension-.frea 
repairs, when performed properly, reduce the risk of recurrence to low levels. These repairs 
also reduce postoperative pain and accelerated return to normal activity. Surgeons have 
baan exposad to many mesh-designed tension-.fraa repairs. In ordar to achisva tha pub
lishad rasults of lhasa repaifll, propsr psrformance of tha tachniqua salactad is the key 
element. These techniques require a thorough understanding of the procedures used as 
wall as a thorough undentanding of groin anatomy. 

~ INDICATIONS 

Tha Kugal tschnique for groin hsrnia rapair is a tansion-.free minimally invasive, yat 
open, preperitoneal or posterior abdominal wall groin hernia repair. It is applicable to 
the treatment of indirect and direct inguinal hernias as well as femoral hernias. It is 
particularly usaful for the treatmant of racurrent groin hernias aftar previously failad 
antarior rspair. It can be used selectively in patient's having undargone prior radical 
prostatectomy or pelvic radiation, but should be avoided in patients with recurrence 
after a failed laparoscopic groin hernia repair. This technique allows for rapid return to 
ragular work and othar activities without rastriction. It furthar minimizas the risk of 
nerve injury and associated burdensome chronic pain syndromes because the inherent 
nature of this repair is to avoid direct nerve injury and avoid exposure of the groin 
nervas to tha mash. 

Patient Selection 
The key elements in successful hernia surgery are proper patient selection and proper 
performanca of tha repair. However, not all patients with hamias need to ba rspairad. 

81 
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Elderly, debilitated, and inactive patients with asymptomatic hernias where the hernia 
is easily reduced may be best left alone with rare exceptions. Symptomatic patients 
should all be repaired promptly. Even here, postponement of the repair may be consid
ered if the symptoms are minimal and the hernia is easily reduced. Factors to consider 
are cost (immediate and delayed), age, patient's health, and type of work. There is no 
question delaying a repair may create a much more different repair later with more 
complications. Incarceration also is a rare threat. 

Not every patient with groin pain needs surgery. The groin area is particularly 
susceptible to injury. Muscle and ligamentous tears and strains can cause groin pain 
and even result in chronic pain, which will not improve with the hernia operation. Very 
small and occult hernias do exist and can be particularly difficult to diagnose, espe
cially femoral hernias. These can cause pain in patients, but in the absence of clear 
physical findings for a hernia observation seems to be the best initial course. Special 
caution in patients is also warranted with a very short history of symptoms or a very 
long history of symptoms, who do not demonstrate positive physical findings of a her
nia. illtrasound in these patients is sometimes helpful, but frequently overstates the 
presence of a hernia. The ultrasound also does not correlate well with the symptomatol
ogy. A wait and see approach is advised in these patients. If the surgeon is to avoid the 
not uncommon patient complaint after surgery that "the pain is worse now than before 
the surgery" or even "the mesh must be causing the pain." 

While the bias of this presentation is that the Kugel technique is useful for the 
majority of groin hernias, there are incidences where it would be inappropriate (see 
"Indications") and even instances where it might not be the best technique. Although, 
the repair is great for bilateral hernias and in obese patients, it might be easier to treat 
the morbidly obese patient with a different technique. 

The Mesh Patch 
The Bard Kugel patch (Davol, Cranston, Rhode Island) was developed to facilitate per
formance of the Kugel hernia repair. Although it is started out as a simple single-layer 
mesh, it became progressively more intricate in order to make the performance of the 
procedure easier and the repair more secure. 

The patch is composed of two overlapping layers of knitted monofilament polypro
pylene mesh material that have been ultrasonically welded together (Fig. 8.1). A pocket 
of polypropylene is constructed on the outer edge of the patch which contains a single 
polyester fiber spring or stiffener that helps the patch to unfold after placement and 
maintain its configuration. One centimeter of mesh material extends beyond the outer
most welds into which have been cut multiple radial slits. This outer fringe allows the 
patch to conform and fill more perfectly in the preperitoneal space, particularly when 
the patch folds back over the iliac vessels. A transverse slit is made in the center ante
rior patch, which is utilized for insertion of a finger which helps in positioning the 
patch in the preperitoneal space. Just beyond the anterior slit and inside of the mesh 
ring are multiple 3 mm holes through both layers of the patch. These serve to allow 
tissue to tissue contact through the patch to prevent movement of the patch after place
ment. This movement prevention is further augmented by several small V-shaped cuts 
associated with all of these holes in the anterior layer only. These cuts create a triangle 
of mesh which tends to pop up when the patch is placed and these act as sutureless 
anchors for the patch. 

There are two mesh sizes used for groin hernias. The small patch is 8 x 12 em 
and the medium patch is 11 x 14 em. The small patch is adequate in most patients, 
although the larger patch does provide greater margin for error and is preferred in 
very large hernias. It is up to the surgeon to decide the appropriate size mesh patch 
used recognizing that the greater amount of underlay will probably result in fewer 
recurrences. 
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Anterior layer 
transverse slit 

Operative Procedure 

Anesthesia 

uter fringe slits 

a. General Anesthesia: This is my anesthetic of choice for this operation. The primary 
disadvantage of a general anesthesia is the limitation of the ability to test the repair 
at the completion of the operation. 

b. Regional Anesthesia: This is the preferred choice for some patients with epidural 
anesthesia being preferred over spinal anesthesia. The epidural anesthetic has the 
advantage for re-dosing when the catheter is left in place during the procedure. This 
not only allows for minimal initial dose, but also for the administration of addi
tional doses as needed, if the operation takes longer which may happen with bilat
eral hernias. Furthermore, epidural anesthesia results in lass muscle paralysis 
enabling the patient to respond more forcefully when testing the repair following 
the operation. 

c. Local Anesthesia: I have preformed this procedure using local anesthesia and mon
itored anesthesia care provided by an anesthesiologist, but maintenance of a relaxed 
patient is imperative to be able to enter and maintain appropriate visualization of 
the preperitoneal space through the incision. If the patient experiences pain and 
begins to bear down in response, it can make the procedure very d:if6.cult Very obese 
patients with recurrent hernias or patients who do not tolerate monitored anesthesia 
care should not be done under local anesthesia because of the loss off visualization 
associated with muscle contraction and discomfort. 

Patient Preparation 
Appropriate laboratory and radiographic evaluation of patients preoperatively depends 
on the surgeon and the policies and procedures of the facilities in which they practice. 
Because of the risk of bleeding into the preperitonaal space, it is recommended that 
Coumadin be stopped 3 to 5 days prior to the surgery. Use of prophylactic antibiotics 

Figure 1.1 Mesh patch. 
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Figura 8.2 Incision. 

is recommended due to the implantation of the foreign body into the wound. Although 
infection reduction is not clearly substantiated in controlled studies, antibiotics add 
little risk and may reduce graft infections. 

Clipping of hair in the operative area is recommended over shaving at the time of 
the procedure, followed by an appropriate skin preparation. 

The patient is positioned in a supine manner. During the performance of the oper
ation exposure is improved by placing the patient in a Trendelenburg position with 
slight rotation away from the site of the procedure. 

6) SURGICAL TECHNIQUE 

Regardless of the type of the hernia to be repaired, the mesh patch is placed in the 
same fashion into the preperitoneal space in every patient. The repair can be more 
difficult to learn because of a lack of familiarity with the anatomy in the posterior 
space and the angle in which the repair is approached. Understanding the unique 
approach is key to the successful performance of this procedure. Ideal first patients are 
of average size or thin where the anatomy should be clearly visible. Avoid recurrent 
hernias or large scrotal hernias initially. One of the advantages of this repair is the ease 
with which it can be converted to an anterior repair. The surgeon needs to back out 
of the preperitoneal space, allow the internal oblique muscle to re-approxim.ate, and 
extend the skin and external oblique incision through the external ring and perform 
an anterior repair. 

Incision 
I think it is critical to utilize a headlight during the performance of this operation. 
Because of the angle in which the repair is approached, a headlight helps to illuminate 
extremely well the area of the preperitoneal space and allows for accurate placement 
and deployment of the mesh patch. In addition, use of a dedicated assistant is also 
extremely helpful. The operation can be performed with the surgical scrub functioning 
as the assistant. A dedicated assistant, particularly in larger patients, allows for contin
ued visualization of the preperitoneal space through continuous retraction. 

Incision placement is important and can have a bearing on how easy it is to perform 
the operation (see Fig. 8.2). The most important thing is to avoid making the incision 
too low. The idea is to pass directly through the skin, muscle, and fascia into the 

Oblique incision 

-~-Anterior &.~perior 

iliac crest 

, 



~ opaoe. TMa ~ Ia "''!""nr to tho IDima.al dJos m.d 1-.J to lloo 
fnlnfm op!~c ..... .u. It &'OII!d4 tholbjUil:la!U!LI!.Ni.ltln8 U.. "'"""!Die-
"" ll>o ...no... of til.> l"'llaal. will..,..... duo- plo .... ea.t of ll>o l:o<:lllo,. lcleallfy 
th.s aa.tulm .-apsll.a:r Uiec aert. m.d th.a put:tc tuberda. u,,.,re th.s dWa.,..... betwniMm 
lh-.,...,~me~ mm: tht hallWo,y pella• 'l'hl.t u ... t~Aoo lh•loaulon attht -..w 
u,. lo!ouuzo ~ oupozlo: to dWo polat ldoll111lo<l. u lll.o lalonW 111141 a ..., IUid. 
lll.l2lr. tho etu of tho lll.do!o». TbU ~y p..Sdollt 1ILo lrdo!nT! In 1ILo l!lsJI 
paoltlcm to m>Id .,,.....,, - 1h• ~ .....I. A .. '"" obl!qa.o tnddan I& m.odo 
wldl.l:w1>4lnlo of til.> IDdlloD boq:awlo m..Uol to II>< pollll. ""'""" COlll>o iklll.....! 
~of tho ll!.d6!""lat<nl. !I'O'IIt~ U OD O!b!IN!J lll.OUIIIOIIl.Oil> lloo 
lnlllal ptdbtmm.oo ot tldJ optftl!an. lh• IIIIJ8t01l m.a:J' ...:Ill to> mu. a ~ ~ 
la.cldoD u It do. - alfsd.lloo ......n au- of llda oponttllm e:Dd msxy j!ln bel· 
lot .uu.JIIodao. 

Tbo MID.--""" bo awlo o!tlulr ~"" oblij~,lrcll obllqDo lll.d· 
-. ....u.Ja tho._ to .,...,. r..to • """" ~ .,IBI!nr "'~'"' If ....!ed 
with '- dl.lllcully. t )ll'blllt to m.ob OD obl!qu• tndo!m> Tll.o tndo!OT! t.II>Odt otN!pt 
clow». tla.wQa1l. duo iklll mel.~ lllruo OD to lll.o •-il obl.tquo floda. Tbo 
- ciJIIqu& !soda Ia-opoa.od. u...t dlatm.c& m lloo ollra:tllm aflta llhen, but 
n.ot1h.nra;sh lho omm.l !Ins. 'l1llt. --tho an.clwb~J>.il-m.ol cl>l!qa.o muool.t. 
Froquo;ally,ll>o ~mel.~.......,.""" bov1fuolllociCOlll>o""""" 
of 1ILo llltml.tl c1J11qD.o lllD>Cl& - tho m-..J obllqD.o fl!ocla lo opll• G!oot """' 
lll>oul.t bo talom to .. old tn.W21.111Jotns a - D«rVt whon eplmlna lho mtom.d 
ci>llqus nmrlo,lral.a....t..!Mm Ia DO.....! to dlradly vlauaiU& tiL& llloiDgala.elar 
1ILo llloi>Jl>Opl!fc,.,..... ttllllo po!M. 'I'ILo llllotm1 c1J11qD.o muocla u bluatly opllt Ill 
lho cllrtollan at tw. !bm.to-tlo.olrl.ll.m<lalla fuola '11l.o '"""'!• opll!lfn,g of the 
m.....Wiilllqus ~ w!.m pla.aed Ill tiLe P"'P .. podllo:D laoqu.ecotly llso !nlidar 
to tho lllolt.n>.,..m!<..,.... Olld lll.Odlalto t1oo tlltdajUin.ol """"· ._......,. el>domtn!• 
mmdolll>o:lo""' -•Dolly ~ oupo:l!dol to lll.o ~ fuda 11101 
need to be opllt .. wall. 'l'lla ......... olla fucla .. - Lm>l .. &.qu.uully. """! tiWl 
...a ~ - 11. .., ILIIIIll3' bo pe..........t br 11"'11• bllml. .u..attan. oa ...,.. 
doD wbo:D. IIIIo ...,. -....,, <:1llllq of tlu> fuel& lliAY bo ....._..,., IIIIo .....,.. 
.,......,,fed ff:ul tM. b dan& m 8 v«rtical mmner to nold. b:lfmy to tM tnhfrrr ep~ 
.... 11. wbl<lh II• !D lho mtdlal ""1*11 of tlo.t tnotdan 14--of lh• pl'tpolito
JI.OII. liP"" llo JIIOC!o br duo~"!'_... oflll.o fill ofll>o ptOpolllonol opaoe 
m.d tho ld-at> ottll.o-.,.~ ._ob!Dtt.. lllMf•l ouptctaltll.otnd· 
"- A <IN<IIIl•pwa of tile opo1'81lan Ia to> -that 1ht ""'lJlJ'Ol clta- wiiMn the 
~""!"'<~to..! "'""' fd-<dl ... of lloo u. ....... eplaublc .... ~a, - lls m tloe 
llltdW pon~ ... aftll.o llld6! ... - tho p:!Op«d!Cil.OOI tot m.d ~ tiLo dill
~ ... to lh- •••ola. will ....,.. tlo.ot tho...._ wfll oomp!m tht CII)Cid!oa lD 
tiLe=-cnmp--

PNptUtiiNII 11111111 tile 
0.0. tllo JIMPor!t<Xli.Ool 'P""' u «!doted. It u lmp<ltolll to btcom.o -tod to tllo 
motomr. 'l'h.t!J>-..1 11118 wlllllo!mmt<l!w)Jf•fu!orm rom II!.-with the O<R:il 
-.:tm.o lyb>s ell>r!c< m.d ls!oml u llooy 1""1""" to &ld.llloo JI'OIIedtaooal opaoe 
lfuooll&ll tl>o !J>tom.tl rlllg. lr-ol.bull .. td•rc!• wllllls jiUt lntulta otll.d ,...,,,to u.. 
w.a .. opl,pnlc ...W. It l.t boot to ap_.:l> II>< clloooca!oD u ~ of two 
co:mpatm.ea!A: Msdlal Olld let<nl. ~ ... d t.monl ILemleo will be Ill tiL& modW 
~· ~ h_ ... will 11• Ia the 1wnl -pa:!lm- 'l'h• <R:ilw of 
IIPP<noll!»a II>< comp-t.t <lopoa.da ""tlu> f'IIIPO'l'J pcofozo:aco. My pWoroa.oo llo 
to pezfmm ths m..!fol dln•clllm llrwt u.olsD IILen> Ia ll1l.C!o e luJB tn.dlrod. la.omle 
Pf'IMM that would pcoMbll. ~ !Dto1ho m..u.J --1'1111 waald "''lll!o 
clola,t til.> lllonll «>mpo:l1maa1 <lllooc:tlo:D. dm. 'l1l.o p:lll.dpoliD. ll>o me.uo1 comptllt· 
lll.OIIt dlao- tiW. nttilo to bt ma!atalll.od u """'''"'b IOdu.cdnT! of 1ILo p!.,..m""' ool 
_,&om1ht1111N!InnM>111D1htlrl.ll.n'mollstuola.Cioar.uua!llolllmofooopor'or 
llflam<mllrcm tloe pubic IDh«lcla to lloo «XXonsallllac •-ella .. eallal. b> do!J>s ao, 



92 Part I Open Inguinal Hernia 

Figur• 8.3 View into the preperito· 
neal space prepared for receiving 
the patch. 

Internal ring 

Direct space 

External iliac 
artery and vein-----.......,::=--"-&~::... 

vas deferens 

the direct hernias will be reduced and femoral hernias if present will be identified. 
This dissection is carried out using blunt dissection with the finger of the surgeon 
sweeping the preperitoneal contents posteriorly and superiorly. This medial compart
ment dissection should be carried out to a point just medial to the pubic tubercle and 
superior to the incision in the transversalis fascia, which will create the space for the 
mesh. The headlight and the retraction provided by the dedicated assistant greatly help 
the visualization. 

Attention is then turned to the lateral compartment. The fil'8t step in the lateral 
compartment dissection is identification of the cord structures. The goal to be achieved 
is skeletonization of the cord thereby identifying a potential indirect hernia. The peri
toneal rellection should be reduced approximately 3 em above the internal ring or to a 
point above the diversion of the vas deferens from the cord vessels. Once reduced, the 
indirect hernia sac can be left alone or ligated and amputated. Inspection should also 
be carried out to the area lateral and superior to the cord structures creating space by 
freeing the preperitoneal contents, which will allow for free deployment of the mesh 
(see Fig. 8.3). Again the headlight and the dedicated assistant. 

The space is now ready for mesh insertion (Fig. 8.4). A useful technique is to use 
a narrow malleable retractor placed on the peritoneum retracting it superiorly as the 
mesh is slid into position over the surface of the retractor. The Kugel inguinal mesh is 
specifically designed for this application. The transverse slit is designed into the mesh 
to allow for the surgeon to place the mesh over the index finger of the hand of the 
surgeon opposite to the patient's side upon which they are operating, i.e., left-sided 
hernia right-handed insertion. The mesh is gently folded over the finger of the surgeon 
into their palm in the form of a taco to allow for this placement The mesh is slid into 
position with the extensor surface of the surgeon's hand sliding along the malleable 
retractor until the surgeon can easily palpate the pubic tubercle with the tip of the index 
finger that has been inserted into the mesh slit The surgeon's hand is then withdrawn 
and replaced by the malleable retractor into the slit to stabilize and hold the mesh in 
position as the mesh is unfolded into its proper deployment The mesh is then deployed 
back. over on to the peritoneum in a curved but unbuckled pro&le covering all potential 
defects in the groin. The mesh chosen ought to be large enough to cover the opening 
in the transvel'8alis fascia extending 2 to 3 em above the opening that was made for the 
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in transverse slit 

Mesh 

Army-Navy retracting 
inferior epigastric vessels-------:-=-

incision. Two sizes of the mesh are available for insertion as previously described. In 
our experience, approximately 75% of hernias have been repaired with the smaller 
patch. The mesh is secured to the transversalis fascia in the medial portion of the 
transversalis incision with one absoroabla suture. The transversalis fascia is then closed 
over the surface of the mesh with a running suture. The internal oblique musculature 
is allowed to recompose itself without suture thereby avoiding possible nerve entrap
ment The external oblique and skin can be closed per the surgeon preference, again 
taking care not to entrap any underlying nerves. 

Recurrent Hernia 
Repair of recurrent hernias following this repair or previous laparoscopic repair are best 
avoided using a Kugel approach. Recurrent hernias following prior anterior repair, how
aver, are ideal candidates for this approach. The majority of scar tissue from the origi
nal repair is avoided and the repair is generally not much more difficult than a primary 
repair. This approach allows for a more thorough evaluation of the posterior space and 
should reduce the risk of a missed second defect The most common difficulty encoun
tered with these repairs is scar tissue at the internal ring associated with a prior high 
ligation of the sac. 

Femoral Hernias 
Experience with this technique and with laparoscopic hernia repair suggests greater 
prevalence of femoral hernias than previously believed. These will sometimes be 
encountered unexpectedly during the surgery for an indirect or direct inguinal hernia. 
The hallmark of the femoral hernia from within the preperitoneal space is an obstruct
ing mass just medial to the external iliac vein which extends into the femoral canal. 
This will prevent proper deployment of the praperitoneal pocket for the mesh patch 
until the mass is reduced. 

POSTOPERATIVE MANAGEMENT 

The majority of patients are discharged from the recovery area when appropriate. No 
specific restrictions are placed on them regarding all activities including lifting. The 

Figur• lA Mash Insertion. 
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patient is cautioned that their greatest discomfort can be expected during the first 2 to 3 
days and this should taper off rapidly thereafter. Patients are asked to increase their activ
ities a little every day until raturning to normal. Most patients ara usually able to resume 
most regular activities within a few days to a week. Most patients will require approxi
mately three to ten mild narcotic pain relievers over the first few days following the 
operation, but generally these can be replaced with either non-steroidal anti-inflammatory 
medications or other over-the-counter pain relievers. Most patients ara seen in 1 to 2 weeks 
following surgery and then discharged. 

3 RESULTS 

In an earlier addition of this text book, Dr. Robert Kugel reported 1,662 groin hernia 
repairs. Of these, there were 803 primary right inguinal hernia repairs and 725 primary 
left inguinal repairs. There were 85 repairs performed for recurrent right inguinal her
nias and 49 repairs performed for recurrent left inguinal hernias. In the 10 years fol
lowing that initial report, there had been a total of seven recurrences. All of those 
recurrences were in the primary repairs with an overall recurrence rate of 0.42o/o. 

My group reported our results in 2005. We did 1,072 repairs with an overall recur
rence rata of 0.47% with a mean follow-up of 23 months. We demonstrated rapid oper
ating times, minimal postoperative pain, expeditious return to work, and no reports of 
chronic pain. Multiple other studies have been published since that time and with 
similar results . 

. .) COMPLICATIONS 

Complications are infection, bleeding, recurrence, or chronic pain. These issues will be 
addressed individually. 

1. Infections: Infections are early or late. Early infections occur within the first couple 
of weeks following the hernia procedure and should be treated as skin and subcu
taneous infections. Aggressive local wound care and antibiotics are advised. I think 
the initial approach should be one with the idea of salvaging the mesh. CT scan 
imaging can be helpful to determine the depth of the infection. If the infection does 
not penetrate into the preperitonaal space, the wound can be opened for good drain
age. With antibiotics, salvaging the mesh is usually successful. If however, there is 
clear evidence of infection extending into the preperitoneal space, I believe that the 
most prudent course is to remove the mash and handle the infection appropriately. 
It would be ill-advised to immediately place another synthetic mesh material into 
the wound. The use of biologic meshes or tissue repair in this setting would be up 
to the discretion of the operating surgeon. 

Lata infections usually occur wall past the initial operation. It generally means 
that a mesh infection is present Prolonged antibiotics can be attempted, but they 
generally are not effective and in most cases the mesh will need to be removed. Early 
removal of the mesh results in a mora rapid resolution of the problem rather than 
prolonging the problem with unsuccessful therapy. 

2. ReCUITenc::es: There are few recurrences in the published reports. Causes and mech
anisms of recurrences have not bean clearly defined. One of the primary concerns 
involves the extent of mash shrinkage secondary to the ongoing inflammatory reac
tion through the polypropylene in the mesh. This shrinkage has been estimated in 
multiple published reports to range between 5% and 30%. As long as an adequate
sized mash is utilized and the mesh is deployed in the proper position, this should 
allow for the estimated shrinkage and prohibit recurrence from that point of view. 

In our experience of operating on our own recurrences as well as other recur
ranees, the most common cause was a missed indirect hernia. This probably resulted 
from the failure to completely skeletonize the cord structures at the time of the 



Chapter II Groin Hernia Repair/Kugel Technique 

initial operation and recognize the presence of an indirect hernia. This resulted in 
a p9r8istent indirect hernia rather than a recurrence. 

3. Bleeding: Blseding is not a common problem as the dissection is generally parformed in 
a bloodless plane. A preperitoneal repair should be avoided or approached with caution 
in patients who require aggressive preoperative anticoagulation secondary to other under
lying hypercoagulable or thromboembolic conditions (ie., mechanical cardiac valves), the 
preperitonsal space is very suscspb.Dle to ongoing hsmOIThage secondary to the induced 
hypocoagulable situation. This OD8oing hemonhage can be extremely diftlcult to recog
nize in the preperltonealspace and significant hsmOIThage can occur before it is picbd 
up. It is themfore advisable that an anterior repair be carried out in these patients so that 
if bleeding does occur it is obvious and can be addressed immediately. 

4. Seromu: Serom.as commonly occur, particularly in direct hernia repairs. The patient 
will usually pmsent at the initial postoperative visit complaining of persistence of 
the hernia. 

On examination, a smooth slightly tender mass, which is nonreducible and does 
not change with Valsalva will be identified in the inguinal canal. If obtained, an 
ultrasound will demonstrate the pmsence of the seroma and we will reassure the 
surgeon as well as the patient. Unless there are clear signs of infection, no other 
intervention needs to be or should be taken in regards to the presence of the seroma. 
They willmsolve spontaneously if left alone. 

5. Chronic groin pain: Chronic groin pain or inguinodynia is defined as pain within 
the groin. General surgeons see this condition most often following inguinal hernia 
repair. The most common etiology for this chronic pain is suspect.ed to be related to 
either dimct injury or entrapment of one of the four nerves within the inguinal 
region. These nerves are the iliohypogastric, ilioinguinal, genitofemoral, and lateral 
femoral cutaneous nerves. 

Because of the performance of the Kugel hernia repair in regards to its muscle splitti.D8 
technique and avoidance of sutUI'98 within the internal oblique, nerve injury and subse
quent entrapment is rare. In addition, in the Kugel approach, there is no need for fixation 
within the preperitoneal space that could entrap the lateral femoral cutaneous nerve. The 
surgeon needs to be very aware of the anatomical course of these nerves and keep the 
dissection in the planes as described and avoid placement of sutUI'98 into the BXternal 
oblique at the completion of the operation, which could entrap the ilioinguinal nerve . 

..) MISCELLANEOUS COMPLICATIONS 

There have been concerns about the direct exposure of the mesh to the iliac vessels. The 
mesh is specifically O.anged on its peripheralt em to prevent dimct pmssure onto the 
vessels as it is deployed over the surface of the peritoneum in the properitoneal space. 
In addition, it is not necessary or recommended to skeletonize the external iliac vein, 
the most medial structure within the vascular bundle. Dissection only needs to be car
ried out at the level of the lacunar ligament to assure that no femoral hernia exists. 
Avoidance of this excessive dissection will protect the vessels from dimct exposum with 
a surface layer of undisturbed tissue. 

There has been intense medical and legal discussion in mgards to fractured rings 
within the Kugel patches resulting in bowel injury. This problem has only been reported 
in Extra Large Composix Kugel products utilized in ventral hernia repairs and never 
truly verified. No reports of such injuries have been reported in a Ku,gel inguinal repair 
with the Kugel hernia patch. 

Discussion 
The preperitoneal mesh patch prosthesis utili.zes those :forces only available to a poste
rior repair. Intraabdominal pressure works in securing the patch in position. A fully 
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expended and appropriately sized patch, with its semi-rigid ring, is difficult to displace 
through any hernia defect encountered in the groin. Since the patch is placed without 
fixation sutures, hydrostatic tissue forces also come into play in securing the patch into 
position. The patch is allowed to more perfectly conform to the patient's unique anat
omy, and the two wet surfaces on either side of the patch sandwich it in place and 
resist patch movement. This method of repair provides protection for the entire groin 
including the femoral canal and the surgical incision itself. It is an ideal approach fol
lowing prior anterior hernia repair as it avoids most of the associated scar tissue from 
the prior repair. 

The disadvantages of this repair are related to obtaining the appropriate visualiza
tion of the preperitoneal space, assurance of dissection within the correct preperitoneal 
space, and confidence on the part of the surgeon in regards to the proper deployment 
of the mesh into the appropriate space. Use of a headlight and a dedicated assistant 
reduce the disadvantages. 

Working with an experienced surgeon on several cases before attempting the repair 
solo allows for the surgeon to gain the confidence in regards to being able to clearly 
identify the preperitoneal space and its anatomy as well as to recognize when proper 
deployment of the mesh is achieved. 

Summary 
As incidence of recurrence, safety, ease of performance, and shortened disability peri
ods are considered in selection of a hernia repair, the Kugel inguinal hernia repair 
demonstrates its attractive advantages. Accumulated experience has demonstrated it to 
be an effective repair. 
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~ INDICATIONS/CONTRAINDICATIONS 

Femoral hernias are rare, comprising 4% of all groin hernias. Patients with femoral 
hernias are on average older than those with inguinal hernias (63 year vs. 59 years), 
and twice as many are over age 80 (19% vs. 8.5%). This is important because 35% of 
femoral hernias require emergent surgery due to incarceration or strangulation, com
pared to 5% of inguinal hernias. Also, 18% of emergent femoral hernia repairs require 
a bowel resection, as compared to 5% of inguinal hernias. 

Historically, mortality rates as high as 25% had been reported, and modern day 
mortality rate for femoral hernia surgery is 3%, which is ten-fold higher than other 
hernia repairs. Thus, watchful waiting is not advocated for femoral hernias and early 
elective repair is recommended whenever possible. 

~J PREOPERATIVE PLANNING 

Patients with incarcerated or strangulated femoral hernias are often misdiagnosed, diag
nosed late, or die without diagnosis. In thin patients, an irreducible, often painful bulge 
is seen in the groin. The hernia has a tendency to migrate anteriorly; thus on examina
tion this bulge may present as a mass above the inguinal ligament and misdiagnosed 
preoperatively as an incarcerated inguinal hernia. In obese patients, it is common to 
miss a small incarcerated or strangulated hernia. 

With the liberal use of CT scanning for patients with abdominal pain, the diagnosis 
of an incarcerated to strangulated femoral hernia may be formed preoperatively. This will 
help in planning for surgery, as the surgical approach differs based on the clinical scenario. 

Strangulated hernia. If a strangulated hernia is diagnosed clinically or radiologically 
preoperative, the preferred choices of repair include: (1) Open preperitoneal approach, 
or (2) laparoscopic transabdominal approach. With both of these techniques, the 
hernia contents may be examined for signs of strangulation and addressed through 
the same approach while performing the femoral hernia repair. Also, a concomitant 
inguinal hernia (usually direct) may be diagnosed and repaired. 
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• Incarcerated hernia. If there is clearly no clinical sign of strangulation, such as sepsis, 
skin erythema, and no radiologic suggestion on CT scan, the choices of repair are 
much greater. These include: (1) Infrainguinal approach, (2) transinguinal approach, 
(3) open preperitoneal approach, (4) laparoscopic preperitoneal or transabdominal 
approach. 

• Recurrent hernia. Femoral hernias may be missed after repair of an inguinal hernia, 
may occur after repair of a direct hernia, or may be recurrent. In these situations, a 
mesh repair is highly encouraged. These may be performed via the approaches listed 
below. 

6) SURGERY 

The history of femoral hernia repair dates back. to 1876 when Thomas Annandale 
plugged a femoral hernia defect with the hernia sac excised from a concomitant inguinal 
hernia repair. In 1883, Lawson Tait primarily repaired a femoral hernia using a silk 
suture; William Cheyne placed a pectineus muscle plug in 1892, and Howard Kelly 
inserted an agate mw:bla in a femoral defect in 1898. Below are the most commonly 
performed procedures in modem day femoral hernia repair. 

lnfrainguinal Approach 

Commonly referred to as the "low" or "Lockwood" approach, this repair has bean 
described by Marcy, Bassini, Lockwood, and Lichtenstein. This approach should be 
reserved for elective repairs or simple incarcerated hernias without evidence of stran
gulation. The low approach is mora appropriately applied to woman, as man are mora 
likely to have a concomitant inguinal hernia that may need to be addressed at the same 
setting. 

• A transversa skin incision is made at the laval of the bulge, 4 em wide (Fig. 9.1A 
and Fig. 9.2). The fat is meticulously dissected with electrocautery until the sac is 
encountered. Small vessels in communication with the long saphenous vein are 
ligated. The femoral vain is identified early and gently retracted to avoid injuring it 
throughout the rest of the procedure. The sac is dissected deep toward the femoral 
canal orifice. Pull on the sac toward you and laterally in order to inspect the medial 
wall of the femoral sac, which may contain the bladder wall. The neck of the sac is 
dissected circumferantially and it is allowed to retract back. through the canal into the 
retroperitoneal space. 

• Often, the sac is not reducible due to the tight femoral orifice. The orifice should 
initially be bluntly widened by passing a dissector through the orifice and spreading 
it open. If this is not successful, the lacunar ligament of Gimbemat, which is 
immediately medial to the canal, can be incised transversely (Fig. 9.3). This is not a 
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Figure 9.1 Location af incisions 
based on approach. A: infrain
guinal approach; B: transinguinal 
approach; C: nyhus transabdomi
nal preperitoneal approach. 
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Figur• S.2 Right femoral hernia defect 
with pre peritonea I fat content 
lnfrainguinal incision. 
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Rgur• 9.3 L.ablral incision of the lacunar ligament of Gimbarnat (A-C). Nota the variable anatomy af the 
obturator amry as it relates to lacunar ligament (D). 
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Figur• 9A Primary repair of femoral hernia using the low infrainguinal approach. A: Macy purse-string; B: Bassini 

risk-free procedure, as there may be an aberrant obturator artery (less than 1/3) in 
this plane. An alternative procedure is anterior incision (without transection) of the 
inguinal ligament 

• Opening of the hernia sac is not necessary, unless there is a question of strangulated 
content Similar to inguinal hernias, a high dissection end reduction of the sac is 
adequate. However, if the contents cannot be reduced or there is a need to inspect 
the hernia content, then carefully open the sac, as the bladder may be involved with 
the medial wall. Fluid will likely exude from the sac. 

• Primary repair. Primary closure of the defect is performed with non-absorbable 
suture. It is known to have a high recurrence rate and can cause significant 
postoperative pain due to the tension in this region. It should be reserved for defects 
1 em or less. 
• Macy p111'1!1e-ebing. The external oblique fascia is grasped and elevated, demon

strating the ilioinguinal ligament. A single suture is used, starting from the ilioin
guinal ligament superiorly, the lacunar ligament of Gimbernat medially, the 
pectineal fascia inferiorly, and the femoral sheath laterally, end then back onto the 
ilioinguinal ligament (Fig. 9.4A). 

• Busini repair. The external oblique fascia is grasped and elevated for exposure. 
Interrupted sutures approximate the ilioinguinal ligament (superiorly) with 
pectineal fascia (inferiorly) (Fig. 9.4B). 

• Mesh Repair. Since primary repair has a three-fold higher recUITence rate than mesh 
repair, larger hernias and recurrent hernias should be repaired with mesh. 
• Lichtenstein ping. A 2 x 20 em flat polypropylene mesh is rolled and snugly 

placed into the femoral orifice (Fig. 9.5). It is sutured full-thickness in three places: 
ilioinguinal ligament (superiorly), lacunar ligament of Gimbernat (medially), and 
pectineus fascia (inferiorly). 

• Mesh Plug. A pre-made shuttle-cock type plug, originally designed by Robbins 
and Rutkow, is inserted into the femoral defect. The typical size used is a small 
or medium plug. The inner leaflets may be trimmed to reduce the bulk of the mesh 
as needed. The outer leaflet of the plug may be left within the canal, as originally 
described, or pushed deep through the femoral ring and allowed to spring open, 
covering the femoral vessels laterally, the lacunar ligament medially, and Cooper's 
ligament inferiorly (see Chapter 3, Plug and Patch Inguinal Hernia Repair). The 
inner leaflets are sewn similar to the Lichtenstein plug. 

In my experience and others, primary repair of anything but the smallest of femoral 
hernias causes severe and at times disabling groin pain due to undue tension. At the 
same time, I do not advocate placing a large bulky mesh in the femoral canal, as this 
may cause pain due to mass effect, venous obstruction, or even deep vein thrombosis. 
My preference for elective or non-strangulated hernia repairs is a modification of the 
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figure 9.5 Right femoral hernia 
repaired using modified Lichtenstein 
plug procedure. lnfrainguinal 
approach. 

Lichtenstein plug technique, which was taught to me by Dr. Edward H. Phillips. A flat 
polypropylene mesh is cut and rolled. The length of the mesh should be no longer than 
the depth of the canal: i.e., 1 to 2.5 em, in order to reduce the chance of invasion into 
other organs once it is sutured in place. The length of the mesh should be determined 
by the width of the orifice. Once the mesh is rolled, it should be placed in the orifice 
and allowed to gently roll open, as opposed to fitting snugly (Fig. 9.5). The mesh is 
then sutured similar to the Lichtenstein plug approach. A suction drain should be 
considered, as hematoma or seroma after this procedure is common. 

Transinguinal Approach 
This approach has been described by Ruggi, Moschcowitz, and Lothiessen, and McVay. 
The tran.singuinal approach is the most commonly chosen approach when an incarcer
ated femoral hernia is preoperatively misdiagnosed as an inguinal hernia. At the same 
time, it is important to note that among men, femoral hernias are often associated with 
(direct) inguinal hernias, thus many advocate the transinguinal (or preperitoneal) 
approach for men, since a low infrainguinal approach may miss another hernia. 

The tran.singuinal approach was first described by Annadale when repairing a com
bined femoral and inguinal hernia and the redundant hernia sac was used to plug the 
femoral defect. However, if preoperative testing, such as the ultrasound or CT scan, 
confirms there is no inguinal hernia, then a transinguinal approach is not advocated, 
as it may weaken an otherwise normal inguinal floor. 

• The approach begins similar to an open inguinal hernia repair (Fig. 9.1B). If an inguinal 
hernia (direct or indirect) is encountered, it should be repaired at the same setting. 

• The transversalis fascia is incised from the pubis to the internal ring, transversely. 
The lower edge is grasped and careful blunt dissection is carried down toward Cooper's 
ligament. Be wary of an aberrant obturator artery which lies medially over the lacu
nar ligament of Gim.bernat and can be injured with dissection in this region 
(Fig. 9.30). Reduction of the femoral hernia can be performed by gentle traction from 
this angle in addition to external pressura at the lower groin. If the sac still cannot 
be reduced, then anterior incision of the peritoneum and manual reduction of the 
abdominal contents is required. 

• The hernia sac may be deliverad into the inguinal floor opening. The choice of open
ing the sac is dependent on the need to examine its contents. The sac should be 
highly dissected off the pelvic wall. 

• Primary repair. Primary closure of the defect is performed with non-absorbable 
suture. It is known to have a high recurrence rate and can cause significant postop
erative pain due to the tension in this region. It should be reserved for defects 1 em 
or less or situations where the mesh is contraindicated, such as a strangulated hernia. 
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Figur• 9.fi Tha Ruggi primary repair 
of the femoral hernia. 

Unlike the low infraingu:inal approach, the transinguinal approach does allow for 
access to strangulated hernia contents, though limited, with the ability to perform a 
resection as necessary. 
• Lytle pul'lll8•st:ring. The goal of this closure is to close off the distal femoral orifice, 

which is the source of incarceration. This closure is performed inside the femoral 
ring as opposed to the Macy purse-string, which closes the orifice on the outside. 
The femoral orifice (canal end) is 2 em caudal to the femoral ring (canal opening). 
Due to the intrinsic tension in this repair, it should be limited to defects less than 
1 em. A single suture is used, starting anteriorly at the lacunar ligament of Gim.
bemat, below the level of the iliopubic tract. Medially, the medial wall of the 
femoral canal; i.e., the lacunar ligament, is sutured. Posteriorly, the pectineal fas
cia is sutured, and laterally, the femoral sheath is sutured. 

• Ruggi repair. The external oblique fascia is grasped and elevated for exposure. 
Interrupted sutures approximate the iliopubic tract (superiorly) with Cooper's 
ligament (inferiorly) (Fig. 9.6). This requires suturing between two fairly stiff 
structures, resulting in a tension repair which can cause pain and early recur
rence. The Moschcowitz modification adds an inguinal hernia tissue repair, 
understanding that the iliopubic tract repair alone may result in a direct inguinal 
hernia. 

• Lothiessen repair. The conjoint tendon (internal oblique, transversus abdominis, 
transversalis fascia) is sutured to Cooper's ligament, thus closing off the femoral 
canal. This is essentially the technique more commonly known as the McVay 
procedure (see Chapter 6, Cooper Ligament Repair). Care must be taken not to 
narrow the femoral vein with this technique. Also, a relaxing incision at the ante
rior rectus fascia will help reduce the inherent tension in this repair. 

• Mesh repair. Use of prosthetic mesh transinguinally can provide for a tension-free 
repair of a femoral hernia and may also provide for inguinal hernia repair or strength
ening of a weak. inguinal floor. 
• Modified Lichtenstein mesh onlay. The typical flat mesh repair popularized by 

Lichtenstein can be tailored to repair an inguinofemoral hernia. This requires cut
ting the mesh to include a triangular lip on the underside (Fig. 9.7). The inguinal 
floor has already been opened and the femoral hernia reduced. The mesh is then 
sutured to the inguinal ligament in normal fashion (see Chapter 2, Lichtenstein
based Groin Hernia Repair); however, the lip is also sutured to Cooper's ligament, 
thereby covering the femoral canal. 



Cll1ptar 9 Incarcerated Femoral Hernia 1 03 

figure 9.1 Modified Lichtenstain 
hernia repair onlay mesh. 

• Mesh plug. See "Mash plug" above, as the transingu:inal technique is similar. Nota 
that the femoral canal is a conical structure, widest at the femoral ring and narrow
est at the femoral orifice caudally, thus a conical mesh plug may naturally fill in 
this spaei!. Care must be taken not to injure or causa a mass affect on the femoral 
vain or the bladder. 

• Preperitoneal mesh underlay. Premanulactured two-layer mesh can be used to 
repair a femoral hernia due to its broad underlay component. Such a product is 
placed without suturing of the underlay component, thus a large enough mash is 
necessary to ensure wide overlap with the femoral canal (see Chapter 4, Prolene 
Hernia System). 

Open Retroperitoneal Approach 

Often called "high," "transabdominal, .. or suprainguinal approach, this repair is the 
most sophisticated approach and should be considered as the preferred approach when 
suspecting strangulation. This was first described by gynecologists who noted femoral 
defects when operating in the pelvis. The techniques ware later promoted as the pri
mary mode of repair ofboth inguinal and femoral hernias by Chaatla, Henry, McEvady, 
and Nyhus. 

• A transverse incision (Nyhus) is made on the same side as the hernia, 2 finger-breadths 
above the inguinal ligament (Fig. 9.1C). Alternatively, an oblique lateral incision 
(McEvady) can be made or a low midline incision (Chaatla, Henry) can be useful for 
bilateral repairs. The key is to place the incision close enough to the hernia defect to 
be able to repair it, but not so low that it invades the inguinal fioor. 

• The rectus muscle is either transacted or retracted while the fascial layers are cut 
parallel to the incision. In effect, this is a very low transverse laparotomy. 

• When incising the transversalis fascia, take care in maintaining an intact peritoneum. 
Next, develop a ratromuscular, preparitonaal plana and dissect caudally toward the 
inguinal region, dissecting around the neck of the incarcerated hernia. If possible, the 
hernia should be reduced at this time. It may be necessary to apply external pressure 
at the lower groin to help in the reduction. If this is not possible, then incise the peri
toneum to manually decompress the contents from the hernia. The lacunar ligament of 
Gimbernat may need to be incised medial to the defect, with care not to injure an aber
rant obturatory artery (Fig. 9.3). Rarely, the inguinal ligament requires anterior incision. 

• With the peritoneum opened, the abdominal contents are carefully examined for 
strangulation. If necessary, resection is performed via this approach in a much mora 
facile manner than any other open approach. 

• The peritoneum is fully dissected off the pelvic wall, similar to a Stoppa dissection, 
with care not to injure the bladder, axtamal iliac vassals, and inguinal nerves. The 
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inguinal floor is examined for concomitant hernias. Once the area is prepared, tissue 
or mesh repair is performed. 
Primary repair. Suture repair of the femoral hernia defect follows the guidelines of 
Ruggi, described above; i.e., interrupted sutures between the iliopubic tract (superi
orly) and Cooper's ligament (inferiorly) (Fig. 9.6). The postoperative recurrence rate 
and pain after suturing these two rigid structures is unacceptable and thus this tech
nique should be limited to situations in which prosthetic is contraindicated, such as 
strangulated intestine. 
Mesh repair. Modem day hernia repair has demonstrated the superiority of mesh 
repair over tissue repair in terms of hernia recurrence rate. Using the transabdominal 
approach, the retroperitoneal space that is developed is much larger than that seen 
with the transinguinal approach, and thus a larger mesh may be placed. This advan
tage results in a lower hernia recurrence rate, which may be important if a con
comitant inguinal hernia is found or if the defect is large. 

Kugel repair. The retroperitoneal placement of mesh with wide overlap of the 
hernia defects was first promoted by Rives and Stoppa. Kugel promoted the uni
lateral open preperitoneal approach for both inguinal and femoral hernias using 
a small incision (see Chapter 8, Groin Hernia Repair/Kugel Technique). 
Laparoscopy. Transabdominal laparoscopic exploration can provide for accurate 
diagnosis and treatment of an incarcerated or strangulated femoral hernia. It can 
also allow for exploration to rule out other inguinal floor hernias, which are more 
commonly seen among men. Reduction of an incarcerated omentum or intestine 
can be done safely with this method. In the case of a bowel obstruction, careful 
technique for initial entry and subsequent bowel manipulation can minimize the 
risk of inadvertent bowel injury. When reducing an incarcerated loop of intestine, 
traction on the decompressed distal loop will more likely result in successful 
reduction and decrease the risk of bowel perforation. 

Transabdominal preperitoneal (TAPP) approach. This is the preferred initial 
approach for laparoscopic treatment of an incarcerated femoral hernia. Once 
the hernia contents are reduced, the standard TAPP repair can be performed 
(see Chapter 15, Laparoscopic Transabdominal Preperitoneal Inguinal Hernia 
Repair). 
Totally extraperitoneal approach. In most cases, after laparoscopic exploration 
and reduction of the hernia contents, the surgeon can choose to convert to 
extraperitoneal approach for the hernia repair, if this is their preferred mode of 
laparoscopic repair (see Chapter 16, Totally Extraperitoneal Inguinal Hernia 
Repair). 
When mesh is contraindicated, the Ruggi primary repair of the femoral defect 
(Fig. 9.6) can be performed laparoscopically by a skilled surgeon. 
The femoral"pseudo-hernia." It has been noted that laparoscopy has increased 
the reported prevalence of femoral hernia from 4% to 11 o/o. The important 
anatomical detail to note is that there is a natural fat pad in the space medial 
to the femoral vein, and this should not be misdiagnosed as a femoral hernia. 
This fat pad may include Cloquet's node and should not be disturbed. Also, a 
true femoral hernia not only has protrusion of contents into the femoral canal 
(opening), but this herniation extends the length of the femoral canal and 
through the femoral orifice (exit), which is typically narrower, thus the conical 
shape of the femoral canal. 

In my opinion, the open transabdominal preperitoneal approach described by 
Nyhus is the preferred open approach to treat inguinal or femoral hernias when intraab
dominal contents need to be examined. It is a unique incision that functions as a 
laparotomy, thus affording the surgeon the liberty to perform any abdominal surgical 
procedure, while at the same time it is low enough to allow for repair of the inguinal 
or femoral hernia. The use of mesh is preferred unless contraindicated due to con
tamination. In situations with minimal contamination, biologic mesh may be implanted, 
thus reducing the hernia recurrence rate as compared to tissue repair alone. 
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POSTOPERATIVE MANAGEMENT 

Management of the incision is based on the level of contamination and the size of the 
herniation. With contaminated or dirty wounds, the choice to close the wound, loosely 
close and probe the wound, or leave the wound open is dependent on the judgment 
and practice of the surgeon. With large femoral defects, the empty space remaining in 
the infrainguinal space will develop into a hematoma or seroma: many advocate place
ment of a closed suction device for 48 hours, especially after the low infrainguinal 
approach. AB with all hernia repairs, activity laval should not be restricted and early 
ambulation and return to activities should be encouraged . 

..) COMPLICATIONS 

Most patients with femoral hernias are elderly and the majority of the operations are urgent 
or emergent procedures due to incarceration or strangulation. AB a result, postoperative 
morbidity and mortality is often directly related to sepsis or cardiopulmonary complica
tions due to sepsis or surgery. Early diagnosis and swgi.cal treatment of incarcerated fem
oral hernias and prevention of strangulation can reduce these serious complications. 

Postoperative complications can be expected to occur in approximately 15o/o of 
patients, and these include hematoma (29%), surgical site infection (15o/o), neuralgia 
(4%), and other (52%). Other complications may include deep vein thrombosis, bladder 
injury, anastomotic leakage, and cardiovascular compromise. 

~ CONCLUSIONS 

Incarcerated or strangulated femoral hernias are found in the elderly and incur a high 
morbidity and mortality. With the liberal use of CT scanning and ultrasound, inguinal 
and femoral hernias can be accurately diagnosed, allowing for preoperative planning. 
The choice of surgical technique should be dependent on the severity of the illness and 
the patient's gender. Simple, incarcerated femoral hernias in women are best approached 
via the in.frainguinal approach. Strangulated hernias are best approached via the transab
dominal praperitoneal approach. If the patient is stable and the surgeon is skilled, 
laparoscopy may be used. Mesh repair is superior to tissue repair and should be con
sidered unless there is a contraindication to placement of synthetic material, such as 
with strangulated intestine. 
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10 Obturator Hernia 
George C. Sotiropoulos, Arnold Radtke, and Ernesto P. Molmenti 

History and Anatomy 
Reported original descriptions of obturator hernias date back to LeMaire in 1718 and 
Pierre Roland Arnaud de Ronsil in 1724. 

The obturator area is delimited superiorly by the superior pubic ramus, inferiorly 
by the origin of the adductor magnus at the adductor tubercle of the femur, laterally by 
the hip joint and femur, and medially by the adductor and gracilis muscles, pubic arch, 
and perineum. 

The obturator foramen is the largest bony foramen in the human body. It is formed 
by the rami of the ischium and pubis and, except in the area of the obturator canal, is 
covered by the obturator membrane. From an embryologic point of view, since the 
foramen and membrane represent an area of incomplete bone formation, the obturator 
foramen is a lacuna while the obturator canal is the real lumen (Fig. 10.1). 

The obturator canal is 2 to 3 em in length and originates at the obturator membrane 
in the pelvis. Its course is oblique and downward toward its termination in the obtura
tor region of the thigh. The boundaries of the obturator canal are the obturator groove 
of the pubis above and laterally, and the internal and external obturator muscles and 
free edge of the obturator membrane inferiorly. The canal contains the obturator artery, 
vein, and nerve. The obturator artery divides to form a ring encircling the foramen and 
usually irrigates the head of the femur (Fig. 10.2). 

The obturator nerve originates from the anterior divisions of 12 to 14. It arises beneath 
the psoas muscle, crosses the pelvic brim to the area where the common iliac vessels divide 
into external and internal branches, and subsequently travels downward toward the obtu
rator foramen. Within the obturator canal, it travels above the obturator artery and vein. It 
represents the main nerve supply to the adductor compartment of the thigh and the obtu
rator extemus. As it exits the obturator canal, it divides into an anterior and a posterior 
division. Its anterior division innervates the gracilis and adductor longus. Its posterior 
division supplies the adductor brevis and anterior part of the adductor magnus. Hernia 
sacs may associate with either division of the obturator nerve. It provides sensory innerva
tion for the intermediate part of the medial surface of the thigh and some innervation to 
the knee joint. The accessory obturator nerve (when present) travels over the superior 
public ramus and behind the femoral sheath to supply the pectineus muscle (Fig. 10.3). 
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figure10.1 The obturator foramen is 
the largest bony foramen in the human 
body. It is delimited by the rami of the 
ischium and pubis and, except in the 
area of the obturator canal, is covered 
by the obturator membrane. From an 
embryologic point of view, since the 
foramen and membrane represent an 
area of incomplete bone fonnation, 
the obturator foramen is a lacuna 
while the obturator canal is the real 
lumen. 

The obturator internus muscle, supplied by the 15 and 81 nerves, abducts the thigh 
when flexed, and rotates laterally the extended thigh. Its pelvic surface forms the lateral 
boundary of the ischioanal fossa. It is joined by the superior and inferior gemelli outside 
of the pelvis. 

Presentation and Diagnosis 
Although much less common than inguinal and femoral hernias (Fig. 10.4), obturator 
hernias are the most frequent pelvic floor hernias (Fig. 10.5). Obturator hernias rep
resent 0.1% of all hernias. They are small and occur more frequently on the right side. 
Only 6o/o are bilateral. Their incidence is 6 times higher in women, especially in 
middle-aged and elderly individuals. Although the hernia sac usually contains 
small bowel, hernias encasing omentum, fat, appendix, Meckel's diverticulum, blad
der, ureter, Fallopian tube, focus of endometriosis, and ovary have bean reported. 

fig•e 1112 The obturator canal 
contains the obturator artery, vein, 
and nerve. Depicted are the obtllrator 
nerve tON), obtllratDr foramen I OF), 
pubic bone tPB), Cooper's ligament 
tCL), lacunar ligament ILL), inguinal 
ligament tiL), external iliac artery 
tElA), extl!mal iliac vein tEIV), inferior 
epigastric artery IlEA), inferior epigas
tric vain UEV), obturator artery lOA) 
and obturator vain lOY). 
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Figur• 10.5 Obturator hernias are the 
most frequent pelvic floor hernias. 

The hernia sac is usually long and narrow within the obturator canal, and expands 
as it leaves the canal and enters the upper thigh (Figs. 10.6-10.8). Potentially predis
posing factors include decreased fat in the obturator canal (usually associated with 
weight loss), a broad pelvis (commonly found in females) with a larger obturator 
canal, and progressive laxity of the pelvic floor (frequently due to multiple pregnan
cies, increased intraabdominal pressure, poor nutrition, and advanced age). 

There are three anatomically pol!ll!lible types of obturator herniu (Fig. 10.9): 

1. The most frequent type is when the hernia traverses together with the anterior divi
sion of the obturator nerve through the external orifice of the obturator canal. In these 
instances, the hernia is located underneath the pectineus and in front of the external 
obturator muscles. 

Figura 10.6 The hernia sac is usually long 
and narrow within the obturator canal, and 
expands as it leaves the canal and enters 
the upper thigh. 
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Figura 10.1 Sagittal section showing 
possible courses of obturator hernias. 

B 

Figura 1o.l Cross sectional lA and I) and sagittal IC) schematic 
representBtions of obturator hernias. 1, herniated loop of intestine; 
2. pectineus muscle; 3, adductor brevis muscle; 4, ischiopubic 
muscle; 5, obturator externus muscle; 8, obturator internus muscle; 
1, levator ani muscle; 8, gluteus maximus muscle; 9, femur; 
10, vastuslateralis muscle; 11, vastus intermedius muscle; 12. psoas 
muscle; 13, tensor fasciae latse muscle; 14, rectus femoris muscle; 
15, sartorius muscle; 18, obturator vessels and nerve; 17, gluteus 
medius muscle; 18, gemellus inferior muscle; 19, gemellus superior 
muscle. 



112 P1rt I Open Inguinal Hernia 

K 

Figure 10.9 There are 3 anatomically possible types af obturator hernias, as represented in this figure. The most frequent 
type !figure on left) is when the hernia traverses together \l'tfth the anterior division af the obturator nerve through the 
external orifice of the obturator canal. In these instances, the hernia is located underneath the pectineus and in front af the 
external obturator muscles. The second most common variety !middle figure) is when the hernia is located together with 
the posterior division af the obturator nerve in between the superior and middle fasciculae af the external obturator muscle, 
posterior to the adductor brevis. The least frequent variety (figure on right) is when the hernia is located between the 
internal and external obturator muscles and membranes. S, obturator hernia sacs; ONA, obturator nerve anterior division; 
ONP, obturator nerve posterior division; EOM, external obturator muscle; I OM, internal obturator muscle; I, ischial bone; 
P: pubic bone. 

2. The second most common variety is when the hernia is located together with the 
posterior division of the obturator nerve in between the superior and middle fas
ciculaa of the external obturator muscle, posterior to the adductor brevis. 

a. The least frequent variety is when the hernia is located between the internal and 
external obtw'ator muscles and membranes. 

There are five signs potentially associated with obturator hernias: 

1. Obturator neuralgia: Hypo or hyper-esthesia in the anteromedial thigh (supplied by 
the cutaneous branch of the anterior division of the obturator nerve). 

2. Howship-Romberg sign: Considered pathognomonic of obturator hernias. Encoun
tered in 25o/o to 50o/o of cases. Extension, adduction, or medial rotation of the thigh 
elicit obturator neuralgia by compressing the obturator nerve against the hernia. 
Flexion of the thigh relieves the &ndings. 

3. Hannington·Kiff sign: Absent adductor refiax in the thigh as a consequence of com
pression of the obturator nerve. This sign is considered by some to be more specific 
than the Howship-Romberg sign. 

4. Occasionally, in casas of intestinal infarction, exudation of serosanguinous fluid can 
lead to purple-red discoloration in the area of the femoral triangle. 

5. In advanced cases, necrosis and perforation of the involved intestinal loop can lead 
to infectiou man:ifestatiou in the ipsilateral thigh. 

Diagnosis relies on a high degree of suspicion and clinical-anatomical knowledge. 
Over 80% of symptomatic obturator hernias present with partial or complete small 
bowel obstruction (Figs. 10.10, 10.13). Intermittent abdominal cramps and vomiting are 
frequent associated &ndings. About 30% of patients have a history of repeated episodes 
of bowel obstruction that resolve without intervention. The presence of previous 
abdominal surgeries usually delays the diagnosis since bowel obstruction due to adhe
sions prevails within differential diagnoses. Only less than 1 o/o of mechanical intestinal 
obstructions are from strangulated obturator hernias. All hip motion is painful. The 
usefulness of rectal examination has bean questioned. Vaginal examination can elicit 
tenderness in the obturator area, and a mass may be palpated laterally. In a limited 
number of casas (approximately 20%) a mass can be palpated in the proximal thigh at 
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Figure 10.10 Axial CT demonstrating 
multiple fluid-filled dilated loops af 
small bowel proximal to an incarcer
ated obturator hernia. Figures 10.11 
and 10.12 are caudal images corre
sponding to the same patient 

the origin of the adductor muscles. Outward rotation, dexion, and abduction of the 
thigh make the mass more prominent. The Howship-Romberg sign may be confused 
with osteoarthritis in elderly individuals. 

Imaging modalities have a reported accuracy of up to 90o/o. CT scanning of the 
abdomen and pelvis constitutes a very useful diagnostic tool, even in the absence of 
oral contrast (Figs. 10.11, 10.12, 10.14, 10.15). Ultrasound (with experienced operators) 
and magnetic resonance are also useful. Imaging studies should be obtained in all cases 
of questionable or uncertain diagnoses. 

tS) SURGERY 

Obturator hernias are the most lethal of all abdominal hernias, with a mortality of 5% 
to 70%. This extremely high rate is attributed to delays in diagnosis and treatment, 
multiple co-morbidities, debilitated elderly patients, and the high incidence of intesti
nal gangrene. 

Treatment is surgical and should be instituted promptly. Intestinal perforation and 
ischemia requiring resection can be encountered in up to 50o/o or more of cases. In all 
instances the contralateral side must be explored for the presence of a bilateral hernia. 

figure 10.11 Axial CT demonstrating a 
small bowel loop in a hernia sac 
(white ns" superficial to the right 
obturator externus lye/low errowt 
muscle and deep to the pectineus 
muscle (red Bn'Dwt. The obturator 
intern us is identified by the blue 
arrow. This represents the most 
common type af obturator hernia with 
the hernia sac located anterior to the 
obturator axternus muscle. 
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figur•10.12 Axial CT demonstrating 
a herniated small bowel loop (whit9 
shfl, located between the right 
pectineus muscle lr9d arrow) anteri· 
orty and the right obturator axternus 
muscle (ysHow arrow) posteriorly. 
The internal obturator muscle is 
shown with a blue arrow. 

figur•10.13 Axial CT demonstrating 
multiple dilated loops of small bowel 
compatible with a small bowel 
obstruction. Figures 10.14 and 10.15 
are images corresponding to the same 
case. 

figur•10.14 Axial CT demonstrating 
an incarcerated loop of small bowel 
(whits shr, that has splayed the 
fasciculae of the right obturator 
externus (yg/low arrom) muscle. The 
pectineus (lud arrow) and obturator 
internus lblu9 anuw) muscles are 
also identified. This represents the 
second most common type of obtura· 
tor hernia with the hernia sac splay
ing the obturator axtemus fasciculaa. 



Surgical approaches to obturator hernias include: 

• Abdominal 
• Retropubic 
• Inguinal 
• Laparoscopic 
• Hybrid 

Cll1ptar 10 Obturator Hernia 

figura10.15 Axial CT showing an 
incarcerated loop of small bowel 
lwhittl stan with a mildly thickened 
wall (slight enhancement) compatible 
with an obturator hernia between 
the right obturator extemus muscle 
fasciculae (yellow arrows). The 
pectineus (rt~d al1llw) and obturator 
intemus (blue aiTilKi muscles are 
also identified. 

The lower midline trans-peritoneal approach is the most common approach. After 
entering the abdomen, an initial attempt should be made to reduce the incarcerated 
intestine. Palpation of the medial inner thigh may help push the hernia sac into the 
abdominal cavity (usually requires additional sterile preparation of the thigh). If this 
maneuver does not work, a counter-incision in the medial groin may be required. The 
obturator membrane may need to be incised in an anterior to posterior way in order to 
allow for complete reduction of the hernia (the obturator canal has a rigid opening that 
cannot be manually dilated). When incising the membrane, it is important not to injure 
the neurovascular obturator complex. Once the hernia is reduced, the intestine is 
inspected and non-viable segments resected. The hernia defect is closed (avoiding 
injury to the neurovascular structures) with polypropylene or nylon sutures or (in non
contaminated cases) with mesh. The mesh may be anchored to Cooper's ligament. 

The midline extra-peritoneal approach involves a midline incision from umbilicus 
to pubis. It is the approach preferred by many when a diagnosis has been made preop
eratively. The pre-peritoneal plane is accessed deep to the rectus muscle. The bladder 
is dissected away from the peritoneum, allowing for access to the superior pubic ramus 
and obturator internus. The obturator canal is thus exposed. The hernia sac (found 
inferior to the obturator canal) is incised and its contents reduced. The remaining sac 
can be resected. The internal opening of the obturator canal is sutured closed, maintain
ing the neurovascular bundle intact The closing sutures encompass the periosteum of 
the superior pubic ramus and the fascia of the internal obturator muscle. Mesh can be 
used in the repair. 

The thigh approach entails a vertical upper medial thigh incision following the 
adductor longus muscle. The adductor longus is retracted medially and the pectineus 
subsequently transacted. The exposed hernia sac is incised and its contents inspected. If 
viable, the contents are reduced. If not viable, a midline laparotomy is recommended to 
perform any necessary resection. The sac can be excised. The canal is then sutured closed. 

The lower transverse snprapubic approach can be considered in cases with an 
established preoperative diagnosis. 

The pre-peritoneal approach provides extra-peritoneal access not only of the obtu
rator but also to the femoral and inguinal regions. 
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Simple repair of the obturator defect with interrupted or running sutures carries a 
10% incidence of recurrence. Mesh is frequently used in instances where the defect is 
large and there is no gross contamination with enteric contents. Repair with autogenous 
tissue such as bladder wall, round ligament, uterus, ovary, omentum, hernia sac, 
pectineal muscle, and peritoneum has also been described. 
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11 Hernia in Infants 
Robert Acton and Daniel Stephens 

Introduction 
When thinking of hernias in infants primarily three hernias come to mind: Straightfor
ward routine indirect hernias in term infants, giant pantalooning hernias in preterm 
infants, and umbilical hernias in both. These hernias in infants will present similarly 
to those in adults; however, the pathogenesis, treatment, and outcomes differ signifi
cantly. Both types of inguinal and umbilical hernias are discussed in this chapter. 

Inguinal Hernias 
Introduction 

Inguinal hernia repair is one of the commonest procedures performed by pediatric 
surgeons and helps to define the specialty. The incidence ranges from 1% to 3o/o 
in children-about 1 o/o in females, but up to 5% to 6o/o in males, with approxi
mately BOo/o of hernias occurring in males. There is a right-sided predominance, 
which is attributed to the later decent of the right testes as compared to the left. 
The proposed etiology is failure of the processus vaginalis to obliterate. As such, 
indirect inguinal hernias represent 99o/o of all hernias in infancy. The incidence 
is also increased in preterm infants, with an estimated incidence of 12% at 
32 weeks and up to 21 o/o at 27 weeks' post-conceptional age. Conditions leading 
to increased intraabdominal pressure, including chronic cough, ascites, ventriculo
peritoneal shunts, and peritoneal dialysis also lead to increased incidence. 
As the embryonic testis descends from its origin in the lumbar retroperitoneum 
under the influence of calcitonin gene-related peptide, it is preceded by a diver
ticulum of the parietal peritoneum. This peritoneum becomes the tunica and the 
processus vaginalis. The processus normally obliterates by 35 weeks of gestation. 
This timing of normal obliteration explains the increased incidence of hernias 
within preterm infants. When obliteration fails or is only partial, the result is 
either hydrocele or an indirect inguinal hernia. 

Indications/Contraindications 
The diagnosis of hernia in a child depends highly on the history, generally obtained 
from the parents or caretakers. The history often includes a report of a fluctuating 
groin bulge that varies with coughing, crying, sneezing, or valsalva. Office exami
nation may not always reveal this bulge, but a definitive history alone may suffice 
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as an indication for elective repair. In regards to preterm infants within the NICU 
the history is very similar, that of an inguinal bulge that quickly becomes very 
apparent on examination. 
Physical examination may reveal a thickening or slipperiness in the groin, the so
called "silken cord sign." Incarceration or obstruction is generally quite apparent 
and an indication for attempted reduction. If unsuccessful, exploration and repair 
should be performed emergently. If attempts at reduction are successful, the hernia 
should be repaired on a more urgent scheduled basis, often within 24 to 48 hours. 
Hydrocele may be easily confused with an indirect hernia in males and trans
illumination may be deceiving. Hydroceles should not reduce or reduce very 
slowly depending on the size of the communication. Ultrasound may have utility 
in this regard if there is confusion about the diagnosis. Hydrocele alone, without 
a hernia, is not an indication for repair in neonates and small children under the 
age of 1, as most hydroceles will resolve within 1 to 2 years; however, persistence 
beyond this age is an indication for repair. 
Timing of repair in preterm and term infants has been a subject of ongoing discus
sion. In the absence of incarceration or obstruction, some surgeons may elect to 
wait until the patient is older and better able to tolerate general anesthesia and be 
repaired as an outpatient, while others may advocate for repair just prior to dis
charge from the NICU or hospital. The degree of patient co-morbidities must be 
weighed against the risk of incarceration or obstruction if elective repair is delayed. 
The risk of incarceration is significantly higher when repair is delayed beyond 
40 weeks' gestational age; therefore, repair should generally take place prior to 
that point (Figs. 11.1, 11.2). 

Preoperative Planning 

Figura 11.1 Algorithm on the 
management of inguinal hernias 
in infants. 

Generally, no preoperative imaging is required if the history or examination sup
ports the diagnosis. If the history or examination is equivocal, ultrasound may be 
a useful adjunct to differentiate a hydrocele from a hernia. 
Preoperative laboratory studies may be limited to simply a hemoglobin/hematocrit 
to rule out anemia in an infant with no other medical issues. Certainly, if the 
infant has other co-morbidities such as congenital heart disease or bronchopulmo
nary dysplasia and is on diuretics electrolytes should also be checked. Coagula
tion studies are almost never needed. 
Anesthetic consideration should include spinal or regional anesthesia, especially 
for preterm babies, those who have had prolonged ventilator support, or those 
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Figur• 11.3 Graphic demonstrating B E 
method for reducing an incarcer· 
atud inguinal hernia, noting the 
direction traction should be 
applied. 

A C D 

reduction always depends on a calm and relaxed infant. If the infant is crying 
and fighting reduction is more difficult and mild sedation should be considered 
if another physician is present to monitor the infant's airway and breathing. 
The technique is the same in female infants, the key is to stretch the hernia sac 
to the opposite knee to allow the bowel loops to empty. If a hernia cannot be 
reduced in a female, consider that the ovary may be incarcerated (Fig. 11.3). 

• High Ligation 
• The key principle of hernia repair in infants is high ligation of the indirect 

hernia sac. Many preterm infants may also have a large direct component or 
significant dilation of both inguinal rings and require repair of the inguinal 
floor. Preterm infants may also have nonfixation of the testis within the scro
tum. Generally, orchiopexy is not required. 

• Routine positioning places the patient in supine position. The lower abdomen, 
groins, thighs, and scrotum or labia should be prepped in the operative field. 

• A transverse skin incision is made within an existing skin crease with the 
intent of exposing the underlying cord structures. The medial extent of the 
incision should lie superior and lateral to the ipsilateral pubic tubercle. With 
the dermis incised, the subcutaneous tissues are dissected with the scalpel, 
scissors, or electrocautery down to the level of Scarpa's fascia. This layer is also 
incised sharply, exposing the underlying fascia of the external oblique muscle. 
Exposure can be maintained by asking an assistant to hold two small retractors 
exposing the external inguinal ring. 

• The external inguinal ring is indentified and cleaned. At this point, the surgeon 
can decide to perform the operation externally to the ring or open the ring slightly 
to aid with exposure of the inguinal cord. In most infants the entire dissection 
and repair can be done external to the ring. Opening the ring is primarily used 
during repair of recurrent hernias to utilize fresh tissue plains (Fig. 11.4A). 

• If the sw:geon decides to open the ring then, in the direction of the muscle fibers 
a small incision is made into the external oblique fascia (Fig. 11.4B). The Metzen
baum scissors are used to extend this incision toward the external ring. The blunt 
tips of the Metzenbaum scissors can be inserted under the fascia with the curve 
upward to gently dissect off the underlying structures. The cut edge of the fascia 
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figur• 11.4 The anatomic location of the internal and external 
rings (A). The incision into the external fascia is directed 
parallel to the fibers toward the external ring (B). High ligation 
of indirect hernia sac (C). 

is extended through the external ring. The superior and inferior cut edges of the 
fascia are grasped with hemostats and retracted. At this point, the ilioinguinal 
nerve and the iliohypogastric nerve should be identified and preserved. 

• The cord structures and hernia sac are now gently grasped, elevated, and the 
adhesions to the sac are bluntly dissected. When the cord structures are identi
fied they can be gently dissected off the sac and isolated and retracted away 
from the sac to protect them with an Allis clamp or vessel loop. The remaining 
adhesions and cremasteric fibers are gently swept away from the sac until the 
sac is free up to the level of the internal ring. 

• With the sac isolated it can be twisted and ligated with an absorbable suture. 
The sac can then be divided. If there is a question of peritoneal contents, the 
sac can be opened and explored as indicated. If the contents are bloody or 
turbid in the case of incarcerated or strangulated hernia, one must confirm that 
nonviable viscera were not reduced into the abdomen. This may require enlarg
ing the inguinal incision or making a midline laparotomy. 

• If there is suspicion for a contralateral hernia, laparoscopic exploration may be 
performed through the inguinal exposure. An opening in the sac is made and 
a trochar is inserted into the peritoneal cavity and the abdominal cavity is 
insuftlated. A 70-degree laparoscope is inserted to explore the contralateral 
internal ring for the presence of a hernia. 

• Gentle traction on the testicle can help restore anatomic position of the cord struc
tures. The fascia is approximated with an interrupted absorbable suture. Generally, 
the floor of the inguinal canal does not require reconstruction, however, if there is 
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Figur•11.5 Laparoscopic Yiaw of open 
internal ring. 

significant laxity or if the intemal ring is enlarged in a former preterm infant, repair 
of the fioor should be performed. The transversalis fascia may be sutured to the 
inguinal ligament to reinforce the internal ring. A Bassini or modified McVay repair 
with or without the use of absomable mash may also be considered. 

• Scarpa's fascia is closed with a single running absorbable suture. 
• The skin may be closed with a knotless absorbable running subcuticular suture 

and covered with steri-strips or a dressing. 
• Laparoscopic repair 

• The patient is again placed in the supine position and the entire abdomen, 
groins, upper thighs, and scrotum are prepped. 

• A 3 to 5 mm infraumbillcal incision is made and the abdomen is entered using 
a Veress needle and the abdomen is insufllated to 6 to 8 :mm. Hg. After confirm
ing the presence of either unilateral or bilateral hernias, an additional 3 mm 
port is placed in the contralateral abdomen (Fig. 11.5). 

• A 1 mm skin incision is made in the groin overlying the intemal ring. Using a spinal 
needle a loop of nonabsorbable suture is passed through the needle into the abdom
inal cavity just lateral to the internal ring. The loop is grasped with the Maryland 
graspers as the needle is withdm:wn. One end of the loop is reinserted into the nae
dle which is then placed medial to the intemal ring, but lateral to the vas de.farens 
and vessels. Again using the Maryland graspers, this end of suture is passed through 
the laterally placed loop of suture then withdrawn and tied down extracorporeally. 
The knot is buried in the subcutaneous tissuas. The port sites are closed with absox& 
able suture. Other techniques using curved needles and suture instead of spinal 
needles may also be used. It remains controversial as to whether the remaining he~ 
nia sac leads to an increased incidence of r9CUIT8nt hernia formation. Some authors 
recommend inversion and laparoscopic suture ligation of the hsmia sac. 

• Intraoperative findings/considerations 
• Cystic fibrosis: The incidence of inguinal hernia is increased in patients with 

cystic fibrosis. The absence of the vas deferens is also an associated finding and 
should prompt an appropriate evaluation for cystic fibrosis. 

• Fallopian tuba in the wall of the sac: In many female patients the fallopian tube 
will lie in the sac as a sliding hernia. The sac should routinely be opened and 
explored. If the fallopian tube is present, it should not be dissected off the sac to 
be reduced but should be inverted and reduced through the internal ring. 

• Adrenal rests: Ectopic adrenal tissue may be found at the time of hernia repair. It 
appears as a yellow tissue in the hernia sac. It is believed that these rests may be 
removed without consequence. 
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Postoperative management 
Patients undergoing elective hernia repair may be discharged home after a brief 
period of observation following general anesthesia. Premature infants who are less 
than 80 weeks' post-conceptional age should be observed overnight for apnea and 
bradycardia following general anesthesia. Some hospitals may also use these same 
guidelines for an infant less than 60 weeks' post-conception. Acetaminophen gen
erally provides adequate postoperative analgesia. Normal activities can be resumed 
within 48 hours and no activity restrictions are indicated. 

