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Foreword to the Second Edition 

This book, written mostly by French surgeons and surgeon-anatomist is 
about the abdominal wall. There is nothing comparable to it nor is there any 
publication as comprehensive. It covers every aspect of the abdominal wall 
from anatomy and hernias to tumors, burst abdomens, and abdominal recons
truction in children and adults. Among the striking features of the book is 
unity even though it was written by multiple authors. The chapters do not 
overlap and flow smoothly from one to another in English, beautifully trans
lated from French. For me reading it from cover to cover was a pleasure, yet 
my chief use of this book is to reference a subject, as the thumbed pages of 
my first edition attest. The second edition brings each chapter up to date and 
includes numerous new illustrations. 

The illustrations of anatomy and operative procedures need special com
ment for they are especially elucidating, uniquely French, and for me an edu
cational treat. Usually North American surgery treatises are illustrated by 
medical artists who draws what they see using line or halftone techniques. 
In this book, however, the illustrations are schematic and were initially pre
pared by the authors themselves. In France, not rarely, professors of surgery, 
and almost all professors of anatomy illustrate their lectures and surgical 
essays by drawing schematically on the blackboard or on paper. They are 
skilled at this and I have watched them with envy. The illustrations in this 
book are professional reproductions of the schematic drawings the authors 
used to illustrate their chapters and are exactly like those they use to teach 
anatomy and surgery to their students 

As expected, considerable space is allocated to hernias of the abdominal wall. 
French surgeons have been the world leaders on this subject. The first edi
tion of this book introduced to English speaking surgeons for the first time 
Fruchaud's myopectineal orifice, the anatomic area where all groin hernias 
originate, and the innovative and revolutionary surgical techniques for suc
cessfully repairing complex hernias of the groin and intimidating major inci
sional hernias. These techniques are now recognized worldwide as the pre
ferred procedures for these very difficult problems. 

The book's origins stem from the founding members of Groupe de Recherche 
et d'Etude de la Paroi Abdominale (GREPA). What started as a club of ten 
congenial French surgeons, interested chiefly in the anterior abdominal wall 
is now an international organization of surgeons of all disciplines who are 
united in solving the problems of every aspect of the abdominal wall. This 
book, conceived and edited by J.P. Chevrel, has, like GREPA, also grown and, 
as such, epitomizes this organization. The book is invaluable and will be a 
great help for medical students surgical residents and practicing surgeons. 

George Wantz, M.D. 

Clinical Professor of Surgery 
The New York Hospital - Cornell Medical Centre, New York, NY 



Foreword to the First Edition 

The abdominal wall has always been of interest to surgeon-anatomists. It was 
recognized as a barrier, and volumes have been written demonstrating how 
to breach this wall. Similarly, great importance has been placed on the methods 
of repairing the abdominal wall, whether that repair is necessitated by a pri
mary operative wound, a congenital failure, an acquired defect, or the ubi
quitous iatrogenic problem, the postoperative abdominal wall hernia. 

French surgeons have a long tradition of excellence in the field of human 
anatomy: the names of Pare, Bichat, Cloquet, and Fruchaud readily come to 
mind. It is not surprising then, that this comprehensive text on the subject 
of the abdominal wall and its defects emanates from France. 

Although there are many interesting aspects to this presentation of abdo
minal wall problems, I find the review of prosthetic material and its use to 
be most unique. The synthetic meshes available today may well revolutio
nize our various approaches for repair of hernial defects. Considerable 
experience has evolved in the use of these prosthetic materials, particular
ly in the United Kingdom and Europe. I have been a proponent of prosthe
tic mesh for the cure of recurrent groin hernia during the past decade. 
According to the results reported in this book, the use of a prosthetic mate
rial in selected patients needing primary hernia repair seems indicated. 

I would be remiss if the organization GREPA were not highlighted. It is 
common today to form clubs dedicated to the study of single organ sys
tems, such as the pancreas or the esophagus. GREPA is a group dedicated 
to the study of problems relating to the abdominal wall and is another 
exemple of how concentrated attention given to a single subject can signi
ficantly advance our knowledge. Editor Chevrel and his colleagues can be 
proud of what has been accomplished by GREPA and the superb documen
tation of its efforts in this monograph. 

Lloyd M. Nyhus 

M. D., Dr. h. C., Warren H. Cole Professor and Head, Department of Surgery 
University of Illinois 

College of Medicine at Chicago, USA 



Introduction to the First Edition 

It has now been 8 years since the working group known as GREPA was for
med (Groupe de Recherche et d'Etude de la Paroi Abdominale - Group for 
Research and Study of the Abdominal Wall). Its founding surgeons were ini
tially united by a common desire to promote the study of the abdominal wall. 
Very quickly strong bonds of friendship developed among the founding mem
bers of GREPA. 

Many talented surgeons were already distinguished for their work on the 
abdominal wall. However, it was our belief at that time that an up-to-date 
analysis of new techniques, modern prosthetic materials and certain little 
known surgical approaches would lead to improved results in surgery of the 
abdominal wall. 

A few members of GREPA, who had previously done considerable work in 
the field of abdominal wall surgery, agreed to collate the fruits of their vast 
experience in this book. I am greatly indebted to them for their contribu
tion; they have brought a certain distinction to this sometimes difficult and 
often underestimated field of surgery. 

This book is divided into two parts. 

The first part begins with the classical surgical anatomy of the abdominal 
wall and its weak points. This section is followed by a study of the electro
myography and his to enzymology of the muscles, with special emphasis on 
recent findings. Part One concludes with the diagnostic features of ultra
sonography and computerized tomography of the abdominal wall. 

The second part of this book is devoted to the study of the abdominal wall 
according to the following outline: 

- Surgical approaches 
- Pre- and postoperative care 

- Postoperative complications 
- Closed trauma of the abdominal wall 
- Defects of the abdominal wall: pathological, iatrogenic 

- Hernias 
- Pathology of the umbilicus 
- Plasty of the abdominal wall 

- Abdominal wall in infants and children 

Each of the contributing authors has been asked to give the essential fruits 
of his experience. No attempt has been made to produce an encyclopedia of 
the abdominal wall or treatise of surgical technique. The modest aim of this 
book is to present a series of traditional and modern, or even still little known 
solutions to the pathological conditions involving the abdominal wall. It is 



X Introduction to the First Edition 

hoped that these solutions will be of benefit to the experienced surgeon as 
well as the young surgical resident. 

On behalf of the contributing authors, I would like to express our sincere 
gratitude to Doctor G6tze who sponsored this book for publication by 
Springer-Verlag. We also thank Mrs. A. Travadel who designed the illustra
tions. 

This book is dedicated to my four daughters. 

Paris, October 1986 J. P. Chevrel 
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4 j.P.H. Neidhardt 

I. The Anterolateral Abdominal Wall 

The term anterolateral abdominal wall refers to all of 
the layered structures covering the abdomen. This 
wall occupies a hexagonal area limited by the follow
ing structures: above, by the angle of the xiphoid pro
cess, chondrocostal margin, and cartilage of the two 
lowermost ribs; laterally, by the midaxillary line; 
below, by the anterior part of the pelvic skeleton and 
pubic symphysis. 

This section deals successively with the following 
aspects of the anterolateral abdominal wall: the super
ficiallayers (skin and areolar subcutaneous tissue); 
the myofasciallayers constituting a bracelike complex 
originating from the oblique and transverse muscles 
and ensheathing the recti abdomini; the transverse 
fascia; the deep areolar adipose tissue (fascia propria). 
After the description of the surgical anatomy, the 
points of weakness of the anterolateral abdominal 
wall, viz, the umbilicus and linea alba, inguinofemoral 
region, and semilunar line (Spigelius line) are delin
eated. 

A. Cutaneous and Subcutaneous Layer 

The structure and organization of this layer have con
siderable influence on the planning of abdominal wall 
incision. Furthermore, its vascularization is a deter
mining factor in the mobilization of surgical flaps, the 
possibility of mass closure to allow cutaneous cover of 
the viscera, and the removal of free flaps used in 
microsurgical grafting. Finally, knowledge of the 
innervation of this layer is of importance from the 
semiological standpoint, since referred visceral pain 
often projects to the cutaneous layer of the abdominal 
wall. 

The skin is relatively mobile over the myofascial 
layers of the anterolateral abdominal wall, although its 
median area is stabilized by the umbilicus which acts 
like a central "thumbtack". 

The loosely organized subcutaneous tissue forms a 
pad, which may be very thick, containing within it the 
superficial fascia. Regarding spatial organization, the 
major feature of this layer is the elastic traction lines. 
These lines run transversely across the anterolateral 
abdominal area. Their direction is practically horizon
tal in the supraumbilical region, but below they slant 
downward to outline an arc of increasing superior 
concavity as they progress towards the pubic region. 
In some subjects these traction lines form transverse 
abdominal creases, which may be highly visible, 
according to the degree of adiposity, and may even 

lead to the formation of deep folds with accompany
ing superficial pathological changes. 

Two of these transverse folds are of special impor
tance: First, the transverse suprapubic fold, running 
just below the upper limit of the pubic hair in women, 
is the landmark for Pfannenstiel's incision. The second 
important subumbilical fold begins slightly below the 
anterior-superior iliac spine and slants downward 
half-way between the umbilicus and the pubis. This 
fold is the site of a "horizontalized" McBurney's inci
sion, which is prone to very little distortion, thus 
yielding an aesthetic incisional scar. 

Cutaneous incisions made perpendicular to these 
lines of traction show a tendency to spread apart. 
Oblique incisions require careful identification of the 
extremities and middle of the wound if one is to avoid 
an unattractive result. 

B. Vascularization of the Cutaneous Layers 
of the Abdomen 

1. Arterial Vascularization 

The cutaneous layers of the abdominal wall are rich in 
arterial vessels, and thus the skin is "rooted" to the 
layer beneath it. Numerous arterial pedicles emerge 
from the anterior surface of the rectus sheath in the 
area of the oblique and transverse muscles and then 
ramify extensively under the integument. Some of 
these pedicles perforate the aponeurosis of the exter
nal oblique in the mid axillary line, while others 
emerge from the anterior lamina of the sheath of the 
rectus abdominis. These vessels are arranged in stag
gered fashion resulting from the regional metameriza
tion. There are usually four supraumbilical and three 
sub umbilical pedicles on each side. The umbilicus is 
surrounded by four highly anastomosed perforating 
arteries (periumbilical arterial circle). 

The perforating arteries, arising deep in the cutane
ous layers, are supplied by the lateral vessels of the 
abdominal wall, i.e., the lower intercostal and the lum
bar arteries. These lateral vessels show many anasto
moses with the deep circumflex iliac network. 

In addition to these pedicles of deep origin, there 
are specific cutaneous arterial pedicles running 
upward from the inguinal region. The superficial epi
gastric and superficial circumflex iliac arteries, arising 
from the femoral artery, form a veritable vascular 
clamp encompassing a major part of the anterolateral 
abdominal wall. These two superficial arteries are 
highly anastomosed to one another and to the deep 
arterial network. The territory supplied by them 
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extends a few centimeters lateral to the midline and 
ends about halfway between the umbilicus and the 
xiphoid process. 

Accordingly, it is convenient for the surgeon to 
mobilize cutaneous flaps supplied by an inferior arte
rial pedicle. Flap mobilization which is extensive or 
which goes beyond the midline may compromise the 
blood supply from the perforating arteries and can 
lead to necrosis of the upper part of the flap. 
Nevertheless, it is theoretically possible to completely 
free all of the sub umbilical skin from the underlying 
myofasciallayer without compromising its vitality. 

2. Venous Drainage 

The system of venous drainage runs parallel to the 
arterial system. This venous network is a possible 
route of caval-caval anastomosis between the femoral 
and intercostal veins. In the region of the umbilicus, 
the venous system of the abdominal wall may commu
nicate above with a patent ligamentum teres hepatis 
(Cruveilhier-Baumgarten syndrome) and below with 
the pelvic veins running along the allantoic sheath. 
(For further details, consult the section on the umbil
ical region) 

3. Lymphatic Drainage 

The system of lymphatic drainage is extremely diffuse, 
fanning out from the umbilicus. This system commu
nicates with the deep hepatic and pelvic lymphatic 
networks. The lymphatic ducts of the abdominal wall 
run downward to the inguinal region, join the deep 
lymphatic trunks of the lumbar region laterally, and 
connect above with the intercostal and internal mam
mary systems. These different lymph vessels form a 
channel on each side and along the mamillary line. 
Primary cancer of the breast or of a supernumerary 
nipple may seed neoplastic nodes along this line. 

c. Myofascia/ Layer 

The organization of the myofascial layer of the 
abdominal wall is well known. The triple myofascial 
layer lies on either side of the two central paramedian 
pillars formed by the rectus muscles of the abdomen. 
The fibers of the three large muscles which make up 
this layer run obliquely to one another. These muscles 
are the external oblique, whose fibers slant mainly 
downward, forward, and inward; the internal oblique, 
whose fibers run in a direction opposite to those of the 
external oblique: and the transverse, whose fibers run 
horizontally. 

These muscles are in reality myoaponeurotic 
systems comprising a muscle body extended by a wide 
fibrous sheet. The transverse displays two systems of 
aponeuroses, one anterior and the other posterior. 
These different aponeuroses are arranged in a spa
tially different manner in the upper two-thirds and 
lower third of the abdominal wall, and together they 
form the sheath of the rectus muscle. 

1. Rectus Abdominis 

The long rectus muscles of the abdomen run vertically 
from the anteroinferior thoracic skeleton to the pubic 
region. Each rectus is attached above by three digita
tions to the anterior part of the fifth rib, the sixth rib 
and its cartilage, and the seventh costal cartilage and 
xiphoid process. The body of the rectus is very broad 
above (mean width 10-12 cm at the level of the costal 
ridge and 5-8 cm near the umbilicus), but tapers 
downward to terminate in a fibrous tendon measuring 
2-3 cm in width at the level of the pubis. The muscle 
displays considerable lateral protrusion, which may be 
visible through the skin. Conversely, in obese or 
anesthetized patients, identification of the rectus may 
be difficult, thus accounting for the fact that what is 
intended to be McBurney's incision is, in fact, often a 
pararectus incision. 

Structure 

The polygastric arrangement of the rectus is a remin
der of the primitive metameric segmentation of the 
abdominal musculature. The muscle usually displays 
three fibrous intersections which are the equivalent of 
abdominal ribs, i.e., superior, middle, and inferior 
intersections, of which the latter lies at the level of the 
umbilicus. A fourth (subumbilical) intersection can be 
found in about 30% of subjects. These intersection 
fibrous bands are not complete in either the antero
posterior or the transverse direction and thus rarely 
extend fully across the muscle from its medial to lat
eral border. 

A small arterial pedicle is almost always found 
below each of these fibrous intersections. It should be 
noted that section of one of the pedicles may some
times lead to heavy bleeding. The lower part of the 
rectus extends down to the pubis as a single, much 
narrower unit. This should be taken into account 
when designing a flap to be taken from the anterior 
abdominal wall to avoid the flap's lateral extension 
completely beyond the rectus in the subumbilical 
region. (For example, Welti's procedure, described by 
Detrie, 1982; the reader should also consult the section 
on incisional hernia, page 145) 
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2. Oblique and Transversus Muscles 

a) External Oblique 

The fleshy body of this muscle is attached above to the 
lateral part of the thorax, i.e., the lateral surface of the 
lowest seven or eight ribs, via processes which inter
digitate with those of the anterior serratus. The fibers 
of the muscle fan out in a downward direction. The 
entire length of the posterior part of the external 
oblique is composed of only fleshy muscle fibers 
inserting on the anterior end of the iliac crest and the 
anterior superior iliac spine. Conversely, all other parts 
of this muscle blend into its aponeurosis which 
spreads out in front of the rectus. Along the line 
extending from the xiphoid process to the pubic sym
physis, the fibers of the muscle on one side interdigi
tate with those from the external oblique on the other 
side to form a herringbone pattern. This pattern 
shows progressive accentuation in the lower part of 
the muscle. The lower part of the aponeurosis of the 
external oblique forms an identifiable margin, even 
though it continues backward and downward to join 
the transverse fascia and femoral sheath. This lower 
border of the aponeurosis of the external oblique is 
referred to as the inguinal ligament. According to clas
sical descriptions, this ligament is composed of separ
ate fibers (stretching from the anterior-superior iliac 
spine to the pubic tubercle) around which are wound 
fibers originating from the external oblique. Many 
studies now shed doubt on this classical composition 
of the inguinal ligament. 

The fibers of the aponeurosis of the external oblique 
separate from each other inferiorly and medially to 
form the opening of the superficial inguinal ring. 
Arcuate fibers close off the superior angle of this slit
like opening in the aponeurosis of the external 
oblique. 

Action. The external oblique lowers the ribs (expira
tory muscle), bringing the thorax closer to the pelvis. 
In case of unilateral contraction, the hemithorax on 
the opposite side is depressed and rotated towards the 
side of muscle contraction. 

b) Internal Oblique 

Owing to the direction of its fibers, which run oppo
site to those of the external oblique, the internal 
oblique has been likened to unsegmented internal 
intercostal muscles. Indeed, the muscle is inserted on 
the pelvic skeleton and stretches upward, forward, and 
medially to the thoracic border and linea alba. The 
aponeurotic fibers of the internal oblique are classi-

cally considered to be the major constituent of the 
sheath of the rectus. 

The internal oblique inserts below on the following 
structures: the anterior two-thirds of the intermediate 
line of the iliac crest; the aponeurosis of the lumbosa
cral muscles; anteriorly, the anterior-superior iliac 
spine and classically along the lateral third of the 
inguinal ligament. The fleshy fibers of the muscle fan 
out in an upward direction. The posterior fascicles, 
composed only of fleshy muscle fibers over their entire 
length, insert on the cartilage of the lowest three ribs. 
The main part of the body of the muscle continues 
into its aponeurosis, which inserts on the linea alba. 
This aponeurosis, which blends into its homologs 
from the other flat abdominal muscles (i.e., the exter
nal oblique and the transverse) in the region of the 
linea alba, splits into two laminae (upper two-thirds of 
the aponeurosis) which pass around the anterior and 
posterior surfaces of the rectus. This classical concep
tion of the rectus sheath has been contested by certain 
American authors, according to whom the posterior 
lamina of the sheath is derived essentially from the 
aponeurosis of the transverse. 

At the level of the lower third of the rectus, the ante
rior passage of the aponeurotic system causes a rup
ture in the posterior wall of the fibrous rectus sheath 
referred to as the semicircular line of Douglas (arcu
ate line). 

The innermost fibers of the internal oblique, origi
nating from the anterior-superior iliac spine and lat
eral third of the inguinal ligament, run medially and 
slightly downward to fan out over the anterior surface 
of the rectus. These muscle fibers form the anterior 
part of the conjoint tendon (falx inguinalis or tendo 
conjunctivus). Two remarks should be made regard
ing this structure. First, the above-described fibers do 
not reinsert on the medial third of the inguinalliga
ment, thereby ensheathing the spermatic cord in a sort 
of hemisphincter, as is often described. Second, these 
fibers do not actually originate from the lateral third 
of the inguinal ligament, but rather are connected to 
the ligament via a relatively dense fibrous tissue. The 
fleshy fibers can be followed from the anterior-super
ior iliac spine along their initial course, parallel to 
what is to become the inguinal ligament. 

The lower part of the internal oblique gives off 
fibers to the cremaster muscle which attaches to the 
fibrous part of the spermatic cord. In addition to this 
external part of the cremaster, medial fibers originat
ing from the pubic tubercle can be seen to form the 
internal part of this muscle. All of the cremasteric 
fibers must be sectioned in order to gain proper access 
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to the layer of the deep ring of the inguinal canal. In 
rare cases, the internal oblique appears to be traversed 
by the spermatic cord, but this arrangement is simply 
an exaggeration of the normal anatomy described 
above. 

Action. The action of this muscle is comparable to that 
of the external oblique, although its unilateral contrac
tion leads to rotation and lowering of the thorax on 
the side of the contraction. 

c) Transversus Abdominis Muscle 

Owing to the horizontal direction of its fibers, this 
muscle can be described from its posterior insertions 
to the linea alba in the midline. The transversus, from 
its cranial to caudal parts, is inserted posteriorly on 
the lower ribs, lumbar spine, and pelvic skeleton. The 
thoracic insertions of this muscle are on the medial 
surface of the cartilage of the lowest seven or eight 
ribs. The fascicles of the transverse interdigitate with 
the insertions of the diaphragm. Moreover, the trans
versus is the veritable antagonist of the diaphragm 
and the main expiratory muscle. The fleshy fibers of 
this muscle seem to emerge from within the thorax 
and to escape from the "hoodlike" xiphoid process. 

In the lumbar region, the muscle is inserted on the 
tips of the costal processes of the lumbar vertebrae 
and, via its aponeurotic sheet, i.e., the posterior apo
neurosis of the transversus, on the thoracolumbar fas
cia. The latter blends anteriorly into the parallel hori
zontal fibers of the muscle, which itself blends into the 
anterior aponeurosis of the transverse. 

In the pelvic region, the transverse inserts on the 
anterior half of the medial edge (labium internum) of 
the iliac crest, the anterior superior iliac spine, and 
classically, the lateral third of the inguinal ligament 
(this insertion is similar to that of the internal 
oblique). In reality, these fibers of the transverse are 
attached to the iliac fascia behind the inguinalliga
ment and then run forward and inward and come to 
lie almost parallel to the deep surface of the internal 
oblique. These fibers constitute the herringbonelike 
muscle, erroneously termed the "conjoint tendon", and 
contribute to the formation of the cremaster. 

The fleshy body of the transverse, except for its low
ermost part, blends into the anterior aponeurosis of 
the muscle. The boundary between its muscular and 
fibrous parts is rather sinuous. Thus, the superior part 
of the muscle approaches the midline, while below, the 
muscle recedes posteriorly and laterally. In this way 
the upper fleshy part of the muscle lies beneath the 
rectus, whereas below it is clearly lateral to the rectus, 

e.g., at the level of McBurney's incision. It is well 
known that subsequent to dissection of the internal 
oblique, the surgeon must look for the muscular part 
of the transverse in the area of the iliac spine in order 
to divide this muscle. Care should be taken not to 
overlook this muscle in the course of closure. 

The aponeurosis of the transversus is the main con
stituent of the posterior lamina of the rectus sheath. 
Like all of this aponeurotic system, the lower third of 
the aponeurosis of the transverse lies in the anterior 
position and thus contributes to emphasizing the 
arcuate line. 

Action. The basic function of the transversus is to 
ensure retention of the abdominal viscera. This mus
cle is very important in respiration, since it displaces 
or blocks the visceral mass under the diaphragm at 
the end of the initial stage of diaphragmatic inspira
tion. Disturbed mobility of the transversus is the main 
cause of respiratory insufficiency following laparot
omy. Indeed, its powerful traction on the linea alba 
leads to considerable forces which tend to separate the 
margins of the laparotomy incision. This accounts for 
the greater incidence of respiratory disturbances and 
the higher frequency of wound dehiscence subsequent 
to vertical midline incision of the abdominal wall. 
Furthermore, the rapid retraction of the transversus 
explains the persistence of the dehiscence and the dif
ficulties encountered in its treatment, even in the 
absence of loss of abdominal wall tissue. In such cases, 
the transverse muscles act mainly on the medial mar
gin of the rectus muscles, thus transforming the latter 
into two separate fleshy columns displaying a spheri
cal cross section. Anatomical reconstruction of the 
abdominal wall can only be achieved in these condi
tions by artificial means, e.g., Welti's procedure. 

(1) Transversalis Fascia 

This fibrous layer, whose surface is dull like frosted 
glass, lines the deep surface of the transverse and can 
be easily separated from the muscle over most of its 
surface. The transversalis fascia constitutes the ante
rolateral part of the fibrous layer which envelops the 
peritoneal serosa, similar to the envelopment of the 
pleural serosa by the endothoracic fascia. The trans
versalis fascia can no longer be individualized as a 
separate structure posteriorly, where it is in contact 
with the iliac fascia, and superiorly, where it lies under 
the diaphragm. Its mechanical resistance is very weak 
in the supraumbilical part of the anterolateral abdom
inal wall. However, below the umbilicus it takes on a 
certain structural consistency, which is reinforced in 
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the inguinal region. At this level, the transversalis fas
cia displays the properties of a true aponeurosis, as 
pointed out long ago by Testut (1896), and tightly 
adheres to the posterior surface of the transverse, even 
seeming to extend the muscle downward. This fascia 
closes off the myopectineal orifice and inserts on the 
lower margin of the inguinal ligament, and laterally on 
the iliac fascia. Below the layer of the inguinalliga
ment it blends into the femoral sheath. 

The importance of the transversalis fascia from the 
surgical standpoint has been largely debated. 
Although more or less ignored until recently by 
French surgeons, for many American surgeons it is the 
specific structure which must be sewn tight to ensure 
correction of direct inguinal hernia [McVay & Anson 
1940J. 

(2) Fascia Propria 

This areolar adipose layer of variable thickness, 
according to the individual, is often referred to as the 
subperitoneal fat, an inappropriate term when 
describing the anterior part of this fascia. It separates 
the transverse fascia from the peritoneum, except at 
the level of the umbilicus, where it is practically 
absent. The posterior part of the fascia propria is nat
urally thick where it fills in the angles of the posterior 
abdominal wall and surrounds the vascular and uret
eral sheaths. The fascia propria also extends laterally 
where it is sometimes traversed by fibrous tracts 
which may limit or hinder surgical dissection of the 
peritoneum. It penetrates forward and downward 
between the bladder and the pubis into what is called 
Retziu's space (retropubic space) and laterally (in con
tact with the iliac fascia) invests Bogros's space 
(retroinguinal space). The fascia propria is a loosely 
organized and largely intercommunicating layer. Its 
structure thus accounts for the often widespread dif
fusion of subperitoneal cellulitis. 

The fascia propria may also communicate with 
neighboring anatomical structures and spaces: above, 
the pleuroperitoneal hiatus of the diaphragm, bring
ing the fascia propria in contact with the subpleural 
tissue; the superficial layers of the lumbar region via 
posterior weak points (edema and posterior crepita
tion in cases of retroperitoneal cellulitis); toward the 
root of the lower limb via the infrapubic canal and 
greater sciatic notch (tumefaction of the root of the 
thigh, which is commonly mistaken for phlebitis in 
cases of deep pelvic cellulitis); downward and forward 
via the inguinal canal, leading to exteriorization of 
deep retroperitoneal hematoma, effusion, or emphy
sema. 

3. Rectus Sheath 
(Vagina Recti Abdominis) 

This sheath truly exists only in the region of the upper 
two-thirds of the rectus muscles. This "borrowed" 
envelope tightly adheres to the muscles at the level of 
the fibrous intersections. 

The anterior lamina of the rectus sheath (Fig. 1.1) is 
formed by the bracelike fibers of the oblique muscles, 
forming an overlapping herringbone pattern facing 
upward or downward at an angle of 90°-110°. This her
ringbone arrangement of the fibrous components of 
the sheath flattens out in the umbilical region, which 
probably accounts for the relative weakness of trans
verse sutures in this zone. 

The posterior lamina of the sheath is derived mainly 
from the aponeurosis of the transverse. Neurovascular 
pedicles penetrate the rectus sheath through step like 
openings in the posterior lamina. These narrow "but
tonholes" in the posterior lamina may impinge on the 
nerves passing through them, thus leading to sponta
neous pain syndromes via a phenomenon of entrap
ment. It should also be noted that transverse suture 
material often ruptures along this deep layer. 

a) Arcuate Line 
(Semicircular Line of Douglas) 

The arcuate line lies roughly along the line joining the 
right and left anterior-superior iliac spines. It is some
times a clearly defined, almost sharp structure. In 
other cases, it is marked by a progressive zone of tran
sition where the resistant posterior lamina of the rec
tus sheath blends into the much weaker transverse fas
cia. This zone of transition is a weak area. However, 
since it is lined posteriorly by the umbilicoprevesical 
aponeurosis, which narrows upward, the zone of 
weakness lies at the most lateral part of the arcuate 
line. It is in this region that rare herniation, so-called 
Spigelian hernia (A. van der Spiegel) occurs. 

b) Adhesion of the Rectus Abdominis 
to the Laminae of its Sheath 

The rectus can be mobilized within its sheath, except 
at the level of the fibrous intersections which adhere 
to the anterior lamina. Reconstructive procedures via 
freeing and turning down of the medial border of the 
rectus sheath (Welti's procedure) give more satisfac
tory results when performed at the level of the fibrous 
intersections than in the subumbilical region [Stoppa 
1974J. Indeed, aponeurotic suturing at the subumbili
cal level must be done along a narrower band, owing 
to the subumbilical tapering of the rectus, which does 
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Fig. 1.1. Transverse section through the anterior abdominal wall: a made above the umbilicus; b made below the linea arcuata. 1 M. 
rectus abdominis; 2 fascia superficialis; 3 m. obliquus extern us abdominis; 4 m. obliquus internus abdominis; 5 m. transversus 
abdominis; 6 fascia transversalis; 7 fascia propria; 8 peritoneum; 9lig. teres hepatis; 10 lig. falciforme hepatis; 11 linea alba; 12 m. rec
tus abdominis; 13 fascia superficialis; 14 m. obliquus externus abdominis; 15 m. obliquus internus abdominis; 16 m. transversus 
abdominis; 17 peritoneum; 18 fascia transversalis; 19 chorda arteriae umbilicalis; 20 prevesical fascia; 21 chorda urachi; 22 arteria epi
gastric a inferior; 23 m. pyramidalis abdominis 

not allow the muscle to be pulled as close to the mid
line as in the supraumbilical region. The adhesion of 
the rectus to the lateral margin of the sheath is very 
weak. Thus, the muscle can be freed easily and dis
placed medially. It should be noted that pararectus 
incisions may cause damage to the innervation of the 
rectus. 

4. Linea Alba (see page 22) 

The linea alba is a solid median raphe running verti
cally down the entire upper part of the abdominal 
wall. Midline incision at this level can and should 
allow the surgeon to dissect between the rectus mus
cles without opening their sheath. Below the umbili
cus, and especially the arcuate line, the fibrous separ-

ation of the rectus muscles is less obvious. Indeed, the 
medial borders of the two rectus muscles are often in 
contact with each other and may even overlap slightly. 
Identification of the interstitium between the two 
muscles is further complicated inferiorly by the pres
ence of the small pyramidal muscles (in 90% of sub
jects), extending from the pubis to the center of the 
sub umbilical midline. Thus, the surgeon should always 
look for the interstitium at a more superior site where 
the rectus muscles separate around the umbilicus. 
Careful manipulation of retractors is necessary in 
order not to lose identification of the muscular fasci
cles. The umbilicus interrupts the linea alba at roughly 
its center, as is described further on. 
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5. Semilunar Line 
(Spigelius Line) 

A. van der Spiegel (1578-1625) described the semilunar 
line as the boundary between the muscle body and the 
anterior aponeurosis of the transverse (Fig. 1.2). 

Indeed, in most subjects, the semilunar line describes 
a medially concave line, since the upper and lower 
parts of the body of the transverse approach the 
abdominal midline, whereas the middle part of the 
muscle lies in a more lateral position, especially in the 
region of the anterior-superior iliac spine, as 
described above. 

Owing to the fact that the myoaponeurotic boun
dary between the internal and external oblique does 
not correspond to the boundary of the transverse, the 
use of the term "lateral linea alba" to designate the 
semilunar line is not appropriate. This zone resembles 
a laterorectus band rather than a true line. It is tra
versed by pedicles arranged stepwise and thus offers a 
limited route of approach if one is to avoid destructive 
maneuvers. The intersection between the semilunar 
line and the arcuate line is a point of weakness giving 
rise to so-called hernia of Spigelius line, as described 
further on. 