Complications 
Complications are rare in general and include wound infection in 1% to 2% and 
recurrence in <1% and injury to the vas deferens. Risk factors for recurrence 
include a tear in the sack, a weakened floor that is not repaired, wound infection, 
and history of incarceration, as well as conditions that cause increased intraab
dominal pressure in the immediate postoperative period. Less commonly there 
may be injury to the vas deferens or testicular injury. Injury to the vas, if identified 
intraoperatively, should be repaired by anastomosis with 8-0 absorbable suture. 
Recognized nerve injuries should likewise be repaired. 

• Results 
Results are excellent for both open and laparoscopic repair. Recurrence is generally 
less than 1%. The risk of recurrence is significantly higher in those repaired follow
ing incarceration, approaching 20% in some series and higher in preterm infants. 

Conclusions 
Hernias are one of the commonest surgical problems in pediatric patients. In general, 
inguinal hernias should be repaired as soon as feasible on an elective basis when 
there is no history of incarceration or strangulation, and emargently when incarcera
tion or strangulation occurs. A high ligation of the sac and reduction with primary 
closure is adequate in the vast majority of patients unless the floor is significantly 
weakened. Recurrence is rare. Timing of repair is critical in premature infants and 
the risk of incarceration must be weighed against the risks of general anesthesia. 

Umbilical Hernias 

Introduction 
• Umbilical hernias in children occur when there is failed closure of the umbilical 

ring. There is a higher incidence among children of African descent. There is no 
gender predilection. The natural history of hernias <1 em in size is that of spon
taneous closure. Additionally, there is a low risk of incarceration and strangula
tion. 

~ INDICATIONS/CONTRAINDICATIONS 

Given the natural history, it is reasonable to wait until at least age 2 prior to elective 
repair. For smaller hernias, it is reasonable to wait even longer. Most children do not 
form memories before age 3, thus if repair is before this age the child will not remem
ber the event on the off chance it is not a perfect experience. 

tiJ PREOPERATIVE PLANNING 

• The preoperative planning is similar to that of inguinal hernia repair. 
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6) SURGERY 

• The patient should be placed in the supine position and the abdomen should be 
prepped and draped. 

• An infraumbilical incision within a skin crease of the umbilicus is most commonly made. 
The skin and subcutaneous tissues are bluntly dissected, encircling the hernia sac. 

• The sac is carefully dissected away from the skin, taking caution to avoid any injury 
to the overlying dermis. With the hernia sac dissected, it is reduced into the abdom
inal cavity or completely removed. If the defect is small enough to be closed prima
rily, interrupted sutures are placed. To avoid enterotomy or entrapment of abdominal 
contents, all sutures are placed prior to tying. 

POSTOPERATIVE MANAGEMENT 

• The postoperative management is similar to that of inguinal hernia repairs. 

) COMPLICATIONS 

• Potential complications are similar to those of inguinal hernias. 

~~ RESULTS 
• The risk of recurrence, like that of inguinal hernias is <1%. Recurrence rates typically 

are higher for larger hernias or those repaired in younger infants versus toddlers. 

~ CONCLUSIONS 

• Umbilical hernias, unlike inguinal hernias, will often close spontaneously. Incar
ceration and strangulation are rare events, so these hernias may be safely observed 
for some years. Most children (85%) will close by the age of 3 to 4, so surgery is 
generally delayed until children are nearing school entrance. Umbilical hernias 
should be repaired through an open approach if unresolved after 2 to 4 years of age 
of if they are large, expanding, or incarcerate. 
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12 Surgical Treatment of 
Chronic Pain after 
Inguinal Hernia Repair 
Bruce Ramshaw and Michael A. Fabian 

Introduction 
The incidence of chronic pain or discomfort after inguinal hernia repair is much higher 
than we have previously thought. Fortunately, the great majority of patients who have 
experienced chronic symptoms after hernia repair have mild or moderate symptoms 
and do not require an invasive intervention to maintain good quality of life. However, 
for those patients in whom the pain does negatively affect their quality of life, this 
post-hernia repair complication can become a nightmare and threaten a person's liveli
hood, family, and even their life. 

For millennia up until recent times the treatment and management of chronic pain 
was not only difficult, but forbidden by the church. The inquisition pursued people 
who attempted to treat pain as witches and heretics, believing they were in alliance 
with the devil. Those people who ignored the ban on treating pain were tortured, and 
even killed and burned on funeral pyres. 

Queen Victoria was the first woman royalty who ignored the ban and accepted 
chloroform from her personal physician, John Snow, while she was giving birth to her 
8th child. In 1853, in response to this event, The Lancet commented on the use of 
chloroform for the pain of childbirth, "In no case could it be justifiable to administer 
chloroform in a perfectly ordinary labour." However, the use of chloroform to manage 
the pain of childbirth had become an acceptable practice by the end of the 19th century. 

At a medical congress on anesthesia in 1956, Professor Mazzoni confirmed with 
The Pope that medical treatment for pain was no longer forbidden by the church and 
that these treatments no longer contradict the common law. To clarify this issue, Pope 
Pius XII gave a speech to about 500 physicians on February 24, 1957, interpreting reli
gious law and supporting the use of pain relief measures. 

Despite the ability to diagnose and treat chronic pain, we have not yet had great 
success in achieving a complete understanding of significant relief of pain for the patients 
who have suffered from severe groin pain after inguinal hernia repair. The increase of 
"chronic groin pain" in our society is reflected by the incidence of the phrase in our 
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Figura 12.1 This 6oogle ngram 
comparison reveals a significant 
increase in use of the term 
·chronic groin pain· when com
pared with ·inguinal recurrence· 
over the past 20 years. 

written language compared to the term "inguinal recurrence" (Fig. 12.1). Google ngrams 
allow the search for words and phrases from all books digitized by Google. This Google 
ngram comparison of these two terms reveals a significant increase in use of the term 
"chronic groin pain" when compared with "inguinal recurrence" over the past 20 years. 
One reason for the emergence of this problem and our lack of success in treating this 
form of chronic pain is that it is a complex problem. When a problem is complex, it 
implies that there are many variables involved, both in creating the problem and in 
managing or solving the problem. 

Chronic groin pain after hernia repair can be a result of patient factors, other diag
noses besides inguinal hernia, the surgical technique and quality of the repair, the mesh 
and fixation materials used, and even the patient's experience and environment in the 
peri-operative and postoperative recovery period. One single factor such as the hernia 
mesh may or may not play a role in the cause of chronic postoperative pain in any 
single patient. Because of this complexity, there are many treatment options, both inva
sive and non-invasive, which may or may not be effective in any given patient, and a 
combination of treatment options may be required to achieve optimal pain relief. 

This chapter will focus on the surgical approach for management of chronic groin 
pain although some of the other treatment options will also be discussed. Near the end 
of the chapter, we will also discuss a new model for health care to attempt to deal with 
complex problems such as chronic groin pain after inguinal hernia repair. 

Incidence of Pain after Inguinal 
Hernia Repair 
The reported incidence of chronic groin pain after hernia repair varies widely from a 
low of O% to a high of over 50%. Many factors, including who asks the questions, can 
contribute to the reported incidence in pain. Regardless of the actual incidence, this 
problem is clearly increasing in awareness (even if only from the cumulative number 
of patients suffering from this complication year after year) by surgeons and other phy
sicians seeing patients looking for help. If there are 1,000,000 inguinal hernia repairs 
in the United States each year and 10% of patients experience chronic pain that impacts 
their quality of life, then 100,000 patients per year are added to the growing group of 
patients suffering from this problem. 

Type of Pain 
Not all chronic groin pain after inguinal hernia repair is the same. In general, the pain 
can be divided into two groups, nociceptive and neuropathic. A third group would 
include pain that was from another cause that is referred to the groin, such as from a 
previous back injury. Figure 12.2 lists a variety of potential causes of groin pain not 
related to a hernia bulge. 

Nociceptive pain is due to injury to tissue. It is caused by specialized nerve endings 
that respond to chemical, mechanical, or thermal factors. There are two main subtypes 
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Causes of the Pain 
As mentioned in the introduction, the cause(s) of chronic postoperative pain after 
inguinal hernia repair are many and complex. The patient brings many physical and 
psychologic variables to the operating room that may or may not play a role in the result 
of the operation. Some of these variables may not be known by the surgeon or even 
known by the patient themselves. One common factor identified in several studies is 
the presence of groin pain prior to the operation. Pre-operative groin pain predicts an 
increased likelihood of postoperative chronic groin pain. A study by Mazin noted that 
a majority of patients who suffered from chronic groin pain after inguinal hernia repair 
were patients on workers' compensation, suggesting that secondary gain may play a role 
in this type of complication. 

Some of the most studied and reported factors associated with chronic groin pain after 
inguinal hernia repair include the surgical technique and the mesh and fixation device(s) 
used to perform the hernia repair. In many studies, the laparoscopic approach has been 
shown to have a decreased incidence of postoperative chronic groin pain, although in some 
reports, the incidence after laparoscopic repair may still be as high as almost 30%. Other 
studies, including a large prospective, randomized controlled trial, suggest that the incidence 
of inguinodynia after laparoscopic and open inguinal hernia repair is actually similar. 

Another variable studied is the mesh itself. Although chronic groin pain after non
mesh inguinal hernia repair does occur, a variety of mesh products have been impli
cated as a factor contributing to chronic groin pain. The proposed mechanism for mesh 
causing pain is the inflammatory response between the mesh and surrounding tissue 
including nerves, which can become engulfed in chronic inflammation and/or the mesh 
contraction which can cause traction injury to nerves and surrounding tissue. 

It has been proposed that the higher density, smaller pore size foreign body mesh 
materials, such as heavy weight polypropylene, may have a higher incidence of causing 
chronic pain due to the relatively higher amount of inflammatory reaction that they 
might induce. 

Another technical factor that can result in chronic pain is the mesh fixation or tis
sue closure technique. Using sutures in an open hernia repair and using staples or tacks 
in a laparoscopic inguinal hernia repair have both been reported to cause or at least 
contribute to chronic groin pain after inguinal hernia repair, primarily by direct injury 
or entrapment of a nerve. 

Treatment of Chronic Groin Pain after 
Inguinal Hernia Repair 

Non-invasive 

For early postoperative and non-severe pain, the initial treatment is rest, ice and/or heat 
to the groin, and anti-inflammatory medication. A bowel regimen to prevent constipa
tion and bloating may also be helpful. This strategy is appropriate for the first several 
weeks after surgery unless the pain is severe or significantly worsens within a short 
period of time, despite conservative treatment. 

Pain Management 
For more severe pain and pain that worsens or persists for more than a few weeks, it 
is appropriate to offer the patient more aggressive pain management. Most surgeons are 
comfortable administering inguinal nerve blocks for diagnostic and possibly therapeutic 
purposes. If results of the injection are good, but pain returns, additional nerve blocks 
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may be appropriate. Some patients will obtain sufficient pain relief to return to a full 
quality of l:ife after one or mora nerve blocks. 

Soma surgeons are also comfortable managing chronic pain with a variety of med
ications. Neurontin, narcotics, Ti'amadol, anti-depressants, and a variety of other medi
cations have been used to attempt to treat this condition and allow a patient to return 
to most normal activities (however, these treatments may require activity restrictions 
while taking the medication). 

A referral to a pain specialist (usually trained as an anesthesiologist or neurologist) 
may also be an appropriate option. A pain specialist who is familiar with this problem 
will utilize a variety of pharmaceutical, non-invasive and invasive therapeutic options 
in an attempt to return the patient to an optimal quality of life. 

There are a variety of other non-invasive treatment options including physical ther
apy, acupuncture, chiropractic therapy, massage, and many others that have had little 
or no evaluation in the surgical literature. To obtain optimal treatment success, psycho
logical, emotional, spiritual, and family counseling may also be required due to the 
psychosocial factors that may have contributed to the development of chronic pain and/ 
or due to the psychosocial damage dona by the chronic pain (especially when the 
chronic pain has been present for a long period of time). 

If the pain has persisted for more than 3 to 6 months, and/or the pain is severe or 
worsening despite other non-surgical therapies, it is appropriate to consider an opera
tion in an attempt to relieve the pain. 

6) SURGERY 

For surgeons who are experienced with pelvic and groin laparoscopy, a diagnostic 
laparoscopy is an appropriate first step. A laparoscopic view will identify intraab
dominal adhesions, and possibly interstitial and/or recurrent hernias. Figure 12.3 
shows omental adhesions to a previously placed heavyweight polypropylene plug. 
With laparoscopic adhesiolysis and plug excision, the patient's pain resolved. An inter
stitial hernia can occur as a defect through the deeper layers of the groin, but not 
completely through all layers of the groin or through the mesh placed in an open her
nia repair. Sometimes, offending tacks or staples can be viewed and removed without 
entering the preperitoneal space. A tack is shown just prior to removal in Figure 12.4. 

Figur• 12.3 Omental adhesions to 
a previously placed heavyweight 
polypropylene plug. 
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130 P1rt I Open Inguinal Hernia 

Figura 12.4 A tack just prior tD 
removal. 

Figur• 12.5 The initial incision 
into the preperitoneal space, 
superior to the previous mesh and 
lateral to the bladder. 

After intraperitoneal exploration, the preperitoneal space may be explored lapar
oscopically to view the cord structures and nerves (femoral branch of the genitofem
oral and lateral femoral cutaneous nerves) that course along the psoas muscle lateral 
to the spermatic cord and internal ring and posterior to the iliopubic tract. Figure 
12.5 shows the initial incision into the preperitoneal space, superior to the previous 
mash and lateral to the bladder. The location and course of the nerves in the preperi
tonaal space can be variable, especially in patients with a previous groin operation. 
Fixation devices, such as sutures, tacks and/or staples, and mesh (placed laparo
scopically or through some open techniques) can be identified in the properitoneal 
space. In Figure 12.6, a tack is identified in the preperitonaal space penetrating one 
of the cutaneous nerves located lateral to the cord structures. Figure 12.7 shows a 
tack being removed from the area of the indirect ring and inferior epigastric vessels. 
The laparoscopic exploration of the preperitoneal space may include repairing an 
interstitial or recurrent hernia and/or removal of mash (including plugs that may be 
visualized laparoscopically) and/or fixation devices. If a hernia is found and thought 
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to be the cause of the pain, the goal of the operation is to provide a durable hernia 
repair. If there is no hernia, the goal is to eliminate any adhesions from the groin 
and to clear the groin of all foreign materials (mesh and fixation devices) freeing up 
the cord structures and nerves. 

The laparoscopic removal of mesh from the preperitoneal space of the groin can 
be a difficult and potentially dangerous procedure, especially if the previous mesh 
had been cut and passed behind the cord structures. Injury to the cord structures, the 
iliac vein and artery, the obturator vessels, the inferior epigastric vessels, and the 
bladder are all possible. Evan inadvertent bowel injury is possible, especially if there 
are bowel adhesions to the groin or mesh. Sometimes, it is appropriate to leave a por
tion of mesh on one or more of these structures to minimize the risk of injury. Figure 
12.8 shows mesh being removed lateral to the cord structures. Figure 12.9 shows mesh 
being cut away from the vas deferens. Figure 12.10 shows a plug being excised from 
the indirect space. Figure 12.11 shows the mesh being excised from behind the cord 
structures. Figure 12.12 shows the cord structures after complete mesh removal. 

If the previous hernia repair was done laparoscopically or using an open approach, 
where the mesh was placed completely into the preperitoneal space, it is possible that 

Figur• 12.6 A tack is identified in 
tha preperitunaal space penetrat
ing on a of the cutaneous nerves 
located lateral to tha cord struc
tures. 

Figur• 12.7 A tack being ramovad 
from tha araa of tha indirect ring 
and inferior epigastric vassals. 
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132 Part I Open Inguinal Hernia 

Figure 12.8 Mesh being removed 
lsb!rsl m the cord structures. 

Figure 12.9 Mesh being cut away 
from the vas deferens. 

Figure 12.10 A plug being excised 
from the indirect space. 
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a laparoscopic approach alone will result in the maximal benefit from an operation. 
The reason for this is that the nerves in the preperitonealspaca are different from those 
typically involved if the mesh is located in a mora superficial tissue plane (as in a 
Lichtenstein repair). Figures 12.13-10.15 show the nerves in the groin from an anterior 
view, from a posterior view, and with two meshes in place, one in a typical Lichten
stein position and the other in the preparitoneallocation. It is important to note that 
the nerves typically involved in neuropathic pain are different for these two different 
mesh locations. An open triple neurectomy (addressing the more superficial nerves) 
will not likely help relieve the pain from mesh or fixation devices that 81'9 located in 
the preperitoneal space (potentially causing neuropathic pain from the deeper nerves). 

For patients who have had an open inguinal hernia repair with a technique includ
ing placing mesh in the preperitoneal space and in more superficial locations (plug and 
patch, Prolena Hernia System, Ultrapro Hernia System, etc.), or a technique where no mesh 
is placed in the preperitoneal space, it is likely that an open groin exploration will be 
required to achieve the maximal benefits from a surgical approach. The open exploration 
includes removal of mash and any other material that may be causing pain. Nerves that 
course in the groin in the intermuscular location (the iliohypogastric, ilioinguinal, and 

Figur• 12.11 Mash baing excised 
from behind the cord structures. 

Figure 12.1Z Cord structures after 
complete mesh removal. 
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Figur• 12.13 Nerves in the groin from 
an anterior view. 

Figur•12.14 Nerves in the groin from 
a posterior view. 

Figure 12.15 Nerves in the groin with 
two meshes in place, one in a typical 
Lichtenstein position and the other in 
the preperitoneal location. 
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POSTOPERATIVE MANAGEMENT 

The patient will often be discharged the same day or within 24 hours of the operation 
unless there are complications. However, some patients will have difficulty with pain 
control, especially if they were taking narcotics for pain control prior to the operation. 
All of the pain management techniques discussed in the pre-operative preparation sec
tion might also be considerad in the postoperative course. Typically, as the pain and 
inflammation from the operation resolves, the patient will become more and more 
aware of the results from the operation, and will report improvement leveling oH 
approximately 2 to 4 months aftar the operation. 

) COMPLICATIONS 

Potential intraoperative complications include injury to bowel, bladdar, the vas deferens, 
and to vascular structures, specifically the cord vessels, iliac vessels, inferior epigastric 
vessels, and obturator vessels. If bleeding is not able to be controlled laparoscopically, 
convarsion to an open approach is appropriate. 

In the postoparative period, early complications include wound infection, seroma, 
and hematoma. As mentioned, postoperative pain control may be difficult. 

The long-term complications pertinent to this procedure include hernia recurrence 
and inadequate resolution of pain. Non-surgical pain managament should be continued 
for pain that is not resolved in an attempt to improve a patient's quality of life. A con
tinued search for causes of groin pain other than a hernia repair may also be appropri
ate. For the patient who has a hernia recurrence after an operation to relieve pain from 
a prior hernia repair, the decision to undergo another hernia repair may be a d:ifticult 
one. If another repair is performed, the surgeon should consider altering the technique 
and materials used in an attempt to minimize the chance of causing chronic pain again. 
Consideration for the use of resorbable synthetic and biologic mashes may also be 
appropriate. For our hernia program, it is standard to involve the patient in a shared 
decision process to determine the technique and materials used for a hernia repair in 
this situation. 

Prevention 
There have been attempts to minimize chronic pain over the past decade by altering 
the approach and/or surgical technique for inguinal hernia repair. Studies have shown 
mixed results in attempting to prophylactically identify and divide the ilioinguinal, 
iliohypogastric, and/or genital branch of the genitofemoral nerves during open inguinal 
hernia repair. Several studies have evaluated lightweight mesh (both open and laparo
scopic) to look for a decreased incidence of chronic pain. Often, these studies are 
inconclusive or they show a modest benefit in terms of pain when using lightweight 
mesh, but there may be a higher recurrence rata with lightweight mesh. Decreasing or 
eliminating fixation, or using glue, has also shown some decreased pain, but with a 
potential for an increase in recurrence rate. The laparoscopic approach compared to 
open inguinal hernia repair has some of the strongest evidence showing a decrease of 
acute and chronic pain in several studies. However, some studies have shown a mini
mal difference in pain after the first 24 to 48 hours. 

These attempts to isolate and improve one variable and the limited success with 
this strategy highlight the fact that this is a complex problem and complex problems 
are rarely solved with simple solutions. Complex problems require a systems approach 
that includes identifying and defining processes and variables, including outcome 
measures, and looking intentionally for anomalies. 
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FIRST CONTACT 

• Hlslory of pain relief efforts- result of effort 
• Length of time after surgery 
• Hobbie&'lntere6ts 
• Symptoms -local and systemic 
• Surgery technique & type of mesh 
• Pr&-op painlno pain 
• Pain different or same prll/post-op 
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Figure 12.17 Algorithm showing care for a patient who is suffering from chronic pain after an inguinal hernia repair. 
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13 Inguinal Neurectomy for 
Nerve Entrapment: 
Triple Neurectomy 
Parviz K. Amid and David C. Chen 

Introduction 
Although advances in inguinal hernia repair have marbdly reduced recurrence rates, 
chronic pain after hernia repair is a continuing concern. In earlier reports, we have 
described the causes and prevention of chronic pain and emphasized the key features of 
groin neuroanatomy and the vulnerability of the intramuscular segment of the iliohy
pog~U~tric nerve. We also have identified "meshoma" as a pathologic cause of inguinody
nia and demonstrated the effectiveness of "triple neurectomy" as the surgical treatment 
for postherniorrhaphy pain that has not responded to non-surgical pain management. 

Indications for Triple Neurectomy 

Groin pain persisting more than 6 months postoperatively. Pain related to neuro
praxia, which may last 6 months postoperatively, is usually a self-limiting condition 
and does not necessitate surgical intervention. 
Groin pain that did not exist prior to the hernia repair, or if present preoperatively, 
has a different character. 
Groin pain associated with paresthesia, allodynia, hyperpathia, hyperalgesia, hyper
esthesia, hypoesthesia, a positive Tinel sign., radiation of pain to the scrotal skin 
(distinguishable from testicular pain), and/or to the femoral triangle. 

Contraindication• 

General health problems contraindicating general anesthesia. 
Groin pain caused by spine or hip pathology. 

~ PREOPERATIVE PLANNING 

• Review of the original and subsequent operative reports. 
• Review of all non-surgical treatment reports. 
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• Imaging studies should be done before triple neurectomy if the original hernia repair 
included the use of a plug, two-layer devices such as prolene hernia system/ ultrapro 
hernia system (PHS/UHS), or mesh implantation in the preperitoneal space to rule 
out meshoma formation. 

0 SURGERY 

"THple Neurectomy," pioneered in our institute in 1995, coosists of resection of the ili
oinguinal, iliohypogastric, and inguinal segment of the genital branch of the genitofemo
ral nerves. The procedure is performed through the incision of the original hernia repair 
and does not require mobilization of the spermatic cord. Originally, the iliohypogastric 
nerve was resected from its emergence from the internal oblique muscle to its point of 
exit from the external oblique aponeurosis. In 2004, realizing that the intramuscular seg
ment of the iliohypogastric nerve can be injured when the lower edge of the internal 
oblique muscle (the so-called conjoined tendon) is sutured to the inguinal ligament dur
ing tissue repair, or due to fixation of a plug during plug repair, the operation was extended 
to include the intramuscular segment of the nerve. In 2005, a patient was referred with 
groin and testicular pain (to be distinguished from scrotal skin pain) and MRI evidence 
of entrapment of vas deferens within a plug. Since the patient had an earlier vasectomy, 
the affected segment of the vas was resected during the triple neurectomy. Postopera
tively, the patient's chronic groin pain and orchialgia disappeared, which was contrary 
to our experience with other patients with both orchialgia and inguinodynia. 

Histologic analysis showed fibrosis and foreign-body reaction around the paravasal 
nerves within the lamina propria of the vas. In 18 subsequent patients with inguinody
nia and orchialgia, a 2 em segment of lamina propria was resected (without resecting 
the vas) as proximal to the inguinal ring as possible. Histology showed perineural fibro
sis in these patients as well. 

6) SURGICAL TECHNIQUE 

The incision is made through the original hernia repair and the external oblique apone
urosis is opened. The ilioinguinal nerve (Fig. 13.1) is identified between the internal 
ring (or the lateral part of the mesh if any was previously placed) and the anterior 
superior iliac spine. The nerve can be attached to the inguinal ligament or the upper 
leaf of the external oblique aponeurosis and blocked from the view by a retractor. The 
nerve can also be hidden within the fat-tilled grooves of the internal oblique muscle; 
therefore, all superficial fat should be wiped from the internal oblique muscle to reveal 
the hidden nerve. The cut ends of the nerve are ligated to close the neurilemma of the 
nerve thus avoiding traumatic neuroma formation. The ligated proximal end of the 
nerve is buried within the internal oblique muscle to keep the stump of the nerve from 
being incorporated in future scarring of the surgical field. 

The iliohypogastric nerve (Fig. 13.1) is located between the external and internal 
oblique aponeurotic layers. To identify the nerve, the anatomic cleavage between these 
two layers is opened. The visible part of the nerve over the internal oblique aponeuro
sis is identified and held by a vessel loop. A slit is made in the internal oblique muscle 
fibers to locate the intramuscular segment of the nerve (Fig. 13.2), which is then severed 
as proximal to the surgical field as possible. The cut ends of the nerve are ligated and 
the proximal cut end is buried within the internal oblique muscle. In fewer than 5% 
of patients, the normally visible part of the iliohypogastric nerve is under the internal 
oblique aponeurosis, therefore hidden from the surgeon's view. In these patients, the 
subaponeurotic course of the nerve must be determined by noting the small point of its 
simultaneous exit from both external and internal oblique aponeuroses (Fig. 13.3). In 
these instances the internal oblique aponeurosis, under the above nerve exit point is 
incised to expose, trace, and resect the hidden nerve as laterally as possible. 
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The inguinal segment of the genital branch of the genitofemoral nerve can be 
exposed by entering the internal ring through its inferior crus, and the nerve is resected 
with ligation of its cut ends. The proximal ligated cut end of the nerve is allowed to 
retract into the preparitoneal space. Pain after plug repair and preparitoneal hernior
rhaphy (both open and laparoscopic) presents special problems. The preparitoneal 
nerves, including the main trunk of the genitifemoral, its femoral branch, and the 
preperitoneal segment of its genital branch, are particularly vulnerable to neuropathy 

lrrtramuoolar segment 
of iliohypogastric netV6 

Inguinal ligament 

Visible segment of 1he 
iliohypogastric netV6 

Figur• 13.1 Groin neuroanatomy. 

Figur•13.2 1: Pubic tubercle. 2: 
Visible segment of the iliohy· 
pogastric nerve. 3: lnguinalliga· 
ment 4: Intramuscular segment of 
iliohypogastric nerve seen through 
a slit made in the internal oblique 
muscle. The two blue sutures are 
retracting the edges of the slit 
The blue arrow points to the 
junction of the visible and intra
muscular segment of 1he iliohy
pogastric nerve. 
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Figure 13.3 Example af subap
oneurotic iliohypogastric nerve 
shown through a alit made in the 
overlying internal oblique aponeu
rosis. 

Subaponeurotic 
iliohypogastric netV6 

from direct contact with mesh. Contrary to the nerves within the inguinal canal that 
are covered and protected by a layer of fascia, nerves in the preperitoneal space have 
no protecting fascia against the mesh. In addition to the above, when fixation devices 
are used during laparoscopic herniorrhaphy, staples or tacks can penetrate the transver
salis fascia and abdominal muscles and antrap nerves within the inguinal canal. 

"Triple neurectomy" does not address neuropathic pain caused by neuropathy of 
the preperitoneal nerves unless the operation is extended to include segmental resec
tion of the main trunk of the genitofemoral nerve over the psoas muscle. Exposure is 
achieved by splitting the transversus abdominis muscle to access the preperitoneal 
space through the split made in the internal oblique muscle for resection of the intra
muscular sagmant of the iliohypogastric nerve. Once inside the preparitonaalspaca, the 
peritoneum is swept toward the midline to expose the psoas muscle and the main trunk 
of the genitofemoral nerve overlying it (Fig. 13.4). In addition to the above, plugs and 
meshomas are removed from the preperitoneal space. The latter requires repair of the 
resulting defect in the inguinal floor using the following step: 

• Mobilization of the cord, but only whan a repair is needed. 
• Handling of the hernia sac. The indirect hernia sac is separated from the cord and 

inverted into the preparitoneal space. In the avant of a large direct hernia, the sac is 
inverted with an absorbable suture using the transversalis fascia. 

• Implantation of mesh 

A sheet of 7 x 15 em of lightweight mesh is used. With the cord retracted upward, the 
medial comer of the mesh is sutured with a nonabsorbable monofilament suture to the 

Figure 13A Main trunk af tha genitor
femoral neJVa crvar tha psoas muscle. 
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rectus sheath above its insertion to the pubic bone and overlapping the bone by 1 to 2 em 
(Fig. 13.5). This suture is continued (as a continuous suture with up to four passages) to 
attach the lower edge of the patch to the inguinal ligament extending to a point just lateral 
to the internal ring (Fig. 13.5). The upper edge of the mesh is fixed to the rectus sheath 
and aponeurosis of the internal oblique muscle using two interrupted absorbable sutures 
(Fig. 13.5). Using a single nonabsorbable monofilament suture, the lower edges of each of 
the two tails are fixed to the inguinal ligament just lateral to the completion knot of the 
running suture, leaving adequate space for passage of the spermatic cord. 

The excess patch on the lateral side is trimmed, leaving at least 5 em of mesh lateral 
to the internal ring. This is tucked underneath the external oblique aponeurosis, which 
is then closed over the cord with an absorbable suture. 

A recently introduced stapling device (Amid Stapler for inguinal and ventral her
nias, and skin closure, SafeStitch, 4400 Biscayne Blvd. Miami FL 33137) can make the 
operation simpler and faster, with less acute postoperative pain. Fixation of the lower 
edge of the mesh to the inguinal ligament can be simplified and made faster by using 
the stapling device that delivers staples to the inguinal ligament over and in a parallel 
plain to the femoral vessels (Fig. 13.6), thus avoiding the risk of staples penetrating 

/ Spem1allc cord 

E:demal o'bllq1.1e---- . 
aponeuJosls ---... 

lnguimJI ligamertt--.._ 

Fomoral.an~ry 

Figur• 13.5 Extension of mesh 
medial to tha pubic tuber cia, 
above tha inguinal floor, and 
lateral to tha internal ring, and 
fixation of tha medial corner of 
mash to tha rectus sheath above 
its insertion to tha pubic bona. 

Figure 13.& Cross section of the 
inguinal canal. Stapler drives the 
staple parallel tD the femoral 
vessels with no risk of vascular 
injury. 
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Figur• 13.7 Stapler mash manipula· 
tors engage the mash and move it to 
its precise location before stapling 
the mash in place. 

the vessels. In addition, the stapler mesh manipulators engage the mesh and guide it 
to its precise position followed by staple placement making application of even diffi
cult to handle ultra-thin meshes easy (Fig. 13.7). According to laboratory measure
ments, retraction of the external oblique aponeurosis, subcutaneous adipose tissue, and 
skin for suture fixation of the upper edge of the mesh to the rectus sheath and the 
internal oblique aponeurosis requires 12 lbs of retraction force. Staple fixation of the 
upper edge of the mesh is simpler, faster and requires only 2 lbs of retractor force, 
resulting in less soft tissue contusion; a factor that contributes to acute postoperative 
pain. Finally, staple fixation easily creates the passage of the spermatic cord through 
the mesh by fixing the lower edge of the upper tail together with the lower edge of the 
lower tail to the inguinal ligament. 

) COMPLICATIONS 

Numbness of the groin, scrotal skin, and labium majus is expected, and female patients 
need to be informed of its sexually-related consequences. Two percent of patients expe
rience superficial wound problems. No other complications have been encountered . 

. ~ RESULTS 
We have now performed operations on 500 patients for chronic postherniorrhaphy 
inguinodynia. Recent observations of groin neuroanatomy and experience with 
meshomas prompted extension of standard triple neurectomy to include resection 
of intramuscular segments of the iliohypogastric nerve and explantation of mesho
mas. Previously, we reserved the triple neurectomy operation for pain after laparo
scopic or open preperitoneal hemia repair only in cases in which fixation devices 
were used or when an imaging study showed a meshoma. With extension of the 
operation to include segmental resection of the genitofemoral nerve, the procedure 
can be offered to all patients with pain after preperitoneal repair. In this select 
group, 5% of patients continue to experience persistent pain. Eighty-five percent of 
patients have complete resolution of pain; in 15% there is substantial improvement, 
with no functional impairment, and no need for narcotics. 

~ CONCLUSION 

Chronic posthemiorrhaphy pain complex, that according to Danish nationwide study 
is independent of the method of the hernia repair, is a combination of nociceptive and 
neuropathic pain. There is no sharp delineation between the two and the issue becomes 
more complicated by social, genetic, and patient-related factors. 
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14 Inguinal Anatomy: 
Laparoscopic View 
Maurice E. Arregui 

Introduction 
The intraperitoneal view of the pelvis and inguinal area is quite deceptive when look
ing at it through the lens of a laparoscope. It is a two-dimensional view that gives the 
impression that there is a peritoneal layer, a preperitoneal layer in which all struc
tures of the inguinal area lie and the abdominal wall with a portal for exit of the cord 
structures. 

In fact, the inguinal area is quite three-dimensional and is made up of various lay
ers with intertwining fascial planes that serve as conduits for blood vessels, lymphatics, 
ureters, muscles, tendons, and nerves. To really understand the anatomy of the preperi
toneal spaces of the inguinal area, one must know the embryology and migration of 
structures with their surrounding fascia. These fascial layers define the planes and cre
ate conduits for these structures. From the intraabdominal perspective, the laparoscopic 
view gives an opaque picture of the various layers of the inguinal structures with 
encompassed contents. A more clear view is obtained during laparoscopic inguinal 
hernia repair. This chapter will attempt to perform a laparoscopic dissection of the 
preperitoneal and inguinal spaces to identify the anatomy of the structures in their 
various encompassing fascial spaces. 

Embryology of the Inguinal Area 

Key to understanding the fascial layers of the lower abdominal wall is understanding 
the embryology of the genitourinary tract with development of the bladder, ascent of 
the kidney, and descent of the testis. The bladder, ureters, kidneys, testicular vessels, 
testicles, and vas deference begin as intraperitoneal and extraperitoneal organs pos
sibly covered by a continuous anterior and posterior fascia. During descent of the 
testicle between the seventhth and twelfth weeks, the gubernaculum contracts to pull 
the testicle and vas deference down toward the scrotum. Between the third to seventh 
months, the testes lie in the inguinal canal and it descends into the scrotum around 
the time of birth (Fig. 14.1). As this occurs, it drags the testicular structures with the 
peritoneum. The fascia that surrounds these structures likely includes the umbilical 
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Agur•14.1 Descant of tlta tBsticla. 

Figure 14.2 Tunica vaginalis testis. 
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prevesicular fascia and or the transversalis fascia. After decent the tunica vaginalis 
obliterates proximally to form the peritoneal vaginal ligament that attaches to the 
tunica vaginalis testis. A serous bilaminar layer forming the parietal and visceral lay
ers of the testis (Fig. 14.2). The internal spermatic fascia forms the layer surrounding 
the testis and tunica vaginalis. The internal spermatic fascia is described as being the 
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evagination of the transvarsalis fascia by soma but may also have componants of the 
umbilical prevesicular fascia (Fig. 14.3). 

Intraperitoneal View of the Anatomy of the Inguinal Area 

The structures include the bladder and umbilical ligaments in the midline and inguinal 
structures laterally. The bladder is at the base and at its apex is the median umbilical 
ligament which connects the bladder to the umbilicus. This is the median umbilical 
ligament which represents the obliterated urachus. On either side of the bladder are the 
medial umbilical ligaments which are remnants of the umbilical arteries that returned 
de-oxyganatad blood from the fetus. This structure is connected to the intamal iliac 
artery (Fig. 14.4A). The lataral umbilical fold is made up of the inferior epigastric vas
sels. This is probably a misnomer since these vessels do not have anything to do with 
the umbilicalstructuras and provide blood supply to the anterior abdominal wall The 
inferior epigastric vessels are anveloped by the trasversalis fascia shortly aftar exit from 
the external iliacs. Lateral to this is the internal inguinal ring. Entering this is the vas 
deferens and spermatic vessels in males (Fig. 14.4B, C) and round ligament in females 
(Fig. 14.4D). This is also the antry of an indirect hernia sac or ramnant of the processus 
vaginalis. This is a fairly complex area that serves as portal for structuras exiting the 
abdomen in transit to the scrotum. 

Layers afthe Abdominal Wall 

Transperitonaal view of the lower antarior abdominal wall shows converging of the 
median and medial umbilical folds as it enters the umbilical ring. Lateral to the medial 

Figur•14.3 Internal spermatic 
fascia enclosing 1he testis and 
llmica vaginalis testis. 
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figure 14.4 A: U!paroscopic views of the lower anterior abdominal wall. or-obliterated urachus or median umbilical ligament. 
bl-bladder, and mul-medial umbilical ligament B: View at the inguinal area in a male. MUL-medial umbilicalligament.IE
inferior epigastJic arteries which form the lateral umbilical ligament. 'TVA-transverse vesicular fold, VD-vas deferens, and SV
spermatic vessels. With kind permission from E. Arregui. Surgical anatomy at the pre peritoneal fasciae and posterior tJanaversalis 
fasciae in the inguinal region. Hernis. Springer Science+Business Media; 1997;1:101-110. C: lntJaperitoneal view at the right flank 
and pelvis in a male. bl-bladder, mul-medial umbilical ligament. vd-vaa deferens, av-spermatic vessels, and ur-ureter. D: 
View at inguinal area in female. BL-bladder, CL-Cooper's ligament. TVF-tJansverse vesicular fold, IE-inferior epigastJics, and 
RL-round ligament IR-internal ring. VVith kind permission from E. Arregui. Surgical anatomy of the preperitDneal fasciae 
and posterior transversalis fasciae in the inguinal region. HemitJ. Springer Science+Business Media; 1997;1:101-110. 

umbilical fold the peritoneum is void of fat and therefore quite transparent The poste
rior rectus sheath is well seen above the arcuate line and it thins out but does not 
disappear below (Fig. 14.5). Fibers of the layers of the posterior rectus sheath can be 
sean all the way to the pubis in many patients. A transversa view of the abdominal wall 
will show the rectus muscle, followed by the inferior epigastric vassals and deep to this 
is the posterior rectus sheath. Although the posterior rectus sheath is attenuated, all 
three fascial layers of the abdominal wall can be present to a variable degree. This 
includes the fascial layers of the external oblique, internal oblique, and transversus 
abdominus muscle which forms the transversalis fascia. 
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Figura 14.5 lrrtraparitonual viaw af 
thu abdominal wall. Tha arcuata lina 
can ba sa an but balow thara is a 
coninuation af tha layars af tha 
posterior ractusshaath. mul--madial 
umbilical ligament. al-arcuate lina, 
and ia-inhlrior apigastrics. Wrth 
kind permission from E. Arregui. 
Surgical anatomy af the preperitoneal 
f11ciae and posterior traniYersalis 
fasciae in tha inguinal rugion. Ht~rni11. 
Springer Sciunca+Businuss Mudia; 
1 997:1 :101-110. 

Between the posterior rectus sheath and the umbilical prevesicular fascia is the true 
preperitoneal space (Fig. 14.6) which is in continuity with the space or Retzius below 
the pubic bones. 

Posterior to this space ia the umbilical prevesicular fascia which covers the bladder 
and obliterated urachus (median umbilical ligament) and medial umbilical ligaments. 
Deep to this layer is another fascial layer between the bladder, ligaments, and the 
peritoneum which is the final layer of the anterior abdominal wall (Fig. 14.:7). 

Between the pelvic wall and the umbilical pravesicular fascia covering the bladder 
is the space of Retzius (Fig. 14.8). The obturator foramen with nerve, vessels, and 
preperitoneal fat are found anteriorly and laterally in the space of Ret.zius below the 
pubic bone (Fig. 14.9). Also the vessels of the corona mortis are overlying Cooper's 
ligament and connecting the obturator vessels with the inferior epigastric vessels. 

Fascial Planes in the Inguinal Area Deep to the 
Transversalis Fascia 

The umbilical prevesicular fascia which is anterior to the bladder and umbilical liga
ments extends laterally to encompass the vas deferens and spermatic vessels. This 

Figura t4.& Attenuated posterior 
ructus shaat (prs), prepuritonual 
spaca (ps) and umbilical pravusicular 
fascia (upt). mJ-..midlinu attachmurrt 
af thu posterior ract.us sheath and 
rm-ructus abdominus muscle. Coop
er's ligamunt is seun as thu white 
structure covuring thu pubic bon&. 
Wrth kind permission from E. Anegui. 
Surgical anatomy af thu prapuritonual 
fascia& and posterior transvursalis 
fasciae in the inguinal ragion. Hernia. 
Springur Sciunca+Businass Madia; 
1997:1:101-110. 
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Figur• 14.1 Transverse view of the 
anterior abdominal wall compart· 
ments below the umbmcus. 

Figure 14.8 Space af Ret2ius. 

Figur• 14.9 Obturator nerve with 
vessels and fat entering the 
obturator foramen in the space of 
Retzius. 
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forms a conical sheath that penetrates the internal inguinal ring and is continuous with 
the internal spermatic fascia (Figs. 14.10A, B and 14.11A, B, C). This structure not 
only encompasses the cord structures but also the peritoneum that makes up the indi
rect inguinal hernia sac or a patent tunica vaginalis (Fig. 14.10B). Others have described 
a separate layer of fascia encompassing the vas and spermatic vessels separate deep to 
the peritoneum. The fascia surrounding the cord and obliterated tunica vaginalis may 
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Figure 14.10 A drawing af the 
lateral extent of the umbilical 
prevellicular fascia which is deep 
and is separated from the trans
versalis fascia. B: Drawing depict
ing separation of the fibers of the 
umbilical prevesicular fascia 
which in this case shows the 
peritoneum forming an indirect 
hernia sac. 
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Figur•14.11 A: Tha conical fascia encircling tha vas dafarans 
and spermatic vassals as thay course through tha intamal ring. 
With kind permission from E. Arragui. Surgical anatomy of tha 
preperitonaal fasciae and posterior transversalis fasciae in the 
inguinal region. H11mi11. Springer Scianca+Business Media; 
1997;1:101-110. B: Separation of tha fibers of tha umbilical prava· 
sicular fascia shows tha encased underlying testicular blood 
supply and vas in transit to the internal ring. With kind permis· 
sion from E. Arregui. Surgical anatomy of tha praparitonaal 
fasciae and postBrior transversalis fasciae in tha inguinal region. 
H11rni1. Springer Scianca+Business Media; 1997;1:101-110. 
C: Transparitoneal incision of the internal ring shows the umbili· 
cal prevesicular fascia surrounding tha internal ring and follow· 
ing the cord structures into the inguinal canal. With kind 
permission from E. Arregui. Surgical anatomy of the preperitoneal 
fasciae and po81I!rior transversalis fasciae in the inguinal region. 
Hernia. Springer Science+Business Media; 1997;1:101-110. 

Figure14.1Z Dissection showing two 
IF1, F2) or more fascial layers sur
rounding the cord stJuctures in the 
patient with an indirect hernia that 
has been dissected off the cord 
stJuctures. SV-spermatic vessels. 
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Figur•14.13 A: Reduction of a lipoma of tha cord from tha 
lateral internal ring. Tha base is tha retroperitoneal tissue 
lateral and deep to tha cord structures. SV-sparmatic vas· 
sels. B: Tha lipoma from A has been resected and beneath 
this fat is fascia overlying tha psoas muscle. Beneath this 
fascia lia tha nerves. C: After reduction of a herniated lipoma 
of tha cord, tha lateral iliopubic tract is clearly seen and is 
being held by tha grasper. 

be multi-laminate (Fig. 14.12). This may also be in continuity with the fascia of the 
spermatic cord and the ureter as these structures proceed upward in the posterior 
abdominal wall encompassed along with the kidney and perinephric fat by Gerota's 
fascia. This relationship is not well understood. Lateral and posterior to this fascial 
plane is a thin fascial layer covering the fat, nerves, and lymphatics overlying the psoas 
muscle. The lateral fat pad anterior to the nerves is outside of the perinephric fat 
encompassed by Gerote's facia. This fat that is lateral to the cord structuras can break 
through its thin facial layer to herniate lateral to the cord structures but outside of the 
spermatic fascia to form a lipoma of the cord (Fig. 14.13A, B, C). The blood supply for 
this fatty tissue comes from the ratroperitoneal vessels. Posterior to the cord structures 
and the retroperitoneal fat is the psoas fascia. Deep to this lie the nerves which include 
the genitofemoral nerve, the lateral femoral cutaneous nerve, and the lumbar fascia 
(Fig. 14.14). 

Completed Dissection During a TEP 

A completed dissection required prior to placement of the mesh requires parietaliza
tion of the cord structures. This involves separating the peritoneum and overlying 
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Figur•14.14 Deep to the cord struc
tures and fat lie the nerves which 
include the genitofamoral nerve with 
the medial genital branch (gb) and 
lateral femoral branch lfb). The 
lateral femoral cutaneous nerve (!fen) 
is seen lateral to the genitofemoral 
nerve. 

Figure 14.15 Parietalization af 
the cord. vd-vas deferens, 
av-spermatic vessels, and 
p-peritoneum. 

Figure 14.1& Mesh draping over the 
cord slructurea extending laterally 
over the internal ring and going 
medially to cross the midline. 
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Figura 14.17 A: Indirect inguinal hernia before repair. B: Transperitoneal view af tha indirect inguinal hamia (A) after repair. 
Tha mash is sean lying bstwaan tha peritoneum and retroperitoneal structures. 

fascial layers off the testicular vessels and the vas deference (Fig. 14.15). Lateral dis
section requires clearing the lateral iliopubic tract and reducing any lipoma of the 
cord which may be obscuring this (Fig. 14.13C). The mesh then needs to be placed 
over the direct, indirect, and femoral defects. In other words, the mesh must be 
completely covering the myopectineal orifice of Fruchaud with at least 4 em overlap 
at all edges (Fig. 14.16). Care must be taken that the mesh does not fold when the 
extraperitoneal air is released and the peritoneum expands to cover the inguinal 
space (Fig. 14.17A, B). 

~ CONCLUSION 

The anatomy of the inguinal area is complex and proper repair of inguinal hernias 
requires a knowledge of the relationship between structures and the many overlapping 
fascial planes. Key to this is understanding the migration of the genitourinary structures 
during embryogenesis. Proper exposure and knowledge of anatomy reduces the chances 
of injury to nerves, vascular, and other structures and improves the chances of a suc
cessful repair with an extremely low risk. for recurrence. 
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15 Laparoscopic Transabdominal 
Preperitoneal Inguinal 
Hernia Repair 
Antonio Garcia-Ruiz and Alejandro Weber-Sanchez 

Anatomy 
Being the site of highest incidence of abdominal hernias that require surgical manage
ment, the groin is one of the most relevant anatomical regions for the laparoscopic 
surgeon (Fig. 15.1). The groin is limited cephalically by the horizontal plane passing 
through the anterior superior iliac spine, medially by the midline, and inferolaterally by 
the inguinal ligament (running from the superior iliac spine to the pubic symphysis). In 
our judgment, the laparoscopic surgeon does not face an anatomical view more complex 
than the anterior approach. Instead, he or she observes the same anatomical structures 
from a different perspective, which may not be familiar to all. Nonetheless, detailed 
knowledge of this anatomical aspect is essential to safe and effective laparoscopic repair. 

The anatomy of this zone has few variants; the reference points are mostly con
stant and can be summarized in relatively simple terms. Observed from inside the 
abdomen with the peritoneum intact, the lower part of the anterior abdominal wall 
is usually divided into three fossae, separated by the same number of folds or liga
ments formed by different protruding structures. These may be more or less evident, 
depending on the patient's constitution and the quantity of preperitoneal fat. On the 
midline we find the urachus, also called median umbilical ligament. Lateral to the 
urachus is the lateral umbilical ligament, usually the most prominent of the three 
folds. This ligament is a remnant from the obliterated umbilical artery leading from 
the iliac artery toward the navel. Finally, the most lateral fold, corresponding to the 
deep epigastric vessels, is the least prominent. The most common classification of 
the inguinal hernias still uses these three folds as reference points. Indirect inguinal 
hernias are those that protrude laterally to the epigastric vessels (Fig. 15.2), direct 
inguinal hernias are those that are medial to them (Fig. 15.3), and supravesical her
nias are those protruding in between the median and lateral umbilical ligaments. 
Femoral hernias are located below this plane, in a position inferior to the iliopubic 
tract and through a space around the femoral sheath. On very rare occasions, we have 
found obturator hernias (defect of the obturate membrane of the iliac bone). Due to 
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figure 1§.1 Anatomy. Triangle of Pain. Triangle at doom. 

their anatomical location, these hernias are not considered inguinal hernias. How
ever, we have approached and managed them laparoscopically with almost the same 
principles as inguinal hernias, except that we shape the prosthetic mesh to fully 
cover the hernial defect, in this case considerably deeper into the pelvic space. 

The transabdominal preperltoneallaparoscopic hernioplasty requires elevating a very 
wide peritoneal nap. In order to do so, it is of outmost importance to recognize and be 
familiar with the extraperltoneal spaces of the pelvis. Medially, between the peritoneum 
and the trasversalis fascia, is the space of Ratzius, which has a variable quantity of fat 

figure 15.2 Indirect inguinal hernia. 
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figure 15.3 Direct inguinal hernia. 

Usually it is an avascular space, except in the lower part which contains the venous 
anastomoses between the obturate, epigastric, and iliopubic vessels. From this perspective 
behind the wall it is impossible to observe the inguinal ligament which is in an anterior 
position conei!aled by the muscles of the abdominal wall. Howevar, Cooper's ligament is 
visible in this space. Even in obese subjects with large quantities of fat it can be palpated 
with laparoscopic instruments as a hard edge. This important reference point is located 
1 em medial and inferior to the origin of the epigastric vessels. Also visible in this space 
is the iliopubic tract, a band of thickened fascia running parallel to the inguinal ligament, 
is attached to the superomedial part of the pubic bone medially and laterally its fibers 
are dispersed with the trasversalis fascia and the iliac fascia, with no attachment to the 
iliac spine. Through the intact peritoneum, it is possible to identify the round ligament 
in females and the vas deferens in males. Both have a trajectory running from the deep 
part of the pelvis upward and from inside outward, to exit the abdomen through the 
internal inguinal orifice crossing the epigastric vessels. In males, the spermatic vessels, 
which have a downward trajectory, join at an obtuse angle with the deferent conduct, 
and also exit through the internal inguinal orifice, to form outside it, with the fasciae and 
muscular fibers enveloping it, the spermatic cord. On joining in the internal inguinal 
orifice, the gonadal vessels and the iliac vain form a triangle with its apex upward, area 
of the iliac vessels; this anatomical area, called "triangle of doom," as well as the so-called 
"triangle of pain," located between the anterior superior iliac spine and the gonadal ves
sels, warrants special attention. Familiarity with these two regions is crucial during lapar
oscopic inguinal hernioplasty because they are areas with high potential for severe 
complications such as transoperative vascular lesions or painful postoperative sequelae. 

Given that in the early days of laparoscopic hernia repair nerve injuries were among 
the most serious complications due to the intense pain and disability they caused, 
knowledge of the nerve structures present in the zone is crucial. The nerves with great
est risk of injury are the lateral femoral cutaneous nerve and the femoral and genital 
branches of the genitofemoral nerve. Both follow almost parallel trajectories always 
positioned inferior to the iliopubic tract. The most medial is the genitofemoral nerve; 
from its origin in the lumbar region it crosses the psoas muscle and exits through the 
anterior face of that muscle near its inner edge. It then descends, covered by the fascia 
of the same muscle, and is positioned in front of the external iliac artery. At this point 
it divides into its two terminal branches: One genital and the other crural. The genital 
branch penetrates the inguinal duct, while the crural branch exits the abdominal cavity 
and passes below the inguinal ligament, accompanying the anterior face of the femoral 
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artery. The femoral cutaneous nerve descends on the anterior face of the psoas muscle, 
continues downward behind the fascia on the anterior face ofthe iliac muscle, and exits 
the abdomen below the iliopubic tract, very close below the anterior superior iliac 
spine. Usually, the voluminous femoral nerve is not observed during dissection of this 
region; however, it is important to bear in mind that it is between the psoas muscle and 
the iliac muscle-lateral to the external iliac artery and separated from it by the iliopu
bic tract-to avoid injuring it when dissecting more deeply in this area. 

The crural region, where the iliac vessels cross, is limited above by the iliopubic 
tract, below by Cooper's ligament, medially by Gimbemat's lacunar ligament, and later
ally by the psoas muscle. Finally, it is also highly advisable to recognize the importance 
ofthe spermatic fascia and dissect it carefully, to avoid injury to the genito-reproductive 
apparatus in male patients. The surgeon must have a very clear understanding of this 
region to develop the ample space that will house the prosthetic mesh and will be the 
support for a successful repair. 

Clinical Presentation and Diagnosis 
Diagnosis of an inguinal hernia is usually simple. It is based fundamentally on clinical 
aspects, and requires only a detailed clinical history and an adequate physical examina
tion. Once established, there is no need for additional diagnostic or image studies. How
ever, the evident clinical signs of a reducible, painful inguinal mass, with occasional signs 
of entrapment or with signs of intermittent intestinal obstruction are not always found. In 
such cases, a much more meticulous or sophisticated evaluation is required. Examples 
include the patient who seeks medical attention due to chronic or recurrent inguinal pain 
without an evident mass or hernial defect, in whom the Valsalva maneuver causes inguinal 
pain, but does not cause protrusion of tissues in the groin, or the morbidly obese patient 
who complains of nonspecific inguinal discomfort which can be particularly diffi.cult to 
diagnose. In such patients, image studies (USG, CT, or even NMR) may help to document 
the presence of a hernia. Notwithstanding, even those studies may not be 100% sensitive 
or specific. Similarly, there may be patients with masses in the inguinal region that do not 
coincide with the usual sites for hernias and may be due to defects over prior surgical 
scars (cesarean section or prostatectomy) or uncommon true hernias such as supravesical 
or Spiegel's hernias. Occasionally, a patient may present symptoms of acute intestinal 
obstruction because an intestinal loop has become trapped in the hernial orifice. In such 
cases, the surgeon will have to rely on image studies such as ultrasound, computerized 
axial tomography, and magnetic resonance or may even recur to laparoscopic exploration 
to achieve a more accurate diagnosis on the basis of which to plan the best possible surgi
cal treatment for the patient. When laparoscopic examination confirms the presence of a 
hernia with peritoneal sac, there is no doubt that a laparoscopic inguinal hernioplasty 
should be performed. However, we have found cases where the peritoneum does not 
present hernial defect In such cases, we have opted specifically to explore the correspond
ing inguinal region performing peritoneal dissection as described below, as in most of 
these cases we have found lipomas of varying size accompanying the spermatic cord or 
extending through the space between the femoral sheath and the corresponding blood 
vessels. The presence of such lipomas obliterates the hernial defect and makes the perito
neum appear intact during diagnostic laparoscopy. Another finding we have seen in rare 
cases is the presence of inguinal adenopathies which are distinguished laparoscopically 
by their greater consistency. In such rare cases, we recommend taking a tissue sample for 
histopathologic study without resection, as it could condition postoperative lymphedema. 

Treatment 
To date, the only definitive treatment for inguinal hernias is surgery. However, recently 
published studies have evaluated conservative medical management for reducible and 
relatively asymptomatic inguinal hernias. Most cases of inguinal hernia can be surgi
cally treated on an elective basis. 
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In the case of an incarcerated inguinal hernia, treatment should be started immedi
ately due to the risk of necrosis and intestinal perforation. In such cases, in the emer
gency ward, parenteral hydration and reclining the patient in the '1\'endelenburg position 
may allow the trapped intestinal loop to be released and management may then be 
semi-elective. However, some patients will require hospitalization and nasogastric 
decompression in an attempt, still conservative, at emergency management. If the 
patient's clinical status worsens or conservative management does not produce results 
in a period of 48 to 72 hours, surgery will be the most indicated option. The decision 
to approach the case by laparoscopy or by conventional means should be based on the 
conditions of the patient and the experience and capabilities of the surgeon (see section 
on "'1\'ansoperative Complications"). 

~ INDICATIONS/CONTRAINDICATIONS 

With very few exceptions, the indications for the transabdominal preperitoneal laparo
scopic approach are the same as for conventional hemioplasty (by anterior approach). With 
considerable satisfaction, in recent y98I'S we have observed a strongly justified tendency to 
refer reCUITent inguinal hernias for laparoscopic management However, some cases may 
constitute a contraindication, relative or absolute, to the laparoscopic approach. 

• Patient does not tolerate capnoperitoneum (severe cardiopathies or severe neumopa-
thies, for example). 

• Strangulated and perforated inguinal hernia with intercurrent sepsis. 
• Patient with severe ascitis. 
• Recurrent inguinal hernia following prior laparoscopic treatment. 
• Patient under age 15 years-pediatric. 
• Pregnancy, after the second trimester. 
• Patients with severe clotting disorders. 

~ PREOPERATIVE PLANNING 

Learning curve. Unquestionably, after having the laparoscopic equipment and inputs 
necessary for the procedure, the most important aspect of preoperative planning for 
laparoscopic inguinal hernioplasty is the surgeon's training in the technique. Detailed 
anatomical knowledge, bimanual dissection technique, suitable knowledge of the rele
vant technology (power sources and clip applicators) and biocompatible prosthetic 
materials and skilled use of angular laparoscopes are essential, both for successful sur
gery and to avoid complications for the patient. 

Specific instrumentation for the laparoscopic approach. We use a 30° and 5 mm 
diameter angular laparoscope, 2 Maryland dissectors, 1 Grasper, 1 Metzenbaum. scis
sors, 1 irrigation/aspiration cannula, 1 polypropylene mesh (15 em x 15 em) (3D-Max, 
Davol), and a helical titanium clip applicator (ProTack, Covidien). Although it is not 
used routinely, it is advisable to have available in the operating room a hemostatic 
clip applicator, a laparoscopy needle holder, and in some cases-particularly with 
female patients-it may be desirable to split the round ligament with ultrasound 
scissors. 

Patient preparation. It is highly recommendable, to avoid the need to decompress 
the urinary bladder with a catheter, so the patient is indicated to urinate immediately 
before entering the operating room. Antibiotic prophylaxis is used for only 24 hours. 
Although some surgeons have reported successful cases of laparoscopic inguinal hemi
oplasty under conduction anesthesia with peridural blockade, and even under deep 
sedation, as a general rule we prefer general anesthesia for the patient This offers at 
least two advantages: (1) Due to the effect of the neuromuscular blockade, the space 
formed in the peritoneal cavity is greater, improving visibility and the capacity for 
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surgical maneuvers, and (2) as an eHect of orotracheal intubation, the patient's airway 
is secured and protected, as the increase in intraabdominal pressure can predispose to 
regurgitation or vomiting which can cause bronchoaspiration. 

As regards the patient's position on the operating table, we recommend securing 
both arms on their respective sides to avoid their slipping during the surgery and caus
ing injuries due to stretching of the brachial plexus; soma surgeons recommend the use 
of a sterile protective barrier (steridrepe) covering the patiant's skin to reduce the risk 
of contamination of the prosthetic mesh with skin flora: however, it is not our practice 
givan that the mesh practically never touches the patiant's skin because it enters the 
abdominal cavity through the umbilical trocar. Similarly, we do not consider it neces
sary to shave the patient's inguinal hair. In any case, when it is required we depilate 
only the periumbilical zone or the areas surrounding the site where incisions are to be 
made in the flanks. But, in the latter two sites, it is important to perform depilation 
whan the abdomen has been insufflated with the capnoperitoneum, as abdominal dis
tension may change the site where the incisions will ultimately be made. 

Position of the surgical team members. The surgeon is positioned on the side con
tralateral to the hernia to ba repaired and the camera operator is positioned on the same 
side as the hernia. The patient's arms, arranged on either side, can be placed comfort
ably in their positions around the operating table. It is recommendable that the scrub 
nurse begins the procedure next to the camera operator, near the patient's feel During 
most of the procedure, the position of the operating table is kept in 159 'Irendelanburg 
with a 159 lateral rotation to the side opposite the hernia. The laparoscopic monitors 
are placed laterally near the patient's feet. In cases of bilateral inguinal hernioplasty, to 
repair the second hernia, the surgeon and the assistant switch positions when they have 
finished the first hernia. 

(9 SURGERY 

Establishment of Capnoperitoneum and Trocar Placement 

Although many surgeons create capnoperitoneum with a Verress needle, we prefer 
an open technique, using a 12 mm Hasson trocar, through an incision starting pre
cisely at the center of the umbilical scar and ending at its lower edge. This incision 
has given us better cosmetic results than subumbilical incisions. Wa place the two 
accessory 5 mm trocars on the patient's right and left flanks respectively (lateral to 
the abdominal rectus sheath) and their position varies depending on the laparo
scopic findings, especially the size of the hernia: the larger the hernial orifice, the 
higher we place these two trocars. It is important to recall that a fair number of 
patients are found to have a contralateral inguinal hernia not diagnosed in preop
erative examination. In cases of unilateral inguinal hernia, we insert the trocar on 
the side of the hernia around 2 em above the umbilical level and the trocar on the 
opposite side 2 em below. But in cases of bilateral inguinal hernia, both b:ocars are 2 em 
above the umbilical plane. This distribution allows the surgeon to work more ergo
nomically, as on each side, the optical trocar will be on the flank corresponding to 
the hernia being repaired. 

Peritoneal Incision 

Wa start the peritoneal incision with the Matzenbaum scissors at the level of the ante
rior superior iliac spine and continue horizontally, in medial direction to the lateral 
umbilical ligament In the laparoscopic view, this ligament almost always "hangs" from 
the abdominal wall and allows us to continue the peritoneal incision over its insertion 
in the abdominal wall, finally directing the cut in the cephalic direction toward the 
umbilical scar. For this step we have found that most times there is no need to use 
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figure 15.4 Creation of peritoneal 
flaps for indirect hamia. 

electrosurgery, which can help reduce injuries to small nerves in the abdominal wall. 
However, it is very important to heighten precautions to avoid damaging the deep epi· 
gastric vessels when the peritoneal incision crosses the posterior sheath of the rectal 
muscle. Likewise, we have observed that when we keep the peritoneal incision at the 
level of the anterior superior iliac spine and not below it, we almost never need to lift 
the upper peritoneal flap, as the mesh fits perfectly in the space created by dissection 
of the lower flap alone (Fig. 15.4). 

Dissection of Lower Peritoneal Flap 

We divide this step into three phases: (1) Lateral dissection on the space of Bogros, (2) 
medial dissection over the space of Retzius, and (3) central dissection over the site of 
the hernia and its hernial sac. We usually start with the lateral dissection (Bogros' 
space), tractioning the peritoneum in the medial direction, using the Maryland dissec
tor to separate all the preperitoneal fat, leaving it resting against the abdominal wall. 
Thus, the small nerves and capillaries in the fat are "parietalized." Continuing the dis
section of this plane in the caudal direction, we find the gonadal vessels, which we 
also separate with the same blunt technique to leave them resting in place against the 
posterior abdominal wall. If we continue caudally along this totally avascular plane, 
we find the other elements of the spermatic cord at the level of the neck of the hernial 
sac. Here we stop the lateral dissection. 

Next, we start medial dissection to approach Retzius' space. For this purpose we 
retract the medial peritoneum pulling it posteriorly avoiding the deep epigastric ves
sels and, with mixed technique (blunt and fine cutting), the almost invariably loose 
adherences of the areolar preperitoneal tissue are dissected from this plane. In the deep 
part of this space, before uncovering the horizontal branch of the pubis and Cooper's 
ligament, prevesical fat may pose a difficulty in dissection. With experience one learns 
to distinguish the correct dissection plane to expose Cooper's ligament, which we 
almost invariably find on dissecting 1 em medial and 1 em inferior to the origin of the 
deep epigastric vessels. The key to this step is to achieve a sufficient medial dissection 
(1 or 2 em beyond the pubic symphysis) and a very cautious lateral dissection (near 
the iliac vain), as there is almost always a communicating vein (from the external iliac 
to the obturate) lying against the horizontal branch of the pubis, which is part of the 
"corona mortis." Injuring it can cause profuse bleeding with variable consequences. 

After completing the above, we continue the dissection of the hernial sac per sa. 
Personally, we try to dissect it from the lateral to the medial aspect, tractioning it and 
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first releasing it from the gonadal vessels, then from the lipoma of the cord, and finally 
from the tissue containing the pampiniform plexus and the testicular artery. In this step 
it is highly important to maintain as hemostatic a technique as possible, especially in 
indirect inguinal hernias and even more in inguinoscrotal hernias. In our view, it is 
best to advance slowly in this step, trying to avoid tears in the tissue. Our practice is 
to try to reduce the entire hernial sac in all cases. Nevertheless, occasionally total dis
section of the hernial sac proves impossible or risky; in such cases, we opt to leave the 
most adhered part of the peritoneal sac in the inguinal channel. Dissection of the tip 
of the hernial sac can also present difficulties. Another useful maneuver in case of deep 
sacs is to cut longitudinally to improve traction and follow its edge to continue dissec
tion as far as possible. This area's peritoneal adherences to the other spermatic cord 
structures require cautious maneuvering and experience. During dissection of the sac, 
almost always at the level of the neck, we find the deferent duct. Gentle dissection of 
this duct is particularly crucial in patients of reproductive capacity. In general terms, 
we define the hernial sac as fully dissected when on releasing traction it does not retract 
toward the inguinal channel, it remains in the peritoneal cavity, and the hernial orifice 
is clearly visible in its entirety. 

Finally, we end up separating the lower peritoneal flap by dissecting it com
pletely from the spermatic fascia. This final part of the dissection ensures that the 
space for the mesh will be sufficient, as if it is not the lower edge of the prosthesis 
may "roll" on itself when the peritoneal flap is closed at the end of the surgery, 
which can favor a recurrence of the hernia. In male patients, dissection of this fascia 
is usually simple. However in women, the adherences of the peritoneum to the round 
ligament are very firm and often require splitting the round ligament in order to 
develop this plane. 

Treatment of the Trasversalis Fascia in Direct Inguinal Hernias 

In order to reduce dead spaces and potential formation of postoperative seromas in direct 
hernias, after dissecting the peritoneal sac the fascia that is visible deep in the space pre
viously occupied by the hernia can be pulled inside the abdominal cavity through the 
hernial orifice with a Maryland dissector and then tacked to the pubic bone with a helical 
titanium clip. Unfortunately, this maneuver cannot be performed on hernias of other types. 

Tailoring, Insertion, and Placement of the Prosthetic Mesh 

One of the most constant issues in the laparoscopic approach to inguinal hernioplasty 
is the need to use a prosthetic mesh to fully cover the hernial defect and all possible 
herniation sites in the area. In this regard, depending on the patient's configuration, our 
recommendation regarding mesh size is for it to measure 12 to 15 em transversely and 
11 to 13 em vertically. Considering the anatomical shape of the dissected space, we cut 
the inferolateral comer of the mesh so that it fits better over the iliac vessels. A recent 
advantageous alternative is the use of an "anatomically pre-shaped" polypropylene 
mesh (3D-Max, Davol), which comes in three sizes and fits extraordinarily well in the 
preperitoneal space (Fig. 15.5). 

To introduce the mesh in the abdominal cavity through the Hasson trocar, we roll 
it as compactly as possible over a Maryland dissector. The "rolling and unrolling" 
technique is fundamental to expedite the maneuvers. We roll it from the bottom up 
along the inner face of the mesh. On introducing the mesh, we point its distal tip 
(medial end) toward the pubic symphysis so that when it passes through the trocar the 
mesh tends to unroll exposing the lateral end. With the other Maryland dissector, we 
take the lateral end and point it toward the anterior superior iliac spine allowing the 
mesh to finish extending and settle in its place. These maneuvers may not be particu
larly simple, but with practice they become easier. Before starting to fix the mesh it is 
essential to check that its placement extends well beyond (at least 3 em around) the 
hernial defect, that its bottom edge extends below Cooper's ligament, and that the lower 
peritoneal flap can be lifted without rolling it. 



Mesh Fixation 
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Figur• 15.5 Placamant of mash and 
tack. 

Although some authors and companies promote the idea of not fixing the mesh to the 
abdominal wall, in our opinion not doing so can lead to migration of the mesh and 
potentially cause recurrence of the hernia. On the other hand, like others, it concerns us 
that the helical titanium clips used to fix it can cause painful sequelae fur patients. There
fore, our mesh-fixing technique is limited to using only two helical clips over Cooper's 
ligament, taldng care not to injure the corona mortis vessels. Occasionally, if needed, we 
use a third clip on the upper edge of the mesh, near its lateral end, to fix the mesh to the 
anterior abdominal wall. When we use the third clip, we malce sure that under no 
circumstances is it positioned on a plane behind and below the anterior superior iliac 
spine. Far this purpose, with one hand we palpate on the patient's abdominal wall feeling 
where the tip of the clip applicator protrudes before firing it AB a general rule, if we 
palpate the applicator's movemant through the anterior abdominal wall we are in front 
of the anterior superior iliac spine in a site with less potential for postoperative pain. 

Closing the Peritoneal Flap 

Our routine is to class tha peritonaal flap with the aid of helical titanium clips. 
This maneuver is expeditious and cost-effective, as there are more than 15 clips 
left in the applicator. Before starting to close the O.ap, we lower capnoperitoneum pres
sure to 8 mm Hg to facilitate the approximation of the edges of the paritoneum under 
less tension. Usually, five to seven clips are sufficient to close tha flap at intervals of 
15 to 20 mm between clips. Alternatively, we also close the flap with continuous suture 
(2-0 monofilament) (Fig. 15.6). However, suturing maneuvers can be difficult for the 
inexparienced due to the position of the camera and because the suture is over the 
anterior face of the abdomen (upwards). Finally, we try to invert the peritoneal hemial 
sac and also fix it to the anterior abdominal wall with two more clips. 

Closing of Incisions 

After releasing the greatast possible quantity of capnoperitoneum (in inguinoscrotal 
hernias scrotal sac emphysema can be excessive), we proceed to withdraw the trocars 
under laparoscopic vision and to close the incisions. We close the aponeurosis of the 
umbilical incision with polyglactin-0. We close the cutaneous plane of the incisions 
with inverted Polyglactin 4-0 stitches. 
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Figur• 15.fi Closure af peritoneum. 

POSTOPERATIVE MANAGEMENT 

In the immediate postoperative period the patient's anesthetic recuperation is moni
tored maintaining traditional measures of parenteral hydration and analgesic (ketoro
lac 30 mg IV every 6 hours). We watch for spontaneous urination within the first 
8 hours after surgery. Otherwise, we evaluate the use of a urinary catheter to prevent 
vesical over distention. Antibiotic prophylaxis is continued only for 24 hours. We 
routinely indicate keeping an icepack over the repaired groin for the first 48 hours 
after surgery. The patient may ambulate as soon as s/he has recovered from the 
anesthesia. Depending on the presence of postoperative nausea or vomiting, we 
resume diet almost always within the first 12 hours and patients can usually be released 
within 24 hours after surgery. Recommendations for physical activity are light activi
ties (walldng, even climbing one or two tlights of stairs) from the first day after surgery, 
regular activities (walb and resumption of work that does not require strenuous phys
ical exertion) from day 7 or 10, and strenuous activities only from the third week after 
surgery. 

At home, patients continue taking oral analgesics as necessary, and we usually 
prevent constipation with a mild oral laxative (hydroxide gel or plantago). In the con
sulting room, we examine the patient around 7 days after surgery, then 1 month after 
surgery, and then every 6 months for long-term follow-up. 

Special Cases 

When dealing with a trapped inguinal hernia that could not be reduced under initial 
conservative management, we decide to take the patient to the operating room for emer
gency treatment. Such cases are particularly difficult as they are associated with variable 
degrees of proximal intestinal distension due to the blockage of intestinal transit This 
intestinal distension can seriously compromise the patient's safety during laparoscopic 
treatment However, as our experience grows, always maintaining a low conversion 
threshold, our initial approach of choice remains laparoscopic. Particular recommenda
tions for these cases are: 

1. Maintain strict visuallaparoscopic control of all maneuvers to avoid inadvertently 
injuring the intestine. 

2. Locate the intestine distal to the obstruction and, very gently, perform release maneu
vers on that intestinal segment, as the intestinal wall proximal to the obstruction is 



Chapter15 Laparoscopic Transabdominal Preperitoneallnguinal Hernia Repair 171 

usually edematous and liable to tear easily. Gentle external compression on the pal
pable inguinal mass can facilitate release of the loop. 

3. If the released intestinal loop presents clear signs of ischemia, resection and anasto
mosis should be performed. In most cases this can be done through the umbilical 
incision enlarged to 5 em (minilaparotomy). 

4. When an intestinal lesion is detected, it will depend on the degree of peritoneal 
contamination and the abilities of the surgeon whether to continue laparoscopically 
or convert the explorative laparotomy to properly complete the patient's treatment. 
In some of these cases, the use of prosthetic material will be contraindicated due to 
the risk of bacterial contamination. An alternative we consider viable has been to 
make a provisional repair with sutures of the hernial defect (repair "under tension") 
and leave the definitive repair with prosthetic mesh for a second surgery, when the 
risk of contamination has disappeared. 

Sliding inguinal hernias are truly rare, and in our experience have found them 
predominantly on the left side. The urinary bladder and the colon have been the organs 
occupying the hernial defect. Notwithstanding, we have been able to resolve even 
those cases laparoscopically. Our recommendation is to cautiously keep the dissection 
plane retroperitoneal in the case of the colon and over the abdominal wall in the case 
of the urinary bladder, with ample mobilization until total reduction of the sliding 
viscera is achieved and create sufficient space to accommodate a prosthetic mesh of 
the necessary size. Only on two occasions we have found sliding of the cecal appendix 
in right inguinal hernias. In such cases, dissection has required an incidentallaparo
scopic appendectomy. 

Dissection maneuvers to separate the lower peritoneal flap can occasionally tear it 
and make complicate the complete coverage of the prosthetic mesh with peritoneum. 
At times we have used the redundant peritoneal sac to cover the mesh with peritoneum 
and in other cases we have sutured peritoneal defects with intracorporeal sutures. Low
ering capnoperitoneum pressure can help join the edges of the peritoneum with less 
tension preventing major tears. 

Considered by many a formal contraindication for laparoscopic treatment, the inguinal 
hernia with loss of domain inside the abdominal cavity is one of the most complex prob
lems when attempting laparoscopic management Such cases require the greatest experi
ence and expertise, as dissection of peritoneal flaps usually n99ds to be much greater than 
in the customary technique in order to accommodate a mesh of dimensions suited to the 
defect. Diagnostic laparoscopy allows us to evaluate the possibility of treating such cases 
by laparoscopy or making an early decision to switch to open surgery. 

~ COMPLICATIONS 
---------=- -----------------------------~------~ 

Transoperative Camp lications 

Transoperative bleeding is one of the potential complications of laparoscopic inguinal 
hernioplasty. It is essential to prevent such events. Obviously, we must avoid and rec
ognize injuries to the iliac vessels that can cause exsanguinate bleeding and force imme
diate conversion for vascular control and the corresponding repair. But those that occur 
most frequently and may be susceptible to laparoscopic management are those leading 
from the deep epigastric vessels, the testicular artery, the gonadal veins, or the corona 
mortis veins. Such bleeding can be controlled with hemostatic clips or the use of a 
power source (electrosurgery or ultrasound). However, conversion may be necessary 
and should not be delayed if bleeding is persistent or abundant. 

Postoperative Complications 

These include seromas, hematomas, postoperative pain, infection of wounds, rejection 
or infection of the mesh, postoperative adherential blockage, recurrences, testicular 
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atrophy, and infertility. In our experience only the first two occur significantly for the 
patient, and we have not observed a case of the others. Seromas can occur more fre
quently following repair of indirect inguinal hernias and are the result of an accumula
tion of serous secretion in the space previously occupied by the hernia over the inguinal 
canal, which cannot be obliterated laparoscopically. In cases of direct inguinal hernias, 
with the technique described above to fix the trasversal:is fascia protruding through the 
hernial defect, the incidence of postoperative seromas has been practically eliminated. 
Less than 5% of our patients have presented a postoperative seroma. Our management 
of such cases has involved percutaneous aspiration with a hypodermic needle. In most 
of them one aspiration has been sufficient, but one of our patients required up to four 
aspirations, given that the volume aspired was smaller and lighter in color. Two patients 
have required scrotal exploration to manage a large postoperative hematoma which 
posed a risk to ipsilateral testicular viability. The surgical finding in both cases was 
persistent bleeding due to tearing of the pampin:iform plexus. 

The complications that can cause the patient the greatest discomfort include the 
appearance of persistent postoperative pain. Such pain can have several origins, but the 
most relevant due to the need for aggressive b:eatment is neural lesion due to the fixa
tion with a clip. Usually the patient complains of highly localized neuropathic pain at 
a point in the lower quadrant of the abdomen, and in some cases with characteristic 
irradiations. Our initial conservative management, using local heat and NSAID analge
sics, has proven successful in most cases. However, some cases have required the use 
of advanced neuromodulating drugs (gabapentin and/or antidepressants) or the use of 
specific neural blockades. To date we have not had to reoperate any patient due to this 
kind of complication. 

The other complication that severely affects the patient is the recurrence of the 
inguinal hernia. In our experience this has occurred in less than 1 o/o of cases (all in 
the first 50 cases of the series). Notwithstanding, reoperation was by conventional 
means. In all these cases, we found that the hernia recurred through the inferolateral 
edge of the mesh. Resolution of these patients was achieved with Lichtenstein's tech
nique. In a reb:ospective analysis of these cases, we have found significant and repet
itive increases in intraabdominal pressure as a predisposing factor for recurrence 
(chronic cough in asthmatic patients, use of orthopedic devices surrounding the abdo
men in a paraplegic patient, or recurrent hernia with "loss of domain" in a chronically 
constipated patient). 

~ CONCLUSION 

Detailed anatomical knowledge, refined surgical technique, and experience are the decisive 
factors in successful treatment of inguinal hernia by transperitoneallaparoscopic means. 

Recommended References and Readings O'Dwyer PJ, Norrie J, Alani A, et al. Observation or operation for 
patients with asymptomatic inguinal hernia: A randomized clin
ical trial. Arut Surg. 2006;244:167-173. .Ansgui ME, Yoi.LIIg SB. Groin bernie. repair by le.paroscopic tach

Diques: CU1'1'9Ilt status e.nd c011trovm:siss. World J Surg. 2005;29(8): 
1052-1057 . 

.Ansgui ME. Surgical e.ne.tomy of the preparit011sal fasciae, and pos
terior tra.sversali8 fsscie.e iD. the iDguillal region. Hemia. 1997;1: 
101-110. 

Gm:siD KS, Hsnifm:d BT, Gm:cia.-Ruiz A, at al. Missed lipome. of the 
spsrma.tic card. A pittiill of tre.nse.bdomiD.al preparit0Ilsalla.p81'
oscopic hernia repair. Surg Endosc. 1999;13:58l'Hi87. 

McCormack K, Scott NW, Go PM, et al. EU Hernia Triallst.s Col· 
laboration. Laparoscoplc techniques versus open techniques for 
inguinal hernia repair. Cochrane Database Syst Rev. 2003;(1): 
CD001785. 

McCormack K, Wake BL, Fraser C, et al. Transabdominal pre
peritoneal (TAPP) versus totally extraperltoneal (TEP) laparo
scopic techniques foJ: inguinal hernia repair: a systematic review. 
Hernia. 2005;9(2):109-114. 

O'Malley KJ, Monkbouse WS, Qureshi MA, et al. Anatomy of the 
peritoneal aspect of the deep inguinal ring: implications far 
laparoscoplc inguinal hemiorraphy. Clin Anat. 1997;10(5): 
313-317. 

Puri V, Felix E, Fitzgibbons RJ Jr. Le.pe.roscopic vs conventional 
tensi011 free inguinal hamiorraphy: 2005 Society of Amm:ice.n 
Ga.stroiDtsstiDal Endoscopic Surgeons (SAGES) e.Illlual meeting 
dsba.ts. Surg Endosc. 2008;20(12):1809-1816. 

Rosenberger RJ, Loswsnsck H, Meyer G. The cutaneous nerves 
sncoUDtm:ed during laparoscopic repe.ir of inguinal hernia: new 
anatomical findings foJ: the surgs011. Surg Endosc. 2000;14(8): 
731-735. 

Wake BL, McCormack K, Fl'a.ser C, at e.l. 'n:ansabdomiDe.l prs
paritonsal (TAPP) vs totally axtraperit011sal (TEP) lape.roscopic 
tschniquss far iD.guillal hm:Dia rspai.r. Cochrans Database Spt Rev. 
2005;(1):CD004703. 



16 Totally Extraperitoneal 
Inguinal Hernia Repair 
Kinga A. Powers and Daniel B. Jones 

Introduction 
Laparoscopic inguinal herniorrhaphy was initially described by Ger in the early 1980s. 
Since that time, laparoscopic herniorrhaphy has evolved on the basis of traditional open 
approaches introduced in the 70s by Stoppa, Nyhus, and Wantz utilizing a posterior 
placement of mesh over the entire inguinofemoral region. Initially laparoscopic intra
peritoneal onlay mesh was used; however, exposed intraabdominal mesh raised concern 
for adhesions. Now, most laparoscopic hernia repairs use the placement of synthetic 
material into the preperitoneal space. The two laparoscopic inguinal herniorrhaphies 
performed today are the transabdominal preperitoneal approach (TAPP) and the totally 
extraperitoneal (TEP) approach. In these repairs, the myopectineal orifice is approached 
posteriorly and allows for inguinal, femoral, and obturator hernia repairs to be performed 
simultaneously. 

McKernan and Laws were first to report a successful TEP repair in 1993. In the TEP 
hernia repair the preperitoneal dissection allows for surgical mesh placement over all 
potential groin hernia defects without entering the abdominal cavity. Although more dif
ficult to master and more costly, there are several advantages of the TEP repair as compared 
to traditional open techniques of inguinal herniorrhaphy. With TEP, there is less postop
erative and long-term neurologic pain and hence shorter convalescence, fewer hematomas, 
and deep space infections while the recurrence rates remain equivalent to open tech
niques. When compared to TAPP, TEP offers shorter operative times, especially for bilat
eral hernias, and decreases the risks of vascular, bowel, and bladder injuries as well as 
bowel obstructions, adhesions, or fistula formation potentially associated with intraperito
neal dissection and intraperitoneal mesh exposure. It is understandable, therefore, why 
laparoscopic surgeons often choose TEP as their approach to inguinal herniorrhaphy. 

Anatomy of the Inguinal Preperitoneal Space 

Clear understanding of the inguinal preperitoneal space anatomy is fundamental in 
performing the TEP repair. Initial careful anatomical studies of the inguinal region by 
Bassini, Halsted, Chester, and McVay allow for the current detailed understanding of 
the groin anatomy, critical in preventing neurovascular and organ injuries. 
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The preperitoneal space is bounded internally by the peritoneum and externally by 
the transversalis fascia and the rectus abdominis muscle. Fat, blood vessels, lymphatics, 
nerves, and the spermatic cord or the round ligament of the uterus all course through this 
space. The spermatic cord contains the cremasteric muscle fibers, the testicular artery and 
veins, the genital branch of the genitofemoral nerve, the vas deferens, the cremasteric 
vessels, the lymphatics, and the processus vaginalis. The vas deferens arises from the 
seminal vesicle and tracks medial to lateral in the preperitoneal space. The vas deferens 
courses over Cooper's ligament, the external iliac vessels, and the iliopubic tract, joining 
the spermatic cord medially at the deep inguinal ring just inferior and lateral to the infe. 
rior epigastric vessels. These three structures form the so-called "Mercedes-Benz" sign. 

The peritoneum drapes over the deep aspect of the abdominal wall covering the rem
nant of the urachus, the obliterated umbilical arteries, and the inferior epigastric vessels 
to farm the median, medial, and lateral umbilical ligaments, respectively. Between and in 
close proximity to the inferior aspect of lateral umbilical ligaments lies the bladder. 

The :inferior epigastric vessels branch from the external iliac vessels and lie medial 
to the internal inguinal ring serving as an important landmark during the TBP repair. 
From the preperitoneal perspective one recognizes indirect inguinal hernias as lateral to 
the inferior epigastric vessels, whereas direct hernias occur medial to the inferior epi
gastrics. When preparitoneal fat herniates through the internal inguinal ring it is known 
as a cord lipoma and may mimic an indirect hernia. A femoral hernia can also be easily 
identified in the femoral canal bound laterally by the femoral vessels, medially by the 
lacunar ligament, anteriorly by the iliopubic tract, and posteriorly by Cooper's ligament. 

Entering the internal ring laterally are the testicular vessels. The testicular vessels 
and the vas deferens at the internal ring form the apex of a theoretical triangle com
monly referred to as the "triangle of doom." Within this triangle lie the external iliac 
artery and vein, as wall as the genital and femoral branches of the genitofemoral nerve, 
hidden under peritoneum and transversalis fascia, placing them at high risk of injury. 
The so-called "triangle of pain" lies lateral to this and its apex is formed inferomedially 
by the testicular vessels and superolaterally by the iliopubic tract. Within this triangle 
lie the femoral branch of the genitofemoral nerve, the femoral nerve, and the lateral 
cutaneous femoral nerve. Stapling of these structures during a laparoscopic hernia 
repair results in pa:in.ful neuralgias and should be avoided. 

~ INDICATIONS/CONTRAINDICATIONS 

Laparoscopic approaches with TEP and TAPP oHer an advantage to open inguinal her
nia repairs in bilateral hernias as wall as in recurrent hernias status post-open mesh 
repair. In recurrences from open hernia repairs, scar tissue can be avoided, and dissec
tion in fresh tissue planes from the preperitoneal approach may allow for better inspec
tion of the entire myopectineal orifice for defects. In contrast, recurrences from prior 
laparoscopic repairs should be repaired through an open approach. 

The TEP approach is especially useful in patients who seek an early return to vigorous 
physical activity. Any increase in intraabdominal pressure post-repair will push mesh into 
position rather than increase any wound complications as the case may be with open repairs. 

Patients with unilateral, bilateral, or recurrent inguinal hernias who can tolerate a 
general anesthetic are candidates for a TEP repair. On the other hand, patients with comor
bidities who are poor candidates for a general anesthetic may be best served by an open 
inguinal hernia repair under spinal or regional anesthesia. Nonetheless, TEP has been 
successfully performed under spinal anesthesia when it is possible to sufficiently relax the 
rectus muscle and allow for preperitoneal C~ insufflation with low pressures. 

Contraindications to a TEP repair include any local or systemic infections that 
preclude synthetic material use as the risk of mesh infection and need for further 
surgery to evacuate the infected material is too great under such conditions. Another 
relative contraindication is a planned or high future risk of a pelvic or extraperitoneal 
procedure such as radical prostatectomy. 

Previous lower abdominal sw:gecy may present a challenge far a laparoscopic sur
geon, however is not an absolute contraindications to a TEP repair. If performed carefully, 
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TEP is still feasible even with a lower midline, a right lower quadrant appendectomy, or 
Pfannenstiel incisions. Since scaring may render separation of the posterior rectus from 
the peritoneal surface more difficult, a higher rate of conversion to TAPP or open pro
cedures needs to be anticipated under those circumstances. In addition, a higher rate of 
visceral injuries must be taken into consideration. In patients with lower abdominal 
scars, any resistance during initial dissection of the preperitoneal space should alert the 
surgeon of a potential problem and lead to altering or aborting the TEP procedure. 

In cases of strangulated, incarcerated, or large scrotal hernias, an open or a TAPP 
approach may be a better alternative to TEP. With the blind balloon dissection required for 
the TEP technique there is a risk of injury to the contents of the incarcerated hernia sac. 
In such cases, a modified approach of the TBP technique can be used and has been 
described; however, a more conservative approach is to use an open or TAPP technique if 
a hernia does not reduce itself spontaneously with a full relaxation of the abdominal wall. 

Currently both, TAPP and TEP laparoscopic approaches are acceptable methods of 
inguinal hemia repair. The conversion from TEP rate has been reported at around 5%. 
Consequently, surgeons who use the TEP approach need to be equally as proficient with 
the alternative TAPP and open methods of inguinal hernia repair. 

V PREOPERATIVE PLANNING 

A complete history and physical examination allows for a proper hernia diagnosis and 
delineation of possible comorbidities and contraindications to a TEP repair. The patient 
is examined while standing and supine for both inguinal and femoral hernias on both 
left and right sides. Masses other than hernias in the groin must be ruled out. This can 
usually be done by physical examination or with the aid of computed tomography or 
ultrasound imaging. In the case of associated symptoms of fever, tachycardia, exquisite 
tenderness on groin palpation, erythema of the overlying groin skin, leukocytosis, and/ 
or obstructive symptoms, the incarcerated hernia is likely strangulated and warrants 
immediate open operative intervention instead of any laparoscopic exploration. 

Once a diagnosis is made surgical management of inguinal hernias is discussed 
with the patient A clear disclosure of the benefits, pertinent risks of both open and 
laparoscopic approaches is critical. The possibility of conversion of the TBPP to a TAPP 
or open repair needs to be explained to the patient. The major intraoperative risks com
mon to both laparoscopic and open inguinal hernia repairs include neurovascular 
injury (such as lateral femoral cutaneous nerve or common iliac artery injury), injury 
to other organs such as bladder, bowel, or spermatic cord and its structures. Postopera
tive complications include urinary retention, groin hematomas, transient or chronic 
neuralgias, testicular injury, postoperative wound or mash infections, and hernia recur
rence. More specific to the laparoscopic repair as opposed to the open repairs are trocar 
site complications (hernia or hematoma), and rare risks from C02 insufO.ation (hypoten
sion due to elevated intraabdominal pressure, hypercapnea, subcutaneous emphysema, 
air emboli, pneumothroax, and increased peak. airway pressures during surgery). With 
the TEP approach, the intraperitoneal dissection is avoided and the risks of bowel 
obstruction secondary to intraabdominal adhesions, mesh adhesions, or visceral injury 
are minimized as compared to the TAPP procedure. In theory, TEP may avoid the car
diorespiratory alterations associated with creating a pneumoperitoneum, but there have 
been reports of respiratory acidosis associated with a pneumopreperitoneum. 

Operating Room Setup and Patient Preparation 
The operating room and equipment are prepared with the appropriate laparoscopic 
instrumentation and surgical mesh of various sizes available as chosen by the surgeon. 
In addition to standard open surgical instruments, laparoscopic equipment routinely 
required for the TEP procedure includes a balloon dissecting device for preperitoneal 
dissection, a structural balloon trocar or a Hasson type trocar, a 30° laparoscope, two 
5 mm trocars and l:w'o atraumatic graspers, laparoscopic scissor, a 5 mm clip applier, 
cautery and a tacking device. Also available, but rarely needed, should be suction irri
gator, endoloops, and a Verres needle. 
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A motorized operating room table is used with capability of placing the patient in 
Ti'endelenburg position when required. Two video monitors are positioned at the foot 
of the patient's bed and at eye level of the operating surgeon and their assistant. The 
surgeon stands opposite to the side of the hernia being repaired. One assistant is 
required and typically holds the camera from the same side of the hernia being repaired. 
The patient is positioned supine with both arms tucked; alternatively, one arm is tucked 
on the opposite side to the hernia for a unilateral procedure. This allows the surgeon 
adequate mobility throughout the case and room to maneuver while placing and fixing 
the surgical mesh. Generally, the larger or more symptomatic hernia is repaired first 
before the opposite side is explored. 

Although antibiotic prophylaxis has been controversial in both open and laparo
scopic hernia mesh repairs, the authors favor prophylactic antibiotics to cover skin flora 
as to minimize skin and mesh infections (cephalosporin is the most common choice). 
Preoperatively, the patient empties their bladder: alternatively a Foley catheter is placed 
under sterile conditions and generally removed at the end of the procedure prior to 
reversal of anesthesia. The abdomen is prepped and draped from just above the umbili
cus to below the pubis. Some surgeons prefer to prep the scrotum as well for the pos
sibility of manipulation during the procedure. Should the spermatic cord be difficult 
to distinguish, gentle traction on the scrotum may aid in bringing it into view. 

The procedure as mentioned is performed under a general anesthetic with full 
relaxation of the abdominal wall. An appropriate time-out should be performed to iden
tify the patient and the side of the procedure correctly prior to making a skin incision. 

6) SURGERY 

A horizontal 10 mm incision is fashioned just below the umbilicus, slightly oH the 
midline towards the side of the hernia being addressed first The subcutaneous fat 
is cleared with a combination of cautery and blunt dissection down to the anterior 
rectus sheath fascia. The anterior fascia is then incised without injuring the belly of the 
rectus muscle or the small blood vessels often located just anterior to it Metzenbaum 
scissors are used to extend the incision in the anterior sheath to approximataly 10 mm. 
The belly of the muscle is bluntly separated from the posterior sheath using a Kelly 
(Fig. 16.1). TwoS retractors are used to gently sweep the muscle laterally and separate 
any muscle attachments to the posterior sheath thus creating space in the preperitoneal 
location for the introduction of the dissecting balloon. It is important to remember that 
in the midline, anterior and posterior rectus sheaths fuse and it is easy to penetrate the 
posterior rectus into the peritoneal cavity. In the case that the peritoneum is breeched 
during the initial incision or passage of the dissecting balloon, one may attempt to 
salvage the TEP procedure by initiating preperitoneal dissection on the opposite side 
with a bilateral dissection balloon. Alternatively, conversion to a TAPP is an acceptable 
option preferable to an open conversion. 

Prior to the balloon dissection of the preperitoneum the patient is fully paralyzed 
and positioned in mild Trendelenburg position. The balloon trocar is passed aiming at 
the anterior part of the symphysis pubis as to avoid injury to the peritoneum or the 
bladder posteriorly. The dissector is passed along the anterior surface of the posterior 
rectus sheath and advanced to the pubis, inferiorly past the arcuate line (line of Douglas), 
where the posterior sheath ceases to exist (Fig. 16.2). Once the pubic bone is reached, 
the balloon dissector is inflated under direct visualization through the laparoscope to 
create a working space. Usually 30 to 40 puffs are adequate to insuill.ate the preperito
neal space bilaterally to the iliac crest. The correct plane of balloon dissection allows 
for visualization of the peritoneal layer, the pubis, and Cooper's ligaments as well as 
inferior epigastric vessels anteriorly. If bowel loops or omental fat come into view a 
peritoneal tear has occurred. 

The dissecting balloon is desuill.ated, removed and a 10 mm Hasson type trocar is 
placed at the infraumbilicallocation, alternatively a structural balloon may be used. 
The preperitoneal space is then insuill.ated to low C02 pressure (10 to 12 mm Hg). 
Additional trocars are then inserted into the preperitoneal space under direct 
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Figure 16.1 Access to the preperitoneal 
space vis infrsumbnical anterior rectus 
sheath incision just lateral to the 
midline. 

visualization. Midline placement of the additional troc81'8 minimizes injury to the per
itoneum and inferior epigastric vessels laterally. If inferior epigastric vessels are injured 
during the dissection, they can be clipped with a 5 mm clip applier and/or divided 
with cautery or a sealing device. For the midline positioning of the two 5 mm trocars, 
the lowest trocar is placed at least three fingemreadths above the pubis. The second 
5 mm port is midway between the lowest and the Hasson port. 

Blunt laparoscopic graspers are introduced into the working space and the groin anat
omy is inspected first Location of landmarks such as the infarior epigastric vessels, ili
ofemoral vessels, pubic bone, and Cooper's ligament are identified. Iliac vein is lateral and 
inferior to Cooper's ligament Exposing the iliac and femoral vessels from their fatty envelope 
may be dangerous and is not indicated. Any bleeding from the external iliac vessels at any 
time during the TEP procedure needs to be controlled via an immediate conversion to an 
open approach and suture repair of the vessel During initial inspection, the general location 
of the internal inguinal ring and the spermatic cord and its structures are also ascertained. 

The dissection begins by clearing off the pubis and Cooper's ligament and exposing 
any direct hernia component which should come into view medial to the inferior 
epigastric vessels. Care must be taken not to injure the small vessels, tributaries of the 
obturator vein, inevitably present on Cooper's ligament; electrocautery can be used 
sparingly to control any bleeding from injuring such vessels. A direct sac will appear 
as continuous with the peritoneal layer. Pseudosac or invagination of the transversalis 
fascia may be present and difficult to dilierentiate from a peritoneal sac per se. The 
direct hernia sac should be fully reduced and is not to be ligated in order to avoid 
bladder injury. Femoral space should be examined carefully for femoral hernias which 
would be lying superior and lateral to the femoral vein. Reduction of a femoral hernia 
can be aided by a small incision on the superior medial edge of the femoral ring. 

Lateral dissection starts by identifying and preserving the inferior epigastric vessels 
and then gently and bluntly sweeping all loose connective tissue from the posterior 
abdominal wall laterally towards the anterior superior iliac spine (ASIS). Palpation of 
the abdominal wall at the ASIS may help to visualize the lateral boundary of the dis
section. Anteriorly, a thin layer of connective tissue should be left undisturbed over the 
quadratus lumborum muscle to avoid sensory nerve injury. In addition, electocautery 
use should be avoided lateral to the spermatic cord to avoid nerve injury. Inferiorly, the 
psoas muscle may come into view and indicata sufficient inferior exposure. Indirect 
hernia if present will become apparent lateral to the inferior epigastric vessels. The 
indirect sac will be continuous with the peritoneum invaginating into the internal 
inguinal ring, adherent laterally and antari.orly to the spermatic cord. The indirect sac 
can be reduced by gentle traction. Blunt, gentle dissection of the cord and its structures 
is important as the indirect hernia component in the TBP approach may not always be 
readily apparent without this step. The sac is gently peeled off with a blunt instrument 
from the testicular vessels and vas deferens in the cephalad direction far enough to 
allow for a nat mesh placement. Usually dissection below the bifurcation of the vas 
deferens and gonadal vessels is sufficient. Lipomas of the cord are often found laterally 
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Fig•• 1&.2 Praperitoneal space dissection. The balloon dissector is insertBd into 
the praperitonaal space and advanced to tha pubic symphysis. A: The balloon is 
then inflatBd to creatB a working space. B: The balloon is deflated, removed, and 
replaced \IIIith a Hasson or balloon-tip cannula. Tha preperitonaal working space 
is visualized with tha laparoscope and other ports ara placed. C: Blunt graspers 
and gentle traction ara used to raduca indirect sacs as they co ursa with the 
cord structures !gonadal vessels and vas deferens) through the internal inguinal 
ring. D and E: Similar techniques are used to raduca direct hernias \lllithin Has· 
selbach's triangle. 
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figure 1&.3 Mesh overlaps the 
direct. indirect and femoral 
spaces. Mesh is secured with 
two spiral tacks to Cooper's 
ligament 

injured secondary to mesh fixation. Fibrin glue fixation, absorbable tacks and nonfixation 
of the mesh have been advocated, but long-term efficacy studies are not yet available. 

Mesh can be fixed medially to Cooper's ligament with a tacking instrument care
fully avoiding the aberrant obturator vessels and the periosteum over the pubic bone 
(to avoid osteitis pubis). Two to three tacks in Cooper's ligament are sufficient. The 
mesh is then positioned with graspers to smoothly cover the undersurface of the abdom
inal wall. For large hernias, the mesh can then be fixed laterally, ensuring that the 
lateral edge is fastened to anterior abdominal wall above the ilioinguinal tract Note is 
made of the position of the inferior epigastric vessels. The pressure of the tip of the 
tacker is palpated through the abdominal wall to avoid tacldng below the iliopubic tract 
and thus avoid potential nerve injury (injury to genitofemoral, lateral femoral cutane
ous, ilioinguinal, and femoral nerves can be injured with tacks). Lateral tacks should 
be avoided in thinner patients who may be more likely to palpate the tacks. 

At the end of the procedure, pneumopreperitoneum is relieved and the mesh is 
held in position inferiorly and laterally with blunt graspers, making sure that perito
neum stays posterior to the mesh and does not roll underneath it to cause an immedi
ate recurrence. Graspers and the 5 mm trocers are removed only once the correct mesh 
placement is ascertained with complete C02 evacuation. The 10 mm infraumbilical 
fascial opening is closed using absorbable 0 sutures for the anterior fascia. Local anes
thetic is infiltrated into the wounds and the incisions closed with absorbable subcu
ticular closure, steristrips, and sterile dressings. 

POSTOPERATIVE MANAGE:MENT 

Patients are usually discharged on the same day of their TEP surgery with a prescription 
for narcotics and stool softeners. Urinary retention is common and older men we ask 
to void prior to discharge. Return to normal activities postoperatively is encouraged. 
Patients may retum to work according to their comfort level, usually within 1 to 
2 weeks. 

~ COMPLICATIONS 

In general, complication rates have been shown to be comparable between open and 
laparoscopic repairs (Tables16.1 and 16.2). The methods, outcomes, and how complica
tions are reported vary from study to study; however, several advantages of laparoscopic 
techniques have been identifted compared to open mesh repairs in terms of local 
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Average Na.of Complic.tians Time Poslopel'ltive Return to 
Refaranca Study Dasiga Follow-up Rapairs (Nat Including Racarraacas) Racarrancas (Minutas) Pain Wark (Days) Coaclasion.nlatails 

Laparoscopic repairs 
offer advantages 
but potential for rare 
serious complications 
and recurrence 
support repairs being 
performed by 
specialist surgeons. 

Open: 460 6{1.4%) surgical o• 43.4' 42' MOp en repair is the more 
complications appropriate option 
{1 enterotomy)' for the general 
155 (43.5%) surgeon: 
complications at 
1 wk' 

Uem et al. (2003, TEPvs. open 44mos TEP:487 24 (5%) Conversion to 0 deep 4.9%' 45' J. pain 14' 71% of laparoscopic 
1997) (Marcy, Ucht, {87% f/u) lAPP or open wound score• recurrences and 

The Netherlands Bassini, 54!11 %)total infection• 4% of open 
Shouldice, postoperative 10 {2%) chronic recurrences 
McVay) complications pain' occur in the first 

7 {1 %) seroma• postoperative 
3 {1 %) pneuma- year. 

scrotum >1 d 10 of 211aparoscopic 
recurrences were by 
a single surgeon. 

Open repair associated 
with higher 
incidence of 
chronic pain. 

Bassini repair results 
in unacceptably 
high recurrence 
rates. 

Open: 507 99!19.5%) total 10.0%' 40' 21' TEP has more rapid 
postoperative recovery, fewer 
complications recurrences, and less 

6 (1%) deep wound chronic pain than open 
infection• repairs, but takes 

70 !14%) chronic pain' slightly longer to 
0 seroma• perform. 
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• tt.l•' •r• •·oo~·1w·· ... ,~~~~,·~-. :·m·t~~~'~"'m!lll.rl~ ....... 
L J - Time 

I (Minutes! 
Average 
Follaw-up 

No. of 
Repairs 

Complications 
Reference Study Desig1 

Licht 705 

(Not Including Recurre1cesl Rec1rrences 

Intraoperative 2.1"' At 1 wk 17.5% 1 . .2%' 
Minor Hematoma 12.9% 
Bleeding 0.6% Seroma 0.8% 
Technical problem 0%' Superficial 
Nerve injury 1.3%' infection 0.7% 
Conversion 0%' Urinary 
Major discomfort 1.0% 
Hemorrhage 0.1% Testicular 
Anesthetic related discomfort 

0.1% 0.7% 
Reoperation 

within 24 h 0% 
At discharge 102" 
Urinary retention 

7.5% 
Hematoma 1.4% 
Anesthesia related 

1.3% 
OtherO% 

Reoperation 0.2% 
Other 0% 
Complaints at 

3mas 16.3" 
Seroma0 . .2'll. 
Orchitis 0.3% 
Sex related 0.3% 
Infection 0.6% 
Reoperation 0% 
Other 0.8% 

TAPP, transabdominal preperitoneal approach; TEP, totally extra peritoneal approach; Licht., Lichtenstein. 
"Statistical significance jail unmarked values are not statistically significant). 
b-indicates value was not measured. 

55 median 
20to 145 
range 

Polloparatin 
Pain 

Pain at1 wk 
1.3% 

Pain at3 mos 
8.3% 

Numbness 
3.6%' 

Neuralgia 1.3% 
Scrotal 

discomfort 
1.0% 

Return to 
Wark (Dayal Co•cluionsJDetails 

12 
0 to 55 Full 

recovery 
31' 
0 to 163 
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Raf•anca 

Cochrane 
review 
(2008) 

Study Dasi11 

7,161 patients 
multiple 
comparisons 
TAPP andTEP 
vs. open mesh 
and nonmesh 
repairs 
(selected 
summarized) 

Average 
Fallow-ap 
(Months) 

No.af 
Repairs 

TEPvs. 
nonmesh 
5trials, 
1,522 
patients 

Total for all 
TEPvs. all 
open 12 
trials 

2.384 patients 

Complicllti 011 (Nat 
Including Recurrences) 

Hematoma 5.2% vs. 
18.8%1 

Seroma 1.7% vs. 1.5% 
Superficial infection 

0.9% vs. 0.5% 
Mesh/deep infection 

O%vs.O% 
Port site hernia 0% vs. 0% 
Vascular injury 0% vs. 

0% 
Visceral injury 0% vs. 0% 
Conversion 4.6% vs. 0%' 
Hematoma 3.7% vs. 2.9% • 
Seroma 1.8% vs. 0%' 
Superficial infection 0% 

vs.1.1% 
Mesh/deep infection 0% 

vs.O% 
Port site hernia 0% vs. 0% 
Vascular injury 0.2% vs. 

0.3% 
Visceral injury 0% vs. 0% 
Conversion 4.6% vs. 

0.07%' 
Hematoma 5.9% vs. 9.7%' 
Seroma 3% vs. 3.2% 
Superficial infection 0.9% 

vs.1.6% 
Mesh/deep infection 0% 

vs.O% 
Port site hernia 0% vs. 0% 
Vascular injury 0.09% vs. 

0 . .2% 
Visceral injuryO% vs. 0.1% 

Operative Time 
(Me11 Difference 

Racuranca in Minatas) 

2.3%vs. 
4% 

2.3% vs. 
2.8% 

10.30' shorter for 
open 

9.94' shorter for 
open 

Postoperative 
Paia 

1% vs. 10.8%1 

Persisting 
numbness 
0.6% vs. 4.2%1 

Persisting pain 
2.6% vs. 
14.1%' 

Persisting 
numbness 

O%vs. 0% 

Persisting pain 
13.8%vs. 
23.4%1 

Persisting 
numbness 

16.2% vs. 25.1% 

RCT, randomized controlled trial; TAPP. transabdominal preperitonaal approach; TEP, totally extraperitoneal approach; Licht., Lichtenstein: VA, Veterans affai~. 
"Statistical significance (all unmarked values are nat statistically significant). 

Retura to Work 
(Days) 

TAPP' {Peto odds 
ratio 0.56, 95% 
Cl 0.51 to 0.61') 

CanclusiMsJDatails 

Using a mesh rather than choice of 
technique reduced the risk of a 
recurring hernia. Recurrence rates 
were similar in TEP compared to 
open groups. 

There were higher rates of 
conversion observed in TEP rather 
theTAPP. 

There were fewer hematomas but 
more seromas in the TEP groups. 
However, when the MRC 
multicenter 1999 trial is included 
the differential effect in seroma is 
limited to TAPP repair only. 
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catheterization, preperitoneal dissection, general anesthesia, and fluid overload as well 
as patient factors such as an underlying prostatism. Usually this is self-limited and 
resolves within 24 hours, occasionally requiring intermittent patient catheterization. 
Bladder injury may occur, especially if the patients had prior midline scars or prior 
prostate operations. A missed bladder injury requires a high index of suspicion in 
patients with increasing abdominal pain, lower abdominal swelling, dysuria, hematu
ria, inability to void, or elevated serum creatinine. Injuries to the vas deferens are best 
avoided by not grasping the vas and not cutting it. If injury occurs, urologic consulta
tion is obtained for possible immediate or delayed open repair. 

One of the potentially devastating but rare complications of inguinal hernia repair is 
ischemic orchitis, caused by surgical trauma with cautery or instrumentation ofthepampini
form venous plexus. It was once thought that the cause was insufficient arterial supply to 
the testicle, secondary to overzealous tightening of the reconstructed internal inguinal ring, 
which may still occur in some instances. However, there is significant collateral arterial 
flow to the testis from the inferior epigastric, vesical, prostatic, and scrotal arteries and even 
in cases where the spermatic cord is purposely ligated, one-third of the testes have shown 
to not become ischemic. Testicular atrophy in primary open inguinal herniorrhaphy is 
reported at 0.5%, while in open recurrent herniorrhaphies it increases to 5%. Although the 
incidence of ischemic orchitis following the TEP repair is not well documented it is thought 
to be lower than in open procedures, since cord handling and dissection are reduced. 

Postoperative symptoms of increasing testicular pain or swelling plus or minus 
fever need prompt physical examination and ultrasound/duplex scanning of the post
operative acute scrotum to rule out compromised vascular flow to the testicle. These 
symptoms may not become apparent until 2 to 5 days after the intraoperative injury 
occurs. To rule out testicular torsion scrotal exploration may become necessary. While, 
ischemic orchitis may resolve without sequelae, it is likely to progress to testicular 
atrophy or rarely to testicular necrosis requiring orchidectomy. Although testicular com
plications are uncommon following the TEP repair, the authors advocate disclosure of 
these potential complications to patients. 

Nerve Injury and Chronic Pain 

Symptoms of burning, pain, or numbness postoperatively may be indicative of nerve 
injury to the five major nerves (ilioinguinal, iliohypogastric, genitofemoral, lateral fem
oral cutaneous, and the femoral nerves) or their branches that can be encountered in 
the groin during hernia repair. Immediate postoperative neuralgia secondary to genital 
or femoral branches of the genitofemoral nerve being injured can be treated by immedi
ate re-exploration and removal of the offending tack or piece of mesh. Symptoms of 
nerve injury usually appear immediately postoperatively, intensify over the first 
2 weeks, and most resolve within 8 weeks. Chronic pain, defined as pain that persists 
after 3 months, may require prolonged injections with local anesthetic and corticoster
oids and rehabilitation and in most severe cases exploration and removal of tacks or a 
neurectomy. Nerve entrapment can occur with any of the laparoscopic approaches, but 
may be lowest with the TEP repair. Tetik et al. reported nerve injury in less than 2% 
of 1,514 repairs, with only 2 patients requiring re-exploration and staple removal. In 
agreement with this and other reports, a recent evaluation of chronic pain after TEP 
and Lichtenstein repairs by a multicenter randomized prospective trial, concluded that, 
after five years, the TEP inguinal hernia repair resulted in less chronic pain than the 
open Lichtenstein technique repair. 

Knowledge of the groin anatomy is essential in avoiding nerve injury; however, one 
must keep in mind that the nerve distribution varies and may not be symmetrical. Table 
16.3 outlines the course and sensory distribution of the three nerves at risk of being 
damaged during a TEP inguinal hernia repair: The lateral femoral cutaneous nerve, 
femoral branch of the genitofemoral nerve, and the femoral nerve. These nerves lie 
superficial to the internal oblique muscle and cannot be visualized. Entrapment of the 
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Recurrence 
Hernia recurrence is one of the most important outcome measures of the inguinal her
nia repair. As discussed above, technical factors that contribute to recurrence are: sur
geon inexperience, inadequate dissection of the myopectineal orifice, insufficient mesh 
size to overlap the hernia defects, mesh folding that allows for peritoneal slippage, 
missed hernias or lipomas, and mesh dislodgment secondary to hematoma formation. 
Further, recurrence is related to surgeon's experience, with failures occurring much 
more frequently early in the surgeon's learning curve. 

The results of several prospective randomized trials (level I evidence) comparing 
recurrence rates between TBP and open mesh repair are summarized in Table 16.1. The 
data presented supports TBP as comparable to open (Lichtenstein) repair, with several 
studies showing recurrence rates ofless than 6% even with long follow-up periods. The 
one large multicenter study that presents contrasting results to most others is the VA 
cooperative study from 2004. The VA study concluded that the rate of complications 
was higher in the laparoscopic group 39% compared with the open group 33%. In 
addition, the recurrence rates at 2-year follow-up in the VA trial were 10.1% and 4.9% 
after laparoscopic and open mesh repairs, respectively. These results must be inter
preted with caution for several reasons. Firstly, the study does not di.Herentiate TAPP 
from TEP repairs, secondly, the recurrence and complication rates were four-fold higher 
in both groups than reported in any other trial, and thirdly the study quotes very high, 
9.8% conversion rates to open procedures. 

A recent multicenter randomized trial by Eklund et al. compared a TEP and an open 
Lichtenstein repair specifically comparing recurrence rates. They have demonstrated that 
at a 5-year follow-up the cumulative recurrence rate was 3.5% in the TEP group and 1.2% 
in the Lichtenstein group. Interestingly, the recurrence rate in the TBP group was further 
reduced to 2.4% by the exclusion of a surgeon, who was responsible for 33% of all recur
rences in the TBP group. In addition, after testing the study results for heterogeneity 57% 
of recurrences were attributed to 3 out of 22 surgeons participating in the study. 

The importance of the correct surgical technique in preventing recurrences in the 
TEP repair cannot be underemphasized. 

~ CONCLUSIONS 

Defining the optimal type of approach to inguinal hernia repair remains difficult. This 
is largely because this is a common operation of little morbidity and disability and the 
choice of approach depends on the individual priorities of both the surgeon and his or 
her patients. Over the last fifteen years, the TEP repair has evolved resulting in improved 
understanding of the procedure and its complications. In the author's hands TEP is bet
ter for most patients and an open repair is reserved for large scrotal and incarcerated 
inguinal hernias and/or patients who cannot tolerate a general anesthetic. There is cur
rently a consensus that the laparoscopic TEP and TAPP approaches are indicated in 
bilateral and recurrent hernias and in individuals requiring a more rapid convalescence. 
Although the technique of the TBP repair remains challenging to master, the recurrence 
and complication rate in the literature is equivalent to other techniques and this approach 
offers advantages to a well-selected group of patients. In authors' experience, patients 
recover quickly after TEP, experience little pain, and return to full activities sooner than 
after open repairs. 
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17 Totally Extra peritoneal 
Inguinal Hernia Repair 
Using Fibrin Glue 
Benjamin S. Powell and Guy R. Voeller 

~ INDICATIONS/CONTRAINDICATIONS 

Inguinal hernia repair is one of the most common surgical procedures performed not only 
in the United States, but also 8l'Ound the world. It is estimated that betwesn15% and 30% 
of inguinal hernias are now fixed lap8l'Oscopically depending on geographic location. With 
the advent of new technology there are a variety of ways a surgeon can fix a reducible 
inguinal hernia. Most methods have literature supporting a very low recurrence rate when 
using a mesh in either an open or laparoscopic approach. We advocate fl.x:i.ng all sympto
matic inguinal hernias if the patient can tolerate surgery. When we are referred a patient 
with an asymptomatic inguinal hernia we advise them of watchful waiting but often if the 
hernia is protruding the patient will elect to have surgery even if it is not causing symp
toms. Most of the choices for which approach to perfurm are up to the judgment of the 
surgeon. We perform both laparoscopic and open repairs fur inguinal hernia (about 200 
per year) but believe that the laparoscopic approach requires a different skill set and 
expertise fur excellent long-term results and should not be done by the surgeon that repairs 
20 to 30 inguinal hernias per year unless most of these are done laparoscopically. 

The only absolute contraindication for TEP inguinal hernia repair is the inability to 
tolerate general anesthesia. For these patients we recommend open repair under local 
anesthesia with a mesh. We also believe that in patients who have had previous preperi
toneal surgery such as prostate removal, the TKP approach is too difficult and even 
though studies show that it is possible and has higher risks than an open operation in 
virgin tissues. In addition, if the hernia cannot be completely reduced such as large 
scrotal hernias we will opt for the easier to do open approach. We will perform the TKP 
repair in large, older teenagers if the hernia is significant in size and requires mesh. 

Lastly, in men in whom there is concern about elevated PSA levels and prostate can
cer, they should be told that the TEP may make preperitoneal prostate removal more dif
ficult in some cases depending on the mesh used and the experience of the urologist. Even 
though studies show that in expert hands preperitoneal prostate removal is readily dons 
after a previous TKP repair, this should be discussed at length with this patient population. 
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~------------------

This chapter will discuss the technique of totally axtraperitoneal (THP) inguinal her
nia rapair with polyester mesh and fibrin glue. Some authors contend that THP inguinal 
hernia repair is best used only for bilateral and recurrent inguinal hernias, but we believe 
that it is an excellent repair for unilateral hernias when the surgeon is an expert at the 
operation. In recurrent hernia there often is scarring in the preperitoneal space from the 
previous open repair that can make the TEP somewhat more di£6cult and the occasional 
TEP surgeon may struggle. In addition, until one is over the learning curve, doing bilateral 
rapairs will take far too long and the surgeon will become frustnted and cease learning 
how to do the operation. For one to become a very good TEP surgeon, it is critical to do 
many unilateral repairs. The senior author has performed approximately 3,000 THP 
rapairs and new challenges are still fr:equently encountered to this day. 

~ INDICATIONS FOR TEP WITH FIBRIN GLUE 

• Unilateral, bilateral, and recurrent inguinal hernias 

Contraindications: 

• Inability to tolerate general anesthesia 
• Previous preperitoneal surgery 
• Large scrotal hernias that cannot be reduced 
• mevated PSA (relative) 
• Small, young children 

\W PREOPERATIVE PLANNING 

Preoperative planning for TEP inguinal harnia repair typically revolves around the choice 
of whether the patient is a candidate for the repair. The decision should be dictated by the 
surgeon's expertise and the indications and contraindications discussed in the previous 
section. Most all studies show that the laparoscopic approach has less intense immediate 
pain leading to quicker return to regular activity. In addition, recent studies show that in 
expert hands the TEP repair has less chronic long-term pain risk. However, the surgeon 
should do the repair that they do most often and if this is not TEP then it should not be 
off'ared. We stop any and all anticoagulation and if a heparin bridge is required until the 
day of surgery we make sure that it is not given the night before the surgery. Aspirin is 
stopped, but the operation can usually safely be done if the patient requires this drug. 

We do not believe that each patient should have both groins addressed unless there 
is a good reason. If the patient is complaining of problems in a groin where no bulge 
can be palpated and is undergoing repair of the contralateral groin, we will evaluate 
the "non-impulse" side at the time of surgery. If the patient is undergoing a unilateral 
repair that turns out to be a direct defect at the time of surgery, we always look at the 
contralateral direct space. Direct hernia disease is a collagen problem and we almost 
always will repair the contralateral side unless it is absolutely perfect in appearance. 
We have found that if you do not do so in these patients, they will soon return for repair 
of this side. It is thus critical that a good inguinal exam of both groins be done preop
eratively and documented well. We will obtain herniograms in patients if there is some 
question about a true hernia being present. 

ti) SURGERY 
~----------------------

Pertinent Anatomy 

A thorough knowledge of preperitoneal anatomy is required to perform an excellent 
THP. Adequate dissection in this space allows for complete visualization of the 
myopectineal orifice and any defects therein (Fig. 17.1). Initial dissection of a THP 
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TraRlJW!rsus 
abdominia arch 

Cooper' a 
ligament-

hernia begins in the posterior rectus space. Below the arcuate line, the posterior rectus 
sheath is attenuated and the preperitoneal space is then entered. This space is continu
ous with the space of Retzius of the pelvis. In the lower portion of the abdomen, dis
section is fairly easy in regards to dissecting the cord structures free from the 
preperitoneal fascia surrounding them as well as the peritoneum. The phrases such as 
"triangle of pain" and "triangle of doom" we believe should be done away with since 
while the overall make-up of the myopectineal region is constant, there is quite a bit 
of variability of the location of the iliac artery in relation to the peritoneum and cord 
structures and the various nerves also have significant variability in location (Fig. 17.2). 
We believe that a thorough understanding of the entire myopectineal area and its vari
abilities is critical to avoiding serious disasters. In some 3,000 TEP repairs we have not 
had an injury to bladder, colon or iliac artery or vein showing that this operation can 
be done safely if the surgeon learns the anatomy. Understanding the anatomy depicted 
in Fig. 17.1 is the key to a successful TEP repair. Landmarks such as the pubic bone, 
Cooper's Ligament, inferior epigastric vessels, and cord structures are the key in assist
ing the surgeon to stay oriented in this small and anatomically "busy" space. 

Figlr-.17.2. Nerves on the right psoas 
muscle. 

Fi11re 17.1 The right myo
pectineal space. 
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Positioning 
Proper patient positioning is key for laparoscopic inguinal hernia l'ilpairs as with other 
laparoscopic techniques. The patient is placed supine on the operating room table with 
arms tucked at the side. We typically have a laparoscopic monitor placed at the foot of 
the table. We remove a stripe of hair, the width of the hair trimmer, in the midline from 
above the umbilicus to just below the pubic bone. We always place a Foley catheter since 
a fully decompressed bladder is key in direct hernias in allowing the mesh to be safely 
placed far down over the pubic bone as it must be in these defects. We only use Sec of 
fluid in the Foley balloon since 10cc is very prominent during the repair. Some surgeons 
will have the patient empty their bladder prior to the operation, but we have found that 
the intravenous fluid given by anesthesia quickly fills the bladder and can limit the ability 
to place the mesh down over the pubic bone as far as possible. An alcohol-based prep is 
used and an IobanTN is placed to prevent mesh contact with skin fiora. The risk of mesh 
infection in TEP is almost non-existent. We have never had a mesh infection in our some 
3,000 TEP repairs using the IobanTN and thus prophylactic antibiotics are not indicated. 

Operative Technique 
After proper patient positioning, an infraumbilical incision is made in the midline. 
Dissection is carried down to the fascia with s-shaped retractors. Depending on which 
side the inguinal hernia is on will dictate where you incise the rectus sheath. We make 
a longitudinal incision in the rectus sheath just off midline on the side of the hernia. 
The incision is widened with a hemostat to allow placement of an s-shaped retractor. 
The rectus muscle is then retracted laterally to expose the posterior rectus sheath 
(Fig. 17.3). While some do manual dissection to gain access to the preperitoneal space 
(this is what initially did), we changed to using the balloon dissector when it became 
available since it is quicker than manual dissection, usually bloodless and overall 
"neater." We prefer the original round unilateral balloon since it will not tear the epi
gastric vessels or damage tissue layers as can the bilateral balloon. The balloon dissec
tor is then passed along the posterior sheath until it contacts the pubic bone. Once the 
pubis is felt with the balloon dissector, the balloon is insuffiated under direct vision 
while viewing it through the zero-degree laparoscope. It is key while placing the dis
sector that the surgeon never force the issue and never rub the pubic bone vigorously. 
This is especially true if a Foley has not been placed since there have been reports of 
bladder injury from the trocar of the dissecting balloon. Often if the patient has a direct 
hernia, the balloon dissector will completely or partially reduce the preperitoneal fat 
or bladder in the defect. The balloon dissector is removed and a balloon-tipped Hasson 

figur• 11J View of posterior rectus 
sheath. 
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trocar is placed into the retrorectus space. Carbon dioxide is then used to insufilate the 
preperitoneal space. It is important to keep the pressure at 12 mm Hg or less since 
anything higher can force C02 into the fat and decrease the working space for the repair. 
At this point a 45-degree 10 mm laparoscope is used and two more 5 mm trocars are 
placed. One trocar is placed suprapubically and the second is placed halfway between 
the umbilicus and the pubis. The 45-degree laparoscope allows the surgeon to see up 
on the abdominal wall as is necessary to properly do the repair. The patient is then 
placed in Trendelenburg position to aid in dissection. 

Initial dissection takes place to clear off tissue around the pubic bone to clearly 
identify Cooper's ligament. In direct hernias this means reducing the fat from the defect 
and pushing the transversalis sac back down into the defect. If the patient has a low 
insertion of the arcuate line, then it must be released by cutting it at its insertion onto 
the abdominal wall and sweeping it cephalad to the level of the umbilicus. Attention is 
then turned to making an adequate lateral and cephalad space to aid in later mesh place
ment The basis for the THP is the original open operation as described by Rives in the 
1970s. The peritoneum must be dissected off the cord, anterior abdominal wall, and the 
retroperitoneum to the level of the umbilicus. The peritoneum is gently dissected off 
the psoas so that the mesh will sit on the muscle. During this dissection often the nerves 
are seen. There is a fat layer present in the lateral space that should be left on the 
abdominal wall and not the peritoneum. If this fat is disturbed, it can lead to annoying 
hemorrhage. Once the lateral space has been dissected, attention is then turned to pari
etalization of the cord structures. 1)rpically, we pull the peritoneum medially and sweep 
the cord structures off the peritoneum laterally (Fig. 17.4). This allows the surgeon to 
readily see the proper plane to separate the indirect sac or peritoneum from the cord, 
i.e., between the small blood vessels of the vas and the peritoneum. Any hole in the 
peritoneum can be dealt with by decreasing the insufflation pressure to 10 mm Hg and 
if necessary, a Verress needle can be placed into the peritoneal cavity above the umbili
cus for decompression. Holes in the peritoneum do not need to be closed as long as the 
COz is evacuated completely from the peritoneal cavity. Once this is done the edges of 
the defect come together and heal quickly. Figure 17.5 shows what a pantaloon hernia 
looks like from a laparoscopic viewpoint. We typically use a polyester mesh as described 
by Rives-Stoppa for the repair since Rives pointed out that polyester is soft and pliable 
and can conform well to all the crevices and valleys of the preperitoneal space. He 
believed that polypropylene was too stiff to conform well and was critical of its use 
when Wantz brought the repair to America after learning it from Rives and Stoppa. Our 
mesh is anatomically shaped (there are right and left meshes) and specifically designed 
for laparoscopic placement in the preperitoneal space. Figure 17.6 shows mesh insertion 
through the infraumbilical trocar. The mesh is positioned so that there is wide coverage 
of both the direct and indirect spaces. Direct hernias must have the mesh extending at 
least 2 em beyond the defect in all directions. We do not keyhole our mesh since this is 

Fig• .. 17.4 Diaection of peritoneum 
off cord structures from medial to 
lateral. 
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111ure 1'1.5 Laparoscopic view of 
pantaloon hemia. 

not how the operation was described by Rives. A keyhole in the mesh creates a weakness 
for a recurrence and also the keyhole may constrict the cord as scarring occurs. The 
mesh is positioned over the psoas and the peritoneum should be visible cephalad to the 
edge of the mesh to prevent recummces up under the mesh. A laparoscopic applicator 
of fibrin glue is then used to "spot-weld" the mesh to the tissues to keep it in place for 
the first 24 to 48 hours during which time mesh displacement can occur (see "Results"). 
The polyester mesh is the ideal mesh for use with fibrin glue. The mesh has the correct 
porosity and make-up so that the fibrin glue is able to penetrate these pores and allows 
for good adhesion to surrounding tissues (Fig. 17.7). The use of the fibrin glue is an off
label use of the product, but it has been used for years in Burope for hernia repair and 
we have used it since 2003 for our TBP repairs. Our nurses are so adept at preparation 
that there are no delays or problems with the glue preparation. We only use 1isseel® 
brand of fibrin glue since it is the only one that is a true adhesive due to the correct 
concentration of the aprotinin component (Fig. 17.8). We have tried other glues and they 
do not work as well at all and in addition only certain meshes glue well. We apply the 
glue to the edge of the mesh circumferentially and in direct hernias down over the pubic 
bone. The fibrin glue dries within seconds and is gone by about 2 weeks postoperatively. 
The advantage of the glue is that we can fix the mesh over the psoas, the cord, and other 
areas where mechanical fixation is not safe. Once the fibrin glue has dried, the pneumo
preperitoneum is slowly evacuated and we watch the peritoneum and abdominal con
tents fall onto the mesh. The fascial defect is closed with a 0 vicryl suture. The skin is 
then closed with sutures, and sterile dressing is applied (Fig. 17.9). 

Fig•r• 17.6 Placement of mesh 
through infraumllilical trocar. 
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Figara 17.7 Final view of mesh with 
fibrin glue over defect. 

Figura 17.1 Tissee(IM fibrin glue with 
assorted applicators including laparo· 
scopic applicators. Tip appliers 1-4 
are for open application. Numbers 5 
and 6 are used in laparoscopic glue 
application. 

Fi11re 17.9 Incisions after trocar 
removal. 



200 Part II Laparoscopic Inguinal Hernia 

POSTOPERATIVE MANAGEMENT 

Postoperative management after TBP repair is fairly straightforward. Most patients are 
same day surgery patients and go home after surgery with oral pain medication as 
needed. Usually NSAID type medication is all that is required. Most patients report in 
clinic that they discontinued use of the oral pain medicine within a few days of surgery. 
We do not place any restrictions on patient's activity and they are allowed to do what 
they want and when they want. Typically, we have one; maybe two postoperative visits; 
then yearly follow-up. 

~ COMPLICATIONS 

Complications from TEP repair with fibrin glue should be relatively rare. Very morbid 
complications such as major vascular, visceral, or cord injuries should be extremely 
rare and we have yet to experience these complications. Mesh infections should occur 
rarely, if at all with TEP repair. In our experience, recurrent hernias are rare and we 
have seen only one in over 900 patients where glue was used for fixation. Randomized 
trials show less acute and chronic pain with the use of fibrin glue and we have seen 
the same thing. We used very limited mechanical fixation (tacks per hernia) prior to the 
use of glue and never had a patient where we had to remove a tack due to pain. Even 
so, with the change to glue we have noticed that patients simply do better during recov
ery when glue is used. While anaphylaxis has been seen with the systemic use of 
aprotinin, this is a very rare occurrence with topical use and we have had no instances 
in approximately 900 TEP repairs using TisseelTM, 

~ RESULTS 
The topic of mesh fixation for TEP repair is commonly discussed in the hernia litera
ture. It is a common misconception that Rives and Stoppa did not believe in mesh 
fixation when they developed the open unilateral preperitoneal repair that is the basis 
for the TBP laparoscopic repair. This is not true (no fixation was only used by Stoppa 
when he repaired bilateral recurrent hernias with a giant piece of mesh). Figure 17.10 
is an illustration from Rives' original article and it can be seen that there are multiple 
suture fixation points, many along the retroperitoneum to keep the mesh fixed posteri
orly. This is the fixation that we mimic with the use of the fibrin glue and this cannot 
be done with mechanical fixation. We feel that mesh fixation with fibrin glue is a very 
good alternative to either tacks or no fixation. Several groups have done basic science 
research looking at the fixation question. Kathkhouda was the first to look at laparo
scopic extraperitoneal inguinal hernia repair with regard to fixation. In their original 
study, they evaluated 49 laparoscopic hernia repairs in female pigs, 18 fixed with fibrin 
sealant, 16 with staples, and 15 with no fixation. They found that there was no differ
ence in graft motion between staples or fibrin sealant, but the non-fixation group had 
significantly more graft motion. The tensile strength in the fixation groups was much 
higher than the non-fixation group. Kes et al. did a study in 2003 looking at the inci
dence of mesh collapse and protrusion in an animal model. The importance of this 
animal study showed that the protrusion of the mesh was directly proportional to size 
of the defect; with the larger the defect the more protrusion was seen. One of the most 
recent studies from Schwab in 2008 looked at mesh fixation in a lab model of TEP 
hernia repair. The group looked at six different meshes using suture fixation, fixation 
with fibrin sealant, and no fixation. The no fixation group showed more mesh migration, 
which was prevented with the glue and suture groups. The most important finding in 
the study was a statistically significant improvement in fixation stability of the fibrin 
glue group. 
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figure 1'1.10 Rives' original 
diagram showing suture fixation 
af1he mesh. 

There have been several clinical studies in the last 5 years looking at TEP hernia 
repair with fibrin glue. Novik first started his work with fibrin glue in laparoscopic 
inguinal hernia repair in 2000, with long-term results published in 2006. He found in 
nine hernia rapa.i.rs that at 40 months thera were no recurrences or problems. Topart 
then performed a study of 66 patients who had THP hernia rapa.i.rs using fibrin glue. 
These patients wera compared with an earlier cohort of patients where tacks were used 
for fixation. The only difference in the two groups was significantly less postoperative 
chronic pain in the fibrin glue group. The next study was in July 2007 by Olmi with a 
randomization of 600 patients to glue, tacks, anchors, and staples. In this study, there 
was reduced pain and complications and quicker return to activity in the fibrin glue 
group. Ceccareli et al. looked at fibrin glue in TAPP inguinal hernias versus repairs with 
mechanical fixation. In their study, they felt thera was less postoperative pain and 
complications in the glue cohort. There are several studies looking at no fixation versus 
fixation in the THP hernia repair. While we believe no fixation may be all right for 
smaller indirect and diract hernias, we ara not comfortable in doing this with larger 
hernias. The best study looking at no fixation is Taylor's work, but he says in the dis
cussion that no fixation should only be done in hernias less than 2 em in diameter and 
he admits the follow-up was short. 

The cost of the glue is similar to the tacking devices. The most expensive hernia is 
the racumsnt hernia. We believe proper fixation with glue mimics the Rives description 
of preperitoneal hernia repair that the TEP is based upon. Its use is also supported by 
basic science and clinical studies which show that its use decreases morbidity, mesh 
displacement, and thus recurrence. 

~ CONCLUSIONS 

• THP inguninal hernia repair with fibrin glue is an excellent option for inguinal her
nia repair. The fibrin glue allows the surgeon to mimic the open preperitoneal repair 
as described by Rives which is the basis for the TEP repair. 
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Surgery: Total Extra peritoneal 
Inguinal Hernia Repair 
Brian P. Jacob 

Introduction 
Since the introduction of minimally invasive surgery as an alternative to traditional 
open surgery, numerous randomized studies have proven several advantages including 
better visualization, reduced postoperative pain, reduced wound and pulmonary com
plications, less immune suppression, speedier recovery time, and improved cosmesis. 
Subsequently, both physicians and industry have continued to investigate novel ways 
to advance minimally invasive surgery to augment patient satisfaction and outcomes. 
Several techniques have recently been introduced, including a resurgence of 2 mm and 
3 mm instruments, natural orifice transluminal endoscopic surgery (NOTES), magnetic 
and robotic surgery, and single incision laparoscopic surgery (SILS), also known as 
laparoendoscopic single site surgery (LESS) or single port access (SPA) surgery. Of these 
options, SILS has seen the most rapid growth over recent years. 

Despite two decades worth of laparoscopic advancements, currently only 18% of 
the 800,000 inguinal hernia repairs performed annually in the United States are per
formed laparoscopically. That being said, the slow adoption of novel techniques like 
NOTES and SILS into the specialty of inguinal hernia repair is not surprising. In fact, 
over the past 10 years, most of the advancements made for hernia repair have been 
focused on mesh products and fixation devices, and less so on access techniques. The 
reasons for this are multifactorial, but in part include overall costs and technical chal
lenges involved in performing a laparoscopic inguinal hernia compared to that of an 
open repair. 

SILS for inguinal hernia repair, first published in 2009 by Filipovic-Cugura's group 
from Croatia, has since been supported by a handful of single center experiences. Also 
in early 2009, we showed the ability to perform a SILS Total Extraperitoneal Inguinal 
Hernia Repair (TEP) using a SPA device with routine laparoscopic instruments. In 2010, 

SILS TEP has continued to grow in popularity and more than 16 feasibility abstracts 
have been presented at international hernia conferences by groups from over 11 different 

203 
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figure 11.1 Multiple trocars in 
one skin incision. 
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countries. Some of these studies have yet to be published. For instance, at the 2010 
Asia Pacific Hernia Society meeting, Dr. Davide Lomanto's group from Singapore pre
sented their success following their initial experience with sn.s inguinal hernia repair, 
while Dr. H Tran and colleagues recently presented over 100 cases from Australia at the 
European Hernia Society held in Istanbul, Turkey. A group from Spain, led by Dr. Sal
vador Morales-Conde, has also reported success with the technique at the same meeting. 
To date, however, there has likely been less than 500 cases performed worldwide, and 
within each of the presented case reports there are a number of significant variables 
that make it difficult to compare each of the cohorts. Therefore long-term outcomes 
need to continue to be assessed in institutional review board (IRB)-approved studies 
before the procedure can be more widely promoted. 

The major technical variables that exist when performing a Sn.S TEP hernia repair 
include: 

• The access mechanism 
• SPA device (Table 18.1) 
• Traditional trocars inserted within a single skin incision (Figs. 18.1 and 18.2) 

• The instruments (standard, articulating, pre-shaped) 
• The camera type (flexible or standard) 
• Mesh and fixation device choices (surgeon specific) 

When selecting a preferred technique from these variables, most surgeons adopt 
methods that most closely resemble their current practice with variations on the access 
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mechanism. The one common dominator mandatory for anyone adopting Sll..S TBP into 
their practice is that extensive experience with traditionallaparoscopic inguinal hernia 
surgery is required. This chapter will review the common technical steps required to 
perform a single incision laparoscopic TBP inguinal hernia. 

(;) SURGERY 

sn.s TBP inguinal hernia repair is performed under general anesthesia, with the 
patient in the supine position with both arms adducted and pneumatic compression 
stockings for deep vein thrombosis prophylaxis placed. In all cases, a urinary (Foley) 
catheter is placed to decompress the bladder and a single dose of intravenous antibiot
ics is administered. The technical steps of entering and creating the preperitoneal 
working space with a balloon are the same as those described by Dr. Guy Voeller in 
1995 for any routine TEP hernia repair. The single skin incision is made, and can be 
performed transversely within or about 1 to 2 em below the umbilicus as well as ver
tically within the umbilical stalk depending on the anatomy of the umbilicus. The 
decision of where to put the incision is up to the surgeon and can be tailored to the 
desired shape of the patient's umbilicus. The subcutaneous dissection is extended to 
over the anterior fascia of the rectus muscle. We prefer to place two stay sutures, one 
on the midline and one as lateral as possible, and use the stay sutures to elevate the 
fascia in order to facilitate making the fascial incision. Next, the anterior fascia is 
divided longitudinally for approximately 2.0 to 2.5 em, but can be made smaller if 
using a SPA device that permits a smaller fascia incision. Finger dissection is then 
used to .free the plane circumferentially beneath the fascia. A plane deep to the rectus 
muscle is then created down to the level of the pubic bone with a dilating balloon 
dissector under direct laparoscopic vision. 

The set-up continues by removing the balloon dissector, and inserting a single port 
access device (Fig. 18.2). The depicted SPA device can be substituted with any of the 
other devices available, although most groups report success with the devices made by 
CovidienTM and OlympusTN. Through this SPA device, a 12 mm and two 5 mm trocars 
are placed. In all cases, we used a routine 45° 10 mm laparoscope and standard reus
able laparoscopic instruments, just as we use in our routine laparoscopic TEP repairs. 

The TBP dissection and mesh insertion process proceed in a traditional laparo
scopic TEP manner, and that description is beyond the scope of this chapter. Still, the 
peritoneum in all cases is reduced down to a level below the iliac vessels. The motions 
of the surgeon's hands during the dissection may tend to be more in an upward and 

Fi11re 1U Single port access 
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figura1U SILS TEP: Instruments, 
hand mCMJments, and triangulltitm. 

downward motion from time to time (Fig. 18.3); however, the dissection should proceed 
without the feeling of restricted movements or instrument clashing and with complete 
ability to triangulate the instruments to perform a delicate and precise dissection. The 
use of a SPA device will prevent any air leak sometimes experienced with the insertion 
of multiple trocars. 

In all cases of unilateral hernia, the contralateral side is also evaluated. If found, 
a contralateral hernia is also repaired. Once the repairs are completed and hemostasis 
is assured, the single port access device is removed, the fascia closed with a running 
0-Vicryl suture, and the skin closed with 4-0 Monocryl sutures. 1% lidocaine is 
injected and a bandage applied. The Foley catheter is then removed at the end of the 
case. 

3 RESULTS 

We performed an IRB-approved retrospective review following our initial pilot study 
that included 10 patients with 17 hernias that underwent a single incision laparoscopic 
TEP inguinal hernia repair using a single port access (SPA) device and standard lapar
oscopic instruments and laparoscope between February 2009 and March 2010. Two 
additional patients had an attempted SILS TEP, but were not included in the pilot study. 
These included one patient who, in October 2008 underwent our first SILS TEP, but 
without the aid of a SPA device. In another case, we immediately converted to a tradi
tional 3-trocar TEP after inadvertently creating a large rent in the peritoneum while 
inserting the SPA device. The loss of TEP domain made visualization less than optimal 
and since it was very early in our experience, we simply elected to continue the oper
ation in a standard TBP fashion. 

Patient demographics (Table 18.2), incision size, hernia location, operative time, 
and postoperative physical examination in the recovery room, at 2 to 3 weeks, at 3 to 
6 months, and at 1 year were recorded where appropriate. Operative time recorded by 
the operating room nursing staff was from incision start time to the application of the 
dressing. Our visual analog scale (VAS) for this study was a simple subjective choice 
of pain intensity on a 0-10 scale, 10 being the most severe. In our routine survey, 
chronic significant pain is defined as pain greater than 3/10 that has also bothered the 
patient more than rarely and beyond 3 months. The presence of urinary retention in 
the immediate recovery period was also recorded. Data collected at each follow-up visit 
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Discussion 

filure11.4 Postoperative photo 
6 months after SILS TEP bilateral 
inguinal hernia repair. 

Despite a growing number of case series being published, our data represent the first 
1-year follow-up results following a cohort of patients who underwent a single incision 
TEP inguinal hernia repair. Immediate and long-term postoperative pain was truly min
imal and there were no patients with chronic groin pain. There were no inguinal hernia 
recurrences and no incisional hernias occurred. Overall patient satisfaction including 
cosmesis was excellent (Fig. 18.4). As more publications show the technique's feasibil
ity and durability, sn.s TEP may very well be worth advancing. 

With regard to incision size, we have observed that the incision size mandated by 
certain SPA devices, while partially hidden within the umbilical stalk, does remain 
longer than an incision traditionally made for a 12 mm trocar used during a routine 
TEP. Smaller SPA devices could easily overcome this observation. Despite the incision 
size used, no incisional hernias developed in our cohort, and at 1-year follow-up the 
cosmetic appearance is excellent (Fig. 18.5). 

fi11re 11.5 One year after SILS 
bilateral TEP inguinal hemia repair. 
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Our study has several limitations including a small and carefully selected sample 
size with a low mean BMI of 25.1 kglm2• The results of the study do not suggest that 
single incision laparoscopic hernia repair should now be performed on every hernia 
patient. Rather, the results should simply encourage surgeons to continue studying and 
advancing sn.s TKP inguinal hernia repall' so that the technique is as safe and durable 
as the current laparoscopic TKP being performed today. 

Tracar Optians far Single lncisian TEP Inguinal Hernia Repair 

When performing a Sn.S TEP, we have found that the use of a SPA device readily 
permits triangulation of the routine laparoscopic instruments with very little restric
tion of movement, enabling us to perform safe and precise dissection maneuvers with 
standard instruments. Many SPA devices are available but each has its own unique 
properties (Table 18.1). Randomized comparative studies have not been done to permit 
the recommendation of one over another, and only anecdotal opinion exists to make 
a recommendation. Likely each of the devices has unique qualities that are useful for 
varying different procedures. That being said, for the Sn.S TKP, we initially found that 
the use of the CovidienTN Sn.STN Port device readily permits unrestricted movements 
with no air leak. A variety of mesh products were able to be deployed without diffi
culty, and fixing the mesh was not inhibited. Its current disadvantage is that it man
dates a 2.0 to 2.5 em incision. On the other hand, the use of the OlympusTM TriPortTM 
which comes with an introducer, permits a smaller skin incision and can be deployed 
with only a 1.6 to 1.8 em skin and fascia incision and also affords great maneuverabil
ity with no air leak. In addition, it comes with a built-in wound protector, which 
would negate the need for a laparoscopic bag, should a specimen need to be retrieved. 
To date, we have not yet used the devices by StorzTM, Applied MedicalTM, or EthiconTN 
to perform a sn.s TBP. 

The insertion of any of the SPA devices correctly involves a quick learning curve, 
and errors can be made at this step that could make a sn.s TKP difficult (Fig. 18.6). We 
recommend for those early in the learning curve to make the fascial incision a little 
larger in order to minimize the risk of violating the posterior fascia/peritoneum during 
insertion. Smaller SPA devices will make insertion easier and less risky through smaller 
skin and fascial incisions. 

A.:S.o:"-------Port device • lipped 
under akin edge 

Fi11re 1l& SILS"' Port 1hat has 
slipped under 1tte skin edge. 
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Instrument Options for Single Incision TEP Inguinal Hernia Repair 

In addition to standard laparoscopic instruments, a number of other instruments 
have become available to successfully perform a SILS TEP. Articulating instruments 
for SILS TEP, such as those made by CovidienTM or CambridgeEndo™ have been sup
ported. In addition, rigid, pre-shaped instruments such as the Hi Q LS curved 5 mm 
hand instruments by OlympusTM or the Dapri instruments by Karl Stor.zTM are being 
trialed. 

Unlike Dr. 0 Surgit and his colleagues who successfully performed the sn.s TEP 
with articulating instruments, we prefer routine laparoscopic instruments, especially 
when reducing an adherent indirect hernia sac. When using an articulating instrument 
to reduce an adherent hernia sac, there can be too much "give" at the bend in the 
instrument and thus not enough torque generated to efficiently reduce the peritoneum 
off the cord structures. In addition, when adopting a new technique, it is helpful to 
avoid deviating from routine maneuvers as much as possible. Thus for surgeons already 
familiar with the TEP procedure, the Sll..S TBP using standard laparoscopic instruments 
is an ideal technique to learn, as the expense and learning curve of an articulating 
instrument can be avoided. 

~ CONCLUSIONS 

Patient selection for SILS TEP hernia repair should remain up to the patient's and 
surgeon's discretion as, to date, there is no proven clinical benefit to the technique 
other than that it eliminates two small 5 mm incisions from the abdomen. There are 
some studies attempting to show a pain advantage or a cosmetic advantage for single 
incision techniques. Although our experience with sn.s TEP suggests very low pain 
scores followed by rapid recovery with no long-term morbidity, we personally have 
not yet observed any obvious reduction in pain complaints compared to surgery with 
a standard TEP approach. Of course, we are aware that pain is very subjective. 
Regarding cosmesis, although our cohort of patients studied was very satisfied and 
SILS TEP permits a cosmetic incision, at this time it remains debatable if a SILS TEP 
affords any true cosmetic advantage compared to existing techniques for repairing 
an inguinal hernia. What is true is that a SILS TEP affords the ability to repair bilat
eral inguinal hernias through one small skin incision that can be made within the 
umbilicus. 

For sure, it seems that the patient demand for sn.s TBP and other novel techniques 
has the potential to rise. It behooves the surgical community to embrace and to improve 
novel techniques in order to make each procedure just as safe as the current standards. 
As Dr. P Bucher et al. has shown in a recent retrospective survey study, a potential 
patient may likely choose single incision surgery over its traditional laparoscopic sur
gery counterpart, provided that both techniques had a similar risk-to-benefit profile. 
The burden is on the surgeon to improve these novel techniques and to work with 
industry to optimize the hardware needed to make these operations as safe as lapar
oscopy is today. 

In our pilot study with mean follow-up greater than 1 year, we have shown that the 
single incision laparoscopic TEP inguinal hernia repair with the aid of a SPA device, 
routine laparoscopic camera, and routine laparoscopic instruments is feasible without 
significant morbidity. Other groups have also shown sn.s TBP to be feasible with other 
types of access devices, other types of cameras, and with articulating surgical instru
ments. For sn.s TEP, smaller diameter SPA devices would be preferential and rand· 
omized prospective studies are still warranted to be able to make statements regarding 
advantages or disadvantages. Through a small infraumbilical skin incision, SILS TEP can 
provide a durable unilateral or bilateral inguinal hernia repair when performed by expe· 
rienced laparoscopic hernia surgeons. 
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Morris E. Franklin, Jr. and Karla Russak 

~ INDICATIONS/CONTRAINDICATIONS 

Incisianal hernias develop in 2% to 20% oflaparotomy incisions, necessitating approx
imately 90,000 ventral hernia repairs per year in the United States. About a third of 
these patients experience serious discomfort, aesthetic complaints, intestinal obstruc
tion, or acute strangulation warranting hernia repair. In general, primary hernia repair 
has been abandoned owing to unacceptably high recurrence rates, and mesh placement 
is now considered the standard technique. Mesh placement in the posterior position 
(onlay technique), rather than anterior placement or within the abdominal musculature, 
is associated with the lowest recurrence and infection rates. 