D. Vascularization of the Muscle Layers 
of the Anterolateral Abdominal Wall 

1. Arterial Vascularization 

The general pattern of the arterial vascularization of 
the anterolateral abdominal wall is well known. The 
vertical arterial axis lying along the posterior surface 
of the rectus comprises the inferior and superior epi
gastric arteries (the latter a branch of the internal tho
racic artery). This vertical axis is reinforced by the 
more or less metameric arrangement of the lateral 
pedicles originating from the intercostal and lumbar 
arteries. The inferior epigastric artery is the predom
inant, but not exclusive, source of vascular supply to 
the abdominal wall. Ligation of this artery can thus be 
done without any real danger (Fig. 1.1). 

The inferior epigastric artery arises from the exter
nal iliac artery just behind the inguinal ligament. It 
runs upward and medially to pierce the transverse fas
cia and comes to lie anterior to the fascia. It is accom
panied by a thickening of this fascia, classically 
referred to as Hesselbach's ligament (interfoveolar lig
ament). The artery then runs a variable course toward 
the lateral border of the rectus, which it crosses at a 
point 4-8 cm above the pubis. The inferior epigastric 

Fig. 1.2. Linea semilunaris. The myofascial boundary of the flat 
abdominal muscles (modified from Poirier & Charpy 1912).1 
M. obliquus externus abdominis; 2 m. obliquus internus abdom
inis; 3 m. transversus abdominis; 4 lateral margin of m. rectus 
abdominis 

artery may be injured in the course of puncture of the 
iliac fossa, with low-lying appendicular or adnexal 
incisions, or during placement of supportive transpa
rietal sutures. Such arterial injury may be dramatic, 
owing to the large diameter (equivalent to that of the 
radial artery) and high pressure of the inferior epigas
tric artery. 

Posterior to the rectus, the artery divides into a 
descending branch, running toward the pubis, and an 
ascending branch, the larger of the two. The latter may 
persist as a single, dominant axis, which is split into 
numerous parallel ascending branches, or divide into 
two main branches running about 1 cm from the lat
eral and medial margins of the rectus. 

Direct anastomosis between the inferior and super
ior epigastric arteries is relatively rare. The superior 
epigastric is an abdominal branch of the internal tho
racic artery, descending via Larey's cleft (the sterno
costal triangle), as described by Goinard and Curtillet 
(1929). A penicillate type of anastomosis [Salmon & 

Dor 1933] is the most frequent. Regardless of the anas-
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tomotic pattern, communication between the two 
arteries is well developed, since the opacification of 
one of them immediately leads to massive reflux of 
contrast material into the other. 

The lateral arterial system is a reminder of the 
initial metameric arrangement of the arteries. These 
transverse arteries are supplied by the diaphragmatic 
branch of the internal thoracic artery, this branch 
being anastomosed to the termination of the lower 
intercostal arteries. Lower down, the lateral arterial 
supply is from the parietal branches of the lumbar 
arteries. The latter show many communications with 
the deep circumflex iliac artery, a branch of the exter
nal iliac artery. There are significant vertical anasto
moses joining these metameric arteries to form a lad
derlike system. Indeed, the opacification of the deep 
circumflex iliac artery leads to reflux attaining the tho
racic level, even after the epigastric arteries have been 
ligated. 

Accordingly, in the flanks there is a parietal arterial 
plexus, supplying the perforating branches, which, 
along with nerve filaments, enter the rectus sheath and 
anastomose to the vertical arterial axis. 

The superficial perforating arteries, which were pre
viously described in the section devoted to cutaneous 
vascularization, arise from the horizontal arterial 
system, their arrangement corresponding topograph
ically to that of the latter. Nevertheless, these perforat
ing arteries are also supplied by the vertical epigastric 
arterial axis. Accordingly, wide incisions for relaxation, 
including cutaneous detachment, should theoretically 
not compromise the cutaneous vascularization, pro
viding that the epigastric arteries are left intact. As 
previously pointed out, the subcutaneous abdominal 
(superficial epigastric) and superficial circumflex iliac 
arteries form a veritable inferior cutaneous arterial 
pedicle. 

At the level of the flat abdominal muscles, the arte
rial branches are found mainly in two layers, one on 
each side of the internal oblique. The richness of this 
vascular system implies that there is a risk of hemor
rhage with all abdominal incisions other than those 
made along the midline. This is particularly true in the 
case of small "blind" flank incisions made in the area 
of the arterial plexus. Pronounced intra-abdominal 
bleeding may occur. In such cases the source of hem
orrhage should be sought in depth, i.e., deep to the 
external oblique on both sides of the internal oblique. 
Application of superficial pressure is an inadequate 
therapeutic procedure, constituting a sort of plug 
which may actually promote the intra-abdominal 
bleeding. 

Bilateral subcostal incision consistently leads to 
spurts of bleeding. The association of a midline and a 
pararectus incision and different extensions of a mid
line incision do not as a rule lead to disturbed parietal 
vitality. Nevertheless, in patients who have undergone 
multiple operations on the abdominal wall, numerous 
parietal islets isolated by lines of scar tissue (even old 
scars) may arise; neovascularization of such islets is 
often difficult to obtain. Likewise, the use of large, sup
portive, full-thickness (retention) sutures, often exces
sively tightened, can induce ischemic necrosis of the 
abdominal wall by causing interruption or excessive 
stricture of the longitudinal arterial axes. This situa
tion is even further complicated when extensive 
counterincisions compromise any further lateral 
approaches. In sum, wound dehiscence is encouraged 
rather than prevented! Thus, so-called security proce
dures are valid only when the sutures are tightened 
moderately, and only when there is tension of the 
abdominal wall. 

2. Venous Drainage 

The system of venous drainage is patterned after that 
of the arterial vascularization. The inferior epigastric 
veins, two per artery of the same name, join together 
to form a short common terminal trunk drained by 
the external iliac vein. 

The inferior epigastric veins run along the medial 
border of the artery for about 1 cm and then leave it to 
join the external iliac vein. The single terminal trunk 
of these veins, which can be used for chronic delivery 
of parenteral nutrition, almost always measures 3 cm 
in length. This venous trunk can be reached by the 
classical inguinal approach via the axilla of the sper
matic cord, or by a vertical pararectus route exposing 
the origin of the venous trunk. The latter route allows 
catheterization of the vein at a safe distance from 
structures which might be injured. 

3. Lymphatic Drainage 

The upper part of the muscular abdominal wall is 
drained by the internal thoracic lymph nodes, while in 
the lower part drainage is via the external iliac nodes. 
Finally, lateral lymphatic drainage is via the lumbar 
nodes. 

E.lnnervation of the Anterolateral Abdominal Wall 

The lower intercostal nerves and the nerves of the 
lumbar plexus supply the anterolateral abdominal 
wall. 
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1. Superficial Layers 

The dermatomes, originating from the fifth through 
the 12th thoracic nerves, run like belts over the antero
lateral abdominal wall. 

The dermatome corresponding to the tenth thoracic 
nerve runs at the level of the umbilicus (Fig. 1.3). 

The two abdominogenital nerves (iliohypogastric 
and ilioinguinal nerves) supply sensory innervation to 
an oblique band of the abdominal wall comprising the 
lower part of the iliac fossa, the inguinal region, and 
part of the external genital organs (Fig. 1.4). 

The genitofemoral nerve arises from the first and 
second lumbar nerves and contributes to the sensory 
innervation of the root of the external genital organs. 
It is also the motor nerve of the cremaster (Fig. 1.4). 

The lateral cutaneous nerve of the thigh, originating 
from the second lumbar nerve, is not involved in the 
superficial innervation of the abdominal wall. 

Owing to its course medial to the anterior-superior 
iliac spine, this nerve may be injured by certain inci
sions of the abdominal wall or when inserting drains 
in this region (Fig. 1.4) [Salama et al. 1982) . 

Superficial Projection of Visceral Sensitivity 

According to the myelomere involved, pain from cer
tain visceral structures may be referred to the anterior 
abdominal wall. 

Table 1.1. indicates the myelomeres of the main 
abdominal viscera and their territories of possible 
abdominal wall projection. 

Table 1.1. Referred pain from visceral myelomeres (posterior 
part of the intermediolateral region) 

Myelomere Peripheral projection 

Heart CS-TS Left upper limb 
Stomach T6-T9 Epigastric region 
Small bowel T7-TlO Umbilicus 
Kidney Tll-LI Lumbar and inguino-

hypogastric regions 
Pelvic organs TlO-T12 Hypogastric region 
Rectum 52-54 Perineum, external 

genital organs 
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Fig. 1.3. Vascularization and inervation of the superficial layers of the anterior lateral abdominal wall. 1 M. rectus abdominis; 2 a. epi
gastrica superior; 3 a. musculophrenica; 4 posterior layer of the rectus sheath; 5 arterial plexus; 6 periumbilical vascular circle; 
7 a . circumflexa ilium profonda; 8 a. epigastrica inferior; 9 a. iliaca externa; 10 n. ilioinguinalis; 11 n. iliohypogastricus; 12 projection 
of linea arcuata; 13 12th intercostal n.; 14 nervous plexus of the rectus sheath; 15 7th intercostal n. 
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Fig. 1.4. Sensory territory of the anterior abdominal walll, 2: 
intercostal nerves. 1 Rami cutanei anteriores; 2 rami cutanei 
laterales; 3 n. iliohypogastricus; 4 n. ilioinguinalis; 5 n. genito
femoralis; 6 n. cutaneus femoris lateralis 

2. Deep Layers: Motor Innervation 
of the Parietal Muscles 

The seventh through 12th intercostal nerves, along 
with the iliohypogastric and ilioinguinal nerves, sup
ply the motor innervation of the anterolateral abdom
inal wall. The classical pattern of this motor innerva
tion has been described by Hovelaque (1927). The 
seventh, eighth, and ninth intercostal nerves distribute 
to the supraumbilical part of the rectus. The tenth 
intercostal nerve runs toward the umbilicus along an 
imaginary line extending across the midline to the 
anterior-superior iliac spine on the opposite side. The 
11th intercostal nerve passes below the umbilicus in 
the direction of the contralateral inguinal ligament. 
Finally, the 12th intercostal nerve runs in a very infe
rior position in the direction of the pubic tubercle on 
the opposite side (Fig. 1.5). 

The motor branch of the iliohypogastric nerve 
reaches the inferior part of the rectus and the pyram
idal, while that of the ilioinguinal nerve terminates in 

Fig. 1.S. Penetration of the m. rectus abdominis by the intercos
tal nerves (courtesy of Professor M. Caix, Limoges) 

the flat abdominal muscles. The nerve trunks run first 
between the internal oblique and the transverse and 
then reach the rectus at a point slightly medial to its 
lateral margin (Fig. 1.5). 

The seventh to 11th intercostal nerves display a 
recurrent course running upward along the deep sur
face of the common costal cartilage. These nerves 
divide into two branches beneath the rectus. One 
branch runs along the cartilaginous costal margin and 
terminates in the wall of the thorax. This branch 
innervates the internal intercostal. The other, inferior 
abdominal branch, traverses the cartilaginous costal 
margin and penetrates the posterior surface of the 
rectus. In the muscle this branch divides into a brush
like network of ascending and descending filaments 
overconnected to the homologous filaments of the dif
ferent nerves supplying this muscle (Fig. 1.3). 

These intercostal nerves are in a relatively protected 
position under the chondrocostal margin. A subcostal 
incision running two finger breadths below this ridge 
spares most of these nerves and their branches, thus 
accounting for the low incidence of paralysis of the 
rectus in this type of incision, whereas minor sensory 
disturbances are consistently reported below the infe
rior lip of the incisional scar. Conversely, the tenth 
intercostal nerve is almost always sacrificed in all sub-
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costal incisions extending slightly downward and lat
erally. 

The nth and 12th intercostal nerves (the latter is 
more correctly referred to as the subcostal nerve) are 
often large trunks distributing especially to the flat 
abdominal muscles. They frequently run in a very 
inferior position, especially in elderly subjects whose 
lower ribs are in proximity to the iliac crest. Injury to 
these nerves usually arises in the course oflongitudi
nal or oblique flank incisions, rather than in cases of 
subcostal incision. The iliohypogastric nerve contrib
utes to the innervation of the lower part of the flat 
abdominal muscles, the rectus, and the pyramidal, 
whereas the ilioinguinal nerve does not usually apply 
the rectus. Finally, as described above, the genitofemo
ral nerve shows only a modest contribution to the 
abdominal wall innervation by its motor supply to the 
cremaster. 

3. Neural Anastomoses 
and Metamerization 

The different neural metameres of the abdominal wall 
are largely anastomosed to one another in most cases 
(70% of subjects, according to Rousseau et al. 1982). 
Furthermore, within the rectus muscles, the myelo
meres are not strictly separate, anastomoses being the 
general rule. Theoretically, the motor nerves originat
ing from three successive spinal levels would have to 
be sectioned to produce paralytic incisional hernia of 
the corresponding rectus. 

II. Weak Points 
of the Anterolateral Abdominal Wall 

Three weak points in the anterolateral abdominal wall 
are the umbilicus, the inguinal region, and the semi
lunar line. 

A. Umbilicus 

The umbilicus is a cicatricial structure lying slightly 
below the middle of the linea alba. According to clas
sical descriptions [Testut 1896], it is located at the 
junction of the inferior 441100 and superior 561100 of 
the linea alba. This position corresponds to the junc
tion of the wide upper and narrow lower parts of the 
linea alba, i.e., at the level of the third (usually the low
ermost) fibrous intersection of the rectus muscles. 

1. Outer Aspect 

The umbilicus is a depression measuring 10-18 mm in 
diameter and slanting downward and backward to a 
depth which varies according to adiposity. It is limited 
superficially by a small fold, the deep part of which is 
more or less outlined by a groove corresponding to the 
zone of skin adhesion to the circumference of the 
fibrous umbilical ring. This zone of fixation is less pro
nounced in the upper part of the ring where the sub
cutaneous and preperitoneal adipoareolar tissues are 
in continuity. The fundus of the umbilicus resembles 
an irregular nipple, corresponding to the apex of the 
stellate umbilical cicatrix. The umbilicus may pro
trude anteriorly, or even be convex in cases of ascites 
or hernia. 

2. Structure 

The umbilicus is constituted by three structures: the 
umbilical ring, residual fibrous cords (ligamentum 
teres hepatis), and umbilical fascia. 

a) Umbilical Ring 

The umbilical ring is an orifice of the linea alba of var
iable shape and size. In most cases it resembles a 
transverse ovoid, but sometimes it is rectangular or 
circular. Its diameter varies from 2 to 8 mm. The 
umbilical ring displays thickened margins reinforced 
by arcuate fibers purported to be remnants of the so
called umbilical sphincter (Richet's sphincter). With 
advancing age the ring normally tends to close, giving 
way to a fibrous cicatrix in many elderly subjects (Fig. 
1.6). 

The area of the umbilical ring is partially occluded 
by four fibrous cords: the round ligament of the liver 
inserted into the superior pole of the annulus; the two 
umbilical arteries which converge upward and are 
occluded over their entire parietal course; and the ura
chus which bisects the angle formed by the umbilical 
arteries. 

b) Round Ligament of the Liver 

The round ligament of the liver usually divides into 
two cords inserting on either side of the superior pole 
of the umbilical ring, thus creating the so-called inter
vascular fossette. This ligament runs upward, back
ward, and to the right within the peritoneal cavity 
where it is invested by the peritoneum, i.e., the falci
form ligament of the liver. The portion of the round 
ligament lying just above the umbilicus is most often 
very slender, about 3 mm in diameter. In this region it 
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Fig. 1.6. Posterior view of the umbilical region. 1 Lig. teres hepa
tis; 2 intervascular fossa; 3 annulus umbilicalis; 4 fascia umbili
calis; 5 chorda art. umbilical is; 6 sub umbilical fibrous network; 
7 umbilicoprevesical fascia; 8 chorda urachi 

is surrounded by rather loose adipose tissue and thus 
can be easily approached by the extraperitoneal 
approach through a small vertical supraumbilical inci
sion on the right side. Higher up the ligament is much 
thicker, but the extraperitoneal approach to it is diffi
cult. 

The round ligament of the liver is a vascular struc
ture, and its lumen may become revascularized. 
[Chevrel et al. 1982]. Along its course are veins, arter
ies, and lymphatic ducts, anastomosing their respec
tive-superficial and deep networks. 

c) Umbilical Arteries 

These two cordlike structures run up to and encroach 
upon the inferior part of the umbilical ring, which is 
narrowed in this region. The absence of one of the 
umbilical arteries may indicate the existence of a renal 
or genital malformation, usually on the same side as 
the missing artery. 

The umbilical arteries add support to the prevesical 
fascia (umbilicoprevesical aponeurosis), a triangular 
fibrous sheet which runs downward to blend into the 
vesicopubic ligaments in the retropubic region and 
upward in contact with the umbilicus. The peritoneum 
adheres tightly to this fascia. The umbilical arteries 
also partially reinforce the abdominal wall at the site 

where the posterior part of the rectus sheath is weak
est. 

d) Urachus 

The urachus is a highly variable structure. It can be 
identified as a well-differentiated cord extending up to 
the inferior pole of the umbilical ring in only one
third of subjects. The urachus usually terminates a few 
centimeters below the umbilicus, where it gives rise to 
an insignificant filament or divides into several 
strands. The latter blend into the fibrous structures 
originating from the umbilical arteries, thereby form
ing a filamentous network of the umbilicus at the 
upper part of the umbilicovesical fascia. The umbilical 
arteries and urachus may sometimes fuse together to 
form a single fibrous cord attached to the inferior pole 
of the umbilical ring. 

Full patency of the urachus, leading to urinary fis
tula, is a rare finding. Permeability of the lower part of 
the urachus is a potential cause of apical diverticula of 
the bladder. Patency of its upper portion leads to a 
pathological condition similar to pilonidal sinus. 
Finally, patency of its middle segment can lead to the 
development of small cysts of the urachus [Morin et 
al. 1968]. 

Histologically, the urachus is a canal composed of a 
fibrous adventitia, smooth muscle fibers running 
mainly lengthwise, and an epithelial lining, which may 
persist at some sites along the urachus in the adult. 
This epithelium takes on one of several aspects, i.e., 
poorly differentiated pavement (simple squamous), 
urothelial, or cylindrical (columnar) epithelium some
times containing muciparous cells. Carcinoma is the 
most frequent type of malignant tumor of the ura
chus, although muciparous tumors may also be found. 

e) Umbilical Fascia 

This fibrous band, a condensation of the transverse 
fascia, was first described by Sachs in 1828. Present in 
about two-thirds of subjects, the umbilical fascia 
occludes the upper half of the umbilical ring at a site 
where this "fibrous trident" is lacking (Fig.l.7). 

In some cases the umbilical fascia is pulled away 
from the muscle wall by the posterior traction of the 
round ligament of the liver. This condition can lead to 
formation of Richet's "umbilical canal", which runs 
downward and forward and may be the site of indirect 
hernia. 

The umbilical fascia may cover the entire umbilical 
ring. However, in most cases it is a differentiated struc
ture only below the ring. In these conditions the peri-
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Fig. 1.7. Relations of the fascia umbilicalis and anulus umbili
calis (from Sachs & Richet; in Poirier & Charpy 1912).1 Classical 
pattern; 2 most frequent pattern; 3 fascia umbilicalis and annu
lus umbilicalis independent; 4 formation of Richet's umbilical 
canal (arrow indicates course of potential superior hernia) 

toneum is practically in contact with the skin of the 
umbilicus, thus predisposing to direct umbilical her
nia. 

f) Umbilical Peritoneum 

The umbilical peritoneum, tightly adherent to the 
umbilical ring, overlies the convergent fibrous struc
tures in this region. The peritoneum adheres loosely 
to the ring only in its superior part. The umbilical 
peritoneum extends several centimeters laterally and 
downward, this accounting for the fact that it is poorly 
adapted to layer-by-Iayer reconstruction of the 
abdominal wall in the periumbilical region. If cases of 
very tight peritoneal adhesion to the urachus and 
umbilicoprevesical fascia, cysts of the urachus may be 
complicated by peritonitis. Extraperitoneal excision of 
the cysts cannot always be achieved in such cases. 

3. Vascularization and Innervation 
of the Umbilical Region 

a) Arteries 

The vessels of the umbilical region form a twin peri
umbilical arterial circle. The more superficial of these 

arterial networks, lying near the umbilical cicatrix, is 
formed by richly anastomotic arterial branches ema
nating from the anterior lamina of the rectus sheath. 

The deep arterial circle, lying along the fibrous ring 
of the umbilicus, is supplied by two ascending 
branches of the inferior epigastric artery. This arterial 
circle communicates with the vascular network run
ning along the round ligament of the liver and thus 
extends in depth. 

Since it is vascularized from all sides by the superfi
cial arterial circle and in depth by the deep arterial cir
cle, the umbilicus is not prone to necrosis when it is 
either detached from the underlying layers or isolated 
by a circular incision leaving its connections to the 
fibrous ring intact. 

b) Veins 

The venous drainage shows a pattern similar to that 
of the arterial vascularization. The superficial perium
bilical venous circle drains into the subcutaneous 
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Fig. 1.8. Lymphatic drainage of the anterior abdominal wall 
(adapted from Heise 1954).1 Lig. teres hepatis: communication 
with the lymphatic network of liver; 2 nodi umbilicalis; 3 peri
urachus lymphatic network; 4 chorda art. umbilicalis; 5 chorda 
urachi; 6 a. epig. inferior; 7 nodi praevesicales; 8 nodi paravesi
cales; 9 fovea inguinalis lateralis; 10 fovea inguinalis medialis; 
11 fovea supravesicalis; 12 communication with external inguinal 
nodes; 13 communication with internal and common iliac nodes 
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abdominal network. The deep venous circle, similar to 
its arterial homologue, communicates with the veins 
of the round ligament of the liver. 

c) Lymph Vessels 

Once again, superficial and deep periumbilical net
works can be identified. The superficial lymphatic net
work, running along the subcutaneous abdominal 
veins, drains into the upper two groups of inguinal 
nodes (Fig. 1.8). The organization of the deep lym
phatic network accounts for the diffusion of malig
nant tumors of the sheath of the urachus. This deep 
network runs downward along the inferior epigastric 
vessels to the external iliac nodes, along the urachus to 
the pelvic nodes, and laterally along the transverse 
parietal vascular pedicles toward the lumbar region, 
lateral aortic ligaments, thoracic wall, and axilla. The 
deep lymphatic network is also drained toward the 
liver via the nodes of the round ligament of the liver. 

In some cases a small lymph node can be found 
near the umbilicus. Invasion of the umbilicus should 
be sought in all cases of peritoneal carcinomatosis. 

d) Nerves 

The umbilicus constitutes the terminal territory of 
distribution of the nth and 12th intercostal nerves. 
This region may be the site of referred pain originat
ing from the myelomeres corresponding to certain 
visceral structures, i.e., pancreas, small bowel and 
bladder. 

B.lnguinal Region 

The inguinal region is a common site of hernia for 
three basic reasons. First, this area is a weak point 
framed by fibromuscular structures but occluded by a 
simple fibrous sheet, the transverse fascia, forming the 
myopectineal orifice. Second, the presence of the sper
matic cord maintains an open sinuous channel, 
referred to as the inguinal canal, which is, however, not 
a true canal. Third, this region is frequently the site of 
congenital anomalies. Sliding indirect hernia of the 
funicular type should be considered either a congeni
tal anomaly or a lesion initiated by a congenital distur
bances. 

These hernias are, of course, treated by resection of 
the sac. In both adults and children parietal repair is 
an accessory treatment. Many cases of recurrence are 
in fact due to the persistence of an unidentified her
nial sac. 

The inguinal region comprises three layers: outer, 
fascial, and deep myofascial. 

1. Outer Layer 

The hair-bearing skin of the inguinal region is marked 
by the flexion crease of the thigh, which does not spa
tially correspond to the inguinal ligament. The latter 
runs parallel to this line at a site lying about two fin
ger breadths above it. In obese patients it is often use
ful to identify the bony landmarks of the inguinallig
ament, i.e., the anterior-superior iliac spine and pubic 
tubercle. 

The areolar subcutaneous tissue of the inguinal 
region is richly vascularized, sometimes being 
referred to as Thomson's "vascular layer". In addition 
to the veins and arteries, this tissue contains lymph 
vessels. The latter, which are invisible to the naked eye, 
may be seeded by infectious microbes during surgery, 
thus accounting for apparently idiopathic postopera
tive infection. 

2. Aponeurosis of the External Oblique Muscle 
of the Abdomen 

The superficial inguinal ring (annulus inguinalis 
superficialis) erroneously referred to as the external 
ring of the inguinal canal, is located above the pubic 
tubercle in the medial part of this fascial layer. In this 
region the spermatic cord lies in the highly vascular 
areolar subcutaneous tissue. Accordingly, care must be 
taken when dissection is done in this area. 

Subsequent to incision made parallel to the fibers of 
the aponeurosis of the external oblique, the first step 
in the approach to this region is the debridement of 
the superficial inguinal ring. The latter can easily be 
identified by introducing a finger beneath the wound 
margins and sliding it along the deep surface of this 
aponeurosis. 

3. Deep Myofascial Layer 
The Myopectineal Orifice 

Deep to the aponeurosis of the external oblique, the 
transverse fascia, particularly thick in this region, can 
be seen to stretch across a framelike area formed by 
certain muscular and fibrous structures. The deep 
inguinal ring (annulus inguinalis profundus) is 
located at the superolateral part of this fibromuscular 
frame. The spermatic cord in males or the round liga
ment of the uterus in females runs obliquely down
ward and forward in contact with the transverse fascia 
(Fig. 1.9). 
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Fig. 1.9. a The meandre in the trajectory of the cord in the inguinal canal. 1 Fascia transversalis; 2 m. transversus abdominis; 
3 m. obliquus internus abdominis; 4 falx inguinalis; 5 annulus inguinalis profundus; 6 spermatic cord (without m. cremaster); 
7 annulus inguinalis superficialis; 8 crus laterale; 9 crus mediale; 10 aponeurosis of m. obliquus externus abdominis; 11 tendon 
conjunctivus; 12 m. rectus abdominis. b 1 m. pyramidalis abdominis; 2 crus mediale; 3 crus posterior; 4 crus laterale; 5 aponeurosis 
of m. obliquus externus abdominis; 6 m. obliquus internus abdominis; 7 m. transversus abdominis; 8 fascia transversalis; 9 a. epi
gastrica inferior; 10 a. ombilicalis; 11 urachus; 12 m. rectus abdominis; 13 linea alba 
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a) Components of the Fibromuscular Frame 

(1) Medial Margin 

The terminal part of the rectus and the overlying 
pyramidal form the medial boundary of the fibromus
cular frame. The rectus terminates inferiorly on the 
surface extending from the pubic symphysis to the 
pubic tubercle. The anterior surface of the muscle is 
covered by a thick aponeurotic mantle, while its pos
terior surface is lined by only the transverse fascia. 
The lateral margin of the rectus sometimes presents a 
fibrous reinforcement which descends to the pubic 
tubercle and is referred to as Henle's ligament. 

(2) Superior Margin 

The superior boundary of the fibromuscular frame is 
formed by the so-called conjoint tendon (falx ingui
nalis), a twin muscular layer running roughly horizon
tally. It is formed by the overlapping of the internal 
oblique and transverse. As described previously, the 
muscle fibers of the conjoint tendon arise laterally, not 
from the inguinal ligament but rather from the iliac 
fascia of the psoas major and iliac muscles and from 
the anterior-superior iliac spine. These fibers initially 
run parallel to the inguinal ligament and are con
nected to it by fibrous bands. The fibers of the conjoint 
tendon then run upward and horizontally above the 
inguinal ligament, to terminate as a reinforcement of 
the prerectus aponeurotic layer. The layer of the inter
nal oblique is superficial to that of the transverse and 
descends below the latter. The transverse can be 
exposed by applying traction to the aponeurosis 
which extends below the free margin of the muscle. 
This aponeurosis blends with the transverse fascia, 
thus accounting for the special mechanical resistance 
of the fascia in this region. The application of traction 
to this aponeurotic layer selectively pulls the trans
verse down toward the inguinal ligament. 

(3) Inferior Margin 

The lower boundary of the fibromuscular frame is a 
complex structure formed by two fibrous components. 
The latter are joined together medially but diverge as 
separate layers laterally, the angle of divergence being 
approximately 30°, thus forming an osteofibrous angle 
resembling a pair of geometric dividers. These two 
fibrous structures are the inguinal ligament and 
Cooper's ligament (pectineal ligament) lying posterior 
to and below the former. These two ligaments are par
tially connected by Gimbernat's ligament (lacunar lig
ament). 

The inguinal ligament forms the reinforced inferior 
boundary of the aponeurosis of the external oblique. 
Opening of the aponeurosis, for example, in the 
approach to inguinal hernia, exposes this ligament as 
a whitish, ribbonlike structure which spreads out 
when the aponeurosis is pulled downward and later
ally. The inferior margin of the inguinal ligament is 
not completely free, since it is in continuity with the 
fibrous structures blending above with the transverse 
fascia and below with the femoral sheath. 

The question may be asked whether there is a truly 
individualized fibrous structure stretched between the 
anterior-superior iliac spine and pubic tubercle. The 
existence of the inguinal ligament (also referred to as 
the crural arcade in the French nomenclature) has 
been questioned by many authors. Nevertheless, pos
terior to the lower margin of the aponeurosis of the 
external oblique there is a fibrous structure some
times called Thomson's band. The latter is attached 
medially near the pubic tubercle and runs laterally to 
the iliac fascia where it apparently divides into two 
layers. The deep layer runs behind the conjoint tendon 
and attaches to the iliac fascia. The very slender super
ficiallayer continues in front of the conjoint tendon 
toward the anterior-superior iliac spine. The oblique 
fibers of the conjoint tendon seem to be attached to 
this superficial layer (Fig. 1.10). 

In Bassini's operation the inguinal ligament is used 
at the inferior point to anchor the sutures, and it tends 
to tear in the direction of its fibers. Dissection around 
the inguinal ligament must be done with caution, 
owing to the very close proximity of certain blood ves
sels, especially the external iliac vein, which lies 4-5 cm 
lateral to the pubic tubercle. The points of entry and 
exit of each loop of suture material should differ 
slightly so that any excessive traction does not involve 
the same fibers, thus avoiding rupture of the aponeu
rosis. 

The pectineal ligament (Cooper's ligament) is a very 
resistant, composite structure reinforcing the peri
oseum of the superior pubic ramus between the pubic 
tubercle and iliopectineal eminence. This ligament 
joins the inguinal ligament medially but diverges lat
erally from it when it runs in a much deeper position 
(Fig. 1.9). The angle between the two ligaments lies at 
the level of the upper end of the femoral infundibulum 
which is hidden under a loose diaphragm, the femoral 
septum, and bounded laterally by the external iliac 
vein. The femoral septum is the common site of crural 
hernia, for which a more proper term is femoral her
nia. 
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Fig. 1.10. Posterior view of the inguino-femoral region (peritoneum removed). 1 Linea arcuata; 2 a. epigastrica inferior; 3 lig. inter
foveolare; 4 fascia transversalis; 5 a. cremasterica; 6 projection of falx inguinalis; 7 a. circumflexa ilium pro fonda; Sligo inguinale; 
9Iig.lacunare; 10 a. obturatoria; lllig. pectineale; 12 a. iliaca externa; 13 n. femoralis; 14 m. psoas major; 15 m. iliacus; 16 n. cutane
us femoris lateralis 
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Fig. 1.11. Composition of Cooper's ligam.ent (lig. pectineale). 
1 Pecten ossis pubis; 2 deep fibrous layer: pubic periosteum 
reinforced by fibers from m. psoas minor; 3 superficial fibrous 
layer: aponeurosis m. pectineus; 4 fleshy fibers of m. pectineus 

The pectineal ligament is a heterogeneous structure 
comprising three layers (Fig. 1.11). The deep layer is in 
continuity with the periosteum of the superior pubic 
ramus. The middle, muscular layer is formed by the 
uppermost fibers of the pectineal muscle inserted on 
the pubis. These fibers extend relatively far posteriorly. 
The superficial aponeurotic layer is very resistant, 
being formed by the overlapping of the vertical fibers 
of the aponeurosis of the pectineal muscle and trans
verse fibers running along the innominate line of the 
pelvis (arcuate line). Some of these fibers seem to 
emanate from the psoas minor. 