The onlay mesh technique can be used for basically any type of intraabdominal 
hernias (incisional, spigelian, inguinal, etc.). The laparoscopic approach to hernia repair 
seeks to apply the sound principles associated with the Rives-Stoppa, but with modi
fications in the technique for mesh placement. Once implanted, intlammatory tissue 
grows from the underlying peritoneum between the mesh interstices, creating a solid 
tissue-prosthesis aponeurosis that is the basis for the IPOM repair. 

Using the laparoscopic approach, a large prosthetic mesh can still be placed on the 
anterior abdominal wall (internal rather than external to the posterior fascia or perito
neum), overlapping the defect by several centimeters in all directions. However, with 
this technique, there is no need for the extensive soft tissue dissection seen in the open 
approach and its attendant complications. Furthermore, the patient can expect to receive 
all the other benefits of a minimally invasive procedure, such as decreased hospital stay, 
lower round complication rates, and decreased pain. 

There is an ongoing controversy regarding patients' selection criteria for laparoscopic 
onlay mesh technique with respect to number of prior hernia repairs, hernia size and 
location, number of previous operations, body mass index (BMI), and history of intra
abdominal sepsis. Technical difficulty as well as postoperative morbidity and mortality 
may be related to definable preoperative risk factors. 
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Figura19.1 Mesh introduction: 
Rolled-up mesh introduction 
through trocar: 

\9 SURGERY 

The technique demands general anesthesia as well as placement of a na.soga.stric tube 
and a Foley catheter. 

Positioning 

The patient must be firmly attached to the table to allow for alterations in position to 
Trendelenburg, reverse Trendelenburg, or extreme side-to-side "airplaning" to allow 
adhesions to be dissected. We prefer to secure the patient to the table with tape at the 
shoulder level. Sequential compression devices are applied to the legs, and the video 
monitors are positioned at the foot of the table or at a place convenient for viewing by 
all involved. 

Technique 
Insufflation, usually from a non-midline location, is begun with a Veress needle. The 
initial ports are most commonly placed lateral to the rectus muscles. The adhesions 
opposite the initial ports are carefully taken down, and additional ports are placed 
as adhesions are cleared. Each of these additional trocars should be considered as a 
port through which a stapler (or laparoscope) or mesh (Fig. 19.1) can be placed. 
Therefore, 10 to 12 mm trocars are desirable at all ports, although 5 mm ports may 
be used with corkscrew fixation devices. Bleeding must be meticulously controlled 
and bowel injury avoided as the anterior abdominal wall is being cleared. We prac
tice closure of large defects with nonabsorbable suture (Fig. 19.2), even if only a 
limited closure is possible. In our practice, this is usually accomplished percutane
ously, using the Carter-Thomason (Inlet Medical, Inc, Eden Prairie, MN, USA) suture 
passer with placement of #2 Tycron (Ethicon, Somerville, NJ, USA) as individual 
sutures (Fig. 19.3). 
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Fi11re 112 Defect closure: Hemia 
dsfect closure with suture passer. 

Taking into consideration the thickness of the abdominal wall, polypropylene mesh 
is tailored to the area judged adequate for coverage of the defect, as estimated by laying 
the mesh out on the abdominal wall . .A3 many defects as possible should be covered 
with each piece of mesh while, at the same time, maintaining a minimum margin of 
3 to 5 em circumferentially around each defect (Fig. 19.4). Although one piece of mesh 
is ideal, it may not be possible in all instances, especially those abdomens where 

fit•r• 19.3 Suture passer: 
Detailed view of suture passer. 
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1t1ure11.4 Mesh fixation: Trans
fascial sutures placed 1 em apart 

figure 19.5 Transfascial sutures 
placed on hemia defect. 

extensive or multiple, widely spaced defects are present. The mesh must be placed over 
the defect and held in place with staples and, in most circumstances, transfascial (2-0 
Prolene) sutures (Fig. 19.5). 

Until recently, the presence of frank pus or necrotic bowel was considered a con
traindication to mesh placement. With the advent of biologic meshes, grossly contami
nated hernias can be repaired with the clinically significant strength of a nonabsorbable 
mesh and the decreased infectious complications of an absorbable prosthetic. 
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All trocar ports greater than 5 mm should be carefully and completely closed 
(Pig. 19.6) and the abdomen desuftlated alter covering the repaired are with omen
tum. In this fashion, the omentum is tacked (stapled) in place to serve as a barrier 
to separate the mesh from the bowel. Operation times vary with severity of adhe
sions, number of defects, bowel involvement, and need for concurrent procedures. 

POSTOPERATIVE MANAGE:MENT 

The postoperative course is relatively benign with the nasogastric tube and Poley cath
eter being removed in the recovery room in most instances. Hemoglobin, hematocrit, 
and electrolyte levels are checked the next day. We expect to see subcutaneous nuid in 
many hernia sites in the immediate postoperative period and explain this possibility to 
the patients prior to surgery. The patient is given a diet when bowel sounds are present, 
which can vary from immediately to several days postoperatively, depending on the 
amount of dissection, handling of bowel, and small bowel bleeding. Patients are allowed 
to go home when they are afebrile, their wounds are clean, a regular diet is tolerated, 
and only minimal pain is present. 

Patients are routinely seen back in the clinic by the operating surgeon at 2 weeks, 
1 month, 3 months, and 6 months postoperatively and then yearly thereafter. 

~ COMPLICATIONS 

The most common complication encountered is the seroma formation, most patients 
develop a small, sterile nuid collection that does not require further treatment and 
eventually reabsorbs. A commonly described complication is the conversion to an open 
procedure, which most of the times is secondary to poor visualization from dense adhe
sions and in some cases from profound bowel distension preventing adequate visualiza
tion and mobilization. 

Fi11re 1!8 lntraabdaminallaok 
after defect closure. 
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Hernia rapair is associated with a significant risk of enterotomy, reported to be as 
high as 20.3% by Gray et al. Intraoperative complications related to a missed enterot
omy can have devastating effects. Multiple adhesions or prior abdominal surgery 
increases the risk of bowel injury, and when extensive adhesiolysis is required, patients 
are at increased risk for enterotomy. We consider that if the abdominal contamination 
was minimal, and the enterotomy can be repaired laparoscopically, there is no reason 
not to continue with the same planned procedure. Complications often described are 
trocar-site infection, prolonged ileus, urinary tract infection, pseudo-obstruction, and 
pulmonary problems. Other postoperative complications described, but less commonly 
encounterad, ara recurrent pain and sutura-site neuralgia. In cases of suture-site neu
ralgia, the first line of treatment is anti-inflammatory drugs, if the pain persists, the 
patient should be referred to a pain specialist, and after a set of xylocaine and hydro
cortisone injections, the pain resides. 

The most feared complication over all is hernia recurrence and/or mesh infection. 

~ CONCLUSIONS 

On the basis of the Rives-Stoppa technique, posterior patching of the defect with a large 
piece of prosthetic mesh allows extensive tissue in-growth for permanent mesh fixation 
and utilization of intraabdominal pressure to actually hold the mesh in place. 

In open mesh rapair, the mesh is placed in between the different layers of the 
abdominal wall, predominantly in the retromuscular position. In this position, the 
mesh is additionally stabilized by the intraabdominal pressure that presses the mesh 
against the closed anterior rectus sheath, which functions as a thrust bearing. The 
porous meshes used are well integrated within days. In laparoscopic hernia repair, 
however, where the mesh is placed onto the peritoneum with a central fascial defect 
that remains open, a sufficient fibrocollagenous in-growth is needed to withstand the 
intraabdominal pressure. This is the reason why we consider transfascial sutures of 
uttermost importance. 
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20 Sports Hernia 
L. Michael Brunt 

Introduction 
The topic of sports hernia has gained increasing attention in recent years due to a 
number of high profile athletes who have undergone surgery for this problem. Although 
athletic groin injuries are very common in sport, it is important to understand that the 
condition referred to as a "sports hernia" (which is more appropriately described by 
the term athletic pubalgia) represents a small percentage of groin injuries that occur in 
athletes. Moreover, groin injuries in athletes represent a challenging problem both from 
a diagnostic and therapeutic standpoint because of the broad differential diagnosis, 
subtle physical examination findings, anatomic complexity of the pelvic and groin 
region, and the multiplicity of causes. These injuries may result in a significant loss of 
playing time and, therefore, can be a source of frustration for the athlete, athletic train
ers, and treating physicians. In this chapter, the clinical presentation and diagnostic 
approach to the athletic groin will be reviewed and an overview of repair techniques 
and surgical outcomes will be presented. 

Background 
Sports that have repetitive twisting, turning and kicking motions at high speed such as 
soccer, ice hockey, and football are associated with a significant incidence of groin 
injury. In one study from Scandinavia, groin injuries occurred in 5% to 28% of soccer 
players and accounted for 8% of all injuries over one season. Similarly in a study of 
Swedish hockey players, groin injuries accounted for approximately 10% of all injuries. 
Unlike many other injuries in sport, most of these are soft tissue injuries and do not 
typically result from direct physical contact. 

A number of risk factors have been identified that may increase an athlete's risk of 
groin injury. In one study of National Hockey League players, Emery and colleagues 
found that fewer than 18 sport-specific training sessions in the off-season, a history of 
previous groin or abdominal strain, and veteran player status were all associated with 
an increased risk of groin injury. Another study from the NHL by Tyler et al. showed 
that hockey players with an adductor to abductor strength ratio of less than 80% were 
17 times more likely to sustain an adductor strain. Moreover, adductor strengthening 
reduced the incidence of injury from 3.2/1,000 to 0.71/1,000 player game exposures. 
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figure 2D. 1 Schematic of the 
anatomy in the pubic region. 
SholMI are the rectus abdominis, 
obliques, adductor group, and hip 
flexors. 
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Differential Diagnosis 
In order to differentiate the various causes of athletic groin pain, an understanding of 
the complex anatomy of the musculoskeletal relationships around the pelvis as illus
trated in Figure 20.1 is essential. The pelvis acts like a fulcrum or joint around which 
the powerful abdominal and thigh muscles act. The rectus abdominis inserts on the 
anterior pubis and its aponeurosis is continuous with that of the adductor longus as 
shown in Figure 20.2 on both the schematic illustration and sagittal MRI sequences. 

The differential diagnosis of groin pain in the athlete is broad and includes injuries 
to the bony pelvis, muscular strains, hip injuries, and even non-athletic causes. An 
outline of the principal conditions to be considered in a differential diagnosis is listed 
below. 

Differential diagnosis of groin pain in athletes: 

• Pelvis: Stress fracture, traumatic fractures or contusions, osteitis pubis 
• Hip: Labral tear, femoral acetabular impingement, osteoarthritis 
• Thigh: Muscular strains-adductor group, hip flexors 
• Abdominal muscular strains: Rectus abdominis, obliques 
• Sports hernia/athletic pubalgia 
• Inguinal hernia 
• Non-athletic causes (ovarian cyst, endometriosis, inflammatory bowel disease) 

Stress fractures are most commonly seen in endurance runners and can affect the 
inferior pubic ramus or femoral neck region. Osteitis pubis is a condition in which there 
is midline pubic symphysis pain that is probably related to overuse and abnormal 
biomechanics around the pubis. 'n:eatment consists of reduced activity, physical ther
apy, and corticosteroid injections for selected cases. Muscular strains can occur in any 
of the muscle groups around the hip and pelvis but most commonly involve the adduc
tor muscle group. These may be acute or chronic and typically resolve with conserva
tive management. In one study of sports groin injuries, adductor longus strains accounted 
for 62% of all sports injuries. Hip injuries should always be excluded in the athlete 
with groin pain, particularly labral tears and femoral acetabular impingement. Inguinal 
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Rectus 
abdorrinis muscle _..._--It--

Adcllctor 
longus muscle--~---~----~~-

A 

Fi11re 20.2 A: Sagittal schematic view of rectu!-adductor aponeurosis complex and attachment at the pubis. B: MRI sagittal view 
IT2·weighted fat suppressed sequence) mat shows normal appearance of me rectus/adductor complex. RA, rectus abdominis; p, 
pubis; arrows point to normal rectus/adductor aponeurosis. C: MRisagittal view that shows a tear in me distal rectus at me apone· 
uratic junction (arrow pointing to bright line~ 
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hernias an~ included among the possible diagnoses but an~ rarely present. Finally, non
athletic causes of groin pain should be considered especially in female athletes. 

Diagnostic Evaluation 
The evaluation of the athlete with groin pain begins with a detailed history and phys
ical examination. The following points are important to elicit in the history: 

• Onset of the pain (acute vs. chronic) 
• Precise location of the pain 
• Is the pain diliuse or radiating? 
• Factors that aggravate or alleviate the pain 
• Possible mechanism of injury involved 
• History of prior injury or any change in training regimen 

In a classic sports hernia type athletic pubalgia, athletes complain of chronic lower 
abdominal and inguinal pain that is most pronounced during the extremes of motion. 
Specifically, symptoms are aggravated by sudden turns or cutting movements, propulsive 
skating movements in hockey, and kicking in soccer or football. Importantly, the pain 
limits sudden accelerating movements which can be the difference in success and failure 
for high level athletic performance. Other symptoms that may be associated include pain 
with coughing or sneezing and adductor symptoms. The onset is often insidious with no 
clear precipitating event and fails to resolve with conservative management. 

Physical examination findings an~ often subtle and include tenderness in the medial 
inguinal canal/distal lateral rectus at the right lateral pubis as shown in Figure 20.3. 
Other findings may include a dilated external ring, a palpable gap over the inguinal 
canal, and pain with resisted trunk rotation (Fig. 20.3B) or resisted sit-ups. Importantly, 
there is no evidence of a true inguinal hernia bulge. 

Imaging is indicated for excluding other causes of groin pain. Plain pelvis x-rays may 
be useful for screening hip and bony pelvis abnormalities. The preferred imaging modal
ity in North America is a pelvic MRI which provides details about the various muscular 
anatomy, tendons, and bony structures around the pelvis. Findings on MRI may include 
parasymphyseal edema on the side of the injury (Fig. 20.4), a tear in the distal rectus or 
proximal adductor longus aponeurosis adjacent to the pubis (Fig. 20.5), and evidence of 
chronic adductor tendinopathy (Fig. 20.6). Some groups have used dynamic ultrasound 

Figura 20J Examination of inguinal floor for athletic pubalgia. A:. The floor is examined supine and durign a sit-up for areas of 
weakness and tendemess. B: Testing of oblique muscles. The athlete is asked to rotate the shoulder toward the opposite hip 
against resistance. 
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ti1ure 211.4 MRI of pelvis in an aht
IIJte with athletic pubalgia. Shown is 
edema in the parasymphyseal region 
of ttle pubis and secondary cleft sign 
(sm~ws) indicating aponeurotic lesion 
associated with this condi1ion. 

ti1ure 211.5 M Rl ttl at shows thicken
ing in the distal rectus at the pubis on 
the left side (ai'IDwt. The right side is 
normal. 

tigur• 211.6 MRI that shows changes 
in ttle left adductor longus insertion 
(sm~ws) consistent vWth a chronic 
tendinopathy. 
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to assess the integrity of the posterior inguinal floor, but this modality requires consid
erable experience and is very operator dependent. 

~ INDICATIONS 

The indications for surgery in the athlete with a sports hernia type pubalgia are symp
toms that limit athletic performance after failure of a minimum of 6 to 8 weeks of 
conservative management. In addition, the examination findings should corroborate the 
location of maximum pain and tenderness as consistent with a sports hernia condition, 
and other diagnoses should be excluded by examination and imaging. One study by 
Ekstrand compared surgery versus various non-operative conservative treatment regi
mens in 66 soccer players with chronic groin pain. All athletes had groin pain for more 
than 3 months and only the surgical group showed substantial and statistically signifi
cant improvement. 

Pathophysiologic Mechanisms 
The surgical approach to the treatment of sports hernia type pubalgia should be 
based on an understanding of the pathophysiology and mechanisms involved in this 
condition. 

Three principal mechanisms have been described: 

1. injury to the distal rectus abdominis/adductor tendon complex at the pubis 
2. a weak or deficient posterior inguinal floor 
3. ilioinguinal or genital nerve involvement 

Meyers has developed the concept of "pubic joint" on either side of which are 
attached powerful abdominal and thigh muscles. An imbalance in muscle strength 
across the pelvis may lead to increased stress across the pubis and chronic pubalgia 
type pain. There may be a tear or weakening of the rectus muscle at its insertion site 
on the pubis (Fig. 20.2) and/or increased pressure within the adductor compartment. 
Similarly, a weak posterior floor can result .from an imbalance in forces with the stronger 
hip and thigh musculature putting stress across the pubis onto the weaker lower abdom
inals that can then lead to weakening of the external oblique and posterior inguinal 
floor and widening of the groin canal with increased tension at the pubis (Fig. 20.7). 

Figura 2117 0 perative findings in an athlete 'VIIith a sports hemia. A:. Attenuated external oblique with translucency of the central 
portion of the aponeurosis distally lsrrows). B: Disruption in the posterior inguinal floor. 
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Fi11re 20.1 Ilioinguinal nerve exiling 
a separa1e sli1 in 1he external oblique 
aponeurosis separa1es from 1he 
extemal ring in an atflle1e undergoing 
sports hemia repair. The external 
oblique has already been opened 
1hrough 1he external ring 10 expose 
1he spermatic cord. 

Finally, some groups have postulated either entrapment of branches of the ilioinguinal 
and/or iliohypogastric nerves through tears in the external oblique aponeurosis (Fig. 
20.8) or pressure on the genital branch of the genitofemoral by a localized bulge in the 
posterior inguinal canal during Valsalva. These latter mechanisms have led some groups 
to recommend routine or liberal resection of one or more of these nerves during surgi
cal repair. It should be noted that these mechanisms are not mutually exclusive of each 
other and may co-exist in a given athlete. 

\9 SURGERY 

A variety of surgical approaches have been used for the treatment of sports hernia and 
athletic pubalgia. Broadly, these consist of three categories of repair. 

1. Primary pelvic floor repair 
• Meyers approach (rectus to pubis realignment) 
• Muschawek minimal repair technique ± genital neurectomy 

2. Open anterior tension-free mesh repair 
3. Laparoscopic mesh repair 

The primary pelvic floor repair that has been employed by Meyers is a sutured repair 
that is focused on attachment and realignment of the lower rectus with the pubis. Further 
details of this repair have not been published. Meyers often accompanies this repair with 
a partial adductor release in which multiple tiny incisions are made into the tendinous 
insertion site near the pubis to decompress the adductor compartment. The Muschawek 
minimal repair technique involves primary repair of the posterior inguinal fioor. Only the 
defect is opened and the surrounding normal tissue is left undisturbed. Two overlapping 
rows of suture are used to imbricate tha defect and in order to stabilize the posterior wall 
and reduce tension on the rectus abdominis (Fig. 20.9). In addition, a genital neurectomy 
is performed if there is tension on the nerve or bulging that compresses the genital nerve. 

The open anterior tension-free mesh approach is illustrated in Figures 20.10-20.12. 
This is analogous to a Lichtenstein type repair and typically utilizes lightweight poly
propylene mesh. In addition to the repair of the posterior fioor, anchoring sutures are 
placed in the lateral rectus to further stabilize that side of the abdominal attachment. 
An ilioinguinal neurectomy is performed if the nerve is entrapped in a slit in the exter
nal oblique away from the external ring or if it would potentially be tethered by the 
mesh in order to eliminate it as a source of postoperative pain. The Montreal group 
uses a somewhat diHerent tension-free mesh approach in which a polytetrafluoroethyl
ene (PTFE) patch is placed just below the external oblique aponeurosis to reinforce that 
layer. In addition, ilioinguinal and/or iliohypogastric neurectomies are frequently per
formed in their athletes. 

Some groups have advocated a laparoscopic posterior mesh repair. In one study of 
55 athletes with chronic groin pain, occult hernias were identified laparoscopically in 
20 (36%). This finding is somewhat at variance with the large experience with various 
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A B 

Figura 20.9 Minimal repair technique of sports hernia as performed by Muschawek. A:. Only me defect in the posterior inguinal 
floor is opened. B: The defect is repaired primarily by two overlapping rows of suture. 

Figare 20.10 Dissection of me 
inguinal floor that shows the extemal 
oblique, intemal oblique, and trans· 
veralis layers. Note me stranding and 
defect in the posterior floor (sTTDw-". 
EO, exsternal oblique; /0, internal 
oblique; T, transversalis. 

Figare 20.11 Anchoring sutures in 
healthy transversalis aponeurosis in 
the right inguinal floor for mesh 
fixation. 
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FiiUN 211.12 Ughtweight mesh is 
sutured in place to cover the entire 
posterior floor in a tension-free 
manner. 

open repairs and maybe due in part to an artifice of the laparoscopic insufflation. This 
repair is the same technically as standard laparoscopic transabdominal preperitoneal or 
total extraperitoneal inguinal hernia repair with broad mesh coverage of the entire floor, 
particularly the area of the medial O.oor and distal rectus insertion (Fig. 20.13]. 

POSTOPERATIVE MANAGEMENT 

Regardless of the surgical approach to the repair of sports hernia-related pubalgia, a 
structured postoperative rehabilitation program is essential in facilitating a return to 
sport. Our group has utilized a stepwise program that is focused on both core abdomi
nal strengthening and stabilization as well as attention to lower body strength, O.exibil
ity, and balance (Fig. 20.14]. In particular, strengthening and stretching exercises 
involving the adductor muscle group are an important component to this. In general, 
the first 7 to 10 days after repair the athlete is limited to normal activities of daily liv
ing and walking. From that point on, activity is increased progressively and sequen
tially beginning with light jogging, stationary biking, and progression to core and lower 
body exercises. Finally, sport-specific activity is initiated until the athlete is ready for 
physical contact and return to play. Athletes are allowed to progress according to pain 
and the timetable should be O.exible and individualized according to symptoms. 
Muschawek has advocated an accelerated path for return to sport in athletes undergoing 

FiiUN 211.13 Laparoscopic repair 
using total extra peritoneal approach. 
The mesh covers the entire inguinal 
floor including posterior rectus sheath 
and its insertion on the pubis. 
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B 

1t1ure 20.14 RehabiltitJition program for abdominal core strengthening. Shown are (A) side wall ball squats and IB) core stabilization 
with S'Wiss ball. Photographs courtesy of Ray Barile, ATC, St. Louis Blues Hockey Club. 

the minimal repair technique. Such an approach has allowed return to play as early as 
3 to 4 weeks after the procedure. In the majority of cases, repairs are typically done in 
the off-season for sport and so a more conservative timetable for return to play is gener
ally utilized. In our experience, return to play is feasible within 5 to 8 weeks after repair 
in most individuals but may take longer in selected athletes who have significant adduc
tor or other associated injuries. 

~ RESULTS 
The reported outcomes of the surgical treatment of sports hernia pubalgia describe 
return to sport rates of 90% or more for each of the three main types of repair. The 
largest series reported is .from Meyers in Philadelphia. Operations were performed in 
5,218 athletes out of a total of 8,490 individuals who were evaluated (61.4%). Twenty
six different variations of repairs and 121 different combinations of procedures were 
carried out. Most repairs involved a primary pelvic floor repair as described above in 
conjunction with different types of release procedures. Complications were reported 
in approximately 1% of athletes and included hematomas that required reoperation in 
0.3%, wound infections in 0.4%, dysesthesia in 0.3% and penile thrombosis in 0.1%. 
Return to sport was reported for 95.3% of athletes at up to 3 months after operation, 
but further details have not been provided. 

Muschawek reported results in a prospective evaluation of 129 athletes treated from 
2008 to 2009. Ninety-six percent of athletes had resumed training by 4 weeks after repair 
and a full return to pre-injury sports activity had occurred in 75.8%. There were no 
recurrences reported over the follow-up period. Similar outcomes have been reported 
after tension-free mesh hernia repairs. In our experience over 90% of repairs have been 
done under local anesthesia as an outpatient procedure. Successful return to athletic 
competition was seen in 91% of athletes at a mean follow-up interval of 13.6 months 
after surgery. The most common reason for failure in our experience had been ongoing 
adductor symptoms that resulted in subsequent adductor release procedures in 5 indi
viduals . .A3 a result, we have begun to carry out a partial adductor release similar to that 
reported by Meyers in highly selected athletes with predominately adductor pathology. 
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21 Recurrent Laparoscopic 
Hernia Repair 
Edward L. Felix 

~ INDICATIONS/CONTRAINDICATIONS 

Although most surgeons agree that the laparoscopic approach is ideally suited for the 
repair of recurrent inguinal hernias, there still is not total agreement on what approach 
should be used when a laparoscopic repair fails. Whether an open or laparoscopic 
approach should be utilized must be dictated by the experience of the surgeon. This is 
because the repair of recurrent laparoscopic inguinal hernias (RLHs) is challenging and 
requires advanced laparoscopic skills as well as an in-depth understanding of the pos
terior anatomy (Figs. 21.1 and 21.2). Before undertaking the laparoscopic repair of an 
RLH, a surgeon must also be totally comfortable utilizing the laparoscopic transab
dominal preperitoneal (TAPP) inguinal hernia repair since it is the safest laparoscopic 
approach for recurrent laparoscopic hernias. The indications for repair are the same as 
for any inguinal hernia and other than a lack of experience there is no absolute con
traindication to the laparoscopic repair of RLH. 

tyJ PREOPERATIVE PLANNING 

Before starting a laparoscopic repair of a recurrent laparoscopic hernia it is important 
to know the status of the peritoneal cavity. Since the laparoscopic repair will be 
transperitoneal, it is essential to know if there is likely to be extensive adhesions or 
adhesions at the umbilical level which might jeopardize the safety of the repair. The 
surgeon must have a game plan before beginning the repair. This means that the surgeon 
must know what is going to be done if confronted by the unexpected. There must be a 
plan that allows the procedure to be converted to an open anterior repair if needed. 
Finally, the surgeon must have a plan in place for closing the peritoneum or covering 
the mesh repair if re-peritonealization is impossible. 
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ei) SURGERY 
~----------------------~ 

Positioning 

figure 2.1.1 Anatomy before reduction 
of a lipoma in a left inguinal hernia. 

The patient's arms are placed at the side of the patient so that the surgeon is free to 
stand anywhere along the side of the table. The monitor is positioned at the foot of the 
table and is angled so that the screen is facing the surgeon. In the TAPP repair most 
surgeons stand on the side of the table of their dominant hand and reach across the 
patient with the other hand. The assistant surgeon or scrub nurse, if acting as the assist
ant, stands opposite the surgeon. The scrub table is placed across the legs so that both 
the surgeon and nurse can reach the instruments. 

Patient Prep 

Although it has been shown that the routine use of a foley catheter increases the risk 
of retention, if the surgeon thinks that the procedure will be prolonged a catheter can 
be placed. Otherwise the patient must void before the induction of anesthesia. The 
entire abdomen should be prepped so that the position of the trocars can be varied if 
necessary. The groin on the side of the hernia is shaved and prepped in case the pro
cedure must be converted to open. 

figur• 2.1.Z Anatomy of me dissected 
left inguinal hemia. 



Instrumentation 
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Fittrt 21.3 TAPP view of a right 
rur:urrunt indirur:t hurnla with rolled 
up mash. 

A straight or angled 10 mm scope can be used according to the surgeon's preference. 
Instruments should be laparoscopic unipolar scissors, bipolar coagulator, atraumatic 
graspers, and a laparoscopic needle holder. A suction irrigator, 5 mm clip applier and 
tacker should be available, but do not need to be opened for every case. A 10 mm 
Hasson type trocar is used at the umbilicus and 5 mm trocars laterally. 

Procedure 

The repair of an RLH is best begun as a TAPP repair (Fig. 21.3). This approach allows 
the surgeon to have an unobstructed view of the previous repair (Fig. 21.4). The mech
anism of recurrence will then be apparent. The totally extraperitoneal (TBP) inguinal 
hernia repair approach runs the risk of tearing the peritoneum where it is fixed to the 
mesh, injuring any structure that is incarcerated and can be impossible if the extra 
peritoneal space is obliterated. 

The procedure begins with insulation and placement of a Hasson trocar at the 
umbilicus. After the abdomen and recurrent hernia are examined to determine the 
safety of proceeding with a laparoscopic repair, a 5 mm trocar is placed laterally approx
imately at the level of the umbilicus on each side. Any incarceration is reduced (Figs. 
21.5 and 21.6) and the peritoneum is incised above the hernia from lateral to medial to 
expose the extra peritoneal space. The previously placed mesh is usually fixed to the 
abdominal wall and should be left in place. If however, the mesh is folded on itself 

Figtre2U TAPP view of a recurrent 
right femoral hernia with previously 
placed mash visible through tha 
perttoneum. 
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Fig1re 21.5 Colon incarcerated in a 
large recurrent laparascopic hemia. 

causing pain, then it should be excised (Figs. 21.7 A and B). The entire floor must be 
exposed because it is not unusual for there to be more than one site of recurrence. The 
vas deferans and testicular vessels must be identified in order to avoid injuring these 
structures (Fig. 21.8). 

After the floor dissection is complete a mesh is fashioned to cover the recurrence. 
The mesh may overlap the previously placed mesh and in some patients it needs to be 
slit for the cord. Although it is not necessary to fix the mesh to the wall in most lapar
oscopic repairs, fixation should be used to repair a recurrent laparoscopic hernia. Care 
must be taken to only place anchors into Cooper's ligament and above the iliopubic 
tract. The latter can be difficult, but its location can be determined by palpation of the 
abdominal wall and groin. 

The final part of the procedure is to re-approximate the peritoneum so that it 
completely covers the mesh. The best method is to suture the peritoneum with a run
ning technique (Fig. 21.9). Occasionally tacks can be used if the peritoneum has 
partially shredded, but routine closure of the peritoneum with tacks increases the 
chance of injuring the retroperitoneal nerves. If the mesh cannot be completely cov
ered by peritoneum an alternative technique is to use a mesh with a protective coat
ing like that used in laparoscopic ventral hernia repairs. The 10 mm umbilical trocar 
site should be carefully closed at the end of the procedure to avoid creating a new 
hernia at this site. 

t1gure 2.1.1 The large recurrent hemia 
after me incarcerated colon has been 
reduced. 
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Fi11r1 21.'1 A:The view af a recurrent plug hernia in a patient with significant pain secondary to the plug. B: The mesh plug after it is excised with 
cautery and scissors. 

Fi11r1 21.1 A TAPP view of rolled up 
mash exposing the cord structure. 

Fi11r1 21.9 Suture closure of the 
peritoneum with the colon suspended 
below the suture line. 
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POSTOPERATIVE MANAGEMENT 

Patients are discharged home the day of surgery after they have voided and should be 
warned that it is not unusual to have bruising developed in the groin and genitalia. In 
general activity is not restricted during the recovery period. 

) COMPLICATIONS 

Potential complications after a laparoscopic repair of a recurrent laparoscopic hernia are 
no different than after a primary repair, but the incidence is potentially higher because 
of the level of difficulty of the repair. Since the repair is performed trans-abdominally, 
there is a risk of injury to intraabdominal structures. Since there can be intense scar 
tissue around the cord from the first repair, de-vascularization of the vas deferans is a 
risk. Fixation of the mesh is usually required in this recurrent repair; therefore, nerve 
injury is more likely than after a primary repair without fixation. Finally closUl'e of the 
peritoneum is more difficult than after a first time laparoscopic repair, so there is an 
increased chance of exposing the mesh. This in tum can lead to a bowel obstruction 
from adhesions (Fig. 21.10) or an internal hernia. 

~ RESULTS 
There has been very little written about how one should handle a failed laparoscopic 
hernia repair. Our own study in 2001 showed that recurrent laparoscopic repairs can 
be handled safely and successfully laparoscopically. Five of seventeen needed to have 
an additional small anterior incision to remove a lipoma, but the actual repairs were 
completed with the laparoscopic posterior repair. Two of seventeen had to be converted 
to open because of peritoneal adhesions. The other significant study is by Kook and 
van Steensel who reported on 34 laparoscopic recurrences successfully re-repaired with 
a TAPP approach with no conversions. The lack of extensive literature discussing the 
treatment of failed laparoscopic inguinal repairs may be due to the low recurrence rate 
of primary laparoscopic repairs in experienced centers. 

tigure 2.1.10 An example of omentum 
adherent to inadequately closed 
peritoneum. 
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+;, CONCLUSIONS 

When a laparoscopic inguinal hernia repair fails the surgeon has the choice to repair 
it with a conventional open anterior repair or look laparoscopically and proceed with 
a laparoscopic repair if feasible. The laparoscopic repair of a RU:I should not be 
elected by the inexperienced laparoscopic surgeon. It can be a difficult operation with 
a lot of negative potential if performed poorly. The laparoscopic approach, however, 
should be the choice for the well-experienced laparoscopic surgeon. It has the advan
tage of revealing why the first repair failed and correcting the original error. In addi
tion, it has all of the advantages of the laparoscopic repair; faster recovery, and less 
long-term pain. 

Recommended References and Readings Knoolt MT, Weidema WF, Stassen LP, et e.I. Laparoscopic repair of 
recurrent inguinal hernias after endoscopic herniorrhaphy. Surg 

Chowbey PK. Recurrent hernia following endoscopic total extra peri
toneil repair. J Lapa:roenosc Adv Sucg Tech A. 2008;13(1):21-25. 

Felix EL. A unified approach to recurrent Iaparoscopic hernia 
repairs. Sw:g Endosc. 2001;15(9):989-971. 

Lo ::-:B~~~~~~:1~1!~!~; et al. Management ofnw:unent ·~ 
inguine.I hernias after total extraperitonee.l(TEP) herniorrha- 111 

phies. J UJ.paroendosc Adv Surg Theil A. 2009;199(4):475-478. :I: 
Felix EL, Scott S, Crafton B, et al. A multicenter Study: Causes of 

recurrence after Iaparoscopic hemioplasty. Sutg E:ndosc. 1998; 
12:226-231. 
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22 Umbilical Hernia 
Repair 
Thomas Mcintyre and Alok Gupta 

~ INDICATIONS 

Umbilical hernias are classified as spontaneously reducible, manually reducible, incarcer
ated, or strangulated. They have the potential to cause great discomfort, bowel obstruc
tion, and intestinal gangrene. Symptomatic umbilical hernias should be electively repaired 
if spontaneously or manually reducible. Urgent or emergent repair is indicated if there is 
clinical suspicion of incarceration or strangulation; timing is oi the essence to limit the 
severity oi bowel ischemia and reduce the likelihood of requiring bowel resection. 

Women of childbearing age deserve separate mention. Reducible umbilical hernias 
may progress to incarceration or strangulation as the intraabdominal pressure rises due to 
a growing gravid uterus. As such, pre-emptive umbilical hernia repair should be performed 
in all women of childbearing age. If identified during pregnancy, reducible hernias should 
be repaired during the second trimester if possible, while incarcerated or strangulated 
hernias require urgent intervention at the time they are identified. Spinal anesthesia has 
been used in select cases during pregnancy, along with right side up positioning to dis
place the uterus off the inferior vena cava and ensure adequate venous return to the heart. 

~ CONTRAINDICATIONS 

There are no absolute contraindications to umbilical hernia repair. The physiologic 
status of the patient, medical co-morbidities, history of surgical procedures on the abdo
men, and sound clinical judgment should guide the surgeon's decision-making. 

Repair of reducible umbilical hernias identified in the first trimester of pregnancy 
should be defurred until second trimester. Those identified during the third trimester should 
be deferred until the postpartum period. If not reducible, the umbilical hernia should 
be repaired when identified. 

Liver cirrhosis and ascites are not considered contraindication&. While patients 
with umbilical hernias in the setting oi liver cirrhosis are at higher risk for complica
tions following surgery, recent studies have shown that early elective repair is safe and 
should be performed. Surgical repair also decreases the risk of decompensated cirrhosis 
in the acute setting of a bowel obstruction or intestinal strangulation. Postoperative 
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medical management of ascites is critical to minimizing complications and recurrence. 
In patients with massive ascites, a closed suction drain should be considered along with 
medical management to control ascites until the incision has healed. 

\W PREOPERATIVE PLANNING 

A complete history and thorough physical examination is Wlually adequate to identify 
most umbilical hernias. With the rising incidence of obesity in the United States, accurate 
assessment by examination may be increasingly difficult. Even in these cases, it is rarely 
necessary to employ advanced medical imaging technologies for definitive diagnosis. 

The patient should be physiologically optimized for the procedure to reduce the 
risk of cardiopulmonary and anesthesia-related complications. Smoking cessation 
should be encouraged to improve wound healing. Anticoagulants and antiplatelet ther
apy should be held when possible. If the patient presents with signs and symptoms of 
a small bowel obstruction, nasogastric decompression should be performed prior to 
induction of general anesthesia to reduce the risk of aspiration. 

• Informed consent should specifically include a discussion about the possibility of 
bowel resection, the risk ofrecurrence, estimated to be 1% to 3%, and the potential 
need for future surgical intervention. 

• Various options for anesthesia exist including general, regional, and local with N 
sedation. Selection should be tailored for each patient. 

• Administration of preoperative antibiotics is controversial. Routine coverage with a 
first generation cephalosporin is the most common practice, especially when pros
thetic mesh will be used. 

(g SURGERY 

Position 

The patient is placed supine in a comfortable position. 

Preparation 

The umbilicus mWlt be carefully cleaned which may require a cotton tipped swab to 
reach deep crevices. The Wlual skin prep using an alcohol-based solution should follow. 

Incision and Exposure 

• A curvilinear incision is made sharply inferior or superior to the umbilicWl. Occa
sionally, a vertical incision is made through the umbilicus for cosmesis or around 
the umbilicWl to increase exposure for very large defects (Fig. 22.1). 

• Dissection proceeds through the subcutaneoWl tissue toward the hernia sac and stalk 
of the umbilicus. The sac is circumferentially mobilized using a blunt curved instru
ment except for the point of attachment to the umbilical stalk. The sac is then sepa
rated from the umbilical stalk carefully so as not to lacerate the umbilical skin. The 
neck of the hernia sac is dissected free from the surrounding tissues in order to cir
cumferentially define the edges of the fascial defect (Fig. 22.2). 

• In some instances, it may be necessary to divide the umbilical stalk at its base off 
the midline fascia in order to identify and free the hernia sac and fascia. This should 
be done with cautery if necessary with care taken to avoid injury to the hernia sac. 

• If there is SWlpicion of incarcerated intestines within the hernia sac, the sac should 
be opened and the intestinal contents reduced or resected as indicated. Frequently 
the sac contains omentum that can be easily reduced. If reduction is not possible the 
omentum should be resected with sequential clamping and ligature. 
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RguN 22.1 lnf111umbilical incision. 

Once the contents are completely reduced the fascial edges should be freed of any 
additional intraabdominal adhesions using either blunt or sharp dissection with care 
taken to avoid bowel injury. 

Repair 

The decision as to how to repair the fascial defect is based upon size: 

Defects less than 1 em are repaired primarily with interrupted non-absorbable or 
delayed absorbable sutures (Fig. 22.3). 
Defects greater than 2 em should be repaired with composite mesh to minimize ten
sion. The mesh should underlay the fascial edges with extension beyond the edges 
of the defect for 2 em circumferentially. Transfascial non-absorbable sutures should 
be placed to secure the mesh in four quadrants (Fig. 22.4). It is not necessary to close 
the overlying fascial edges after placement of the mesh, however it is occasionally 
done when there is no tension on the fascial closure in order to cover the mesh. 

Rgur• ~ Circumferential definition 
of f11cial defect 
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tigure 22.3 Repair of defects <1 em. 

Fascial defect-~:---~11111!111-. 
<1cm 

• For defects between 1 and 2 em in diameter the surgeon should use his/her judgment 
as to which method to use. Either technique should aim to achieve a repair with 
minimal tension. 

• Prosthetic mesh should be avoided in the setting of a bowel resection. 
• With the introduction of prosthetic mesh, the traditional 'Mayo' or 'vest-over-trou

sers' technique has been virtually abandoned. Rates of recurrence were higher (up to 
30%) with this technique and have subsequently fallen with "tension-free" tech
niques (1% to 3% ). 

• When umbilical hernia defects are found to be large (>4 em) on preoperative evalu
ation, laparoscopic repair should be considered. Technique should follow the prin
ciples of the standard laparoscopic ventral hernia repair. 

Closure 

The apex of the umbilical stalk should be anchored to the midline fascia with an absorb
able suture. Additional absorbable sutures can be used to obliterate the subcutaneous 
space. This reduces the risk of hematoma and seroma formation. The skin should be 
closed with absorbable subcuticular sutures. A dry pressure dressing using an umbilical 
bolster should be placed to decrease seroma formation; an abdominal binder should 
also be considered. 

tigure 22.4 Repair of defects > 1 em 
with underlay mesh. 
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POSTOPERATIVE MANAGE:MENT 

This procedure is most commonly performed electively in the outpatient setting. When 
performed as an emergency, postoperative care is dictated by the physiology of the 
patient. 

Patients can be started on liquids postoperatively and have their diet advanced as 
tolerated. If there is evidence of preoperative bowel obstruction or intraoperative 
incarcerated bowel, postoperative bowel rest and nasogastric decomp~ssion should 
be considered. 
Patients should refrain from heavy lifting and straining for at least 4 to 6 weeks 
postoperatively. 

) COMPLICATIONS 

Umbilical hernia repair is ex~mely safe with low rates of complications. In addition 
to complications common to a wide variety of general surgical procedures including 
bleeding, cardiopulmonary dysfunction, and anesthesia-related complications, a few 
others should be mentioned. 

The most serious potential complication is injury to visceral contents incarcerated 
within the hernia sac. This is extremely r~. If an injury to bowel is encountered at 
the time of surgery it should be repaired and prosthetic mesh should not be used. 
Signs or symptoms of postoperative ilaus, bowel obstruction, or unexplained pain, 
fevers, or leukocytosis should prompt a workup for missed bowel injury. 
Seromalhematoma (5% to 20%). This is more common with large hernias. The 
majority of these can be observed and they will resolve over time; however, they can 
occasionally cause pain and discomfort, if pain persists aspiration can be performed 
under sterile conditions. This is not ~commended after repairs with mesh due to 
the potential for infection. 
Wound infection (1% to 3%) 

3 RESULTS 

• Traditionally, adult umbilical hernia repair without the use of mesh has been associ
ated with recurrence rates between 10% and 30%. With the advent of mesh prosthet
ics, the importance of creating a "tension-free ~pair" has become paramount and 
rates have dropped dramatically. The only randomized clinical trial comparing tech
niques reported that recurrence rate dropped from 11% to 1% with the use of mesh. 
Recurrence rates with repairs done with mesh range from 1% to 3%. 
Laparoscopy has been demonstrated to be a safe alternative way to perform a mesh 
repair based upon retrospective reviews and feasibility studies. There have been no 
randomized studies demonstrating improvement in recurrence rates or morbidity 
with application of laparoscopy for standard umbilical hernias. However, laparos
copy should be strongly considered with larger defects based upon our experience 
with laparoscopic ventral hernia repair. 

~ CONCLUSIONS 

The clinical pict~ of the patient and classification of the hernia are imperative in 
determining whether and when repair should be performed. Some patient populations 
such as pregnancy or liver cirrhosis require special consideration. 

1:: • 11. 
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Umbilical hernia repair with or without mesh is overall safe, effective, and should 
be offered to most patients. The most appropriate technique for closure is one which 
minimizes tension. Complication rates are exceedingly low and results are usually 
excellent with this procedure. 

Recommended References and Readings 
Arroyo A, Garcia P, Perez F, et al. Random.i.l;ed clinical trial compar

ing suture and mesh repair of umbilical hernia in adults. Br J 
Surg. 2001;88(10):1321-1323. 

Balique JG, Benchetrit S, Brunetti F, et al. Intraperitoneal treatment 
of incisional and umbilical hernias using innovative composite 
mesh: four-year results of a prospective multicenter clinical 
trial. Hernia. 2005;1(9):68-74. 

Eker HH, van Ramshorst GH, Kazemier G, et al. A prospective study 
on elective umbilical hernia repair in patients with liver cir
rhosis and ascites. Surgery. 2011;150(3):542-546. 

Lau H, Patil NG. Umbilical hernia in adults. Surg Endosc. 2003; 
17(12) :2016-2020. 

Muschaweck U. Umbilical and epigastric hernia repair. Surg Clin 
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23 Choice of Mesh 
Arthur Rawlings and Brent D. Matthews 

lfwe could artificially produce tissue of the density and toughness of fascia and 
tendon, the secret of the radical cure of hernia repair would be discovered. 

Theodore Bilroth (1829-1894) 

Introduction 
Edoardo Bassini ushered in the modem era of hernia repair in 1887 with his "radical 
cure" for an inguinal hernia on the basis of an anatomical repair. Despite improved 
understanding of abdominal wall anatomy, the advent of aseptic technique, the devel
opment of antibiotic therapy for prophylaxis, and refined surgical skills over the dec
ades, recurrence from a tissue repair of an abdominal wall hernia occurs at an alarming 
rate. This is not the "radical cure" that Bassini envisioned for an inguinal hernia nor 
for any abdominal wall hernia. For example, one study showed that a primary repair 
of a large ventral hernia is reported to have a 63% recurrence rate at 10 years. This is 
reduced to 32% if a mesh is used to augment the primary closure. If the hernia is small, 
less than 10 cm2

, then the recurrence rate for a primary repair is 67%, whereas it drops 
to 17% if a mesh is used to augment the repair. Though there is much to learn about 
hernia anatomy and its usefulness in repair, studies have demonstrated that a mesh 
should be a primary tool for an abdominal wall hernia repair. A mesh should be used 
unless there is a compelling reason not to use one. With so many options available the 
question becomes, "Which one?" 

What is the Ideal Mesh? 
Before discussing what is available, it would be a good exercise to consider what would 
be an ideal mesh. What is being asked from a piece of mesh in an abdominal wall 
hernia repair? There are several desired characteristics, some absolute while others only 
highly desirable. The ideal mesh would be (in no significant order): 

1. Noncarcinogenic 
2. Strong enough to prevent a recurrence 
3. Easy to handle 

Open Abdominal 
Wall Hernia 
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4. Easy to manufacture 
5. Economical 
6. Biocompatible: Having a minimally adverse or no inflammatory host response, or 

being completely remodeled into the host tissue 
7. Treatable if it becomes infected 
8. Undetected by the patient or by physical examination 
9. Compatible with future abdominal access 

10. Nonallergenic or causing no hypersensitivity reaction 

On looking over the list, it is easy to say that the ideal mesh has yet to be produced. 
This does give a good benchmark for the evaluation of what is on the market and a goal 
for future developments. 

What is Available? 
Phelps used the first man-made prosthetic material for hernia repair in 1894. He 
placed silver wire coils in the floor of the inguinal canal and closed the layers of the 
abdominal wall over them. He relied on the host response to this foreign body to 
increase the fibrosis in the inguinal :floor to reinforce the hernia repair. This was fur
ther developed by German surgeons who used hand-made silver filigrees, fine silver 
wire woven into a net, as the first "mesh" to be routinely used for hernia repairs. 
Though this has fallen out of favor, metal mesh for hernia repair was used longer than 
any other prosthetic material for hernia repair, including even the most popular mate
rials used today. 

Francis Usher initiated the current revolution in prosthetic materials for hernia 
repair when he published his use of polypropylene mesh for hernia repair in 1958. 
Since then many materials have come and gone; a few have stayed. Through all the 
experiments and trials, three nonbiologic mesh materials have stood the test of time: 
Polypropylene, polyester, and polytetra:fluoroethylene (PTFE). 

Polypropylene 
Polypropylene, the mesh used by Usher, is a polymer of a carbon backbone with hydro
gen and methyl groups attached (Fig. 23.1). It looks as if it would be inert in the human 
host, but this structure initially undergoes oxidation at the tertiary carbons, which then 
can progress to oxidation of the carbon backbone. The impact of this clinically is that 
explanted meshes have shown oxidative damage with surface cracking, a decrease in 

Figure 23.1 Knitted monofilament 
polypropylene mesh. Photo courtesy 
of Corey Deeken, PhD. 
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Fig1re 2!2 Woven polyester mesh. Photo 
courtesy of Corey Deeken, PhD. 

mass, and reduced compliance. This polymer can be manufactured into weaves or knits 
of different patterns and densities. Absorbable strands can also be woven together with 
the polypropylene to give the mesh a stiffer feel and easier handling characteristics for 
implantation, which will then become more pliable in the patient as the body degrades 
the absorbable strands. 

Polyester 
Polyester is a polymer of a carbon and oxygen backbone with hydrogen and oxygen 
attached (Fig. 23.2). This polymer comes in many different forms, polyethylene tereph
thalate (PET or Dacron) being one of the most common. Its versatility and strength to 
weight ratio make it a popular fabric for clothing. This material also looks as if it would 
be inert in the human host, but that is not the case. Polyester is hydrophilic and under
goes hydrolysis whereas polypropylene is hydrophobic and undergoes oxidation. The 
hydrolysis of polyester can break the backbone of the polymer in a slow process that 
eventually can tum the polymer into a monomer. For example, one study looked at 65 
explanted polyester vascular grafts and showed by a linear regression model that the 
bursting strength is reduced by 31.4% at 10 years and 100% by 25 to 39 years. The 
clinical significance for this in abdominal hernia repair is not fully known, but it does 
highlight that these seemingly inert materials do undergo change in the human host. In 
general terms, polyester tends to have less scar contraction, less tissue adherence, and 
feels softer than polypropylene. 

Polytetrafl.uoroethylene (PTFE) 
Polytetrafluoroethylene (PTFH) is a polymer of fl.uorine atoms attached to a carbon 
backbone (Figs. 23.3 and 23.4). Its most commonly known commercial applications are 
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Fi11re 213 ePTFE (expanded PTFE) 
mesh,. large pore side. Photo courtesy 
of Corey Deeken, PhD. 

Teflon and Gore-Tex. The carbon-fluorine bond is one of the strongest organic bonds 
known. This means that PTFE is more resistant to oxidation in the biochemical milieu 
of the human host than polyester or polypropylene. Tissue enzymes and microorgan
isms appear to not degrade this mesh. These properties led pediatric surgeons, who 
wanted a prosthetic that could be easily removed from the patient's body at a later date, 
to be the first to use PTFB as a prosthetic material. Since then, PI'FE meshes have been 
engineered with different pore sizes on each side to take advantage of the host tissue's 
different interactions with pore size. These expanded PTFE (ePTFE) meshes have been 
designed with very small pores on one side, which significantly reduces adhesions, and 
large pores on the other side, where tissue can grow into the material. This extremely 
small pore size means that ePTFE performs poorly in the presence of infection. Unlike 
polypropylene and polyester, which performs reasonably well in a contaminated envi
ronment or when exposed to the outside by allowing granulating tissue to grow between 
the mesh strands, ePTFE usually has to be removed if there is an infection or if it 
becomes exposed. It is more prone to seroma formation and encapsulation than poly
propylene and polyester. But, with its small pore composition, it does not develop 
adhesions like bare polypropylene or polyester. 

At•r• 214 ePTFE (expanded PTFE) 
mesh, large pore size magnified by 
15COX. Microphotograph courtesy of 
Corey Deeken, PhD. 



Chapter 2.3 Choice of Mash 249 

Barrier-coated Meshes 
The placement of an intraperitoneal sublay mesh for a ventral hernia repair is asking 
for a unique, two-sided task. On the one side, the mesh is to adhere to the abdominal 
wall. It is to incorporate within the abdominal wall without changing the mesh 
architecture, while maintaining its mechanical properties and protecting against recur
rence. At the same time, the other side is to have no incorporation or attachments from 
the abdominal contents. It is to form a neoperitoneum without any adhesions. As men
tioned earlier, ePTFE with its difference in pore size from one side to the other is 
engineered to give the mesh this two-sided function. Another example is a two-layer 
mesh with polypropylene on one side and ePTFE on the other side (e.g., Bard Com
posix). Other meshes have been developed to address this issue. These have some form 
of an absorbable barrier that is designed to protect the abdominal contents from the 
permanent mesh material until the neoperitoneum is formed, giving a more permanent 
protection of the abdominal contents from the mesh. 

Proceed mesh is a polypropylene mesh with an oxidized, regenerated cellulose 
barrier. This is the Interceed technology, commonly used in gynecologic surgery to 
reduce adhesions after such procedures as a cesarean delivery, applied to mesh technol
ogy. The cellulose layer becomes a physical barrier between the mesh and the intraab
dominal contents, while the polypropylene mesh integrates, the neoperitoneum forms, 
and the injured bowel heals. 

Sepramesh is a polypropylene mesh with a hyaluronic acid and carboxymethylcel
lulose (Seprafilm technology) coating on one side (Fig. 23.5). This forms a hydrogel, 
which separates the mesh from the abdominal contents during that crucial initial phase 
as the mesh incorporates and the abdominal contents heal. 

Parietex composite is a collagen-coated polyester mesh with a polyethylene glycol
glycerol coating. The polyester is hydrophilic, which encourages tissue in-growth com
pared to polypropylene, while the polyethylene glycol and glycerol coating discourage 
adhesions by becoming a hydrogel barrier with a hydrophobic property. 

C-QUR mesh is a polypropylene mesh coated with a proprietary blend of Omega 
3 fish oil (Fig. 23.6). The coating undergoes a metabolic hydrolysis in the human host. 
The bonds are broken and the constituent parts are absorbed through natural lipid 
metabolism mechanisms. Unlike the previous barriers, which break down in a matter 
of a few weeks, this process occurs over about a 6-month period, allowing for more 
time for the polypropylene to incorporate into the host tissue, the bowel to repair, and 
the neoperitoneum to form. 

There are still other meshes on the market, each with their unique barrier designed 
to decrease adhesions. 

figurd.3.5 Sepramesh• IP Compos· 
ite. Sepramesh is a registered trade
mark of Genzyme Corporation 
licensed to C. R. Bard, Inc. 
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Selecting an Optimal Mesh 

Fig1re ZU C-QUR mesh. (Image 
courtesy of Atrium Medical Corpora
tion.) 

There are more than 70 meshes available on the market making the variety of meshes 
to choose from seem almost endless. How does a surgeon choose which one to use in 
a given case? This would be an easy question if there were an ideal mesh on the market, 
but a "one size fits all" is not available. To determine which mesh to use, there are at 
least six issues to consider. 

Location of Use 
The key component of this question is whether or not the mesh will be exposed to 
the intraabdominal contents. The use of a barrier-coated or a two-sided mesh is the 
only logical choice if one side of the mesh will be exposed to the intraabdominal 
viscera. This raises the question of which mesh is the best at reducing adhesion 
formation on the one side while incorporating well into the abdominal wall on the 
other side. 

Method of Implantation 
The desired handling characteristics for a mesh in an open repair may be different from 
that in a laparoscopic repair. In an open hernia repair, a mesh that is reasonably stiff 
allows for easy handling and implantation. The opposite is true for a laparoscopic 
repair, where the mesh is tightly rolled in order to be placed in the abdomen through 
a small hole. This has to be done without disrupting any of the coating that protects 
the bowel from the mesh. And, after it is placed in the abdomen, it has to be unrolled 
so it can be secured in place. Ease of handling becomes a very subjective evaluation. 
Each surgeon has his or her desired feel for a mesh as it is being implanted. Though 
this may have little to do with the final performance of the mesh, it probably plays a 
larger role in mesh selection than is given credit. 

Hernia Repair Characteristics 

Is the mesh used to bridge a gap or to reinforce a fascial closure? This is where the 
weight or density (usually measured in g/m2) of the mesh comes into consideration. 
Although there is no industry standard independent from manufacturing marketing 
terminology to determine if a mesh is heavyweight or lightweight, several companies 
manufacture a lighter version of their meshes and call it "lightweight" mesh. The 
theory is that the lighter weight mesh would have a lower foreign body reaction and 
greater flexibility than the heavier weight mesh. This could lead to the formation of 
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Patienfs Cultural and Religious Background 

The choice of a mesh must not be made without engaging the patient in the discussion. 
This is usually not an issue with patients when choosing a prosthetic such as polypro
pylene, polyester, or ePTFE. It can be a much larger issue when deciding on a biologic 
mesh. For example, it would be wise to seek informed consent from a person from India 
before using one of the bovine-based meshes before implantation. In a similar manner, 
religious commitment may prevent patients from accepting a human-based mesh. 
Though these objections will be fairly rare, it would be a good practice to inform every 
patient with whom you plan to use a mesh, biologic or otherwise, of its composition 
and seek that person's permission to use the mesh you are considering before putting 
it in the patient. This can save a lot of grief on your part and the part of the patient in 
the future. 

Field: Infected or Not 

Finally, the mesh should be selected in consideration of the field in which it will be 
placed. Is this a contaminated wound or clean wound? What is the likelihood that the 
mesh will become exposed? ePTFE, for example, performs very poorly if it becomes 
infected and almost always has to be removed. Polypropylene and polyester, on the 
other hand, might be salvaged with antibiotics if they become infected. And, if a piece 
of it becomes exposed, the space between the strands is of a sufficient size in some of 
the meshes to allow granulation tissue to grow between them. This could then be man
aged without removal of the mesh. If the wound were grossly infected, consideration 
of a biologic mesh would be in order. An alternative would be to fix the hernia with 
an absorbable mesh, such as Vicryl, and plan for a more definitive repair at a later time 
when the conditions are more favorable. 

::_,. CONCLUSION 

The ideal mesh has yet to hit the market. Unfortunately, most patients cannot wait until 
the right one does come along, and therefore surgeons must choose a mesh available 
on the market now. With over 70 to choose from, that can be a bit onerous. By giving 
a general outline of what should be looked for in a mesh and what is available, we hope 
this helps surgeons make a reasonable selection in the clinical situations they face in 
daily practice of hernia repair. 
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24 Giant Prosthetic 
Ventral Hernia Repair 
Gina L Adrales 

~ INDICATIONS/CONTRAINDICATIONS 

Giant hernia (Fig. 24.1 and 24.2) has been defined arbitrarily in the literature as greater 
than a diameter of 10 to 15 em or an area of 170 to 200 cm1

• As the survival of complex 
trauma and abdominal catastrophe patients has increased, the frequency and complexity 
of repairing the giant ventral defect have escalated. Obesity and loss of domain pose 
additional challmges. The Mlative indications and contraindications for giant synthetic 
prosthetic hernia repair are as follows: 

Indications 

• Incisional or ventral hernia causing pain or obstructive symptoms 

Contraindications 

• Ongoing wound infection is a contraindication to permanent synthetic mesh 
repair. Biologic mesh may be considered. 
Prior significant wound infection, particularly involving methicillin-resistant 
Staphylococcus aureus, is a relative contraindication to psrmanmt synthetic 
mesh repair. 
Prohibitive operative risk in a patient without acute obstruction. 

~ PREOPERATIVE PLANNING 

Careful evaluation of the patient is essential. Particular attention should be paid to the 
presence of obstructive pulmonary disease, chronic cough or constipation, prostatism, 
immunocompromised. status, and obesity. Such factors, such as severe obesity, may alter 
the operative approach due to cancem for abdominal compartment syndrome or may 
pMclude a robust repair due to constant increased abdominal pressure. Thorough review 
of previous operative notes is helpful to discem the type and position of previous prosthetic 
material. Previous intraperitoneal mesh placement may be associated with increased 
abdominal adhesions. The surgeon should also inquire about previous wound or mesh 
infection. 

255 
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figure 24.1 CT scan of giant hemia. 

Physical examination of the patient should include the following: 

• Measurement of the hernia defect(s) 
• Location of the defect(s) in relation to bony strucluri:ls (e.g., iliac crest, pubis, xiphoid) 
• Chronic infection, foreign body reaction or skin breakdown, fistula 
• Palpable prior mesh 
• Presence of pannus and relation to hernia sac 
• Skin inspection (e.g., skin graft, eczema, psoriasis, cutaneous Candidiasis, chronic 

infection). Chronic skin conditions should be treated optimally, and fungal infection 
should be cleared prior to surgery. 

Fig1re 24.2 Patient wilh giant recurrent. incisional hamia (diameter 19 em) after pravious mash infection. 
Through counseling, dietary adjustment. and light exercise, this patient was able to lose 50 lbs in preparation 
for open repair. 
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Fi11re 24.3 CT scan of loss af domain. 
Nate Ute large pannus. Proximity af 
the fascial defect to me bony pelvis 
also increases the complexity of this 
large hernia. 

Praoperative imaging is not imperative for all ventral hernias. However, such imaging 
can prove useful in the case of the giant ventral hernia. Preoperative CT or MRI should 
be obtained to determine the size of the fascial defect, presence of additional fascial 
defects, the proximity of the hernias to bony structures, degree of lateralization of the 
abdominal musculature, attenuation of the abdominal musculature, extent of bowel 
involvement, and loss of domain (Pig. 24.3). 

Preoperative Risk Reduction 
Due to the adverse effects of smoking and obesity on postoperative infection and wound 
complications, the patient must be counseled regarding preoperative smoking cessation 
and weight loss. While it may be unrealistic to require significant weight loss, a reasonable 
goal may often be set with the patient through comprehensive counseling regarding dietary 
and behavioral changes and the adverse effect of obesity on surgical outcome. 

For patients who have loss of domain, preoperative treatment with progressive pneu
moperitoneum or implantation of tissue expanders may be utilized to facilitate abdomi
nal wall reconstruction and reduced risk of abdominal compartment syndrome. 
Botulinum injection has also been reported with success, though widespread data are 
lacking. 

Chronic skin conditions should be treated optimally prior to surgery to reduce the 
risk of infection. Eradication treatment should be implemented for patients with recur
rent infections with methicillin-resistant S. aureus. 

6) SURGERY 

Surgical Salactian 
Ideally, the surgical treatment of the giant hernia should result in a durable repair that 
also matches the goals of the patient. There is no universal algorithm to address the 
giant hernia. Instead, the care of these complex patients requires a tailored, individual
ized approach generated from the best medical evidence and modulated by both patient 
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figure 2U Laparoscopic view of large 
defect. 

factors and the patient's concerns. Consideration should be given to the presence or 
history of wound or mesh infection, obesity, loss of domain, skin loss or excessive scar 
such as prior skin graft, and the main concerns of the patient (e.g., pain, hernia recur
ranee, scar revision, laxity). Giant hernias are often the result of previous complex 
abdominal surgery and associated skin grafts, leaving the patient with significant loss 
or ratraction of abdominal musculat"llre and undesirable scarring. Open hernia repair 
with midline abdominal reconstruction with mesh rainforcement and scar excision or 
revision is the procedure of choice for the patient whose primary concerns are cosme
sis and lack of abdominal support. This is also the preferred procedure for patients who 
are not candidates for permanent synthetic mesh and require a biologic mesh. A lapar
oscopic approach is associated with a lower risk of wound complications and infection 
and is favored for other patients, particularly the obese (Fig. 24.4). A hybrid repair, 
involving endoscopic component separation and open midline reconstruction with 
mesh reinforcement bridges the gap between the two techniques, providing a midline 
reconstruction but a lower risk of wound complications. Similarly, endoscopic compo
nent separation and laparoscopic midline sutured closure with permanent synthetic or 
biologic mesh reinforcement is also feasible for select patients. 

Laparoscopic Giant Herniorrhaphy 
The technique of laparoscopic ventral hernia repair is described elsewhere in this man
uscript. There are several additional measures that should be considered for laparo
scopic repair of massive hernias, particularly cases of loss of domain. Due to the limited 
working space available at the onset of the surgery as well as further decreased space 
as the hernial contents are reduced, appropriate lateral port placement and frequent 
adjustment of patient position during the surgery are necessary for adequate visualiza
tion. The giant hernia also requires special considerations for dissection and mesh 
handling. Importantly, extra precautions should be taken throughout the procedure to 
avoid thermal intestinal injury related to use of electrosurgical instruments. 

Positioning and Port Placement 

• The patient is positioned supine with the arms tucked. The patient should be secured 
well, as rotation of the operating table during adhesiolysis and mesh placement may 
be needed. 

• Veress needle access or open Hasson technique is used according to the surgeon's 
expertise and comfort. The location of prior incisions or mesh and the degree of 
obesity will dictate the feasibility of either technique. 

• Lateral port placement is imperative (Fig. 24.5). 
• At least two 5 mm trocars and one 10 to 12 mm trocar for mesh insertion are used. 

Extra trocars are often needed to facilitate adhesiolysis and mesh fixation. 
• An angled 5 mm laparoscope is used. 
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Fig•r• 24.5 Llparo1copic 111pair of a 
giant incisional hemia. An occlusive 
skin barrier and m ulli pie lateral ports 
ara u1ad. 

Meticulous adhesiolysis is performed with limited to no use of energy sources in an 
effort to avoid thermal visceral injury. Clips should be used for hemostasis where 
appropriate. 
The bowel should be inspected as the enterolysis is performed and afterward to ensure 
the absence of bowel injury. If this is uncertain or if a full thickness bowel injury has 
occurred, a staged repair is advised. The prosthetic mesh placement is delayed a few 
days until bowel function has returned and there is no clinical evidence of infection. 
This approach is supported in the literature. Alternatively, conversion to an open pro
cedure and midline reconstruction with biologic mesh reinforcement is a viable option. 
Adjustment of patient position to enable adhesiolysis and mesh fixation is helpful. 
Reduction of the pneumoperitoneum pressure or switch to nitrous gas may be needed 
during a lengthy adhesiolysis. 

• Defect measurement is performed internally, a more accurate method compared to 
external measurement. Using spinal needles inserted at the longest and widest mar
gins of the defect, the defect is measured by stretching a length of suture between 
the two needles in the vertical and transverse directions intraperitoneally. The suture 
is then removed from the abdomen and measured extracorporeally. 
The large prosthesis can be unwieldy. Folding the mesh in half prior to rolling it 
facilitates faster handling intra peritoneally; the edges of the folded mesh are grasped 
and splayed apart intraabdominally to quickly unfurl the mesh. 
Mesh fixation is accomplished by securing the four anchor sutures, followed by cir
cumferential tacks. Additional transfascial sutures are placed every 3 to 4 em around 
the periphery of the mesh. Fixation of the mesh to the anterior superior iliac spine 
or pubis with bone anchors is needed for the large defect that encroaches the bony 
pelvis. The goal is to provide at least 5 em of mesh overlap. 
As descn'bed by Baghai et al., mesh fixation in the patient with loss of domain is 
accomplished while working above the mesh through additional port placement, 
with visualization above and below the mesh to ensure no visceral injury, and fre
quent changes in patient positioning for visualization and protection of the bowel. 

Open Giant Herniorrhaphy with Mesh 
The open repair allows excision of the prior surgical incision and skin graft. A number 
of techniques and modifications have been described. 
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Rives-Stoppa Repair 

Employing the Rives-Stoppa repair in the management of the giant ventral hernia may 
require a modification to intraperitoneal mesh placement with a barrier-type mesh to 
reduce intraabdomin.al adhesions. This is the equivalent of a laparoscopic approach but 
may be preferred in cases where a hostile abdomen precludes laparoscopic adhesiolysis 
or when scar excision is desired. Due to the large defect and the wide lateralization and 
shortening of the rectus abdominis muscles, anterior fascial closure over the mesh may 
not be possible. The mesh should be secured laterally with transfascial sutures using a 
laparoscopic suture passer or Reverdin needle. Intramuscular placement between the 
internal oblique and transversus abdominis layers has also been described. 

Component Separation with Prosthetic Reinforcement 

Introduced by Ramirez et al. in 1990, midline abdominal reconstruction through sep
aration of the myofascial components of the abdominal wall has become increasingly 
popular with varied results. The shortcomings of the repair, namely seroma and wound 
complications and lateral herniation, have been addressed through sparing of the per
forator vessels and umbilicus and umbilical pedicle, endoscopic component separa
tion to avoid the large skin and subcutaneous flaps, and prosthetic reinforcement to 
include underlay coverage of the lateral release sites at the semilunar lines. A modi
fication of the original technique with release of the posterior rectus sheath and reap
proximation of the medial border of the posterior sheath to the lateral border of 
the anterior sheath bilaterally, then reapproximation of the medial anterior sheathes 
at the midline was described by DiCocco et al. to increase the degree of mobilization 
of the myofascial components for the large defects encountered after damage control 
trauma laparotomy. Endoscopic component separation should match the open approach 
with continuation of the release of the external oblique into the muscular portion 
above the costal margin and with release of Scarpa's fascia. Midline fascial closure 
should be performed with a four to one suture length to wound length ratio, with 
frequent but small fascial bites. 

POSTOPERATIVE MANAGEMENT 

Preoperative counseling and discussion of expected postoperative pain and recovery is 
essential in preparing the patient for a successful postoperative course. Early ambula
tion and incentive spirometry are encouraged. An abdominal binder provides the 
patient with the abdominal support to meet these goals. Preemptive anesthesia with 
local anesthetic injection may reduce postoperative pain and narcotic use. Persistent 
suture site pain is treated with rest, anti-inflammatory medications, and local anesthetic 
injection for refractory pain. 

Vigilance in the early postoperative period for missed or thermal bowel injury 
should be exercised. Often, tachycardia is the first and only sign of this complication 
in the early postoperative period. 

Suprafascial drain placement during open repair is recommended to evacuate the 
postoperative seroma. Patients should be counseled preoperatively regarding the likeli
hood of seroma formation. Seroma after laparoscopic ventral hernia repair is expected 
and is typically left undisturbed to resorb naturally. 

Outcomes 
Due to the variations in reported technique and mesh type, definitive rates of complica
tions for each surgical approach are difficult to determine from the surgical literature. 
Additionally, reported outcomes for the repair of giant hernias, in particular, are limited 
to a few case series. Overall, ventral and incisional hernia recurrence rates are lowest 
for laparoscopic mesh repair (2.9% to 12.5%) and Rives-Stoppa mesh repair (5% to 8%). 
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Open component separation is associated with a significant risk of wound complica
tions (52% to 57%) and hernia recurrence (20% to 37%). The American College of 
Surgeons National Surgical Quality Improvement Program reports a lower 30 day mor
bidity after laparoscopic repair (6%) compared to open repair (3.8%), with the widest 
disparity for strangulated and recurrent hernias. While the laparoscopic approach has 
been shown to be feasible and safe for the giant hernia, considerable expertise with the 
technique is required to meet the technical challenge posed by these large hernias. 

{, CONCLUSIONS 

• The surgical approach to the large ventral hernia is guided by patient factors and the 
patient's goals for repair. 

• Open technique is used when 
• scar revision is desired 
• laxity is a concern and midline abdominal wall reconstruction is preferred 
• permanent synthetic mesh is prohibited and biologic mesh is needed (e.g., ente

rocutaneous fistula) 
• The laparoscopic approach may be challenging and may require frequent patient 

position changes, reduction of pneumoperitoneum, or fixation of the mesh from 
above the mesh (as in the case of loss of domain). 

• Wound complications are the most frequent adverse event after open giant hernia 
repair. 

• Hernia recurrence risk varies widely depending on the surgical approach, though 
studies focusing solely on giant hernia are lacldng. 
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25 Massive Ventral Hernia 
with Loss of Domain 
Alfredo M. Carbonell 

~ INDICATIONS/CONTRAINDICATIONS 

Definition of lass of abdominal domain. 
There exists no consensus in the literature on the definition of lass of abdominal 
domain. Determination of this condition is subjective and typically refers to mas
sive hernias with a significant amount of intestinal contents, which have herniated 
through the abdominal wall into a hernia sac, forming a secondary abdominal 
cavity. 

• On physical examination, the inability to reduce the herniated contents below the 
level of the fascia when the patient is lying supine should raise suspicion of the 
diagnosis. 

• Although the surgeon can often make the assumption that a patient has lass of 
domain an physical examination (Figs. 25.1 and 25.2), we utilize computed tom
ography (CT) to determine the true nature of the hernia. 

Measuring loss of domain 
We arbitrarily define a lass of abdominal domain on CT scan as greater than 50% 
of the intestinal contents lying outside the native abdominal cavity in the hernia 
sac. This may be mare accurately defined when the ratio of the volume of the 
hernia sac to the volume of the abdominal cavity is <:!:0.5. 
A sagittal reconstruction of the CT scan is used to measure the length of the her
nia sac from the tap to the bottom of the sac. The length of the abdominal cavity 
is measured from the top of the diaphragm to the top of the symphysis pubis 
(Fig. 25.3). 
Axial reconstructions are used to measure the width of the hernia sac and abdom
inal cavity at their widest point. The height of the hernia sac is measured from an 
imaginary line drawn across the hernial orifice to the apex of the hernia sac at its 
tallest portion. The height of the abdominal cavity is measured from the anterior 
portion of the fourth lumbar space to an imaginary line drawn across the hernial 
orifice (Fig. 25.4). 

• Using the formula to measure the volume of an ellipsoid (V = 4/3 x 1t x rl x r2 x r3), 
the hernia sac and abdominal cavity volumes can be measured and compared. 

263 
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Fig1re 25.1 Preoperative picture of a 
patient with a midline loss of domain. 

t1gure Zi.Z Preoperative picture of a 
patient with a subcostal loss of 
domain. 

t1gure 25.3 CT with sagittal reconstruc
tion used to calculate the ratio of the 
hernia to abdominal cavity volume. Dotted 
wttite line represents hernia aperture. Red 
line indicates length of abdominal cavity, 
and green line the length of the hemia 
sac. 
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figure 2S.4 CT with axial reconstruc-
1ion. Dotted 'White line represents 
hernia aperture. The blue line indi· 
cates the width, and the green line, 
the height of abdominal cavity. The 
light blue line indicates the width, 
and the purple line, the height of the 
hernia sac. 

To simplify the ellipsoid volume equation, multiply the length, height, and width 
measurements of the cavities times a factor of 0.52 (V = 0.52 x L x H x W). Loss 
of domain exists when the ratio of the volume of the hernia sac to the volume of 
the abdominal cavity is ~.5. 

• Physiology of hernias with loss of abdominal domain 
• In patients with loss of abdominal domain the bowels reside outside the abdomi

nal cavity. As intraabdominal pressure decreases to approach atmospheric pres
sure, abdominal viscera become edematous and their vasculature become engorged. 
This makes simple hernia reduction near impossible. 

• Respiratory function is altered secondary to the loss of diaphragmatic support, and 
anterior spinal support fails leading to lordosis. 

• The difficulty in repair of these hernias is that, not only are the herniated contents 
difficult to relocate back into the abdominal cavity, but doing so abruptly may 
result in postoperative physiologic collapse due to the creation of abdominal com
partment syndrome. 

Abdominal Wall Reconstruction 
Techniques 
• Reconstruction techniques for hernias with loss of domain must focus first upon the 

ability to relocate the herniated contents back into the native abdominal cavity and 
secondly, the ability to re-approximate the midline fascia overtop a retromuscular
implanted prosthetic mesh. 

• To re-accommodate such a large volume of herniated contents, the surgeon must 
employ a modality which increases the volume of the abdominal cavity. This can 
only occur by lengthening the abdominal wall musculature via either: 
• Mechanical traction 
• Anatomic alteration 
• Synthetic replacement 
• Combination of techniques 

• Mechanical Traction 
• Progressive preoperative pneumoperitoneum 

• Insuffiation of the peritoneal cavity acts as an intraperitoneal pneumatic tissue 
expander and lengthens the abdominal wall musculature, increasing the vol
ume of the abdominal cavity. This allows for adequate accommodation for the 
herniated contents and is our preferred preparatory technique. 

• It also attenuates the adverse physiologic eHects associated with ventral hernia 
repair in patients with a loss of abdominal domain, by slowly creating a chronic 
abdominal compartment syndrome. With decreased diaphragmatic excursion, 
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~--------------------

the patient is forced to overcome the inherent decreased inspiratory capacity. 
In addition, the adverse cardiovascular effects of acute abdominal compartment 
syndrome are attenuated by the slow introduction of intraperitoneal air. 

• Lapaxostomy with progressive mesh excision 
• This technique employs a synthetic mesh sewn to the edges of the hernia defect 

as an inlay. Over multiple successive operations, a central portion of the mesh 
is excised, and the mesh re-sutured in the midline. This provides a slow and 
progressive mechanical traction on the midline fascia, allowing for eventual 
fascial re-approximation. Although effective, this technique is cumbersome, 
and requires multiple operations. 

• Tissue expanders 
• Synthetic tissue expanders can be placed between abdominal wall muscle lay

ers and slowly expanded over the course of several weeks. The expander bal
loon lengthens the abdominal muscles by exerting a mechanical traction. We 
prefer this technique for skin expansion alone, when there is a concem over 
potential inadequate skin coverage during hernia repair. 

• Anatomic Alteration 
• Component separation 

• This technique provides an increase in abdominal circumference with the pos
sibility of subsequent fascial closure by disconnecting musculofascial layers, 
which lengthen the overall abdominal wall musculature. We employ a unique 
posterior component separation technique with retromuscular mesh reinforce
ment of the abdominal wall reconstruction. 

• Syntlurti.c Replacement 
• Silo technique 

• This technique is utilized for hernia defects so wide that no preparatory tech
niques or intraoperative maneuvers available would allow for native fascial 
re-approxi:mation. These hernias require that a synthetic mesh span the entire 
defect and contain the herniated intestines like a silo, similar to the technique 
used for treatment of congenital abdominal wall deformities such as ompha
locele and gastroschisis. The only difference here, being that the prosthetic is 
left in situ with skin and subcutaneous coverage alone. This is the least desir
able of all the techniques; however, it may be the only option in select patients. 

~ PREOPERATIVE PLANNING 

• Physical examination 
• The physical examination alone is often helpful in determining whether a patient 

has loss of domain. With the patient lying supine on the examination table, the 
surgeon should attempt to reduce the herniated contents below the fascia. If the 
hernia does not reduce due to the amount of herniated contents, the patient likely 
has a component of loss of domain. 

• The abdominal wall should be examined for elasticity. Although some massive 
hernias may be irreducible, the patient's abdominal wall musculature may have 
such elasticity so as to accommodate the herniated contents easily at the time of 
surgery. This finding would obviate the need for any preparatory procedures such 
as progressive preoperative pneumoperitoneum, since a single stage repair may be 
feasible. 

• The quality of the skin should be examined to determine if any adjunctive maneu
vers will be required to obtain safe skin closure at the time of hernia repair. 

• Widened thin scars, skin ulceration, thin subcutaneous tissue with tense and 
immobile skin, and large pannus flaps should all raise concern over skin closure. 
Consultation with a plastic surgeon may help to determine the need for preopera
tive tissue expanders, panniculectomy, or complex skin closure at the time of 
hernia repair. 



---

Chapter Z5 Massive Ventral Hernia wi1tt Loss of Domain 267 

• Computed tomography (CT) 
• As previously described, the volume of the hernia sac and abdominal cavity are 

calculated and compared. A volume ratio of the hernia sac to the abdominal cav
ity of ~0.5 confirms loss of abdominal domain. 

• Other attributes of the abdominal wall should be examined on CT as they may 
help determine which adjunctive maneuvers will be required for hernia repair. 

• In our experience, patients with smaller defects and a significant amount of her
niated contents benefit the most from progressive preoperative pneumoperito
neum. 

• Patients with round-shaped abdominal cavities on axial imaging and thick, robust 
rectus abdominis and oblique muscles may experience less muscle lengthening 
with preoperative pneumoperitoneum compared to those with a more ellipsoid 
appearance to the abdominal wall and thin atrophic musculature. 

• Patients with "open book" abdomens such as those with significant loss of abdom
inal wall substance (missing abdominal wall musculature) and hernia defects 
which span the entire abdominal wall may not benefit anatomically from preop
erative pneumoperitoneum as there may not be enough abdominal wall muscula
ture to stretch. The physiologic benefits may still be realized, however. These 
patients may be best served by the silo technique. 

• Perioperative analgesia 
• Strong consideration should be given to the use of epidural anesthesia in the 

postoperative arena. 
• The cardiac and pulmonary benefits of epidural anesthesia have been proven and 

in these patients, preservation of pulmonary function is often critical to their 
recovery. 

(9 SURGERY 

• Our preferred approach to hernias with loss of domain is progressive preoperative 
pneumoperitoneum, to prepare patients both physiologically and anatomically for 
the repair. 

• This is followed by the posterior component separation technique with retromuscu
lar mesh placement. 

• We will also discuss the laparostomy with serial mesh excision technique as well as 
the silo technique. 

Progressive Preoperative Pneumoperitoneum and 
Posterior Component Separation Technique 

• Stage I 
• Placement of percutaneous vena cava filter 

• Progressive preoperative pneumoperitoneum significantly elevates the intraab
dominal pressure and creates a chronic abdominal compartment syndrome. As a 
result, there will be decreased venous return through the vena cava and patients 
are at risk for thromboembolic events. 

• Percutaneous vena cava filters protect patients from life-threatening pulmonary 
emboli. They do not, however, prevent deep venous thrombosis. 

• We place patients on thrombotic chemoprophylaxis with heparin sodium. 
• Despite these aggressive measures, we have still had patients develop significant 

deep venous thrombosis and near caval occlusion. Full dose anticoagulation may 
be indicated in the more at-risk patients. 

• Exploratory laparoscopy with placement of percutaneous catheter system 
• Exploratory laparoscopy allows for minimally invasive access to the abdominal 

cavity for direct visualization and placement of a percutaneously placed intraperi
toneal catheter system for the pneumoperitoneum. 
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Figare 255 Laparoscope placement 
in Ute right subcostal region for 
exploratory laparoscopy. 

• We utilize a 5 mm optical viewing trocar placed at the lateral hypochondrium 
(Fig. 25.5). 

• A peritoneal dialysis catheter is placed under direct vision utilizing the Seldinger 
technique with a percutaneous, tear-away introducer sheath (Fig. 25.6A, B). 

• The catheter cuff is placed into the subcutaneous tissue and the catheter sutured 
in position (Fig. 25.7). 

• The pneumoperitoneum is evacuated and the trocar site incision closed with an 
absorbable subcuticular suture. 

• Patient care plan 
• The patient is admitted to a stepdown unit for close monitoring of pulse oximetry 

and all vital signs. 
• Chemothromboprophylaxis is begun postoperatively. 
• A full liquid diet with protein supplementation is started immediately. 
• The patient is instructed to utilize incentive spirometry and ambulate daily. 

• Stage n 
• Progressive preoperative pneumoperitoneum 

• Peritoneal insuffiation begins on the first postoperative day, and is performed 
daily. 

Figura 2.5.6 A:. Percutaneous placement of Ute peritoneal dialysis caUteter to be used for daily insufflation. B: Laparoscopic view 
of intraperitoneal portion of peritoneal dialysis catheter. 
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Fi11re 25.'1 Catheter placement 
complete with the catheter cuff 
placed below the skin. 

• Laparoscopic insufflation tubing is utilized to connect the air hose at the patient's 
bedside to the peritoneal dialysis catheter (Fig. 25.8). 

• The air is turned on slowly to begin insufflation. The patient is closely monitored 
for signs of distress. 

• The insufflation proceeds and the patient will begin to complain of abdominal 
tightness followed by mild fiank discomfort. Once the patient begins to experience 
some shortness of breath or mild anxiety, the insufflation is stopped. There is no 
specific volume of air that should be injected nor the intraperitoneal pressure 
measured. The endpoint of insuffiation will always be the patient's level of dis
comfort. 

• The skin should be moisturized daily as pneumoperitoneum can lead to skin dry
ness and cracking. 

Fi11re 25.8 Air is insufflated via 
the wall air outlet and flowmeter 
via laparoscopic insufflation 
tubing connected to the patienfs 
peritoneal dialysis catheter. 
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tigura 25.1 A:. Preoperative CT scan demonstrating herniated contents vWth loss af domain. B: CT in same patient after progressive 
preoperative pneumoperitoneum demonstrates that bowel contents have fallen below the level of the hernia orifice. 

• If at any point during this process the patient becomes hemodynamically unstable 
or develops decreased urine output, the pneumoperitoneum can be evacuated by 
wall suction aspiration. 

• Repeat CT scan to determine suitability for Stage m 
• After 7 days of daily progressive preoperative pneumoperitoneum, a CT scan is 

performed to determine the suitability of the abdominal wall for repair. 
• The CT should demonstrate that the herniated contents have fallen back. into the 

native abdominal cavity and now lie below an imaginary line drawn across the 
hernial orifice. (Figs. 25.9A, Band 25.10) 

ti1ura 25.10 CT in another 
patient similarly dem•mstrates 
that the bowel contents have 
fallen below the level of the 
hernia orifice. 
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If the bowel has not fallen back into the abdominal cavity and the volume of the 
abdomen does not look to have increased significantly, then pneumoperitoneum 
should continue for 4 to 5 more days and a repeat CT performed. If at this point 
there is no change, it is unlikely progressive preoperative pneumoperitoneum will 
work as a pneumatic tissue expander and consideration should be given to either 
tissue expanders, the silo technique, or even rotational or free myofascial flap 
closure of the abdominal wall. 

Stage In 
Abdominal wall reconstruction 

Every effort should be made to ensure rectus abdominis re-approximation in the 
midline with ventral fascial closure overtop the mesh. 
Our preferred method for abdominal wall reconstruction in these patients is the 
Rive&-Stoppa retromuscular hernia repair technique with or without the addition 
of a posterior component separation (PCST). 

• The posterior component separation technique allows for similar midline fascial 
re-approximation in large defects as compared to the anterior, Ramirez component 
separation. 

• With the PCST, the transversus abdominis muscle (posterior) is disconnected from 
the internal and external obliques (anterior), which remain attached to the rectus 
muscle. By release of the posterior component, the anterior components can 
advance medially. 

Rive&-Stoppa with PCST 
After a complete lysis of adhesions a towel is placed intraperitoneally to protect 
the underlying viscera. 
The posterior rectus sheath is divided vertically 1 em or less from the edge of the 
linea alba and the division continues 5 em cephalad to the hernia defect edge and 
5 em caudal to it (Fig. 25.11). 

R1ure 25.11 Retromuscular 
hernia repair begins by ent11ring 
the posterior rectus sheath 1 em 
or less from the edge of the linea 
alba. 
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figure 2S.1Z The posterior rectus sheath is 
reflected posteriorly under tension and me 
rectus muscle is genUy dissected off me 
ventral aspect of me sheam. 

• The posterior rectus sheath is reflected posteriorly under tension and the rectus 
muscle is gently dissected oH the ventral aspect of the sheath (Fig. 25.12). 

• A similar dissection is performed on the contralateral side. 
• If it does not appear that the posterior rectus sheath will re-appro:ximate in the 

midline under little to no tension, a PCST will be required. 
• For the PCST, the dissection is carried to the lateral most extent of the rectus 

sheath. With a Richardson retractor reflecting the rectus laterally at this lateral 
extent, a subtle ridge will become evident. This ridge is formed by the rolled over 
anterior leaf of the internal oblique aponeurosis as it fuses with the transversus 
abdominis aponeurosis to form the posterior rectus sheath (Fig. 25.13). 

A 

Fitlr. 25.13 The Richardson retractor 
reflects the rectus muscle laterally at 
this lateral-most extent of the rectus 
sheam. A ridge is formed by the rolled 
over anterior leaf of the intemal oblique 
aponeurosis as it fuses with the trans
versus abdominis aponeurosis to form 
the posterior rectus sheath. 

T= -B 

E 

I =53 
T 

c -
E= Extemal oblique 
I = lntemal oblique 
T =Transversus abdominis 
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• By incising the fascia 1 to 2 mm medial to this ridge, the interparietal plane 
between internal oblique and transversus abdominis muscle will be accessed, and 
the incision is continued for the entire length of the skin incision and beyond 
(Fig. 25.14). 

• Motor innervation of the rectus and oblique muscles is provided by the intercos
tal, sub-costal, iliohypogastric, and ilioinguinal nerves. 

• The intercostal nerves of T7 to 14 run between the transversus abdominis and 
internal oblique muscles, and enter the undersurface of the rectus abdominis mus
cle at the junction of its lateral and medial third. These nerves will be encountered 
during the PCST and are routinely divided should they interfere with wide mesh 
placement. In our experience, this has not led to any abdominal wall paralysis or 
denervation bulge. 

• The interparietal plane is dissected far out laterally. This dissection disconnects 
the transversus abdominis muscle from the anterior components, allowing medial 
advancement of the posterior rectus sheath for complete peritoneal closure as well 
as medial rectus advancement for total abdominal wall reconstruction. PCST pro
vides a well-vascularized and wide space for mesh placement with similar 
advancement to the Ramirez component separation without the need for a subcu
taneous skin dissection and its attendant morbidity. 

• The protective towel, which was placed intraperitoneally, is removed now and the 
posterior rectus sheath is re-approximated in the midline with a slow-absorbing 
monofilament suture (Fig. 25.15). 

• The synthetic mesh is placed in the retromuscular space and fixated with full
thickness permanent transabdominal sutures utilizing the Reverdin needle. 

• See Fig. 25.16A, B, C. 
• The anterior sheath is closed in the midline ventral to the mesh utilizing a slow

absorbing monofilament suture utilizing a 4:1 suture to wound length ratio. 
• See Fig. 25.17A, B. 
• Intraperitoneal onlay of mesh (IPOM) 

• If the retromuscular space is inaccessible due to inflammation, fibrosis or rectus 
muscle absence, or the defect is lateral, then an alternate place for mesh placement 
needs to be chosen. 

Figura 25.15 The posterior rectus 
sheath is re-approximated in me 
midline with a slow-absorbing mono
filament suture. 

Fi11re 25.14 The fascia is incised 
1 to 2 mm medial to the aforemen· 
tioned ridge, gaining access to the 
interparietal plane between inter
nal oblique and transversus 
abdominis muscle. 
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Figura 25.17 A:. The linea alba is 
sutured in the midline 'VIIith a 
continuous, running, absorbable 
suture. B: Schematic demonstrat
ing the completed posterior com
ponent separation with 
retromuscular mesh placement 
and midline fascial closure. 

B 

Figura 25.16 A:. After rstromuscular mesh placement. it is permanently 
fixated with permanent. full-thickness, transabdmominal sutures, wttich 
are placed utilizing the Reverdin needle. B: The Reverdin needle passing 
the suture through the full-thickness of the abdominal wall. C: The mesh 
displayed in the rstromuscular position. 
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figure 2S.18 Mesh placed as an 
in1raperitoneal onlay. 

• To ensure medial rectus re-approximation, a traditional, anterior Ramirez compo
nent separation technique may be performed. 

• A tissue-separating mesh is then placed in the intraperioneal position and 
suture fixated circumferentially with a wide overlap (greater than 5 em) and 
full-thickness permanent transabdominal sutures utilizing the Reverdin needle 
(Fig. 25.18). 

• To prevent the mesh from buckling within the peritoneal cavity once the fascia is 
re-approximated above it the mesh should be placed intraperitoneally under some 
tension. 

• Tension is held on the linea alba towards the midline as the mesh is being fixated 
on that same side. The maneuver is then repeated on the contralateral side. This 
ensures equal tension so that the mesh will be taut within the intraperitoneal cav
ity upon abdominal wall closure. 

• The anterior sheath is then closed in the midline ventral to the mesh utilizing 
a slow-absorbing monofilament suture utilizing a 4:1 suture to wound length 
ratio. 

• Silo technique 
• This is a useful strategy to employ for defects so wide that abdominal wall recon

struction is unfeasible. 
• Since skin and subcutaneous tissue will be the only coverage over the synthetic 

mesh, every effort should be made to ensure that there will be adequate, viable 
skin coverage available. 

• It is crucial to anticipate this potential roadblock. so that skin tissue expanders can 
be placed preoperatively. 

• A tissue-separating or barrier-coated mesh is deployed in the intraperitoneal posi
tion and suture fixated circumferentially with a wide overlap (greater than 5 em) 
and full-thickness permanent transabdominal sutures utilizing the Reverdin nee
dle, just as described in the IPOM section. 

• Contrary to the IPOM, however, the silo technique makes no effort to re-approxi
mate the line alba in the midline, so that the synthetic mesh acts as a bridge, 
spanning the hernial orifice, and contains the voluminous bowel loops. 

• Due to the significant amount of herniated contents, the mesh fixation to the 
abdominal wall should begin on one side of the abdomen and progress circumfer
entially, all the while protecting the bowel as the mesh slowly forms a cocoon 
over the abdominal cavity. 

• Due to the massive size of these hernia defects, it may be necessary to suture 
together multiple pieces of mesh like a quilt. In this event, we recommend sutur
ing one mesh to each side of the hernia defect, and then suturing the two pieces 
of mesh together in the midline (Fig. 25.19). 
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• Laparostomy with serial mesh excision technique 

tigure 25.11 Multiple pieces of mesh 
sutured together and placed in the 
intraperitoneal position as a silo to 
contain the viscera. 

• A large piece of DualMeshe (Gore WL, Elkton, MD) is circumferentially sewn to 
the fascial edge of the hernia defect, and the skin temporarily closed over the top 
of the mesh (Fig. 25.20). 

• Every 3 days the patient returns to the operating room where a central ovoid shape 
of the mesh is excised and the cut mesh edges re-approxim.ated. This technique 
slowly pulls the abdominal wall muscles to the midline (Fig. 25.21A). 

• Once the remaining fascial gap is less than 5 em, the mesh is completely excised 
and a Ramirez component separation is performed with fascial reinforcement 
(synthetic, biologic, or bioabsorbable) for complete abdominal wall reconstruction. 

POSTOPERATIVE MANAGEMENT 

Standard postoperative care is instituted in these patients with loss of domain. 
If there are concerns over elevated intraperitoneal pressures after abdominal wall 

closure, consideration may be given to maintaining endotracheal intubation with mus
cle paralysis for several days to allow the patient to recover. We have found the need 
for this to be exceedingly uncommon since employing the technique of progressive 
preoperative pneumoperitoneum. 

Standard thromboembolic chemoprophylaxis is resumed postoperatively. Supple
mental oxygen therapy is administered as needed and incentive spirometry is strongly 
encouraged. Early ambulation is important, and a diet is begun as soon as the surgeon 
is comfortable doing so. 

tigure 2.5.20 Large piece of DuaiM· 
esh Plus {Gore WL., Elkton, MD, USA) 
sewn directly to the fascial edges, 
temporarily containing the viscera in 
preparation for serial mesh excision. 
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Fi11re 2U.1 A narrow central 
sliver of mesh is excised every 
few days and me mesh re·sutured 
in me midline, allo1Mng the fascia 
to slowly be pulled midline. 

Postoperative ileus is common in these large hernia repairs. Vigilance to the patient's 
symptoms and abdominal distention helps to identify this complication early. A post
operative bowel obstruction, however, should raise the suspicion of an interparietal 
hernia, particularly after the retromuscular hernia repair. Here the posterior rectus 
sheath closure may have partially come apart allowing a loop of intestine to slip through 
the defect into the created space between the posterior rectus sheath and the mesh (Fig. 
25.22). We have reported on this complication in the literature. 

Surgical site infection (SSI) is unfortunately more common in the repair of her
nias with loss of domain than in other smaller defects. We have experienced a 
significantly higher degree of SSI in patients in whom the anterior fascia could not 
be re-approximated overtop the mesh. Other investigators have demonstrated the 
same finding. We treat SSI very conservatively. Typically, washout with negative
pressure wound therapy will allow prompt resolution of this problem. If the mesh 
becomes exposed in the wound, mesh removal is not recommended until a con
servative trial of salvage has been attempted. In our experience, polytetrafiuoroeth
ylene, and polyester-based mesh exposures often require complete or partial mesh 

Figara 25.2'2. Bowel entrapped 1M1hin 
an intraparistal hernia defect which 
forms wtten me posterior fascial layer 
becomes disrupted and bowel 
migrates bstween me mesh and the 
posterior rectus sheath. 
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Fig1re 2U.3 UltraPro IE1flicon Inc., 
Somerville, NJ, USA) mash which 
has become exposed after a wound 
complication. Notice the rich granula
tion tissue growing between ttle 
interstices af the low-density filament, 
wide-pore mesh. 

excision. Wide pore, decreased density polypropylene mesh seems to perform the 
best when exposed and will almost universally allow for granulation and healing 
through the mesh (Fig. 25.23). 

Special Considerations 

Obesity 
Most patients with massive hernias and loss of domain are obese. Every effort should 
be made to have the patient lose weight preoperatively. 

There is no standard rule, however, a weight loss of 20 to 30 lb can make a large 
difference in the ability to obtain fascial closure and complete abdominal wall recon
struction. 

Our patients undergo a 4 to 8 week preoperative physician-observed meal replace
ment program, which consistently achieves our target weight loss goal. 

Contaminated Abdominal Wall 
Patients with enteral or urinary stomas or enterocutaneous fistulas are candidates for 
progressive preoperative pneumoperitoneum. Attention should be paid to the stoma to 
ensure that ischemia does not develop during insufU.ation. 

Patients with infected mesh and massive hernia with loss of domain pose a special 
problem. Although still candidates for preoperative pneumoperitoneum, serious con
sideration should be given to mesh removal and skin closure first followed by PPP at 
a second stage. An abdominal wall with infected mesh will be indurated and edema
tous; as a result, little muscle lengthening would occur with PPP. Additionally, mesh 
removal will undoubtedly damage some abdominal wall making the immediate recon
struction all the more difficult. 

~ CONCLUSIONS 

Hernias with loss of domain present the most challenge to the general surgeon. Treat
ment of these patients requires a thorough understanding of the patients' abdominal 
wall anatomy, a meticulous preparation for surgery, and a complete armamentarium of 
adjunctive maneuvers and repair techniques available to ensure a safe and effective 
hernia repair. 
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26 Recurrent Hernia in 
the Morbidly Obese 
David B. Earle 

~ INDICATIONS/CONTRAINDICATIONS 

The indications and contraindications for treating any disease process are the same, and 
the treatment of recurrent hernia in the morbidly obese patient is not different. The 
indications are either the relief of symptoms, or the prevention of future problems. It 
is therefore important for the surgeon to establish exactly what symptoms the patient 
feels are related to the hernia, the liblihood that the symptoms are related to the her
nia, and the severity of the symptoms, particularly those limiting quality of life in a 
negative way. It is also important for the surgeon to put the potential deleterious effects 
of untreated hernia disease in a proper perspective in an unbiased manner. By way of 
example, a physician may tell a patient with a small asymptomatic hernia at the umbili
cus that no treatment is necessary unless the hernia becomes bothersome. On the con
trary, the physician may relata a story of a patient with a small umbilical hernia that 
became acutely incarcerated, requiring emergency surgery. This example illustrates how 
easy it is for the surgeon to infiuence the patient's decision with anecdotal evidence, 
and how important it is to clearly establish the possible outcomes, risks, and potential 
benefits, of observation versus treatment in an unbiased manner. 

For hernia disease, common problems related to existing hernias of any size include 
pain (mild, moderate, or severe), enlargement, physical deformity, skin ulceration, dif
ficulty fitting clothes and performing daily activities due to the deformity, and recurrent 
bouts of acute incarceration. Establishing a d.iract. cause and effect relationship between 
the hernia and the symptoms is sometimes not possible, and the surgeon should give 
his or her best estimate. 

In summary, the indications for fixing a recurrent ventral hernia in the setting of 
morbid obesity should be for symptom relief and/or prevention of future problems with 
the hernia. Relative contraindications to electively repair of recurrent hernia in the set
ting of morbid obesity include the repair of large defects without some sort of preop
erative weight loss, particularly if there is some element of loss of domain. This is also 
true in the emergency setting where options for repair are limited-for example, operat
ing for the bowel obstruction in the setting of a large, recurrent hernia in the setting of 
obesity. This type of case may best be treated by simply closing the skin after treating 
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the bowel obstruction, and leaving the complex hernia repair for another day. These 
indications and relative contraindications however are not absolute, and highly depend
ant on the clinical situation. The surgeon must take into account the primary goals and 
objectives as well as the myriad of individual patient factors when making a treatment 
decision regarding recurrent hernia in the morbidly obese patient 

Indications 
• Relief of existing symptoms 
• Prevention of hernia-related problems (risk~enefit ratio particularly important) 

Relative Contraindications 
• Elective repair of large defects (greater than 10 em between rectus muscles) without 

preoperative weight loss and/or smoking cessation 
• Complex hernia repair in the setting of the treatment of another intraabdominal sur

gical emergency (skin/subcutaneous tissue closure alone may be appropriate) 

V PREOPERATIVE PLANNING 

The preoperative planning process for recurrent hernia in the setting of morbid obesity 
is very important. Firstly, it is important to establish the specifi.c goals of the hernia 
repair for the patient, and than align the surgeon's goals with those of the patient. Next, 
it is important to elicit details from previous hernia repairs, particularly infectious 
related complications. A history of previous mesh infection or wound infection would 
place the patient in a higher risk category in terms of infectious complications during 
hernia repair. Additionally, a history of intermittently draining abdominal wall sinus is 
important as old suture and prosthetic material may harbor pathologic bacteria for many 
years. Exploration of chronic and intermittent sinus tracts should be performed to 
search for and remove the foreign body responsible for its persistence. Details of the 
previous hernia repairs such as suture type and technique as well as prosthetic type 
and technique are also important to elucidate to avoid performing the same technique, 
and expecting a d:ifferent outcome. In addition to reviewing the old operative reports, 
reviewing the anesthesia record is important to determine the length of the operations, 
and reviewing the discharge summary will help determine what the postoperative 
course in length of stay were like. This information is extraordinarily helpful in l8rins 
of informing the patient what their anticipated course will belike, as well as for sched
uling purposes for both the operating suite and the surgeon. Finally, determining the 
size of the hernia is important for choosing a technique. For midline hernias, the size 
should be based on the distance between the medial borders of the rectus muscles. A 
common error is to determine the size and number of punched out defects within a 
hernia sac or scar tissue, and ignore the entire area encompassed between the rectus 
muscles. Treating the patient based on multiple defects within an area rather than the 
area as a whole may lead to inadequate planning, and poorer outcomes. Abdominal CT 
scans without enteral or intravenous contrast are the most eHective way of determining 
the distance between the rectus muscles, and the precise size and shape of the defect 
regardless of location. I consider three categories of midline hernia related to the size, 
or width between the medial borders of the rectus muscles. "Small" hernias are associ
ated with defects less than 5 em in width, "medium" sized defects from 5 to 10 em in 
width, and "large" defects greater than 10 em in width. 

6) SURGERY 

The surgical procedure is dependent on the specific clinical situation. Once the goals 
of the operation have been established and aligned, the surgeon must choose the 
technique that will be most likely to achieve those goals. When considering the 
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figure 26.1 Sublay technique. 

technique, the relative risks and expected benefits of the technique relative to others 
should be analyzed. 

Options for Repair 

• Open primary repair-not viable 
• Open repair 'With prosthetic "inlay"-sawad to the edges of the defect 'With little 

(<3 em) to no overlap-not viable 
• Open repair with permanent, synthetic prosthetic (sublay or onlay)-viabla; rela

tively higher chance for wound complications compared to laparoscopic repair 
• Laparoscopic repair with permanent, synthetic prosthetic-viable; low risk of wound 

complications; technically challenging; does not allow closure of defect for medium 
to large defects 

• Open repair 'With component separation and prosthetic (sublay or onlay)-viable; 
technically challenging; component separation has many varieties: prosthetic choice 
variable; allows closure of midline with "short-stitch" suturing technique (Figs. 26.1 
and 26.2) 

• Laparoscopic repair 'With component separation and prosthetic (intraperitoneal)
viabla; technically challenging; prosthetic choice variable; laparoscopic assisted 
techniques with suture passing devices do not allow for fine suture technique to 
close midline 

This is best illustrated in a clinical example: A 55-year-old female with a body mass 
index of 45 who has pain as her primary complaint (relief of pain being the primary 
goal for operation) from a recurrent incisional hernia. Her original operation was an 
open gastric bypass through an upper midline incision. The subsequent incisional her
nia was repaired primarily, utilizing permanent suture material in a running fashion 
where the surgeon noted that "extremely large bites" were taken. A recent CT scan 
performed during an emergency room visit for bar abdominal pain revealed the her
niation of a relatively large amount of small bowel through a small punched out defect 
in the abdominal wall. The medial borders of the rectus muscles are 9 em apart, and 
they gradually coma together at the upper and lower borders of the old incision. The 
defect lies in the middle of the area between the rectus muscles. Without an obvious 
abdominal wall deformity, and the primary goal of pain relief, a laparoscopic hernia 
repair without component separation utilizing a permanent, synthetic prosthetic is 
probably the best choice to achieve the goal of symptom relief, and prevent recurrent 
hernia. If the patient were to have had an original operation for Crohn's disease, and 
have a relatively higher chance of requiring subsequent abdominal operation, an open 
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Figur• 26.2 Sublay technique with almost 
closed anterior sheath. 

repair with component separation with primary repair utilizing "short-stitch" suture 
technique of the midline and either no prosthetic, or a biologic prosthetic may be the 
most appropriate choice. The relative risks and benefits of these choices should be 
discussed with the patient, so they can make an informed decision regarding the oper
ative plan. 

Laparoscapic Repair 

This technique is performed with the patient in the supine position. The arms should 
ba tucked, particularly if a portion of the oparation will occur at or below the umbili
cus. A 3-way bladder catheter should ba placed before prepping and draping to allow 
easy filling of the urinary bladder if dissection of the pubic symphysis and Cooper's 
ligaments will be required, such as would be the case for a lower midline incision. 
This is helpful to delineate the bordars of the bladder in order to prevent injury to it. 
The drapes should ba placed as lataral as possible, and maintain exposure of the 
pubis, and xiphoid process, even after insuffiation. This will require placing the 
drapes approximately 4 to 5 em above the costal margins and below the pubis prior 
to insuillation. 

Access to the peritoneal cavity should generally be performed under direct visu
alization utilizing an open technique, or closed technique with an optical trocar. The 
lysis of adhesions should ba performed with a combination of blunt and sharp dissec
tion, with only sparing and careful usa of an anergy source when necessary for hemos
tasis. Once the adhesiolysis is complete, the defect should be precisely measured, and 
a prosthetic chosen that will appropriately cover the defect with at least 5 em of over
lap. The amount of overlap depends on the size, shape and location of the defect. In 
general, the larger the defect, the more the amount of overlap is required. Certainly, for 
midline defects, the prosthetic should at least extend beyond the lateral borders of the 
rectus muscles. The superior and inferior overlap will depend on the location of the 
defect Defects near the pubis should have the prosthetic anchored with permanent 
fixation to Cooper's ligaments after appropriate dissection. Defects near the xiphoid 
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the length of the incision, or utilizing a variety of minimally invasive techniques 
designed to preserve the peri-umbilical vessels near the rectus muscles. In general, 
this component of abdominal wall reconstruction is employed with medium to large
sized defects, particularly those associated with significant abdominal wall deformity 
in which the correction of the deformity comprises one of the goals of operation. 
While this technique may be employed with laparoscopic, laparoscopically assisted, 
or open techniques to close the midline, only the open method can utilize the "short
stitch" suturing technique that has been shown to be stronger, and more durable than 
the current "standard" technique. Details of the suturing technique will be described 
below. If a prosthetic is also used, its placement can be the same as that described for 
open repair above. 

Suturing Technique 
Abdominal wall closure techniques of midline laparotomy incisions have been the 
subject of much study and debate. While the optimal method may still be evolving, 
the best technique involves a running suture comprised of long acting, absorbable 
suture material. Most surgeons worldwide utilize this technique by taking at least 
1 em bites of tissue, and traveling about 1 em between bites. Recently, the culmination 
of 20 years of clinical experience and experimental study culminated in a randomized 
controlled trial comparing 1 em bites with smaller bites between 5 and 8 mm. The 
so-called "short-stitch" technique not only distributes the tension across the incision 
to a greater degree, but also significantly lowers the rate of suture line failure and 
surgical site infection. The mechanism of action is likely due to a stronger wound 
closure due to the tension distribution and less ischemia of the tissue by encompass
ing less tissue within the suture line. One of the hallmarks of this technique is to 
precisely approximate the aponeurosis without incorporating muscle, excess subcu
taneous tissue, and scar. For recurrent ventral hernias, this can pose a challenge due 
to scarring from the previous operations. The extra time and eHort to accomplish this 
should however be rewarded with improved outcomes in terms of hernia recurrence 
and infection rates. 

POSTOPERATIVE MANAGEMENT 

Postoperative care is the same as with any abdominal operation, but there are a few 
unique features depending on the technique utilized. For techniques that rely solely on 
the prosthetic, such as the laparoscopic method without defect closure, activity may be 
resumed as tolerated. Activity will be limited by pain however, and the operation is 
frequently associated with more pain the original open procedure that resulted in the 
hernia. However, the overall recovery period is shorter, and the wound complication 
rate is lower compared to open techniques. The etiology of the pain is likely related to 
the trans-fascial fixation sutures, and most of the patients will be approximately 75% 
back. to their usual activity level in 3 to 4 weeks. 

Techniques that rely on tissue healing such as those that re-approximate the mid
line (with or without component separation and/or prosthetic placement) will require 
the patient to minimize stressful contractions of the abdominal wall for 6 to 8 weeks, 
when the wound should be at approximately 90% of its ultimate strength. This means 
that the the patient should be educated about forceful coughing and sneezing, vomit
ing, forceful bowel movements, lifting heavy objects, and performing significant phys
ical activity related to work or sport. The patient should be told that it is impossible 
to eliminate these activities completely, but that they may be significantly reduced by 
the patient education process. It should also be emphasized that the patients do not 
curtail their activity to the point of severe de-conditioning or muscle contracture. Any 
drains left in place should be left until the drain output is less than approximately 
30 cc per 24 hour period for at least 2 days in a row, provided the drain is function
ing properly. 
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Complications can be general, and those related specifically to the hernia repair itself. 
Generally, urinary retention is common, and the bladder should be decompressed with 
a catheter for approximately 2 days. Postoperative ileus occurs in about 15% of patients, 
and them should balibaral usa of anti-emetics and nasogastric decompression to avoid 
vomiting, and its associated pain, discomfort, and increased stress on the abdominal 
wall closure if that technique was employed. 

Wound necrosis and infection rates will vary depending on the technique used and 
the patients' surgical history, and should be managed in a standard fashion. Infaction 
and exposure of a permanent synthetic prosthetic do not necessarily mandate removal 
of the prosthetic. Standard wound care measures are frequently appropriate, and often 
resolve the problem with partial or no prosthetic excision. Thare are many factors asso
ciated with the decision to leave a prosthetic in including the clinical course and type 
of prosthetic. In general, macroporous prosthetics perform better in contaminated 
environments than do microporous prosthetics. 

Postoperative seroma may develop within the hernia sac, the subcutaneous space, 
or around the prosthetic. The normal healing process involves the presence of some 
wound fluid, and seroma should only be considered a complication if it is causing a 
clinical problem, or exists longer than 6 to 12 months. The exact location of the pros
thetic will depend on the technique used. The majority of laparoscopic ventral harnia 
repairs will develop a seroma in the old hernia sac. If this does not follow the usual 
course of spontaneous resolution within 6 to 12 months, the surgeon should consider 
operative drainage and excision and/or ablation of the lining of the cavity because 
persistent seromas pose a long-term risk of infection by seeding from other sites of 
infection such as the respiratory, urinary, or GI tract, or a dental infection. Seromas may 
need to be drained earlier if they are associated with pain secondary to pressure or 
overlying inflammatory changes of the skin. Percutaneous drainage may suffice, but 
recurrence is high. A small, percutaneously placed drain should not be left in, particu
larly if them is concern that soma gelatinous material remains, or the collection is 
loculated. In this scenario, them is a high risk of infection of the cavity. Operative drain
age should be undertaken in these situations. 

Recurrent hernia is always a possibility, regardless of the technique. Mechanisms 
of failum include inadequate dissection, inadequate coverage by the prosthetic, and 
suture line failure depending on the technique. In soma scenarios, large recurrent her
nias repaired with a component separation technique may recur, but to a lesser extent 
than preoperatively. Although technically a complication, if the patient is left in a bet
ter situation with more options, and msolution of the preoperative problems, there is 
still an aspect of success. 

3 RESULTS 

Because of the wide variety of techniques and mlatively inadequate long-term follow-up 
data, precise numbers for specific techniques are impossible to know. Additionally, 
when gauging outcomes after hernia repair, it is important to define the outcome as 
eithar a treatment success or failure. Regarding hernia repair, the metrics would then 
be either symptom resolution or hernia recurrance. Symptom msolution would mquira 
that the preoperative symptoms and goals of operation were defined preoperatively, 
something that is absent in the vast majority of studies involving outcomes related to 
hernia repair. Recurrence rates are easiar to define, but still suffer from poor long-term 
follow-up. 

It is generally agreed upon however that the recurrence rates of primary incisional 
hernia repair is in the 60% to 80% range, mgardlass of the size of the hernia defect. 
Usa of a prosthetic reduces the chance for recurrence to less than 30% when consider
ing all types of prosthetic repair technique together. Laparoscopic hernia repair of 

m 
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recurrent ventral hernia in the morbidly obese is approximately 20%, and higher than 
the same technique utilized in their non-recurrent, non-obese counterparts. 

Open component separation with non-perforator sparing skin flaps is associated 
with a 20% to 30% major wound complication rate ranging from superficial infection 
and wound edge necrosis to full thickness flap necrosis. Recurrence rates with open 
primary repair utilizing the older suture technique and no prosthetic are also in the 
20% to 30% range. While this is high, the majority of patients undergoing this proce
dure have large, complex hernias and do not recur. 

Extrapolating the existing data, it is reasonable to assume that utilizing a compo
nent separation technique with the newer "short-stitch" suturing technique would have 
a recurrence rate less than 20% to 30%, and the addition of a prosthetic in any fashion 
should reduce the recurrence rates even further. 

~ CONCLUSIONS 

In summary, the variables associated with ventral hernia repair make it nearly impos
sible to scientifically and ethically study each aspect. We are then left with utilizing 
the existing clinical experience and laboratory data to make logical choices regarding 
the repair of recurrent hernia in the morbidly obese. It is imperative for the surgeon to 
arrive at an accurate diagnosis and obtain details of previous operations, particularly 
related to previous techniques and complications. It is then necessary to explicitly 
define the goals of operation, and align the goals with the surgeon and the patient. The 
unique clinical scenario of the patient must be considered, especially with regard to 
the patient's medical history and medication usa, and how that related to wound heal
ing and future need for subsequent abdominal operation. 

Once the clinical issue for the patient has been elucidated, a technique can be 
chosen that will have the best chance at realizing the goals of the operation that have 
been previously defined. Once the technique has been chosen, a logical prosthetic 
choice that is appropriate for the technique and clinical scenario can be chosen. Going 
through this process for every patient may take some extra time, but will provide both 
the patient and the surgeon with the best possible outcomes. 

Recommended References and Readings Halm JA, de Wall LL, Steyerberg EW, et al. Intraperitoneal polypro
pylene mesh hernia repair complicates subsequent abdominal 
surgery. World J Surg. 2007;31(2):423-429;discussion 430. Blll'ger JW, Luijendijk RW, Hop WC, et el. Long-term follow-up of 

randomized controlled trial of suture versus mesh repair of in· 
dslonal hernia. Ann Surg. Z004;240(4):578-583;discussion 583-
585. 

den Hartog D, Dur AH, '1\tinebrelfer WH, et al. Open surgical pro
cedures far incisionel hernias. Cochrane Database Syst Rev. 
2008;(3):CD006438. 

Diener MK, Voss S, Jensen K, et el. Blsctive Midline Laparotomy 
Closure: The INLINE Systematic Review and Meta-Analysis. Ann 
Surg . .2010;251(5):843-856. 

Millboum D, Ctmgiz Y, Isra.elsson LA, . Effect of Stitch LeDgth on 
Wound Complications After Closure of Midline Incisions: A Ran
domized Controlled 'D:ial Arch Surg. 2009;144(11):105~1059. 

Ramirez OM, Ruu E, Dellon AL. "Components Separatl.onH Tech
nique fur Closure of Abdominel-Wall Defect: An Anatomic and 
Clinicel Study. Plast Reconst:r Surg. 1990;86(3):519-526. 

Rucinski J, Margolis M, Panagopoulos G, et al. Closu:nJ of the 
Abdominel Midline Fascia: Meta-AD.alysis Delineates the Optimal 
Technique. Am Surg. 2001;67(5):421-426. 



27 Infected Field 
Hernia Repair 
Emanuele Lo Menzo and Adrian Park 

INDICATIONS/CONTRAINDICATIONS 

More than two million laparotomies are performed annually in the United States, and 
between 2% and 20% will result in incisional hernias. 'I)pically, hernias become clin
ically apparent in the first 5 years after laparotomy. 

Since the early description of temporary abdominal wall closures, their utilization 
has exponentially increased, particularly in trauma surgery. Their wide application 
inevitably leads to increased incidence of large skin-grafted ventral hernias with poten
tialloss of domain. Subsequent abdominal wall reconstruction techniques are challeng
ing and have led to disappointing short- and long-term results as well as to significant 
complication rates. Because of the physical disability resulting from the large hernias, 
for instance, aftlicted individuals are often unable to carry on their duties, especially 
those entailing manual labor. 

Overall no consensus on abdominal wall reconstruction exists with regard to pre
ferred technique (open vs. laparoscopic), position of mesh (onlay, sublay, intraperito
neal), or type of reinforcement material (synthetic vs. biologic, permanent vs. absorbable, 
large vs. small pore). More unanimous is the agreement on the need for the use of mesh 
for the repair of abdominal wall defects resulting from previous incisions, especially if 
recurrent 

Wide acceptance of prosthetic mesh for the tension-free repair of ventral hernias
especially when used in contaminated fields-presents potential for increased inci
dence of mesh infections. 'Ireatment of infected meshes and the repair of hernias in 
infected fields pose significant challenges to the surgeon. In general, the risk of wound 
infection following synthetic ventral hernia repair varies from 4% to 16%. A prior his
tory of wound infection predisposes the patient to subsequent wound infection in 40% 
of cases. The fact that wound and mesh infections are risk factors for recurrence creates 
a vicious cycle potentially resulting in multiply recurrent complex hernias. 

The management of wound infections following hernia repair often requires removal 
of the prosthetic material, leaving a greater defect within an infected field. The treatment 
alternatives historically have included staged repair with absorbable mesh (polyglycolic 
acid, i.e., Dexon or polyglactin 910, i.e., Vicryl) or primary repair with myofascial mobi
lization. Both techniques, unfortunately, are characterized by a high incidence of 
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Brand Na111 Sourca 

AlloDerm11 Life Cell Human Dermis 
All oM ax Tutogen Human Dermis 
CollaMendlN BardJDavol Porcine Dermis Yes 
RexHD8 Ethic on Human Darmis No 
Pariguard Synovis Bovine Pericardium Yes 
PermacollN Covidien Porcine Dermis Yes 
ProPatch11 Cryolite Bovine Pericardium No 
StratticelM life Cell Porcine Dermis No 
Surgimend TEl Biosciences Fetal Bovine Dermis No 
Surgisis11 Cook Porcine intestinal submucosa No 
Tutopatch8 Tutogen Bovine Pericardium No 
Veritas Synovis Bovine Pericardium No 
XenaMatrixlN BardJDavol Porcine Dermis No 
Xenform8 Boston Scientific Fetal Bovine Dermis No 

recurrence (75% for the former and as high as 52% for the latter). Direct contact of absorb
able synthetic meshes with the viscera may also result in adhesions and fistula formation. 
Recently, a newer generation of synthetic absorbable meshes (e.g., Bio-A®) has been intro
duced. Although limited literature is available on these new products, initial reports are 
promising. The new synthetic meshes offer definitive superiority in terms of cost com
pared to the biologic meshes, so they can be considered as an option. 

The introduction of biologic grafts has opened a new chapter in the management 
of complex, contaminated abdominal wall defects. The concept behind these grafts
despite their variance in origins as well as in composition and mechanical properties
is similar: They provide an extracellular matrix scaffold that allows the host cells to 
start the remodeling process that will result in the laying down of mature collagen, 
indistinguishable from the native tissue (Table 2 7 .1). The temporary nature of these 
biomaterials in addition to their ability to promote neo-vascularization, allow them to 
be implanted in both clean-contaminated and (at least) theoretically contaminated 
fields. Use in heavily contaminated fields affects the tensile strength of these products 
and thus leads to higher chance of recurrence. The slower and incomplete remodeling 
processes of the cross-linked variants of these biologic meshes can further lead to for
eign body reactions and chronically draining wounds. Cross-linking is a chemical proc
ess (not unlike the tanning of leather) which adds more stability to the extracellular 
matrix and thus provides graft resistance to the in situ degradation caused by the host 
collagenase enzymes abundant in contaminated fields. Lack of enzymatic degradation, 
unfortunately, also adversely affects the neo-vascularization and remodeling process, 
promoting graft encapsulation and foreign body reaction. 

On average, biologic grafts are up to ten times more expensive than their synthetic 
counterparts. The issue of cost containment where safely feasible in the OR can no 
longer be ignored by surgeons. The durability of hernia repairs in contaminated fields 
with biologic grafts has not been adequately prospectively studied. As well the defini
tion of "failures and recurrences" is not always well described in the literature, and 
some of the thinning and "ballooning" effects seen following biologic graft repair are 
often not reported as recurrences. 

The choice between synthetic and biologic mesh is then dictated by the technique 
chosen (laparoscopic vs. open), the familiarity of the surgeon with the products, and 
the cost and the potential for complications, in particular infection. 

As previously mentioned, controversies exist in regard to the technique of hernia 
repair, the need for mesh reinforcement, and the appropriate material to use. One effort 
in standardizing the approach to complex hernia has been undertaken by the ventral 
hernia working group (VHWG), a recently established and-though funded by a biologic 



Cbaptlr f1 Infected Field Hernia Repair 211 

mesh manufacturer-credible group. They have sought to evaluate new technologies in 
hernia repair and to stratify the patients on the baais of their risk of surgical-sits occur
rence (SSO), particularly surgical-sits infection. 

~ PREOPERATIVE PLANNING 

Approach to the complex hernia requires use of preoperative risk assessment algorithms 
that tales into account both patient and hernia charactsrlstics (Table 27.2 ; Algorithms 
27.1-27.5). A CBI8ful history should include not only the potential patient co-morbidi
ties but also an accurate review of previous abdominal operations with particular 
emphasis on hernia repairs and a history of prior wound or mesh infections. Review of 
previous operative reports, whenever possible, can provide information about the type 
and location of tho implanted mesh. In general, tho presence of a previously placed 
mesh in an overlay position decreases the chance of dense visceral adhesions compared 
with an intra.s.bdominally placed mesh. 

Physical examination should focus on location of the defect (midline vs. eccentric), 
proximity to bony confinements that might limit mesh overlap (subxiphoid, suprapubic, 
O.ank), presence of skin graft or granulation tissue that might become devitalized once 
tho hernia is l"8duced, and aasossment of potential loss of abdominal domain. 

In order to minimize potential complications, certain patient risk factors can be 
optimized prior to surgery (Table 27.2). 

Pl"8operativo imaging studies are helpful for defining tho anatomy, especially in the 
setting of multiple previous repairs. Although CI' scan is considered the gold standard 
preoperative test, MRI can be helpful in differentiating "ballooning" or pseudo-recurrence 
from true recurrence after previous biologic mesh repair. Ultrasonography is rarely used 
sa a preoperative screening tool for complex harniaa. 

Contaminated or Potentially Contaminated Operative Fields 

Clinical scenarios that may lead to an infected or potentially contaminated hernia field 
include early abdominal wall reconstruction after open abdomen damage control pro
cedures, incarcerated harniaa, infected mesh, enteric exposure, pl"8sence of ostomies or 
fistulae. 

The main decision points when approaching these complex problems include: 

Operative strategy (one-stage vs. multi-stage) 
Operative approach (laparoscopic vs. open) 
Typo of repair (primary vs. mesh) 
Type of mesh (synthetic vs. biologic) 
Location of mesh (onlay, sublay, interposition) 

Age >7'5 
Obesity 
Diabete1 
Smoking- chronic obstructive pulmonary diaeaae ICOPD) 
CAD 
Malnutrition 
Emergency laparotomiea 
lmmuno•uppre11ion-chronic lblroid u1e 
Multiple previou1 repair• 

Wound infer:tion 
Abdominal dilllllnllion 
Earty re-exploratlon 
Technique 
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Clean wound 

Open 

Synthetic mesh 

Laparoscopic 

Synthetic Mesh 

Algorithm 27.1 Algorithm to approach of a clean ventral hernia. 

aean-contaminated wound 

Open 

Biologic mesh 

•Polyglycolic acid:trimenthylene carbonate (PGA:TMC) 

Intraperitaleal 

Submuscular 

Intraperit<meal 

Micro- or macroporous with 
anti-adhesive barrier 

cro- or macroporous WI 

anti-adhesive barrier 

Micro- or macroporous with 
anti-adhesive barrier 

Submuscul.ar 

Onlay 

IntraperitODllal 

Primary closure unob1ain.able 

Bridging (less desirable) 

Intraperitoneal 

Algorithm 27.2 Algorithm to approach of a clean-contaminated ventral hernia. 
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Operative Strategy (one-stage vs. multi-stage) 
Temporary abdominal wall closure is common in the trauma setting when re-exploration 
is deemed necessary and when the clinical condition warrants expeditious return to the 
intensive care unit for continuing resuscitation. Evolution in techniques and materials 
has contributed to use of the temporary abdominal wall closure in the non-trauma setting 
as well, especially in highly contaminated surgical fields. Once the decision to not close 
the abdomen is made, the patient is almost guaranteed a ventral hernia. The different 
absorbable meshes used to close difficult abdomens-in particular polyglycolic acid and 
polyglactin 910---have resulted in ventral hernias in up to 52% of cases, and adhesions 
and fistula formation have been described in spite of the absorbable nature of these mesh 
products. Perhaps the newer absorbable synthetic meshes will provide better short- and 
long-term results with significant advantage compared with the biologic meshes, although 
more data is necessary. 

The advent of biologic meshes was initially seen as a potential solution to the 
dilemma of open abdomen/infected field management. It soon became clear, however, 
that these products have their limitations. First and foremost, they cannot be used to 
bridge a gap or defect. If so used, hernia recurrences or marked postoperative bulging 
(pseudo-recurrence) will occur. This is particularly true for products of dermal origin 
containing a significant elastin component. In addition, these products-when used in 
infected fields-demonstrate high rates of acute mechanical failure, mesh disintegration, 
and poor mesh integration (73%, 92%, and 70%, respectively). An alternative one-stage 
approach with acceptable complication rates in this situation would be component sep
aration and primary fascial closure. 

Operative Approach (laparoscopic vs. open) 
The choice between laparoscopic and open approach depends on the clinical scenario 
(Algorithm 27.1-27.5) and the surgeon's experience and comfort level. Clear advantages 
of the laparoscopic approach include lower wound-related complication rates, smaller 
incisions, and shorter hospital stay. Clear disadvantages of the laparoscopic approach, 
by contrast, include the inability to effectively manage the skin redundancy and hernia 
sac and the lack of restoration of functional abdominal wall unity. Recently, laparoscopic 
techniques have been described to obtain primary closure of the fascia in an effort to 
recreate the functional results obtained with the open repair. Elaboration of these tech
niques, however, is beyond the scope of this chapter. In general, in the presence of skin 
grafts and/or infected fields and the loss of abdominal domain, the open approach is 
preferable. The choice of mesh might also dictate the approach. In fact, if a biologic mesh 
as reinforcement is chosen, an open repair is usually necessary to obtain primary closure 
of the defect. Hybrid approaches have also been described in case series, where the main 
role of laparoscopy is in placing the mesh under adequate stretch and overlap after the 
hernia defect has been primarily repaired in an open fashion. 

Type of Repair (primary vs. mesh) 
This decision presents little difficulty. As mentioned previously, compelling data exists 
that discourages the primary (non-mesh) repair of ventral hernias, especially those 
recurrent in nature. The component separation technique and its variants provide a 
different degree of medialization of the myofascial complex based on location along the 
abdominal wall. Even in these cases when a repair without "undue" tension can be 
obtained, recurrence rates are reported as high as 52%. The recurrences result usually 
from failure of the midline closure, although the lateral release sites (Spigelian type) 
are also sites of recurrence. For this reason and because of the availability of newly 
engineered meshes, many authors have modified their techniques to include a biologic 
graft in the repair. Others have been using more objective measures on the basis of 
measurement of the tension at the repair site to establish the need for mesh in the repair. 

In the presence of significant loss of domain-despite extensive component separa
tion-primary fascial closure might not be achievable and for the necessary bridging 
synthetic mesh is preferable (Fig. 27.1). When the potentials for wound infection and 
breakdown are present, however, it might be necessary to use a biologic graft despite 
its association with poor outcome when used to bridge defects. 
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•Polyglyeoli.e &eid:trimeuthylene ~ (PGA:TMC) 

Algorithm f1! Algorithm to approach of an infected ventral hernia. 
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BiolOJi.c DOD-CI'OII~Iillked mesh or 
Absorbable Synthetic Mesh (PGA:TMC• or similar) 

Primary closure (± compcll18l1t 1ep81'81ion) 

Figura 2'1.1 Bridging with syn· 
thatic mesh after extensive 
component separation 

Submuacular 
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Low risk of complications 

No history of wound 
infection 

Smoking 

Obesity 

Previous wound infection 

Presence of ostomy 

Infected mesh 

Septic dehiscence 

Diabetes Violation of the gastrointestinal tract 
Immunosuppression 
CDPD 

Type of mesh (synthetic YS. biologic) 
The first decision in mesh selection is whether an absorbable or non-absorbable synthetic 
or biologic mash is best indicated. The main factor to consider is the potential risk. for 
infection. The need for a more objective stratification of the potential risk. for swgicalsite 
infection has led the VHWG to develop a grading system (Table 27.3). The purpose of 
this four grade system that is based on patient as well as hernia defect characteristics is 
to assist the clinician in choosing the safest material for the clinical scenario encountered. 

For grade 1 low-risk patients, the 1188 of the appropriate synthetic mash (micropo
rous, macroporous with anti-adhesive barrier, or composite for intraabdominallocation 
in contact with viscera) with the appropriate technique (submuscular or intraperitoneal 
whenever possible) has, reportedly, the best cost-complication-recurrence profile. The 
use of biologic grafts in this patient category is not supported by level I evidence. 

Although the use of synthetic mesh is appropriate for grade 2 scenarios, the risk. of 
surgical site complication is at least fourfold that of grade 1. The 1188 of biologic mash 
may be justified for management or avoidance of potential wound complications. 

Where the biologic grafts have certainly the best application is in the grade 3 or 
the potentially contaminated field. Examples of this scenario include previous history 
of wound infection or presence of ostomies, whether or not intestinal anastomoses are 
planned as part of the procedure (Figs. 27.2 and 27.3). Still, the use of biologic grafts 

Agur• Z12. lncisional hernia with signs of 
previous infection and ileostomy. 
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figure f1.3 lA and B) Large recurrent incisional hernia from previous skin·graftad abdominal wall closure. 

in this scenario ha.s rendered mixed results. On the ba.sis of the technique and type of 
graft utilized the wound complication rate can, in fact, be as high as 39o/o, and the 
recurrence rate can vary from 6o/o to 44%. This may be an indication for the use of the 
newer re-absorbable synthetic meshes made of a copolymer (polyglycolic acid: 
trimethylene carbonate PGA:TMC Bio A Qll) that is gradually absorbed by the body. In 
fact, three-dimensional PGA:TMC matrix can serve as a scaHold for tissue regeneration 
similarly to biologic grafts. Besides the obvious decreased cost, the PGA:TMC meshes 
offer the advantages of larger sizes (up to 20 x 30 em), longer shelf life, and ease of 
handling. 

The grade 4 or grossly infected scenario is certainly the most challenging one. Use 
of a permanent prosthetic mesh is not recommended in such circumstance because of 
the high incidence of mesh-related complications. The use of biologic grafts has bean 
suggested for consideration although it has led to more failures (mechanical failure, 
wound dehiscence, early graft re-absorption and recurrences) than when used in the 
potentially contaminated field. It could be argued in this case that placing a type of 
mesh would make more sense, accepting the high likelihood of recurrence, and plan
ning for a definitive repair when the clinical scenario will allow. The other alternative 
is the use of PGA:TMC meshes, although no objective data is available yet Whenever 
uncontrolled gross contamination persists, a staged repair should be considered. Exam
ples of grade 4 scenarios include gross enteric contamination and infected mesh from 
previous repairs (Figs. 27.4 and 27.5). 

figure 2'1.4 Exposed expanded PTFE 
mash secondary to chronic wound 
infection. 
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Figur• 27.5 Intraoperative drainage of 
chronically infected expanded PTFE 
mesh. 

If a prosthetic mesh is preferable, the choice among the diffenmt types resides pri
marily in the risk of mesh exposure to the intraperitoneal viscera. In fact, if contact 
with viscera is expected, then a barrier type of mesh needs to be used. Although ePTFE 
meshes are commonly used, their hydrophobic natura and small pore design make them 
more di.8icult to deal with in case of infection. A lightweight polyester or polypropyl
ene mesh may be the best choice. 

Location of Mesh (onley, sublay, interposition) 
The underlay positioning of the mesh is the preferred approach both for open and 
laparoscopic techniques, and the overlay should only be considered when the fascia 
has been closed. Interposition techniques should be reserved for those cases in which 
fascial closure cannot be safely achieved. 

Management of Infected Mesh 
The wide acceptance of tension-free hernia repair has led to a significant increase in 
prosthetic mesh utilization. Although mesh manufacturing and engineering has evolved 
with the needs of surgeons and their patients, mesh-related complications remain a 
significant problem. In particular, mesh infection is reported with an incidence between 
0.1 o/o and 3 3o/o on the basis of hernia characteristics and patient risk factors. 

Although most mesh infections occur early after implantation, they can also (rarely) 
occur months or years later. This delayed presentation is especially seen with more 
resilient microorganism that can remain dormant in the wound for prolonged periods 
of time (e.g., methicillin-resistant Staphylococcus species). 

The clinical presentation of an infected mesh can be limited to local manifestation 
of inflammation (pain, erythema, swelling), or associated with systemic signs and symp
toms (fever, chills, malaise). Antibiotic prophylaxis decreases the rate of mesh infection 
and some authors have suggested that the addition of antiseptic impregnated meshes 
can lower this risk further. 

It is accepted that mesh pore size plays a key role not only in the risk of infection 
but also in the success rate of its eradication. In general, mono&lament large pore (>75 
JUD.) meshes are considered to present the lower infectious risk compared with micro
porous PTFE-based meshes. Aside from a few sporadic case reports, microporous, 
PTFE-based meshes have been associated with a much lower chance of mesh salvage 
if an infection occurs. The currant theory is that wider mesh pores facilitate mesh 
incorporation (and vascularization) in the surrounding tissues and migration of leuko
cytes when necessary. The variable percentage of absorbable component in some of the 
wide-pore meshes is credited with further facilitating leukocyte migration. In spite of 
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multiple reports and case series of macroporous meshes utilized successfully in clean
contaminated fields, their use in this scenario would not yet be considered the standard 
of care. 

According to a large review, mesh salvage was more successful in patients who had 
undergone first-time operative repair compared with recurrences and on the basis of 
these findings the authors do not recommend mesh preservation strategy for recurrent 
hernias. Studies by others, however, di.ffer. 

Management of surgical site infection that involves prosthetic materials has 
evolved recently. The presence of an infected site in the setting of systemic sepsis 
dictates mesh removal. Lesser degrees of localized and controlled infection in selected 
cases can be managed with limited excision or without prosthesis removal. In consid
ering the non-operative option, the type of mesh involved in the infection should be 
known since, as previously noted, the mesh salvage rate is significantly higher for large 
pore meshes. The data on mesh salvage is limited to small series, and retrospective 
analysis. Mesh removal results in hernia recurrence and need for additional surgical 
reconstructions. 

Additional factors infiuence the management of infection. Approaching interven
tion with the correct strategy requires attention to the technique of mesh placement 
utilized in the repair that led to the infection. In the case of an extruded overlay mesh, 
for instance, its removal is unlikely to result in evisceration or bowel injury. 

The time bel:w'een the hernia repair and the onset of infection is also critical to 
know. A chronic infection and extrusion of mesh, even if previously placed in an 
intraperitoneal position, will likely be accompanied with the formation of a "pseudo
peritoneum, .. making the mesh removal operation safer in terms of bowel injury (Fig. 
27.6). By contrast, a more recent repair that warrants mesh removal poses the challenge 
of optimal closure of the abdominal cavity. Options include temporary closure with 
staged repair, one-step repair with biologic graft, or absorbable synthetic mesh. The 
one-step repair, whenever possible, is our preferred approach. Consisting of primary 
abdominal wall closure with the aid of component separation and placement of under
lay or overlay biologic non-cross-linked mesh. The cross-linking process retards the 
modeling process of the biologic mesh and as a result the graft becomes incapsulated 
and impenetrable by leucocytes. In fact, chemically cross-linked products have been 
associated with a higher rate of wound complications and removal (11 o/o to 16%) com
pared with the porcine intestinal submucosa (12%) and the acellular human dermal 
product (6%). 

In the case of infection, the primary goal consists of managing the local source. This 
is usually accomplished by drainage (percutaneous or open) with antibiotic coverage 
tailored to the wound culture results. In cases of infected seromas or localized infection 
amenable to percutaneous drainage, local antibiotic irrigation has recently been 

Figure Z1.& •Pseudo-peritoneum" 
after chronically infected mesh 
removal. 
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described in a few case reports to salvage the mesh in addition to providing systemic 
antimicrobial treatment. 

In the case of open wounds, local wound management becomes paramount. For 
smaller wounds (usually <2 em), dressing changes with fluid-absorbent material and 
silvel.'-containing dressing are indicated. In the management of larger wounds, vacuum
assisted dressings (VAC, KCL Inc., San Antonio, TX) have significantly improved wound 
closure rates and, possibly, mesh salvage. In fact, the continuous interstitial fluid and 
bacterial load reduction facilitates wound contraction and apposition of granulation 
tissue. It is important to remember that to minimize potential for fistulization to hollow 
viscera, a polyvinyl alcohol soft foam sponge (white), which is a deoser sponge with 
smaller pores, should be utilized. Whenever fistulization is no longer a concern and a 
more eHective granulation and wound contraction is necessary, the polyurethane foam 
sponge "black" or silver impregnated can be utilized. 

Prevention 
Prevention of wound infections remains a challenging task. Only a few mesh infection 
prevention strategies ere supported by scientific data. It is well established that a previ
ous history of wound infection poses a higher risk. for patient re-infection. This is 
particularly true for specific microorganisms notoriously difficult to treat (e.g., MRSA 
and VRE), to the extent that some authors discourage the use of any synthetic material 
in patient with a history of methicillin-resistant Staphylococcus infection. Basing the 
choice of mesh on the specific clinical scenario is particularly important. We do not 
recommend using microporous mesh in the setting of a previous history of infection or 
in a patient believed to be at higher risk for wound-related complications. The decision 
than resides between a large-pore meshes (>75 JUD.), preferably lightweight or monofila
ment or a non-cross-linked biologic graft. 

The benefits of preoperative prophylactic antibiotics are well detailed in the litera
ture. A single dose of preoperative prophylactic antibiotic is recommended but not the 
routine use of extended post operative doses. The prolonged use of antibiotics after the 
first preoperative prophylaxis dose has been suggested to decrease the chance of mesh 
salvage in the instance of an infection developing due to the selection of more resistant 
organisms. Antimicrobial impregnated meshes have been shown to reduce the inci
dence of mesh infection, although most of the ones in this category are microporous, 
ePTFE-based, which carry the highest rate of explantation in case of infection. 

Local irrigation with antibiotic solutions at the time of mesh implantation and the 
use of antibiotic-impregnated collagen tampoos remain controversial and not uniformly 
accepted. Clearly patient selection plays a key role in the prevention of wound-related 
complicatioos. It has been well demoostrated how obesity, uncontrolled diabetes, smok
ing, immunosuppression medications, and malnutrition contribute significantly to the 
development of wound infections. Surgical technique may contribute to the develop
ment of wound infection and the superiority of laparoscopic repairs from this perspec
tive has been well established. Finally, the duration of sw:gery-with every additional 
15 minutes of operative time increasing the odds of wound infection-has been identi
fied as a risk factor by several authors. 

POSTOPERATIVE CARE 

The postoperative care of patients undergoing complex hernia repairs is similar regard
less of the type of repair utilized. The vast majority of these patients are extubated in 
the operating room, unless concem about significant fluid shift and intraabdominal 
hypertension exists. Early postoperative mobilization is always recommended. Stand
ard deep vein thrombosis prophylaxis with mechanical compression devices and sub
cutaneous fractionated or unfractionated heparin is recommended. 
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Nasogastric drainage tubes are utilized if prolonged ileus is expected from extensive 
dissections and prolonged operative time. Our routine approach is to usa closed suction 
drains whenever extensive cutaneous flaps are created. The drains are removed after 10 
to 14 days or when the output decreases to <30 cc/day. The use of elastic abdominal 
binders might help in decreasing the incidence of seromas and improving postoperative 
discomfort . 

.) COMPLICATIONS 

Although component separation provides an autologous reconstruction for complex 
hernias, it is not 'Without risks. The large subcutaneous dissection which may scarifice 
the epigastric perforating arteries, the already compromised abdominal wall arterial 
supply from previous operations, and the long operative times are associated 'With a 
high incidence of wound complications. Complications such as seromas, nap necrosis, 
hematomas, and wound infections are reported in up to 67% of cases. 

It is well established that local wound complications contribute to hernia recur
rence. Due to usually extensive bowel manipulation, postoperative ileus is reported in 
about 30% of cases. Cardiac and pulmonary complications can manifest in an isolated 
form or as part of postoperative abdominal compartment syndrome. 

Unique Scenarios 

Ventral Hernias and Morbid Obesity 
With obesity now an epidemic world'Wide and morbid obesity a well-established risk 
factor for developing ventral hernias, one can anticipate increasing numbers of obese 
patients in need of hernia repairs. The best timing for hernia repair in this patient 
population remains controversial. The options include hernia repair 'Without weight loss, 
surgical weight loss followed by hernia repair, or simultaneous barlatrlc procedure and 
hernia repair. 

Although laparoscopic hernia repair has been safely performed in morbidly obese 
patients, longer operative times and postoperative stay in addition to higher recurrence and 
overall complication mtes have to be expected. In addition-if the procedure has to be 
converted to open-mtes of parioperative complications and recurrence increase sign:ifi.
cantJ.y. This is due largely to the multiple risk factors common in morbidly obese patients, 
including medical co-morbidities, increased intraabdominal pressure, larger hernia defects, 
increase l:ikel:ihood of previous failed repairs, and intraoperative d:illiculties that result in 
longer operative times. 

Weight loss prior to hernia repair is the ideal. Since medical weight loss has been 
shown to be largely ineffective, a surgical weight loss procedure should be considered. 
Once adequate weight loss is achieved, hernia repair can be performed 'With better short
and lang-term results. The arguments favoring this approach are based on successful case 
series and the higher recurrence rates (up to 100%) associated 'With hernia repair performed 
concomitantly 'With the barlatric procedure. AB a significant number of post-barlatric sur
gery patients require panniculectomias, it becomes intuitive to simultaneously perform the 
delayed hernia repair. In the setting of clean-contaminated barlatrlc procedures, associated 
high recurrence rates can be explained by the limited choice of repair (primary or biologic 
mash). A contrazy BigUIDent advocates for simultaneous hernia repair at the time of the 
barlatrlc procedure, on the basis of the claim that-even if recurrence rates might be 
higher-deferring the hernia repair can lead to an incarceration and emergency operation 
mte of up to 35%. 

It is our approach whenever feasible to offer weight loss surgery prior to hernia 
repair in the absence of symptoms warranting more urgent repair. It is also our practice 
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Figure 'ZI.7 Loaa af domain in a 
right flank hernia. 

to avoid reduction of the hernia at the time of the bariatric procedure. In cases where 
the hernia must be reduced in order to com plate the barlatric procedure, a form of repair 
has to be implemented to avoid incarceration during the subsequent weight loss period. 
The choice of repair is guided by the size of the defect Small (2 em or less) umbilical 
defects can be repaired primarily, whereas larger defects require the use of biologic mesh, 
preferably underlay for reinforcement and not to bridge the defect We do not advocate 
the use of a synthetic material in the sat.ting of a clean-contaminated bariatric procedure. 

One last option consists of prophylactic mesh insertion at the time of bariatric 
surgery. As is the case in other locations (e.g., parastomal), evidence exists that the 
prophylactic use of mesh prevents hernia formation without increase in local complica
tion rates. On the basis of these findings and the fact that the majority of the bariatric 
procedures are conducted laparoscopically, we do not advocate for prophylactic hernia 
repair with mash. 

Loss of Domain 

The presence of a hernia containing a l&~ga amount of viscera can result in the develop
ment of a "second" abdominal cavity. The chronic changes that occur in the mesentery, 
venous and lymphatic returns, subcutaneous and epidermidis, contribute to the irreduc
ibility of the hernia. Over lime, the progressive contraction of the abdominal muscles 
reduces the capacity of the abdominal cavity, resulting in loss of domain. Although 
often a prosthetic mesh of adequate size can overcome the loss of domain, the risk of 
developing abdominal compartment syndrome, wound breakdown, and mesh exposure 
is quite significant. Additional methods used to overcome loss of domain include tissue 
expanders, debulking (of both omentum and bowel), and component separation tech
niques. Whenever an extensive component separation is not sufficient to obtain abdom
inal wall closure, a bridging mesh has to be utilized (Fig. 27.1). Due to the high incidence 
of wound complications in such a scenario, the choice may be limited to the use of 
biologic graft even with the known limitations of utilizing such material to bridge rather 
than to reinforce an autologous repair. 

During the preoperative assessment, the finding of loss of domain is usually obvious 
(Fig. 27.3). Whenever doubt regarding domain loss exists, preoperative CT scan with 
measurement of both hernia sac and abdominal cavity volumes can assist in the diag
nosis (Figs. 27.7 and 27.8). 

An additional approach that has been wall described is the progressive preoperative 
distention of the abdominal cavity (progressive preoperative pneumoperitoneum). DiHer
ent technical variations have been described, but in general this approach consists of 
insuftlaling air or nitrous oxide via a peritoneal dialysis catheter or similar intraperitoneal 
access catheter over the course of 1 to 2 weeks. In general and on the basis of patient 
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tolBI'anca, daily insuffl.ations of volumes between 500 to 2,500 cc are used (Fig. 27.9). 
The progressive nature of abdominal distention is done to avoid the possible acute 
complicatiom of abdominal compartment syndrome that might develop with one-stage 
rapair. NavBI'theless pulmonary and renal functiom have to be monitored closely peri
operatively. The ovBI'all results of progressive preoperative pneumoperitoneum are 
variable and are limited to case series. Our preferred technique comists in the utiliza
tion of a subcutaneous port-a-cath similar to the one utilized for chemotherapy, with 
the cathetBI' implanted in the peritoneal cavity undBI' laparoscopic guidance. Once or 
twice a day the air imuffl.ations proceed in variable amount guided by the patient's 
tolerance. The onset of abdominal discomfort, shoulder pain, and respiratory com
plaints are considBI'ed endpoints for insufflation. Occasionally, a CT scan will be 
obtained to confirm the adequacy of the space-forming procedure (Fig. 27.9). Once 
adequate abdominal expamion is obtained, a repair with prosthetic mesh or component 
separation with biologic mesh reinforcement will follow. 

Figure f'U Coronal Yiaw of 1he 
same right flank hernia with loss 
of domain. 

Rgure ZIS lA and B) CT scans of patient receiving progressive preoperativa pneumoperitoneum indicating adequacy of the 
insufflllti on. 
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3 RESULTS 

Complex hmn:ia repairs remain a challenging problem for the surgeon, especially when 
carried out in a contaminated or infected field. 

A thorough knowledge of the different synthetic and biologic mesh characteristics 
can guide selection that best fits the clinical scenario. 

Usa of newer lmga-poralightwaight meshes in clean-contaminated fields remains
in spite of several reports on their safety-controversial. Certainly, in the presence of 
the heavily contaminated and infected field, the choice of repair is limited to a primary 
repair, staged procedure or the use of a biologic mesh. Although biologic meshes gener
ally give adequate results in contaminated fields when used as reinforcement, their 
performance in infected fields remains uncertain. 

Finally, in case of mash infection, selective non-operative treatment might be 
attempted when systemic and local factors allow. 
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28 The Contaminated 
Abdominal Wall 
Robert Lim and Scott Rehrig 

Introduction 
A ventral hernia repair in a contaminated or clean-contaminated case should be con
sidered as similar to a complex ventral hernia (CVH). When contemplating abdominal 
wall reconstruction for the repair of CVH, three basic questions must be considered: 
(1) What is the definition of a complex hernia, (2) how to best repair the abdominal 
wall to restore form and function, and (3) how to best handle the abdominal wall skin 
to prevent flap necrosis. 