The pectineal ligament displays an extreme degree 
of mechanical resistance. Although it is only a few 
millimeters thick, wires passed under the ligament in 
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Fig. 1.12. Nerves of the inguino-femoral region. 1 Lateral cutaneous br. of n. iliohypogastricus; 2 n. cutaneus femoris lateral is ; 3 n. 
femoralis; 4 femoral br. of n. genitofemoralis; 5 spermatic chord; 6 genital br. of n. genitofemoralis; 7 n. obturatorius; 8 genital br. of 
nn. iliohypogastricus and ilioinguinalis; 9 pubic br. of n. iliohypogasricus; 10 anterior cutaneous br. of n. iliohypogastricus; II aponeu
rosis of m. obliquus externus abdominis ; 12 m. iliacus; 13 n. ilioinguinalis; 14 n. iliohypogastricus; 15 m. obliquus internus abdominis 

Fig. 1.13. The fascia transversalis in the anteroinferior part of the 
abdominal wall. 1 Fascia transversalis; 2 annulus inguinalis pro
fundus; 3 lig. interfoveolare; 4 fascia spermatica intern a; 5 pre
vascular extension of fascia transversalis; 6 sheath of femoral 
vessels 

contact with the bone can be used to virtually lift up 
the whole body! In the treatment of hernia (McVay's 
or Goinard's operation) it is difficult to use the pecti
neal ligament for lateral support, since the ligament 
progressively descends in depth leading to a risk of 
compression of the external iliac vein. 

The frame of the myopectineal orifice is closed by 
the lower part of the transversalis fascia (Fig. 1.12). The 
latter, which is rather weak elsewhere, constitutes a 
veritable aponeurosis in this region, where it extends 
under the inferior margin of the transverse. In this 
area the transversalis fascia presents arcuate reinforce
ments, as previously described by Testut (1896). 
Further support is added by Henle's ligament and 
Hesselbach's ligament (lig. intervofeolare), the latter 
acting as a fibrous reinforcement of the sheath of the 
inferior epigastric vessels. Laterally, the transversalis 
fascia adheres rather tightly to the iliac fascia and 
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inferiorly, to the inguinal ligament and the pectineal 
ligament in the medial part of this region (Fig. 1.13). 
According to McVay and Anson (1940), the pectineal 
ligament is the true inferior insertion of the medial 
part of the transversalis fascia, whereas the areolar 
layer lying anterior to the fascia and adhering to the 
inguinal ligament should not be considered mechani
cally significant. At a mOre lateral site, the transversalis 
fascia separates from the pectineal ligament to blend 
with the femoral sheath anterior to the femoral ves
sels, thus delimiting a prevascular funnel about 3 cm 
long (the funnel of Anson and McVay). 

According to this conception, direct inguinal and 
femoral hernia would result from a common mecha
nism, which is the weakness of the transversalis fascia 
medial to the inferior epigastric vessels. Anterior pro
trusion would thus lead to direct inguinal hernia, 
whereas inferior protrusion into the femoral infundib
ulum opening anterior to the plane of the transversalis 
fascia would lead to femoral hernia. Accordingly, both 
types of hernia would require the same mode of treat
ment - McVay's operation. 

The deep inguinal ring is an opening in the upper 
lateral part of the transversalis fascia and resembles a 
veritable evagination of the fascia which can be lik
ened to the lining of a jacket (Fig. 1.13). The transver
salis fascia is in continuity with the fibrous coat of the 
spermatic cord. The latter is embryologically equiva
lent to the fascia, although it does not display similar 
mechanical properties. The deep inguinal ring is 
strengthened from below and medially by the passage 
of the inferior epigastric vessels and the reinforcement 
of Hesselbach's ligament (lig. interfoveolare). The lat
ter has been considered a mechanically important 
structure. Tension on this ligament elevates and closes 
the deep inguinal ring, thus acting in opposition to the 
forces acting on the external inguinal fossa. The trans
versalis fascia, often disregarded by French surgeons, 
is considered by many North American authors to be 
the basic structure allowing closure of hernial orifices, 
either with retention sutures or by resection of part of 
the fascia. These maneuvers are the basis for McVay's 
or the Shouldice Hospital procedure (for more details, 
consult the section on hernia of the groin). 

b) Umbilicoprevesical Fascia 
and Inguinal Peritoneum 

The ascending fibrous and vascular structures inter
posed between the transversalis fascia and perito
neum push up against the latter to form three inguinal 
depressions. From medial to lateral, these are: the 
internal inguinal fossa, lying between the urachus and 

umbilical artery; the middle inguinal fossa, lying 
between the umbilical artery and inferior epigastric 
vessels; and the external inguinal fossa, located lateral 
to the umbilical vessels and corresponding to the deep 
inguinal ring. 

The external inguinal fossa is a peritoneal infundib
ulum corresponding to the mouth of the embryonic 
vaginoperitoneal canal. This fossa is the natural course 
of sliding indirect hernia, whereas direct hernia results 
from the progressive dissension of the middle ingui
nal fossa. Sliding direct hernia via the supravesical 
fossa is an exceptional finding. 

c. Other Weak Points of the Anterior Abdominal Wall 

1. Linea Alba 

The linea alba represents the site of insertion of the 
flat muscles of the abdominal wall, and the mist fre
quently used route of access for to the abdominal cav
ity. It is thus the commonest site for ventral hernia. 

a) Radiological Study 

A recent anatomico-radiological study [Rath et al. 
1996] showed that the average length of the linea alba 
in 40 dissections was 29.11 cm (20-40). Its breadth is 
1.72 cm above the umbilicus, 2.24 cm at the level of the 
umbilicus and 0.66 cm below it. 

The results obtained from 40 tomodensitometric 
slices show that the in vivo values are somewhat dif
ferent: the average breadth of the linea alba being 
8.3 ± 5.63 above, 21.2 ± 8.07 at, and 9.3 ± 6.74 below, 
umbilical level. There is thus a considerable difference 
between the two studies at the supraumbilicallevel. 
Study of the frequency distribution of the breadth of 
the linea alba above the umbilicus on TDM cuts 
reveals two peaks, the first at between 5 and 6 mm, the 
second between 12 and 14 mm, corresponding to sub
jects ages less than or more than 50 years, respectively. 
The breadth of the linea increases significantly with 
age (p = 0.005). At umbilical level, the peak occurs at 
between 17 and 19 mm, most subjects being between 13 
and 23 mm, and without significant increase with age. 
These results coincide with those found at dissection. 
Below the umbilicus, the first peak is found at between 
5 and 6 mm and there is a second peak between 10 and 
11 mm, revealing a significant enlargement with age 
(p = 0.003) the first peak corresponding to subjects 
less than 40 and the second to the older group. The 
only significant difference related to sex appears in the 
supraumbilical region, where males have a linea alba 
which is on average 4.2 mm wider than in females. 
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There is thus a clear change in dimension of the 
linea alba at around the 45th year, whereafter it 
enlarges both above and below the umbilicus. Values 
for the breadth of the linea alba which can be consid
ered normal are as follows: 

Above the umbilicus: S 45 years: 5-6 mm 
:2: 45 years: 12-14 mm 

At the level of the umbilicus: 19-23 mm 
Below the umbilicus: S 45 years: 5-6 mm 

:2: 45 years: 9-11 mm 

Knowledge of these anatomical facts in regard to the 
linea alba enables one to define diastasis of the rectus 
muscles in terms of age. Below 45, any gap between the 
two upper rectus muscles of greater than 10 mm 
would be considered diastatic, as would one of 27 mm 
at umbilical level and 15 mm below. For subjects more 
than 45 years of age, the values would be 15, 27 and 
14 mm respectively. 

b) Functional Study 

Two types of force act on the linea alba, in both nor
mal and pathological conditions. These are the intra
abdominal pressure and the lateral traction of the 
broad muscles. It is the latter that determine the elas
ticity and degree of deformation of the tissues. 
Awareness of the normal parameters of the linea alba 
can establish an objective baseline for evaluation of 
the different prosthetic materials used in repair of 
ventral hernias. 

Two types of test have been used in a recent study of 
the linea alba [Rath et al. 1996) a bursting strain test, 
which reproduces the action of the intra-abdominal 
pressure on the wall, and a dynamometric test which 
provides data on elastic and plastic deformation and 
the point of rupture produced by linear traction. 

Busting strain tests show that the umbilical region 
seems the most resistant to pressure exerted from 
within: 6.715 kg/cm2 on average (2.7-10.2). The resis
tance are more or less the same for the supraum
bilical and infraumbilical portions of the linea 
alba (5.868-6.01 kg/cm2 respectively). The difference 
between the three regions is not significant. 

The constraint or force exercised by each section 
unit, measures the resistance of the tissues to linear 
traction, calculated with a dynamometer. For the 
supraumbilical linea alba, the mean constraint is 
0.367 kgf/mm2 (0.109-0.698), but this difference does 
not reach significance. 

Deformation expresses the percentage elongation of 
the specimen at the moment of rupture produced by 

linear traction. The linea alba is slightly more deform
able above than below the umbilicus (45.57% and 
31.55% respectively). 

Another value measured by the dynamometer is the 
coefficient of elasticity. The greater the value of this, 
the better the material can withstand a force without 
deformation. The mean coefficient of elasticity of the 
linea alba is slightly higher below than above the 
umbilicus: 2.429 kgf/mm2 and 1.151 kgf/mm2 respec
tively (p = 0.05). This may be explained bearing in 
mind the Law of Laplace, which states that, for a given 
radius, the pressure and elasticity of a sphere vary 
proportionally. In fact there exists a gradient of intra
abdominal pressure which decreases from below 
upwards, so that elasticity is proportionally raised 
below the umbilicus. 

2. Semilunar Line 

Hernia of this region is an exceptional finding, since 
the myofascial boundaries of the flat abdominal mus
cles do not lie over one another. The zone of weakness 
corresponds to the intersection of the semilunar line 
with the arcuate line. The passage in this area of the 
inferior epigastric vessels running along the posterior 
surface of the rectus contributes to the weakness of 
this region where the rare, so-called Spigelian hernia 

Fig. 1.14. Hernia of the linea semilunar is (Spigelian hernia}. 1 M. 
obliquus externus abdominis; 2 m. obliquus internus abdomi
nisi 3 m. transversus abdominis; 4 lamina posterior vaginae m. 
recti; 5 m. rectus abdominis; 6 linea arcuata; 7 hernial sac 
between the linea arcuata and a. epigastrica inferior, normally 
covered by the m. rectus abdominis; 8 a. epigastrica inferior; 
9 fascia transversalis 
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arises (although Spiegel never described such a her
nia). This type of hernia is found in the triangle 
bounded laterally by the semilunar line, superiorly by 
the lateral part of the arcuate line, and inferiorly and 
medially by the oblique course of the inferior epigas
tric vessels. Hernia may also develop with a twin sac 
lying above and below the inferior epigastric vessels, 
the latter separating the two hernial sacs like a bridle 
(Fig. 1.14). 

When poorly limited inferiorly, hernia of the semi
lunar line would be a special subtype of direct hernia. 
The sac of Spigelian hernia develops beneath the rec
tus. Thus, this type of hernia remains intraparietal 
over a long period of time prior to its exteriorization 
along the lateral margin of the rectus and subsequent 
protrusion beneath the skin. Diagnosis may be diffi
cult for quite some time and grasping of the filled her
nia sac may be problematic. 

Spigelian hernia, related to a rupture in the resis
tance of the posterior lamina of the rectus sheath, is 
difficult to manage. Treatment consists of retrorectus 
placement of a large flap derived from the anterior 
fibrous covering of the rectus, followed by suturing of 
the flap to the arcuate line above and to the strong 
part of the transverse fascia, or even the inguinalliga
ment, below. 

III. The Posterior Abdominal Wall 

The posterior abdominal wall, forming the backdrop 
of the abdomen, is described below from front to 
back, i.e., from deep to superficial layers. Less of a 
"surgical" structure than the anterior abdominal wall, 
it shows significant direct relations to the three main 
retroperitoneal sheaths, i.e., the central vascular sheath 
and lateral adrenorenoureteral sheaths. The posterior 
abdominal wall is in contact with the lumbar neural 
ganglia and contains within its muscles the lumbar 
plexus and an entire vascular network. 

The classical zones of posterior weakness are 
Grynfelt's lumbar quadrangle (tetragonum lumbale, 
see Fig. 1.16) and Petit's lumbar triangle (trigonum 
lumbale, see Fig. 1.17), although lumbar hernia rarely 
occurs at these sites. Parietal weakness of the posterior 
abdominal wall is most often of postoperative or trau
matic origin. 

A. Deep Layer 

The deep layer of the posterior abdominal wall com
prises, in the midline, the lumbosacral spine flanked 

laterally by the iliopsoas and quadratus lumborum 
which mask the lumbar intertransverse muscles. 

1. Median Spinal Axis 

The lumbar spine, markedly convex anteriorly, is 
entirely covered by a fibrous coat consisting of the 
anterior longitudinal ligament, which terminates at 
the level of the second sacral vertebra, and the 
diaphragmatic crura. The right crus, the larger, lies 
over the bodies of L-2 and L-3 and the neighboring 
intervertebral disks. The left crus is usually smaller, 
lying over the body of L-2 and the neighboring inter
vertebral disks. From their insertions on the spine, the 
diaphragmatic crura run forward to form the aortic 
hiatus. Fleshy fibers arise from the upper margin of 
the fibrous arch of the hiatus. In this way, the 
diaphragmatic crura constitute the classical "fibrous 
bed" of the aorta in front of the lumbar spine. The 
flared part of the right crus penetrates between the 
aorta and the inferior vena cava. Although the latter is 
displaced slightly to the right, its close proximity 
should be kept in mind in the course of surgical repair 
of hiatal hernia. The first two intercostal arteries on 
the right and left sides pierce the fleshy part of the 
diaphragmatic crura as they run tangential to the 
bodies of the vertebrae. 

The promontory of the sacrum protrudes into the 
space between the common iliac vessels like a bracket 
above the pelvis. The pelvic viscera are suspended 
from the promontory, via the thick fibrous coat cover
ing it and the L-5-S-1 intervertebral space. The middle 
sacral vessels run anteriorly over the promontory. The 
danger point formed by the left common iliac vein, 
running obliquely across this region, should be kept in 
mind. 

The sacrum, forming the posterior wall of the pel
vis, contains the cavum durale down to the level of 
S-2. The vegetative nerves distributing to the sphinc
ters and genital organs emerge through the third and 
fourth anterior sacral foramina. The position of these 
nerves should be borne in mind when using the trans
sacral approach to the rectum. Resection via the 
fourth sacral foramina can be done, whereas in the 
course of a more superior route it is imperative to pre
serve at least one of the third sacral foramina. The 
boundary between the sigmoid colon and rectum clas
sically lies at the level of the anterior part of S-2-S-3. 

The median osteofibrous spinal axis is extended lat
erally in cruciform fashion by the posterior part of the 
iliac crests. The latter seem to divide the muscles into 
two step like layers. The upper layer is formed by the 
greater psoas lying medially and the quadratus lum-
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borum laterally. The lower layer consists of the greater 
psoas flanked by the iliacus. The iliac crest thus resem
bles a very thick intersection reinforced by the ilio
lumbar ligament, which runs behind the greater psoas 
and spreads out on the anteromediallip of the bony 
crest. 

2. Lateral Spinal Muscles 

a) Iliopsoas Muscles 

The psoas major is a voluminous muscle extending 
from the l2th thoracic vertebra to the lesser tro
chanter. It flanks the lumbar spine and then runs along 
the innominate line of the iliac bone to leave the 
abdominal region via the muscular lacuna beneath the 
inguinal ligament. 

The psoas major is a truly hollow muscle compris
ing two layers, anterior (corporeal) and posterior 
(costiform). These two layers are joined together lat
erally. The space between them contains the lumbar 
plexus, the ramifications of the lumbar arteries, the 
lumbar veins and their longitudinal anastomosis, and 
the ascending lumbar vein (Fig. 1.15). 

The anterior corporeal layer of the muscle is 
attached to the spine from the 12th thoracic to the 

Fig. 1.15. Iliopsoas and quadratus lumborum muscles. 
1 Lig. arcuatum laterale; 2 aponeurosis posterior m. trans
versus abdominis; 3 m. quadratus lumborum; 4 m. iliacus; 
5 m. psoas major; 6 m. psoas minor; 7 Jig. arcuatum medi
ale 

fourth lumbar vertebrae The insertions are mainly on 
the intervertebral disks rather than on the vertebral 
bodies themselves. These stepwise insertions are 
joined to one another by fibrous arches. The latter, 
arranged in opposition to the concavity of the lateral 
surfaces of the bodies of the vertebrae, form button
holelike openings for the passage of the lumbar vascu
lar pedicles and sympathetic communicating 
branches. On the right, these arcuate fibers are most 
often covered anteriorly by the right margin of the 
inferior vena cava. Owing to this arrangement, surgi
cal identification of the sympathetic ganglia may be 
dangerous. Furthermore, the very short lumbar veins 
are also hidden and thus may be injured, especially 
when inserting a clamp. It has been proposed that the 
exposure of the posterior surface of the inferior vena 
cava be limited to the region of the intervertebral 
disks. However, owing to the variability of the meta
merization of the lumbar veins, this procedure is not 
entirely free of risk. 

The posterior costiform layer of the greater psoas 
inserts on the anterior surface of the transverse pro
cesses of all five lumbar vertebrae. 

The greater psoas is thus well formed in the upper 
lumbar region. It leaves the diaphragm by passing 
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under the medial arcuate ligament, sometimes 
referred to as the arch of the psoas. The iliac fascia is 
attached to the inferior margin of this ligament and 
lines the psoas major. An abscess originating from the 
l2th thoracic vertebra can thus travel downward along 
the fascia. 

The psoas minor arises from vertical fascicles 
inserted on the l2th thoracic and first lumbar verte
brae. This muscle runs along the medial boundary of 
the psoas major to attach to the innominate line and 
iliopectineal eminence. The psoas minor is an occa
sional muscle (present in less than 50% of subjects). Its 
lowermost fibers may be seen to extend down to pec
tineal ligament. Finally, it is also attached to the deep 
surface of the iliac fascia and thus acts to stretch this 
fascia. 

The iliacus originates from the greater part of the 
internal iliac fossa and stretches downward to the level 
of the anterior-inferior iliac spine. The muscle fibers, 
grouped together along the lateral margin of the psoas 
major, form, along with the latter, a groove for the 
femoral nerve. The iliacus fibers then wind around the 
terminal tendon of the psoas major and finally pass 
anterior to the latter to insert on the lesser trochanter 
and below; i.e., these fibers extend below the femoral 
insertion of the psoas major. 

The iliacus fascia is a fibrous sheath common to the 
greater psoas and iliac muscles. It is relatively thin in 
its upper part, but becomes much thicker at the level 
of the iliac crest, where it ensheaths the intramuscular 
structures down to the lesser trochanter. Deep to the 
inguinal ligament the iliacus fascia is reinforced, 
thereby forming the iliopectineal arch, which separ
ates the vascular and muscular lacunae. The iliac fas
cia can be stretched only slightly. This finding 
accounts for the rapidly compressive nature of hemor
rhagic effusion originating from the rich vascular net
work within the psoas major. This type of hematoma 
occurs frequently in patients taking anticoagulants 
and it may lead to severe damage of the lumbar 
plexus. 

b) Quadratus Lumborum Muscle 

This muscle extends behind and lateral to the psoas 
major in the space bounded by the 12th rib, the tips of 
the transverse processes of the lumbar vertebrae, and 
the posterior part of the iliac crest. The muscle body, 
resembling a rectangle rather than a square, is com
posed of interlacing multidirectional fibers originat
ing from the different bony margins listed above (Fig. 
1.15)· 

The anterior part of the quadratus lumborum 
muscle is essentially composed of fibers extending 
from the iliolumbar ligament and the deep part of the 
iliac crest to the inferior margin of the 12th rib and the 
tip of the transverse processes of the lumbar verte
brae. The thinner posterior layer of the muscle extends 
down the 12th rib to the lumbar transverse processes. 

3. Vascularization and Innervation 
of the Deep Muscle Layer 
of the Posterior Abdominal Wall 

a) Arterial Vascularization 
and Venous Drainage 

The arterial supply to the posterior abdominal wall is 
via the lumbar arteries, which form a complex anasto
motic network between the 12th intercostal (subcos
tal) artery above and the deep circumflex iliac artery 
below. 

The venous drainage of the posterior abdominal 
wall is particularly well developed, especially within 
the psoas major, where the veins communicate via 
conjugate vessels with the intraspinal venous plexuses 
and via the arches of the psoas with the inferior vena 
cava. The ascending lumbar vein is one of the roots of 
the azygos system. The venous network of the poste
rior abdominal wall (iliolumbar, lumbar, and ascend
ing lumbar veins) is able to shunt most of the caval 
blood after a subrenal ligation of the inferior vena 
cava. 

b) Lymphatic Network 

The upper part of the posterior abdominal wall is 
drained by the lateral caval and lateral aortic lymph 
nodes. The transdiaphragmatic lymphatic channels 
form a direct communication between the retroperi
toneal region and the subpleural space. This accounts 
for the rapid thoracic and mediastinal extension of 
certain pathological processes involving the retroper
itoneal region, e.g., pancreatitis. 

c) Innervation 

The posterior abdominal wall is innervated via the 
lumbar plexus. The psoas major receives branches at 
different levels from the first through fourth lumbar 
nerves, and the psoas minor receives branches from 
the first and second lumbar nerves. Filaments arising 
from the femoral nerve supply the iliacus. The motor 
innervation of the quadratus lumborum is via the 12th 
intercostal nerve and branches from the first three 
lumbar spinal roots. 



Surgical Anatomy of the Anterolateral and Posterior Abdominal Walls and Points of Weakness 27 

4. Site of Emergence of the Terminal Branches 
of the Lumbar Plexus 
in Relation to the Iliopsoas Muscle 

The iliohypogastric and ilioinguinal nerves emerge 
from the lateral margin of the greater psoas at the 
level of the L-1-L-2 intervertebral disk and then run 
along the anterior surface of the quadratus lumborum 
posterior to the kidney. These nerves follow the iliac 
crest to finally enter the inguinal region. 

The lateral femoral cutaneous nerve exits from the 
anterior surface of the psoas major at the level of the 
lower end of the third lumbar vertebra or the L-3-L-4 
intervertebral disk. It runs obliquely outward and 
downward to cross over the lateral margin of the 
psoas major at the level of the L-4-L-5 intervertebral 
disk and then runs along the surface of the iliac bone 
to finally enter the muscular lacuna medial to the 
anterior-superior iliac spine. 

The genitofemoral nerve appears on the anterior 
surface of the psoas major at a point slightly medial 
and inferior to the lateral femoral cutaneous nerve 
(L-4-L-5 intervertebral disk). It then descends parallel 
to the fibers of the psoas major just behind the ingui
nalligament when it divides into terminal branches. 

The femoral nerve leaves the lateral margin of the 
psoas major, becoming visible in the groove between 
the latter and the iliacus at the level of the sacral 
promontory. This nerve divides just below the ingui
nalligament. 

The obturator nerve emerges from the medial bor
der of the psoas major at about the same level as the 
preceding nerve, i.e., at the site where the medial mar
gin of this muscle crosses over the ala of the sacrum 
(the fossette of Cuneo and Marcille). In this region it 
is accompanied by the fifth lumbar nerve root, which 
receives the first sacral nerve root to form the lumbos
acral trunk. 

5. Action of the Deep Muscles 
of the Posterior Abdominal Wall 

The iliopsoas, inserted on the pelvis and spine, acts 
mainly to flex and laterally rotate the thigh (psoitis 
posture) and thus is very important for walking. 
Acting on the axial skeleton, the psoas major resem
bles a polyarticular muscle, leading to lateral flexion 
and slight rotation of the spine on the side opposite 
the muscle. When both psoas major act simultane
ously with the subject supine, they elevate the upper 
and lower parts of the trunk. 

The psoas minor, which flexes the lumbar spine with 
respect to the pelvis, is a tensor muscle of the iliac fas
cia. 

The quadratus lumborum acts as a lateral brace of 
the lumbar spine by pulling the iliac crest and the 12th 
rib closer to one another. This muscle can also be con
sidered to depress the 12th rib, and thus acts as an 
accessory expiratory muscle. 

B. Superficial Layer of the Posterior Abdominal Wall 

Two layers of flat muscles and aponeuroses lie poste
rior to the deep muscle layer and extend laterally to 
blend into the anterolateral abdominal wall. From 
anterior to posterior, the first of these layers is that of 
the posterior aponeurosis of the transverse. This apo
neurosis, lying posterior to the quadratus lumborum, 
is attached to the tips of the transverse processes of 
the lumbar vertebrae. Framed by muscle bodies, this 
aponeurotic layer constitutes a zone of weakness, the 
classical Grynfelt's lumbar quadrangle (Fig. 1.16). The 

Fig. 1.16. Limits of the lumbar quadrangle (tetragonum lum
bale}. 1 M. serratus posterior-inferior; 2 12th rib; 3 m. obliquus 
internus abdominis; 4 lumbar quadrangle (aponeurosis m. 
transversus abdominis); 5 m. erector spinae 
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Fig. 1.17. Limits of the lumbar triangle (trigonum lumbale).l M. 
latissimus dorsi; 2 m. obJiquus externus abdominis; 3 trigonum 
lumbale; 4 crista iliaca 

medial boundary of this area is formed by the erector 
muscles of the spine inserted on the posterior part of 
the iliac crest, the posterior iliac spines and the poste
rior surface of the sacrum. These muscles spread out 
from their origin toward the ribs. This muscular mass 
is enveloped in a very resistant aponeurosis, which, 
along with the arches of the lumbar vertebrae and 
posterior surface of the transverse processes, forms a 
veritable osteofibrous canal (thoracolumbar fascia) 
through which the muscles pass. 

The inferior lateral boundary of the lumbar quad
rangle is formed by the internal oblique, which runs 
upward and forward to make an acute angle with the 
mass of spinal muscles. Moreover, the internal oblique 
is inserted on the thoracolumbar fascia and the poste
rior part of the iliac crest and extends up to the infe
rior margin of the 12th rib. 

The superior medial boundary of the lumbar quad
rangle is formed by the serratus posterior inferior. 
This muscle, extending over the mass of the spinal 
muscles, is attached via its inferior digitation to the 
inferior edge of the 12th rib. 

Finally, a short part of the inferior margin of the 
12th rib forms the superior lateral boundary of 
Grynfelt's lumbar quadrangle. 

This muscular layer is lined posteriorly by a layer 
containing the superficial weak area of the region, i.e., 
Petit's lumbar triangle. The lumbar triangle is 
bounded by the following structures (Fig. 1.17): below, 
by the posterior part of the iliac crest; laterally and 
anteriorly, by the posterior margin of the external 
oblique running downward and forward, the anterior 
part of this muscle being entirely composed of fleshy 
fibers from the 12th rib to the iliac crest; and medially, 
by the lateral margin of the latissimus dorsi, which 
runs upward and laterally. The latter muscle originates 
from a large aponeurotic sheet attached to the spinous 
processes of the thoracic and lumbar vertebrae, the 
sacral crest, and the posterior iliac spine. This fibrous 
sheet continues medially with the thoracolumbar fas
cia and is often described as the superficial lamina of 
the latter. 

Lumbar hernia in the area of the lumbar quadrangle 
(usually the upper part), which may enter into Petit's 
lumbar triangle, is a rare finding. In such cases the 
neck of the hernial sac is narrow, and treatment can 
thus be achieved with relative ease. Conversely, post
operative incisional hernia in this region is far more 
problematic. Hernia also sometimes occurs following 
closed trauma which causes destruction or detach
ment of the muscles in this region. 

Significant tissue loss, often accompanied by paral
ysis of the abdominal strap resulting from motor 
nerve injury, requires the use of foreign or autoplastic 
material to achieve repair, i.e., large flaps of fascia lata 
cut in the external iliac fossa and reflected upward 
onto the iliac crest, as in Koontz's operation. 
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The descriptive anatomy and pathology of the abdo
minal wall are well known to surgeons and specialists 
in functional rehabilitation. Conversely, few studies 
have been devoted to the anatomophysiological fea
tures of the parietal muscles, and little progress has 
been made regarding the functional anatomy of the 
recti abdomini and flat abdominal muscles (the trans
verse and internal and external obliques). 

The aim of the studies described below was to 
achieve a better understanding of parietal function. 
This work was based on detailed study of the structure 
of the parietal muscles by microscopic analysis of 
their constituent fibers, coupled with detailed analysis 
of their function using quantitative electromyography. 
Intra-abdominal pressure was then investigated in 
operated patients. As the reader progresses through 
this chapter, the classical and still valid notion of the 
correlations between structure and function should 
become apparent. 

I. Detailed Study of Structure: Histochemical 
Analysis of the Fibers of the Abdominal Wall 

Histological analysis of normal muscle fibers exami
ned under the light microscope does not allow the 
demonstration of any particular function of the fibers. 
Conversely, histochemical investigation reveals three 
categories of striated muscle fibers, which can be dif
ferentiated on the basis of their enzymatic apparatus 

(ATPase and oxidative enzymes) and physiological 
properties, as shown in table 2.1. 

The enzymatic and physiological differences of the 
three categories raise the question of their functional 
differences. This question has been summarized by 
Mayer (1973) in the following way: 

The physiological properties of the motor units are 
correlated with their histochemical characteristics in 
such a way that the phasic motor units with a fast 
contraction time are formed of fibers rich in glycoly
tic activity, whereas the tonic motor fibers with a slow 
contraction time are formed of fibers rich in oxidative 
activity. 

Based on these introductory notions, functional inves
tigation of the abdominal musculature was carried 
out, beginning with the study of the enzymes of the 
muscles of the anterolateral abdominal wall. 

A. Material and Methods 

In the course of abdominal surgery, biopsy specimens 
of muscle fibers were taken from the rectus, external 
oblique, internal oblique, and transverse muscles. 
Biopsy samples of the levator ani and one of the limb 
muscles (deltoid) were made for the purpose of com
parison. 

All muscle samples were subjected to histoenzyma
tic analysis for the determination of ATPase and oxi-

Table 2.1. Features of the three types of muscle fibers in the gastrocnemius and soleus of the cat [Engel et al. 1973] 

Enzymatic apparatus 
Presence of ATPase and glycolytic enzymes 
Presence of oxidative enzymes 

Glycogen 

Estimated number of fibers per motor unit 

Physiological properties 
Sensitivity to fatigue 
Contraction time 

Types of muscle fibers 

Type I or S (slow) 
25%-40% 

rich in mitochondria 
(red muscle, slow) 

++ 

Very few 

Very resistant 
58/110 ms (long) 

Type II or F (fast) 

rich in myofibrils 
(white muscle, fast) 

Type II A (FR) Type II B (FF) 

++ 
+ 

++ 

++ 

+++ 

Few Many 

Moderately res. 
30/55 ms 
(intermediate) 

Sensitive 
20/47 ms 
(short) 
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Fig. 2.1. Microscopic sections of the muscle fibers after histoenzymatic treatment. Type I fibers are darkly stained; type II fibers are 
lightly stained 

dative enzymes. Subsequent to appropriate chemical Table 2.2. Mean percentages of type I and type II fibers in the 

treatment and preparation for microscopic exam ina- muscles of the abdominal wall 

tion, the fibers containing ATPase appear dark, those Fiber type 
containing oxidative enzymes appear light, and a third 

II IIA lIB 
category of fibers shows an intermediate degree of 

(%) (%) (%) (%) 
contrast (Fig. 2.1). 

Rectus 69 31 28 3 ATPase 
abdominis 63 37 Glycerophosphate 

B.Results dehydrogenase 

In the long locomotor muscles of the limbs, one-third External 52 48 ATPase 
of the fibers are of the type I variety and two-thirds oblique 54 46 40·9 5-l Glycerophosphate 
are of the type II variety [Dubowitz & Pearse 1960]. dehydrogenase 
The abdominal wall muscles, on the other hand, dis- Internal 64 36 ATPase 
playa clear predominance of type I fibers, as shown in oblique 59 41 37·3 3·7 Glycerophosphate 
table 2.2. dehydrogenase 

Several observations can be made regarding the 
results shown in this table: (a) type I (slow) fibers pre- Transverse 68 32 ATPase 

dominate over type II (fast) fibers in a proportion of 60 40 37 3 Glycerophosphate 

2/3-1/3 in all of the parietal muscles, except the exter- dehydrogenase 
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Table 2.3. Percentages of type I and type II fibers in the levator 
ani and deltoid muscles 

Fiber type 

I (%) II (%) 

Levator ani 55 45 ATPase 

55 45 Glycerophosphate 
dehydrogenase 

Deltoid 36 64 ATPase 

34 66 Glycerophosphate 
dehydrogenase 

nal oblique, where the abundance of the two types of 
fibers is approximately equivalent; (b) type II B (fast 
fatigable) fibers are very scarce compared with type II 
A (fast resistant) fibers. 

It is of some interest to compare these results with 
those of the histochemical analysis of the levator ani 
and deltoid (Table 2.3). It can be seen that the propor
tion of the two fiber types is quite different in the del
toid, i.e., two-thirds of the fibers are type II and one
third are type 1. 

C. Functional Deductions 

The muscles of the abdominal wall have a special 
enzymatic apparatus with a predominance of type I 
(slow) and type II A (fast resistant) fibers. The type II 
B (fast fatigable) fibers are not absent, but their pro
portion is very small compared with the other fiber 
types. In sum, tonic and postural functions are the 
main attributes of the abdominal wall muscles. 

II. Detailed Study of Function: Quantitative 
Kinesiological Electromyography of the 
Abdominal Wall Musculature 

A. Principles of the Method 

This technique involves global electromyography 
(EMG) using surface electrodes. Recordings are obtai
ned during movement and then automatically analy
zed in narrow frequency ranges. 

1. Automatic Analysis of the Recordings 

Such analysis is based on the method described by 
Willison (1963). For this purpose, the EMG apparatus 
(basic system: MS6 Medelec) is coupled to an additio-

nal module referred to as a potential analyzer (APA 62 
Medelec). The automatic analysis is carried out over a 
predetermined time span of 1, 2, or 4 s. We selected an 
analysis time of I s, owing to the highly variable state 
of muscle capacity according to the subjects exami
ned. The tracing obtained in the course of muscle 
contraction is instantaneously analyzed over a period 
of 1 s. The analyzer gives the following numerical data 
directly on the monitor screen or printout: (a) the 
cumulative sum of the signal amplitudes, expressed as 
the letter A (total amplitude); (b) the number of myoe
lectric signals, referred to as T (turns); (c) the mean 
signal amplitude, called M (mean amplitude). 

2. Selection of Muscle Activities 
Within Narrow Frequency Spectra 

The frequency range commonly used in clinical EMG 
is very large, i.e., 32 Hz to 3.2 kHz 

Accordingly, many mixed signals are recorded with 
very different parameters of amplitude an frequency. 
However, the overall EMG pattern obtained allows 
interpretation of the recording. 

By regulating a high-frequency and a low-frequency 
filter of the amplifiers of the EMG apparatus (ampli
fier AA6 III Medelec), the operator can vary the width 
of the frequency spectrum. Muscle activity can thus be 
quantified in a selected frequency range. Eight to ten 
frequency ranges were used in this study. Contraction 
of a given muscle was obtained for each frequency 
range and then analyzed: 

3,2 Hz .- 8 Hz 

8 Hz .- 16 Hz 

16 Hz .- 32 Hz 

32 Hz .- 80 Hz 

80 Hz .- 160 Hz 

160 Hz .- 320 Hz 

320 Hz .- 800 Hz 

800 Hz .- 1,6 kHz 

1,6 kHz .- 3,2 kHz 

3,2 kHz .- 8 kHz 

These different spectra cover the full frequency 
range used in clinical EMG, although the most signifi
cant values are obtained between 16 Hz and 3.2 kHz. In 
some muscles motor activity can be recorded up to a 
frequency of 8 kHz. Beyond this limit no coherent 
quantifiable activity is recorded. 
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Fig. 2.2. Rectus and flat abdominal muscles. Note variation of frequency (F), in cycles/s, and amplitude (A), in millivolts, of the EMG 
signals as a function of signal width (Ms), in milliseconds. Mean values in 51 subjects. MD abdominal rectus; ML flat abdominal 
muscles: T tone; P posture; M movement; Hz frequency band; .... signal frequency in flat abdominal muscles (ordinate on left); 
_ . _ . _ . signal frequency in rectus muscles (ordinate on left); _ signal amplitude as a function of signal width (ordinate on right) 

Fig. 2.3. Rectus and flat abdominal muscles. Variation of frequency (F), in cycles/s, and amplitude (A) in millivolts, of EMG signals 
as a function of signal width (Ms) in milliseconds. Mean values in 35 men. Symbols as in legend to Fig. 2.2 

B. -Overall Results and Tentative Interpretation 

The numerical data can be displayed graphically to 
show the number of signals per second (and their 
mean amplitude) in each frequency range explored. 
The graphic data in figures 2.2 and 2.3 give the results 
of the recordings of the rectus and flat abdominal 
muscles in two categories of subjects studied. Three 
types of motor activity were seen. The first arises in 
the 16 to 160 Hz range, the second in the 160 Hz to 1.6 

kHz range, and the third in the 1.6-3.2 kHz range. 
Another parameter given directly by the apparatus 

is the time constant of the signal, which is a function 
of the period and thus of the width of the signal. This 
constant is inversely proportional to the frequency'. 

The analysis of the different sectors of the full-fre
quency spectrum allows the classification of the 
signals as a function of their width, number, and 

amplitude. The latter two parameters are given 
directly by the automatic analysis. 

Given the finding that the recorded signals display a 
different frequency, amplitude, and signal width, it can 
be concluded that these signals are produced by 
muscle fibers displaying different functions and phy
siological characteristics. 

In an attempt to interpret these findings, we propose 
the hypothesis that the three categories of recorded 
motor activity correspond to the contraction of three 
functionally different populations of muscle fibers, as 
previously demonstrated by histochemical analysis: 

1 The time constant ('1:) is a direct function of the signal period, 
according to the following formula: T (period) = 2 11: t and is 
inversely proportional to the frequency: 

f (frequency in Hz) = 1/T = 1/211: 't 
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i.e., slow fibers, fast fibers resistant to fatigue (fast 
resistant fibers), and fast fatigable fibers. This hypo
thesis is based mainly on the notion of signal width. 

Indeed, many studies have shown that there is a cor
relation between the histochemical structure of the 
motor units on the one hand, and their neurophysio
logical features on the other hand [Henneman & 

Olson 1965; Buchtal & Schmalbruck 1970; Sica et al. 
1973; Warmolts & Engel 19731. Burke (1973) stressed 
that the contraction time is one of the criteria for clas
sification of the different types of motor units. 
Accordingly, it was postulated for the purpose of our 
study that the widest signals occurring in the low-fre
quency range corresponded to tonic activity, whereas 
the narrowest signals in the high-frequency range cor
responded to phasic activity. Finally, the signals dis
playing an intermediate duration were considered to 
arise from postural activity of the muscle fibers. 

An overall quantification of the results of this 
method allows the determination of the performance 
of the muscles of the abdominal wall with respect to 
the three modes of motor activity, i.e., tone, posture, 
and movement. 

c. Results of the Method Applied to the Study 
of the Function of the Abdominal Wall Muscles 

1. Technique 

The activity of the parietal muscles was recorded 
using self-adhesive surface electrodes. For the recor
ding of the activity of the rectus, the electrodes were 
placed in the paraumbilical region over a 10-cm-Iong 
area in the direction of the muscle fibers. The subject 
was requested to bend the trunk forward and to raise 
the shoulder and pelvic girdles and the lower limbs up 
to 30°. 

The activity of the flat abdominal muscles was 
recorded by electrodes placed over the flanks between 
the 12th rib and the iliac crest. The electrodes were 
positioned in the direction of the fibers of the external 
oblique. The use of surface electrodes does not allow 
the identification of the activity of each of the flat 
abdominal muscles, and thus their overall activity is 
recorded. However, given these conditions, it is reaso
nable to assume that the activity of the external 
oblique contributes most to the EMG recording obtai
ned. The recording of the flat abdominal muscles was 
performed while the subject turned the trunk contra
laterally and at the same time elevated the shoulders, 
pelvis, and lower limbs. 

The rectus and flat abdominal muscles were studied 
in 51 normal subjects. This heterogeneous population 
comprised the following subgroups: (a) according to 
sex: 35 men and 16 women; (b) according to the level 
of motor activity: 23 subjects not practicing sports and 
28 athletic subjects (members of a sports club); (c) 
according to the ponderal index, which is an indicator 
of corpulence as a function of body weight and height, 
obtained by dividing the cube root of body weight by 
height: 16 lean subjects (ponderal index = 22-22.9); 20 
average subjects (ponderal index = 23-23.9); 12 corpu
lent subjects (ponderal index = 24-24.9); three obese 
subjects (ponderal index = 25); (d) according to age: 
14 subjects up to 20 years; 34 subjects between 21 and 
50 years; three subjects over 50 years. 

2. Comparative Performance of the Rectus 
and Flat Abdominal Muscles 
According to Study Subgroup 

a) Assessment of Performance 

The performance of a muscle can be estimated by the 
electrical potential produced in the course of a move
ment under a given load. The electrical potential is 
proportional to the load. 

Electrical potential, expressed in millivolts, is given 
directly by the automatic analysis and appears on the 
monitor screen as the letter A, which corresponds to 
the total amplitude of the recording. 

b) Results According to Subject Category 

Once the zones of the frequency spectrum correspon
ding to tonic, postural, and phasic activity have been 
identified, it is possible to study the comparative per
formance of the abdominal muscles in each functional 
mode, i.e., tone, posture, and movement. The results of 
this study are expressed as histograms showing the 

150 
mV 

100 

50 

Tonus Posture Movement 
I i 

Fig. 2.4. Comparison of muscle activity in 51 subjects. MD m. 
rectus abdominis; ML flat abdominal muscles 
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Fig.2.7. Comparison of muscle activity according to the ponderal index. MD m. rectus abdominis; ML flat abdominal muscles 

electrical potential, recorded in millivolts, during the 
contraction of the muscles in the different study 
groups. 

The Whole Study Group. The histogram in figure 2.4 
shows that tonic and postural activity predominate 
over phasic activity. Furthermore, it can be seen that 
the flat abdominal muscles show a much greater per
formance in posture and movement compared with 
the rectus, whereas the latter displays the most pro
nounced tonic activity. 

Males versus Females. The overall muscular activity of 
the abdominal wall is greater in men than in women 
(Fig. 2.5). Comparative study of the different muscles 
in women shows that the activity of the flat abdominal 
muscles is significantly lower than that of the rectus 
muscles regarding tone and posture. Thus, the flat 
abdominal muscles are weakest (most vulnerable) in 
women. 

Athletic versus Nonathletic Subjects. The overall mus
cular performance of the abdominal wall is greater in 
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athletic than in nonathletic subjects (Fig. 2.6). The 
gain in performance owing to the practice of sports 
involves the tone of the rectus and the posture of the 
flat abdominal muscles. In nonathletic subjects the 
comparatively reduced performance involves the tone 
and movement of the rectus and the posture of the 
other muscles. In sum, the benefits obtained by sports 
(most of the athletic subjects played soccer and rugby) 
concern mainly tone and postural activity of the 
abdominal wall. 

Subgroups According to Ponderal Index. As a general 
rule, muscular performance declines rapidly as the 
ponderal index increases toward obesity (Fig. 2.7). 
Regarding tone, the highest level of performance is 
seen in the flat abdominal muscles of lean subjects 
(thin-waisted subjects) and in the rectus muscles of 
average subjects. The subjects of average corpulence 
show the best results with respect to posture, whereas 
movement (phasic activity) is greatest in lean subjects 
(especially of the flat abdominal muscles). It can also 
be seen that the capacities of the abdominal wall of 
obese subjects are greatly reduced regarding tone and 
posture and are practically nil with respect to move
ment (especially the flat abdominal muscles). 
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Fig. 2.8. Comparison of muscle activity according to age 

Subgroups According to Age. Abdominal wall perfor
mance is markedly reduced in the over-50 age-group 
(Fig. 2.8). The decrease in tonic and postural activity 
involves the flat abdominal muscles, whose perfor
mance in movement is practically nil. It can thus be 
concluded that the flat abdominal muscles are weakest 
(most vulnerable) in this age group. 

III. Study of Intra-abdominal Pressure 
in Operated Patients 

The peritoneal cavity is a virtual space containing very 
little fluid and presents no exterior communications 
except, theoretically, the fallopian tubes in women. It 
is, in fact, a closed cavity. 

Wildegas (1923) considered the abdomen, from the 
mechanical standpoint, a closed container formed by 
a rigid posterior wall - the spine - and flexible walls 
- the abdominal muscles, diaphragm, and pelvic floor. 
Thus, the infra-abdominal pressure can increase in 
only two conditions, i.e., contraction of the parietal 
muscles and acute distension of the abdominal vis
cera. 

A. History 

The first studies on this subject can be found in the 
lessons published by Paul Bert in 1870 on the compa
rative physiology of respiration. To achieve his mea
surements, Bert placed a small balloon in the ampulla 
of the rectum in dogs. Winckler et al. (1980) were the 
first to measure intra-abdominal pressure by installing 
a trocar in the peritoneal cavity of the dog and then 
connecting the instrument to a water manometer. 

Two studies later became authoritative references on 
the subject of infra-abdominal pressure. Overholt 
(1931) installed intraperitoneal cannulas in dogs. 
Overholt's work showed that the mean pressure was 
low (about 8 cm H20), or even nil, and was less than 
the prevailing atmospheric pressure in some animals. 
It was also demonstrated that abdominal pressure 
fluctuated only slightly as a function of respiration. 

In 1948, Drye published a study on intraperitoneal 
pressure in man. His investigations demonstrated a 
mean pressure of 8 cm H20. With the subject supine, 
no difference in pressure was found between the 
hypochondrium and the pouch of Douglas. Conver
sely, with the subject standing, pressure of the hydro
static type was noted, i.e., increased pressure in the 
lowest regions. The effort of vomiting was found to 
markedly increase abdominal pressure to over 80 cm 
H20. Fluctuations of pressure related to respiration 
were small, as evidenced by a pressure increase of 
3 cm H20 on inspiration. In 1955, Campbell studied 
the function of the abdominal muscles in relation to 
intra-abdominal pressure and respiration. 

In France, Barraya et al. (1978) investigated the drai
nage of the abdominal cavity. The results of this work 
confirmed those described above and added new 
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Fig. 2.9. Technique of measurement of intra-abdominal pressure and position of the EMG electrodes in the diaphragm. 
1 Diaphragmatic electrodes; 2 intubation cannula with balloon; 3 Bentley pressure head; 4 recording apparatus 

information on the circulation of the intraperitoneal 
fluid. 

Delhez (1974) devoted an important chapter in his 
thesis to the electromyographic study of respiratory 
and abdominal muscular synergy. In a very interesting 
study, Grillner et al. (1977) investigated the role of the 
closed abdominal cavity acting as a pressure absorber 
in equilibrium with the spine. The following year, 
Diamant et al. (1978) studied the hemodynamic effects 
of increased intra-abdominal pressure. Finally, 
Flament and Clement (1979) described the fluctua
tions of abdominal pressure in relation to respiration. 

B. Materials and Methods 

Abdominal pressure was studied in 20 patients (12 

men, 8 women) who had undergone abdominal sur
gery requiring tubular drainage. Owing to our reser
vations about placing pressure transducers directly in 
the human abdominal cavity, drainage and pressure 
recordings were achieved via low-pressure endotra
cheal cannulas of the type used in anesthesia. This 
type of cannula is sterile and atraumatic and has a 
lateral opening to assist drainage. Furthermore, the 
inner diameter is similar to that of the Silastic drai
nage tubes commonly used in abdominal surgery. The 
end of the cannula is fitted with a very malleable, low
pressure, inflatable balloon connected to a catheter. 
After installing the cannula, the balloon is inflated 
using a syringe, care being taken not to exceed 7 ml of 
air. Inflated in this way the balloon is not fullyexpan-

ded. Accordingly, its elasticity is nil and the pressure 
transmitted reflects the intra-abdominal pressure. 

The balloon is then connected via a catheter to a 
pressure transducer (Bentley-Trantec model), which is 
in turn connected to an electronic pressure recorder 
(Philips model). The system must be calibrated prior 
to measurement with the zero setting corresponding 
to atmospheric pressure. The results obtained are thus 
given with respect to atmospheric pressure reference 
(Fig. 2.9). 

In sum, intra-abdominal pressure acts on the bal
loon, which yields a measurement of this pressure. 
The recording device gives an instantaneous digital 
display of the intra-abdominal pressure (in mmHg) 
and a recording on millimetric paper. For each 
patient, 14 measurements were made in the subhepa
tic region, nine in the pouch of Douglas, and five in 
both regions simultaneously. For each recording, base
line pressure was first measured, followed by the pres
sure variations elicited by respiratory movements, 
speech, coughing, and efforts to defecate. 

All measurements were made on the patient supine. 
Indeed, when the subject is standing the balloon in the 
pouch of Douglas is compressed by the weight of the 
abdominal viscera and thus no longer transmits the 
intra-abdominal pressure. In other terms, when the 
patient is standing, the pressure recorded in the pelvic 
region corresponds to t11e sum of the intra-abdominal 
pressure plus the weight of the viscera exerting a 
hydrostatic pressure. Pressure recordings were made 
every day from the first to fourth postoperative days, 
after which the drains were systematically removed. 
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C. Results 

1. Baseline Pressure 

a) First Postoperative Day 

The mean pressure in the subhepatic region was 
9.5 mmHg, but marked interindividual variability was 
noted (range: 7-21 mmHg). The mean pressure in the 
pouch of Douglas was 11 mmHg. 

b) Fourth Postoperative Day 

The mean pressure in the subhepatic region decreased 
to 7.8 mmHg, and little variability was seen according 
to subjects (range: 7-10 mmHg). In the pouch of 
Douglas the mean pressure was 9 mmHg. 

2. Respiratory Modifications 

Normal respiration modified the intra-abdominal 
pressure only slightly, the latter rising 1 mmHg on ins
piration (Fig. 2.lO). Deep inspiration led to a greater 
rise in pressure, although it did not exceed 4 mmHg 
(Fig. 2.11). 

3. Effort of Defecation 
with Blocking of Expiration 

The measurement of intra-abdominal pressure in the 
course of such effort showed a synchronous rise in the 
pressure of the hypochondrium and the pouch of 
Douglas, the pressure attaining 15 mmHg in both 
regions (Fig. 2.12). In normal subjects one would 

obviously expect an even greater pressure increase 
under these conditions. 

4. Modulation of Abdominal Pressure by Speech 

In contrast to breathing, speech led to more significant 
pressure fluctuations, especially in the course of loud 
speech (Fig. 2.13). 

5. Effects of Coughing on Abdominal Pressure 

Coughing was seen to be the factor leading to the 
greatest rise in intra-abdominal pressure. However, 
voluntary coughing was relatively unproductive and 
led to peak pressures of 30 mmHg on average, whereas 
productive, spontaneous coughing induced pronoun
ced pressure increases with peak pressure often excee
ding 80 mmHg (Fig. 2.14). 

D.Comments 

Resting baseline abdominal pressure was very low 
(about 8 mmHg) and relatively constant from patient 
to patient. These results are thus in agreement with 
classical data on this subject. In the supine position no 
significant pressure difference was seen in the diffe
rent regions of the abdominal cavity. This result is 
logical, since the normal abdomen is not a compart
mentalized structure. 

Classical studies [Overholt 1931; Drye 1948] show 
that abdominal pressure in the standing position is of 
the hydrostatic type, i.e., pressure is greatest in the 

Fig. 2.10. Fluctuation of intra-abdominal pressure during normal respiration 

Fig. 2.11. Modification of intra-abdominal pressure during deep inspiration 
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Fig. 2.12. Increased abdominal pressure during efforts to defecate, which led to two bouts of productive coughing 

Fig. 2.13. Modulation of abdominal pressure during speech 

Dicrotic cough 
J 

Fig. 2.14. Repercussions of coughing on abdominal pressure. A Voluntary cough; B spontaneous cough 

lowermost regions of the abdomen. Under these 
conditions there is a threefold increase of the pressure 
in the pelvic region. With the subject upright, the pres
sure measured in the pouch of Douglas corresponds, 
in fact, to the weight of the abdominal and pelvic vis
cera. This pressure should be distinguished from the 
intraperitoneal pressure, as studied above, during 
effort and movement. 

The use of the measurement technique described 
herein showed rather interesting results regarding the 
course of abdominal pressure in the postoperative 
period. Indeed, abdominal pressure was highest and 
more variable on the first postoperative day than on 

the fourth day, by which time pain had diminished 
and intestinal transit had been reestablished. 

Normal respiration, related mainly to the action of 
the diaphragm, influences intraperitoneal pressure to 
a very slight extent. Special emphasis should be given 
to the role of the muscles of the anterolateral abdomi
nal wall whose action to increase this pressure is 
required in speech, efforts to defecate, and especially 
in coughing. Indeed, the highest levels of peak pres
sure (above 80 mmHg) were found during productive 
coughing. The section below describes the cough 
mechanism, based on electromyography of the dia
phragm and abdominal wall muscles. 
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IV. Correlation of the Activity of the Diaphragm 
and Abdominal Wall Muscles 
with Intra-abdominal Pressure 

A. Material and Methods 

In five patients the measurement of intra-abdominal 
pressure was associated with direct electro myographic 
recordings of the right diaphragmatic cupula. Wire 
EMG electrodes were implanted intraoperatively in 
the fibers of the diaphragm, thus allowing simulta
neous measurement of diaphragmatic contraction 
and intra-abdominal pressure during normal respira
tion, forced inspiration, coughing, and efforts to defe
cate (Fig. 2.9). Finally, in a few operated patients sur
face electrodes were positioned on the abdominal wall 
to record the electrical activity of the abdominal 
muscles along with intra-abdominal pressure, as des
cribed above. 

B. Results 

1. With Normal Respiration 

During normal respiration (Fig. 2.15) the EMG owed 
mainly the electrical activity of the diaphragm, whose 
potentials of motor activity are grouped together in 
phase with respiration. The activity of the abdominal 
muscles was very low and did not show any obvious 
rhythm with respect to normal respiration. 

2. With Deep Inspiration 

During deep inspiration (Fig. 2.16) pronounced dia
phragmatic activity was evidenced as increased spa
tial and temporal recruitment accompanied by increa
sed signal amplitude. The activity of the abdominal 
muscles was practically nil during the inspiratory 
phase but increased during expiration. 

3. During Effort of Coughing 

Mainly diaphragmatic activity was recorded during 
inspiration and until closure of the glottis (Fig. 2.17). 

However, when the glottis opened, allowing rapid 
expulsion of air under pressure, pronounced activity 
of the abdominal muscles was observed coupled with 
marked intermittent activity of the diaphragm in syn
chrony with the peaks of abdominal pressure incre
ments up to 20 mmHg. 

4. Infra-abdominal Pressure 
and Circulatory Physiology 

Increased abdominal pressure contributes to the drai
nage of blood from the inferior vena cava to the right 
atrium and also induces a rise in capillary pressure. 
During walking and running, this phasic muscular 
activity acts like a pump to drive the abdominal 
venous blood upward against the forces of gravity, in 
harmony with the venous drainage of the lower limbs. 
At rest intra-abdominal pressure is obviously less than 
central venous pressure; if the opposite were true, the 
inferior vena cava would collapse. 

In pathology, the severity of circulatory distur
bances resulting from protracted occlusive syndromes 
is beginning to be understood. In such cases surgical 
decompression may be necessary, even in the absence 
of an identifiable mechanical obstacle. Indeed, this 
situation can be likened to a vicious circle, since 
venous compression can lead to circulatory and meta
bolic disturbances which increase the ileus. 

V. Conclusions and Surgical Applications 

The abdominal muscles exhibit mainly tone and pos
tural functions, since they act as a retaining device for 
the abdominal viscera. The flat abdominal muscles are 

Fig. 2.15. Normal respiration: above, rhythmic activity of diaphragm; below, activity of abdominal wall muscles. A EMG of dia
phragm, B EMG of flat abdominal muscles 



Functional Anatomy of the Muscles of the Anterolateral Abdominal Wall 43 

Fig. 2.16. Deep inspiration. A Diaphragm, B abdominal muscles, C abdominal pressure 

Fig. 2.17. Simultaneous recordings made during coughing efforts; A EMG of diaphragm; B EMG of flat abdominal muscles; C abdo
minal pressure 

the most vulnerable, especially in women, and are the 
first to show signs of parietal deterioration related to 
age and obesity. 

Infra-abdominal pressure at rest is low. It is slightly 
increased by deep respiration and markedly rises on 
coughing and efforts to defecate. Abdominal pressure 
is also higher in the very early postoperative period. 

Surgical applications can be outlined on the basis of 
these conclusions. Prior to operation the surgeon 
should at least subjectively assess the quality of the 
abdominal musculature and establish the prognosis of 
the parietal repair. Surgical approaches to the abdo
minal wall are discussed elsewhere in this book. 
Nevertheless, it is reasonable to surmise from the 
above findings that transverse sections of the muscles, 
especially the flat abdominal muscles, will cause the 
greatest damage. Approaches based on muscular sepa
ration would thus seem preferable to the former, the 
operative field being enlarged by transaction of apo
neurotic zones (linea alba, semilunar line, transverse 

section of the posterior lamina of the rectus sheath 
with preservation of rectus continuity). At the end of 
the operation, a wise procedure may be to relieve the 
intravisceral hyperpressure by minimal enterostomy 
requiring only simple closure. 

Finally, early postoperative rehabilitation of the res
piratory apparatus and abdominal wall should be 
considered together. At this postoperative stage, elec
trical stimulation of motor activity of the abdominal 
wall leads to rapid recuperation of the natural muscle 
tone and to intraperitoneal "mixing", which promotes 
the resumption of intestinal transit. 
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I. Echography of the Abdominal Wall 

J. Taboury 

In daily practice, study of the abdominal wall accounts 
for only a very small percentage of echographic pro
cedures performed to investigate the abdomen. 

Over a period of 8 years, during which more than 
30,000 echography procedures were done in our busy, 
hospital practice, the study of the abdominal wall was 
requested by the departments of medicine or surgery 
(adults) only a few dozen times. This lack of demand 
is due to the easy clinical access to, and the apparent 
simplicity of the problems encountered in the patho
logy of the abdominal wall. 

The section to follow presents an outline of the 
echo graphic features of the normal and pathological 
abdominal wall. From the practical standpoint, echo
graphy of the abdominal wall is of little diagnostic 
interest compared with clinical data (history of the 
disease, general history, physical examination). 
Regarding the assistance afforded by echography in 
certain cases of difficult diagnosis, e.g., hernia of the 
semilunar line, the number of published cases is too 
limited to allow conclusions about the real impact and 
reliability of this investigative procedure. 

A. Technique of Echographic Investigation 

The reduced thickness and peripheral localization of 
the constituent structures of the abdominal wall 
require that a special approach to echo graphic inves
tigation be used. 

The ultrasonic probes used in routine echography 
give little or no useful information in the first part of 
the ultrasonic spectrum (Fresnel's zone) when the 
probe is applied directly to the skin. Furthermore, the 
standard frequency of 3.5 MHz, used routinely, has 
been selected to allow the focalized ultrasonic beam to 
travel several tens of centimeters but with poor reso
lution, especially near the surface. 

One technical modification for exploring the abdo
minal wall consists in placing a water bag between the 
skin and the probe head. In this way the surface planes 
(abdominal wall) lie at a distance where resolution of 
the ultrasonic beam is greatest (focal zone). However, 
the disadvantage remains regarding the use of a mean 
frequency of 3.5 MHz, which leads to poor resolution. 

It is thus preferable, when studying the abdominal 
wall, to use small-diameter, high-frequency probes (5.7 
or even 10 MHz), allowing better resolution with low 

penetration. This type of probe is placed directly on 
the skin or on a small interposed water bag, depen
ding on the focal properties of the probe. 

Under these technical conditions, an apparatus 
equipped with either manual or automatic scanning 
can be used (sectorial or rectangular field of explora
tion). The main advantage of the manual echograph is 
its large scanning field, whereas the automatic type of 
apparatus facilitates dynamic (muscle contraction) 
and static investigation (patient standing). 

B. Echographic Anatomy of the Abdominal Wall 

The anatomy of the abdominal wall [Bader & Melliere 
1970] - more correctly its echographic representation 
- is highly variable [Morley & Barnett 1978], depen
ding on the echo graphic technique used and espe
cially the morphology of the subject under study 
(muscles more or less developed, fat more or less 
abundant; Figs. 3.1-3.4). The thinner the abdominal 
muscles (rectus, obliques and transverse), the less 
visible they are. Abundant fat yields echographic 
images of mediocre quality. The ideal subject for 
echographic investigation of the abdominal wall is a 
young, muscular man. Conversely, elderly, obese, mul
tiparous women are poor study subjects. 

1. Epidermis and Dermis 

These superficial layers usually present as a single, 
homogeneous, echo-reflecting band (Fig. 3.1a). 

2. Hypodermis 

The thickness of the hypodermis varies considerably 
according to the amount of subcutaneous fat. The 
hypodermis is more or less visible in the form of a 
band of variable thickness and irregular contours. Its 
echo structure is less pronounced than that of the epi
dermis and dermis [Vincens & Bigot 1983]. The hypo
dermis displays a heterogeneous aspect owing to the 
lobulation of the adipose tissue (Fig. 3.1a, b). 

3. Muscles of the Abdominal Wall 

These muscles form two groups (Figs. 3.2 & 3.3). The 
rectus muscles run longitudinally on either side of the 
midline. The three flat abdominal muscles (external 
oblique, internal oblique, and transverse) can be seen 
to spread mainly over the flanks. 

The echostructure of these muscles usually appears 
hypoechogenic and homogeneous, with fine internal 



Fig. 3.1 a, b. The abdominal wall in an obese subject. a Transverse 
image of the right flank at the level of the umbilicus. The flat 
abdominal muscles (v ) and recti abdomini (\7 ) are almost 
impossible to see since they are thin and hidden in the abundant 
areolar tissue and extraperitoneal subparietal and aponeurotic 
fat . The thick areolar hypodermic tissue is clearly visible bet
ween the cutaneous layer and myofascial structures. 
b Longitudinal median xiphoumbilical image. The abundant 
extra peritoneal subparietal areolar tissue (,) near the tip of the 
xiphoid process (i', ) should not be mistaken for a pathological 
collection of fluid. This subparietal tissue is limited anteriorly by 
the linea alba ('f') and posteriorly by the anterior surface of the 
left part of the liver (!) 

parallel lines of greater echo reflection. The latter are 
visible only where the muscles are particularly well 
developed. These flat abdominal muscles display well 
defined contours, always bordered by a thin, highly 
echo genic line corresponding to their aponeurotic 
envelope. 
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Fig. 3.2a, b. The normal abdominal wall. a Transverse imaging of 
the right hemiabdomen at the level of the umbilicus. The flat 
abdominal muscles (\7) are connected to the recti abdomini (i', ) 
by Spigelius' semilunar aponeurosis ( ... ). b Longitudinal imaging 
of the right loin region. The three flat abdominal muscles (\7 ) 
are separated medially from the abdominal viscera by a fine 
echogenic band corresponding to the peritoneum 

In muscular subjects the rectus muscles are espe
cially well developed at the level of and below the 
umbilicus. The three flat abdominal muscles, clearly 
visible in the flanks, can sometimes be distinguished 
as three different layers, separated by their aponeu
roses (Fig. 3.3). 