There are several clinical instances, which seem to identify certain hernia repairs 
as "complex." They are those that result from damage control laparotomy and the serial 
closing of the abdominal fascia. Hernias that involve contaminated wounds such as 
ostomies, enterocutaneous fistulas, or prior superficial or deep space infections. Hernias 
are associated with morbidly obese and the sequelae of the metabolic syndrome (see 
Table 28.1). Hernias, in these patient populations, are considered complex because their 
infection rates, recurrence rates, and overall complication rates are higher when com
pared to hernias in patients without these risk factors (see Fig. 28.1). 

Regardless of the source or timing of contamination, the most common organisms 
responsible for prosthetic mesh infection are gram-positive species specifically Staphy
lococcus aureus. Belansky et al. detailed the pathogenesis as follows: The mesh is 
contaminated by bacteria within the first 24 to 48 hours; as the unincorporated mesh 
has no surrounding blood supply the bacteria gain an irreversible foothold resulting in 
an "impenetrable" capsule known as a biofilm. Once a biofilm occurs on the surface of 
a prosthetic mesh, the ability to eradicate the infection is essentially zero necessitating 
the need for reoperation and mesh explanation. 

The undamaged and properly functioning abdominal wall yields a platform that 
supports pulmonary, digestive, and urologic function as well the locomotion of the 
thoraco-abdominal musculature. The net effect of a damaged and weakened abdominal 
musculature is the imbalance of intraabdominal and abdominal wall pressures leading 
to a hernia defect. In the undamaged abdominal wall, muscles contract isometrically to 
counter intraabdominal forces causing an equilibration of pressures. In the damaged 
abdominal wall, the muscles contract isotonically leading to a non-uniform of forces 
that have the net effect of progressively expanding the abdominal wall defect. Prosthetic 
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BMI>35k~ 
Smoking 
OM 
Steroid Usa 
CHF 
COPD 

Enterotomy 
Bowal Rasaction 
Emargant procadura 
Trauma hernias after saquantial closing of abdominal wounds 
Prolonged operative tima 
Praoparativa wound infection 

BM~ body man index; OM, diabtte1 melliw1; CHF, congestive heart failure; COPD, chronic: olmnlrive flUimc:mary di~eue. 

mesh repairs serve as simple patches that function to hopefully redistribute abdominal 
wall forces evenly according to Pascal's principle. In casas where hernia defects are 
small-lass than 10 em-patching a defect with mash may be adequate; but in complex 
hernias that are large, have severely weakened tissues, and/or are prone to recurrence 
or infection, what is required is to restore the abdominal musculature to its proper 
position and function. 

ft
11 

INDICATIONS AND GUIDELINES FOR THE 
~ PLACEMENT OF MESH 

Mesh Placement in Contaminated and Potentially 
Contaminated Environment 
The major controversy regarding the use of mesh to repair abdominal wall defects are 
the risk of infection compared to the risk of recurrence. The literature suggests that 
recurrence rates ara significantly lower with the routine usa of mash as compared to 
tissue only repairs; paradoxically, the risk of infection is significantly higher in those 
patients treated with mesh due to the presence of a foreign body. The incidence of 
infection in mash hernia repair in clean-contaminated and contaminated casas can be 
as high as 40%. Other factors like steroid usa, smoking, and prolonged operative times 
further increase the risk of infection. 

Until recently, the true risk of morbidity associated with the contaminated abdom
inal wall was unclear. Choi et al. from Mount Sinai in New York reviewed nearly 34,000 
patients who underwent ventral hernia repairs with mesh using National Surgical 
Quality Improvement Program (NSQIP) data. The authors compared clean-contaminated 

Figur• 28.1 Contaminated abdominal walls secondary to {A) blast injury {B) ostomy and infection. 
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Synth.tic 
Polypropylene 
Expanded polytetrafluoroethylene 

(ePTFE) 
Bio-A8 

Polyester 
Biologic 
Porcine dermis 

Porcine small intestine 
Bovine pericardium 

Bovine dermis 
Human dermis 

Treatment of Infected Mesh 

Mersilene8 

Gore-Tex1111 

Gore• Bio-A8 tissue reinforcement 
Atrium•, Marlex8 , Prolene11 

XenMatriXTN 
Strattice11 

Permacol™ 
Collamend 
Surgisis™ 
Peri-guard11 

Veritas8 

Surgimen~ 
Alloderm11 

AlloMaxlM 

Synthetic but fully absorbable 

Not cross-linked 
Not cross-linked 
Cross-linked 
Cross-linked 
Not cross-linked 
Cross-linked 
Not cross-linked 
Not cross-linked 
Not cross linked 
Not cross-linked 

When a contaminated prosthesis is encountered the consensus is to remove the infected 
mesh completely. Options for managing the resultant hernia defect again include the 
RS and CS repairs. Again there is some data that suggests that augmenting that repair 
with mesh improves the outcomes but there are no long-term and randomized studies 
to confirm this. Currently, there seems to be a trend towards an RS repair with mesh to 
reinforce the repair. Again, biologic mesh has not been compared to permanent mesh 
in this instance, nor has a CS repair been compared to an RS one in this setting. 

Abdominal Wall Reconstruction in the Military 
During the Recent Conflicts 

With the initiation of the wars in Iraq and Afghanistan, military surgeons have adopted 
civilian trauma techniques in order to salvage service members (SMs) who have under
gone devastating multi-system blast injuries. Chief amongst these techniques has been 
the use of damage control resuscitation and laparotomy, which subsequently has gener
ated a large cohort of severely wounded SMs with an open abdomen. Military surgeons 
like their civilian counterpart have increasing employed abdominal wall reconstruction 
techniques to definitely manage these complex cases. Vertrees et al. reported on 86 
military patients with a mean Injury Severity Score of 30 evacuated to Washington DC 
with open abdomen between 2003 and 2007. Fortunately, 67% of the cohort success
fully underwent early delayed abdominal closure via a silo technique where gortex 
mesh was placed and sequentially tightened over weeks until fascial closure was 
obtained (see Fig. 28.2). In cases where the primary closure was not possible patients 
underwent abdominal wall reconstruction supplemented with early on prosthetic (62%) 
and later biologic mesh (31 %). Long-term hernia recurrence was not reported. 

Abdominal Wall Reconstruction 
Techniques 
1\vo major techniques exist to reconstruct complex abdominal wall defects. The RS 
retro-rectus repair and the abdominal component separation (CS) technique. The RS 
technique places mesh in a retro-rectus position anterior to the posterior rectus fascia 
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figure 28.2 Example of PTFE mesh used for serial 
closure of open abdomen. Mesh is serially advanced 
toward midline lsee ~mows), the excess trimmed, and 
secured with running suture until the fascia is 
approximated. 

and posterior to the rectus muscle with a wide overlap of mesh greater than 10 em. The 
net result is a tension-free repair covering a large surface area of mesh that is well 
incorporated and protected from contact with underlying viscera. The RS repair does 
not restore a fully functioning abdominal wall because it does not medialize the rectus 
muscles. This fact may be an important consideration in young patients who must 
perform physical activity for employment or those with very large defects where a 
failure to close the anterior fascia leaves mesh at high risk for infection in the event of 
wound dehiscence. 

The CS technique described by Ramirez et al. involves the mobilization and medial 
transfer of the abdominal wall musculature in order to close large complicated ventral 
hernia defects. Via an approach lateral to the rectus muscles at the semilunar lines, the 
external and the internal oblique are separated leaving a neurovascularly intact rectus 
muscle complex that can be medialized up to 10 em bilaterally (Fig. 28.3). 

The technique of CS allows the surgeon to provide the CVH patient a superior out
come compared to simple prosthetic mesh repair because CS yields a functional dynamic 
abdominal wall. Prosthetic mesh repairs are in essence simply patches that cover the 
abdominal wall defect but do little to restore dynamic muscular function, which is key 
to restoring quality of life to these complicated and often debilitated patients. 

figure 28.3 A: Semilunar lines incised 
2 em latBral to edge of rectus 
abdominis. B: Medial transfer of the 
rectus muscles toward the midline 
(Lifecell Corporation with permission). 
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Researchers have described several technical modifications for CS that seek to 
address the third question noted above-how to prevent skin flap necrosis. Ramirez's 
original technique described the creation of lm:ga skin flaps lateral to the semilunar 
lines of the abdominal wall. Early reports have detailed major complications related to 
the creation of large skin flaps including hematomas, seromas, and flap necrosis. 

Subsequently surgeons have sought to decrease these complications via the usa of 
open tunneling or laparoscopic means to gain access to the sam:ilunar lines from sub
costal incisions. The open tunneling techniques focus on sparing the periumbilical 
perforator blood supply to the skin flaps located approximately 4 em radially from the 
umbilicus. Others have described endoscopic techniques using laperoscopic hernia dis
sector balloons placed lateral to the semilunar lines and into the plane between the 
internal and the external oblique. Upon inflation, the balloon separates the external 
from internal oblique muscles. Using a laparoscopic scissor the axtemal oblique mus
cles are incised 2 em lateral to the semilunar lines via two additionally placed trocars. 

The net eHects of these modifications are to prevent skin flap ischemia, minimize 
skin necrosis and to decrease dead space leading to saromas and SSis. Ko at al. in their 
review of 200 CS casas stated that one of the "major lesson learned ... is that handling 
the skin is important ... especially in patients with elevated body mass indices." 

~ PREOPERATIVE PREPARATION 

The Ventral Hernia Working Group (VHWG) recently published evidence-based guide
lines for the repair of CVHs. Amongst the principles sited by the VHWG, they consider 
the preoperative medical optimization of patient's co-morbidities of paramount impor
tance. Multiple risk factors exist that are predictive of infectious complications after 
ventral hernia repair. They are tobacco usa, diabetes (DM), chronic obstructive pulmo
nary disease (COPD), coronary artery disease (CAD), poor nutritional status, immuno
supression, chronic corticosteroid use, low serum albumin, obesity, and advanced age. 

Understanding and attempting to ameliorate the affects of these risk factors is essen
tial for successful outcomes, as studies have demonstrated that the presence of a wound 
infection after ventral hernia repair confers a risk of recurrence up to 80o/o compared 
to one-third for the non-infected patient. Tobacco cassation is enforced for a minimum 
of 1 month before hernia repair as research has clearly demonstrated a negative affect 
on wound healing and 2-fold increased risk of infectious complication in active smok
ers. Medical consultations are sought for the control of DM with a targeted goal of blood 
sugars <110 mgld.L or H1Ac levels lass than 7.0%. To improve oxygenation and opti
mize cardiac function, pulmonary and cardiac medications are maximized in patients 
with COPD and CAD, respectively. Nutritional status is assessed and optimized. Protein 
stores resuscitated, vitamin and mineral levels replenished, and medically supervised 
weight loss initiated. Concomitant infections of soft tissues or other sites such as 
intraabdominal abscesses are aggressively treated. 

Patients with large ventral hernias and a BMI >35 kg/m2 seem to have a high risk 
of recurrence; and consideration should be given to referring patients for a bariatric 
procedure and temporary closure followed by a more definitive hernia repair after sig
nificant weight loss is achieved. This seems to reduce recurrence. In patients with super 
morbid obesity (BMI >50 kg/m2

), their larger hernias are likely to present with a loss of 
domain. In such cases, it may be impossible to repair the hernia without significant 
associated weight loss. 

Several authors have proposed algorithms to guide CHR reconstruction. Breuing et 
al. devised a four-tiered grading system stratifying patients on the basis of the risk of 
surgical site occurrence (Table 28.3). Using this system, patients are stratified into rela
tive risk categories or grades. They further made recommendation for mesh type. Essen
tially grade 1 is the only category where prosthetic mesh is recommended. Grades 2 to 
4 represent increasing risk for surgical site occurrence and thus the authors suggest 
biologic mesh as an alternative. Hadaad at al. reviewed 133 patients from Duke Univer
sity Medical Center. Similar to the VHWG recommendation pertaining to CHR, Hadeed 
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li•u•Only 

Recurrence 22.5-41.3% 6.~20.0% 21.2-27.0% 
Infection ~18.6 D-40% 10.2-22.7 
Astula funnation 11.5 ~18 6.~20.8 
Mesh explantation na 17.1 5D-80 
Death 4.2 2.9 1.4 

at al. strongly recommend the implantation of biologic mesh in an underlay fashion 
with a minimum of 3 em overlap of mesh beyond the abdominal wall defect. Ko et al. 
reported on their cohort of over 200 patients undergoing abdominal wall reconstruction. 
The authors' algorithm. focuses on repairing the abdominal wall to restore form and 
function, and minimizing the risk of skin fiap necrosis. The conclusion from this large 
study suggests that the release and medialization of the abdominal components best 
restores abdominal wall function and minimizes recurrences. Skin fiaps are best pro
tected by avoidance of aggressive undermining and ligation of the perforating vessels 
to the skin especially periumbilically. 

(9 SURGERY 

The patients may undergo a mechanical bowel preparation at the discretion of the 
operative surgeon. The authors use bowel preparation only if restoration of intestinal 
continuity is planned in the setting of a fistula or ostomy. A cephalosporin is adminis
tered intravenously as prophylaxis against SSI. Subcutaneous heparin and a sequential 
compression device are used for deep venous thrombosis prophylaxis. The procedure 
is performed under general anesthesia with or without epidural anesthesia. As many 
patients are morbidly obese, patients undergo a sleep study and when indicated a con
tinuous positive airway pressure (CPAP) machine is fitted and titrated for use periop
eratively in the management of obstructive sleep apnea. 

The patients are placed in the supine position. A midline laparotomy incision is 
performed from the xiphoid to the pubic symphysis. Split thickness skin. grafts (STSGs) 
are excised. Patients are ready to return to the operating room after STSGs to the open 
abdomen when the skin is easy "pinched" and separates from the underlying tissues 
when assessed in the office preoperatively. In order to avoid injury to the bowel, the 
peritoneum is entered remote from the site of the herniation. The bowel and omentum 
are separated from the hernia sac. The sac is excised. Adhesions between the bowel 
and omentum and the posterior abdominal wall are lysed to the level of the colic 
gutters. 

If a fistula or ostomy takedown and abdominal wall reconstruction are planned, 
then it is conducted at this point. In cases where ostomy takedown is not possible, this 
may limit but does not preclude CS on the side of the ostomy. Some controversy exists 
as to the timing and extant of these complex procedures. Johnson et al. recently reviewed 
this topic noting that no level 1 data exists to guide therapy. The authors suggest a 
staged approach where the patient is medically optimized and nutritionally resuscitated 
for several months at which point the fistula is taken down and the abdomen closed 
while fully expecting a ventral hernia to occur. After an interval of several more months 
passes, the patients undergo definitive abdominal wall reconstruction. In the case of 
young and active patients, the CS technique with mesh reinforcement may be employed 
in order to best restore form and function to the patient's abdominal wall. 

After restoration of intestinal continuity, the cutaneous flaps are addressed. The 
authors do not advocate wide mobilization of the tissues off the anterior rectus fascia 
as this has clearly demonstrated to have an unacceptable rate of fiap necrosis, dehis
cence, and SSI. Dependent on a surgeon's experience and resources, several techniques 
are available for mobilization of the tissues. 
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Figure 21.4 A Yankauer suction handle is inserted through the opening created in the external oblique aponeurosis and is advanced in 
the avascular plane between the internal and ext!! mal oblique aponeuroses just lateral to the junction with the lateral border of the 
rectus complex.Sweeping mations of the Yankauer suction handle are used tD bluntly dissect this avascular plane. This is first per
formed inferiorly by inserting the Yankauer suction handle inferiorly toward the pubis and sweeping superiorly tnot shown) and then 
inserting it superiorly tD approximately 12 em above the costal margin and sweeping inferiorly lshown). Minimal dissection should be 
perfonned cranial to the costal margin because excessive dissection would not contribute significantly tD the degree of rectus complex 
medialization and intramuscular connections are encountered at this location. Modified from Buder CE, Campbell KT. Minimally invasive 
CS with inlay bioprosthetic mesh tMICSIB) for complex abdominal wall reconstruction. Plsst Recon6tr Surg. 2ll11;128t3}:i98-709. 

In the open periumbilical perforator sparing technique, the goal is to spare at a 
minimum the blood supply to the periumbilical skin in a 4 em radius emanating from 
the umbilicus. Butler at al. from MD Anderson has described an open mod:ification that 
uses a minimal dissection technique creating a tunnel 2 em below the costal margin 
allowing access to the semilunar lines bilaterally. A Yankauer suction tip serves as a 
guide and blunt dissector to incise the external oblique aponeurosis and separate the 
tissue planes, respectively. The components are freed 12 em superior to the costal mar
gin and inferiorly to the level of the pubis symphysis. Skin naps are raised off the 
rectus muscles bilaterally only to the level of the first skin perforators (see Fig. 28.4). 

Others have successfully demonstrated endoscopic CS techniques. Bilateral inci
sions are placed at the costal margin at border of the 11th rib. The external oblique 
fibers are split, the potential space between the internal and external oblique muscles 
is developed bluntly, and a TEPP hernia dissector balloon is inserted to the pubis. Upon 
insuiO.ation the dissector balloon is removed and a 10 mm balloon-tipped trocar is 
placed. Next, the external oblique layer is incised 2 em lateral to the semilunar line 
using laparoscopic scissors. The dissection is conducted from above the costal margin 
for several centimeters to the pubis inferiorly (see Fig. 28.5). 

Responding to the ever-growing need to improve outcomes and think innovatively, 
researchers have described hybrid techniques for the reconstruction of complex abdom
inal wall defects. Cox at al. describe a technique combining a ratro-ractus RS technique 
with endoscopic component separation. The authors cite data that demonstrate that 
infection rates double in the RS procedure when anterior fascial approximation over 
the prosthetic mesh is not possible. Therefore, they modified their technique adding an 
endoscopic component separation in order to address this issue. The authors noted low 
morbidity and no hernia recurrence at 14 months follow-up. Para et al. describe a 
hybrid procedure combining laparoscopic ventral hernia and minimally invasive CS 
techniques. The researchers cite a desire to decrease operative costs and simplify the 
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Figura 21.5 Technique at the endoscopically assisted method. A: Through a 2 em incision in the akin and aponeurosis of 
the external oblique muscle, a dilating balloon is introduced by a trocar into the avascular plane between the external 
and the internal oblique muscle. I, the medial border of the external oblique muscle where the aponeurosis ia transected. 
B: The balloon is insufflated, separating the external l21 from the internal 131 oblique muscle. The akin and SC tissue 
(1 I remain fixed to the undertying fascia. After removal of the balloon, the myosponeurotic aponeurosis at the external 
oblique muscle is lifmd with retractors end trsnaected under video-endoscopic control through the akin incision. C: A 
compound flap ia created that can be advanced over about 10 em by stretching the internal oblique 131 and tranaverae 
abdaminia 141 muscle. Modified from Maaa SM, de Vries Reilingh TS, van Gaar H et al. Endoscopically Assisted ·compo
nents Separation Technique• far the Repair at Complicated Ventral Hernias. JAm Col/ Surg. 2002;19~3). 

technical requirements of endoscopic CS while retaining the benefits of the prior tech
niques. The procedure entails an open miDimally invasive tunneling technique to 
access and release the abdominal wall components combined with totally laparoscopic 
ventral hernia ropair placing biologic mesh in an underlay position for contaminated 
cSBes. Thus, they avoid the high cost of disposable instrumentation somewhat offsetting 
the expense of the biologic prosthesis. At 1-year follow-up, Para et al. report no major 
complications or early hernia recurrence. 

POSTOPERATIVE MANAGEMENT 

A Velcro abdominal binder is used for patient support and comfort. Prophylactic anti
biotics are administered to all patients and discontinued after 24 hours unless clinically 
justified. NBBogBBtric tubes are not routinely used. The foley catheter is discontinued 
after 24 hours unless required by the presence of the epidural catheter. Aggressive pul
monary toilet is instituted and CPAP, if needed, ordered immediately postoperatively. 
Barly ambulation is encouraged. Patients are likely to experience significant pain and 
so pain control should be aggressive. Drains are followed until outputs are less than 
30 mL for 48 hours (see Fig. 28.6). 

_) COMPLICATIONS AND OUTCO:MES 

The outcomes of CVH repairs are generally disappointing regardless of technique. 
While they can be safely done in terms of mortality, the morbidity remains high. 
Recurrence rates are certainly more without the use of mesh but they are around 
20o/o despite its use. Recurrence rates do not seem to differ between permanent and 
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Figura 28.6 A: Open abdomen with contaminated abdominal wall secondary 
improvised explosive device. B: Abdominal wall reconstruction with open CS with 
overlay of HADM. C: Skin closure and drain placement Drains are followed until 
outputs are <30 ml over 48 hours. 

biologic mesh. Infection rates in CVH repairs are substantial even without the use of 
mesh which points to the fact that the underlying disease and co-morbid conditions 
significantly impact the outcomes of CVH repairs. The incidence of infection does not 
seem to be less with the use of biologic mesh, but there is a paucity of data regarding 
the use of permanent mesh in contaminated cases. Even in the Choi review of over 
33,000 patients, only 22 patients had permanent mesh placed in surgical class m cases. 
With the use of permanent mesh in cases where patients are higher risk, the rate of 
fistula formation and the need for mesh explantation seem to be higher. 

Iqbalet al. from the Mayo Clinic reported the results of 254 RS repairs over 13 years. 
They noted O% mortality, 13% morbidity, 87% follow-up and an overall recurrence of 
5%. Amongst their conclusions, they stated that concomitant bowel procedures are a 
contraindication to the implantation prosthetic mesh. They reported a 30o/o hernia 
recurrence in cases where a wound infection occulTed related to contamination in the 
operative field. 
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Tong at al. recently reviewed the literature detailing several CS techniques and 
outcomes. The authors noted 21 relevant studies that described open CS with and 
without mesh reinforcement of the midline as well as the so-called minimally invasive 
CS (MlCS) techniques that use laparoscopic balloon dissectors to facilitate access and 
CS. They noted an overall of complication rate of 21%, 59%, and 32% for open CS 
with mesh, without mesh, and MICS, respectively. Hernia recurrence was highest for 
open CS without mesh reinforcement (27%) and lowest for MICS (17%). The authors 
concluded that patients undergoing complex abdominal wall reconstruction benefit 
from reinforcement of the repair with prosthetic mesh to decrease the recurrence rate. 
They found that the complications from open CS versus MICS ware overall equivalent. 

~ CONCLUSIONS 

There are many situations, heretofore underappreciated, that surgeons should recognize 
before embarking on a CVH repair. Hernias in obese patients, hernias that occur after 
sequential closing of the abdomen in trauma patients, hernias that result from previous 
wound infections, and hernias in patients with significant co-morbid conditions and 
other clinical factors mentioned above should be considered complex. CVHB, regardless 
of their infection class, should be regarded like contaminated hernias due to their pro
pensity for recurrence and infectious complications. For these cases, the use of a bio
logic mesh should be considered to augment either an RS or a CS repair. Certainly, for 
CVH patients, we strongly suggest that prosthetic mesh not be implanted. Additionally, 
if one chooses a CS technique then the MICS technique may be superior in terms of 
skin necrosis. It is important to note that none of the techniques described are without 
a significant risk of recurrence or infection even with the use of a biologic mesh. If an 
infected mesh is encountered then removal of the mesh is paramount. There is no mesh 
that has proven superior to others in terms of recurrence or infection. Every attempt 
should be made to modify any other risk factors that increase the complication risks of 
complex hernia. repairs like tobacco and DM and should include considera.tion of bari
atric surgery for patients who are morbidly obese. 
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29 Components Separation 
Derek E. Bell 

Introduction 
The massive ventral hernia presents a significant and poorly mastered reconstructive 
challenge (Fig. 29.1). Hernia develops in up to llo/o of all primary laparotomies. It is 
estimated that over 250,000 ventral herniorrhaphies are performed each year in the 
United States. Recurrence rates of incisional herniorrhaphy are as high as 44o/o to 58o/o. 
Prosthetic mesh may lower recurrence rates but this is not without the increased rate 
of complications such as infection, extrusion, increased adhesions thus causing bowel 
obstruction or fistula formation. Primary closure has been found to have an unaccept
able recurrence rate of up to 58o/o. 

Ramirez first published an innovative technique for true reconstruction of the 
abdominal wall in 1990. This method entitled "component separation" utilized the 
rectus abdominis for reconstruction of midline defects. In this technique, the rectus 
abdominis is freed from the external oblique and in doing so this release allows for 
medialization of the rectus abdominis to the midline. The preliminary study which was 
performed on fresh cadavers allowed for medialization up to 10 em of each muscle 
along the midline. This has become the basis for dozens of modifications of this tech
nique since its first publication in 1990. This chapter will discuss the technique 
described by Ramirez, modifications of the technique and the benefits, patient selection, 
complications, and expected outcomes. 

Even with component separation techniques, prior mesh repair has been demonstrated 
to be an independent risk factor for development of hernia recurrence. Repair of the mas
sive ventral hernia can be performed with bioprosthetic or synthetic meshes although true 
repair of the coelomic defect is arguable. The reason for this is that repair with a multitude 
of meshes does not truly restore the dynamic function of the abdominal wall and predis
poses the patients to complications such as fistulae, evisceration, infection, and death. 

Anatomy 
The rectus abdominis is a hi-pedicled muscle flap or Mathis and Nahai type lli flap with 
a dual vascular supply originating from the deep superior and inferior epigastric arteries. 
The fibers are vertically oriented and are contained anteriorly by the anterior rectus 
sheath and deep or posteriorly by the posterior rectus sheath. The muscle is attached to 
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Figur• 29.1 Patient with a massive 
ventral hernia after exploratory 
laparotomy and split thickness skin 
grafting of the granulated visceral 
contents. 

the costal margin cranially and to the pubis at the caudal extant The arcuate line of the 
abdomen, Linea semicircul.aris or Douglas' line is a horizontal line that demarcates the 
lower limit of the posterior layer of the rectus sheath. Inferior to this line, the internal 
oblique and transversalis pass anterior to the rectus sheath and generally this is also where 
the inferior epigastric vassals perforate the rectus abdom.in:is. Superior to the arcuate line, 
the internal oblique aponeurosis split to envelope the rectus abdominis both superficial 
and deep to the muscle itself and helps to form the anterior and the posterior rectus sheath. 
The deep in.ferior epigastric originates from the internal iliac arteries and the superior 
epigastric arteries originate from the internal thoracic arteries otherwise known as the 
internal mammary arteries. The innervation to the rectus abdominis is via the intercostal 
nerves that traverse the abdominal wall in the plane between the internal oblique and 
transversalis. 

The paired deep inferior epigastric arteries are the main blood supply for the abdom
inal wall. These are most commonly associated with two veins. These arteries often 
branch and have a variable abori.zation but generally remain deep to the rectus abdominis 
muscle caudal to the arcuate line. The branching system most commonly involves two 
major branches but may remain as a single dominant pedicle and least often as three 
branches. Eighty percent of the dominant blood supply is darivad from the lateral branches 
of the deep inferior epigastric artery after its division. Perforating branches traverse the 
rectus abdominis to supply the skin surface. The perforators contribute to the subdermal 
plexus providing vascularity to the dermis and epidermis. The Cadaveric studies have 
revealed that vary few perforators penetrate the linea alba or the external oblique apone
urosis and the greatest density of perforators is in the periumbilical region. Perforator 
sparing techniques have been employed as to minimize the risk of skin edge necrosis. 

V PREOPERATIVE PLANNING 

Timing of reconstruction has been of controversy. First and foremost there should be 
management of exposed visceral contents in the case of open abdomen. Patients who 
have undergone trauma laparotomies are treated with Vicryl or other absorbable mesh 
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or a biologic neodermis which helps to contain the visceral contents and create a 
smooth surface for granulation to occur. After a healthy granulation bed has formed, 
split thickness skin grafting of the granulating wound can be performed. A wound VAC 
device helps to optimize the take of the graft and provide uniform compression of the 
graft to the wound bed during the postoperative graft incorporation process and this 
should not preclude weaning or extubating a patient if the patient's pulmonSIY dynam
ics would allow doing so. The overall minimization of perioperative complications with 
control of the open abdomen in this manner has been advocated. Planned, staged com
ponent separation reveals major complication rates to be acceptably low with recur
rence of 5%. With this conservative approach to reconstruction, mortality is extremely 
low and approaching 0% at 24-month follow-up. Grafting of the coelomic contents, 
however, provides little strength or structural support otherwise to the abdominal wall. 
Loss of support of the abdominal wall centrally, with or without necessity of grafting, 
over time allows for the fascial defect to increase as the vector of the abdominal wall 
musculature is in a lateral and a posterior direction. In contrast to staged management 
of the open abdomen, patients undergoing early fascial closure in trauma patients have 
dismal results with mortality approaching 30%. 

Patients with midline ventral hernias generally have a spectrum in the quality of the 
skin overlying the fascial defect. Adhesions must be given sufficient time to soften in order 
to easily obtain adhesiolysis and minimize the risk. of inadvertent enterotomy. Patients 
who have undergone grafting of the viscera, this can be aa.sily apparent by pinching the 
skin and elevating this away from the visceral content to determine the pliability from the 
underlying tissues. This would suggest that adhesiolysis could most easily be undertak'Bn 
and in doing so minimize the risks of complications such as inadvertent enterotomy and 
fistulae (Fig. 29.2). In patients who have native attenuated skin along the midline, safe, 
cutaneous closure after resection can be determined by simply pinching the skin together 
along the midline. It is imperative that quality and pliability of the anticipated remaining 
skin needs to be considerad as to obtain a tension-free cutaneous closure. Failure to do so 
will usually result in wound healing problems, dehiscence, and potential major complica
tions. In obese patients, weight loss should be advocated to enhance the pliability of the 
overlying skin with loss of the subcutaneous adipose tissue and also optimize a successful 
reconstruction by eliminating visceral obesity as a risk. for hernia recurrence. 

It is a personal preference to obtain a preoperative CT scan of the abdomen and 
pelvis with both oral and intravenous contrast This allows for preoperative planning as 
the rectus can be evaluated for both viability and distance from the midline. Distances 
of over 20 em willlik.ely require an interposition mesh or can be obtained with overlap
ping of the fascia of the anterior rectus sheath. Often patients have undergone a multi
tude of prior surgeries which will compromise the vascularity of the rectus abdominis 
or the overlying skin. Evaluating the superficial and deep epigastric arteries with CT 

figure 2!lZ Pinch test demonstreting 
the pliability af the skin separation 
from the underlying adhesions. 
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pre-operatively is important as to avoid compromise of the abdominal wall skin post
operatively. In a circumstance where one of the epigastric vessels was compromised, a 
formal bilateral component separation should be avoided as to minimize failure of the 
repair, early wound dehiscence, and necrosis of the abdominal wall. Additionally, plan
ning of the type or one of the several modifications of the component separation tech
nique can be anticipated preoperatively. A CI' defines the visceral anatomy within the 
hernia and may direct the safest approach for entering the coelomic cavity. 

Debridement of necrotic or infected tissues including infected or exposed meshes 
should be undertaken prior to definitive repair. Wound infection significantly increases 
the risk. of hernia recurrence to as much as 80%. Soma authors advocate for control of 
ostomies or fistulae by restoring enteric continuity if planned in a staged fashion as 
well. The challenge this creates is that individualized patient anatomy may not allow 
for skin closure after such a procedure, so this must be taken into consideration. 

Smoking cessation should be emphasized prior to surgery as to minimize skin edge 
necrosis and wound healing problems. In obese patients, weight loss should be consid
ered and optimization of nutrition should be achieved preoperatively as well. 

~ INDICATIONS/CONTRAINDICATIONS 

Thera ara no formal indications for abdominal wall reconstruction via component sepa
ration technique: however, there are a multitude of instances when this treatment modal
ity for abdominal wall reconstruction should be considered. General consideration for 
employing this technique includes large midline hernias, infected wounds or those that 
have exposed mesh and patients who have failed prior herniorrhaphy. The number of 
failed attempts at herniorrhaphy directly correlates with likeliness of additional failures 
with conventional mesh techniques and approaches 50% after three repairs. 

One of the benefits of this technique is that autologous tissues ara used. Thus, in 
wounds such as those with attempts with synthetic mesh repair and exposure or active 
infection of the mesh is noted, component separation is a good option for reconstruction. 
Most commonly this does not require the use of any synthetic or biologic mesh at all. 
Therefora, abdominal wall reconstruction can be undertsk.an in non-clean fields such as 
those with enterocutaneous fistulae or ostomy reversals. Some sources advocate for clo
sure of fistulae, infection or reversal of ostomies in a preliminary procedure, and thus a 
staged fashion to prevent complications before undertaking definitive reconstruction. 
This proposed staged reconstruction would require intentionally leaving the patient with 
a hernia by either closing the skin only or placing a skin graft over granulated bowel or 
over a vascularized bioprosthetic mesh. The use of synthetic mash is a relative contrain
dication with patients classified as having contaminated or dirty wounds and should be 
avoided in herniorrhaphy requiring such and a biologic mesh should be considered. 

The component separation technique medializes the rectus abdominis and in doing 
so provides highly vascularized, neuritized dynamic muscular support to the midline. 
It has been postulated that by restoring the dynamic support across the hernias, the 
intrinsic weakness of this area is distributed along the entirety of the abdominal wall. 
Muscular closure eliminates this focal point of weakness although mash repair does 
not With this philosophy, many experts advocate that any ventral hernia should be 
repaired with muscle. 

Defect size is of debate as to the appropriate approach to repair and minimization 
of recurrence rate. Mathes advocates for defects greater than 40 cm2, while Shestak. uses 
6 em as the arbitrary defect diameter for performing component separation. In a pro
spective analysis of sutured versus meshed repair of hernias greater or less than 10 cm2, 

a failure rate of those hernias greater than 10 cm2 was 63% in the sutured group versus 
32o/o in the meshed repair. The group with defects less than 10 cm2 the recurrences 
ware greater than 17% with either repair. All modalities based upon Burger's analysis 
ara of notable risk. for recurrence based regardless of the size of the defect and SigUably 
these patients may have lower recurrence with a component separation reconstruction 
of the abdominal wall. 
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The professional consensus is that any patient who has failed prior repair, and 
especially multiply failed rapairs, should be considered for component separation. Poor 
viability of midline tissues such as the fascia warrants medialization of high quality 
tissues and releases to minimize tension at the midline. This should be taken into con
sideration in patients with lesser quality tissues such as those that are immunocompro
mised, diabetic, or older individuals in attenuated tissues require the tension-free repair 
that component separation provides. 

Absolute contraindication for undergoing a component separation are those patients 
who lack the anatomy to perform this technique such as those who have lost abdominal 
domain for conditions such as a pancreatic fistula or necrotizing soft tissue infections of 
the abdominal wall. Patients considered to be of perioperative risk from multiple co
morbidities should be closely considered for undergoing component separation as there 
may be perioperative morbidity or mortality from underlying medical disease. Unless 
symptomatic, necessity of rapair in these high rislc: patients must be carefully considered. 
Patients with pulmonary disease have risk of further exacerbating pulmonary compromise 
although this has not been published in the literature. The rationale for such is that upon 
reconstruction of the abdominal wall, the coelomic contents will be shifted into the tho
racic domain and affect lung capacity. Smokers are at increased risk for failure of repair. 
This is multifactorial in that the stresses to the abdominal wall caused when coughing 
increase rate of failure. Evidence-based medicine has shown that vasoconstrictive chemi
cals in tobacco are notably detrimental to the wound healing process. Radiated tissues 
have high rates of dehiscence and necrosis. In instances of radiation to the abdominal wall, 
to obtain successful reconstruction high-quality non-irradiated tissues should be delivered 
to the surgical site. This may involve pedicled or free Oap reconstruction and is beyond 
the scope of this chapter. Patients with a history of multiple prior abdominal procedures 
with varied approaches should be addressed with caution as surgical dissection in per
forming component separation may result in partial or total abdominal wall necrosis. 

Q SURGERY /TECHNIQUE 

The patient is marked in the preoperative holding area delineating the anticipated sur
gical approach. Usually a midline vertically orientated scar exists and an ellipse is 
drawn on the skin surface of the medial edge of the high-quality skin in a vertically 
oriented lenticular manner. The markings are reviewed with the patient using a full 
length mirror ensuring that the patient understands the procedure and areas of resection 
that often require umbilectomy. Thereafter, the patient is transported to the operative 
suite and placed supine on the operative table, sedated and intubated. The abdomen is 
widely prepped and draped from the table along the patient's flanks to the mid-sternal 
area and below the inguinal areas and upper thighs. The room temperature should be 
maintained above 80°F as to minimize postoperative infection. 

In the patient who has an intact midline incision, a standard laparotomy incision 
is undertaken and in doing so poor quality scar is excised. The scar tissue between the 
skin and linea alba should be resected as re-opposition of the scar tissue will be detri
mental to optimization of the tissues during healing. If the overlying bowel is skin 
grafted, an incision is made sharply along the perimeter of the lateral edge of the grafted 
area through the high-quality tissue. Thereafter, adhesiolysis of the grafted skin is 
undertaken. In either circumstance, adhesions of the bowel to the underlying abdominal 
wall is undertaken until the lateral extent of the rectus abdominis is identified bilater
ally. Careless dissection in these areas could cause inadvertent transection of the epi
gastric vessels and render the rectus muscle or cutaneous angiosomes ischemic. 

The anterior rectus sheath is freed from the soft tissues as tension is applied to the 
skin and subcutaneous adipose tissue with manual tension or metallic retractors such 
as a Richardson or Deavor. A loose areolar plane can be easily dissected in a medial to 
lateral manner. Staying in this plane allows for easy identification of the lateral aspect 
of the rectus sheath and minimizes over-dissection. With tension on the overlying tis
sues, the perforators which are of highest concentration in the periumbilical region can 
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Figur• 29.3 Perforator sparing tach· 
nique; forcep tip at perforating per· 
iumbilical epigastric vassal. 

be avoided (Fig. 29.3). In doing so, vascularity to the skin can be maintained as the 
majority of the cutaneous blood supply in this area is derived from the parforating ves
sels from the superior and inferior apigastrics. These run deep to the rectus abdominis 
and penetrate the muscle in a relatively predictable manner. If the perforators are sac
rificed, the vascular supply to the skin is dependent on the subdermal plexus and 
superficial apigastrics, thus increasing the risk. of skin edge necrosis. 

Dissection is carried out to 1 to 2 em lateral to the edge of the rectus abdominis at 
the linea semilunaris and along the entirety of the rectus from the costal margin to the 
pubis. This is performed bilatarally. The critical portion of the procedure is freeing the 
rectus from the external oblique. Inaccurate determination of the external oblique 
aponeurosis and its conjunction with the rectus abdominis can lead to non-release and 
a suboptimal or failed repair. Using very tip of the electrocautery, a small opening is 
made in the external oblique aponeurosis and the tip of a Tonsil clamp is passed with 
the tip pointed superficially and orientated in a cranial or caudal direction and gently 
teased into this plane. The tonsil should be approximated to the lateral portion of the 
rectus sheath as to ensure dissection through the oblique and not the anterior rectus 
sheath itself. If the tonsil clamp can be medialized or if the vertically orientated fibers 
of the rectus abdominis can be visualized, the layer of dissection must be corrected. 
The external oblique aponeurosis is transected in sagittal manner paying careful atten
tion to avoid "passing point" and damaging the internal oblique. Aftar the external 
oblique aponeurosis is released along the entirety, the rectus abdominis is brought to 
the midline. In doing so, the transected fibers of the external oblique aponeurosis should 
separate. Some authors describe elevating the external oblique to allow for sliding of 
the internal oblique in a myofascial sliding fashion. The original papar by Ramirez and 
later by Girotto describes incising the posterior rectus sheath along its lateral extent. 
Shestak. has noted that this can increase the mobilization by 2 em bilaterally. 

The midline fascia is approximated with aithar running or interrupted sutures (Fig. 
29.4). The author prefers a dual layer closure with looped 0 PDS in a running fashion 
and 1·0 Nurolon in an interrupted figure of eight fashion superficially. Drains in the 
posterior-lateral gutters are placed at the surgeon's discretion. Any redundant or vascu
larly compromised skin is trimmed at the midline, but in doing so allowing for a tension
free cutaneous closure. The fasciocutaneous layer is closed centrally with absorbable 
sutures in Scarpa's fascia and the skin is closed as per the surgeon's preference. 

Open Book Variation 
The "Open Book." variation of the component separation technique has bean proposed as 
a modification of the standard technique which allows for obtaining closure of midline 
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Figur• 29A Closure af the hernia 
with standard component separation 
technique. AfTDws represent the cut 
edges of the external oblique apone· 
urosis and distance of release. 

defects larger than those proposed by Ramirez. In my practice, I have found successful 
closure of defects measuring up 28 em at the umbilicus using this method. This technique 
employs undergoing a standard approach by first removing poor quality skin at the midline 
and undertaking total adhesiolysis from the abdominal wall. The rectus abdom:inis is again 
freed from the overlying adipose tissue at the lever of the anterior rectus sheath in a medial 
to lateral direction until the aponeurosis of the external oblique can be identified. This is 
freed and the rectus is mobilized medially. If sufficient tension in closing the rectus is not 
alleviated, the anterior rectus sheath is elevated from the underlying muscle and brought 
across the midline in a vest over pants fashion (Fig. 29.5). This technique has a low recur
rence rate, 7%, and alleviates the need for biologic mesh reinforcement Extreme care must 
be undertaken in elevating the anterior rectus sheath as careless elevation of the muscular 
inscriptions will create holes in the sheath and compromise its integrity. The disadvantage 
of this procedure is that the perforating arteries must be sacrificed. 

Endoscopic Component 
Separation Technique 
One of the criticisms of the conventional component separation technique is that this 
entails significant undermining of the skin and in doing so transection of the deep 

figure 29.5 •open Book• variation 
with overlapping of the anterior 
rectus sheath in a vest over pants 
fashion. 
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epigastric perforators. This is postulated to contribute to skin edge necrosis. Undermining 
creates potential space for development of saromas and potential infection. The endoscopic 
technique entails creating a potential space between the external and internal oblique mus
cles and dividing the aponeurosis of the external oblique at its medial extent as is pel'l
formedin the methodology of the open technique. The definitive herniorrhaphy is performed 
via conventional open approach through a midline laparotomy. Recurrenat rates of 20% 
have been reported Clarke describes this technique in creating separate incisions along the 
inguinal region bilaterally and inserting a dissecting balloon between the internal and the 
external oblique. This allows for expansion of this potential space and the external oblique 
is released along its medial aponeurosis. When compared to conventional techniques, 
reCUITellce of the hernia was found to be similar in his work at 16o/o to 19%. There were 
no incidences of skin edge necrosis in the endoscopic technique and 25% of the open 
traditional technique. This would suggest the importance of perforator preservation. 

Reinforced Repair Technique 
Re-enforcement with either synthetic or biologic mesh has been reported in conjunc
tion with component separation. These have been used in an overlay fashion, underlay 
fashion, or both in a sandwich fashion above and deep to the rectus. This adds addi
tional expense to the procedures and is not without complication, most common of 
which is infection and often requires ra-operation and mesh removal. Synthetic mash, 
especially Marlex has been shown to significantly increase the risk of adhesions and 
fistulae formation. Biologic meshes are extremely expensive comparatively but do 
deter visceral adhesions to the abdominal wall. Soma small studies with bioprosthetics 
have found a relatively low number of complications and no recurrences. Other data 
suggests that they are of no comparative benefit although no prospective randomized 
trials have been performed. Nonetheless, biologic mash minimizes the risk of compli
cations such as adhesions and enterocutanaous fistulae which can have devastating 
consequences. Autologous reinforcement of the abdominal wall has also been employed 
with the use of autologous tensor fascia lata grafts. This is of added morbidity and has 
not been shown to be of additional benefit with recurrence rates of up to 29%. 

Bridging of the abdominal wall defect may be necessary when release of the rectus 
abdominis does not allow for muscular opposition. As stated previously, this can be 
accomplished with an open book repair or with mesh. When bridging with mash is 
decided upon, the repair should begin in the standard component separation technique. 
The general consensus is that the biologic mesh or "neodermis" is placed in the retro
rectus plane with 3 to 5 em of overlap with the muscle. This is incorporated with U 
stitches plaatd through the rectus muscle. Care should be employed as to not strangulate 
the epigastric vessels rendering the muscle ischemic. Unfortunately, the intercostal nerves 
may be incorporated in this closure technique and impair the innervations to the muscle. 

Thera exists no consensus on the utility of mesh used in conjunction with the 
standard repair. Intuitively, posterior or deep placement wound allow for buttressing of 
the mesh against the anterior surface of the coelomic cavity which would hold this 
intimately against the abdominal wall facilitating its incorporation and neovasculariza
tion. Other sources demonstrate significant decrease in recurrence when placed as an 
overlay with small studies boasting zero recurrences. 

POSTOPERATIVE MANAGEMENT 

Patients are kept non per os until return of bowel function is appreciated. Gastric 
decompression is achieved with a nasal gastric tuba to minimize abdominal distention 
during the immediate postoperative period as ileus will often result. Of equal 
importance, this helps to minimize wrenching and emesis, which can damage the 
reconstruction. 
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A urinary catheter is usually placed intraoperatively and continued postoperatively. 
This allows for accurate assessment of urine output and volume resuscitation status. 
Secondly, this can provide important data in bladder pressures and thus intraabdominal 
pressures to assess for potential abdominal compartment syndrome. Drains have not 
been demonstrated to prevent seroma formation, although they should be considered 
in patients especially with large flaps and those with exposed biologic mesh as this is 
known accumulate periprosthetic fluid. 

External abdominal support is achieved by an abdominal binder to provide abdom
inal wall support while the repair is approaching a plateau in the healing process at 
approximately 6 weeks. This can be left longer in patients who are of higher suspected 
risk of recurrence such as obese individuals or smokers. Again, there is no prospective 
evidence demonstrating decreased rate of seroma formation with binder usage. From an 
intuitive stance, a binder should assist in minimization of dead space and shifting or 
shearing of the tissues during the healing process . 

.) COMPLICATIONS 

There is no data to suggest which co-morbidities or combination of co-morbidities 
carry the greatest risk of perioperative complications. Complications associated with 
component separation can be classified into major and minor subdivisions and com
monly include recurrence, infection, seroma, necrosis, and wound dehiscence fistulae 
formation. De Vries Reilingh has compiled the results of over 460 patients who under
went component separation at several institutions and including various modifica
tions of the originally described technique. Wound complications were found in 
23.8% of patients. These are further broken down into wound infection that was 
found in 18.9% of patients. Analysis of the National Surgical Quality Improvement 
Program (NYSQIP) sites smoking, chronic obstructive pulmonary disease, coronary 
artery disease, low serum albumin levels indicative of poor nutrition, prolonged oper
ative time, corticosteroid use, and the use of mesh to be independently directly related 
to the increased risk of wound infection. Seroma was noted in 2.4o/o of patients and 
hematoma in 2.4%. Skin necrosis was only noted in 1.5%. Although wound compli
cations are high, this can be accounted for on several levels. Often these patients are 
undergoing repair of massive ventral hernias. This entails extensive dissection and 
undermining of the skin. This compromises the vascularity to the skin itself which 
can result in skin edge necrosis and healing problems along the midline. The poten
tial space under the skin or fasciocutaneous flaps is expansive and allows a large area 
for both hematoma and seroma to form, especially in patients with onlay biologic 
mesh. This is not necessarily the incidence in more conventional forms of hernior
rhaphy with open techniques and laparoscopic approaches. There is likely a bias in 
comparing the complication rates of herniorrhaphy versus the component separation 
techniques as these patients have large hernias that have often failed other forms of 
repair. The patients undergoing component separations are sometimes not amendable 
to any other forms of repair as there is loss of the skin overlying the visceral contents 
in the case of trauma laparotomies and grafting of the enteric contents. An important 
point of consideration is that in the elective setting, the mortality of this reconstruc
tive technique is extremely low. 

Hernia recurrence is a major consideration of this technique and has been scruti
nized over the past two decades (Table 29.1). Ewart evaluated the results of abdominal 
wall reconstruction in 60 consecutive patients utilizing standard component separation 
technique, mesh repair, tensor fascia lata flaps, or latissimus dorsi flaps. Only one 
(9%) of the patients in the component separation group had a recurrence and those 
with primary repair or mesh repair had recurrences of 14% and 27%, respectively. 
Recurrence rates for the distant flaps were greater than 50%. He found that the most 
common factors influencing recurrence were patient factors such as poor tissue integrity 
and increased intraabdominal pressure and technical errors. Significant risk factors for 
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Audlar N Recunence FJU (•anthl) Ca•plicetiDIII 

Cohen 24 114%) 12~ 218%) 
Ewart 11 1 (9%) Hto 3(27%) 
De Vries Reilingh 43 13 (30%) 12~ 14(33%) 
Ennis 10 1110% 1-53 1110%) 
Lowe 30 1 (3%) 1-26 6 (20%) 
Girotto 96 21122%) 2512&%) 
Vargo '£1 2(7%) ~'£1 10(31%) 
Shestak 22 115%) 44-84 3114%) 

hernia recurrence have additionally been found to be BMI >30 and evidence of wound 
infection or breakdown. Increased risk of recurrence was found in patients who had 
colostomy or fistula takedown at the time of hamiorrhaphy. Significant risk factors for 
developing a complication were smoking. Obesity is associated with these complica
tions, but was not found to be statistically significant. 

3 RESULTS 

The anticipated result of abdominal wall reconstruction is to first and foremost 
repair the hernia and minimize the risks and complications in doing so. This 
repair technique as opposed to mesh repair alone provides relatively uniform 
dynamic support to the abdomen and thus minimizes areas of intrinsic weakness 
of the abdominal wall and reduces recurrence (Fig. 29.6). This has bean found to 

Figure 29.6 Patient bsfore (A) and after (B) component separation. 
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improve a patient's overall emotional state, and perform activities of daily living 
such as rise from a chair, lift objects, and exercise. The release of the rectus 
abdominis via the conventional component separation technique and various mod
ifications allows for a tension-free closure of the abdomen and has been found to 
endure over time. 

~ CONCLUSION 

The component separation technique of abdominal wall reconstruction was first intro
duces just two decades ago. This has opened a new chapter in how surgeons think about 
reconstructing the abdominal wall and is becoming the standard of care for reconstruct
ing the massive ventral harnia. Ramirez's original technique allowed for medialization 
of the rectus abdominis up to 18 em at the midline and thus closes rathar massive 
ventral abdominal defects. Many variations of this original technique have resulted to 
allow for closure of larger defects. The beauty of component separation is that this 
provides autologous dynamic support to the abdominal wall and thus optimizes its 
original integrity and minimizes the risk and complications and necessity of mesh 
repair. This has been proven to be a safe and eHective technique for abdominal wall 
reconstruction. 
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30 Musculofascial Flap 
Reconstruction for Massive 
Abdominal Wall Hernias 
Samuel J. Lin and Charles E. Butler 

INDICATIONS AND CONTRAINDICATIONS 

In the vast majority of cases, there is ample local skin and subcutaneous tissue to close an 
abdominal wound following various sizas of ventral hernia repair. Rarely, however, there 
is a n99d for more complex reconstructive options which are described in this chapter. In 
these specifi.c cases, a locoregional or free tl.ap reconstruction may be required. A signifi
cant evolution of the treatment of large abdominal wall hernias and composite oncologic 
resection defects bas occurrad over the last two decades. Although the causes of the 
abdominal wall defects have largely remained the same (i.e., prior swgery, failure of mus
culofascial healing, perioperative conditions leading to an open abdominal wound, and 
tumor extirpation), treatment paradigm bas evolved. With the increase in gastric bypass 
procedures the patient profile of recurrent hernia patients has also evolved over time with 
more hernia patients who have underwent previous open gastric bypass surgery. The basic 
principle of abdominal wall reconstruction is to achieve a secure musculofascial repair 
with stable overlying skin closure. Ideally, the reconstruction of abdominal wall defects 
occurs in a sterile environment. Unfortunately this is not always the case, particularly in 
patients with open cutaneous wounds, ostomies, transection of the gastrointestinal tract, 
mesh infections, or fistulas. The most abdominal defects have sufficient skin for primary 
advantage and closure, however, soma defects require skin to ba racruited from remota 
locations. The use of the fascial component of a tissue tl.ap for musculofascial reconstruc
tion has several disadvantages including the risk of hernia/bulge, paucity of good-quality 
durable fascia and potential compromised vascularity on the skin portion of the flap with 
the fascial insat We believe that reconstitution of the musculofascial and overlying skin 
defect (when necessary) is optimally performed with two separate techniques. 

~ PREOPERATIVE PLANNING AND OVERVIEW 

Full-thickness reconstruction of the abdominal wall is required when the multiply 
recurrent hernia or ablative abdominal procedure has rendered a significant area of the 
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musculofascial and cutaneous abdominal wall skin untenable for primary closure. 
These specific cases occw- when there is skin graft directly adherent to the bowel, the 
abdominal skin/subcutaneous layer is of poor quality secondary to previous incisions 
or prior radiation, or there exists a large scaned area that has healed secondarily from 
a prior open abdomen situation. The operative plan should consist of two primary 
anatomic considerations; those elements that will comprise the musculofascial repair 
and those components that will comprise the skin reconstruction. 

Most often, the musculofascial repair is achieved by the use of synthetic or biologic 
mesh depending on the patient and defect characteristics. Prior to the development of 
naw implantable materials and advanced surgical techniques, routine usa of uncoated 
synthetic mesh in primary and recurrent hernia repair was the mainstay of treatment. 
This technique employed in placement of mesh as an underlay, overlay, or interpositional 
repair. Alternatively, defects were closed with component separation originally popular
ized by Ramirez et al. However, the success and longevity of this repair relates to the 
ability of the patient's wound-healing capacity to resist infection, the native state of 
the remaining surrounding musculofascial anatomy, and underlying medical status of the 
patient. Leber et al. reported that in a case series of 200 patients, the use of a large macro
porous mesh incw-red a lllgh incidence of recurrent hernias (16%), infection cutaneous 
extension (16%) or fistula eventual explantation (16%) of the mesh. Few other studies 
report long-term complications after prosthetic incisional hernia repair. Following removal 
of infected mesh, patients are frequently left with granulating open abdominal wounds 
that often underwent temporary closure with resorbable mesh, dressing changes, and 
subsequent skin graft placement. Delayed permanent reconstruction 6 to 12 months later 
was challenging owing to continued loss of musculofascial domain, relative skin defi
ciency, and the need to remove the skin graft without causing an enterotomy. 

Treatment of large recurrent abdominal wall hernias with poor-quality overlying 
skin may be analogous to a large composite wall resection defect. In particular, primary 
skin close may not be possible in a previously skin-grafted abdominal wall with a large 
surface area. In these cases, well-vascularized tissue from regional fiap tissue is often 
required for reconstruction. 

The skin reconstruction is achieved by transposition of skin and subcutaneous flap 
tissue from a regional or distant donor site. Thigh-basad myocutaneous or fasciocutane
ous flaps are excellent options for this purpose owing to a relatively large surface area 
of skin available and acceptable donor site morbidity. The musculofascial repair is 
generelly performed with surgical mash and/or without component separation. 

For elective, recurrent hernia repair, and planned regional flap reconstruction of the 
abdominal wall, patients will have had a preoperative medical evaluation and opti
mized for their nutritional status. Dunne et al. have reviewed independent factors for 
hernia repair and found chronic obstructive pulmonary disease (COPD) and low preop
erative albumin to be independent predictors of wound infection. Additional preopera
tive considerations include a patient's preoperative pulmonary function, history of 
tobacco use, and general medical condition. 

c:;l SURGERY 

When primary closure of the skin and subcutaneous tissue is not an option following 
musculofascial repair of the abdominal wall, several other options are available. Tissue 
expansion of the abdominal wall skin is an option when planning for elective hernia 
repair with skin deficiency. In this technique, tissue expanders are placed lateral to the 
location of the hernia to expand the skin/subcutaneous layer. These devices are gener
ally placed above the musculofasciallayer to directly expand the skin and subcutane
ous layer over several weeks to months prior to definitive hernia repair. Tissue 
expansion is used in many locations around the body; however, there is a risk of wound 
infection, contamination of tissue expanders, and wound separation leading to the loss 
of expanded skin, particularly if there is an adjacent open wound or ostomy. In addi
tion, the successful completion of tissue expanded skin often requires several months 
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concern about devascularization or necrosis. In addition, biologic mesh tolerates cutane
ous exposure in the face of wound dehiscence generally without the need to be removed, 
and the resulting wound can often heal spontaneously by secondary intention andre
epithelialization In addition, biologic mesh has been shown to decrease visceral adhe
sions to abdominal wall repair sites in animal studies and has a relatively low infection 
rate; biologic mesh is able to revascularize and become infiltrated with host cells. 

Prior reports have outlined the risk of recurrent hernia and bulge in patients with 
HADM repair. Whenever a bridged fascial repair is performed with HADM (rather than 
primary fascial closure with HADM inlay reinforcement), there is a risk of laxity and 
bulge with ongoing remodeling of the implant material. However, neither the minor 
laxity in the reconstructed musculofascial defect nor the hernia in the described small 
series were symptomatic, progressed in size, or required surgical correction at the last 
follow-up. Though there are risks associated with recurrent hernia and bulge with 
HADM mesh repair, the benefits of HADM mesh includes the ability of HADM to resist 
visceral adhesions, to be placed into a contaminated surgical wound without high risk 
for subsequent removal, and to become remodeled into the host tissue with cellular and 
vascular infiltration are useful properties of bioprosthetic mesh in this setting. Due to 
the potential for laxity we have been using non-cross-linked porcine acellular dermal 
matrix for musculofascial reconstruction with limited laxity. 

Biologic Mesh Inset 
When bridging a fascial defect bioprosthetic mesh is inset with #1 polypropylene sutures 
using a "dual-circumferential" inlay method as previously described. Briefly, this 
includes full-thickness musculofascial sutures place 3 to 5 em from the true musculo
fascial edge, each placed on hemostats to assure that all sutures are inset correctly before 
tying them. Generally, in these cases the musculofascial defect is too large to close pri
marily even with bilateral component separation and a bridged repair is performed. After 
securing the peripheral suture line the true musculofascial edge is secured to the bio
prosthetic mesh with interpreted or running monofilament sutures. The biologic mesh 
is inset into the musculofascial defect under physiologic tension, which reduces repair 
site musculofascial laxity and minimizes both the musculofascial and cutaneous defect 
size. With defects extending to bone, the bioprosthetic mesh is anchored with #1 poly
propylene sutures through drill holes in ribs, lumbosacral spine, and/or pelvis. 

Flap Options 
Flap options differ for cutaneous defects in varied locations of the abdomen. For certain 
vertical midline defects, patients with a relatively supple skin/subcutaneous layer may be 
amenable to having a bipedicled skin flap performed bilaterally. This flap is a random flap 
that is supplied by vascular inflow from the superior and inferior bases of the flap; the 
central portion of the flap is undermined and advanced to the midline from both sides. 
The donor sites are usually closed with a skin graft and can be cosmetology disfiguring. 

Other local flaps of the abdomen include a bipedicled flap, a V-Y flap (Fig. 30.1), 
a rhomboid flap, a bilobed flap, and a rotational flap. These flaps are based on a random 
blood supply and require broadly based flaps for vascularity and a tension-free closure. 
The objective of cutaneous flap coverage of abdominal defects following hernia repair 
is to have no tension over a newly repaired abdominal wall. All of these local flaps 
have limited ability to close large cutaneous defects and have donor site scars. 

Regardless of the defect size, repair of large, composite abdominal wall defects using 
bioprosthetic mesh for musculofascial reconstruction and free or pedicled musculofascial 
lower extremity flaps for replacement of skin and subcutaneous tissue is an option for 
various settings including contaminated wounds. The inclusion of the rectus femoris 
(RF). tensor fasciae latae (TFL), and vastus lateralis (VI.) may increase vascularity by 
providing additional myocutaneous perforating vessels. In addition, pliable vascularized 
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Figur• 31U Variou1 typal of arrangement 
of local ti11ua. (A) dapictl bipadiclad flap 
reconstruction; IBI depicts a V toY flap 
reconstruction; IC) dapicb a tran1po1ition 
flap. 

muscle can be used to obliterate areas of potential dead space in the defect. An extension 
of the skin paddle to the upper border of the patella allows complete dissection of the 
lateral circumflex femoral (LCF) vessels to their origin, and a pedicled subtotal musculo
fasciallower extremity flap has the ability to reach the umbiliCWI and various maneuvers 
may get them higher. It has been reported that the flap can reach the costal margin in 
certain patients. 

As mentioned, other thigh flaps described for the repair of large abdominal muscu
lofascial defects include fascial extensions of rectus fascia flaps, tensor fascia lata grafts, 
and anterolateral thigh (ALT) flaps. Nonetheless, the utility of described thigh flaps in 
abdominal wall reconstruction is limited by a paucity of reliable thigh fascia available. 
The strongest thigh fascia is the iliotibial band; lateral and medial to this area, the ili
otibial fascia becomes thin. Moreover, insetting the fascial component of a musculofas
cial flap in abdominal wall reconstruction may place tension on the skin paddle, 
potentially compromising its vascularity. Thus, we strongly believe that musculofascial 
reconstruction with bioprosthetic mesh prior to inset of a thigh-based flap or other 
myocutaneous flap is optimal and eliminates these concerns. 

Regional Flaps 
The latissimus dorsi musculofascial flap is a muscle flap supplied by the thoracodorsal 
artery and vein pedicle. This broad muscle flap may be elevated from the posterior 
trunk, with a skin paddle or skin graft over the muscle and used to reconstruct lateral/ 
superior abdominal wall defects. For instance, skin defects occurring in the upper flank 
are optimal areas for latissimus dorsi flap reconstruction when cutaneous reconstruc
tion is required. 

The serratus anterior myofascial flap is a muscle flap option used for smaller defects 
of the abdominal wall in the lateral and superior portion of the abdomen. The lower 
three or four muscle slips of the serratus anterior are harvested without risk of signifi
cant scapular winging. The vascular pedicle is potentially long (approximately 15 em) 
if the subscapular vessels are included with the serratus anterior branch and thoraco
dorsal blood vessels. The surface area of the serratus anterior flap is usually limited to 
approximately 10 x 12 em with respect to utilizing the muscle with a skin graft. 

For reconstruction skin defects in the abdominal wall the major decision is which 
to use flap tissue from the abdominal wall, back or thigh. Certainly, each reconstruction 
is patient-based, and those patients who have had multiple abdominal operations with 
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multiple incisions across the abdomen are likely not ideal candidates for flaps from the 
abdominal wall. Tissue vascularity does cross prior incisions well, and attempting to 
elevate a local flap that is inclusive of a prior incision may be prone to flap ischemia 
and loss. However, patients who have multiple operations through the same incision 
with remaining supple abdominal skin may be candidates for abdominal-based flaps. 

With a supero-lateral abdominal wall defect, patients who are not candidates for 
abdominal-based local flap reconstruction may be suitable for posteriorly based truncal 
flap reconstruction such as the serratus or latissimus dorsi muscle flap. Patients have 
smaller defects may be candidates for these flaps as the distance available for flap 
advancement is limited. One disadvantage of harvesting these flaps is that the dissec
tion often requires position changes of the patient during the operation. 

Patients with lower-abdominal wall defects who are not candidates for abdominal
based local flap reconstruction may be suited for thigh-based flap reconstruction. These 
flaps are based on the deep femoral system and include the RF, ALT/VL, tensor fascia 
lata, and subtotal thigh flap. Generally, these flaps are reserved for patients with the 
largest abdominal defects that local abdominal flaps cannot close. These flaps are ele
vated and the vascular pedicle is transposed through a subcutaneous tunnel above or 
below the inguinal ligament. 

Regional Lower Extremity-based Flaps 
Transposition of well-vascularized flap tissue with or without implantable mesh is often 
required to repair full-thickness, composite abdominal wall defects particularly when 
the existing abdominal wall soft tissue is destroyed or absent. Various thigh-based mus
cle, fasciocutaneous and myocutaneous flaps have been successfully used to repair 
abdominal wall defects. These include the tensor fasciae latae (TFL) myocutaneous flap, 
RF muscle or myocutaneous flap, anterolateral thigh (ALT) fasciocutaneous flap, and 
sartorius muscle or myocutaneous flap. 

Tensor Fascia Latae Flap 
The tensor fasciae latae (TFL) flap is located on the lateral surface of the lower extrem
ity and may be used as a pedicled regional flap for reconstruction. Its blood supply is 
the ascending branch of the LCF artery. The TFL extends from the anterior superior 
iliac spine (ASIS) to the iliotibial tract. It has a significant distal fascial component that 
is useful for musculofascial reconstruction. Originally, it was once believed that the 
tensor fascia latae fascia was useful for musculofascial reconstruction in hernia repair. 
Currently, however, the indications for using TFL fascia for musculofascial repair in 
recurrent herniorrhaphy is limited owing to donor site morbidity and other good bio
prosthetic mesh options. However, with careful planning, there remain settings such as 
salvage cases where pedicled TFL flaps may be successful. It has a relatively small 
muscular component as a reconstructive flap. The viability of the distal aspect of the 
flap is not routinely reliable due to the lack of an axial blood supply along the length 
of the flap. In addition, the pivot point for the vascular paddle is in the lateral thigh; 
this limits the reach of the flap beyond the midline and/or above the umbilicus. 

Rectus Femoris Flap 
The rectus femoris (RF) muscle (Fig. 30.2) is located directly anterior on the upper portion 
of the lower extremity and functions as a hip flexor and knee extender. The regional blood 
supply of the muscle is the LCF artery. This muscle extends from the ilium to the patella. 
This flap can be used as a muscle or a myocutaneous flap with good success. The main 
advantage of using this muscle is its vascular territory and central location on the upper 
portion of the lower extremity. This muscle may be transposed under a subcutaneous tun
nel to reach the low- and mid-abdominal wall for reconstruction. 
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figure 30.2 Rectus muscle dissection. 

Vastus Lateralis Flap 
The vastwlatsralis (VL) flap is located on the anterolateral surface of the lower extrem
ity. Its regional vascular supply is the LCF artery. Often, a skin paddle may be dissected 
along with the muscle itself to allow for a musculocutaneow O.ap to be transferred to 
the abdominal region. The available skin paddle can vary in size and may be quite 
substantial. In addition, this flap may be transferred as a free flap by using microvas
cular free tissue transfer techniques, which allow the flap to be placed virtually any
where on the body for reconstruction. 

Gracilis Flap 
The gracilis muscle flap is based on the gracilis muscle which extends between the 
pubis and medial portion of the knee. This muscle is by the ascending branch of the 
medial circumO.ex femoral artery. This muscle may also be transferred as a free flap. It 
was originally used in individual cases for inguinal hernia repair. This muscle is, in 
most patients, thin, and there are limited indications for using a gracilis muscle O.ap for 
abdominal wall coverage. 

Sartorius Flap 
The sartorius muscle is most ideally transposed locally as a muscle flap (Fig. 30.3) for 
coverage of the femoral vessels, which are adjacent to the origin and insertion of the 
sartorius. The sartorius muscle extends from the ASIS to the medial tibial condyle. The 
vascular supply of the sartorius are segmental branches from the superficial femoral 
artery. Its usa for abdominal wall reconstruction is vary limited. 

Anterolateral Thigh Flap 
When the abdominal defect is too large the aforementioned ft.aps, altsmatives must be 
considered to provide reliable reconstruction in a single stage. Primary advantages of 
the ALT O.ap (Fig. 30.4) relate to its wide vascular territory and ability to be pedicled 
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figure 30.3 Dissection of the sartorius muscle. 

to reach several areas of the abdominal wall. Disadvantages of the ALT flap relata to its 
ability to be inset in various dimensions: authors have noted that a notably large skin 
paddle is required when attempting to the use the ALT nap with a horizontally oriented 
sk:in paddle. This commonly used flap in the repair of abdominal soft tissue/cutaneous 
defects, the ALT nap, can be extended to include vascularized TFL fascia for musculo
fascial reinforcement However, the thigh fascia lateral and medial to the iliotibial band 
is weaker and less reliable. 

Subtotal Thigh Flap 
One altamative for large, composite abdominal wall defects is thigh flaps based on the 
LCF vascular supply. The LCF vessels supply the RF, VL, and TFL muscles and the OVeJ.'Io 

lying skin (Fig. 30.5); all these structures may be used for abdominal wall reconstruction 

Descending branch -~"""'"~'"'-~ 

of lateral cirwmllex 
femoral vessels 

figure 30.4 Muscle flap with skin paddle is 
used for reconstruction of the abdominal 
wall when there is a need for skin/subcuta· 
neous reconstruction. 
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Figur• 30.5 Examples at muscles at the 
I ow& r extremity that a ru u sad for 
reconstruction: Rectus femoris (RF) and 
t&nsor fascia lata& ITFL~ 

if needed. The authors have termed "subtotal thigh O.ap" for chimeric O.aps that includes 
muscles supplied by the LCF vessels in the initial published description. The subtotal 
musculofasciocutanaous thigh flap is basad on one or more major branches of the LCF 
axis and includes one or more associated muscle components, with at least a 400 cm2 

thigh skin paddle. 
Reconstruction for large, complex, and/or full-thickness defects or recurrent hernias 

of the abdominal wall requires careful planning. Often, in patients with recurrent her
nias, significant portions of the anterior abdominal wall have stretched and have become 
completely attenuated. Using this tissue to attempt cutaneous closure and reconstruc
tion may be futile. It is oftsn essential to use remote, well-vascularized tissue for the 
reconstruction. In the setting of irradiated wounds with enterocutaneous fistulae and 
exposed bowel, the wound environment may be especially hostile to successful, lasting 
reconstruction and use of a synthetic, permanent mash is usually contraindicated. It is 
desirable to have a secure musculofascial repair; however, the fascia from the thigh is 
often insufficient or less reliable in such large, complex defects. 

The anatomic landmarb of the upper thigh are identified below and marbd on the 
overlying skin. The anterosuperior iliac spina and upper lateral border of the patella 
were first identified; the intersecting line was considered the axis of the thigh 
(Fig. 30.6). The sld.n paddle design was determined by the cutaneous abdominal defect 
size and location after musculofascial repair with inlay HA.DM (Fig. 30.7). The O.ap 
design is extended to the patella for maximum pedicle reach (Fig. 30.8). 

When a pedicled subtotal thigh flap is used (Figs. 30.9-30.12), the pedicled O.ap 
is transposed below the sartorius muscle (and RF muscle if not included in the flap). 
Transposing the flap below the sartorius adds approximately 5 em of additional fiap 
reach. When a free tissue transfer was used for abdominal wall reconstruction, a 

Patella Anterior superior 
iliac spine 

Figur• 30.1 Landmarkl at the ALT 
flap. ·a· is the midpoint between the 
anterior superior iliac spina (ASIS) 
and the suparo-lateral point of the 
patella. 
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figure 3111 Patient with planned ventral skin/ 
subcutaneous defect and ventral hernia requir· 
ing muscle/skin paddle reconstruction. 

Figure 30.8 Skin paddle planned for abdominal 
wall reconstruction with a muscle flap. 

Figure 11.9 Patient with prior hernia repair and open 
abdominal wound that has granulated with a recur
rent hernia and skin/subcutaneous defect 
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Figura 31110 Bioprosthatic mesh insat \IIIith planned skin 
paddle/muscle flap reconstruction of the abdominal wall. 

saphenous arteriovenous loop is first created by anatomizing the distal saphenous 
vein (end-to-side) to the superficial femoral artery. 

When the RF muscle is included with a nap a distal tenorrhaphy of the vastus 
medialis and VL is performed with #1 polypropylene interrupted sutures for 10 em 
above the patellar tendon. Centralization and apposition of the vastus medialis and VL 
muscles provided a stable wound bed for skin graft adherence and potentially improved 
terminal knee extension. 

Donor sites are repaired with split-thickness skin grafts that are secured in place 
with resorbable quilting 4-0 chromic sutures and a negative-pressure wound therapy 
device. Postoperatively, knee immobilization for 1 week is accomplished with a soft 
knee immobilizer. 

Figure 31111 Inset of the muscle flap with skin 
paddle in place. 
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Distant Flaps 

Figur• 30.12 Closure af donor dafact and abdominal 
wall defect 

Several of the previously described naps may be used as microvascular free naps. Intra
operative decision-making whether to perform these flaps as pedicled naps or microvas
cular free flaps depends on factors such as vascular pedicle length, skin paddle size, 
donor site morbidity, and intraoperative positioning of the patient. Patients with large 
ventral defects may require flap reconstruction from a distant donor site and microvas
cular free tissue transfer. In these patients, the sheer size of the ventral defect may pre
clude any local abdominally based nap. In addition, lower extremity-based regional 
flaps and posterior truncal flaps may not reach the defect for pedicled flap reconstruc
tion. One main consideration in these patients is the location of the defect: with an 
abdominal defect in the :xiphoid region, the lower ribcage preserves the upper abdominal 
domain and essentially decreases flap transposition distance. For instance, component 
separation hernia repair is more effective in the relatively lax abdominal region below 
the subcostal area as compared with abdominal defects immediately below the xiphoid 
area secondary to resiliency of the lower 4 ribs. In this area flap reconstruction for large 
defects generally requires tissue from a distant donor site used as a free flap. For micro
vascular free tissue reconstruction of the abdominal wall, potential recipient vessels are 
located in the groin (i.e., femoral vessels), a:xilla (i.e., thoracodorsal pedicle), or chest 
(internal mammary). For additional pedicle length, vein grafts may be required for the 
arterial and the venous vessel length. Potential donor sites for free tissue transfer include 
many of the same sites for regionally based reconstruction such as the latissimus dorsi, 
serratus, ALT, and RF flaps. The latissimus dorsi myocutaneous flap has also been used 
as free tissue transfer and provides a broad-based muscle with potential innervation. 