48 J. Hureau et al. 

Fig.3.3 

Fig. 3.3a, b. The normal abdominal wall and ascites (transverse 
imaging of the right flank). a The pronounced ascites allow 
clear visualization of the three flat abdominal muscles ('7) sepa
rated from one another by fine echogenic lines (aponeuroses). 
Spigelius' aponeurosis (T) connects these muscles to the recti 
abdomini (",,). b The ascites, although of moderate degree, leads 
to sufficient separation between the abdominal viscera and 
abdominal wall to clearly show the muscles and aponeuroses Fig. 3.4 

Fig. 3.4a-c. The normal abdominal wall and its visceral relations. a Median transverse image of the subxiphoid region. The stomach, 
voluntarily filled with water (.), is clearly visible deep to the recti abdomini ("') and linea alba ('7). b Transverse image of the right 
paraumbilical region. The jejunum, containing water, can be seen deep to the abdominal wall (4). The flat abdominal muscles, thin 
in this region, are practically no longer visible. c Median transverse image of the subxiphoid region. The left part of the liver (.) is 
visible beneath the recti abdomini ("') and the linea alba ('7) 



4. Sheaths and Aponeuroses 

These structures form the envelopes of the rectus and 
flat abdominal muscles and determine their respective 
zones of insertion. The aponeuroses appear as fine 
echogenic lines around the muscle masses, or between 
them in the case of the three flat abdominal muscles 
(Fig. 3.3). These fibrous structures connect the muscles 
to one another and attach them to the skeleton. Two 
aponeurotic zones are particularly well evidenced on 
echography. The first of these is the linea alba, a thick 
aponeurotic layer uniting the rectus muscles on the 
midline and extending from the xiphoid process to the 
pubic symphysis (Fig. 3.4a-c). The second is the semi
lunar line (Spigelius line), connecting the flat abdomi
nal muscles to the lateral margins of the recti (Figs. 3.2 
& 3.3). The different ligaments, crura, and arches 
around the umbilicus and inguinal rings are not 
visible on echography. 

5. Peritoneum 

It would be more correct to refer here to the anatomi
cal structure separating the deep aponeurosis of the 
abdominal muscles from the abdominal viscera. This 
structure varies considerably according to the region 
being investigated and the morphology of the subject. 
In echography, the term "peritoneum" designates the 
anatomical structure comprising, from its superficial 
to deep parts, the parietal fascia, the more or less loose 
areolar tissue, and the peritoneum. This structure is 
visible as a rather fine, echo genic band (Figs. 3.2 & 
3-l5d). In lean subjects it cannot be distinguished from 
the deep aponeuroses lining the recti and flat abdo
minal muscles. Conversely, in obese patients it appears 
separate from the deep aponeurosis owing to the 
abundant loose areolar tissue separating these two fas
ciallayers. 

Two zones (epigastric fossa and suprapubic region) 
display marked development of the extraperitoneal 
subparietal areolar tissue. These two areas form hete
rogeneous hypoechogenic zones, lying just posterior 
to the recti and linea alba, and thus should not be mis
taken for a pathological collection of fluid in the 
subxiphoid or suprapubic space (Fig. 3.1b). 

c. Echography of the Pathological Abdominal Wall 

1. Parietal Collection of Fluid 

The main indication for parietal investigation of the 
abdomen is fluid collection (Figs. 3.5 & 3.6). No special 
echo graphic features allow the different types of 
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Fig. 3.5a, b. Subcutaneous parietal hematoma in a patient on 
anticoagulant therapy. a Longitudinal imaging showing the 
hematoma (T). b Transverse imaging showing the hematoma 
(T) facing the linea semilunar is (,.) joining together the flat 
abdominal and recti muscles (,. &) 

parietal fluid collections to be distinguished [Morley 
& Barnett 1978], i.e., an effusion of blood, an abscess, 
or a collection of serous fluid. These zones are more or 
less wide and anechogenic or weakly echogenic. As a 
function of their thickness (pus) or fluidity and coa
gulation or organization (hematoma), a given collec
tion of fluid may change its echographic features with 
time (initially anechogenic to become progressively 
echogenic). 

Echographic investigation may allow better identi
fication of the site of puncture or incision of these 
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Fig. 3.6a-d. a and b Cicatrix with an infected subparietal extra peritoneal hematoma. The infected hematoma ('f') is clearly visible 
beneath the abdominal wall. a Median longitudinal image made along the cicatrix ('7). b Median transverse image showing the lesion 
(.6.) deep to the abdominal wall. Note the well defined acoustic shadow of the cicatrix. c and d Normal cicatrix of the abdominal wall 
after spontaneous evacuation of the hematoma. c Longitudinal image: compare with a. d Transverse image: compare with b 

lesions. In exceptional cases a foreign body may be 
seen (Fig. 3.7). In some patients echography may 
demonstrate subparietal or even intraperitoneal 
extension of fluid collection, as evidenced by the pre
sence of a strangulated hourglass image at the apo
neurotic and peritoneal sites of fluid expansion. 

Two special cases merit emphasis. The first of these 
is a midline parietal collection of fluid in the lower 
suprapubic region. The exact site of the lesion is diffi
cult to ascertain in cases where the recti and linea alba 
are not clearly visible. In these conditions the collec
ted fluid lies in the subcutaneous region, the suprapu
bic space, or Retzius space. The second case is parietal 
collection in the epigastric fossa, which is difficult to 
differentiate from a subphrenic prehepatic abscess and 

a subparietal extraperitoneal collection of fluid. 
Furthermore, it should be kept in mind that the nor
mal image of the epigastric fossa may resemble a 
pathological collection of fluid (Fig. 3.1b). 

2. Hernia 

Although clinical diagnosis of hernia is usually achie
ved with ease, special echographic studies have been 
devoted to this subject [Spangen 1975; Morley & 
Barnett 1978; Deitch & Engel 1980]. Parietal hernia is 
probably the type of greatest interest for echography 
(hernia of the linea alba, umbilicus, semilunarline, 
lumbar quadrangle or triangle) . Conversely, orificial 
hernia of the inguinal rings (direct or sliding indirect 
hernia) or the crural region is not a useful indication 



Fig.3.7. Mersilene fragment floating in a sequestered fluid-filled 
cavity (Courtesy of J.B. Flament and J. Rives) 

for echographic investigation. Echography may allow 
the identification of the presence of omentum or 
digestive viscera in the hernial sac, although clinical 
examination and, when necessary, standard and 
contrast roentgenograms are far superior diagnostic 
procedures. 

Midline parietal hernia is far more frequent than 
paramedian parietal hernia. It is seen on echography 
as a localized deformity of the aponeurotic layers or 
even as an image of aponeurotic discontinuity with 
the presence of an abnormal mass [Deitch & Engel 
1980]. Identification of the lesion is assisted by dyna
mic echography of muscle contraction or static inves
tigation with the patient standing, except in cases of 
irreducible hernia. These midline lesions include 
umbilical hernia and hernia of the linea alba (Figs. 3.8 
&3.9). 

Clinical diagnosis of paramedian parietal hernia 
(hernia of the semilunar line) is more problematic, 
since clinical examination is often negative. In such 
cases, echography may be of fundamental importance 
by demonstrating discontinuity of the deep aponeu
rotic layer and the presence of a mass between the 
transverse and oblique muscles [Deitch & Engel 1980 ]. 
We have not encountered any such cases in our expe
nence. 

3. Incisional Hernia 

This type of lesion is not problematic with respect to 
diagnosis. Echography demonstrates a major hernial 
lesion with significant midline separation of the recti 
and disappearance of the linea alba or even the echo
graphic "peritoneum" (Fig. 3.10). 
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Fig. 3.8a-c. Umbilical hernia. Air-containing structures can be 
seen just beneath the skin near the umbilicus (v). a Median lon
gitudinal image. b Median transverse image. c Median trans
verse image of the subumbilical region. The visceral structures 
are separated from the skin by the components of the abdomi
nal wall (muscles, aponeuroses), which is normal in this case 
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Fig. 3.9a-e. Hernia of the linea alba. a-c Echographic study with 
patient supine and at rest. a Median longitudinal xiphopubic 
image showing aponeurotic discontinuity (T). b Transverse 
image of the hernia (T) surrounded on each side by the recti 
abdomini (.). c Transverse image above the hernia. The linea 
alba (T) is intact between the recti abdomini ( • ... ). 
d Echographic study during muscle contraction. Median longi
tudinal image. Note part of the subparietal extraperitoneal 
areolar tissue (T) escaping through the hernial defect (.). 
e Enlargement 
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Fig. 3.1 Oa, b. Wound dehiscence after treatment of umbilical hernia. The patient presented with alcoholic cirrhosis and pronounced 
ascites. The incisional hernia contains ascitic fluid, as evidenced by the obvious discontinuity of the linea alba and peritoneum (<11». 

a Median longitudinal image of the umbilicus. b Median transverse image of the umbilicus 

4. Tumor 

Regardless of their nature, all tumors seem to appear 
as a homogeneous hypoechogenic mass [Goldberg 
1975; Hanson et al.1983]. This accounts for the fact that 
in the absence of physical clinical data or information 
on disease course, a subcutaneous metastasis can be 
mistaken on echography for certain types of fluid col
lection, especially in the late postoperative period 
[Morley & Barnett 1978]. 

Differential diagnosis between malignant and 
benign tumors of the abdominal wall cannot be achie
ved by echography. The following types of tumor can 
be found: parietal metastasis (Fig. 3.n), sarcoma, 
benign rhabdomyoma, benign tumors of the aponeu
rosis, and subcutaneous lipoma. The latter is the only 
type of tumor displaying particular echogenic features 
that allow it to be distinguished from all other types of 
benign and malignant tumors of the abdominal wall 
[Goldberg 1975]. 

~ 
Fig. 3.11 a, b. Parietal metastases. a Primary carcinoma of the 
breast (\7). b Primary adenocarcinoma of the colon (A); the 
metastasis lies along the linea alba between the recti abdomini 
( ...... ) 
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Fig. 3.l2a-d. Hematoma of the rectus sheath on the right side C the patient was under anticoagulant therapy). a Right paramedian 
longitudinal image; note the spindle-like hematoma C.l) extending from the xiphoid process C*) to the pubic symphysis C*). 
b Subumbilical transverse image; hematoma Coy), midline C*), normal left rectus abdominis C ....... ). c Transverse image through the 
umbilicus. d Subumbilical transverse image 

5. Spontaneous Hematoma of the Rectus Sheath 

We have encountered only one case of such sponta
neous hematoma, and publications on this subject are 
rare [Morley & Barnett 1978; Deitch and Engel 1980]. 
The lesion can be evidenced on echography as an 
increase of the volume of one of the recti, especially in 
the sub umbilical part of the muscle. The involved area 
is anechogenic when the hematoma initially forms 
and then modifies to become echogenic as the hema
toma undergoes coagulation or organization (Fig. 
3.12). The differential diagnosis is that of a fluid col
lection in the supravesical space or Retzius space. 

6. Other Anomalies Seen on Echography 

An intraperitoneal effusion is seen clearly separated 
from the abdominal wall by the echo genic line refer
red to as the peritoneum (Fig. 3.3). 

In cases of peritoneal carcinomatosis or intraperito
neal space-occupying lesions, with or without free 
effusion, echography demonstrates the presence of 
poorly outlined tissue structures inserted directly on 
the echogenic "peritoneal" sheet. These solid lesions 
displace the highly echo genic and reflective air 
bubbles (contained within the intestines) from the 
abdominal wall. In cases where these intraperitoneal 



Fig. 3.13a, b. Ascites and peritoneal metastases from primary 
cancer of the ovary. The peritoneal metastases ('f') accompa
nied by ascites are clearly visible deep to the anterior abdomi
nal wall (a) and near the diaphragm (b) 

tumors are greatly developed, certain parts of the echo
genic peritoneum may disappear (Figs. 3.13 & 3.14). 

With persistence of the urachus, an expansion of the 
dome of the bladder can be seen between the perito
neal fasciae, posterior to the linea alba, running 
toward the umbilicus. 

The umbilical vein and subparietal and periumbili
cal veins in Cruveilhier-Baumgarten syndrome lie 
between the peritoneal fasciae, just posterior to the 
muscles of the anterior abdominal wall. The intrahe
patic origin of the umbilical vein can be identified in 
the recess of Rex. This vein then runs under the abdo
minal wall toward the umbilicus. In the region of the 
umbilicus several more or less sinuous veins, running 
in the lateral parietal or suprapubic direction, are seen 
posterior to the recti and linea alba (Fig. 3.15). 
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Fig. 3.14a, b. Large abdominopelvic tumor extending to the 
abdominal wall. The tumor ('f') can be seen to deform and 
interrupt the abdominal wall. a Subumbilical median transverse 
image; b subumbilical median longitudinal image 

Lymphocele, hematoma, or urinoma may be seen on 
echography of a transplanted kidney. 

Parietal hygroma, due to abnormal abdominal and 
thoracic lymphatic drainage, is not an indication for 
echography, as diagnosis can be easily made on the 
basis of clinical findings. 

The orifices, especially in the inguinal and crural 
regions, may display adenopathy. Aside from adeno-
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Fig. 3.1Sa-d. Cruveilhier-Baumgarten syndrome. a The umbilical vein (v) is visible near the falciform ligament between the third 
and fourth segments of the liver. b The umbilical vein (v) can be seen deep to the abdominal wall along the medial margin of the 
right rectus abdominis. c Right paramedian axial image along the umbilical vein. d Transverse image through the umbilicus. The 
umbilical vein (v) and a tributary (v) are visible deep to the recti abdomini and linea alba and anterior to the peritoneum. The lat
ter appears as a highly echogenic posterior line separating the abdominal wall from the abdominal viscera (.t.) 

megaly and aneurysm of the femoral artery, tumors or 
pathological fluid collection of the psoas may escape 
via the femoral ring. Adenomegaly, tumors of the sper
matic cord, varicocele, or even a hypoplastic ectopic 
testicle may be seen in the region of the inguinal canal 
on echo graphic investigation in men. 

Certain lesions of the digestive tract (tumor, marked 
parietal inflammatory lesions) are sometimes encoun
tered in the course of abdominal exploration (known 
lesions or fortuitous discovery). Owing to their struc
ture, these anomalies are easily identified as arising 

from the digestive tract and are seen on echography to 
be clearly separated from the parietal abdominal 
structures by the aponeuroses and "peritoneum" 
(Fig.3.4). 

7. Postoperative Investigation 

Echography is of little value in the investigation of 
postoperative complications of the abdominal wall 
[Deitch & Engel 1980]. It is used in these conditions 
mainly to identify the existence of parietal fluid, col-



lection (serous fluid, hematoma, or abscess), although 
the precise nature of the lesion cannot be detected. 
The only real value of echography is in cases where 
clinical examination is difficult or a suppurative post
operative lesion is suspected. Some authors have pro
posed that echography be used to demonstrate a pos
sible recurrence of hernia. 

8. Doppler Studies 

Recently color Doppler flow ultrasound (US) was 
introduced in the assessment of the abdominal wall 
blood supply. The use of this method in the preopera
tive mapping of perforating arteries for transverse 
rectus abdominis myocutaneous flap reconstruction 
provides a rational basis for the procedure [Berg et al. 
1994; Meunier et al. 1997J. 

D. Conclusion 

Echographic study of the abdominal wall can be done 
in conditions where the appropriate apparatus is avai
lable and the morphology of the patient gives mea
ningful results. However, most types of parietal 
disease give such clear clinical signs that echography 
is not indicated or is even futile. 

Diagnosis of hernia of the semilunar line (Spigelian 
hernia) might be the only meaningful indication for 
this investigative procedure. Indeed, according to cer
tain authors, the echographic signs in such cases seem 
to be rather characteristic and thus of diagnostic 
significance, since the clinical signs are few or uncer
tain. 
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II. Computed Tomography 
of the Abdominal Wall 

J. Hureau, J. Pradel-Raynal and J. L. Dumas 

Computed tomography (CT) is a very satisfactory 
technique for studying the abdominal wall. Each axial 
cut shows the entire abdominal wall (anterolateral and 
posterior regions), with each of its layers and its rela
tions to the abdominal viscera clearly visible. Lesions 
can be easily identified, owing to their different den
sity compared with the adipose and myofasciallayers 
[Fisch & Brodey 1981J. 

A. Computed Tomography 
of the Normal Abdominal Wall 

The structures of the abdominal wall can be seen from 
the superficial to the deep layers. The skin appears 
fine, dense, and regular on CT. The subcutaneous tis
sue, composed of low-density fat, is of variable thick
ness. It is more developed in women than in men, as 
fat tends to accumulate within the abdominal cavity in 
the latter. The linea alba is easy to identify as a struc
ture extending 3 cm lateral to the midline. The trans
verse section of the subcutaneous abdominal vessels 
is often seen. 

The recti (of variable thickness) form the anterior 
median part of the myofasciallayer, whereas the late
ral part of this layer comprises the flat abdominal 
muscles (external and internal obliques and trans
verse). Each of these muscles can be identified easily 
because of the fatty layers separating them. 
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Fig. 3.16. Transverse CT section showing the structures of the 
abdominal wall at the subcostal level (L-2) in a fat subject. 
1 External oblique muscle; 2 internal oblique m.; 3 transversus 
abdominis m.; 4 rectus abdominis m.; 5 linea alba; 6 aponeuro
sis; 7 quadratus lomborum m.; 8 erector spinae m.; 9 tendon of 
origin of transversus abdominis m.; 10 latissimus dorsi m.; 
11 peritoneum; 12 psoas major m. 

Posteriorly, the latissimus dorsi and quadratus lum
borum are also clearly visible, the latter forming the 
posterolateral muscular wall of the renal fossa. In the 
median posterior region, the lumbar spine can be 
seen, flanked laterally by the right and left psoas 
muscles, which form the medial posterior wall of the 
renal fossa. 

Behind, the spinal muscles occupy the spinal and 
retrotransverse gutters. The transverse fascia lines the 
full circumference of the abdominal cavity and blends 
posteriorly with the iliac fascia at the level of the psoas 
muscles. 

The subperitoneal areolar tissue is a thin adipoa
reolar structure in the anterolateral region and forms 
a thicker layer in the anterior part of the abdominal 
wall. The normal parietal peritoneum, lining all parts 
of the abdominal cavity, is rarely identifiable on CT. 
Conversely, pathological conditions leading to thicke
ning of the peritoneum render it visible. The fat within 
the abdominal cavity offers an ideal contrast with res
pect to the parietal myofasciallayers. The bowel loops 
can be clearly distinguished from the adipose tissue, 
especially when the patient has been adequately pre
pared by repeated ingestion of diluted contrast mate
rial (e.g., Gastrografin) for 24 h prior to CT, allowing 
opacification of the bowel. 

B. Computed Tomography 
of the Pathological Abdominal Wall 

1. Tumor Masses 

a) Benign Tumors 

A desmoid tumor, arising from the intermuscular 
connective tissue, is clearly seen as a mass lesion, most 
often in the anterolateral parts of the abdominal wall. 
These dense, pebble-shaped tumors, displaying relati
vely well-defined contours, occupy and disrupt the 
muscular wall. They show little enhancement after 
intravenous injection of iodinated contrast material. 
Their shape and relations to the abdominal viscera, or 
even the bone, have been well studied with computed 
tomography. Lipomatous tumors, often arising from 
the fat of the rectus, are of special interest, since CT 
allows demonstration of the lesion and its anatomical 
relations. CT may even lead to histological diagnosis 
on the basis of the characteristic density of the fatty 
tissue (Fig. 3.17). 

b) Malignant Tumors 

Primary malignancies of the abdominal wall often 
arise from the muscle and include myxosarcomas or 
fibroreticulosarcomas and liposarcomas. They often 
involve the muscular or areolar fascial layers of the 
abdominal wall. The lesion and its origin can be iden
tified on CT as a dense, often heterogeneous mass. 
Injection of contrast material may show the presence 
of hypodense zones within the tumor, suggestive of 
necrosis. The extension of the lesion and its invasive 
nature appear as dense stroma running through the 
subcutaneous areolar tissue with thickening and 
retraction of the cutaneous layers (Fig. 3.18). In some 
cases the tumor can be seen to invade the abdominal 
cavity. Tumors of the psoas major are among the most 
frequent, and sometimes involve the entire muscle and 
even its iliac bundle. The iliac fascia may constitute a 
temporary but veritable barrier to the anterior inva
sion of these tumors. 

Metastatic lesions of the abdominal wall can result 
from any malignant tumor in the cutaneous and sub
cutaneous tissue. Cancer of the ovary is a particularly 
frequent primary origin of metastatic nodules (often 
multiple) involving the subcutaneous areolar tissue or 
subperitoneal fat of the abdominal wall (Fig. 3.19). 
These nodules usually measure 1.5-3.0 cm in diameter 
but may be much larger. They display well-defined 
contours and are of variable density. Cancer of the 



digestive tract, especially the colon, may also give rise 
to similar metastatic nodules (Fig. 3.20). 

Parietal extension of primary intra-abdominal mali
gnancy originating from the digestive tract, liver, or 
retroperitoneal structures is clearly shown on CT. 
Furthermore, this procedure allows assessment of the 
extent of the invasion of the abdominal wall. CT is also 
particularly useful for the screening or identification 
of recurrent malignancy in the renal fossa subsequent 
to ablation of a primary tumor of the kidney. This is 
practically the only investigative procedure allowing 
identification of a recurrence of malignancy and its 
frequent extension to the cutaneous layer of the abdo
minal wall (Fig. 3.21). 

Fig. 3.17. Lipoma of the rectus abdominis. Note the fatty density 
in the rectus sheath 

Fig. 3.18. Fibrosarcoma of the right posterior part of the myo
fascial layer of the abdominal wall. The lesion is evidenced as a 
heterogeneous density invading the areolar subcutaneous tissue 
and cutaneous layer 
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Fig.3.19. Metastatic nodules originating from a primary ovarian 
malignancy 

Fig. 3.20. Metastatic nodule from a primary rectosigmoid mali
gnancy' arising from the artificial anus. 1 artificial anus; 2 metas
tatic nodule 

Fig. 3.21. Parietal extension of a primary malignancy of the 
cecum 
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2. Inflammatory Lesions 

Postoperative abscess of the abdominal wall is in itself 
rarely a sufficient indication for CT. Nevertheless this 
technique clearly shows the lesion as a well-defined, 
hypodense image of the abdominal wall. A more inter
esting indication, which can be identified almost only 
on axial CT, is abscess of the psoas involving the 
sheath or muscle itself. In such cases, CT demonstrates 
a clearly outlined, hypodense lesion and allows deter
mination of its origin (usually the vertebrae) and 
extent (sometimes down to the inguinal region) (Fig. 
3.6). The distinction between abscess and hematoma 
is theoretically simple to achieve, since the latter 
contains fresh blood which is hyperdense. However, 
unless investigation is done during the first few days 
following the development of the lesion, differential 
diagnosis is not possible, since both types of lesions 
will show up as a nonspecific, low-density image. The 
involvement of the cutaneous layers of the abdominal 
wall by an underlying lesion can be detected by CT. 
This procedure may even lead to the diagnosis of an 
inflammatory lesion originating from the kidney. 
Indeed, an initial perirenal inflammatory process, 
after having destroyed the perirenal fascia and inva
ded the posterior perirenal spaces, may traverse the 
transverse fascia to finally invade the myofascial and 
cutaneous layers, i.e. phlegmon of the renal fossa 
extending to the abdominal wall. 

Contribution of magnetic resonance imaging (MRI) 
in the diagnosis of cellulitis of the abdominal wall was 

Fig. 3.22. Abscess of the left psoas muscle. Note the increased size 
of the muscle, displaying a hypodense area containing pus 

Fig. 3.23. CT scans of the abdominal wall before operating for 
incisional hernia (document of J.P. Chevrel) 



reported [Rahmouni et al.19941. Linear streaks which 
were hypointense on Tl-weighted images and hyper
intense on T2-weighted images were present within 
the subcutaneous fat. In necrotizing infections the T2-
weighted images were most striking as they showed 
the hyperintense signal abnormalities extending at the 
deep fasciae and within muscles. 

3. Abdominal Wall Hernias 

Computed tomography allows evaluation of suspected 
abdominal wall hernias and incisional hernias, and 
detection of those that are clinically occult [Miller et 
al.19951. CT shows the abdominal wall defects and the 
hernial contents, as well as signs of bowel ischemia 
(Fig. 3.23). Ventral hernias are well evaluated with CT 
which can be of useful adjunct in demonstrating the 
herniation site and the condition of bowel loops. 
Especially when the clinical diagnosis of incisional, 
Spigelian, or obturator hernias is difficult, CT becomes 
the initial modality of choice. The superior and infe
rior lumbar spaces as sites of lumbar hernias are also 
particularly well analyzed with CT. In major indirect 
inguinal hernias the CT preoperative recognition of 
organs incorporated into the hernia could be essential 
to avoid injury during surgical repair. Moreover, CT 
can demonstrate appendicitis, diverticulitis, and 
tumor of the herniated bowel loops. Nevertheless, her
niography was found superior to cross-sectional ima
ging such as CT in the diagnosis of groin hernias 
because the patient is usually scanned in the supine 
position [Harisson et al.19951. Groin hernias contai
ning only fat are also easily overlooked on CT scans. 
Classification of inguinal hernias as direct or indirect 
with CT alone can be difficult. As a general feature, 
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one of the main advantage of CT is the ability to depict 
pathologic conditions other than hernias that may be 
responsible for the patient's symptoms. 

C. Conclusion 

Computed tomography is an important procedure in 
the investigation of the abdominal wall and allows the 
clear identification of the constituent structures. 

In cases of a clinically identified abdominal tumor, 
CT can demonstrate the parietal origin of the lesion, 
its extension, and possibly its histological nature. The 
procedure also allows identification of parietal lesions 
not suspected on the basis of clinical data, e.g. metas
tases or invasion of the abdominal wall. 
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All of the abdominal viscera can be approached 
through various incisions in the abdominal wall. 
However, in certain special cases, diaphragmatic inci
sion plus thoracotomy or thoracolaparotomy may be 
required, although the indications for these relatively 
destructive incisions have greatly diminished over 
recent years. They have been replaced by large unila
teral or bilateral subcostal incisions. 

The abdomen can be opened via numerous inci
sions which, for the sake of simplicity, can be divided 
into three groups: anterior incisions, lateral and pos
terior incisions, and thoracoabdominal incisions. 
From the etymological standpoint, the term laparo
tomy refers to incision of the flank, whereas celiotomy 
should be used when referring to longitudinal midline 
incisions of the abdomen. However, it is customary to 
use the term laparotomy to describe any incision lea
ding to opening of the abdominal cavity. 

Carried out for more than 20 years by gynecologists, 
laparoscopy was initially introduced as a diagnostic 
method but has now become a therapeutic procedure. 

Since the first operation by Mouret in 1987 and the 
publication by Dubois in 1990, its applications have 
progressively extended to include biliary and apendi
cular disease, gastro-esophageal reflux, colonic, sple
nic and esophageal disease, as well as hernias of the 
groin and linea alba. In this chapter we will review the 
traditional anterior incisions (vertical, transverse or 
oblique) lateral and posterior incisions, thoraco-abdo
minal incisions and the new possibilities offered by 
laparoscopic surgery. 

I. Anterior Incisions 

A. Longitudinal 

Midline incisions are widely used, since they can be 
made rapidly, induce relatively little hemorrhage when 
strictly in the midline, can be extended lengthwise 
from the xiphoid process to the pubis, can be closed 
rapidly, and, in the absence of wound dehiscence (see 
Chap. 5, II, B.), allow solid closure of the abdominal 
wall (Fig. 4.1). Furthermore, this type of incision is 
often less noticeable than other types. 

1. Supraumbilical Midline Laparotomy 

This incision can be used to approach the suprameso
colic region of the abdomen. The skin is usually inci
sed from the tip of the xiphoid process to a point 1 em 
above the umbilicus, but the incision may be extended 
downward to gain a few centimeters by skirting to the 
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\6? 
Fig. 4.1. Longitudinal incisions of the abdominal wall. 1 Midline 
supraumbilical; 2 midline subumbilical; 3 midline supra- and 
sub umbilical; 4 transrectus (medial pararectus); slateral para
rectus; 6 Jalaguier's incision 

left of the umbilicus. However, when possible it is 
recommended that the incision stop 1 em above the 
umbilicus, since at this level the linea alba consists of 
strong overlapping fibers forming a herringbone pat
tern, whereas closer to the umbilicus on either side the 
fibers run horizontally. Sutures placed in the latter 
region may lead to small tears which contribute to 
future wound dehiscence. In this author's opinion, it is 
preferable to incise the subcutaneous fat with the dia
thermy scalpel to achieve good hemostasis. The pro
cedure is completed with a few points of electrocoa
gulation. Conversely, the linea alba should be incised 
with the plain scalpel, since coagulation can alter the 
vascularization, which is already rather reduced in the 
midline. The midline is easy to identify when the inci
sion is begun near the xiphoid process. It is preferable 
not to cut the bone, since this may lead to osteoma of 
the abdominal wall (see page 101). 

The peritoneum is then opened with the diathermy 
scalpel, after which it is advisable immediately to 
divide the ligamentum teres flush with the liver, the
reby allowing the falciform ligament to be cut in turn. 
These procedures are done so that adequate protec
tion of the abdominal wall can be achieved by instal
ling packs soaked in antiseptic solution (iodinated 
polyvidone), these being protected by a circular plas
tic field (wound protector). 

Exposure of the operative field is achieved using 
retractors causing the least possible trauma. It is pre-
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ferable to use wide retractors, e.g., Cresson's, Olivier's, 
or Toupet's retractor, rather than Gosset's retractor, as 
when used during a long operation the metal blades of 
the latter create two small vertical grooves which may 
cause ischemia and eventually postoperative incisio
nal hernia. Closure can be done in many ways depen
ding on the suture material used, the number of layers 
repaired, and the type of suture employed, i. e, inter
rupted or continuous. In cases where there are no fac
tors suggesting a risk of wound dehiscence, we per
form a two-layered closure. The deep peritoneal layer 
is repaired by everting the lips of the incisional wound 
in order to reduce visceral adhesion to a minimum. 
Polyglycolic acid sutures (0 or 00, according to brand) 
are used for this purpose. The linea alba is then closed 
as a separate layer by two continuous sutures using 
slow-absorbing material. One continuous suture is 
made in descending fashion and the other in the 
opposite direction to ensure solid closure at both ends 
of the wound. There is no significant difference in the 
incidence of wound dehiscence when continuous or 
interrupted sutures are used (see page 80) or when 
slow-absorbing or nonabsorbable material is 
employed (see page 81), or when closure is done with 
a single layer or with two layers. 

Separate closure of the subcutaneous layer may be 
indicated in obese patients. The aim in such cases is to 
abolish the tunnel that forms between the two folds of 
adipose tissue, which may attain a thickness of 10 cm. 
The sutures should take up the full thickness of this 
tissue so that the wound margins are in close contact 
with each other. It is sometimes advisable to drain the 
wound using either capillary (horsehair) or suction 
drainage. The horsehair drain can be brought out at 
both ends of the incision. When a suction drain is 
used, it is recommended that the drain exit at a point 
about 10 cm from the operative wound in order to 
avoid retrograde contamination of the latter. 

The skin is closed using simple interrupted or ever
ting mattress sutures, according to the surgeon's pre
ference. (Agraffes can also be used for this purpose, 
and when the clamps are loosened early, an aesthetic 
scar is obtained). It should be kept in mind that 
although continuous sutures can be made more 
quickly, they are less practical in cases where the 
wound has to be reopened to evacuate a localized 
hematoma or abscess of the abdominal wall. 