POSTOPERATIVE MANAGEMENT 

The postoperative management of recurrent herniorrhaphy patients in the setting of 
regional flap reconstruction includes perioperative flap management in addition to routine 
postoperative herniorrhaphy management. Usually, these patients will have thromboem
bolic prophylaxis in the postoperative period. Regional flaps and cutaneous reconstruction 
require routine nap checks every 4 hours initially for color, capillary refill, and tempera
ture. The use of free tissue transfer in the setting of full-thickness abdominal wall recon
struction requires hourly nap checks and Doppler evaluation of a flap vessel to ensure 
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vascular patency. Any change in tlap vascular status generally requires an operative inter
vention. Physical therapy may be required for patients in the recovery period from the 
utilization of lower axb:emities as donor sites for tlap raconsb:uction. Similar to other 
ventral hernia repairs, patients have a period of activity restriction in the postoperative 
period. Complex wound management may be necessary in the setting of a contaminated 
wound with abdominal wound separation. These patients often have numerous drains in 
order to eliminate potential spact~ which are managed postoperatively . 

.) COMPLICATIONS 

Complications from combination recurrent herniorrhaphy in the setting of tlap recon
struction for the abdominal wall include bleeding, infection, sepsis, tlap/graft loss, 
delayed healing, reoperation, recurrent hernia, bulge, visceral injury, deep vein throm
bosis, pulmonary embolism, persistent pain, numbness of the incision site, and entero
cutaneous fistula. Additional specific complications include potential seroma formation 
between the bioprosthetic mesh and flap and potential increased donor site morbidity 
of harvesting muscle with the lower extremity-based pedicled tlap. Abdominal wound 
dehiscence in the setting of a biologic mesh may be managed conservatively initially 
in the majority of cases. Unlike a macroporous mesh, a biologic mesh has an ability to 
re-epithelialize when exposed. Initially, dressing changes and then negative pressure 
wound therapy have a significant ability to contract an abdominal wound. Once a 
wound is clean, flap re-advancement of the abdominal skin may suffice to close the 
wound. In more extrema cases, a second flap may be required to close the wound. 

Case Series 
We reviewed a series of patients from the senior author (Charles E. Butler) with abdom
inal wall defects that required a combination of a subtotal thigh musculofascial flaps 
and an inlay of bioprosthetic mesh (HADM) to enable a reliable, single-stage reconsb:uc
tion for large, composite abdominal wall defects that had at least 8 months' follow-up. 
Data collected included demographic data, co-morbidities, and indications for recon
struction, defect size, bioprosthetic mesh size, tlap type, complications, and outcome. 
The mean musculofascial defect size was 536.4 cm2 (range: 300 to 1,050 cm2). The mean 
subtotal thigh flap skin paddle size was 514 cm2 (range: 400 to 720 cm2

). 

Recipient site complications included partial flap necrosis (<2% of flap area) requir
ing debridement and tlap ra-advancament in one patient; no HADM infections, wound 
dehiscences, bowel obstructions, or seromas occurred in any patient during follow-up. 
One patient developed a 6 em hernia at the HADM-musculofascial interface 18 months 
postoperatively; the hernia remained constant, was asymptomatic, and did not require 
repair during the follow-up period. Other complications included a focal laxity/bulge 
in the HADM musculofascial reconsb:uction at 18 months without evidence of hernia 
by physical examination or CT in another patient 

~ CONCLUSIONS 

Large, composite abdominal wall defects either from hernia repair or tumor ablation 
can be successfully repaired using a combination of bioprosthetic mesh and skin/mus
culofascial flaps from various locations. 
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Introduction 
Par88tomal hernias arB unavoidable following the creation of intestinal conduits to the 
skin. By definition, all ostomies are hernias because there is a fascial defect to allow 
passage of the bowel. When additional intraabdominal contents protrude around the 
fascia at the stoma sits, patients may become symptomatic and warrant surgical inter
vention. The two types of parastomal hernias are the sliding enterostomal defect, which 
is herniation of the same segment of intestine that forms the ostomy, and the paraenter
ostomal defect, where a different organ other than the bowel that forms the stoma is 
involved (Fig. 31.1). 

The incidence of true parastomal hernias varies greatly and depends on how aggres
sively the surgeon investigates its presence. The incidence of parastomal hernia is 
quoted 88 30% to 35% on physical examination and increases to a rate greater than 
60% when computed tomography of the abdomen is included. Factors that increase the 
incidence of parastomal hernia formation include placement of the ostomy lateral to 
the rectus sheath, ostomy aperture greater than 2.5 em, and advancement in age. 

~ INDICATIONS/CONTRAINDICATIONS 

The majority of patients with parastomal defects are asymptomatic at presentation. 
The hernia presents itself 88 fullness or pain at the ostomy site. Frequently, the defects 
are found incidentally on computed tomography imaging of the abdomen for other 
pathology. Most asymptomatic parastomal hernias can be treated with "watchful wait
ing." Patients should be given the warning signs of a symptomatic hernia and espe
cially cautioned regarding the possibility of incarceration or strangulation of the 
hernia. 

The most common indication for repair of parastomal hernias is pain at the ostomy 
site. Obstructive symptoms, particularly nausea and vomiting, diminished ostomy out
put, and admissions for partial small obstruction, should be elucidated from the patienL 
Frequently, patients seek surgical intervention 88 a result of problems with the ostomy 
appliance consisting of either poor fit or leakage of enteric contents at the site. 

343 
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figure 31.1 Two types of parastomal hernia; (A} sliding enterostomal and (8} paraenterostomal. 

Contraindications for repair would include patients that are poor candidates for 
general anesthesia either from a cardiac or pulmonSIY standpoint. The inability to tol
erate genaral anesthesia will typically preclude a laparoscopic repair. Any decision 
regarding repair of parastomal hernias should consist of an appraisal of the risks versus 
benefits unique to each patient 

~J PREOPERATIVE PLANNING 

The best way to manage a parastomal hernia is to convert it to an incisional hernia by 
reversing the ostomy. Many times, patients have not been proparly considerad for 
ostomy reversal. This possibility needs to be addressed prior to embarking on a mesh
based repair of any parastomal defect. It may be necessary to locate previous operative 
or outpatient notes to identify this possibility. 

Many patients presenting for repair of parastomal hernias have additional comor
bidities that may complicate thair perioparative course. Achieving a durable repair of 
parastomal defects is difficult enough to warrant medically maximizing the patient as 
best as possible. 

Patients who use tobacco should be made to stop. Tobacco use has been demon
strated in several studies to increase the risk of wound and mesh infections. A urine 
nicotine level on the preoperative visit or the day of surgery may be drawn to exclude 
patients that continue to smoke. 

Morbid obesity frequently accompanies parastomal hernias. Frank discussion with 
patients regarding weight loss and potentially bariatric surgery should be had. This 
conversation takes on added importance in situations of multiply recurrent parastomal 
defects. 

The preoperative conversation with the patient should include expected postop
erative outcomes related to the hernia repair. The possibility of mesh infection and 
damage to the ostomy are real and should be discussed. The long-term recurrence rate 
is higher than for ventral hernia repairs and approaches 30% for all comers according 
to the literature. 

Imaging of the abdomen should be considered in patients with parastomal hernia, 
particularly if it is a recurrent defect with previously placed intraabdominal mesh. With 
laterally displaced defects, the landing zone for mesh may be compromised by the iliac 
crest. In this situation, bone anchors may be required to fixate the mesh laterally. 

Praoperative mechanical bowel preparation is not necessSIY. Many times bowel 
cleansing may complicate the repair as a result of drainage of intestinal contents from 
the ostomy during the repair. 
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G) SURGERY 

The surgical repair of parastomal hernias is divided into three main approaches: (1) 
Primary, suture-based repair of the defect, (2) relocation of the ostomy, and 3) mesh
based repair of the defect. A straightforward, suture repair of the parastomal defect does 
not provide a long-term solution, but may be the prefeiTed approach in a symptomatic 
patient who is a poor surgical candidate. Synthetic mesh or a biologic graft may be used 
as an onlay to reinforce a suture-based repair of a parastomal defect. Relocation of the 
ostomy is a viable option, particularly for large defects, but the concern is for creating 
two hernia prone sites on the abdominal walL The technique portion will focus on the 
mesh-based repairs of parastomal hernias. 

Preparation and Positioning 

Preparation of the parastomal hernia patient requires management of the ostomy prior 
to cleansing the abdominal wall of the patient. The ostomy site is closed with a purse
string suture of 2-0 silk. For ileal conduits, a catheter is used to cannulate the ostomy. 
The abdomen is prepped with povidone-iodine or silver chlorhexid.ine scrub. A sterile 
clear adhesive dressing (Tegaderm) is placed over the ostomy site. The entire abdomen 
is then covered with an adhesive iodine-impregnated drape (Ioban). 

Systemic antibiotics are given preoperatively just as with a mesh-based incisional 
hernia repair and consist of a first-generation cephalosporin given 1 hour prior to inci
sion. The dose is adjusted for weight and re-dosed at 4 hours. Prophylaxis for deep vein 
thrombosis should be instituted with sequential compression hose and subcutaneous 
heparin for high-risk patients. 

Open Repair 

Mesh can be placed either in the retro-rectus or intraabdominal position in the repair 
of parastomal defects. A midline approach is preferred given that most cases have a 
midline incisional defect as well. The patient is positioned with the arms out and pad
ded. A urinary catheter is placed for decompression. The previous midline cicatrix is 
excised. The abdominal cavity is entered and adhesiolysis is undertaken. The contents 
of the hernia sac are reduced and the fascial edges are delineated. Excision of the her
nia sac is not necessary. 

The posterior sheath of the rectus is identified and carefully dissected free of the 
rectus muscle. The retro-rectus space is developed on both sides out laterally to the 
insertion of the oblique muscles. On the side of the ostomy, the posterior sheath is dis
sected off the edges of the parastomal defect. 

If the parastomal defect is in the midbody of the rectus muscle, there should be 
enough overlap for placement of mesh. If the ostomy defect is outside of the rectus 
sheath or adjacent to the lateral edge of the rectus sheath, the posterior sheath can be 
carefully incised at the lateral edge of the rectus to enter the preperitoneal space and 
allow for lateral placement of mesh (Fig. 31.2). 

The posterior rectus sheath is re-approximated in the midline utilizing a long-acting 
absorbable monofilamented suture. This maneuver effectively walls off the visceral sac 
and allows for placement of uncoated synthetic mesh. The defect in the posterior fascia 
at the ostomy site is closed snug around the intestine. A fiat, uncoated synthetic mesh 
is placed in the retro-rectus space. We prefer a macroporous, partially absorbable, poly
propylene mesh in this situation. An effort is made to achieve at least 5 em of mesh 
overlap to defect A keyhole is cut in the mesh to position it around the bowel con
structing the ostomy (Fig. 31.3). 

The mesh is secured in a transabdominal fashion utilizing a non-absorbable, mono
filament suture. A suture passer is used to pass sutures through stab incisions in the 
slc:in (Fig. 31.4). Stitches are placed superiorly and inferiorly in the midline, as well as 
a single suture laterally at the midpoint of the mesh. The anterior rectus sheath is then 
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Figur• 31.2 A lateral release allows 
for placement of mash beyond tha 
boundary of tha rectus sheath. 

closed over the top of the mash to provide vascularized coverage of the synthetic. The 
subcutaneous fat and skin is loosely closed with skin staples. 

The repair of parastomal defects can be achieved with the intraabdominal place
ment of mesh as wall. The technique of an intraperitoneal placement of mash (IPOM), 
for the repair of parastomal hernias, was first described by Dr. Paul Sugarbaker in 1985. 
It eHectively allows for appropriate overlap of the hernia defect while providing a con
duit for the bowel to course from the skin to the intraabdominal cavity. It also avoids 
slitting the mesh as described in the "keyhole" repair. 

The approach for the Sugarbaker repair is similar to the open keyhole described 
earlier. The principle diHerence arises at the time of mesh placement. After reducing 
the hernia contents and identifying the bowel forming the ostomy, the bowel islateral
izad along the side wall by placing a paxy suture. An appropriate sized mash ensuring 
4 to 5 em of overlap is then chosen to cover the defect. The mesh eHectively forms a 
sling, or hammock, for the suspended bowel (Fig. 31.5). The defect may or may not be 
suture closed around the bowel depending on its size. 

The mesh is secured in a transabdominal manner in at least five points. The peri ph· 
ery can be sutured or tacked to ensure that intraabdominal contents do not herniated 
around the edges of the mash. 

Laparoscopic Repair 

The laparoscopic technique provides benefit by reducing the incidence of wound and 
mesh-related infectious complications. The two techniques of mesh placement are the 
keyhole and modified Sugarbaker. The latter is preferred. 

Figur• 31.3 Tha mash is kay-holed to 
allow for positioning around tha ostomy. 
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figure 3U Transabdominal sutures 
are placed to sacura tha mash. 

The patient is positioned similar to a laparoscopic ventral herniorrhaphy. A urinary 
catheter is placed. The patient's arms are tucked and generously padded. Initial access 
is achieved according to surgeon comfort. We prefer an optical trocar in the subcostal 
spaa~ on the side opposite the ostomy. Additional trocars are placed laterally to assist 
with adhesiolysis and mesh placement (Fig. 31.6). 

Meticulous adhesiolysis is then performed. Energy sources should be used spar
ingly and judiciously during this portion of the case. It is important to clear the midline 
to identify potential incisional defects. The contents of the harnia sac are reduced; 
however, special care must be taken to identify the bowel forming the ostomy. The 
bowel is mobilized for an adequate distance to allow for lateralization of the bowel 
segment for mesh coverage. 

The edges of the fascial defects are delineated with spinal needles. An internal 
metric ruler measures the dimensions of the fascial defect An appropriate sized mesh 
is chosen to provide 4 to 5 em of overlap. The mesh is prepared for implantation by 
placing sutures at the midpoints of the sides except on the lateral aspect of the mesh. 
Here, sutures are placed approximately 6 to 8 em apart to allow for the passage of the 
bowel. The superior and inferior sutures are brought out in a transabdominal fashion, 
ensuring the appropriate overlap. The medial most suture is then brought out The mesh 
should be relatively taut. The three sutures are secured. The lateral edge of the mesh 
is placed in a manner to create a sling for the lateralized bowel of the ostomy (Fig. 31.7). 
As with the open intraabdominal mesh repair, the bowel may be sutured to the lateral 
side wall to assist with mesh placement. The final two sutures are brought out just 
above and below the course of the bowel to secure the lateral edges of the mesh. The 
mesh is then circumferentially secured with a tacking device at the periphery. Tacks 

Figure 31.5 lntJaperitoneal placement 
of mesh UPOM) creates a sling of the 
bowel forming the ostomy. 
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Figur• 31.6 Trocar placement for 
laparoscopic repair of parartomal 
hernia. 

can be placed along the course of the lateralized bowel with care not to injure the 
intestine (Fig. :u.s). 

Additional transabdominal sutures are placed at each quadrant. Sutures are placed 
approximately 5 to 7 em apart It is more important to fixate the mesh laterally where 
the bowel courses around the mesh. A monofilament suture of either non-absorbable or 
slow-absorbing polymer should be chosen. 

Mesh Choices 

The mesh choices for parastomal hernia repair are numerous and should be tailored to 
the patient. The choice of mesh polymer will depend on a variety of factors such as the 
surgical approach (open or laparoscopic), the location of the mesh (onlay, retro-rectus, 
or intraperitoneal), and type of repair (bridging or reinforcing). A synthetic mesh that 
resists intanse in-growth into the adjacent viscera is ideal for parastomal herniorrhaphy. 
Expanded polytetraflouroethylene (ePTFE) works very well especially for laparoscopic 
repairs. In open repairs, ePTFE may be used, or a polypropylene- or polyester-based 
mesh with an absorbable coating. There is always a theoretical concern with 
polypropylene or polyester mesh resting against the bowel once the absorbable barrier 
is gone. Biologic and bioresorbable meshes have been used for this very reason. These 
"absorbable" materials should preferably be used in a reinforced case so as to minimize 
recurrence. 

Figur• 31.7 The lateral sutures are 
placed last in the laparoscopic 
repair. 
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Figur• 31.1 Tackl ara placad along 
1ha conduit whara 1ha intaltina lOOts 
1ha ma1h. 

Macroporous, light-weight synthetics perform much differently from the heavy
weight polypropylene materials of the past. A partially absorbable, macroporous poly
propylene mesh is preferred for open retro-rectus repair of parastomal defects. It is also 
the mesh used preferentially for reinforcing ostomy sites in a prophylactic effort. 

POSTOPERATIVE MANAGEMENT 

The postoperative care of the parastomal hemia. patient is very similar to that of a ven
tral hernia patient Pain control is the most important initial concern. Patient-controlled 
intravenous analgesia with either morphine or hydromorphone is instituted. An epi
dural pain catheter may be placed preoperatively particularly for open cases. If the 
patient's renal function tolerates it, intravenous ketorolac can supplement the analgesic 
regimen. Diazepam can be used to treat muscle spasms of the abdominal wall. Once 
bowel function returns, oral analgesics are instituted. A stool softener is given starting 
on postoperative day 1. 

Daily monitoring of vital signs is important, just as with any postoperative ventral 
hernia patient. Elevations in temperature curves or unexplained tachycardia should 
raise the suspicion of potential bowel injury. These findings should be correlated to the 
physical examination. Early recognition of bowel injury is critical with any hernia 
patient. Special attention should be given to the ostomy on a daily basis. The viability 
of the ostomy should be assessed by visual inspection. 

Early ambulation is encouraged to avoid the potential deep venous thrombosis. 
Subcutaneous heparin and sequential compression hose are continued during the hos
pitalization. 

The urinary catheter is removed on postoperative day one. Drain output is recorded 
for each 24-hour period. For synthetic mesh, drains are typically removed at 48 to 
72 hours regardless of drain output For biologic or bioresorbable grafts, drains are left 
in place until the daily output is less than 30 m.L. 

Patient disch.arge goals are the ability to tolerate a diet with resolution of bowel 
function, ambulation, and pain control with oral analgesics. Most patients are dis
charged between hospital day 4 and 5. 

) COMPLICATIONS 

Wound infection is not insignificant especially following an open repair. Even though 
the repair of parastomal hernias is technically a clean-contaminated case, the incidence 
of wound complications is not necessarily higher when compared to ventral hernior
rhaphy. Erythema of the wound or purulent discha.rge should be treated by opening of 
the wound with wide drainage. 
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Seroma formation is common especially after a laparoscopic repair. Seromas are 
largely ignored unless they cause excessive pain or ischemia of the overlying skin due 
to pressure. Percutaneous aspiration can be performed under sterile conditions with 
concern given for potential mesh contamination. 

lleus frequently results after the repair of parastomal hernias regardless of the 
approach used. Rarely, gastric decompression is required, but we do not routinely place 
nasogastric tubes following hernia repair. With a prolonged return of bowel function, 
investigation into a potential bowel obstruction should be undertaken. There should 
always be concern for potential obstruction at the site where the bowel courses around 
the mesh. Computed tomography of the abdomen is the best way to evaluate this possibil
ity and should be considered if bowel function has not returned by postoperative day 5. 

Persistent pain can be seen beyond 6 weeks following mesh repair of parastomal 
hernias. The pain almost always occurs at suture sites. Patients describe a burning or 
pulling sensation with movement. These suture sites can be injected with 30 mL of a 
mixture of lidocaine and bupivacaine: however, this treatment is rarely required. 

Mesh infection is always a concern following any type of hernia repair. Fortunately, 
the incidence is low; however, the consequences are grave. The management of mesh 
contamination is extensive and many times requires mesh removal. In patients who 
present with erythema of the abdominal wall or delayed abdominal pain over the mesh, 
CT imaging of the abdomen should be obtained. Fluid collection above or deep to the 
prosthetic that contains air is a mesh infection and treated as such. The fluid may be 
aspirated and sent for gram stain and culture. The mesh should be removed if it has a 
component of expanded PTFE. Attempts to salvage the prosthetic should involve open 
drainage of the t1.uid collection with negative pressure vacuum therapy. This maneuver 
may be successful with light-weight polypropylene materials, but less so with polyester
based materials. 

~ RESULTS 
Recurrence rate is the ultimate outcome metric following any hernia repair. The inci
dence of recurrence following any hernia repair directly depends on the rate of follow
up. Ideally, all hernia patients should be seen at a minimum of 1 year postoperatively 
before any assessment of recurrence is made. 

The literature reports a variety of techniques for repair of parastomal hernias. Most 
series are small in number and combine techniques or involve multiple centers. Many 
reports have fewer than 10 patients and emphasize novel techniques of repair as 
opposed to stressing a consistent repair with acceptable recurrence rates. 

The review of the published literature in regards to recurrence rate is a lesson in 
humility. Not surprisingly, the primary suture repair of parastomal hernia exhibits an 
unacceptable rate of recurrence ranging from 53% to 76%. The results after resiling the 
stoma are slightly better with regard to recurrence. The incidence of recurrent paras
tomal hernia ranges from 24o/o to 33o/o; however, morbidity is higher and there is an 
increased risk of incisional hernia formation at the old ostomy site. 

Mesh-based repairs are touted as having superior recurrence rates. The use of syn
thetic mesh in the repair has recurrence rates ranging from Oo/o to 46o/o. The difficulty 
in interpreting this literature, however, is the wide variation in technique and the small 
number of patients in the studies. The higher recurrence rates are reported with the slit 
or keyhole technique of placing the mesh around the stoma site. 

The concern for placing synthetic mesh in close proximity to the bowel in the 
repair of parastomal hernias is the theoretical possibility of mesh infection and mesh 
erosion. Most studies in the literature have very few, if any, mesh-related complications. 
Nevertheless, some authors have advocated the use of biologic grafts to ameliorate some 
of the potential complications with synthetic mesh. A systematic review of the use of 
biologics demonstrates a recurrence rate of 15.7% and wound-related complications in 
26.2% of patients. These results are not much better than synthetics with increased cost 
of material. 
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No data exists to tout the superiority of any particular technique for parastomal 
hernia repair. In spite of the lack of support, the laparoscopic approach utilizing the 
modified Sugarbaker technique seems to be the preferable technique. The recurrence 
rates with this technique are reported at less than 10%. Morbidity is not insignifi.cant 
and the length of follow-up is relatively short 

~ CONCLUSIONS 

Parastomal hernias 81'S one of the most challenging abdominal wall defects to fix with 
durable results. Much like the repair of paraesophageal hernias, recurrence rates 
approach 30% when efforts are made to repair a defect at a site where an enteric struc
ture must continue to pass. The numerous methods of repair of parastomal hernias 
speak to the uncertainty in the preferred technique to approach this difficult problem. 

There are a multitude of techniques both laparoscopic and open that have bean 
described over the yeaxs. Given their problematic nature, a preventive approach toward 
parastomal hernias has been taken and may be the future answer. Some advocate mesh 
reinforcement of the ostomy site at the time of creation, and there is growing, prospec
tive data to support this technique. 
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~ INDICATIONS/CONTRAINDICATIONS 

In g9Jlaral, a laparoscopic rapair of an incisional or vantral harnia (LIVH) can ba 
considered for any individual who is stable enough to undergo a general anesthetic. 
The majority of these patients will have developed a hernia following an open 
intraabdominal procedure or will hava had ana or mora failad hernia repairs by 
either the open or laparoscopic mathod. Tha indications most commonly used are as 
follows: 

• Fascial defect size >3 to 4 em in a non-obese patiant 
• Fascial defect 0!:2 em in obese patients 
• Racurrent harnias with or without multiple defects 

Most pati9Jlts will fit into one of the above catagorias, howavar, thare are circum
stances that naad to ba considered wherein an open procadure might be the batter 
option such as: 

Infected or exposed mesh 
Thin skin with direct adherence to the underlying intestine 
Hernias larger than 15 em in transvarse dimension 
Unusual locations such as a "denervation" flank. hernia (although a combinad approach 
can be used) 
Extremely extensive intraabdominal adhesions 

Exposed or infected mesh will need excision and other therapy to close the defect 
that cannot be effectively dealt with by the laparoscopic approach. The second situation 
may hava rasulted in vascular supply to tha overlying skin by the intestina (as prior 
open abdomen with skin graft) resulting in skin necrosis with dissection of the under
lying adherent intestine for the repair. Very large hernias will require component sepa
ration. The hernias that commonly develop after naphractomy result from transection 
of tha innervation to the abdominal wall musclas. This will not provide an acceptable 
cosmetic result in most patients (but a combination of open and laparoscopic approach 
can be applied successfully). The last consideration is based upon time factors. If the 
laparoscopic adhesiolysis will incur oparative times of 3 to 4 hours alone, then an op9Il 
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approach will likely be quicker: however, here again, a hybrid approach could be 
applied. 

V PREOPERATIVE PLANNING 

In most patients, routine laboratory testing as per their age and co-morbidities will be 
suflicient. Elderly patients or those with significant heart or lung disease may be at risk 
for an inability to tolerate the required insufflation pressures. They may require preop
erative cardiac and pulmonary assessments. It is preferable for the morbidly obese 
patient to lose 10% to 15o/o of their weight preoperatively. This will aid in the repair 
and significantly improve the available intraabdominal space with which to perform 
the repair. In patients with prior abdominal procedures, especially if these ware hernia 
repairs with mesh, it is beneficial to obtain the operative reports from the prior surgical 
procedures (when possible). 

A CI' scan is helpful in most casas but is not always necessary. It is especially use
ful for large, multiple or unusually located hernias. In some cases, a previously placed 
mesh and/or tacks used for fixation may be seen. This will assist in planning the pro
cedure. If performed, this should be dona with oral contrast to identify any intestinal 
contents within the hamia. 

All patients should not be nutritionally depleted. All patients who smoke should 
cease for at least 3 to 4 weeks prior to the operation to diminish complications such as 
wound infection. If there has been a prior mesh infection, it is desirable to delay the 
repair for 3 to 6 months to ensure adequate clearance of any bacteria. Additionally, one 
should then use prophylactic antibiotics specifically used for the prior bacterial infec
tion as these pose a particularly high risk. The usa of purgatives is not necessary unless 
the colon is located within the hamia contents. 

6) SURGERY 

LIVH procedures will begin the introduction of general anesthesia. Nasogastric suc
tion is used selectively. If the procedure is felt to be relatively uncomplicated and 
short in duration, a urinary drainage catheter is unnecessary. If the location of the 
hernia is in the lower portions of the abdomen, a three-way catheter should be used. 
The bladder can be tilled with salina to ease its identification for dissection and place
ment of transfascial sutures. Sequential compression devices should be used because 
of the nature of these operations. Prophylactic anticoagulation should be considered 
as wall. 

Positioning 
The supine position will be used in the majority of these cases. However, if the hamia 
is located in the fiank, lumbar, or other areas the patient will require positioning on their 
side at least to some extent. A "bean-bag" for this purpose is very supportive. If the 
hamia is the upper abdomen, the arms do not need to be tucked. It is preferable (if the 
habitus of the patient allows) to tuck them for hernias in the lower abdomen for techni
cal maneuvers related to the procedure. After widely draping the patient, an iodine 
impregnated plastic drape should be used over the skin. 

The monitors that are used for any laparoscopic operation should be placed so that 
the surgeon is looking directly into them with no strain on the neck of the operator. 
This is an ergonomic consideration that is frequently forgotten. There should be one on 
either side of the table for all of the participants of the procedure to visualize (Fig. 32.1). 
The operating tabla should be able to assume Trendalenbarg (and reverse) positions as 
well as roll side to side (airplane maneuver). 



Anesthesiologist 

Scrub tech 

s,.. ...... ~ 

Monitor 
(Far lower abdomen procedures) 

Technique 
There are several steps to the operation: 

• Access to the abdominal cavity 
• Laparoscopic selection 
• Methods and instruments of adhesiolysis 
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Assistant 

Figur• !2.1 Typical operating table 
and room set-up. 

• Identification and measurement of the defect(s) 
• Potential of defect closure 
• Choice and introduction of the prosthetic material to repair the hernia 
• Fixation of the product 

The initial consideration with alllaparoscopic procedures should be the method and 
location of the anb:y into the abdominal cavity. All methods are applicable to LMI. Most 
surgeons prefer the subcostal regions for the initial entry regardless of technique. If there 
is a hernia in these regions or if the trocar placement in that location is not appropriate, 
other sites will be used. Generally, three to four trocars will be used. I believe it best to 
place at least one trocar on the opposite side of the abdomen to adequately visualize the 
contents of the abdomen during dissection and fixation (Fig. 32.2). After the introduction 
of each successive trocar, the laparoscope should be inserted to view the areas from that 
perspective to assure the locations of the intestine and the adhesions. 

Currently, the use of 5 mm laparoscopes is most common. However, if the optics 
are not best, the 10m scopes would be needed. The latter scopes are able to withstand 
mora torque than their smaller counterparts. Most surgeons will usa the 30° scopes but 
many prefer the 0° while the 45° can occasionally be useful. 

Without question, the lysis of the adhesions of these individuals can be the most 
challenging portion of the operation and constitutes the largest segment of time involved 
(Fig. 32.3). The options include blunt dissection, cold or hot scissor dissection, bipolar 
cautery, or ultrasonic dissection. Blunt dissection is better suited with filmy adhesions. 
Cold scissor dissection should be used in close proximity of the intestine. The latter 
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Figur• 32.2 Typical trocar placement for upper lA) and lower IB) hernias. 

three options are very helpful when omental or vascularized adhesions require lysis. In 
all casas, one should baas certain as feasible that there is no bowel adjacent to the areas 
where these are used to avoid injury. 

Once all of the adhesiolysis has been completed, all of the fascial defects should 
be identified (Fig. 32.4). It is important to perform wide dissection including the 
praparitonaal fat that will prevent the prosthesis from contacting the fascia into which 
it must attach. It is especially important in the upper abdomen to dissect the falciform 
ligament away from the fascia such that there can be a 5 to 8 em overlap of the mesh 
in this area if there is a subxyphoid hernia (Fig. 32.5). Similarly, in the pelvis, the 
bladder must ba brought down to expose Cooper's ligament so that the mash can ba 
fixed to that structure if the hernia is suprapubic (Fig. 32.6). There are a multitude of 
options of measurement of the defect(s). Sizing can be difficult in a fully insufflated 
abdomen; therefore, in most instances all of the carbon dioxide should ba released for 
measurement. I prefer to place marks at the four cardinal points of the dafect(s) with 
the fully infiated abdomen (Fig. 32.7), then measuring once all of the C02 is released 

Figure 3U Extensive small bowel 
adhesions to antErior abdominal wall. 
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Fi1ura 3U A few hernia d&feC'tJ 
visualized laparoscopically. 

Fig11ra 32.5 Fully dissected 
falciform ligament 

Figura 32.& Suprapubic hernia with 
dissection of Cooper's ligament 

Figura 32.7 Fully insufflated abdo
men with marks outlining the 
hernia defect 
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figur• 32.8 Measurement of the 
dafect using thasa marks after 
dasufflation. 

(Fig. 32.8). If multiple defects are present, one should measure from the farthest apart 
margins in all directions. Additionally, one should provide mesh coverage under all 
of the existing incision to mitigate future development of hernias at a site not covered 
by the prosthesis. 

There has been a developing opinion that, when feasible, the fascial defects should 
be closed prior to mesh placement It is felt that this might prevent re-herniation, 
improve the cosmetic result, and restore the respiratory function of the abdominal mus
cles. This can only be done with hernias that measure less then 5 to 6 em, in most 
cases. Transfascial sutures are passed after the insufilation pressure has been reduced 
as much as possible (typically 8 mm Hg) (Figs. 32.9, 32.10). There are many products 
available for the repair of these hernias. All of these materials are designed to inhibit 
the potential for adhesion development to the product on the visceral surface while 
encouraging tissue ingrowth into the opposite parietal surface. These "tissue-separating" 
meshes accomplish this with either an absorbable layer (Table 32.1) or a nonabsorbable 
material (Table 32.2). It is beyond the scope of this chapter to discuss the characteristics 
of these materials but there are sources that detail these products. The choice should 
be based upon the available literature and science but surgeon experience and prefer
ences will dictate the choice in most cases. It is important, however, to provide an 
overlap of all fascial defects by at least 5 em unless it is not possible to do so. This 
prosthesis chosen may also impact the choice of fixation methods. 

The mesh will be rolled into a tubular shape with or without pre-placement of 
sutures. It can be introduced either directly through the trocar or with the trocar 
removed. In the latter instance the product is pulled into the abdominal cavity 

Figure 32.9 Typical hernia defect 
before closure with ttansfascial 
sutures. 
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Figura 3UO The same hernia dahlct 
after closura with transfascialsutures. 
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Figur• !2.11 Mash with initial two 
sutures in placa, axturior. lnsat: 
Rolled mesh grasped by an instru· 
ment with tha trocar removed; tha 
mesh as it is pulled into tha 
abdominal cavity. 

Figur• !2.12 Usa af tha Sorbafix 
fastener devica. 

(Fig. 32.11). It will be unrolled and manipulated into place with the hernia defects 
cantered on the mesh. Fixation will then commence. 

Fixation is an 8I'8a of controversy. While most surgeons include the placement of 
transfascial sutures to fixate all prosthetic products, many do not. Evidence exists that 
the smaller hernia defects may not require transfascial sutures but the defects larger 
than 5 em should include them. If 2 to 4 sutures have been pre-placed, they will be 
pulled through the abdominal wall assuring that that the defect(s) are adequately cov
ered by one of several devices designed for that purpose (Fig. 32.12). If no sutures have 
bean placed, the prosthesis will be held up to the abdominal wall and fixed with fasten
ers of soma type. Historically, permanent devices were used exclusively (Table 32.3). 
Recent availability of absorbable fasteners have allowed fixation with products that will 
not remain after 12 to 18 months (Table 32.4). Most commonly, transfascial sutures are 
placed 5 to 6 em apart followed by one or two rows of the fasteners 1 to 2 em apart 
(Figs. 32.13-32.18). 

Once the procedure itself has been completed, a final inspection of the intraab
dominalstructures to assure that there is no excessive bleeding and the intestine should 
be examined to the extant possible to assure that no injury has occurred. It is virtually 
impossible to "run the bowel" completely in these patients due to adhesions but an 
attempt should be made. At this point all instruments and trocars are removed. Larger 
cutting trocar fascial incision sites should be closed. Skin closure follows by whatever 
method is preferred. 
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Fig•• 32.13 Usa of tha suture 
passing device placing a 
transfascial suture. 

figure 3Z.14 Laparoscopic view 
grasping of the transfascial 
suture. 



362 P1rt IV Laparoscopic Abdominal Wall Hernia 

( 

Figur• !2.15 Empty suture passer with suture baing placed 
onto it prior to introduction of the additional transfascial 
sutures. 

Figure !Z.1& Final view af properly 
placed sutures and Sorbafix 
fasteners. 

Figure 32.17 View of uncut transfa&
cial sutures. 
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Figur• !2.18 Comphrted procedure. 

-

POSTOPERATIVE MANAGEMENT 

All patients have an abdominal binder placed in the operating room. This assists with 
pain relief and minimized the development of a postoperative seroma. Intravenous 
fluids era only continued if the patient is to be admitted. The urinary drainage catheter 
and nasogastric tube are removed in the operating or recovery room unless deemed 
necessary. 

Approximately 30% to 50% of these patients can be sent home immediately after the 
procedure. Another 25% will be kept within the hospital with only an overnight stay. 
The choices of admission versus a limited stay will be determined by the co-morbidities 
of the patient, the amount of pain experienced postoperatively, and if there ere concerns 
regarding complications such as intestinal injury. The larger hernias that require extensive 
adhesiolysis will frequently develop an ileus and may become dehydrated. These will 
also be more likely to have significant postoperative pain resulting in an admission. 

Early ambulation is encouraged, as is aggressive pulmonary toilet efforts. Diet is 
progressed as tolerated. Activities of daily living and employment are allowed accord
ing to the pain of the patient. It is preferred that the abdominal binder be worn for 1 
to 2 weeks if possible. 

_.) COMPLICATIONS 

The mora common adverse issues following these procedures can be categorized into 
the minor (and more frequent) events and the problematic major complications. 

• Minor 
• Seroma 
• naus 
• Pain 

• Major 
• Hemorrhage 
• Intestinal injury 
• Mesh infection 
• Recurrence 

Virtually all patients will develop a postoperative seroma after this operation. This 
is due to the fluid that is secreted by the peritoneum within the hernia sac. Not surpris
ingly, the larger the hernia sac, the larger the seromatous collection that may be sean. 
The use of the abdominal binder will greatly aid in the prevention or diminution of 
this fluid. Like a seroma, an ileus is a very frequent occurrence. In fact, these are so 
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common that many do not consider these complications but rather a consequence of 
the procedure itself. An ileus that requires treatment occurs in approximately 8% of 
the cases. It is usually short-lived and easily treated with nasogastric suction. The real 
concern when an ileus develops is that this may mask the more ominous problem of 
an enterotomy. Pain following these procedures very commonly exceeds that of the 
original open laparotomy. It is said to be especially seen when transfascial sutures are 
used. However, recent data suggests otherwise. It should be treated with appropriate 
analgesics. It, too, can make the diagnosis of an inadvertent enterotomy more difficult. 

Fortunately, major complications are uncommon. Major hemorrhage is rarely seen 
but can result from penetration of the inferior epigastric vessels with one of the fixation 
methods. Transfascial sutures above and below the puncture site can control it. Omen
tal or mesenteric hemorrhage is uncommon and is usually avoided by the use of one 
of the devices designed for control such as the ultrasonic shears. 

Intestinal injury can occur despite the most judicious use of any instrument whether 
it includes an energy source such as cautery or ultrasonic dissection. This will occur 
in approximately 1.78% of these procedures. The potential sources of injury include: 

Instrument exchange 
Traction 
Scissor (cold) 
Energy source bum 

Instrument exchange injuries occur by the introduction of them into the abdominal 
cavity. This can occur at the start of the procedure with introduction of a trocar whether 
a Veress needle, Hassoon technique, or an optical trocar is used. This is uncommon but 
underscores the fact that at the introduction of every trocar, the laparoscope should be 
inserted into it to inspect the area near it and to locate the placement site of the next 
trocar. 

Traction injury can occur from the grasping of the intestine to reduce the hernia 
contents, to aid in dissection, or simply during manipulation of the bowel. This can 
result in a simple serosal tear that may or may not require repair. It can result in expo
sure of the mucosa or even penetration into the lumen of the intestine. When recognized 
these should be oversewn either laparoscopically or open depending upon the surgeon's 
comfort level. One should observe the patient closely postoperatively for potential leak
age from these repairs. 

Scissor dissection is an integral part of all hernia repairs. One can injure the bowel 
by merely rubbing the tips of the scissors against them to dissect them away from the 
abdominal wall. This should be treated similarly to the traction injury described above. 
Frank laceration into the intestine or bladder can occur despite utmost care. When the 
injury is severe and exposes a large portion of the mucosa, the surgeon should base the 
ability to close this intra- or extracorporeally by the size of the defect and his or her com
fort with laparoscopic suturing. If it is elected to close extracorporeally, a small laparotomy 
can be made or a trocar site can be enlarged to exteriorize the bowel to repair or resect it. 

When in close proximity to the intestine, the use of any energy source should be 
avoided. This energy can be transmitted some distance laterally and result in a bum 
that may not be apparent to the surgeon at that time and result in a bum that may not 
necessarily result in a full thickness perforation at that time. Instead, this may become 
manifest 2 to 4 days later. The largest risk of this lateral bum, in increasing order, occurs 
with the bipolar cautery, the ultrasonic dissection, and monopolar cautery devices. The 
obvious signs of potential injury such as blanching, charring or an obvious perforation 
will alert the surgeon to treat these as a full thickness injury. 

Once an injury is recognized, a decision must be made as to how to manage not 
only it but also the hernia repair. The primary goal at that point is to repair the poten
tial or real perforation. This should be handled in the same fashion as that described 
above for a scissor injury. In general, if there is a lack of or minimal contamination, the 
hernia repair could proceed as planned. If there is a colonic injury, a moderate or great 
amount of spillage, the injury should be treated and the hernia repair delayed for at 
least a few days. However, in the era of available biologic products, consideration could 
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be made to proceed with a biologic mesh repair rather than the use of a synthetic one. 
A primary repair is, of course, an option but this would be the least preferable option. 
Antibiotics should be continued for the appropriate length of time after such an avant 

Mesh infection is an uncommon event (1 o/o to 2%). If this is a small and contained 
area, an attempt to treat this with incision, drainage, and application of a vacuum 
assisted system is justifiable. If this fails, local or complete removal of the product will 
be necessary. Following that, continued treatment with vacuum assistance or repair 
with a biologic mesh can be performed. 

Recurrence is the standard by which these procedures are judged with low rates 
are reported (5% to 6%). These patients can be once again treated with an LIVH (or 
open if deemed necessary). Complete dissection of the hernia defect(s) should be per
formed again. If the prior prosthetic material was, all or in part, based upon expanded 
polytatrafluoroethylana (aPTFE), this portion should either be fenestrated or removed 
to allow for adequate tissue ingrowth from the newer prosthesis. Additionally, the use 
of more than the normal number of transfascial sutures would be highly recommended. 

~ RESULTS 
The outcomes following this procedure are excellent, with the lowest recurrence rates 
of most of the available techniques. Ultimately, the abdominal contour of the patient 
will be very near that of the pre-hernia condition in the majority of cases. The ability 
of the patient to return to productive employment without restriction is excellent 

~ CONCLUSIONS 

This vary affective technique is one that most surgeons can perform. Important details 
to adhere to include: 

• Patient selection 
• Adequate preoperative evaluation and preparation 
• Safe adhasiolysis 
• Identification and measurement of all fascial defects 
• Use of an appropriate prosthetic material with a 5 em overlap of the fascial defect 
• Fixation that is firm and sure 

Future improvements in laparoscopic instruments, mash technology, mesh intro
duction products, and fixation methods will provide for broader adoption and applica
tion of this valuable technique. 
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33 Endoscopic Separation 
of Components 
Ashley H. Vernon and Ryan R. Gerry 

~ INDICATIONS/CONTRAINDICATIONS 

Ramirez published his 9Xperi9Dce with the "separation of components" procedure 
in 1990 for the closure of complex abdominal wall hernias, and since this time the 
use of component separation has become widespread for this indication. His original 
paper describes complete mobilization of the 9Xtemal oblique muscle and its apone
urosis from the rectus and internal oblique which resulted in the ligation of perfora
tors of the deep inferior epigastric artery and deep circumflex iliac artery to the 
overlying skin. The Achilles heel of this procedure is that it creates skin flaps that 
are relatively ischemic, which makes these flaps prone to wound probl8ID.8, including 
superficial wound infection and necrosis. Modifications of the original procedure 
that preserve the perforating vessels to the overlying flaps have been adopted in 
attempt to preserve the perfusion to the overlying flaps and reduce these complications. 
Endoscopic release of the 9Xtemal oblique aponeurosis and compon9Dt separation, 
otherwise known as bilateral endoscopic component separation (BECS), incorporates 
several improvements in technique which reduce complications inherent to the open 
procedure. The most significant improvement is that the perforating vessels are nat 
disrupted and there is no soft tissue undermining. 
Additionally, the incisions used to create the release are separated from the midline 
wound which &Dsures that any wound complications created by the release will nat 
undermine the primary repair. 
The durability of the open component separation is well documented with wound 
healing rates approaching 100%, even in contaminated wounds. The longevity of the 
repair, however, is less certain and may depend upon augmentation with permanent 
mesh. The endoscopic component separation draws on the strengths of the open 
version as it has been demonstrated to have similar physiologic and anatomical 
characteristics. 
BECS is gaining popularity because of lower wound complication rates compared 
with the open technique. The past decade has been notable for an increased avail
ability of bioprostheses that can be used in contaminated wounds. Experience with 
these products has highlighted the need to restore the muscular function of the 
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abdominal wall. Combining BHCS and underlay mesh to reinforce a primary closure 
at the midline achieves the bast functional outcome with the lowest parioparative 
complications. 

• Indications for BHCS with ventral hernia repair, include but are not limited to (1) 
contaminated hernias in which parmanant mash is contraindicated, (2) moderate to 
large-sized vantral hernias, and (3) hernia-associated symptoms due to l&~ga abdom
inal wall deformity, for which primary closure of the abdominal wall in the midline 
will restore normal abdominal contour. 

• Prior surgery of the lateral abdominal wall may pose difficulty with dissection due 
to adhesions. It is impossible to develop the plana batwaan the oblique muscle lay
ers whan they are fused at an old wound. The most commonly ancountered lateral 
deformities which prohibit BECS are open appendectomy scars and stoma sites. 

V PREOPERATIVE PLANNING 

• In the elective setting, nutrition is maximized with enteral or parenteral feeding: 
infection should be adequately treated; and obese patiants have lost weight under 
the guidance of a dietitian and surgeon. 

• Preoperative abdominal CT assists in determining the size of the abdominal wall 
defect and in idantifying the lateral border of the rectus abdominis muscles. 

~ SURGICAL PROCEDURE 

Positioning 

• The patient should ba in the supine position with a wide surgical field, including 
the costal margins and the lateral abdominal wall. 

• Tucking both arms at the patient's side is helpful since both the surgeon and assist
ant may ba more comfortable standing on the same side. 

Anesthesia 
• General anesthesia is routine when repairing hernias of sufficient size to require 

separation of components. 
• Prophylactic antibiotics to cover gram-positive organisms should ba administered 

within 60 minutes of incision and re-dosed according to hospital antibiotic guide
lines throughout the case. 
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Fig11re 33.2 Di11action of tha 
abdominal wall. 

A urinary catheter is useful to decompress the bladder and helps avoid injury to the 
bladder when dissecting in the pelvis. 

Technique 

Port placement and development of the dissection plane: 

A preoperative CT scan will aid in identifying the lateral border of the rectus. The 
lateral border is marked in the operating room by measurements acquired from CI' 
scan and physical examination. A 2 em transverse incision is made inferior to the 
costal margin, approximately 3 em lateral to the lateral border of the rectus abdominis 
muscle (Fig. 33.1). 

• The Bovie electrocautery is used to dissect through the subcutaneous fat while utiliz
ing S-retractors for exposure. Once the thin anterior fascia overlying the external 
oblique muscle body is identified, it is incised to expose the orientation of the mus
cle :fibers. The correct orientation of the external oblique muscle :fibers allows defin
itive identification of the level of dissection (Fig. 33.2). 
The muscle fibers are bluntly separated until the plane between the oblique muscles 
is confirmed. The internal oblique aponeurosis is smooth and whitish in color and 
care should be tabn not to go too deep into or through the internal oblique. 
While elevating and holding the external oblique muscle fibers apart with a small 
retractor, the balloon dissector is introduced into the plane between the oblique 
muscles. The tip is pushed inferiorly to the inguinal ligament. The balloon dis
sector is serially inflated and deflated, each sequence pulling the balloon more 
cephalad. Two to three sequences are usually adequate to fully separate the 
muscles. 
Superiorly and medially, the pocket is manually created with the surgeon's :finger. 
Palpation of the costal margin also confirms the correct plane of dissection in this area. 
The balloon dissector is replaced with a port with a balloon at the distal end. There 
is limited space between the muscles and this port can be pulled all the way back to 
allow the best view without inadvertent removal of the port. 
The space between the oblique muscles is insuffiated with carbon dioxide. If the 
correct plane has been dissected, the initial inspection will reveal a cavity with 
external oblique above and the internal oblique below (Fig. 33.3). These muscle 
layers are identified by the orientation of their fibers. The medial and lateral aspects 
of the cavity will be fused together, and flimsy fibroareolar connective tissue is seen 
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figur• 33.3 Abdominal wall in cross· 
section after creation of the space 
btrtween the oblique muscles. 

along these attachments. The medial boundary represents the lateral border of the 
rectus sheath. 

• Two 5 mm transverse incisions are then made inferior to the initial access site. These 
should be evenly spaced in the craniocaudad direction. The additional port sites 
should be lateral enough to allow for instrument end scope manipulation. 

Release of External Oblique Aponeurosis: 

• The division of the external oblique aponeurosis is usually associated with minimal 
bleeding as the plane is avascular. Laparoscopic Metzenbaum scissors are adequate 
in most circumstances except when nearby subcutaneous and muscular blood vessels 
8I'8 injured. We encourage the use of monopolar cautery to supplement the shears or 
a 5 mm enargy source such as an ultrasonic coagulator if needed (Fig. 33.4). 

• The instrument used to divide the aponeurosis will be placed through the middle 
port, and the scope will be placed through the ports in the upper and lower quad
rants (Fig. 33.1). 

• The aponeurotic division should begin almost directly medial to the middle port, 
approximately 5 to 10 mm lataral to the rectus-external oblique junction. The inci
sion is continued vertically and parallel to this junction all the way to the inguinal 
ligament inferiorly and superior to the costal margin at the superior border of the 
dissection (Fig. 33.1). It is common to view and divide muscle fibers above the cos
tal mmgin. The internal oblique/transvarsus abdom:in:is/rectus abdom:in:is unit will 
visibly "release" medially as the aponeurosis is divided. You should immediately 
see subcutaneous fat above the fascia. 

• Once the aponeurosis is divided, gentle dissection of the connective tissue in the 
subcutaneous space should be performed to gain significant additional mobility. 

• The ports 8I'8 then removed under direct vision, the carbon dioxide is allowed to 
escape, and the skin incisions are closed. 

Hernia Repair: 

• BECS improves options for hernia repair, especially in complex abdominal wall 
reconstructions. This is best employed when midline tissue is missing, when there 
is loss of domain, or when the midline tissue needs to be excised, as in cases with 
infected mesh or an enterocutaneous fistula. 

• The order of repair and BECS is variable. The hernia repair can be the first step with 
plans to proceed with the component separation if the midline cannot be brought 
together. Once adequate release is achieved, then finish with closure of abdominal 
wall. This is how the open component separation is typically performed. 
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figure 33.4 Dividing the external oblique 
aponerosis (laparoscopic view). 

• To minimize the amount of time that the midline wound is open, the better approach 
is to perform the component separation first end follow with the open hernia repair. 
The only disadvantage to this approach is in the circumstance when less mobiliza
tion would have been adequate. Fortunately, preoperative CT scanning can help to 
determine this accurately. 

POSTOPERATIVE MANAGEMENT 

• Standard postoperative instructions after ventral hernia repair should be given to the 
patient, including avoidance of strenuous activity and heavy lifting for a significant 
period of time to allow the repair to heal. 

• Binders are often utilized, but if too tight they can create ischemic edges of skin naps . 

.) COMPLICATIONS 

• If the wrong plane is accessed, the surgeon has likely dissected too deeply and has 
traversed the internal oblique or transversalis muscle. One should try repeating the 
access incision more laterally and spread through the external oblique with a blunt 
instrument or S-retractors to identify the shiny white aponeurosis of the internal 
oblique. Inability to determine the potential space between the internal and the exter
nal oblique can be exacerbated by prior surgical adhesions. 

• Restoring abdominal wall integrity may increase intraabdominal pressure signifi
cantly and cause abdominal compartment syndrome in rare cases. If there are any 
signs of intraabdominal hypertension, coofi.rm with the anesthesia team that peak 
inspiratory pressures or plateau pressures have not increased significantly. Also be 
aware of additional signs of abdominal compartment syndrome, such as oliguria and 
hypotension. 

~ RESULTS 
• Rosen demonstrated in a porcine model that BECS results in approximately 86% of 

the total length of mobilization when compared to the open component separation. 
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Although theRe re11ults fall short of the open release, numerous studies show dra
matic reduction in wound complications, usually reducing the risk by hall. 

• In a study of single stage treatment of infected abdominal wall prosthetic graft 
removal, there were low wound complication rates and short lengths of stay. In this 
small retrospective review, laparoscopic component separation mean operating time 
was 52 minutes. Total operative time, including complete open excision of infected 
mesh was 185 minutes. Additionally, the average size of the defect after mesh exci
sion was 338 cm2• Out of 7 patients, there was one midline wound infection that did 
not spread into the laterallaparoscopic compartments and one hematoma at the site 
of the lateral component separation. No bulges or hernias at the midline or site of 
component separation at an average 4.5 months follow-up. 

~ CONCLUSIONS 

• The original "separation of components" as described by Ramirez has become the 
standard of care for the treatment of complex abdominal wall hernias despite its 
limitations. Recent studies suggest that BECS can match its open counterpart physi
ologically, with similar recurrence rates, and anatomically, with the ability to repair 
similarly sized hernias; albeit, with reduced local wound complications. This novel 
approach is technically challenging yet familiar for the laparoscopic surgeon with a 
set of instruments, port11 and balloons common to other laparoscopic cases. Described 
step-by-step in this text is one systematic approach to performing endoscopic com
ponent separation. 
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34 Suprapubic Hernia 
John T. Paige 

C, INDICATIONS/CONTRAINDICATIONS 

The tenn "suprapubic" hsmia was first defined by el Mairy and refen to an abdominal 
wall defect arising within 4 em of the symphysis pubis. Also known as "parapubic" 
hernias, the repair of suprapubic hernias are a technical challenge due to their close 
proximity to bone, nerves, and blood vessels in the pelvis. Suprapubic hernias are a 
subset of incisional hernias, often developing after gynecologic, urologic, and general 
surgical procedures in which division of the lower abdominal wall fascia near the sym
physis pubis is required for adequate exposure. Fortunately, they are relatively infre. 
quent. The incisional hsmia rate in patients undergoing a low transverse Pfannenstiel 
incision only ranges from 0.04% to 2.1%. Even among centen specializing in thelapar
oscopic repair of suprapubic hernias, their rates range from 11.6% to 32.8% of the total 
number of incisional hernias encountered. Such facts, however, emphasize the diffi
culty in treating enough of these hernias to develop expertise in their repair. 

Suprapubic hernias develop as a result of disruption of the musculotendinous inser
tion of the abdominal oblique aponeurosis, rectus abdominis musculature, and rectus 
sheath into the symphysis pubis (Figs. 34.1 and 34.2). '!YPically, these defects fonn sec
ondary to inadequate purchase of tissue during closure of a low midline incision near 
the symphysis pubis. The resultant midline defonnity can then extend laterally along the 
pubis. Thus, repair is indicated in the presence of a defect, especially if the patient is 
symptomatic (see Preoperative Planning). 

Minimally invasive repair is the preferred therapy for suprapubic hernias. Fint 
described by Hirasa et al. in 2001, it has been refined over the decade. Contraindications 
to suprapubic hernia, therefom, are the same as those for any laparosoopic incisional 
hsmia. Severe chronic obstructive pulmonary disease, unoorrectable bleeding dyscrasia 
or coagulopathy, and frozen abdomen are some examples of conditions that might pre
clude a successfullaparoscopic approach. 

V PREOPERATIVE PLANNING 

The first step in preoperative planning is to obtain a thorough history and physical 
examination. Patients presenting with suprapubic hernias can complain of symptoms 
similar to those found in the presence of inguinal hernias. Pain, heaviness, or a dragging 
sensation may be pmsent in the suprapubic region with or without abdominal wall 
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Figur• 34.1 Anatomy. Suprapubic hernias develop 
at the laval of the musculotendinous insertion of 
the abdominal oblique aponeurosis (A), rectus 

~------- F abdominis musculature (8), and rectus sheath 
{C) to the symphysis pubis {D). In this region (i.e., 
within 4 em of the symphysis pubis), they are in 
close proximity to important structures Yt'ithin the 
pelvis such as the bladder {E), external iliac 
vassals {F), and nerves of the lower extremity. 

bulging. An antecedent history of prior lower abdominal surgery is invariably present 
and can be confirmed on physical examination by the presence of low midline, Pfan
nenstiel, May lard, or Cherney incisions (Tables 34.1 and 34.2). Often, patients have had 
multiple abdominopelvic procedures, and, hence, a careful determination of prior oper
ations is essential Additionally, review of operative notes related to prior incisional 
hernia repairs is recommended in order to determine the presence, location, and type 
of any mesh used. Review of co-morbid conditions, especially those that might preclude 
a minimally invasive approach (see Indications/Contraindications), is also important 

Physical examination should emphasize delineation of the size, extent, and borders 
of the hernia defect. In certain patients, such as those who are obese, such determina
tion can be a challenge. Computed tomography (CT) of the abdomen and pelvis is use
ful in such circumstances, since it can give information related to the relation of the 
inferior edge of the hernia to the symphysis pubis. Additionally, it can lend insight into 
hernia size and its exact contents. cr is also recommended in patients who have mesh 
present from a prior incisional hernia repair, since it helps identify its location in 

figur• 34.2 Pathophysiology. With disruption of 
the musculotendinous insertion of the lower 
abdominal wall muscles near the symphysis pubis, 
herniation of intraabdominal and pelvic contents 
occurs. 
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relation to the current defect. Ultrasonography has been employed as well to help 
determine the size of suprapubic defects. Finally, appropriate preoperative laboratory 
analysis and medical/cardiac clearance is undertaken based on patient condition, risk 
factors, and co·morbidities. 

G SURGERY 

Although open tension-free repair using mesh coverage has been described, current 
therapy for suprapubic hernias involve a minimally invasive approach similar to that 
used for other anterior abdominal wall incisional hamia repairs. This approach is basad 
on the principles of the open retro·ractus tension-free repairs using wide mesh coverage 
developed by both Rives and Stoppa. Key components include adequate circumferential 
dissection of the hernia defect with proper underlay mesh placement and fixation to 
ensure a 4 to 5 em overlap of the hemia defect in all directions. A step-by-step descrip
tion of the laparoscopic technique follows. 

Patient Positioning and Preparation 
The patient is placed in the supine position on the operative table (Fig. 34.3). Sequential 
compression devices are placed on the bilateral lower extremities. Following induction of 
general anesthesia and secure placement of an endofl'acheal tube, an orogastric tube is 
plaaad. In addition, a triple lumen Foley catheter is inserted into the bladder to assist with 
dissection in the suprapubic region (see Dissection). Both arms are tucked and padded 
unless precluded by the patient's body habitus. In obese patients, additional padding is 
required to elevate the tucked arm to avoid traction on the brachial plexus. Monitors are 
positioned at the foot of the bed. Often, a single one is sufficient. With arms tucked, the 
assistant can position him/herself opposite or alongside the surgeon for the procedure. On 
the basis of port placement, the surgeon can position him/herself on either side of the 
operating room table (see Port Placement). The pubis hair is clipped to assist with access 
to this region, and surgical preparation is undertaken from the nipples to the mid-thighs 
and lateral to the table on both sides using chlorhaxidina except for the genitalia for which 
a betadine scrub is used. An iodine-impregnated drape can also be applied to the abdomen 
for added antimicrobial effect Prophylactic antibiotics are administered prior to incision. 

Accaas 
Abdominal access is typically obtained above the umbilicus in a location away from 
prior incisions. A Vsress needle is placed in the left hypochondrium. with creation 

Scar loc.tion Palanivalu 81al. C•= 17) ........... 1.(•=72) Farrari 81 al. (e = 11) 

Lower midline 12(70.6%) 16IZZ.Z%) 13(72.2%) 
Pfannenl1iel 5 (29.4%) 41156.9%) 5 (27.8%) 
Paramedian N/A 719.7%) NIA 
Multiple N/A 8111.1%) NJA 
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Figure 34.3 Patient Positioning. The patient ia placed in the au pine with anna tucked. In this manner, the operative 
surgeon can position him or herself on either the right lA) or left {8) side of the table with the assistant opposite 
lA) or alongside {8) him or her. 

of pneumoperitoneum after verification of its location with syringe aspiration and 
gravity testing using a column of saline. Pneumoperitoneum is established to approx
imately 15 mm Hg pressure. Next, a 5 or 12 mm bladeless trocar is introduced into 
the abdominal cavity using a zero-degree laparoscope for direct visualization. Alter
natively, the abdomen can be entered via an open cutdown technique with direct 
placement of a 10 or 12 mm trocar. It should be placed away from prior incision sites 
if possible. 

Port Placement 
Port placement is detarmined based on defect size, scar location, and extant of adhe
sions. In principle, each port should be placed as far as possible from the defect and 
should be at least a hand breadth apart from other port locations. In addition, triangu
lation of the hand ports with the camera port should be sought in order to assist with 
ease of operation. For example, in the case of a midline incision, ports can be shifted 
to the left lateral abdominal wall. The surgeon would then operate from the left side of 
the table. All ports should be placed under direct visualization with care being taken 
to avoid inb:aabdominal injury. A minimum of three ports is required of which two can 
be 5 mm in size. At least one should be 10 to 12 mm in size to assist with the introduc
tion of mesh into the abdomen (see Mesh Placement). Fig. 34.4 demonstrates several 
examples of port placement 

Dissection 
Following port placement, adhesiolysis is performed. Care should be taken to avoid 
hollow viscus injury, and sharp dissection is prefeiTed to prevent inadvertent thermal 
injury to structures. The contents of the hernia sac should be completely reduced in 
order to determine the size and extent of the defect. Often, the bladder can be among 
the herniated contents. Consequently, care must be taken when dissecting the inferior 
portion of the defect to avoid its injury. Its visualization may be assisted with inflation 
of the bladder at this point Adhesiolysis is aided through the use of an angled laparo
scope. Additionally, placement of the patient in Trendelenburg position can assist with 
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figure 34.4 Trocar placement Trocars should be placed as far from the defect as possible, keeping triangula· 
tion, and should be at least one hand breadth apart from one another. A and B demonstrate two possible 
trocar placement arrangements for a suprapubic hernia repair. 

visualization of the defect in the pelvis. Upon reduction of sac contents, the distance 
of the inferior defect to the symphysis pubis should be measured to determine if it is 
within 4 em. If this is the case, the presence of a suprapubic hernia is confirmed, and 
dissection of the space of Retzius is required. 

To dissect the space ofRetzius, the bladderis inflated with 300 to 400 mL of saline 
in order to assist with identification of the plane between it and adherent structures. 
A peritoneal flap is raised by grasping the median umbilical ligament just superior to 
the level of the hernia defect and dividing the peritoneum. This division is extended 
laterally on either side using cautery to allow adequate placement of mesh with a 4 
to 5 em overlap. The flap is then dissected inferiorly using blunt dissection to expose 
the symphysis pubis, Cooper's ligament, and the iliac vessels bilaterally in a manner 
similar to a transabdominal preperitoneal (TAPP) approach for laperoscopic inguinal 
hernia repair. In this manner, the bladder is mobilized away from the pubic bones 
(Fig. 34.5). 

Figure 34.5 Dissection af space af 
Retzius. A preperitDneal flap is created 
just above the level of the bladder and 
the space of Retzius is dissected, mobi
lizing the bladder inferiorly and exposing 
the pubic bone lA), Coope(s ligaments 
18), and the Iliac vessels IC). 
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Once the space of Retzius has been dissected, circumferential dissection of the 
defect is completed. The defect is then measured intracorporeally at its greatest longi
tudinal and transverselocatioDS using two 3.5 inch, 20 G needles and a tapa measure. 
Hxtracorporeal measurement can also be undertaken by reducing the pneumoperito
neum to 6 mm Hg to confirm internal measurements. Once the defect size has been 
determined, any additional dissection is undertaken to ensure at least a 4 em overlap 
of mesh from the edge of the defect circumferentially. 

Mesh Placement 
Following measurement of the hernia defect and completion of dissection, mesh is 
obtained and trimmed to size in order to ensure at least a 4 em overlap from the edge 
of the defect circumferentially. The mash should consist of a dual layer of expanded 
polytetrafluoroethylene (ePTFE) (e.g. DualMesh, W.L. Gore and Associates Inc, Newark, 
Delaware) or a composite compound using polypropylene (e.g., Proceed, Johnson & 
JohDSon, Cincinnati, Ohio) or polyester (e.g., Parietax, Covidien, Dublin, Ireland). In 
this manner, adhesiogenesis with intraabdom:inal contents is reduced. When placed, the 
adhesiogenic component of the mesh (e.g., the polypropylene/polyester) should be in 
contact with the anterior abdominal wall. 

The mesh is oriented with markings and four cardinal sutures are placed using 
ePTFE or monofilament permanent suture (Fig. 34.6). The superior and lateral sutures 
should coDSist of a 1 em bite and should be located approximately 1 em from the edge 
of the mash. The inferior suture should be at least 2 em from the edge of the mesh, 
since the mash will cover the pubic bone in this direction. Hence, the suture should 
be placed to allow for its placement at the superior level of the symphysis pubis. 

Once the cardinal sutures are placed, the mash is rolled and placed through the 
largest port into the abdomen. This maneuver is often assisted by placing a 5 mm 
port opposite the port through which the mesh is to be introduced and threading a 
grasper through the mesh introduction port across the abdomen. The mesh is then 
grasped and brought into the abdomen in a twisting motion to ease with its transfer 
into the abdomen. Once the mesh is in the abdomen, it is unrolled and oriented 
appropriately. 

At this point, the fascial edges of the defect can be closed if so desired using either 
intracorporaalsutur&s or transabdominal sutures via a suture passer. Such closure is thought 
to help with restoring abdominal domain, to aid in muscle function, and to decrease seroma 
formation. It is not, however, a required step. 

figur• 34.6 Mash preparation prior to 
insertion. The mash is orierrted and then 
four cardinal sutures are placed. Bites 
should be 1 em in size and 1 em from the 
edge of the mash except fur the inferior 
edge (A). The bite here should be placed far 
enough from the adga of the mash li.a., at 
least 2 em) to ensure that it is at the superior 
laval of symphysis pubis fur transabdominal 
fixation. 
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Figur• 34.7 Initial positioning af mash. 
Onca tha mash is property oriarrtad within 
tha abdomen, tha most inferior transab· 
domina! suture it placed, making sure 
that each limb of suture pier cas tha 
periosteum of the symphysis pubis. 

Mesh fixation begins by bringing out the most inferior transabdominal suture to ensure 
adequate overlap over the pubic bone (Fig. 34.7). A suture passer is placed into the 
abdomen in such a manner that the periosteum of the pubic bone is punctured. One 
suture end is then grasped and brought out through the abdominal wall. A second pass 
is made with the suture passer through the periosteum of the pubic bone into the abdo
men near the first pass and the other end of the suture is brought out. The suture limbs 
are then secured with a hemostat. The remaining three sutures are then brought out 
through the abdominal wall using the suture passer and secured in place when the 
mesh lies flat against the anterior abdominal wall (Fig. 34.8). The mesh is then fixated 
superiorly and laterally using spiral tacb at 1 to 2 em intervals and placing transab
dominal sutures at 4 to 6 em intervals (Fig. 34.9). 

Once the superolateral fixation is completed, attention is directed toward inferior 
fixation of the mesh. Further fixation to the pubic bone is obtained by placing additional 
transabdominal U-stitches that puncture the periosteum. These sutures are placed 2 em 
from the initial midline suture. The inferior edge of the mesh is lilted to aid with place
ment of these sutures (Fig. 34.10). This placement is continued along the pubic bone 
as needed. A minimum of three sutures should be placed. The inferior sutures are then 
tied down, and spiral tacks are placed along the pubic bone and at Cooper's ligament 

figur• 34.8 Initial positioning of mesh. 
The remaining thraa transabdominal 
sutures ara brought out and secured to 
position tha mash flat against tha 
abdominal wall. 
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figur• 3U Suparolataral mash fixation. 
Tha mash is than fixed in tha superior 
and lateral directions by placing spiral 
tacks at 1 tD 2 em intervals and transab
dominal sutures at 4 to 6 em intervals. 

bilaterally (Fig. 34.11). Care must be taken to avoid injury to neurovascular structures 
during tacking of Cooper's ligament. An inner circumferential row of spiral tacks can 
then be placed to complete fixation. Inferiorly, this row should be above the pubic bone 
if space exists. Otherwise, it can be omitted. 

Alternative fixation techniques exist. For example, only two sutures can be placed 
laterally before introducing the mesh into the abdomen. They are then brought through 
the abdominal wall and secured. Following this, spiral tacks are used to secure the mesh 
circumferentially to the abdominal wall. Inferiorly, they are used to secure the mesh to 
Cooper's ligaments. Transabdominal sutures are then placed through Hesselbach's tri
angle for further fixation of the inferior part of the mesh. Ti'ansabdominal sutures are 
then spaced every 4 to 6 em around the mesh along the anterior abdominal wall. 

Another alternative is to use bone fixators to secure the mesh to the pubic bone. 
Pneumoperitoneum is released after initial fixation of the mesh using transabdominal 
sutures and spiral tacks. An incision is made over the pubic bone and it is exposed. 
Titanium bone anchors are then placed after drilling holes into the bone using a 
2.4 mm drill bit. Pneumoperitoneum is then re-established, and the suture passer is 
used to bring the suture ends attached to the anchor through the mesh as aU-stitch. 
The inferior edge is then secured to the pubic bone with spiral tacks. 

The mesh can be properly centered by placing an initial suture in the center of the 
mesh and bringing this out through the center of the defect once the mesh is oriented 
in the abdomen. The center of the defect can be marked by transecting the halfway 

Figur• 34.10 Inferior mash fixation. 
Transabdominal U-stitchas ara placed at 
tha superior edge of the pubic bone 
piercing the periosteum. Thay are placed 
2 em from the initial inferior transab· 
dominal suture on either side. Additional 
stitches are placed as needed in a 
similar fashion. 
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figure 34.11 Completion of mesh fixa· 
tion. After the inferior transabdominal 
sutures have been placed and secured, 
the inferior edge of the mash is fixed tD 
tha pubic bona and Cooper's ligaments 
bilaterally with spiral tacks. A second 
inner row of tacks can ba placed at this 
tima if dasirad. 

point of the greatest longitudinal and transverse defect distances with a line. The center 
point of the defect is where these lines cross. 

Finally, in the presence of very large defects, two overlapping meshes have been 
placed. They should overlap by 5 em and be secured to one another. In these cases, a 
non-composite mesh can be placed inferiorly as long as the preperitoneal nap can be 
tacked over it completely at the end of the case. 

Closure 

Upon completion of mesh fixation, the abdomen is inspected and hemostasis is con
finned. In the event of concern regarding a bladder injury, methylene blue dye can be 
instilled into the bladder to inspect for leak.. Transfascial closure of all ports greater than 
10 mm is performed using a suture passer and suture. Ports are then removed under 
direct visualization and the sites inspected for bleeding. Pneumoperitoneum is then 
released. The ports ere irrigated and closed as well as the transabdominal suture stab 
incisions. Steristrips ere then placed. Alternatively, a liquid skin adhesive can be used. 

POSTOPERATIVE MANAGEMENT 

Upon completion of the case, the orogastric tube and Foley catheter are removed in the 
operating room, and the patient is extubated following emergence from anesthesia. 

Altematively, the Foley can be kept in place overnight if extensive dissection was 
needed or if the patient is at risk for retention. After recovery in the post anesthesia care 
unit, the patient can be transferred to the door. Clear liquids are begun, and the diet is 
advanced as tolerated. The patient is encouraged to ambulate as soon as possible. Pain 
control with oral and intravenous agents is initiated. Patient controlled analgesia can be 
used, especially in more extensive cases. An abdominal binder is provided for comfort 

The patient can be discharged once tolerating a regular diet, urinating, passing 
fiatus, ambulating, and afebrile. He/she should follow up within 2 weeks for an initial 
postoperative check. After this first visit, another within 2 months should occur. The 
patient can start resuming regular activity approximately 4 weeks postoperatively. 

_.) COMPLICATIONS 

Common intra-operative complications include bleeding, bladder injury, and bowel 
injury. The omentum, accessory obturator artery, and inferior epigastric artery have all 
been reported as sources of significant intra-operative bleeding. As mentioned above, 
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Carll ... all at al. Yarnall at al. Palanhralu at al. Sba .... atal. 
Catagary (•=3&) (•=41) (•=11) (•= 12) 

Male/female In) 111126 18/29 li/12 1e/54 
Mean age,y 55.9 54 55.9 4U 

(range) (~76) (28-84) 1~711) 121~) 
Mean BMI, kg/m2 31 35.1 30 31.3 

(range) (22~) (80=7.5) 125-35) (20.2-t1.5) 
Mean defect size, cm2 191.4 139.8 117.5 5.2cm• 

(range) (~768) (SO= 1211) IIH89l (3.1-7.3 em)' 
Mean mesh size, cm2 481.4 453.8 234 328.11 

(range) (19~1,428) (80=329) (144-324) (225-506) 
Mean operative time, 118.7 130 95 1111 

min(range) (9~290) (5D-270) 16~125) (114-110) 
Conversion rate, n 1 1 1 0 

(percentage) 12.8%) (2.1%) (5.9%) (0%) 
Mean length at stay, 2.4 3. 1.5 2.2 

days (range) (1-7) (1-20) 11~) I HI) 

'Mean largelt hernial diameter mea1ured imraperitoneally. 
~~Median value. 

bladder herniation within the sac is common, and care must be taken to avoid injury 
when dissecting the inferior aspect of the defect If an enterotomy occurs, repair of the 
injury should be undertaken. The procedure should then be aborted, since mesh place
ment at that time is precluded. Delayed/staged repair can then be undertaken. 

Reported early postoperative complications include deep vein thrombosis, pulmo
nary embolism, pneumonia, ileus, urinary retention, urinary tract infection, b:ocar site 
cellulitis, skin necrosis, C. difficile colitis, thigh numbness, renal insufficiency, cardiac 
arrhythmia, and delayed recognition of enterotomy. Other potential early complications 
include postoperative hemorrhage, mesh migration/failure, and osteitis. 

Commonly reported late complications of laparoscopic suprapubic hernia repair 
include chronic seroma and chronic pain (i.e., pain lasting longer than 6 weeks). Sero
mas lasting longer than 6 weeks may require aspiration for resolution. Pain often is 
associated with the transabdominal sutures, and local anesthetic injection of bother
some sites can be effective at stopping it Additionally, small bowel obstruction, port 
site herniation, and tack erosion into the bladder have all been reported. Finally, hernia 
recUITence can also occur. 

3 RESULTS 

Table 34.3 lists results related to published data for laparoscopic repair of suprapubic 
hernias. In general, patients presenting with suprapubic hernias in these series tended 
to be female, older, and obese. Mean mesh length ranged from 15.3 em to 21.9 em, based 
on square root of the reported mean mesh area required to cover defects. Mean opera
tive times remained under 3 hours and conversion rates were less than 6%. Finally, 
length of stay averaged between 2 to 3 days. 