2. Sub umbilical Midline Laparatomy 

This approach is used mainly in surgery of the pelvic 
viscera and terminal colon. With the surgeon usually 
on the patient's left side, the skin is incised from the 

upper margin of the pubic symphysis to the umbilicus 
and after around the left side of the latter. The midline 
is more difficult to identify here than in the supraum
bilical region, since the space between the recti is very 
small or practically nonexistent below the arcuate line 
(line of Douglas). The midline is easier to identify at 
the upper end of the incision, just below the umbili
cus. The incision is begun with the plain knife, 
although its lower half can be made using straight 
scissors. The latter should first be used closed to dis
sect between the aponeurotic layer and peritoneum 
down to the pubic symphysis. Such midline dissection 
facilitates the descending aponeurotic incision. The 
subsequent steps are identical to those for the midline 
supraumbilical incision. The surgeon should be care
ful to terminate the incision of the peritoneum on the 
upper margin of the pubic symphysis in order to avoid 
injury to a visceral structure. Repair of the abdominal 
wall is slightly different than with the supraumbilical 
approach, since the peritoneum cannot usually be 
identified separately near the umbilicus. Closure of the 
peritoneal layer is made in the caudocranial direction 
with the sutures taking up the transverse fascia and 
peritoneum. In the region where the linea alba can be 
identified above the arcuate line, closure is achieved 
downward as a single layer using interrupted or conti
nuous full-thickness sutures. Below the arcuate line 
the premuscular fascial layer is closed anterior to the 
peritoneal layer in an upward direction, using a conti
nuous suture with slow-absorbing material. 

3. Combined Supra- and Subumbilical 
Midline Laparotomy 

This type of approach is used in emergency surgery of 
the abdomen in cases lacking a clear preoperative dia
gnosis and when investigation of the entire abdominal 
cavity may be necessary. The length of the incision can 
vary, the maximum being from the xiphoid process, 
around the left of the umbilicus, and down to the 
pubis. Sternotomy can be done if necessary to extend 
the operative field into the thorax. 

4. Paramedian Laparotomy 

This approach is not commonly used in France, but 
the incidence of burst abdomen and incisional hernia 
does not seem to be any higher when this type of inci
sion is used [Grenier et al. 1971]. 

a) Transrectus Incision 

The skin is incised two finger breadths lateral to the 
midline. Subsequent to incision of the subjacent ante-



rior lamina of the rectus sheath, the fibers of the rec
tus are separated longitudinally and then the posterior 
lamina of the rectus sheath and peritoneum are ope
ned via a vertical incision. Closure is achieved in two 
layers. The simplest procedure is to use continuous 
sutures with slow-absorbing material. This incision 
can be made on the left side when nutrition is to be 
delivered by gastrostomy or jejunostomy. 

b) Lateral Pararectus Incision 

The skin is incised slightly medial to the lateral mar
gin of the rectus. Subsequent to opening of the ante
rior lamina of the rectus sheath, the lateral edge of the 
rectus is reflected medially and then the posterior 
lamina of the sheath and the peritoneum are incised 
longitudinally. One of the commonest types of lateral 
pararectus incision is via Jalaguier's approach, i.e., 
subumbilical. Used for appendectomy, this approach 
carries the risk of injury to the epigastric vessels, 
although such damage is not of major severity. 
Conversely, when the incision is enlarged one or more 
intercostal nerves may be sectioned. Such denervation 
can lead to secondary, so-called paralytic incisional 
hernia. Accordingly, we have proscribed the use of this 
incision and prefer instead a transverse incision which 
can be easily enlarged laterally and superiorly. 
Furthermore, we prefer by far the subcostal approach 
to the biliary apparatus rather than the route via a 
superior lateral rectus incision. 

c) Medial Pararectus Incision 

Used to replace a midline supraumbilical approach, 
the medial pararectus incision is made one finger 
breadth lateral to the midline. This incision differs 
from the trans rectus approach in that the medial edge 
of the rectus is displaced laterally. The posterior 
lamina of the rectus sheath and the peritoneum are 
then incised longitudinally at a distance from the mid
line. In our opinion, this approach offers no advantage 
with respect to midline laparotomy, which can be 
done more quickly, or to a transverse abdominal inci
sion, which is just as solid on closure. 

B. Transverse 

The use of transverse incisions is currently on the 
increase in France in surgery of the intraperitoneal 
viscera and in retroperitoneal vascular or urological 
surgery. Transverse incisions (Fig. 4.2a) can be made 
at any level of the anterior abdominal wall. The fleshy 
fibers of one or both rectus muscles and the aponeu-
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a 

Fig.4.2a-e. Transverse incisions of the abdominal wall. a 1 Right 
transverse subcostal (Bazy's incision); 2 left transverse subcos
tal; 3 transverse supraumbilical (Sprengel's incision); 4 right 
transverse paraumbilical; 5 left transverse paraumbilical; 6 right 
transverse iliac; 7 transverse suprapubic (Pfannenstiel's, 
Bardenheuer's, or Cherney's incision) 

roses of the flat abdominal muscles (internal and 
external obliques and transverse) are usually sectio
ned laterally. However, to facilitate closure the tran
saction should be as limited as possible with regard to 
the fleshy fibers of the flat abdominal muscles. 
Scrupulous hemostasis is required. Closure is usually 
done as a two-layered procedure. The main advantage 
of the transverse incision would be a reduced risk of 
burst abdomen and incisional hernia, although the 
validity of this opinion is difficult to confirm and is 
even questioned by some authors [Greenall et al. 
1980]. Described below in descending order are the 
different levels of transverse incision of the abdominal 
wall. 

1. Right Transverse Subcostal 

This incision is used in surgery of the biliary appara
tus. Since it is made in a skin fold, an aesthetic scar is 
obtained in young women. However, exposure is redu
ced as compared with an oblique subcostal incision in 
tall slender subjects, since the right transverse sub
costal incision is rather low in such people. 

2. Left Transverse Subcostal 

This incision can be used for splenectomy in young 
patients. However, we prefer an oblique subcostal 
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Fig. 4.2 b Approach via the right transverse paraumbilical incision. c Exposure of the cecum and appendix prior to dissection. d The 
retractor (Cresson's model) in the upper field gives good exposure of the hepatic flexure of the colon. e Subsequent to dissection 
the entire right colon can be easily mobilized through this incision 

approach since, once again, this transverse incision 
offers less exposure of the operative field. 

3. Bilateral Transverse Supraumbilical 

This type of incision [Sprenge1 in Quenu & Perrotin 
1960] can be made at different levels above the umbi
licus, and according to the operation to be done, it can 
even be made in the subumbilical region. Widely used 
in surgery of the subrenal segment of the aorta, the 
bilateral transverse incision offers less exposure of the 
supramesocolic region than does an arcuate subcostal 
incision (Leclerc's incision; see page 73). 

4. Right Paraumbilical 

This incision is made one finger breadth above or 
below the umbilicus and affords excellent exposure for 
right colectomy (Fig. 4.2b). The rectus and aponeu
roses of the flat abdominal muscles are sectioned whe
reas the fleshy fibers of the latter are left intact. 
Downward traction with a retractor allows easy mobi-

lization of the cecum (Fig. 4.2c). Similarly, upward 
traction can be used to easily free the hepatic flexure 
of the colon (Fig. 4.2d). This operation can be accom
plished through an incision only 10 cm in length (Fig. 
4.2e). Solid repair of the abdominal wall can be achie
ved after this approach, which in our opinion is far 
superior to a midline or oblique incision. 

5. Left Transverse Paraumbilical 

This approach can be used for left colectomy. The inci
sion should be slightly longer than one on the right to 
facilitate the freeing up of the splenic flexure (which is 
deeper than the hepatic flexure) and to achieve ana
stomosis. In tall, slender subjects, a midline subumbi
lical incision extending above the umbilicus gives bet
ter exposure for a very low-situated anastomosis. 

6. Transverse Incision of Right Iliac Fossa 

When made over a few centimeters, this incision 
which can be used for appendectomy, gives a very aes
thetic scar. 



7. Pfannenstiel's Transverse Suprapubic 

This aesthetic incision, allowing solid closure of the 
abdominal wall, is used in gynecological surgery. The 
skin is incised in an upwardly concave arc in the 
suprapubic fold, two finger breadths above the pubis, 
i.e., in the area of the pubic hair (Fig. 4.2a). The pre
muscular fascia is then incised transversely at a point 
one finger breadth above the skin wound, and thus the 
two incisions do not overlap. The fascial incision is 
extended to the lateral margin of the recti but not 
beyond to the aponeurosis of the internal oblique 
since this may lead to opening of the inguinal canal, 
thereby creating a zone of weakness (Fig. 4.3a). The 
upper part of the premuscular aponeurotic sheet is 
then freed from the fleshy muscle fibers of the recti, 
with thorough hemostasis of the small perforating 
vessels. The dissection should extended upward, prac-

Fig. 4.3a, b. Pfannenstiel's incision. Transverse incision of the 
anterior lamina of the rectus sheath. b Sagittal incision of the 
muscle layer (recti abdomini and pyramidalis) allowing similar 
incision of the peritoneum 
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tically to the level of the umbilicus. Next, the recti and 
small pyramidal muscles are separated in the midline, 
after which the transverse fascia and peritoneum are 
sectioned longitudinally (Fig. 4.3b). Closure is achie
ved as a three-layered procedure. The peritoneum and 
transverse fascia are closed using a continuous, slow
absorbing suture. Next, the recti are approximated in 
the midline by a few interrupted sutures. The third 
layer, i.e., the transverse aponeurosis, is repaired with 
a continuous suture (0 Vicryl). Since dissection of the 
aponeurosis may cause heavy bleeding it is advisable 
to install two suction drains (Jost-Redon model), one 
deep and one superficial to the aponeurosis. 

Variations on Pfannenstiel's Incision 

Bardenheuer's incision [described in Detrie 1982] is 
rather commonly used in the United States. It differs 
from Pfannenstiel's incision in that the recti are sec
tioned transversely. The transected muscle bodies are 
repaired with figure-of-eight sutures using slow
absorbing material. 

a 

Fig. 4.4a-h. Cherney's incision. a The skin is incised one finger 
breadth above the pubis. The dotted line shows the enlargement 
in the extraepigastric variation of this incision. b Transverse 
incision of the rectus sheath 
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Fig. 4.4. c Disinsertion of the tendons of the recti abdomini and pyramidalis flush with the pubis. d Transverse incision of the per
itoneum terminating at the epigastric vessels. e After closure of the peritoneum, two strands of suture are passed through the ten
dons of the recti abdomini to achieve their reinsertion. f The tendons are reinserted on the anterior lamina of the rectus sheath. 
g Sagittal section showing closure of the abdominal wall. h Parietal repair is completed by suturing of the anterior lamina of the 
rectus sheath 



Cherney's incision (1946) consists of the stripping off 
of the recti flush with the pubis. Subsequent to blunt 
dissection of the posterior surface of the terminal ten
dons using the index finger, the insertions are cut with 
curved scissors to expose the insertion of the aponeu
rotic sheet on the posterior surface of the muscle 
bodies (Fig. 4.4a-c). The transverse fascia and perito
neum are then incised transversely at a point two to 
three finger breadths above the pubis to avoid injury 
to the bladder (Fig. 4.4d). On closure the insertions of 
the recti are repaired on the anterior lamina of their 
sheath using interrupted figure-of-eight sutures. 
Cherney incision allows more solid repair of the abdo
minal wall than does Bardenheuer's incision (Fig. 
4.4e-h) and yields excellent exposure for all types of 
pelvic surgery [Chidichimo & Venuit de 10 Scudo 1964; 
Bastien et al.19651. Furthermore, this approach can be 
extended laterally once the inferior epigastric vessels 
have been ligated. 

C.Oblique 

Subcostal incisions slanting obliquely downward and 
laterally are widely used in surgery of the suprameso
colic viscera (Fig. 4.5). 

1. Subcostal 

The skin is incised two finger breadths below the cos
tal margin. When used as an approach to the gall
bladder, it is not necessary, in our opinion, to extend 
the incision to the midline. Accordingly, it can be 
stopped two finger breaths lateral to the midline so 
that it does not extend over the medial margin of the 
rectus. Conversely, in cases of more complex biliary 
surgery (for example, intrahepatic biliodigestive ana
stomosis) or difficult splenectomy, the surgeon 
should not hesitate to extend the incision beyond the 
midline. The subcostal incision can easily be enlarged 
laterally to the midaxillary line or even to the lateral 
boundary of the lumbosacral region. The size of the 
incision depends upon the surgical maneuvers to be 
performed. Cholecystectomy can be done through a 
small incision of 10 em or less over the right rectus, 
whereas in other cases the incision can be extended 
laterally over the three flat abdominal muscles. 
Exposure is facilitated by the use of costal retractors 
(Cresson's or Olivier's retractor). The abdominal wall 
is closed in two layers in the region of the rectus and 
in three layers in the region of the flat abdominal 
muscles. Furthermore, we always use three figure-of
eight sutures of 00 Vicryl to reconstruct the two cut 
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Fig. 4.5. Oblique incisions of the abdominal wall. 1 Subcostal; 
2 bilateral subcostal (Leclerc's incision); 3 inguinal 

muscle surfaces to prevent hematoma formation 
within the rectus sheath and to avoid late postopera
tive formation of a small, unaesthetic depression. 
Subcostal incisions have been systematically used in 
our department for several years, on the right for sur
gery of the biliary apparatus and portal vein and on 
the left for surgery of the spleen, kidney, and adrenal 
gland. 

2. Bilateral Subcostal 

This approach, also referred to as Leclerc's incision, 
gives exceptional exposure of the supramesocolic vis
cera. The incision requires no special techniques. 
Scrupulous hemostasis is required and closure of the 
linea alba must be done meticulously. For this purpose 
we place two interrupted sutures on the linea alba, 
which are to be used as endpoints for the continuous 
sutures of the anterior and posterior laminae of the 
rectus sheath. This incision is used for gastric, hepatic, 
and pancreatic surgery. 

3. McBurney's 

This short, oblique incision, running downward and 
medially, begins two finger breadths in front of and 
below the anterior-superior iliac spine and is made 
parallel to the inguinal ligament for a distance of 4 to 
5 em. We prefer to use a low transverse approach 
rather than McBurney's incision. 
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4. Inguinal 

These incisions are used for treating hernia of the 
groin. We use the approach described by Bassini in the 
nineteenth century [Bassini 1889; Chevre119831. The 
incision, made 2 cm above the previously identified 
inguinal ligament, is begun at the level of the superfi
cial inguinal ring and is then drawn upward and late
rally parallel to the inguinal ligament. Its length varies 
according to the adiposity of the patient. The aponeu
rosis of the external oblique is incised with the plain 
knife from the upper end of the skin wound down to 
the superficial inguinal ring. The genital branches of 
the ilioinguinal and iliohypogastric nerves are then 
identified in order to avoid untoward injury to them. 
We have demonstrated, by postmortem and operative 
dissections, the frequent occurrence of a branch to the 
groin, which pierces the aponeurosis of the external 
oblique at the usual site of incision. This branch may 
be sectioned if care is not taken to systematically look 
for it. A similar suprapubic branch can also be found 
[Salama et al. 19831. The aponeurosis of the external 
oblique is repaired using nonabsorbable interrupted 
sutures. The use of this procedure is based on our 
observation of recurrent hernia due to rupture of the 
suture of the external oblique at the level of the deep 
inguinal ring. 

II. Lateral and Posterior Incisions 

These incisions are used mainly for surgery of the kid
ney and for sympathectomy, but they are also useful 
for reintervention in cases where the anterior abdo
minal wall is in such a poor state that repeat laparo
tomy cannot be done. Before describing these 
approaches, it should be emphasized that a large sub
costal incision extending more or less over the midline 
gives excellent exposure of the kidney. Indeed, this 
type of incision, on either the right or the left, allows 
the performance of extended nephrectomy for mali
gnant tumor or adrenalectomy, under excellent condi
tions. 

A. Lumbar Route 

The patient is placed in the lateral decubitus position 
with an adjustable pad under the lower ribs. After 
identification of the nth and l2th ribs, the incision is 
begun at a point lying at the level of the angle formed 
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Fig. 4.6. Lumbar incision 

by the inferior edge of the l2th rib and the lateral mar
gin of the lumbosacral mass, i.e., practically at the 
anterior tip of the 12th rib when the latter is short 
(Fig. 4.6). The incision is then made downward to 
bisect this angle and terminates near the anterior
superior iliac spine, either above or medial to this 
easily identifiable landmark. The incision is usually 
about 15 cm long, but it can easily be enlarged down
ward by extending it parallel to the inguinal ligament 
or upward by partially resecting the l2th rib (at the 
level of its neck). Subsequent to the skin incision, the 
latissimus dorsi above and the external oblique below 
are successively transected, followed by a second layer 
comprising the internal oblique and posterior inferior 
serratus near the upper end of the operative wound. 
Finally, the aponeurosis of the transverse and Henle's 
ligament above it are sectioned. In cases where the 
12th rib is short, it is best to stay a slight distance away 
from the rib owing to the proximity of the pleural cul
de-sac. 

Closure is done in three layers using slow-absorbing 
continuous sutures. In some cases closure is hindered 
by anterior retraction of the internal oblique under 
the superficial layer. When this problem arises pick-up 
forceps should be used to pull the muscle back in 
place, thereby allowing proper closure of this second 
layer. 

It should also be borne in mind that the iliohypo
gastric nerve skirts the posterior lip of the wound. 
Care should be tal.<en not to compress this nerve when 
making a continuous suture, in order to avoid residual 
neuralgia. 

B. Anterolateral Approaches 

Among the numerous possible anterolateral incisions, 
those that we commonly use for surgery of the kidney, 
ureter, or colon (Fig. 4.7) are described below. 



Fig. 4.7. Anterolateral incisions. 1 Oblique anterolateral 
(Chevassu's incision); 2 lateral transverse (Pean's incision); 
3 horizontal (Bazy's incision); 4 iliac 

1. Oblique Anterolateral Incision 

This incision, also called Chevassu's incision, is begun 
at the inferior edge of the 10th rib just anterior to the 
tip of the 11th rib and continues obliquely downward 
and forward to terminate one finger breadth medial to 
the anterior-inferior iliac spine. This approach lies in 
a more anterior and vertical position than does the 
lumbar route. In the course of dissection the external 
oblique, internal oblique, and transverse are successi
vely encountered. As in the lumbar route, parietal 
repair is a three-layered procedure using continuous 
slow-absorbing sutures. The incision can be enlarged 
inferiorly by terminating it like MCBurney's incision. 
When made on the left side in the shape of a J, this 
approach allows good access to the descending colon 
and rectum. 

2. Other Horizontal Incisions 

Some of these incisions were proposed over 50 years 
ego by urologists. Pian's large transverse incision runs 
at the level of the umbilicus from the lateral margin of 
the lumbosacral region to the lateral edge of the rec
tus. This approach can easily be enlarged anteriorly 
and affords excellent exposure of the kidney and its 
pedicle. However, we prefer to use a large subcostal 
incision extending posteriorly to the lateral margin of 
the lumbosacral region when a wide approach to sur
gery of the kidney is required. Pean's incision can be 
used as an extra- or intraperitoneal route. The latissi-
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mus dorsi and then the flat abdominal muscles are 
transected in this approach. Parietal closure is achie
ved layer by layer. A more anterior horizontal incision 
was described by Louis Bazy and corresponds to what 
is currently termed the "transverse subcostal incision" 
(see page 69). It is begun slightly below the tip of the 
11th rib and is then drawn transversely forward to the 
midline at a level halfway between the umbilicus and 
xiphoid process. We use this incision, made about one 
finger breadth lower, in surgery of the right colon. 

3. Iliac Incision 

This incision, made parallel to the inguinal ligament, 
allows an approach to the iliopelvic segment of the 
ureter by the extraperitoneal route. It is begun one fin
ger breadth medial to the anterior superior iliac spine 
and runs 2 cm above the inguinal ligament to termi
nate on the lateral margin of the rectus, one finger 
breadth above the pubis. Subsequent to successive 
incision of the external oblique, internal oblique, 
transverse, and transverse fascia, the peritoneum is 
bluntly dissected (with compresses or the fingers) and 
the ureter is identified near the bifurcation of the 
external iliac artery. This incision can easily be enlar
ged either upward or downward and medially. 

III. Thoracoabdominallncisions 

These incisions can be used as emergency procedures 
or in surgery for tumors of the liver. They afford excel
lent exposure, and although specific complications ari
sing from their use occur only occasionally, i.e., ostei
tis or septic chondritis, their severity should be kept in 
mind. Accordingly, we have abandoned these incisions 
as an approach to a portacaval shunt and use instead 
a large right subcostal incision which also gives excel
lent exposure. Likewise, in surgery for cancer of the 
esophagus, we prefer to combine the abdominal and 
thoracic approaches without transaction of the dia
phragm. 

A. Midline Abdominal Incision with Sternotomy 

When it is desirable to enlarge a midline abdominal 
incision toward the thorax via midline sternotomy, the 
abdominal skin incision is carried upward to the 
superior margin of the sternal manubrium (Fig. 4.8). 
It is recommended that the xiphoid process be resec-



76 J. P. Chevrel 

o . 

a 

" \ 

,,\~~:;::,;;~,-:;.~~.;;,:>;/)~l· 
Fig.4.8a, b. Thoracoabdominal incisions. a 1 Midline supraumbilical extended by full sternotomy; 2 midline supraumbilical exten
ded by partial sternotomy to the right 5th intercostal space; 3 midline abdominal transformed into thoracophenolaparotomy 
(Bernard's incision); 4 thoracophrenolaparotomy via the left 8th intercostal space. b Midline laparotomy enlarged to left thoraco
tomy via the 5th intercostal space in a patient with a bullet wound of the heart (3rd postoperative week) 

ted prior to sectioning of the sternum. A midline per
itoneodiaphragmatic buttonhole opening is then 
made. Retrosternal dissection is started with scissors 
and followed by blunt dissection with a sponge stick 
or finger in contact with the sternum, according to the 
tunneling procedure described by Robertson and 
Sargent (1950) and introduced in France by Orsoni 
and Lemaire (1951). Dissection is then begun from 
above, posterior to the manubrium, to meet with the 
dissection already made below. The sternum can now 
be sectioned using either a costotome or cast-cutting 
saw, both of which can be used without risk of injury 
to the pericardium or left brachiocephalic vein. Partial 
sternotomy is also possible. In such cases the sternum 
is cut transversely where the thoracotomy was made, 
at the level of the forth or fifth intercostal space. 

B. Midline Abdomina//ncision 
with Extension to Thoracophreno/aparotomy 

As an emergency procedure, notably in cases of 
trauma to the liver, a midline incision of the abdomen 
can easily be transformed into a thoracolaparotomy 
with diaphragmatic incision (Fig. 4.8). Thoracotomy is 
made in the fifth intercostal space without rib resec
tion, after which the sixth and seventh costal cartilages 

are sectioned obliquely, allowing the thoracotomy to 
join the midline abdominal incision on the right edge 
of the base of the xiphoid process or slightly lateral to 
it. This approach, initially proposed by R. Bernard in 
1958 for surgery of the esophagus, is not dangerous for 
the skin, regardless of whether the thoracic incision 
joins the upper end of the midline abdominal incision 
or connects almost perpendicular to it halfway bet
ween the xiphoid process and the umbilicus. We have 
often used this incision in cases of severe contusion of 
the liver. When the incision is made on the right side, 
the diaphragm is sectioned obliquely from its chon
dral insertions down to a point 1 or 2 cm above the 
inferior vena cava. 

C. Oblique Abdomina//ncision 
with Extension to Thoracophreno/aparotomy 

All types of laparotomy - horizontal, vertical, or 
oblique - which lie more or less obliquely along the 
costal margin, can be enlarged toward the thorax by 
section of the costal margin and diaphragm and ope
ning of an intercostal space. This procedure for enlar
gement was described as early as 1919 by Anselme 
Schwartz and Jean Quenu. The initial oblique incision 
is made in the hypochondrium beginning on the linea 



alba, at the level of the umbilicus or slightly above it, 
to run upward and laterally and terminate roughly 
perpendicular to the thoracic ridge facing the sixth, 
seventh, or eight intercostal spaces, depending on the 
need. The incision is made through the skin and all 
layers, including the peritoneum. When enlargement 
toward the thorax is required, the incision need to be 
extended only a few centimeters onto the thoracic 
ridge, which is then easily cut with a bistoury, since at 
this level the site of incision lies over the costal carti
lages. Subsequent to hemostasis of the corresponding 
intercostal vessels, the incision is extended above 
along the intercostal space and in depth through the 
diaphragm. A Finochietto retractor can now be instal
led to allow good exposure of the subphrenic fossa. 

IV. Selection of an Incision 

The selection of an incision is based on several factors. 
An appropriate approach should lead to clear expo
sure of the region or viscera to be operated on and 
allow for easy enlargement. Furthermore, it should not 
lead to weakness of the abdominal wall after closure, 
and the resulting scar should be as aesthetic as pos
sible. 

With these notions in mind the operator should run 
through a small checklist before commencing abdo
minal surgery. Such a checklist includes the following: 
the type of operation to be performed; the patient's 
morphology [Caix & Cubertafond 1978]; the risk fac
tors for burst abdomen and incisional hernia (see 
page u8), including age, obesity, multiparity, and his
tory of sepsis during a previous operation; the sites of 
incision of prior interventions; the probability of rein
tervention. In sum, the appropriate incision should 
give the best possible exposure with a minimum of 
inconvenience. 

A. Operative Exposure 

Operative exposure depends upon the site of the vis
cera to be operated on. Indeed, one need simply bear 
in mind the projection of certain viscera on the ante
rior abdominal wall to fully realize that it is more logi
cal to incise the wall directly over the organ or struc
ture requiring operation via a lateral, transverse, or 
oblique incision than to approach it from a distance 
via a midline incision, which may sometimes force the 
operator to work from an inappropriate position. 
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Surgery of the biliary apparatus and right colon is a 
good example of this point. 

The morphology of the patient is another important 
factor guiding the type of operative exposure to be 
used. Over the past 40 years in Bordeaux and 30 years 
in Limoges [Caix & Cubertafond 1978], surgeons have 
emphasized the importance of topographical study of 
the thoracoabdominal viscera with respect to mor
phology. In short, stocky subjects the liver and biliary 
apparatus are largely covered by the chondrocostal 
ridge, these organs thus lying rather high in a large 
and deep thoracoabdominal region. Access to these 
structures is considerably facilitated by an oblique 
right subcostal incision, which can easily be enlarged 
over the midline to become a bilateral subcostal inci
sion (Leclerc's incision). Accordingly, biliary and hepa
tic surgery and portacaval shunts can be achieved 
without special problems. In this same type of short 
stocky patient, wide exposure of the pancreas can be 
achieved with a large transverse subumbilical incision 
(e.g., Sprengel's incision), whereas radicular portaca
val shunts can best be made via rather wide transverse 
incisions at an appropriately lower level of the abdo
minal wall. 

From the practical standpoint, all types of abdomi
nal surgery can be done via linear or arcuate oblique 
or transverse incisions [Hay et al. 1980]. A tentative 
quantification of their advantages compared with 
midline laparotomies is given below. 

B. Disadvantages of Laparotomy 

Laparotomy may lead to two types of complications, 
parietal and pulmonary. 

1. Parietal Complications 

The aesthetic appearance of an incision is often a 
minor detail because of the advanced age of many 
patients, although some young subjects will prefer an 
asymmetrical scar hidden in a skin fold rather than a 
perfectly symmetrical, but highly visible, midline scar. 
The pain arising from midline and transverse inci
sions was studied in a randomized trial by the Pollock 
team in Scarborough [Greenall et al.1980]. However, 
the two testing techniques used in that study (pain 
scales filled in by the patient and amount of analgesics 
administered) were abandoned because of their lack 
of objectivity. The two major parietal complications of 
abdominal wall incision are burst abdomen and inci
sional hernia. These complications are studied in 
detail in Chap 8. The data given below are presented 
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simply to help orient the choice of an approach to the 
abdominal wall. 

Burst abdomen is a postoperative complication in 
0.03%-3% of laparotomies and carries a mortality ran
ging from 0% to 85%, according to series. These sta
tistics underline the severity of this complication. The 
numerical data given below point out the role of the 
site of abdominal incision with respect to the occur
rence of burst abdomen. 

In older retrospective studies on a total of 9,165 
laparotomies, Grenier et al. (1971) and Maillet and 
Revelin (1974) reported 68 cases of burst abdomen 
(0.74%) resulting from 63 midline and five transverse 
incisions. However, these authors did not give the rela
tive proportions of these two types of incision, and 
thus their data can be considered of only limited 
value. 

We reported a retrospective study of 1,446 laparoto
mies performed in our hospital at Bobigny, France 
[Chevrel & Loury 19801. Of the 1,055 incisions made 
between 1970 and 1973, a total of 19 cases of burst 
abdomen (1.8%) were recorded. Fifteen of these cases 
occurred after 948 midline incisions (1.5%), three were 
seen in a total of 20 oblique incisions (Barraya's inci
sion), and no cases were observed subsequent to 37 
transverse incisions and 50 thoracophrenolaparoto
mies (see page 120). 

In the first half of 1979, transverse incisions accoun
ted for 22.5% of the laparotomies performed at our 
hospital (88 of 391 laparotomies). Burst abdomen, 
observed in four of our patients (1%), arose in three of 
the 298 midline laparotomies and in one of the five 
thoracophrenolaparotomies, but in none of the 88 
transverse or subcostal incisions. These findings sug
gest that the incidence of this complication is lower 
when a transverse approach to the abdominal wall is 
used. 

Conclusions of greater validity can be drawn from 
the prospective randomized trial published in 1980 by 
Greenall et al. Of the 579 laparotomies performed, 557 
allowed meaningful analysis, i.e., 276 midline and 281 
transverse incisions. In this series two cases of burst 
abdomen (0.4%) occurred after midline laparotomy, 
whereas none were seen after transverse incision of 
the abdominal wall. These results confirm the retros
pective data presented above and thus indicate that, in 
comparison with midline laparotomy, the risk of post
operative burst abdomen is lower when a transverse 
approach is used. However, the results of other publi
shed series suggest the absence of a significant rela
tionship between the type of abdominal wall incision 

and the occurrence of burst abdomen or incisional 
hernia [Richards et al.19831. 

It is quite difficult to quantify the incidence of inci
sional hernia according to the type of incision of the 
abdominal wall, its overall frequency varying between 
4% (Chevrel: 120/3,000 procedures) and 8% (Pollock: 
iYa; Nyhus: 8%). Most cases occur after midline lapa
rotomy, but it is also true that the latter is far more 
often performed than transverse incision of the abdo
minal wall [ChevreI19831. 

The reduced risk subsequent to transverse incision 
is also suggested on the basis of theoretical data. The 
forces of traction acting on the margins of a longitu
dinal incision are dearly greater than those acting on 
a horizontal incision. In a postmortem study by 
Greenall et al. (1980) it was shown that the force neces
sary to tear out a thread placed 5 mm from an incision 
of the rectus sheath was 0.93 kg in the case of a longi
tudinal incision and 1.78 kg in the case of a transverse 
incision. When the suture material was placed at a dis
tance of 10 mm from the incision, the values were 2.65 
and 5.75 kg respectively (Fig. 4.9). From the practical 
standpoint, the randomized study by Greenall et al. 
(1980) showed that the overall incidence of incisional 
hernia was 7% at 6 months' follow-up. There were 17 
cases (7.3%) of incisional hernia in the 233 midline 
laparotomies, of which eight occurred subsequent to 
sepsis; 15 hernias (6.4%) were seen in the 234 trans
verse incisions, of which 13 were observed subsequent 
to sepsis. There findings clearly illustrate the widely 

Fig. 4.9. Study of the forces required to tear a suture. Vertical 
incision: rupture occurs at a force of 0.9 kg or 2.6 kg when the 
suture is placed at a distance of 5 mm or 10 mm respectively. 
Horizontal incision: 1.7 kg at 5 mm, 5.7 kg at 10 mm 



held notion that abscess of the abdominal wall is a 
major factor leading to incisional hernia. In this series 
the authors reported the occurrence of sepsis in 26% 
of the laparotomies, and its frequency was approxi
mately the same in both types of incision. Conversely, 
in the absence of suppuration the transverse incision 
clearly offered greater protection against postopera
tive incisional hernia than did longitudinallaparo
tomy. 

2. Pulmonary Complications 

The second major complication of laparotomy 
involves respiratory function. There is widespread 
agreement that the site and length of the incision are 
major factors contributing to postoperative pulmo
nary complications. 

Spirometric analysis performed in the Department 
of Anesthesiology of the Bicetre Hospital in Paris 
[Edouard et al. 1979; Miraud 1976) showed that the 
decrease in vital capacity (VC) in the immediate post
operative period varies according to the type of inci
sion used: there is a 25% reduction after minor lapa
rotomy, a 45% reduction after lumbar surgery, a 60% 
reduction after midline subumbilicallaparotomy, and 
a 70% reduction after midline supraumbilicallaparo
tomy. Conversely, a major transverse incision led to a 
decrease in VC of only 50%. 

The maximum expiratory flow rate (MEFR) per 
second and respiratory volume/minute (MRV) decrea
sed similar to VC, whereas Tiffenau's coefficient 
([MEFR x 100)IVC) was not modified, thus reflecting 
the purely restrictive syndrome caused by the inci
sion. Such a decrease in VC obviously increases the 
risk of pulmonary complications in patients who 
already have a preoperative disturbance of ventilatory 
function. However, the randomized trial reported by 
Greenall et al. (1980) did not show a significant diffe
rence regarding postoperative pulmonary complica
tions when the different types of incision of the abdo
minal wall were compared. Indeed, minor pulmonary 
complications occurred postoperatively with 29.4% of 
the midline laparotomies and 33.9% of the transverse 
incisions, while major complications were seen in 9.1% 
and 7.7% of cases respectively. Nevertheless, these data 
show a trend toward fewer major pulmonary compli
cations subsequent to transverse incision of the abdo
minal wall. 

In conclusion, the data presented above do not allow 
one to select between longitudinal and transverse inci
sions on the basis of their association with postopera
tive complications. Accordingly, the incision to be used 
must be adapted to each type of patient and opera-
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tion. The possibility of a possible preoperative ano
maly leading to an increased risk of parietal or pul
monary complications should also be taken into 
account, although it cannot be concluded that there is 
a significant correlation between the type of incision 
used and the occurrence of these complications, espe
cially those of parietal nature. 

The main advantage of the midline approach is the 
rapidity with which exposure and closure can be 
achieved [Lemercier 1981). In our opinion, the strong 
point of the transverse incision is its apparently lower 
rate of pulmonary morbidity and the seemingly grea
ter parietal solidity it affords in both the short and 
long term [ChevreI1981). 

Below is a list of the incisions we prefer according to 
the viscera to be operated on: 

Biliary apparatus 
Portal vein 
Liver 
Spleen 
Adrenal gland 
Stomach 

Pancreas 
Right colon 
Left colon 

Rectum 

- right subcostal 
- enlarged right subcostal 
- enlarged right subcostal 
- left subcostal 
- subcostal 
- midline or bilateral subcostal, 

according to patient morphology 
- bilateral transverse supraumbilical 
- right transverse paraumbilical 
- left transverse paraumbilical 

or oblique anterolateral 
- midline subumbilical 

or oblique anterolateral 
Kidney (lithiasis) - lumbar or oblique anterolateral 
Kidney (malignancy) - enlarged subcostal 
Subrenal aorta - bilateral transverse supraumbilical 
Female genital - transverse suprapubic 
apparatus 

v. Procedures for Closure 

In closing a laparotomy the operator must choose bet
ween several technical procedures regarding the num
ber of layers to be closed, the type of suture material 
to be used and the types of sutures to be made. In cer
tain special cases the use of prosthetic material or, 
conversely, the absence of closure may be discussed. 

A. Layers to be Sutured 

The number of layers to be closed varies according to 
the type of incision. The midline approach presents a 
maximum of four layers (peritoneum aponeurosis, 
subcutaneous layer, skin), while an additional layer 
(muscle) is added for the lateral approaches. 
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1. Peritoneal Layer 

The main aim of closure of the peritoneal layer is to 
avoid the adhesion of the viscera to the deep surface 
of a poorly protected aponeurotic layer. Such closure 
requires careful work with continuous suturing using 
slow- absorbing material (00 Vicryl or Ercedex). 

The simplest way to achieve proper apposition is to 
use an everting continuous suture (Fig. 4.10). The only 
site where this layer is difficult to close is the umbili
cal region, where the peritoneum adheres tightly to 
the deep surface of the abdominal wall. In this area the 
sutures should take up both the peritoneum and apo
neurosis in order to avoid tearing of the peritoneum. 
When a transverse incision has been made, the per
itoneum and deep aponeurosis are often closed as a 
single layer using stronger suture material (gauge 0). 
Although it is our opinion that proper closure of the 
peritoneum as a separate layer reduces the risk of sub
jacent visceral adhesion, some authors suggest that the 
opposite is true. Cases of postoperative occlusion 
apparently related to closure of the peritoneum as a 
separate layer have been published [Ellis 1971; Ellis & 
Heddle 19771. Similarly it seems that closure of the 
peritoneum as a separate layer does not decrease the 
risk of burst abdomen or incisional hernia 
[MacFadden & Peacock 19831 and may even induce 
complications according to Keill et al. (1973). 
Accordingly, it has been suggested that suturing of the 
peritoneum is a futile procedure, which some authors 
feel should be abandoned in order to reduce the risk 
of postoperative occlusion without increasing the risk 
of wound dehiscence [MacFadden & Peacock 19831. 
However, we firmly believe that an everting conti
nuous suture of the peritoneum made with slow
absorbing material avoids adhesion of the bowel to 
the abdominal wall. This attitude is based on our own 
observations. Every time we have encountered visce-
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Fig.4.10. Layer-by-layer closure of a midline incision. 1 Everting 
continuous suture of the peritoneum (gauge 00); 2 continuous 
or interrupted sutures of the linea alba (gauge 0 or 1); 3 conti
nuous subcutaneous suture (gauge 000); 4 interrupted skin 
sutures 

ral adhesions to the deep surface of the abdominal 
wall on reintervention it has been in a patient who did 
not undergo suturing of the peritoneal layer during 
the first operation. Of course, peritoneal suturing does 
not prevent the viscera from adhering to one another 
and it is this type of adhesion, in addition to a deperi
tonized surface, that is often responsible for cases of 
postoperative occlusion. 

2. Fascial Layer 

The aponeurotic structures can be closed as a single 
layer through a midline incision or as two layers, deep 
and superficial, when a paramedian, oblique, or trans
verse approach has been used. Careful suturing of this 
layer requires that it be clearly visible. Two questions 
arise regarding the closure of the fascial layer: Should 
interrupted or continuous sutures be used? Should 
nonabsorbable or slow-absorbing suture material be 
employed? 

a) Interrupted Versus Continuous Sutures 

A prospective randomized trial carried out by the 
Association de Recherche en Chirurgie (ARC) 
(Association for Research in Surgery) was designed to 
answer these questions [Konrat 19831.Midline laparo
tomy was performed in 3,135 patients. In 1,569 cases 
where absorbable interrupted sutures were used inci
sional hernia was seen in 32 (2%), while 26 cases of 
incisional hernia occurred (1.6%) among the 1,566 
cases where closure was done with absorbable conti
nuous sutures. Statistical analysis of these results 
demonstrated that closure by continuous suturing was 
at least as solid as that by interrupted sutures, if not 
more so. Furthermore, these patients were subdivided 
into three groups. In the group of high-risk patients 
(septic operation, general or local factors of severity) 
continuous sutures were statistically superior to inter
rupted sutures. Another randomized prospective trial 
by Richards et al. (1983), who studied 571 laparotomies, 
led to the same conclusion. In this work, the patients 
were also divided into three groups, and the judgment 
criteria were burst abdomen and wound dehiscence. 

In practice we achieve fascial closure of midline 
incisions using two continuous sutures (one for each 
half of the wound) of gauge 0 Vicryl. Each suture is 
begun at one end of the wound and both are solidly 
anchored in the middle of the incision. When the 
transverse approach is used two-stage fascial closure 
is done, i.e. a posterior layer, where the sutures also 
take up the peritoneum, and an anterior layer. Each 
layer is closed using two continuous sutures as descri
bed above for midline incision. 



b) Selection of Suture Material 

Regarding the use of absorbable or nonabsorbable 
material, reference can be made to the study by 
Drouard et al. (1980) who analyzed 1,820 midline lapa
rotomies. If one excludes the 204 patients in this series 
in whom single-layered mass closure was achieved, 
then in 572 cases fascial closure was done using 
nonabsorbable sutures (Dacron) and led to four cases 
(0.69%) of incisional hernia. Among the 1,044 patients 
in whom fascial closure was done using slow-absor
bing sutures (polyglactine 910), five cases (0.47%) of 
incisional hernia were found. These results confirm 
the reliability of slow-absorbing sutures made of syn
thetic material, since the risk of incisional hernia was 
not higher with the absorbable than with the nonab
sorbable sutures, regardless of the patient's condition 
or the type of lesion that was treated. 

In routine practice we use sutures made of either 
polyglactine 910 (Vicryl) or braided polyglycolic acid 
(Ercedex, Ligadex). Gauge 0 is most often chosen, 
except for obese patients, for whom gauge 1 seems pre
ferable. 

Nevertheless, it is doubtful whether the incidence of 
incisional hernia is a sufficient criterion for evaluating 
the reliability of suture material. Recent studies seem 
to lead to conclusions opposite to those stated above 
and should temper the current vogue in favor of slow
absorbing suture material. A study by Bucknall and 
Ellis (1981) showed an 11.5% rate of incisional hernia 
when absorbable material (polyglycolic acid) was used 
compared with a rate of only 3.8% when nylon was 
used, whereas the rate of burst abdomen (respectively 
0.9% and 0.94%) was the same regardless of the 
suture material employed. In a very recent study, Leese 
and Ellis (1984) reported on two groups of 53 patients 
who had undergone major laparotomy and were fol
lowed up for 1 year. The rate of incisional hernia was 
8.5% after closure with nylon and 20% when poly
dioxanone suture was used. No cases of burst abdo
men were found. According to the authors, nylon 
remains the best available material for closure of the 
abdominal wall. 

3. Muscle Layer 

The muscle is closed as a separate layer in incisions 
other than those made on the midline. When the 
muscle fibers have merely been dissociated, only a few 
stitches with fine, slow-absorbing material are needed 
to achieve approximation. Conversely, when the 
muscle fibers have been transected we prefer to use 
absorbable figure-of-eight sutures (gauge 00) for two 
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reasons: The immediate purpose is to abolish the 
cavity between the two cut muscle surfaces and bet
ween the two aponeurotic layers, since such spaces 
may give rise to hematoma. In the long term, the pur
pose is to avoid the formation of a small depression 
which may be visible under an otherwise aesthetic 
scar. 

4. Subcutaneous Layer 

Separate closure of the subcutaneous layer seems to be 
of value only in patients with a very thick abdominal 
wall in order to avoid the formation of a tunnel under 
the skin which may lead to hematoma and subsequent 
suppuration. Two techniques may be used. First, one 
can simply close this layer by a few well-spaced inter
rupted sutures, taking up both the full thickness of the 
subcutaneous tissue and the skin. In this case the skin 
is only partially closed. Three of four stitches are 
usually sufficient to close a subcostal or midline inci
sion and to avoid formation of hematoma or abscess. 
In the long term, the cicatrix resulting from this tech
nique is identical to that obtained when full skin clo
sure has been done (Fig. 4.11a). When hermetic skin 
closure is desired, the second technique consists of 
abolishing the tunnel using an absorbable continuous 
suture (gauge 2/0) to close off the fatty subcutaneous 
walls. In some cases a horsehair wick installed at both 
ends of the wound and left in place for 4 or 5 days is a 
simple measure to prevent the subcutaneous collec
tion of serous or bloody fluid. 

Fig. 4.11 a, b. Closure of a thick subcutaneous layer of fat. 
a Superficial suturing of the skin and full thickness of the sub
cutaneous layer. b The skin and subcutaneous tissue are left lar
gelyopen 
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5. Cutaneous Layer 

Skin closure is performed according to the surgeon's 
personal preference. The use of wound clips gives a 
very aesthetic scar if the clips are loosened on the 
second postoperative day. In cases where the abdomi
nal wall is rather thick we often prefer to alternate 
mattress sutures with plain interrupted sutures, using 
nylon with a straight needle (gauge 0 or 2/0). However, 
a more aesthetic scar is obtained with continuous 
intradermal suturing. In cases of a small incision 
devoid of traction, e.g., horizontal incision for appen
dectomy, adhesive dressings without skin sutures can 
be used to achieve an aesthetic scar. Regardless of the 
closure technique, it is essential to achieve good appo
sition of the wound margins without overly tight clo
sure. 

B. Special Cases 

Parietal closure requires a special technique in cases 
of sepsis. When there is a risk of abscess of the wall in 
an obese patient with thick subcutaneous fat the skin 
should simply be approximated by 2 or 3 stitches lea
ving the subcutaneous layer largely open (Fig. 4.nb). 
Conversely, in certain cases of reintervention for per
itonitis, only the skin is closed coupled with wide late
ral cutaneofascial relief incisions [Nordlinger et al. 
1980] (see Chap. 5, II). 

In cases where the abdominal wall is weak many 
techniques of parietal reinforcement have been pro
posed to avoid immediate wound dehiscence leading 
to burst abdomen or late dehiscence causing incisio
nal hernia. These techniques (Fig. 4.12) include mass
closure twin-loop suturing [Drouard et al. 1980], twin
loop extraperitoneal suturing [Burleson 1978], mass 
closure with far-and-near suturing [Samama et al. 
1978], and atraumatic suturing [Chometowski 1975]. It 
should be borne in mind that reinforcement of a mid
line suture by full-thickness extraperitoneal suturing 
does not improve the solidity of the abdominal wall, 
as demonstrated in a randomized multicenter trial 
published by Maillard et al. (1980). Reinforcement of 
abdominal wall closure by pasting dressings around 
the wound decreases but does not entirely abolish the 
risk of postoperative burst abdomen [Guivarch & 
Mouchet 1969; Hay et al. 1980] (see Chap. 5, II B). 

For several years now we have preferred full-thick
ness metal sutures (Ventrofil, Laboratories Bruneau), 
whose main advantage over traditional techniques of 
mass closure is that the forces of lateral traction are 

Fig.4.12a-g. Procedures for reinforcement of parietal closure. 
a Simple full-thickness sutures. b Twin-loop mass closure 
(Drouard's technique). c Peroperative photograph of mass-clo
sure sutures in place. d Mass closure after tying of sutures 
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Fig.4.12e Twin-loop mass closure (Burleson's technique): the inner loop closes the midline while the outer loop is tightened by 
contraction of the muscles of the abdominal wall. f Far-and-near suturing (Samama's technique). g Atraumatic suturing 
(Chometowsky's technique) 

Fig. 4.13. The Ventrofil technique. Above: as the Ventrofil plate is 
placed vertically the force of traction becomes a force of pressure 
with a proportional decrease of parietal shearing. This effect is 
increased when the plates are placed farther from the midline. 
Left: postoperative view of the material 
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transmitted to rigid plastic plates resting on the skin, 
thereby avoiding any shearing effect. The traction 
acting on the plates can be broken down into two 
secondary forces: a shearing force which decreases as 
the plate is placed in a more vertical position (hence 
the need to position the plate in the region of the 
flank), and a pressure force which acts to press the 
plate against the skin (Fig. 4.13) [Saric et al. 1980]. 
When used in high-risk patients (see Chap. 5, II B) this 
technique prevents the occurrence of very early post
operative burst abdomen. However, left in place for 15 
to 20 days, these plates do not fully protect against late 
burst abdomen. 
The reader should consult the sections on incisional 
hernia (Chap. 5, II B) and burst abdomen (Chap. 5, II 
A) for a detailed discussion of closure using prosthe
tic material. 

VI. Laparoscopic Surgery 
G. Champault 

Although the laparoscopic approach to the abdomen 
has been practiced for over three decades, notably in 
gynecological procedures and in the diagnosis of liver 
disease, it was not until the early 1990S that it became 
widely adopted, in an almost explosive fashion, follo
wing the first laparoscopic cholecystectomy carried 
out by Philippe Mouret in 1997. 

Two factors were responsible for this sudden explo
sion of interest. First was the mini-invasive technique 
and important esthetic advantages in preserving the 
body image, particularly in a predominantly female 
population of patients suffering from symptomatic 
biliary disease. In the second place the images produ
ced by the camera were easy to enlarge, reproduce and 
publicize, transferring the surgical act from the 
manual to the visual. 

By 1997 virtually every abdominal surgical proce
dure, with the exception of transplantation, has been 
carried out via the laparoscope. Certain procedures 
were recognized early on as being much superior to 
conventional surgery and became 'gold standard' ope
rations. These include cholecystectomy for sympto
matic or complicated gallstone disease, appendicec
tomy in the obese, division of bands and adhesions, 
and suture of perforated hollow viscera, such as duo
denal ulcers or following colonoscopic accidents. 
Additionally, treatment of gastro-oesophageal reflux, 
splenectomy for idiopathic thrombocytopaenic pur
pura, marsupialisation of hepatic cysts, Heller's ope-

ration for achalasia, the investigation of lower abdo
minal pain in young women and adrenalectomy, have 
been added to the list. 

Others are still in the stage of development, inclu
ding appendectomy, repair of inguinal hernia and 
other procedures on the abdominal wall, and colec
tomy for cancer, for which the results remain to be 
evaluated and compared with those of conventional 
surgery, in terms of feasibility, risk, cost and long-term 
results. 

A. The Pneumoperitonium 

The creation of a pneumoperitoneum with C02 is the 
common denominator in laparoscopic surgery. Its per
formance is modified by the general state of the 
patient, and the biological age (however these proce
dures have been carried out in centenarians) the car
diac and respiratory risk , closed angle glaucoma, 
blood dyscrasias, pregnancy and also by the local 
conditions including previous operations, the number 
and site of which may contraindicate both peritoneal 
puncture and the procedure to be carried out. In every 
case, the C02 insufflation must be controlled conti
nuously and automatically in order to keep the intra
abdominal pressure between 7 and 15 mmHg, accor
ding to the patient's tolerance. Regular monitoring of 
C02 levels is mandatory. 

1. Insufflation 

a) Uncomplicated Situations 

In the uncomplicated situation with a virgin abdo
men, the pneumoperitoneum is induced by puncture 
with a Palmer or Veress type needle either at the level 
of the umbilicus or else in the left subcostal region, 
because in these areas the peritoneum adheres closely 
to the muscular layer. Having checked the function of 
the needle, the abdominal wall is pierced in two stages, 
the muscles and peritoneum. Safety checks are essen
tial, including syringe aspiration to confirm that a ves
sel or hollow organ has not been punctured, and eva
cuation of the contents of the syringe while lifting up 
the abdominal wall. Insufflation is then started with a 
low flow of up to one litter of C02, the pressures being 
low to start with and progressively raised. The hepatic 
dullness disappears, whereupon flow can be speeded 
up until the desired pressure of 12 to 14 mmHg is 
. obtained, according to the build of the patient, and the 
degree of obesity, up to a volume of 3.5 to 6 litters of 
C02. Total curarisation is essential. 



b) Suspension o/the Abdominal Wall 
[Champault 1996] 

In order to reduce the volume of the pneumoperito
neum, particularly in patients with poor respiratory 
function, it has been suggested to lift up the abdomi
nal wall by vertical traction on the muscles, using a V 
shaped anchor placed within the abdominal cavity. 
This device creates a space identical to that of a C02 
pneumoperitoneum. However, it has a number of 
disadvantages. Apart from a further limitation of the 
operative field which is already restricted by the intro
duction of a video apparatus and other devices, sus
pension of the abdominal wall may produce compres
sion injuries on the muscular layers, particularly if the 
operation is prolonged. It also may produce a ten
dency to increased bleeding because of the lack of 
interabdominal pressure. On the other hand, it per
mits unrestricted use of the sucker. 

2. The Trocars 

These are composed of a sleeve of variable length and 
diameter containing a valve system which prevents 
escape of C02, with a pointed mandril of conical or 
bevilled shape. Some types are disposable, while 
others are made of metal and can be used again. They 
are introduced through the abdominal wall via a skin 
incision of the same or slightly larger diameter than 
that of the instrument, and directed towards the ope
rative site (for instance the subhepatic region for cho
lecystectomy and the region of the hiatus for antire
flux procedures). The introduction is made by 
progressively applied pressure and the correct posi
tion of the trocar is confirmed by a sharp escape of 
gas as the mandril is withdrawn. Introduction of the 
first trocar is blind, and hence potentially dangerous. 
It is usually carried out at the umbilicus, especially for 
cholecystectomy and apendicectomy where this is the 
usual site for introduction of the telescope. 

B. General Principles of the Laparoscopic Approach 

1. Orientation 

The trocar should be passed towards the operative 
field, which frequently implies an oblique course 
through the abdominal wall. This partly explains the 
rarity of herniations though the trocar sight. 

2. Disposition 

The principle of "encirclement" is used. The trocars 
are inserted in a broad curve around the operative 
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field. The optical sheath is usually placed at the center 
in order to provide direct vision. The paramedian 
ports are used for exposure of the operative field and 
the lateral ports, which are the furthest apart, are used 
for dissection, suture, etc. It is necessary to use a broad 
angle of more than 120» in order to carry out the dif
ferent stages of the operation without tangling of the 
instruments. 

3. Adaptation 

The number, size and position of the trocars varies 
greatly according to the build of the patient, the usual 
custom of the operator, the extent of the pathology, 
and the need to have recourse to particular instru
ments such as clamps, mechanical forceps and so 
forth. For laparoscopic cholecystectomy one usually 
uses four trocars, but the operation can be carried out 
with three, five or six. The same applies to appendec
tomy, (three trocars) antireflux procedures (five tro
cars), splenectomy (five ports), colectomy (five ports 
or more). The addition of a supplementary trocar does 
not damage the abdominal wall, but may considerably 
improve the operative conditions, by widening the 
exposure or permitting the introduction of additional 
instruments such as a sucker. 

4. Open Laparoscopy 

Laparoscopy by mini incision or" open laparoscopy" 
is the best way of preventing the serious mishaps 
which are described below. This technique consists in 
carrying out a micro-Iaporotomy of 12 to 15 mm at the 
umbilicus, as far as the peritoneal level. A guide in the 
form of a metallic stalk with a blunt extremity is intro
duced into the abdomen. The sleeve of the trocar is 
slid along the stalk as far as the abdominal cavity and 
the stalk is then withdrawn. The trocar is then com
pleted by replacing its valve and insufflation carried 
out through it. It is sometimes necessary to occlude 
the incision in the muscular layer by one or two stay 
sutures, in order to reduce leakage of gas. This orifice, 
which is slightly wider than a direct puncture, is use
ful for retrieving the operative specimen. Open lapa
roscopy is a very controlled technique which is often 
quicker to perform than a double puncture with the 
Veress needle and the first trocar. Many surgeons use 
it routinely for induction of the pneumoperitoneum, 
and it represents the basic technique for surgeons in 
training. It is essential in previously operated cases, 
but is of limited value in the obese. 
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5. "Laparo-assisted" Surgery 

This combines a laparoscopic stage and a conventio
nal open operation, reducing the size of the incision 
for the latter. The best examples are mobilization of 
the splenic flexure of the colon in sigmoid colon resec
tions, where continuity may risk tension on the ana
stomosis, and right hemicolectomy and similar bowel 
resections. In these cases, following laparoscopic 
mobilization of the gut, the resection is carried out 
with the abdomen open and the anatomosis perfor
med outside the peritoneal cavity, by the usual tech
nique. Finally, mention should be made of the «dexte
rity glove» whereby the laparoscopic operator 
introduces a gloved hand through a short incision, 
which allows better mobilization of the specimen and 
assists hemostasis. It is particularly useful in the 
removal of a large spleen. 

6. Advantages of Laparoscopy 

Whatever the nature of the operation, the laparosco
pic approach to the abdomen carries certain constant 
advantages over conventional surgery. 

The postoperative course is less painful, as measu
red by verbal and visual scales and by the required 
dosage of analgesics [Benoit et al. 1994]. 

The hospital stay is reduced by 50% to 70% over that 
of conventional surgery, with less problems related to 
the abdominal wall [Champault 1996] as well as respi
ratory, septic and thromboembolic complications. 
Physical activity is resumed 5°% earlier [Champault 
1996]. 

C. Complications of Laparoscopic Surgery 

1. Complications of the Pneumoperitoneum 

Some of these are relatively unimportant, such as a 
«neumo-omentum» which is immediately apparent 
when the abdomen is explored, and puncture of the 
liver, colon or bladder. However others may be lethal, 
including: 
• puncture of the great vessels, in particular the aorta, 
which lies only 3 cm to 4 cm from the umbilicus; 
• massive gas embolus with immediate shock, cardiac 
arrest and abrupt lowering of the C02 pressure. This 
requires immediate cessation of the insufflation, admi
nistration of oxygen and prompt cardiac resuscitation. 
Gaseous micro emboli have also been reported from 
injury to small vessels and may be responsible for 
transient neurological problems in the postoperative 
phase. 

2. Complications Related to the Trocars 

The most frequent is hemorrhage into the abdominal 
wall, which may require hemostasis and open inva
sion. This complication seems to be related to the type 
of mandril tip [Catheline et al. 1995] and is seen more 
frequently with the bevilled type rather than those 
with conical ends. The most serious are injuries to the 
vessels and viscera, following introduction of the first 
trocar. The aorto-caval axis and the iliac vessels are 
most often involved, depending on the direction of the 
trocar, but injuries to the mesenteric vessels, portal 
vein and epiploic vessels have also been reported. 
These injuries usually indicate immediate conversion 
to laparotomy so as to control hemorrhage and repair 
the vascular injury. This sort of injury may involve any 
of the abdominal organs, most particularly the diges
tive tract. Their incidence has been estimated at 
671100,000 [Champault 1996]. The stomach, small 
bowel and colon are most often involved but damage 
to the bladder, liver and spleen have all been reported. 
Once recognized, an intestinal injury requires imme
diate repair, usually by open laparotomy, but some
times (particularly if the wound is small and the 
surgeon is experienced) it can be put right by laparo
scopic suture. Overlooked wounds of this nature, 
sometimes quite small, run the risk of serious secon
dary sepsis (abscess or peritonitis) often serious and 
sometimes lethal. This type of trocar injury tends to 
occur in thin patients and those with abnormalities of 
the abdominal wall such as weak muscularity, poor 
relaxation or weakening by multiple pregnancies. 
Their incidence seems unrelated to the experience of 
the surgeon [Champault 1996]. Although the insertion 
of the first trocar is the one most dangerous from the 
point of view of vascular injury, subsequent trocars 
inserted under direct vision are not totally free of 
similar risks. The trocars should always been with
drawn under direct visual control. There is a risk of 
bleeding when the sleeve of the trocar is withdrawn, 
which can usually be corrected by mono or bipolar 
diathermy or by the insertion of hemostatic sutures. 
Major hemorrhage requires replacement of the trocar 
and introduction of a Foley balloon catheter which is 
placed under traction. These complications do not 
seem to be reduced by the use of the so-called "safety 
trocars" 

3. Postoperative Complications 

a) Early 

The appearance of a portion of omentum through a 
10 mm or 12 mm trocar site has been reported on 



several occasions [Champault 19951 so that all inser
tion sites greater than 10 mm should be closed by 
absorbable sutures in the aponeurotic layer. Infection 
is rare [Lauroy et al. 19941. As with open surgery, lapa
roscopic procedures should be protected by routine 
prophylactic antibiotics in all clean or potentially 
contaminated procedures. Sepsis often occurs at the 
extraction site of a potentially contaminated specimen 
such as an appendix or gallbladder. It can be preven
ted by the routine use of plastic extraction bags and by 
the application of antiseptics to the trocar sites before 
the skin is closed. Infection is promoted by the pre
sence of foreign bodies, particularly fragments of 
stone where there has been a difficult gallbladder 
extraction with a rupture of the wall. 

b) Secondary 

Unsightly scars may be avoided by using horizontal 
incisions along the skin tension lines, slightly broader 
than the diameter of the trocar. In fact, too small an 
incision is subject to tension forces when the trocars 
are manipulated. The length of the incision should 
equal the circumference of the trocar (2m) and not its 
diameter (m2). Foreign bodies may be revealed later 
by inflammatory swelling or sepsis. They can be iden
tified by ultrasound and removed by re-opening of the 
trocar site. 

c) Late 

Eventration is at less than 1% [Champault 19961 and is 
related to the size of the trocar (10 mm to 12 mm or 
more) and by failure to close the aponeurotic layer. It 
presents as an expanding swelling which is often ten
der, and is easily repaired, at the expense however of a 
good cosmetic result. 

Port site metastases [Prasad et al.19941 were first des
cribed by F. Drouard after cholecystectomy for a gall
bladder which contained an unsuspected carcinoma 
[Drouard et al. 19911. They were already known in 
gynecological surgery, particularly following ovarian 
cancers explored by laparoscopy. [Wexner & Cohen 
19951. Their incidence is not precisely known but 
varies according to the authors from 0.1% to 3% or 
more [Menducar 19941. They appear between three 
and nine months postoperatively as an induration at 
the trocar site, the nature of which can be confirmed 
by ultrasound. It is necessary to carry out a wide exci
sion of the area, but the prognosis is grave. They have 
been particularly prone to occur with Dukes Stage C 
or D tumors with carcinomatosis peritonei, but have 
on occasion followed a Dukes A tumor [Champault et 
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al. 19941. This situation has induced some units to 
abandon, at least for the time being, laparoscopic 
treatment of colorectal cancer, and others limit it to 
Dukes A or D cancers with synchronous hepatic 
metastases which are unresectable. Certain current 
studies [Barrat et al. 19831 suggest that this situation 
does not vary much from that which follows conven
tional surgery. 

Peritoneal bands seem, in the absence of randomized 
studies, to be less frequent after laparoscopic than after 
conventional surgery, as is often noted at re-operation. 

D. Conclusion 

Laparoscopic abdominal surgery is now a routine and 
daily practice, even though not all of the operations 
have been completely validated. Its advantages as 
regards the abdominal wall are unquestioned, both 
from the esthetic and the functional point of view. 
Subject to restraints relating to the experience of the 
operator, this technique represents a way of preserving 
the integrity of the abdominal wall and preventing late 
complications such as eventration, the incidence of 
which may be expected to diminish rapidly. 
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I. Preparation for Surgery 
of the Abdominal Wall 

A. General 

As does surgery of the abdominal viscera, surgery of 
the abdominal wall requires careful local and general 
preparation. It is not the purpose of this section to 
give a list of the routine investigative procedures that 
are done prior to surgery of the abdomen. However, 
emphasis should be given to the need for investigation 
of respiratory function and blood gas determinations 
prior to surgical repair of the abdominal wall in cases 
where the loss of tissue may lead to a modification of 
the infra-abdominal pressure and a subsequent dis
turbance of ventilatory capacity (see Chap. 8, II B on 
incisional hernia). 

S.Skin 

Preparation of the skin is begun on the afternoon 
before operation. The skin should be thoroughly but 
gently shaved and then cleansed with a lather of lauryl 
mercurothiolate (or an equivalent cleansing solution) 
with special emphasis given to the umbilical region. 
The skin is then painted with an aqueous solution of 
povidone iodine and finally protected by a sterile sur
gical towel. 

Just before surgery is begun the skin should of 
course be disinfected once again with the iodinated 
solution. We do not place an adhesive plastic protector 
on the skin since removal of the latter prior to closure 
pulls off a fine superficial film containing the iodina
ted antiseptic. 