Jenkins et al. have demonstrated that the presence of a suprapubic hernia does incraase 
the difficulty of performing a laparoscopic venb:al hernia repair, adding approximately a 
quarter hour of extra operating time (Table 34.4). The longer time for adhesiolysis 

Adhasialylis 
Mash placement 
Tatal aparativa time 

10 min,28A s 
6min,39.1s 

14min,44A s 



Aulhor 

Carbonell et al. (n= 36) 
Varnell et al. In= 47) 
Palanivalu at al. (n= 17) 
Shanna et al. (n = 72) 
Hi rasa at al. (n = 7) 
Ferrari et al. (n = 18) 

6 (16.6") 
18 (38.2") 
5 (29.4") 

20 (27.8") 
N/A 
N/A 

Racurranca. • (%) 

2 (5.5") 
3 (6.3") 
1 (5.9") 
0 (0") 
1 (14.2"1 
2 (11") 
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caused by the presence of a suprapubic defect likely results from the extra attention to 
dissection around the bladder which is often a component of the hernia sac contents. The 
increased time for mesh placement during suprapubic hernia repair is likely due to the 
difficulty of working around structures in the pelvis. 

Table 34.5 lists published results related to morbidity and recurrence rates associ
ated with laparoscopic suprapubic hernia repairs. Although morbidity does occur and 
can be high, none of the listed reports had a mortality related to repair. Furthermore, 
recurrence rates remain low, especially if series in which repairs employing only spiral 
tacks for mesh fixation are excluded. In this instance (i.e., when transabdominal sutures 
are employed), rates remain below 7o/o. 

~ CONCLUSIONS 

Suprapubic hernias are a technical challenge to repair given their proximity to bony 
and neurovascular structures in the pelvis. Laparoscopic mesh repair has become the 
primary modality for their treatment. Key components of such a repair include reduc
tion of the hernia sac with complete delineation of the defect, dissection of the space 
of Retzius after bladder inflation to expose the pubic bone, Cooper's ligament, and 
iliac vessels, circumferential underlay mesh placement over the defect with at least 
4 em overlap, combined transabdominal suture and spiral tack mesh fixation to the 
anterior abdominal wall, and inferior mesh fixation to the pubic bone and Cooper's 
ligament using a combination of transabdominal periosteal suture and spiral tack 
placement. Keeping these principles, morbidity is acceptable and recurrence rates 
remain low. 
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35 Spigelian Hernia 
Eric G. Sheu, Douglas S. Smink, and David C. Brooks 

C, INDICATIONS/CONTRAINDICATIONS 

Spigelian hernia.s are rare abdominal wall hernia.s. ApproJCimatsly, 1,000 cases have 
been reported in the literature, and their incidence is estimated to be <2% of all abdom
inal wall hernias. The hernia is named after Adriaan van der Spieghel, the Belgian 
anatomist who first described the semilunar line in 1645. It was, however, a Flemish 
anatomist Josef Klinkosch who identified the hernia in 1764 a.s a defect in the semilu
nar line and named it after van der Spieghel. 

These hernias occur through the spigelian aponeurosis, which is composed of the 
aponeurosis of the transverse abdominal muscle that lies between the lateral edge of 
the rectus muscle and the linea semilunaris (Fig. 35.1). The spigelian aponeurosis 
extends both above and below the arcuate line of Douglas. However, the vast majority 
of spigelian hernias occur within the 6 em segments of the aponeurosis that lie imme
diately cranial to the anterior superior iliac spine. In this so-called "spigelian belt," the 
lack of a posterior rectus sheath and the parallel orientation of the transversus and 
internal oblique aponeuroses predisposes the spigelian aponeurosis to the development 
of a hernia. 

The external oblique fascia is oftsn intact over the hernia, so that on physical 
examination, an abdominal wall bulge or defect can often not be detected (Fig. 35.2). 
Because of the difficulty of physical examination, patients presenting with symptomatic 
hernia.s are often misdiagnosed-for example, symptoms of a left-sided spigelian hernia 
can be mistaken for diverticulitis. Ultrasound can identify the defect in the semilunar 
line or the hernia sac itself. CT is the current gold standard of imaging diagnosis and 
can characterize the hernia defect and contents (Fig. 35.3). However, cr is not a 100% 
sensitive-six false negative CT scans (out of 19) were reported in a case series using 
older generation CT scanners. It is generally felt that modern high resolution CT scan
ners have higher sensitivity, but no published data on the topic exists. 

A high proportion of patients with spigelian hernias will present with incarcera
tion. Given this fact, all diagnosed spigelian hernias should undergo operative repair. 
Contraindications are identical to those for any intraabdominal operation and are not 
specific to spigelian hernia repair: For example, recent MI, severe coagulopathy, and 
other medical co-morbidities prohibiting a general anesthetic. 

385 
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figura 35.1 Poatarior view of tha abdomi· 
nal wall. ( 1) Semilunar line of Spiegel. 12) 
Semicircular line of Douglas.l3) Spigelian 
aponeurosis.l4) Posterior rectus sheath. (5) 
Transversus abdominis muscle. (6) lnterspi· 
nalline connecting the anterior superior 
iliac spines, forming the caudal border of 
the (7) spigelian belt. where majority of 
spigelian hernias occur within the spigelian 
aponeurosis. 

figure 35.Z Spigalian harnia and 
alldo11inal walllayara. Cross-sectional 
representation of typical spigelian 
hernia, which occurs through the 
spigelian aponeurosislconfluence of 
internal oblique and transversus 
abdominis, as shown) at the lateral 
border of the rectus sheath. However, 
the external oblique aponeurosis is 
often intact over the hernia, obscuring 
physical examination. 

Figure 35.3 CT scan crt apigalian hamia. 
Representative CT scan of the abdomen 
demonstrating a left-sided spigelian 
hernia containing sigmoid colon. 
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*~ PREOPERATIVE PLANNING 

Preopmative evaluation focuses on diagnosing and characterizing the hernia and deter
mining the optimal operative approach for repair. Spigelian hernias are well suited for 
laparoscopic repair, either via a transabdominal intraperitoneal approach or a total 
extraperitoneal approach (TBP). 

Limited data is available to truly support the superiority of one approach ovm the 
other. Some reports have suggested that TBP repair results in shorter hospital stays and 
improved pain control. The TEP approach retains the mechanical advantage of an 
undmlay repair, whme increased abdominal pressure serves to promote mesh adherence 
to the abdominal wall but avoids the potential complications associated with intraperi
toneal mesh. We therefore recommend the total extraperitoneallaparoscopic approach 
for elective repair of spigelian hernias. 

Laparoscopic transabdominal repair is indicated when intraperitoneal pathology 
requires concomitant evaluation or intervention. Open repair should be considered in 
the emergency setting, in the presence of cardiopulmonary disease contraindicating 
laparoscopy, or in the cases of large, incarcerated hernias. 

6) SURGERY 

Open Repair 
The patient is placed in the supine position with arms extended. An incision is made 
overlying the hernia and carried down to the external oblique. The external oblique 
fascia is divided in the direction of the fibers, and the hernia sac is identified 
(Fig. 35.4). The hernia sac is dissected down to edges of the fascial defect, the contents 
are reduced, and the sac itself is either reduced or ligated and divided. Once the 
boundaries of the hernia are defined, an appropriate size mesh is selected and fixed 
within the extraperitoneal space with non-absorbable sutures. The transversus 
abdominis may be closed primarily ovm the mesh if this can be accomplished without 
tension. The external oblique is re-approximated, and the skin and soft tissue are 
closed in layers. 

ln1raparitonaal Laparoscopic Repair 
The patient is positioned in the supine position. The arm contralateral to the hernia is 
tucked. Laparoscopic screens should be positioned directly across from the surgeon 
(Fig. 35.5). A Veress needle is placed in the umbilicus or left upper quadrant and used 
to create pneumoperitoneum. One 10 to 12 mm and two 5 mm ports are placed laterally 
across from the hernia defect, to facility visualization and optimize triangulation 
(Fig. 35.5). At least one 10 mm port is required to allow introduction of the mesh. 
Alternatively, a midline 10 mm port may be placed using an open cut-down method, 
and 2 to 3 othm working ports then placed latsrally. 

Laparoscopic exploration of the abdomen is performed, and the hernia examined. 
The contents of the hernia are bluntly reduced using atraumatic graspers. External pres
sure on the abdominal wall can facilitate reduction of contents. The hernia sac is 
reduced and any remaining can be excised (Fig. 35.6). A bipolar, vessel-sealing device 
or ultrasonic scalpel is useful for this dissection. 

The edges of the defect are defined and measured externally and, if desired, inter
nally, after reducing abdominal insuftlation pressure. Marking the abdominal wall at 
locations for planned transfascial sutures is helpful. If the hernia defect is small, the 
hernia defect can be primarily suture repaired using the transfascial needle passing 
device. Cauterizing the edges of the fascia is thought to promote scarring and incorpo
ration of the mesh. 
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figure 35.4 Schematic r1prnantation of open spigeli1n llemi1 rep1ir. A: Typical location of spigelian hamia at tha lateral border 
of tha rectus, inferior to tha umbilicus. B: Exposure of tha hernia sac and fascial defect The axtarnal oblique aponeurosis has been 
divided. C: Attar tha hamia sac has baen raducad and/or axcisad, an underlay mash is placed to cover tha hernia dafact and 
secured in placa with interrupted sutures. D: Tha a:xtarnal oblique aponeurosis is ra·approximat&d to cover tha hamia dafact and 
mash. 

Next, an appropriately sized mesh is chosen to overlap the fascia edges of the her
nia defect by 3 to 5 em in all directions. For intraperitoneal placement, we prefer a 
composite mesh with a nonadherent or absorbable layer facing toward the visceral 
contents. Ti'ansfascial sutures are placed extracorporeally in the corners of the mesh 
and tied. The mesh is rolled and can be fixed using the "scroll technique" to facilitate 
inb:aabdominal orientation (Fig. 35.7, 35.8). The mesh is placed into the abdomen 
through the 10 mm port. The previously placed sutures are oriented, and the b:ansfas
c:ial suture passing device is used to fixate the mesh at the previously marked locations, 
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Hernia 

Figura 35.5 lcpar01capic repair: Equip11ant and trocar placa11ant. A: The patient is placed in supine position. The contralateral 
arm is tucked to enable free movement of the surgeon and the assistant. who stand opposite to the hernia. B: Example of trocar 
placement At least one 10 mm port is required to introduce the mesh. Placement of the working ports as far lateral facilitates 
securing the proximal side of the mash. 

first along the long axis of the mesh. The distal lateral scroll stitch is then cut, the mesh 
unfurled and fixated with the transfascial suture device, and the process repeated with 
the proximal mash edge. 

A laparoscopic tacking device is then used to secure the mesh to the abdominal 
wall at 1 em intervals in two concentric rings ("double crown" technique). At the end 
of the fixation, the mash should lie flush to the abdominal wall, with good overlap of 
the hernia defect The edges of the mesh should not have any gaps through which 
abdominal viscera could herniate (Fig. 35.8). Pneumoperitoneum should be temporarily 

Arcuate 
line 

lnca.roeratec:t 
omentum 

Inferior 
epigastric 
vessels 

Figura 35.6 lcpar01capic view of spigelian h1mia Uld tiJa anlarior alldo11inal wall. Intra-operative photos showing spigelian 
hernias from two separate patients, before lA) and after IB) reduction of incarcerated omentum. Both hernias lie inferior to the 
arcuate line, and the relationship of the defect to the inferior epigastric vessels IC) and the intact overlying external oblique 
aponeurosis IB) is clearly illustrated. 
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A 

c 
Figur• 35.7 Scroll taclmiqua for 111asll pl1t:a111ant. A: Four sutures are placed and secured in each corner of the mash. B: The 
mesh is scrolled in both directions, with two further sutures placed and tied loosely to hold the scroll in place. C: The cranial and 
caudal sutures are secured using the transfascial suturing device. The far scroll stitch is cut. the mash unrolled, and the far lateral 
transfascial stitch is passed and tied. Finally, the near scroll is released and secured. 

Figur• 35.8 lnb'l·opal'ltiva photo· 
graphs damonstnrting stroll 
t•chniqu• and final mnh plac .. 
mant. The mesh is first secured 
with the cranial and caudal 
sutures lA), the far scroll stitch is 

released to confirm adequate positioning and fixation of the mesh. Hemostasis is con
firmed, and the laparoscopic troc81'8 are removed under direct visualization. 

Extraperitoneal Laparoscopic Repair 

Positioning is similar to the intraparitoneallaparoscopic approach. The patient should 
void preoperatively or a Foley catheter may be placed to empty the bladder. Access to 
the abdomen is made via a periumbilical incision, and the extraperitoneal space is 
accessed by dividing the anterior fascia, retracting the rectus muscle in the midline, 
and using the balloon dissector to develop the extraperitoneal space. Insuftlation is 
achieved, and two further 5 mm trocars can be placed either in the midline or in the 
RLQILLQ to better facilitate triangulation toward the operative field. Further dissection 

cut and the mesh secured lateral Hernia 
tD the hernia defect II), and 
finally, the near scroll is released 
and secured tD the abdominal 
wall. The mesh is further secured 
tD the abdominal wall using lapar-
oscopic tacking device to widely 
overlap the hernia defect IC, D). 
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is performed bluntly to expose the preperitoneal space, identify the hernia, and create 
enough space for the mesh to lie comfortably around the hernia. 

The remainder of the operation proceeds as with the laparoscopic transabdominal 
approach. The hernia is identified and its contents reduced bluntly. Residual hernia sac 
can be left in place. If the defect is small, consideration is made for primarily suture 
closure of the hernia defect with the transfascial suture device. Alternatively, the size 
of the defect is measured, and a suitably sized piece of mesh to ensure overlap of the 
defect by 3 to 5 em in all directions is selected. 

With the extraperitoneal approach, the concern for visceral incarceration within the 
mesh is essentially eliminated. Therefore, we prefer to secure the mesh with a mini
mum of absorbable tacks, primarily to prevent migration of the mesh in the early post
operative period until mesh ingrowth and fibrosis can occur. Some surgeons do not 
routinely secure the mesh at all and instead coofi.rm adequate positioning of the mesh 
by visualization while C02 insuftlation is released. 

POSTOPERATIVE MANAGEMENT 

In the absence of any significant bowel involvement or manipulation, diet can be 
advanced rapidly. Abdominal binders can reduce strain on the repair, improve pain 
control, and help prevent seroma formation. Many patients undergoing laparoscopic 
repair can be discharged the same day or after 24-hour observation. Patients undergoing 
open repair will more commonly require hospital admission for pain control. Heavy 
lifting or abdominal straining should be prohibited for at least 6 weeks. 

J COMPLICATIONS 

Significant complications following spigelian hernia repairs are uncommon. As with 
other hernia repairs, wound and mesh infections can occur, requiring antibiotics and 
uncommonly, mesh removal. Postoperative seromas are not uncommon and can usually 
be managed expectantly. Pain syndromes from entrapment or injury of nerves by mesh, 
sutures, or tacks can occur. Pain specialist consultation with local nerve blocks and 
analgesic injections can be helpful for management of this problem. Reoperation to 
remove mesh and/or tacks should be reserved for recalcitrant cases. Iatrogenic causation 
of a spigelian hernia due to trocar placement through the contralateral spigelian apone
urosis has been reported in the literature as a complication. 

3 RESULTS 

Given the rarity of spigelian hernias, the majority of the literature consists of small case 
series or case reports. One of the larger case series of spigelian hernias comes from the 
Mayo clinic, which reviewed outcomes for 81 patients that underwent repair between 
1976 and 1997. All but one of these patients underwent open repair, and the majority 
of repairs were performed using primw:y suture closure and no mesh (75/81). A low 
recurrence rate of 3.7% was found, with a mean 8-year follow-up. There were no recur
rences noted in the five patients who underwent mesh repair. 

One small (n = 22), non-blinded randomized trial comparing laparoscopic and open 
spigelian hernia repair has been published. This study found a significantly shorter 
length of stay after laparoscopic repair. Nearly all patients who underwent TEP repair 
were discharged the day of surgery; patients undergoing intraabdominallaparoscopic 
repair usually were discharged on the first postoperative day; and patients who under
went open repair stayed for an average of 5 days. They also found a significant decrease 
in morbidity after laparoscopic repair; although all morbidities in the open group con
sisted of hematomas that were managed non-operatively. Although follow-up was short, 
no hernia recurrences were documented in any of these patients. 
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Taken together, the published literature indicates that spigelian hernia repairs are 
durable and well-tolerated operations, both laparoscopic and open. 

~ CONCLUSIONS 

Spigelian hemiu are unusual hernias that require operative repair when detected. CT 
or ultrasound imaging is a useful adjunct in diagnosis as physical examination can be 
misleading. Spigelian hernias are well suited for laparosoopic repair, either through total 
extraperitoneal or intraperitoneal approach. Laparoscopic repair may offer improved 
pain control and shorter hospital stays. For large incarcerated hernias or emergent cases, 
open repair is indicated. Although published long-term data are limited, outcomes of 
spigelian hernia repair appear to be excellent with a low rate of recurrence. 
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36 Update on Hiatal 
Hernia Repair 
Raul Rosenthal, Andre Teixeira, and Melissa Gianos 

Introduction 

Definition 
The classification of diaphragmatic hernias is distinguished by the position of the 
gastroesophageal junction. Type I, sliding hiatal hernia, is the most common type. 
The GE junction has migrated above the diaphragmatic hiatus. With a true paraesopha
geal hernia, Type II, the GE junction remains in anatomical position without migra
tion. Type n constitutes a large hiatal defect, with herniation of a portion of the 
stomach through this defect. Type m is a combination of the sliding and paraesopha
geal hernia. The GE junction migrates into the mediastinum along with the paraesopha
geal component. The rarest of them all is Type IV, complex paraesophageal hernia, 
where there is intrathoracic migration of abdominal viscera in addition to the 
stomach. 

f!.1 INDICATIONS/CONTRAINDICATIONS 
~ FOR SURGICAL REPAffi 

Elective repair is based upon hernia type, symptomatology, and the potential compli
cations caused by PEHs. Surgical repair is indicated in patients with reflux-induced 
damage, in those who are acutely symptomatic, and if risk of necrosis is present. 
Those patients who are asymptomatic at presentation should be monitored by follow
up radiographic examinations. However, younger asymptomatic patients fit for sur
gery may be considered surgical candidates due to their longer life expectancy 
and risk of future complications if left untreated. Contraindications include severe 
cardiopulmonary disease and risks of surgery outweighing benefits in the elderly 
population. 

393 
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Figur• 31.1 A: Organoaxial plane 
after volvulus. B: Organoaxial 
volvulus. C: Mesanteroaxial plana. 
D: Mesenteroaxial volvulus. 

f:l PREOPERATIVE PLANNING 

Clinical Presentation 
The majority of patients are symptomatic upon presentation. Symptom severity is not 
a predictor of hernia size and further workup is necessary. A minority of patients is 
asymptomatic upon incidental finding of the hernia. 

The most common complaint is chest pain, aithar substernal or postprandial in 
natura, often suspected as cardiac in origin. Symptoms include heartburn, belching, 
regurgitation, dysphagia, nausea, and vomiting. Pulmonary symptoms are commonly 
present-dyspnea, wheezing, recurrent pneumonia, and aspiration due to chronic cough. 

The symptoms experienced by patients with a PEH can be attributed to the vol
vulization of the stomach. The stomach has two anchoring points-the GE junction 
and the pylorus. As the stomach ascends into the mediastinum in the hernia sac, it 
rotates to the upside-down position. Compression of the distal esophagus by the dis
tended stomach can causa dysphagia. The volvulized and distended body of the stom
ach can limit the lungs' capacity, causing shortness of breath. Laboratory findings of 
anemia are due to chronic blood loss from gastric erosions. The organoa.:xial (long axis 
of stomach) or masentaroaxial (perpendicular to long axis) rotation of the stomach is 
the root cause of PBH complications (Fig. 36.1). The stomach's volvuli.zation, 

_____________ , 

c 

I 
I 

I 

,~~' 

I 

I 

' ' I 
I 
I 
I 

I 
I 

B 

D 



Chapl:8r 3& Update on Hiatal Hernia Repair 395 

distention, and compression precede bleeding, incarceration, and perforation. These 
life-threatening complications stem from the gastric blood supply being jeopardized. 

Diagnostic Evaluation 

The evaluation of patients with potential PEHs begins with a chest x-ray, and an air-fluid 
level is seen behind the cardiac shadow if a hernia is present. A contrast esophagram is 
done to define esophageal anatomy and delineation of esophageal length. Upper endos
copy allows for evaluation of the esophageal lining to detect mucosal erosions as the 
probable culprit of gastrointestinal blood loss. Manometry is used to assess esophageal 
dysm.otility and localization of the LES. The 24-hour pH test to verify GERD is optional. 

G SURGERY 

Surgical Technique 

Positioning 
The patient is placed in the supine position, both arms extended at a right angle with 
the patient positioned in the canter of the tabla. The surgeon and the assistant stand 
on opposing sides, with the surgeon operating from the right side. 

Incision 
A transverse skin-crease incision is made above the umbilicus, using the opt view 
through which access into the abdominal cavity is gained. Intraabdominal insufflation 
is initiated, and the initial pressure reading should remain relatively low. High pressures 
early during insuftlation indicate access into the intraperitoneal space. If, however, insuf
flation is progressing wall, the abdominal cavity should rise and be uniformly tympanic 
on percussion. The intraabdominal pressure should be observed to rise gradually. 

Port Placement 
Five operating ports are placed to allow for all angles and access to the crural defect A 
12 mm trocar is placed in the supraumbilical area for the introduction of a 30° angled 
laparoscope. The main manipulating port is placed in the left upper quadrant at the 
midclavicular line using a 5 mm trocar. Three 5 mm accessory troca.rs are placed in the 
subxiphoid area, the right upper quadrant, and the lateral left upper quadrant (Fig. 36.2). 
The assistant on the left side of the patient operates the camera and the left port The 
patient is placed in a steep reverse Trendelenburg position. 

Exposure and Operativa Technique 

Division of Short Gastric Vessels 
After accessing the abdominal cavity the liver is cranially retracted. Division of the 
short gastric vessels on the greater curvature side of the stomach is preformed first and 
the posterior attachment of the stomach to the pancreBB is taken down. The posterior 
confluence of both branches of the crus can be better exposed from the left and the 
posterior side. Mobilization of the fundus facilitates the reduction of the hernia sac and 
ensures a loose fundoplication. 

Bleeding is controlled with the Harmonic ScalpelTM (Ethicon Endo-Surgery, Cincin
nati, OH) during the division of the short gastric vessels. When working near the upper 
pole of the spleen, caution is advised BB branches of the splenic artery tend to cause 
an excessive amount of bleeding. 

Division of Pars Flaccida and Dissection of tile Right Crus 
During the division of the pars flaccida and dissection of the right crus, bleeding is 
common with manipulation along the lesser curvature of the stomach. The vagal nerve 
is usually spared. Caution is taken to avoid injury to the esophagus because of the tension 
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figur• 36.2 Port placement 

along the lesser curvature and the esophagus. Identification of the anterior mw:gin of 
the right crus is facilitated by referring to the left and the posterior side where the left 
crus is exposed by the previous step. 

Reduction of dre Hemia 
Hernia type dictates the difficulty of its reduction. Type I and type II are easily reduced 
into the abdominal cavity. TYpe ni and type IV hernias are more complicated due to 
the contents of the hernia sac. The ham:ia sac is divided around its opening and from 
its outside attachment, the sac is then retracted. 

Removal of dte Hemia 
Retention of the ham:ia sac has been acknowledged as a significant factor in increased 
recurrence rates after paraesophageal hernia repair. The identification of the GE junction 
is made easier with the resection of the hernia sac. 

Creation of a Tunnel Posterior to dre Esophagus and Placement of a 
Penrose Tube 
The Peorose tuba allows the gastroesophageal junction to be raised giving a clearer view 
of the crural confiuence. The crural defect is approximated. The size of the posterior 
space is estimated and mobilization of the fundus is evaluated. The fundus is pulled 
through the posterior space for fundoplication from left to right The fundus should 
remain in place without retraction. 

Closure of the Hiatal Defect 
It is our preference to close the defect using a running non-absorbable suture. In our 
institution we use zero non-absorbable sutures in an interrupted figure of eight tech
niques or in a running fashion. The decision is usually made intraoperative depending 
on the size of the defect. A running non-absorbable suture makes possible bidirectional 
fixation that provides distribution of the tension across the two edges of the tissue and 
eliminates the need to tie knots maintaining tight tissue approximation. 

Placement of Mesh 
The placement of mesh is based upon the muscular stability of the crural fibers and 
hernia size (Fig. 36.3). 



Chapter 3& Update on Hiatal Hernia Repair 397 

figur• 36.3 Placement of mesh. 

Fundoplication 
An antiretlu.x procedure is added to the procedure to prevent postoperative reflux 
after the extensive hiatal dissection. A floppy Nissen fundoplication is performed 
with two interrupted gastroesophageal gastric and gastrogastric 2·0 silk sutures 
(Fig. 36.4). 

Closure 
The fascial defects at the periumbilical and in.fraxiphoid locations are closed with 
figure-of-eight sutures using 0-0 absorbable sutures. The skin is approximated with 

Figure 3&.4 Nissen fundoplication. 
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11) Five-trocar tachniqua 
12) Division of short gastric vassals 
13) Division of pars flaccida and dissection oftha right crus 
14) Reduction oftha hernia 
15) Removal of the hernia sac 
16) Creation of a tunnel posterior to the esophagus and placement of a Penrose tube 
11) Qosure of the hiatal defect 
18) Placement of mesh 
19) Fundoplication 

110) Closure 

subcuticular 4-0 absorbable sutures and reinforced with steri-strips. All sites are injected 
with local anesthesia. 

POSTOPERATIVE MANAGEMENT 

Patients are kept NPO until postoperative day 1 when clear liquids are introduced. An 
esophagogram is done on POD 1. Follow-up appointment in the clinic is 10 days post
operative. Patients are discharged home and adhere to a soft diet for 3 weeks. 

) COMPLICATIONS 

Pleural injury/pneumothorax can be caused by unintentional entry into the pleural 
cavity during dissection of the mediastinum. 

Bleeding from the short gastric vessels or inadvertent injury to branches of the 
splenic artery may be controlled with the Harmonic scalpel or another energy source. 

Injury to the spleen or liver upon dissection and retraction can occur. 
Esophageal perforation may occur during blunt dissection and mobilization of the 

esophagus. 

~ RESULTS 
At our institution, we have formulated a 10-step standardized approach (Table 36.1) for 
the repair of paraesophageal hernias. The principle steps include the reduction of the 
stomach to its anatomical position intraabdominally, resection of the hernia sac, and 
closure of the esophageal hiatus followed by an antiraflux procedure. 

~ CONCLUSIONS 

Hiatal hernias are a prevalent condition. The laparoscopic approach has afforded major 
development to decrease procedure-related morbidity and mortality. The use of mesh 
is still controversial. 
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37 Single Access 
Laparoscopic 
Hernia Repairs 
Laura Dacks and Shawn Tsuda 

Introduction 
In the last decade, surgery has quickly evolved toward less invasive methods. Laparo
scopic surgery has continued to be on the forefront for many genBl'al surgical procedurBS 
due to shorter hospital stay, less pain, and reduced complications. The development and 
mastery of minimally invasive methods has piqued interest among surgeons and indus
try toward innovative methods beyond traditionallaparoscopy. 

Laparoscopic surgery through a single access site is a minimally invasive surgical 
technique either through a single incision with multiple instruments inserted into the 
abdomen via separate trocars or through a multi-channel access port (Fig. 37 .1). The 
procedure is then performed with the same steps as the conventional laparoscopic 
method. InhBl'ent challenges through this technique would include decreased triangula
tion, instrument crowding or "sword fighting," and poorer visualization. Several articles 
have been published recently focusing on trials and outcomes of laparoscopic single 
incision surgery for ventral, incisional, and inguinal hernia repairs (Table 37.1). The 
focus of this chapter is to familiarize surgeons with the most updated techniques of 
single access laparoscopic surgery (SALS) hemia repairs. 

~ INDICATIONS/CONTRAINDICATIONS 

Indications and contraindication& are essentially identical to those of the standard 
laparoscopic approaches. 

SALS Totally Extra peritoneal (TEP) Inguinal Hernia Repair 
Indications: 

• BilatBl'al hernias 
• Recurrent hernias 
• Unilateral hernias in young, active patients 
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figure 31.1 Single port versus single ncision technique. 

Patianta 
Authar Typa of Study (8) Type of Sur1ary 

Chung at al.l2011) Prospective 100 TEP 

Kucuk 12011) Prospective 15 lAPP 

Bucher et al.l2011) Prospective 52 VHJIHJUMJIN 

Bowar&Love 12011) Prospective 14 VHJIH 
Barbaros et al.l2011) Casa report 3 IH 

Tai et al. 1201 0) Prospective/ 54 TEP 
retrospective 

Sherwinter 12010) Retrospective 52 TEP 
He et al.l2010) Case report 3 TEP 
Surgit 12010) Prospective 23 TEP 

Agrawal et al.l2010) Prospective 19 TEP 
Roy & De 12010) Prospective 15 lAPP 

Podolsky et al.l2009) Retrospective 30 VHJIH 
Rahman & John Case report 1 lAPP 

12009) 
Bucher et al.l2009) Case report 4 TEP 

Jacob et al.l2009) Case report 3 TEP 
Filipovic-Cugura et al. Case report 1 TEP 

12008) 

Single incision 

Sin1la lnciaian ar 
Sin1l• Part Canvt~nian Cammanta 

Single incision 2 Converted to single sita TAPP. On a 
patient had racurranca. 

Single port No All wera recurrent hamias, 13 
wara opan and 2 wara previous 
TEP repairs. 

Single port No 6152 previous surgarias were port· 
site incisional hamias. Used 
working channel andoscopa. 

Both No None 
Single port No Giant hernias 11 ~ 18 em) requiring 

30 x 20 em mash. Transfascial 
sutures were not used on last 
two cases. 

Single incision No Prospective for LESS TEP, 
retrospective for conventional 
TEP 

Both No Based on availability of products. 
Single port No None 
Single port 1 Converted to standard 

laparoscopic TEP 
Single port No None 
Single incision No lntracorporealsuturing of the 

peritnneum was abandoned 
after two caaes due to being 
technically difficult 

Single incision No None 
Single incision No None 

Single port Additional port placed due to 
bleeding. Used working 
channel endoscope. 

Single port No None 
Single incision No None 

TEP, wtllly extraperitonn~ TAPP, tnnaabdominal preperitonea~ VH, ventral hernia; IH, intiaional hernia; UM, umbilital hernia; IN, inguinal hernia. 
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Relative confl'aindications: 

• Previous lower midline incisions 
• Prior preperitoneal pelvic surgery 
• Prior laparoscopic hernia repair 
• Pelvic radiation 
• Cesarean section 
• Poor risk to anesthesia 
• Bowel ischemia 
• Chronic incarceration 

SALS Transabdominal Preperitoneal (TAPP} Inguinal Hernia Repair 

Indications: 

• Bilateral hernias 
• Recurrent hernias 
• Unilateral hernias in young, active patients 
• Unidentified diagnosis 

Relative confl'aindications: 

• Large sliding hernias 
• Chronic incarcerated scrotal hernias 
• Prior pelvic surgery 
• Poor risk to anesthesia 

SALS Ventral,lncisional, and Umbilical Hernia Repairs 

Indications: 

• Any venfl'al/incisional hernia that can be repaired using the open tension-free mesh 
repair 

• Primary or first time recurrent umbilical hernia 

Confl'aindications: 

• Active wound infection 
• Loss of abdominal domain 
• History of several abdominal adhesions 
• Previous intraabdominal mesh placement, specifically heavy-weighted polypropylene 

mesh 
• Poor risk to anesthesia 

In the loss of abdominal domain or giant ventral hernias, one recent study chal
lenged this contraindication and had successful short-term outcomes. 

V PREOPERATIVE PLANNING 

Preoperative preparation for SALS hernia repair follows the same guidelines as standard 
laparoscopic approaches. Preoperatively, the patient is counseled on the benefits and 
risks of the procedure. AB with standard laparoscopic and open methods, there is risk 
of bleeding, infection, injury, and recurrence. Specific to ventral/umbilical hernia repair, 
risk of seroma or hematoma formation are included. 

Prior to entering the operating suite, patients undergoing inguinal hernia repair are 
asked to void their bladder. Placing a urinary cathetar is now generally avoided in the 
operating room, as this is thought to increase the risk of postoperative urinary retention. 
However, catheters are placed in patients undergoing TAPP inguinal hernia repairs that 
have had previous lower abdominal surgeries. Catheters and orogastric or nasogastric tubes 
are usually placed during venfl'al hernia repairs for stomach and bladder decompression, 
depending on the proximity of the surgical site to these organs. Also, following skin 
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preparation in venfl'al hernia repairs, an laban skin barrier may be used to limit contact 
of the mesh with the patient's skin during the procedure. Patients should receive preop
erative intravenous antibiotics that cover skin flora and all patients are placed on sequen
tial compression devices for deep venous thrombosis prophylaxis. The decision to use 
additional deep venous thrombosis prophylaxis is based on individual risk factors. 

Preoperative planning for surgical instrumentation should include standard laparo
scopic equipment along with a single access port (if available) or two to three trocars 
(one 12 mm and two 5 mm). Articulating instruments can be used, if desired and avail
able. Ten millimeter, zero-degree and thirty-degree or forty-five degree cameras are gen
erally used during the procedure. However, some prefer to usa a flexible-tip endoscope 
during ventral hernia repairs. 

Mesh of sufficient size should be available in the operating room prior to starting 
the procedure. The decision on what size mesh to use is usually made intraoperatively 
after accessing the size of the defect. Sutures for fl'ansfascial fixation or a laparoscopic 
tacking device should also be available and ready to use. 

(i) SURGERY 

SALS TEP Inguinal Hernia Repair 

Positioning 
The patient is placed in the supine position and general endofl'acheal intubation is 
accomplished. Either both arms are placed in the tucked position or at least the arm on 
the contralateral side as the hernia. The bed is placed in a 10- to 15-degree Trendelen
burg position, with the side of the hernia slightly rotated up. The laparoscopic monitor 
is placed at the foot of the bed and the surgeon stands on the opposite side of the her
nia. Two monitors at the foot of the bed can be used if a surgical assistant is being used. 

Technique 
A single 1.5 to 2 em incision is made at the umbilicus or just below the umbilicus in 
a periumbilical or vertical fashion. The subcutaneous tissues are dissected down to 
expose the rectus abdominis sheath. With a scalpel. a 2 to 2.5 em transverse incision 
is made in the anterior sheath. In patients with a unilateral hernia, the incision in the 
rectus sheath is made on the same side as the hernia. In patients with bilateral hernias, 
the incision is made on the side of the larger hernia. 

A balloon dissector is then inserted between the rectus muscle and the posterior 
sheath to open the preperitoneal space, as done in the standard laparoscopic TEP repair. 
The balloon dissector is removed and a single access device is then placed between the 
rectus muscle and the posterior sheath (Fig. 37 .2). Through the device, one 12 mm 
trocar and two 5 mm trocars 111'8 infl'oduced at different depths in the device to prevent 
the heads of the trocars from hitting each other. In our experience, we have used the 
device successfully with one 12 mm and 5 mm trocars when feasible and have not 
observed significant air leaking through the remaining 5 mm port site (Fig. 37.3). 

If a single access device is not available, a 10 mm laparoscope port can be placed 
through the previous anterior sheath incision. While the preperitoneal space is being 
insufllated, two 5 mm ports can then be inserted through separate anterior sheath inci
sions approximately 1 em laterally from the 10 mm port site. Another option described 
is the use of a home-made single access device. This involves placing an extra small 
Alexis wound refl'actor~'~'~ with the green ring in between the anterior and posterior rec
tus muscle sheaths. Two sterile surgical gloves are attached onto the retractor and three 
fl'ocars are inserted through the gloves and secured by purse-string sutures. 

The preperitoneal space is then insufllated with carbon dioxide to pressures of 10 
to 12 mm Hg and the TEP repair is accomplished in the same manner as the standard 
laparoscopic three midline port repairs. The device(s) are then removed allowing the 
gas to escape and the preperitoneal space to collapse. The umbilical fascial defect(s) 
are closed with absorbable suture followed by closure of the umbilical skin. 
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Figure 3'1.2 SILS,. port for TEP repair. 

SALS TAPP Inguinal Hernia Repair 

Positioning 
The positioning is essentially the same as previously described in the SALS TEP procedure. 

Technique 
A 1.5 to 2 em periumbilical or intra.umbilicalsk:in incision is made followed by dissec
tion of the subcutaneous tissues to expose the rectus fascia. A 1.5 to 2 em vertical 
rectus fasc:iotomy is then created and entry into the peritoneum is accomplished. The 
single access port device is then inserted with the inferior portion inside the perito
neum. Three b:ocars are then introduced into the device, again at varying heights to 
reduce the trocar heads from hitting each other. 

If a single access device is unavailable, three trocars (one 10 :mm. and two 5 mm) 
can be introduced into the abdomen through the single skin incision. The two 5 mm 
b:ocars are placed 1 em inferiorly and to the left and right of the 10 :mm. trocar. A case 
report by Rahman and John describe using a Veress needle for carbon dioxide insuJlla
tion through a transumbilical incision followed by placement of three ports through the 

Figure f1J Single access TEP tachniqua. 
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single incision. The particular technique used is based on surgeon preference and no 
one technique is considered superior to another. 

SALS TAPP repair is then performed using essentially the same technique as the 
standard three port laparoscopic TAPP repairs. At the end of the procedure, instruments 
and port(s) are then removed allowing the abdomen to collapse. The fascia at the 
umbilicus is closed with absorbable suture, followed by closure of the skin incision. 

SALS Ventral, lncisional, and Umbilical Hernia Repairs 

Positioning 
The patiant is placed in the supine position and ganeral endotracheal intubation is 
accomplished. Both arms are either tucked or placed out to each side, in a 90-degree 
position. The laparoscopic monitors are placed on both sides of either the patient's head 
or feet, depending on surgeon preference and the position of the hernia. The surgeon 
typically stands on the right side of the patient, however, sides may be alternated dur
ing the procedure to facilitate reduction of hernia contents or mesh placement. 

Technique 
The hernia is first assessed, measuring the size and palpating the boarders. This is 
important as the port should be placed in the patient's native fascia lateral to the defect. 
A 1.5 to 2 em incision is made in the right or left flank, approximately midway between 
the anterior superior iliac spine and the costal margin. Entry into the peritoneum is 
either accomplished under visual control or through an optical trocar, depending on 
whether or not a single port access device is used or 2 to 3 trocars through one incision 
is used. The multi-port access generally uses one 10 mm port and either one or two 
5 mm ports through separate fascial incisions. If using a single access port, a 2 em 
transverse incision is made in the fascia. The peritoneum is accessed by using a muscle
splitting technique and the single access port device is placed and the abdomen 
insufilated. Bower and Love describe the use of a Veress needle in the left upper quad
rant of the abdomen to provide insufll.ation prior to the single access port placement. 
The procedure is carried out in the same fashion as the standard laparoscopic method. 
At the end of the procedure, port(s) are removed and the fascial defects are closed with 
absorbable suture followed by skin closure. 

POSTOPERATIVE MANAGEMENT 

Patients may be discharged home between 4 to 48 hours. Generally, these procedures 
are handled as outpatient surgeries. Requirements for discharge are recovery from gen
eral anesthetic, able to tolerate clear liquids, and able to tolerate pain with oral medica
tion. Prolonged operative time, organ injury or suspicion of organ injury, bleeding, or 
perioperative anesthetic complications would be indications for inpatient admission. 
Initial follow-up normally occurs from 1 to 4 weeks. 

_) COMPLICATIONS 

Complications are rare intraoperatively and are primarily dependent on the experience 
of the surgeon. The literature for all types of single site or single port hernia procedures 
showed few conversions to the standard laparoscopic methods and no conversions to 
an open method. Postoperative complications were minor and were able to be corrected 
without any further surgery. 

Common postoperative complications: 

• Seroma or hematoma formation 
• Delayed return of bladder function 
• Minor wound infections 
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3 RESULTS 

Results, thus far, have been positive and appear to be equal to standard laparoscopic 
repairs. Generally, patient follow-up appointments have ranged from 2 weeks up to 24 
months. Patients have been monitored for recurrence at the primary site as well as 
access site hernias. To data, no recUITences have been documented. However, prospec
tive studies with adequate follow-up are needed. 

~ CONCLUSIONS 

Abdominal and inguinal hernia repairs are a large part of a general surgeon's practice. 
The ideal technique for hernia repairs is still conb:ovarsial. As advancements are made 
in laparoscopic surgery, newer methods are explored to provide improvements to the 
procedure as a whole. In the hands of an experienced surgeon, the concept of SALS is 
a fascinating and plausible innovation. Due to the novelty of this procedure, only a 
small amount of research with short-term outcomes is available. Questions have been 
posed as to whether or not this technique is superior to standard laparoscopic methods. 
Although SALS is comparable to the standard approach in providing less postoperative 
pain and lass recovery time, it appears the primary benefit of this technique is cosmetic. 
Some surgeons dispute this thought, as they believe the incision needed for the single 
access port device is larger than what is needed for the standard laparoscopic approach. 
Also, another issue that is debated is the higher expense rate with the SALS approach, 
mainly due to the costs of the single access port device. 

Ultimately, there are issues with this technique that need to be further evaluated. 
Continued research is needed in the efficacy, morbidity, expense, and patient cosmetic 
satisfaction of the SALS procedure compared to standard laparoscopic methods. There 
is also a necessity for more long-term randomized controlled studies in accessing recur
rences of primary hernias as well as access site hernias. 
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38 Reduced Port Surgery
Single Port Access 
Ventral Hernia Repair 
Paul G. Curcilla II 

Introduction 
Ventral hernia repair is unique from other surgeries we approach laparoscopically in 
two very particular aspects. First, unlike most other laparoscopic procedures, we approach 
ventral hernias from the opposite direction, and oftentimes in apposition to our field of 
view. We find ourselves looking "up" instead of down, and "at" ourselves instead of 
"ahead" of ourselves. Thus, we may need to manipulate mesh and tackers in reverse 
when the camera is coming from the contralateral side. Aside from the difficulties of 
adhesiolysis being performed laparoscopically, these two factors alone can be challenging 
to most surgeons who may otherwise be very adept at other laparoscopic procedures. 

In addition, when we repair a ventral hernia, we are exposing the patient to the very 
same problem we are addressing. Each incision or port site is a nidus for recurrence of 
the disease. 

Further, the application of the reduced port techniques and single port access surgery 
should be applied with the same thought process as multi port laparoscopy. The additional 
loss of the "triangulated" view for an inline view can be a diffi.cult transition as well. 

When undertaking the practice of laparoscopic ventral hernia repair, these factors 
play an important role in moving forward. Both as hurdles we must overcome, as well 
as potential learning points from which we can improve the technique and outcomes 
when positioned correctly. 

Attention to a new approach as well as the potential for subsequent hernia forma
tion at the port site must remain in the forefront. 

~ INDICATIONS/CONTRAINDICATIONS FOR 
~ SINGLE PORT ACCESS VENTRAL HERNIA REPAIR 

The indications for these are now proving themselves to be all levels of ventral hernias. 
Simple primary ventral hernias are the easiest with which to begin. Any hernia less 

401 
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than 2 em can generally be repaired without the application of mesh and an open tech
nique would be in order. However, if a laparoscopic repair is going to proceed, then the 
single port access technique is a viable alternative. 

All patients for ventral hernia repair can be considered to have the procedure per
formed laparoscopically, but both science and common sense will dictate which patients 
are appropriate candidates for this approach. Oftentimes, patients will be prepared for 
a laparoscopic approach and repair, but intraoperative findings or conditions may dictate 
an open procedure needs to be performed. In this light, a surgeon performing laparo
scopic hernia surgery should also be well versed in all open repair techniques, meshes, 
and reconstructive procedures. 

Single port access ventral hernia repair is a new technique. The most important 
contraindication would be lack of familiarity with single port access surgery. Clearly you 
have to decide at what level of skill you can proceed with the hernia repair through 
decreasing number of port sites. In the past, the author's developed a simplified approach 
to laparoscopic ventral hernia repair with a "two-port, single-stitch" technique. This 
allowed us to repair small hernias and ultimately we graduated to much larger hernia 
repairs. However, as you move forward with single port access, the most important con
traindication will be your level of skill with this new procedure. As you develop your 
technical skills, single port access ventral hernia repair can be offered to the patients 
with small and large hernias as well as multiple or complex defects. Again, the most 
important aspect is safety and it should always be remembered to add another port site 
or trocar whenever necessary to maintain a safe operative procedure. 

The simplest of ventral hernias are not only the obvious clear indicators for the 
laparoscopic approach, but also the best hernias to begin a surgeon's development of the 
laparoscopic hernia repair practice. Each of these hernias can be repaired easily and 
oftentimes with success, serving as a bridge to larger and more complex hernias. 

Umbilical 
Epiploceles 
Low midline hernias from pel vic surgery 
'll.'ocar site hernias from laparoscopy 
Recurrent umbilical hernias 

One should master multi port ventral hernia repair before moving onto reduced port 
repairs. Just as is taught with single port access cholecystectomy and colectomy surgery, 
the "step-down" approach is a gradual transition from multipart to single port surgery. 
In fact, as the developers of single port access surgery, the author began the road to 
reduced port surgery with the introduction of the "two-port, one-stitch" technique for 
ventral hernia repair. The surgeon should begin by eliminating one of the port sites at 
a time. Only add one extra instrument to a port site at a time. Not only does it make 
for an easier transition, but it also allows for a better chance at success at each level, 
encouraging the surgeon to move to the next level. 

In our experience, as reported initially in our first series, we have repaired not only 
primary defects but also recurrent hernias. We had been able to apply this technique 
to multiple defects as well as small to large defects. In addition, we have been able to 
apply the repairs with prior mesh repairs that need a new sublay mesh. 

Once mastered, moving to more complex repairs becomes easier and manageable. 

Multiple defects 
Multiply recurrent hernias 
Lateral hernias 
Long midline incision hernias 
Complicated hernias 
Complex hernias 

The contraindications for single port ventral hernia repair are the same as for mult
ipart ventral hernia repair. Any medical contraindication that would disallow the appli
cation of carbon dioxide or the implantation of mesh would also be a contraindication 
in these patients. 



Cll1ptar 31 Reduced Port Surgery-Single Port Access Ventral Hernia Repair 409 

Other preoperative considerations would be the following: 

• Bleeding dyscrasias (can result in excessive bleeding from tacks) 
• Retractable ascites (unless a draining catheter is placed simultaneously) 
• Infected abdominal wall (potential to infect mesh to be placed) 

Intraoperative considerations/concerns would be the following: 

• Inability to obtain a safe access point 
• Extensive adhesions not amendable to laparoscopic takedown 
• Necessity to resect bowel if not fascile in laparoscopic bowel anastomosis 
• Contraindication to mesh placement 
• Any concerns about bowel injuzy or safe continued dissection 

V PREOPERATIVE PLANNING 

As we approach the patient with a ventral hernia, the need to reduce the trauma we 
incur on the patient must also decrease in order to ultimately defeat this process. We 
need to plan the surgery before we arrive in the operating room, so we are ready to 
handle all possibilities. Conversion from single port access to reduced port surgery to 
multipart laparoscopy to open surgery is not a complication, but rather a natural pro
gression in the "safe" approach to ventral hernia repair. 

Over the next several pages, we will demonstrate to you a technique that offers the 
ability to approach ventral hernia repair through a single port site, thus not only mini
mizing the patient's discomfort and recovery periods, but also offer the least possibility 
of recurrence of this disease process through our treatment site. 

The planning for these patients is somewhat different With most laparoscopies we can 
generally enter through the umbilicus. However, most patients generally have a midline scar 
through which the hernia has occurred. We need to decide based on the patient's anatomy 
and abdominal wall examination where we want to place our first and sometimes only 
trocar. Obviously, you need to plan this based on the patient's prior surgeries. A surgical 
procedure in a particular quadrant of the abdomen would make that a quadrant we would 
want to avoid. In some instances, the initial port site may need to be just to the left of the 
xyphoid process. It can be very d:if6.cult to manipulate and tack the mesh from this point, 
so we will have to prepare the patient for at least a second site of entry. 

It is often wise to obtain a CAT scan of the abdomen in order to define the size of 
the defect This ensures that you have the appropriate size mesh available. In addition, 
if there is prior mesh, it may be visible on CT scan if it is PTFE based, or not if it is 
polypropylene based. If permanent tacks were used, this could help delineate the size 
and position of the mesh that has been placed in the past, which may help with the 
decision on the size of the mesh you will be placing. 

Another important aspect of recurrent ventral hernias we have found is to obtain a 
copy of the prior operative reports. These operative reports will certainly help in plan
ning whether or not you will need to remove or replace mesh. In addition, they may 
also help to plan the overall procedure. 

tS) SURGERY 

1. General Anesthesia 
2. Supine Positioning 
3. Arms tucked for low or midline hernias 
4. Arms out for wide hernias in order to place trocars far lateral 
5. Foley catheter 

a. In simple hernias, you can oftentimes avoid placement of a Foley catheter if the 
patient has just urinated and you are going to be entering high in the abdomen 
or lateral where the bladder would not be positioned. 
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6. Nasogastric decompression 
a. We routinely place a nasogastric tube should we get into a more complex pro

cedure and nasogastric decompression will be necessary postoperatively. This 
also facilitates placement of the trocar in the left abdominal wall to ensure that 
the stomach is not over inflated. 

7. Prep and draped wide "table top to table top" to allow far lateral placement of trocars 
a. Only shave the area where the port site will go as well as a small area where we 

may need to place a central suture. We do not recommend tape for the removal 
of the hair as this can itself damage the skin, which is the body's first line of 
defense against infection. 

8. Trocar sites 
a. The most important trocar is going to be the first trocar that is placed. This is 

generally placed in the open technique. Given all ventral hernia repairs, a 1 em 
incision is generally necessary in order to insert the mesh. A 1 em skin incision 
is enough to allow you to proceed down in an open technique separating each 
layer individually. Grasping the fascia and ultimately peritoneum with hemostat 
is an excellent technique. The other option is to use a bladeless trocar and enter 
in the manner in which they are proven to work with a slow 180-degree tum 
that allows you to separate the tissue rather than puncturing. Given that you are 
entering the abdomen blindly, we generally use the Optiview to only enter with 
a very tip to allow a very small hole thus ensuring that a sharp instrument does 
not enter into the abdomen. We then withdraw the obturator and insert the 
camera allowing us to insufflate the abdomen through the small hole and then 
actually insert the scope through this hole. This allows us to insert the trocar 
over that. Once we are in we can examine the abdominal contents for any signs 
of adhesions and the prior surgery if it is present. 

9. If the hernia can be repaired from this position then the single port access port 
technique is followed (Fig. 38.1). The single port access technique as described in 
the past is done by raising skin flaps off the fascia in order to allow the insertion 
of a second trocar through the same site approximately 3 to 4 em from the first 
affording a mild degree of triangulation. For this, extra-long very-low profile trocars 
or "sleeves" (trocar heads less than 2 em) are generally employed. We avoid the use 
of trocars with large threadings as the two can run together and ultimately cause 
problems with C02 leakage. 
a. We avoid the use of the SILS™ (Covidien) or LESS devices as techniques of 

reduced port surgery as these employ port access devices to allow multiple 
instruments to pass through. These devices can require larger fascial incisions 
which may lead to increased hernia formation themselves. 

10. If a third instrument is needed then this can always be done in the single port 
access technique by raising a flap in the other direction and assuming the triangu
lated position away from the hernia itself (Fig. 38.2). 

11. A combination of blunt and sharp dissection as well as minimal heat or energy 
dissection is then used in order to take down the adhesions. Again, this can be 

Lateral 5 mm Trocar Site 

Initial Camera (5 mm) Trocar Site 

Lateral Skin Incision 
(-1 em) 

Camera Trocar Site 
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Figure 38.1 Single port access 
(SPA): Access schematic fur 
ventral hernia. 
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Figur• 38.2 Comphrta lateral incision. 

done simply with a simple or primary hernia and will require much more skill as 
you progress to the more advanced hernias. 

12. Once the defect is completely visualized and cleaned, we do ensure that there is at 
least a 3 to 5 em margin around the entire fascial edge. Oftentimes, this requires 
taking down the falciform ligament in order to ensure that this does not sit above 
the mesh once placed. 

13. Mesh 
a. Mesh type: Our practice has been to use a polypropylene-based mesh. We feel 

this is the best as it promotes tissue ingrowth. However, as this is being placed 
in the abdomen, a barrier does need to be present that will help minimize the 
formation of adhesive scarring to the small bowel and omentum. Clearly, there 
are a number of these in the market and any one of these can be used based on 
your preference and the degree of dissection. We have found that in patients 
with primary or simple hernias, there is very little of any dissection and a 
temporary barrier that may only last 4 to 6 weeks is sufficient. However, if there 
is a fair amount of dissection then you may want the barrier to be remaining 
for a longer time in which case a coating that lasts up to 6 months may be 
necessary. 

b. We have stayed away from the PTFE-based mesh. Unfortunately PTFE, although 
it may minimize adhesion formation, the concern over infection has led us to a 
more incorporating mesh. In our experience, we have been able to salvage poly
propylene mesh with infection, but not PfFE. In addition, our personal experi
ence has now seen a number of PTFE-based meshes that have become infected 
several years later after the patients have developed skin abscesses or undergone 
subsequent surgery with seeding of PTFE. 

c. Mesh size: We routinely measure the defect and then add 6 em to both dimen
sions. This gives us at least a 3 em overlap in all directions. We than chose the 
next larger mesh size that allows an adequate overlap. 

d. Mesh insertion (Fig. 38.3): 
i. Place suture through the center of the mesh. 
ii. Roll the mesh tightly. 

1. It is best to roll this on a Mayo stand or hard surface. 
2. The mesh is then inserted using a Kelly clamp through one of the trocar 

defects. 
a. We generally use the b:ocer site that was placed first, which is in the 

center of the wound and the easiest to both find and reproduce for 
subsequent b:ocars. We do not insert the mesh through a trocar or 
through any device (in our series of over 300 patients thus far using the 
reduced port technique we have not had any infections of the mesh). 
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Figur• 38.3 A: Insertion af mash. B: Position af central suture grasping device. C: Grasping cantered suture. D: Positioning of mash 
to abdominal wall. 

e. Mesh placement: A central suture is then placed. This is the technique we 
originally described in our two-port, single-stitch technique. 
i. Placement of the stitch in the center of the mesh and pulling it through the 

center of the defect(s) externally automatically centers the mesh on the defect. 

As always, if the dissection requires a subsequent trocar be placed in a distant loca
tion to the single port access site then we simply do this and we have considered this 
the reduce port technique, which still allows us to repair the hernia with two holes 
instead of four or five as has been commonly reported. 

Tacking: Once placed, proceed with tacking with either absorbable or non
absorbable tacks. We have found that the non-absorbable tacks work best in obese 
patients. However, in most patients the absorbable tacks work nicely and are then 
placed around the perimeter of the mesh. Our first tacks are placed at the North, East, 
South, and West positions, which allow the mesh to be secured. We then placed tacks 
into the comers of the mesh. Sometimes, we will place markings on the mesh in order 
to orient it if rectangular or oval piece of mesh is being placed rather than a circle or 
square. 

Once the perimeter of the mesh is tacked at intervals of 2 to 3 em, we then place 
an inner circle of tacks as well outside of the fascial defect in order to help prevent 
mesh migration. 

At the end of every procedure, we then grasp the mesh in order to ensure that we 
cannot pull off the abdominal wall. In fact, when we pull on it, we make sure that the 
abdominal wall shakes demonstrating that it is adherent to the mesh. If this pulls the 
mesh then obviously it is not intact and we have to replace it. Any aberrant or lost tacks 
are always retrieved in order to prevent any subsequent problems. 

Once the mesh is secured we desuftlate the abdomen to ensure that it comes down 
nicely. 
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Of note, it is best to place the tacks with the fascia at a right angle through the 
tacker. If the tacks 81'9 placed in an acute or obtuse angle, it does not give a good grasp 
of the tissue and the mash can easily move. The abdomen is than reinsuftlated and 
inspected for bleeding or any bowel injuries. Ally sign of bowel injuries obviously need 
to be corrected or the patient open for the repair. 

Trocar site closure: For the single port access incisions, since we are tenting the 
skin in several directions, we now close the incisions with a running subcuticular pro
lene suture to allow it to stay longer. We found with our early experience that a number 
of these incisions ware not fully healed before the suture dissolved. 

POSTOPERATIVE MANAGEMENT 

Postoperatively, patients for small hernias are admitted to the same day procedure unit 
or for a 23-hour observation. We have found that most patients era discharged within 
24 hours with soma staying an extra day or two for pain control or ileus. We have had 
several patients with urinary retention and this has been treated with a Foley catheter. 
Although, antibiotics are given preoperatively, we do not routinely use antibiotics post
operatively in these patients. 

Diets 81'9 advanced within the day . 

.) COMPLICATIONS 

Complications that can occur from this procedure: 

• Wound infection at the site of insertion 
• Bleeding from the tacks resulting in areas of ecchymosis that usually resolve 
• Seromas occur in almost all patients and they generally resolve 

• Binders have helped control these 
• Unavoidable as the peritoneum in left intact 

• Mild postoperative ileus 
• Urinary retention 
• Readmissions with persistent pain 
• Major Complications 

• Bowel injury 
• Attention to dissection and maintaining instruments (hot and cold) in view at 

all times is mandatory. 
• Ally evidence of injury needs to be explored and if you do not have an adequate 

and safe view laparoscopically then certainly an open procedure is warranted 
in order to prevent this. Any bowel injury that occurs postoperatively needs to 
be treated emergently and expeditiously. 

• Bowel obstruction 

3 RESULTS 

The results of this technique need to absolutely mirror the results of the standard 
laparoscopic technique. Our recurrence rata has bean zero at this point, but we are 
still only within 3 to 4 years of performing this procedure. This clearly needs to be 
followed for several years as hernias can develop at least 2 years out and up to 5 to 
10 years. 

Otherwise, our results do mirror those of multi port laparoscopic surgery. This dem
onstrates proof of concept as we move forward to more complex repairs. 
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~ CONCLUSIONS 
Proof of concept is the most important aspect of a new procedure. We need to demon
strate applicability, safety, and successful outcomes. We also need to prove that we have 
not increased the risks of standard and proven techniques. The gain from single port 
access as of yet has only been cosmetic. No other benefits have yet been shown. There 
is no room for increased complications if we are not improving overall outcomes yet. 

The approach to the patient with a ventral hernia is oftentimes an approach not 
seen in other surgical diseases. Although primary ventral hemia.s certainly do occur in 
the case of epiploceles and umbilical hernias, a venh'al hernia is most often the result 
of a prior surgical procedure. Thus, we not only treat the disease, but we also must 
realize that we are oftentimes the cause of the disease itself. With this said, it is impor
tant that we actually develop not only a treatment plan for the patient with ventral 
hernias, but also act to develop a plan to prevent the patient from undergoing another 
ventral hernia. 

As we move forward in the era of laparoscopy, we have seen a dramatic decrease 
in large ventral hernias. Although, with laparoscopic ventral hernias, port or trocar site 
hernias have certainly become an issue with which we have to attend. Subsequently, 
the repair of these hernias laparoscopically has now offered us not only a better repair 
technique, but also it offers us an improvement in that the incisions are smaller and 
hopefully large ventral hernias will become a thing of the past. 
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Obturator foramen, 107, 108f, 109/. 153 
Obturator hernias, 107, 161 

anatomy related to, 107-108, 108/ 
obturator area, 107 
obturator artery, 107 
obturator canal, 107 
obturator foramen, 107 
obturator internus muscle, 108 
obturator nerve, 107, 109f 

diagnosis, 112-113, 113/-115/ 
presentation,108-112,109/-112/ 
signs associated with, 112 
surgical approaches to, 113, 115-116 
types of, 110, 112, 112/ 

Obturator nerve, 13f, 107, 109/. 111/. 112, 
154/ 

Obturator neuralgia, 112 
OlympusTM 'IHPortTM device, 204t, 209 
Onlay mesh repair technique, 213-218 

complications of, 217-218 
indications/contraindications for, 213 
operativetechniquein,214-217 

defect closure, 214, 215/ 
intraabdominallook after defect 
closure, 217, 217/ 
mesh fiXB.tion, 215, 216/ 
mesh introduction, 214, 214/ 
suture passer, 214, 215/ 
transfascial sutures placement, 216, 

216/ 
patient positioning in, 214 
postoperative management, 217 
preoperative planning, 213 
surgeryin,213-217 

Open Book variation, ofCS technique, 
322-323 

Osteitis pubis, 220 

p 
Pain, after hernia repair, 125-126. See also 

Groin pain, chronic, after inguinal 
hernia repair 

Pantaloon hernia, 197, 198/ 
Pants-over-vest technique, 285 

Parapubic hernia. See Suprapubic hernia 
Parastomal hernias, 343 

incidence of, 343 
repair of, 343 

complications, 349-350 
indications/contraindications, 343-344 
laparoscopic repair, 346-348, 349/ 
mesh choices for, 348-349 
openrepair,345-346,346/ 
patient preparation and positioning, 

345 
postoperative management, 349 
preoperative planning, 344 
results, 350-351 
surgery, 345-349 

types of, 343, 344/ 
paraenterostomal, 343, 344/ 
sliding enterostomal, 343,344/ 

Parietex composite, 249 
Perfixtl Mesh Plug, 28, 28f 
PGA:TMC meshes, 297 
Physical activity, and inguinal hernia, 14 
Physical disability, from large hernias, 289 
Plastic barrier drape, use of, 18 
Plug and patch inguinal hernia repair, 25-26 

complications, 31-32 
infections, 31 
ischemic orchitis, 31 
persistent pain/neuralgia, 32 
recurrence, 31 

contraindications, 26 
indications, 26 
postoperative management, 31 
preoperative planning, 26-27, 27f 
surgical technique, 27-31 

closure, 30 
dissection, 28f 
Gore BiolA Plug, placement of, 29, 29/ 
incision, 27, 27/ 
plug placement into internal ring, 28, 28f 
suture placement, 30, 30/, 31/ 
types of plugs, 28-29, 28f 

Polyester mesh, 247, 247/ 
with fibrin glue, 198 

Polypropylene, 246-247, 246/ 
Polytetrafl.uoroethylene (PTFE), 247-248, 248/ 
Preperitoneal space, 7-8, 8/ 
Procaine hydrochloride (novocain), 74 
Proceed mesh, 249 
Progressive preoperative pneumoperitoneum, 

265-266,302-303 
CT scan, 303/ 

Prolene Hernia System (PHS), for groin 
hernia repair, 33-35, 36f 

complications, 44 
indications/contraindications, 33-35 
outcomes, 44--45 
postoperative management, 44 
preoperative planning, 35 
surgery, 34/, 35-36, 36/, 37/. 38/ 

altemant approach for direct hernia 
repair, 39--40 

direct inguinal hernia repair, 39, 39/, 40/ 
indirect inguinal hernia, 36-39, 36/-38/ 
UltraPro Hernia System Repair, 40-43, 

41/--44/ 
Prolene Hernia System111

, 33-34, 34/ 
Prolene Mesh System111

, 29 
Pseudo-peritoneum, 299, 299/ 

R 
Rectus abdominis muscle, 4f, 6, 13, 317-

318. See also Component separation 
(CS) technique 

Rectus femoris (RF) muscle, 220/, 334, 335/ 
Recurrent hernia in morbidly obese, repair 

of, 281-288 
complications, 287 
indications and contraindications, 

281-282 
postoperative management, 286-287 
preoperative planning, 282 
results, 287-288 
surgery, 282-283 

componentseparation,285-286 
laparoscopic repair, 284-285 
open repair, 285 
repair options, 283-284, 283/. 284/ 
suturing technique, 286 

Recurrent laparoscopic inguinal hernias 
[Rl.Hs), repair of, 231-237 

complications after, 236, 236/ 
indications/ contraindications for, 

231,232/ 
postoperative management, 236 
preoperative planning, 231 
results of, 236 
surgery, 232-235 

instrumentation, 233 
patient preparation, 232positioning, 232 
procedure,233-234,233/-235/ 

Re-enforcement repair technique, 324 
Rives-stoppa (RS) technique, 308-309 

in giant ventral hernia, 260 
Round ligament, 10 
Ruggi repair, offemoral hernia, 102, 102/ 

s 
Sartorius muscle, 335 
Scarpa's fascia, 2 
Scroll technique, for mesh placement, 388, 

389/,390/ 
Separation of components procedure. See 

Endoscopic component separation 
Sepramesh, 249, 249/ 
Seroma formation, in TEP repair, 187 
Serratus anterior myofascial flap, 333 
Short-stitch technique, 286 
Shouldice, Earle, 71 
Shouldice Hospital, history of, 71-73 
Shouldice technique, for hernia repair, 58, 

71-86. See also Bassini operation, for 
inguinal hernia 

complications, 83 
chronic postoperative pain, 85 
dysejaculation, 84-85 
hematomas, 84 
hydrocoeles, 84 
infections, 83-84 
testicular atrophy, 84 

postoperative management, 82-83 
preoperative planning, 74, 74t 

local anesthesia, 74 
obesity, 74 
sedation, 7 4 

related anatomy, 73 
results and follow-up data, 83, 84t 
surgery, 75-82 

dissection, 75-78, 76/-79/ 
incision, 75 
local anesthesia, 75 
reconstruction, 78-82, 80f-83f 

Silken cord sign, 118 
Silo technique, 266 
SILS TEP hernia repair, 203-205 

discussion on, 208-209 
instrument options for, 210 
multiple trocars in one skin incision, 204/ 



one year after, 208, 208/ 
resul~oL 206-207, Z07t 
single port access (SPA) devices and, .205, 

205/ 
six months after, 208 
surgical approach, .205-.206, .205, .206/ 
and technical variables, 204 
trocar options for, Z09visual analog scale 

(VAS) for, .206 
SILSTM Port device, 209, 209/, 403/ 
Single access laparosc:opic surgery (SALS) 

hernia repairs, 399, 400/, 400t 
complications of, 404 
postoperative management, 404 
preoperative planning for, 401--40.2 
resul~ of, 405 
single port versus single incision 

technique, 400/ 
totally extraperitoneal inguinal hernia 

repair, 399 
c:ontraindications for, 401 

indications for, 399 
surgery for, 40.2, 403/ 

transabdominal preperitoneal inguinal 
hernia repair, 401 

c:ontraindications for, 401 
indications for, 401 
surgery for, 403--404 

ventral, incisional, and umbilical hernia 
repairs, 401 

c:ontraindicationa for, 401 
indications for, 401 
surgery for, 404 

Single incision laparosc:opic: surgery (SILS), 
203 

for inguinal hernia repair. SeeSILS TEP 
hernia repair 

Single port access (SPA) surgery. See Single 
incision laparosc:opic: surgery (SILS) 

Single port access ventral hernia repair, 
407--414 

complications, 413 
c:ontraindications for, 408 
indications for, 407--408 
intraoperative considerations in, 409 
postoperative management, 413 
preoperative considerations in, 409 
preoperative planning, 409 
results of, 413 
surgery for, 409--413, 410/-412/ 

Space of Bogros, 8, 78/ 
Space of Retzius, 8, 153, 154/, 162,377,377/ 
Spermatic: cord, Z, Zf, 5f, 10 
Spermatic fascia, 10, 150-151, 150/, 151/, 

164 
Spigelian hernias, 385 

and abdominal wall layers, 386/ 
cr scan of, 385, 386/ 
development of, 385, 386/ 
laparosc:opic: repair of, 387 

complications, 391 
extraperitoneallaparosc:opic: repair, 

390--391 
indic:ations/contraindic:ations to, 385 
intraperitoneallaparosc:opic: repair, 

387-390,389/-390/ 
open repair, 387, 388f 
outcomes of, 391-392 
postoperative management, 391 
preoperative planning, 387 

Sports hernia, 219, 224. See also Groin pain, 
in athletes 

abdominal core strengthening, program 
for, 227, 228/ 

indications for surgery in, 2.24 

Muschawek minimal repair technique in, 
2.25,2.26/ 

outcomes of surgical treatment of, 
2.28-2.29 

pathophysiologic: mechanisms in, .2.21/. 
2.24-2.25, ZZ4f, ZZ5f 

postoperative management, .227-.228 
surgical approaches in, 2.25-227 
laparoscopic: posterior mesh repair, .225, 

2.27,2.27/ 
open anterior tension-free mesh 

approac:h,ZZ5,ZZ6f-ZZ7f 
primary pelvic: floor repair, 225 

Staphylococcus uureus, prosthetic mesh 
infection by, 305 

Stress fractures, in athletes, ZZO 
Sublay technique, .283, Z83f 
Superior triangle of Grynfeltt, 11-1.2, 12/ 
Suprapubic hernia, 373 

development of, 373, 374f 
laparoscopic repair of. See Suprapubic 

hernias, repair of 
Suprapubic hernias, repair of, 373 

complications of, 381-38.2 
indic:ations/c:ontraindic:ations to, 373 
outcomes of, 382-383, 38zt, 383t 
postoperative management, 381 
preoperative planning, 373-375 

T 

history in, 373-374, 375t 
imaging in, 374-375 
physical examination in, 374 

surgery in, 375-381 
abdominal access, 375-376 
closure, 381 
dissection, 376-378, 377/ 
mesh fixation, 379-381, 379/-381/ 
mesh placement, 378, 378f 
patient positioning and preparation, 

375,376/ 
port placement, 376, 377/ 

Teflon, .248 
Tegaderm, 345 
Tension-free repairs, 61, 87. See also Kugel 

technique, for groin hernia repair 
Tensor fusciae latae (TFL) flap, 334 
Tisseel., brand, of fibrin glue, 198, 199/ 
Tissue expanders, 266, 330-331 
Thtally extraperitoneal inguinal hernia 

repair, 104,173-190 
advantages of, 173blind balloon 

dissection for, 176, 178/ 
complications, 180, 187-190 

nerve injury and chronic pain, 188-189, 
189t 

urologic, 187-188 
wound, 187 

contraindications to, 174-175 
indications for, 174 
and inguinal preperitoneal space anatomy, 

173-174 
mesh choice and placement in, 179-180, 

180f 
and open inguinal hernia repairs with 

mesh, randomized trials on, 181-184t 
operating room set up and equipment for, 

175-176 
patient preparation for, 176 
peritoneal tears repair during, 179 
postoperative management, 180 
preoperative planning, 175 
preperitoneal space dissection, 177-178 
recurrences in, 190 
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surgery in, 176-180 
preperitoneal space, access to, 176, 177/ 

and TAPP, 173, 175, 185-186t 
Totally extra peritoneal inguinal hernia 

repair, with fibrin glue, 193-194 
complications from, ZOO 
contraindications to, 194 
indications for, 194 
operative technique in, 196-.200 

balloon dissector, use of, 196 
dissection of peritoneum off cord 
structure, 197, 197f 
incisions after trocar removal, 198, 199/ 
laparoscopic view of pantaloon hernia, 

197,198/ 
mesh insertion through infra umbilical 
trocar, 197, 198/ 
mesh with fibrin glue over defect, 198, 

199/ 
posterior rectus sheath exposure, 196, 

196/ 
Tisseel., brand of fibrin glue, use of, 

198, 199f 
postoperative management, 198 
preoperative planning for, 194 
preperitoneal anatomy related to, 

194-195 
nerves on right psoas muscle, 195/ 
right myopectineal space, 195f 

results, Z00--.201 
Rives approach of dissection of 

preperitoneal hernia repair and, 
.200,.201/ 

surgery in, 194-ZOO 
patient positioning in, 196 

Transabdominal preperitoneal (TAPP) 
approach, for incarcerated 
femoralhernia, 104 

Transversalis fascia, 6-7, 7f, 73 
Transversalis fascia crura, 7 
Transversus abdominis arch, 4, 5/ 
Transversus abdominis muscle, 4-6, 5/ 
Triangle of doom, 16Zf, 163, 174 
Triangle of pain, 162/. 163, 174 
Triple neurectomy, 141-147 

complications, 146 
contraindications, 141 
indications for, 141 
preoperative planning, 141-142 
results, 146 
surgical technique, 142-144, 143/, 144/ 

implantation of mesh, 144-146, 145/, 
146/ 

Two-port, single-stitch technique, 408 

u 
UltraPro Hernia System• (UHS), 40--43, 

41/--44/ 
Umbilical hernia repair, .239-.244 

complications, 243 
contraindic:ations for, .239-.240 
indications for, 239 
postoperative management, 243 
preoperative planning, .240 
results, .243 
surgery, .240 

closure, 24.2 
incision and exposure, 240--241, 241/ 
patient positioning, .240 
preparation, .240 
repair of fuscial defect, 241-242, 242/ 

Umbilical hernias, classification of, 239 
reducible, 239 
strangulated, 239 
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Umbilical hernias, in children, 123-124 
complications, 124 
indications/contraindications, 123 
postoperative management, 124 
preoperative planning, 123 
results, 124 
surgery, 123 

Urachus. See Median umbilical ligament 
Usher, Francis, 246 

v 
Vacuum-assisted dressings, 300 
Vastus lateralis (VL) flap, 335 
Velcro abdominal binder, 313 
Ventral hernia, massive, 317, 318f See also 

Component separation (CS) technique 
Ventral hernia repair, 407 

single port access surgery for. See Single 
port access ventral hernia repair 

Ventral hernia with loss of domain, 
283-278 

abdominal wall reconstruction techniques 
for, 265 

anatomic alteration, 286 
mechanical traction, 265-266 
synthetic replacement, 266 

complications, 277-278, 277f, 278f 
contaminated abdominal wall and, 278 
indications/contraindications, 263-265 
obesity and, 278 
postoperative management, 276-277 
preoperative planning, 266 

computed axial tomography, 266-267 
perioperative analgesia, 267 
physical examination, 266-267 

surgery, 267-276 
abdominal wall reconstruction, 271 
CT scan, 270-271, 270f 
exploratory laparoscopy with 

percutaneous catheter system 
placement, 287-288 

intraperitoneal onlay of mesh, 273, 275, 
275f 

laparostomy with serial mesh excision 
technique, 276, 276f, 277/ 

patient care plan, stage I, 288 
placement of percutaneous vena cava 

filter, 267 
progressive preoperative 

pneumoperitoneum, 268-270 
Rives--Stoppa with PCST, 271-273, 

271[-273/ 
silotechnique,275,276/ 

Ventral Hernia working Group (VHWG), 
290,310 

CVHs repair, guidelines for, 310 
hernia grading system, 298, 298t 

Veterans Affairs (VA) cooperative study, 
187,190 

w 
Weight loss surgery, before hernia repair, 

301-302 
Wound VAC device, 319 
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