Regardless of the type of surgery to be performed 
(repair of simple inguinal hernia or of complex inci
sional hernia), antisepsis is maintained throughout 
the operation with surgical towels soaked in povidone 
iodine. 

c. Respiratory Apparatus 

Ventilatory preparation is dependent upon many fac
tors, including preexisting respiratory disease, such as 
asthma and chronic bronchitis, current respiratory 
status, and the type of operation to be done. A detai
led discussion of respiratory function in major inci
sional hernia and of the consequences of visceral rein
tegration on respiratory function is given in Chap. 5, 
II B. Emphasis should be given to the importance of 
stopping smoking as soon as the operation is pro-

grammed and of performing respiratory exercises 
(physiotherapy), possibly coupled with the use of 
incentive spirometry [Celli et al. 1984l. Prior to sur
gery in cases of major obstructive herniation of the 
abdominal cavity, sessions of pneumoperitoneum 
according to the technique described by Goni-Moreno 
(1970; see page 143) allow evaluation of the patient's 
reaction to reintegration of the hernial mass and pro
gressive adaptation of the diaphragm to functioning 
under normal conditions. 

II. Postoperative Care 

A. Drainage 
of the Abdominal Wall 

At the Ifnd of surgery, drainage of the abdominal wall 
is requared when the operation has been done under 
septic conditions in a patient with thick subcuta
neous fat, or when there is a risk of secondary hemor
rhagic effusion despite rigorous hemostasis subse
quent to extensive dissection. Indeed, such effusion 
may give rise to a more or less voluminous hema
toma. In cases where hemorrhagic effusion persists 
we use suction drainage with multiperforated Jost
Redon tubes. A single drain is sufficient in surgical 
repair of hernia via the inguinal route, whereas two 
drains positioned in Retzius' space are required when 
a preperitoneal prosthesis has been inserted via the 
midline subumbilical approach. Four drains are used 
after surgery for incisional hernia requiring "over
coat" repair and Mersilene prosthesis since surgical 
dissection is extensive in such cases. In order to avoid 
retrograde contamination we prefer to install the 
drains through a stab wound made about 10 cm from 
the operative field. 

When closure is to be done on a thick abdominal 
wall with subcutaneous fat measuring 5 cm or more 
in depth it is advisable to drain the abdominal wall 
for a few days to prevent the collection of fluid. For 
this purpose a horsehair capillary drain brought out 
at both ends of the incision or a small flat rubber 
drain (3-4 cm wide) can be used. 

In cases where extensive surgical dissection has 
been done our practice is to compress the dressed 
wound for 8-10 hours using one or two ice packs. The 
latter, when only partially filled, afford homogeneous 
compression and superficial vasoconstriction which 
reduce the risk of postoperative hemorrhage within 
the abdominal wall. 



B. Transcutaneous Electrical Stimulation for Pain 

This technique is based on the use of peripheral neu
rostimulation delivered by an external source during 
the early postoperative period. Use of electro analgesia 
in surgery of the abdominal wall (as in visceral sur
gery) obviates the need for postoperative administra
tion of analgesic drugs. Furthermore, postoperative 
depression of respiratory function does not occur and 
expectoration is not inhibited, thereby reducing the 
risk of bronchoalveolar obstruction. 

Postoperative transcutaneous electrical stimulation 
is a recent step forward in the development of 
methods to control pain. The earliest descriptions of 
the effects of electric fish date back almost 2,000 years 
(torpedo fish, electric eels, etc.). Electrotherapy began 
in the nineteenth century (notably in the work of 
Duchenne de Boulogne) with the description of static 
electricity and the advent of the Volta battery. The 
modern era of electroanalgesia commenced in 1965 
when Melzack and Wall (1965) introduced their 
theory, according to which pain transmission can be 
blocked by stimulation of the thick nerve fibers dis
playing rapid conduction (type-A beta fibers). Initially 
applied in the treatment of chronic pain, this theory is 
now the basis for relief or acute postoperative pain 
after a laparotomy for visceral surgery [Hymes et al. 
1973; Van der Ark & McGrath 1975; Gestin 1979l or in 
cases of surgery of the abdominal wall only, e.g., treat
ment of inguinal hernia and incisional hernia. 

We have recently begun to use transcutaneous elec
trical stimulation to treat postoperative pain resulting 
from abdominal surgery. Subsequent to skin closure, 
the disposable sterile electrodes (self-adhesive) are 
positioned on both sides of the wound margins at a 
distance of about one finger breadth (Fig. 5.1a). 
Stimulation is delivered by a miniature battery-powe
red external impulse generator (Neuromod 7718-220-
Medtronic). 

Stimulation is given at a fixed frequency, but the 
intensity is adjusted to each patient, the ideal stimula
tion being that at which the patient experiences a tin
gling sensation of the skin (tested before, and 6 h after 
operation). Electroanalgesia is given continuously or 
intermittently (1 h every 4 h), the intensity and dura
tion of the stimulation being set by the patient begin
ning on the second postoperative day. 

The excellent results obtained in nearly 75% of our 
patients are in agreement with those reported in two 
randomized double-blind trials [Hymes et al. 1973; Van 
der Ark & McGrath 1975l. The effects of transcuta
neous electrical stimulation were judged on the follo-

Pre- and Postoperative Care 91 

Fig. 5.1 a Positioning of the self-adhesive surface electrodes on 
either side of the incisional wound. b The impulse generator 
used for postoperative transcutaneous electrical stimulation 

wing criteria: absence of subjective pain, suppression 
of analgesic drugs, decreased postoperative pulmo
nary complications, and decreased postoperative dis
turbance on pulmonary function tests. 

In our opinion this technique of pain control is indi
cated mainly for patients at a high risk of postopera
tive respiratory complications, i.e., in cases of chronic 
bronchitis and asthma. 
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The complications of laparotomy can be subdivided 
into early (hematoma, abscess, burst abdomen) and 
late complications (residual pain, incisional hernia, 
tumor growth in the scar tissue). Burst abdomen and 
incisional hernia are discussed in Chap. 5. Presented 
below are the classical complications, i.e., hematoma, 
abscess, and cicatricial tumors, in addition to the pro
blem of residual pain, which is still poorly understood 
from both the clinical and therapeutic standpoints. 

I. Early Complications 
Involving the Abdominal Wall 

A.Hematoma 

A small hematoma may be a benign complication of 
laparotomy without any further consequences. On the 
other hand, hematoma can lead to abscess or even 
burst abdomen. In exceptional cases where extensive 
dissection has been done hematoma can lead to severe 
blood loss, requiring transfusion and emergency rein
tervention. 

Hematoma is usually clinically evidenced as a 
variable-sized bulging of the incisional wound. The 
patient sometimes complains of painful tension, while 
palpation gives the impression of thickening, resis
tance, or even true fluctuation of the abdominal wall. 
Full-blown hematoma presents as a pronounced bal
looning of the abdominal wall, accompanied by bluish 
skin color and hypotension. Such a hematoma may 
contain more than a liter of bluish-black blood, often 
containing clots. The hematoma may extend throu
ghout the rectus sheath when a presumably midline 
incision has not been made on the linea alba but rather 
has led to opening of the rectus sheath on one side. 

The management of hematoma begins, of course, 
with its prevention, based on three points. First, tho
rough hemostasis of the vessels of the abdominal wall 
should be achieved during surgery. Second, at the end 
of surgery in patients with a thick abdominal wall one 
of the following two procedures should be used: eva
cuation via a small rubber drain, capillary horsehair 
drain, or suction drain, or partial skin closure with 
approximation sutures spaced 5-6 em apart. In cases 
where extensive dissection has been done, i.e., cuta
neomuscular (treatment of wound dehiscence) or per
itoneomuscular dissection (treatment of hernia or 
incisional hernia), the spaces resulting from the surgi
cal procedures must be evacuated by several suction 
drains (see preceding chapter). Third, local compres
sion and cooling by partially filled ice packs produces 

homogeneous compression of the wound and any 
zones of subcutaneous dissection, as well as vaso
constriction of the abdominal wall vessels. 

Once diagnosed, a hematoma should be evacuated 
immediately by removal of the skin sutures or clips, 
care being taken to ensure maximum asepsis to avoid 
secondary infection. In the exceptional cases where 
the volume of the hematoma increases hour by hour 
and the patient shows signs of hemorrhagic shock, 
emergency reintervention may be required to ligate a 
bleeding arteriole and remove the coagulated blood. 

B.Abscess 

The repercussions of abscess range from a simple 
prolongation of hospitalization to incisional hernia, 
burst abdomen, or contamination of prosthetic mate
rial. The incidence of abscess varies according to the 
type of surgery performed (septic or aseptic condi
tions), the circumstances of operation (emergency 
procedure or programmed in advance), and the type 
of hospital environment (public hospital or private cli
nic). Despite a maximum of risk factors in some cases, 
i.e., emergency surgery in septic conditions in a public 
hospital, certain precautions will yield a significant 
reduction of the incidence of abscess. 

The well-known clinical signs of abscess are not dis
cussed here. The main goal, in our opinion, is early 
diagnosis of abscess so that appropriate treatment can 
be given, minimizing the proteolysis which leads to 
weakness of the abdominal wall. Accordingly, the inci
sional wound should be examined and palpated daily, 
if possible, every morning and night. In this way, the 
early signs suggestive of abscess will not be overloo
ked: slight rigidity of the wound, a very slight feeling 
of thickening of the wound on palpation, a moderate 
reddening localized over part of the wound. In such 
cases, removal of a few skin sutures or clips allows the 
evacuation of a cloudy serous fluid before the next 
stage, which is that of the collected abscess. 
Unfortunately, diagnosis is often made only after the 
abscess has spontaneously opened through the skin. In 
such cases the wound must be completely opened to 
allow for appropriate treatment. It should be noted 
that the insidious development of an abscess beneath 
an apparently normal skin suture is a causal factor in 
one-third of cases of burst abdomen and as a antece
dent factor in one-fourth of cases of incisional hernia. 

Treatment of abscess is relatively simple. The wound 
must be opened over a sufficiently large area so that 
septic foci remain in contact with the fascial suture. 
During the next few days dressings soaked in Dakin's 



solution usually afford proper disinfection of the 
wound. We sometimes add continuous local infusion 
of lactic acid solution for 3-4 days. Bacteriological ana
lysis is indicated, in our opinion, only in cases where 
septicemia is also present. Beginning on the 3rd or 4th 
day the use of absorbent dressings (dextran micros
pheres, Debrisan, Schering Laboratories) may accele
rate wound cleansing (Fig. 6.1). Spontaneous closure 
subsequent to extensive opening of the wound is 
always a slow procedure and may take 4-6 weeks. 
However, in cases where there is a long, deep incisio
nal wound through a thick subcutaneous fat pad, the 
skin can be closed again one week after saucerization. 
A flat rubber drain should be installed at both ends of 
the wound; this yields an acceptable cicatrix one week 
after closure. 

The primary importance of prevention of abscess of 
the abdominal wall is obvious when one is aware of 
both its early and secondary complications. 
Accordingly, preoperative preparation of the skin 
must be scrupulous (see page 90). During surgery, 
towels soaked in iodinated solution (or circular 
wound protectors) are far more effective in preventing 
infection of the exposed abdominal wall than are dry 
towels, which afford no protection whatsoever, or 
adhesive plastic fields, which, when removed, strip off 
the antiseptic solution initially used to disinfect the 
skin. In cases of septic intervention, the systematic 
administration of prophylactic antibiotics signifi
cantly reduces the rate of abdominal suppuration and 
its subsequent complications. At the end of surgery 
hemostasis should be checked carefully in order to 
prevent hematoma formation. Postoperative dressings 
should be kept to a minimum; a compress containing 
iodinated solution is sufficient for this purpose. We 
now tend to leave wounds of the abdominal wall expo
sed, protection being afforded by a thin film of 
ethoxyethyl methacrylate sprayed over the site of skin 
closure. However, it must be borne in mind that the 
association of this film with iodinated polyvidone can 
lead to marked irritation of the skin. 

C.Seroma 

Certain techniques in the repair of inguinal hernias 
require extensive dissections and the placement of 
non absorbable prostheses which are apt to provoke a 
major inflammatory reaction which varies with the 
extent of the dissection and the prosthetic material 
used. Such is the case with the technique used by Rives 
in the treatment of midline abdominal hernias by the 
placement of a prosthesis behind the rectus muscles 
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Fig. 6.1. a Midline laparotomy with subsequent abscess forma
tion in the abdominal wall and partial wound dehiscence. 
b Wound dressing with dextran microspheres on the fourth 
postoperative day. c Picture taken 48 h later 
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and in front of the posterior rectus sheath, also of the 
technique used by Shiver in the treatment of such 
midline hernia by the placement of a prosthesis in 
front of the external oblique aponeurosis, and the 
Stoppa technique used in the treatment of certain 
inguinal hernias by the placement of a large prosthe
sis in the preperitoneal space. It also applies in the 
case of the lipectomies carried out by plastic surgeons, 
where there is often a major degree of tissue detach
ment. The inflammatory reaction, and the unavoidable 
division of small lymphatic vessels may lead to the 
formation of a seroma, the treatment of which is fairly 
straightforward. The role of the inflammatory reaction 
in contact with certain prostheses used in the cure of 
inguinal hernias is apparent from the reading of the 
publications on this subject whether the material 
involved is polypropylene [Kaufman & Weissberg 
1985; Bendavid & Kux 1994; Capozzy et al. 1988; Usher 
1962], Dacron [Casebolt 1975; Durden & Pemberton 
1974; Lin & Vargas 1973], Teflon [Gibson & Stafford 
1964], or PTFE [Debord et al. 1974; Law & Ellis 1990; 
Leblanc & Booth 1992]. 

In a personal series of 400 herniations, 240 received a 
reconstruction of the linea alba reinforced by a pre
muscular prosthesis, 107 of which were fixed by fibrin 
glue. We encountered six seromas in this series of 240 
(2.5%) of which five occurred within a short series of 
patients operated on without drainage. 

The diagnosis is clear on postoperative inspection. 
We have now returned to inserting 2 to 4 suction 
drains in every case where there has been extensive 
tissue dissection. 

We also observed a serous discharge lasting for one 
month in a patient who had a combined operation 
including repair of an incisional hernia, dermolipec
tomy and liposuction. The leakage ceased sponta
neously following simple elastic compression. The 
study of the literature concerning the frequency of 
seroma following surgery for inguinal hernia using a 
prosthesis reveals figures ranging from 0 to 20%. 
Seromas are also seen following the use of inert pros
theses such as Tantalum, or fascia lata grafts [Lam et 
al. 1948; Lin & Vargas 1973; Peacock 1984]. 

1. Preventive Treatment 

Two precautions help to reduce the risk of seroma for
mation. 

• The suction drains should always be left in place 
when there has been extensive dissection involving 
different muscular layers. These drains, varying from 

two to four according to the extent of the dissection, 
should not be removed until serous discharge has cea
sed completely, which is usually around the fourth or 
fifth day. Persistence of any major leakage (20 to 30 ml 
per day or more) implies seroma formation, and drai
nage should be maintained until the area is completely 
dry, which may take several weeks. 

• An elastic pressure bandage should be placed around 
the abdominal wall at the end of the operation, with 
the aid of a wide belt extending from the pubis to the 
xiphisternum. In order to prevent seroma, this belt 
should be worn continuously for 15 days, but as the 
repair does not attain a maximum degree of solidity 
until around the eighth week, it is advisable that 
patients whose abdominal wall has been weakened by 
multiple recurrent herniations, should wear the belt 
for two months. 

2. Curative Treatment 

There are various possibilities. 

• Maintenance of elastic pressure may lead to absorp
tion of the seroma after a period which may extend to 
three months [Bendavid 1986]. 

• Local injections of corticosteroids may induce rapid 
resorption of the collection. Graham has had success 
with a mixture of 10 ml Xylocaine plus 40 ml depome
drone in 500 ml normal saline (personal communica
tion). 

• Insertion of a suction drain together with abdominal 
compression may also hasten resolution of the pro
blem. 

• In case of failure, a further operation may be indica
ted, such as we have carried out in two of our patients 
and in two others referred to us because of persistent 
seroma. The operation consisted in resection of the 
seroma (which always presents as a pocket with a 
smooth, gliding avascular lining), insertion of a suc
tion drain and a spray of cologne blue. Regardless of 
the technique chosen, cure is almost always obtained 
at between two and twelve weeks. 

II. Residual Pain Subsequent to Laparotomy 

Chronic pain persisting or occurring after the sixth 
postoperative month and lasting more or less for 
many years is rare after laparotomy. Treatment of such 
pain is difficult, and in most cases surgery is not indi
cated. 



A. Pathophysiology 

It is important to make a clear distinction between 
acute postoperative pain and chronic pain which is 
subsequent to laparotomy. To help make this distinc
tion, the features of nociceptive stimuli and subjective 
pain, and the different reactions to these two types of 
pain are given below [Boureau et al. 1981; Gatt et al. 
1982). 

1. Painful Stimuli 

Nociperception is not always related to the transmis
sion of painful stimuli via a specific system similar 
to that transmitting visual or auditory information. 
The sensation of pain can be elicited via tactile sti
mulation acting through a mechanism of spatial or 
temporal summation [Boureau & Willer 1979; 
Zimmermann 1981). 

Acute pain results from activation of a peripheral 
system, wherein the lesional site is the same as the 
painful focus. The stimuli causing such pain are of 
mechanical or chemical nature (inflammation with 
release of bradykinins and prostaglandins). 

Chronic pain results from a defect in the inhibitory 
system controlling pain transmission in the spinal 
cord, as seen for example in cases of deafferentation 
(to be discussed further on in this chapter). In some 
cases chronic pain may be related to central mnesic 
retention of previous painful experience. Finally, this 
type of pain may also be related to hyperstimulation 
of nociceptors [Procacci 1969). 

2. Subjective Pain 

Regardless of the acute or chronic nature of pain, 
there is no correlation between the magnitude of the 
lesions and the intensity of the pain subjectively 
experienced by the patient. Pain is difficult to assess, 
and most investigational methods rely on verbal 
questioning or pain scales, wherein the intensity and 
not the qualitative features of the pain are given 
[Melzack & Torgeson 1971). Emotion and distraction 
play an important role in exacerbating and attenua
ting chronic pain. 

3. Muscular and Vegetative Reflex 
Response to Pain 

Acute pain is often associated at the segmental spinal 
level with muscular (contraction) or vegetative mani
festations, as well as with a generalized reaction of the 
sympathetic nervous system (the latter reaction is not 
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specific to pain). In cases of chronic pain these mani
festations may be totally absent, or present for only 
brief periods of time. Conversely, they may be more 
or less constant, thereby maintaining the painful 
state. 

4. Emotional Reaction 

In cases of acute pain, emotional reaction is not pro
portional to the causal stimulus but is dependent 
mainly on the patient's personality and prior pain 
experience. Depression and anxiety are often encoun
tered in patients with chronic pain. Indeed, the anal
gesic effect of antidepressant drugs has been clearly 
established [Sternbach 1974). 

5. Behavioral Reaction 

The behavioral reaction to acute pain is often rather 
stereotyped, associating facial grimace with verbal 
and motor excitation. Such behavior is often exagge
rated in cases of chronic pain owing to its effect on 
the patient's family, financial, and social life [Melzack 
& Wall 1965). Accordingly, the acute pain symptom 
can be opposed to the chronic pain malady, although 
one should not confuse the former with organic pain 
and the latter with psychogenic pain. Acute pain can 
easily be treated with good results, whereas this is 
often not so in cases of chronic pain. The latter 
should be broken down into its constituent patho
physiological mechanisms in an attempt to find an 
appropriate and often more complex treatment regi
men. 

Two main mechanisms can be adduced to account 
for the occurrence of pain subsequent to laparotomy. 
However, both are often intricately related, thus ren
dering diagnosis difficult. One mechanism is the 
excessive stimulation of the system transmitting 
painful stimuli, while the other is the lesion of an 
inhibitory neural structure controlling somesthetic 
influx. 

Reference to the general organization of nocicep
tion (Fig. 6.2) shows that the afferent fibers origina
ting from the nociceptors (AS and C fibers) transmit 
painful stimuli to the spinal synapses (sites of sym
pathetic and motor reflex) and to certain ascending 
tracts (located in the anterolateral columns of the spi
nal cord). The painful stimuli then travel along these 
ascending paths to the regions of the brain that are 
the neurological basis of the perception of pain and 
related behavior. Spinal neurons can be inhibited by 
medullary interneurons or certain neurons of the 
brainstem. 
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Fig. 6.2. Transmission of nociceptive stimuli in the spinal cord 
[Zimmermann 1981]. 1 Perception and experience of pain; 2 the 
morphinomimetic antinociceptive system; 3 mechanoreceptors; 
4 nociceptors; 5 serotoninergic and morphinomimetic inhibi
tion of painful information; 6 motor and sympathetic nocicep
tive reflexes; 7 transmission of pain input 

B. Clinical Findings in Chronic Pain 

Chronic pain can be subdivided schematically into 
two types: pain due to a peripheral nerve lesion and 
referred pain. 

1. Peripheral Nerve Lesion 

a) Pain of Neuroma 

Pain of neuroma is well known to surgeons. These 
lesions result from the aberrant proliferation of nerve 
fibers beyond their neurolemma subsequent to partial 
or total section of the nerve without normal repair. 
The pain of neuroma is felt as permanent hyperesthe
sia or hyperpathia of variable intensity without 
paroxysm in the cutaneous territory corresponding 
to that of the involved nerve. Palpation over the neu
roma triggers an exquisite pain resembling an electri
cal discharge [Head 1983; Wall & Guitnick 1974; 

Zimmermann 19811. 

b) Deafferentation Pain 

This type of pain occurs subsequent to partial or full 
interruption of a nerve, or to stricture induced by liga
tion. The pain is felt as a paroxysmal burning sensa
tion in the corresponding sensory territory of the 
nerve accompanied by permanent background pain. 

a 
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? 
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Fig. 6.3a, b. Deafferentation pain [Boureau & Willer 1979]. 
a Section of a nerve trunk (arrows) leads to a zone of cutaneous 
anesthesia (A) surrounded by a transient area of hyperalgesia 
(B). Deinhibition is shown in the recording (C). b The inhibitory 
effect shown in the recording (D) is elicited by stimulation (5) 
of the skin 

The deafferentation pain arises a few weeks after the 
initial lesion. On clinical examination one can initially 
note the existence of anesthesia in the corresponding 
area of cutaneous distribution with a surrounding 
ring of hypoesthesia due to the overlapping of the 
neighboring areas of cutaneous sensory innervation. 
This initial hypoesthesia gradually gives way to per
ipheral hyperpathia over a period of a few weeks. 
Palpation over the lesion site does not induce pain, 
although stroking of the skin in the spontaneously 
painful cutaneous zone will elicit a painful sensation 
[Boureau & Willer 1979; Lombard et al. 19771 (Fig. 6.3). 

2. Projected Pain 

In certain patients pain is reported at a site some dis
tance from the causal lesion. Two terms are used to 
describe this topographical dissociation between the 
initial site of the lesion and that of the pain reported 
by the patient, i.e., reported pain and referred pain 
(Fig. 6-4). 

a) Reported Pain Along an Intact Nerve 

This type of pain results from the irritation of a fully 
intact nerve. e.g., compression of the nerve by a 
fibrous callus or a ligature. In such cases the pain ori
ginating along the nerve is reported by the patient in 
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Fig. 6.4a, b. Pain projected at a distance from the lesional site 
[Boureau & Willer 1979]. a Reported pain. The lesion (A) is 
located on the peripheral tracts that transmit pain input (B). 
The latter is decoded as if it originated from a cutaneous or 
subcutaneous site. b Referred pain. The pain originates from a 
deep lesional site (muscle, joint, viscus) innervated by fibers 
which are different from those innervating a peripheral cuta
neous or subcutaneous zone where the pain is erroneously loca
lized 

the cutaneous territory supplied by the nerve. The 
pain is felt as permanent, nonparoxysmal hyperalge
sia and thus can be distinguished from the pain of 
deafferentation, which is paroxysmal. On clinical exa
mination pain can be elicited by touch, and the 
absence of exquisite pain induced by palpation allows 
a distinction from the pain of neuroma [Head 1983; 
Ruth 1960]. 

b) Referred Pain at a Distance from the Lesion 

This type of pain is due to a lesion located at some dis
tance from the nerve, i.e., a lesion of a muscle (inflam
matory granuloma in contact with suture material) or 
a visceral structure (intestinal loop fixed to the stump 
of the peritoneal envelope). The fact that the patient 
reports pain in the cutaneous territory of a nerve not 
in the region of the lesion can be accounted for by an 
error of integration of impulse transmission at the 
spinal level [Procacci 1969; Ruth 1960]. Two types of 
referred pain can be described. 

Type-I referred pain is a permanent hyperalgesia 
without paroxysm in a limited neural territory. 
Certain nuances allow distinction to be made with res
pect to reported pain, i.e., touch triggers a disa
greeable sensation rather than true pain, and muscle 
contracture is often noted in the area of the type-I 
referred pain. Analysis of cutaneous impedance will 
demonstrate the existence of a sympathetic reflex. 
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Type-II referred pain is also reported as permanent 
hyperalgesia, but in this case involves several meta
meric levels. Accompanying muscle contracture is not 
evidenced on clinical examination. Nociceptive stimuli 
(pinch, pin-prick) trigger intense pain lasting much 
longer than in type-I referred pain. No abnormalities 
are found on analysis of cutaneous impedance. 

In clinical practice these different types of referred 
pain are obviously not always as stereotypic as descri
bed above. Precise diagnosis can be obtained in such 
cases by taking into account the features of the pain, 
surgical data, and the efficacy of any previous treat
ment. In certain cases, the latter may constitute a veri
table diagnostic test. 

C. Proposed Treatment 

Regardless of the type of pain reported by the patient, 
two essential components, emotional and sensorial, 
must be considered with respect to treatment. General 
therapeutic strategy should begin with the simplest 
noninvasive procedures, with progression to more 
specific and invasive means when necessary. The sim
plest approach is the practically systematic use of 
nonsteroidal analgesics and eventually of narcotics 
with antidepressant drugs when other analgesics have 
failed. 

1. Noninvasive Management 

The initial treatment of neuroma consists of infiltra
tion of local anesthetics with or without associated 
chemical sympathectomy in the area neighboring the 
lesion [Haberer 1977; Gatt et al. 1982]. 

Deafferentation pain can be treated by transcutaneous 
electrical stimulation, and it should be underlined that 
surgical intervention, which is always a failure in such 
cases, is contraindicated (Fig. 6.5) [Campbell & Long 
1975; Hameroff et al. 1981; Legout et al. 1982]. When 
transcutaneous electrical stimulation fails, infiltration 
of local anesthetics and corticosteroids may be of help. 
Acupuncture may also relieve such pain in some cases. 
The beneficial effect of antiepileptic drugs remains to 
be substantiated. 

Reported pain can be treated by neurolysis via local, 
truncal, or epidural infiltration of local anesthetics 
with corticosteroids. 

Referred pain (types I and II) can be relieved by infil
tration of the cutaneous territory with local anesthe-
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Fig. 6.S. Transcutaneous electrical stimulation in the territory of 
the genitofemoral nerve. The patient presented with intractable 
neuralgia subsequent to surgical treatment ofleft inguinal her
nia 

tics or by transcutaneous electrical stimulation. 
Chemical sympathectomy allows improvement, but 
not full regression of the pain. Acupuncture is also 
indicated in cases of referred pain. 

2. Invasive Methods 

a) Neuroma 

This easily diagnosed lesion is rather often an indica
tion for reintervention with resection and bipolar 
electrocoagulation or burying of the proximal seg
ment within a muscle. Neuroma is most often encoun
tered as a sequela to surgical treatment of hernia of 
the groin [Chevrel et al.19821. In cases where it is not 
desirable to reoperate at the initial hernia site, the sec
tion can be made much higher up along the nerve, via 
the subperitoneal route, i.e., at its site of emergence 
from the lumbar plexus [Neidhardt 19821. Certain 
orthopedists treat digital neuroma by burying the 
lesion in the bone marrow. This technique can be 
applied to neuroma of the ilioinguinal or iliohypogas
tric nerve, using the iliac crest as the site of burying. 
Finally, in certain cases transcutaneous phenolization 
of the neuroma can be done [Devaux et al. 19831. 

b) Deafferentation Pain 

When noninvasive methods of pain relief have failed, 
truncal neurolysis by injection of alcohol, or phenol or 
epidural neurolysis at the site of emergence of the 
involved nerves (using the same agents) may be bene
ficial (Fig. 6.6) [Sicard 1901; Smith 19641. 

Fig. 6.6. Material used for truncal neurolysis. An electrical sti
mulus is delivered via the needle to confirm that the latter is 
correctly positioned in contact with the nerve, prior to injection 
of alcohol or phenol 

c) Projected Pain 

Reported or referred pain can be relieved by truncal 
neurolysis with alcohol, phenol-induced sympathec
tomy (referred, but not reported pain), or differential 
truncal thermocoagulation. Intrathecal phenol has 
also been used [Nathan & Scott 1958; Wilkening 19771. 

D. Results of Treatment 

Since 1981 a series of 28 patients with intractable pain 
subsequent to surgery for hernia have been treated in 
our hospital departments. The results of the different 
modes of treatment used in these cases [Chevrel & 
Gatt 19831 are given below. 

Full relief was obtained in ten of the is patients with 
deafferentation pain by transcutaneous electrical sti
mulation. In seven other cases where this treatment 
failed, antidepressant drugs associated with local or 
paravertebral truncal infiltration afforded efficacious 
relief of pain. In the one remaining case all types of 
treatment failed. 

Successful reintervention was done in six cases of 
neuroma. 

Four patients presented with projected pain. In one 
of these cases reported pain was mistakenly diagnosed 
as neuroma and reoperation was performed. Relief 
was subsequently obtained in this case by infiltration 
of local anesthetic with corticosteroids. The pain in 
the remaining three cases (reported in one and refer
red in two) was successfully treated by a series of infil
trations. 



As for all types of complications oflaparotomy, pre
vention of pain should be borne in mind in the course 
of surgery. Such a preventive approach requires that 
the surgeon be familiar with the course of the nerves 
in the abdominal wall and their possible variations, 
and can identify the nerves during surgery of hernia 
of the groin [Moosman & Oelrich 1977; Salama et al. 
1983]· 

In the presence of chronic neuralgia subsequent to 
laparotomy, careful analysis of the features of the pain 
should allow distinction to be made between the pain 
of neuroma, deafferentation pain, and that projected 
at a distance from the lesional site (referred and repor
ted pain) in order to select the most appropriate form 
of medical or surgical treatment. 

III. Tumors of the Scar Tissue 

Four types of tumor may arise in the scar tissue of 
laparotomy, i.e., osteoma, endometriosis, inflamma
tory granuloma, and secondary malignancy. 

A. Osteoma of the Abdominal Wall 

Ossification of the abdominal wall is a rare complica
tion of midline laparotomy, usually arising in cases 
where the incision has been extended to the xiphoid 
process or pubic symphysis. 

The pathogenesis of these tumors is poorly unders
tood. One suggested mechanism is the seeding of car
tilage originating from the ribs or pubic symphysis 
along the incision. However, this theory would not 
account for osteoma arising in the scar tissue of an 
incision made at a distance from these cartilaginous 
zones. Indeed, we have seen a case of osteoma invol
ving the scar of a McBurney's incision. It is often held 
that ossification results from the resection or longitu
dinal incision of the xiphoid process. Although no par
ticular hypothesis has been confirmed, it may be rea
sonable to assume that some of these tumors are due 
to osseous metaplasia of calcified fibrous tissue 
[Guerin 1958]. These tumors are not preceded by any 
particular type of early postoperative complication, 
and investigative procedures do not demonstrate 
endocrine or biochemical disturbance. 

From the clinical standpoint, osteoma presents as an 
induration running lengthwise along the abdominal 
scar, and in some cases may even constitute a veritable 
bony extension of the sternum down to the umbilicus. 
The lesion does not give rise to spontaneous pain but 
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hinders movements of flexion. Lateral roentgeno
grams will confirm the diagnosis. Treatment is simple, 
consisting of full excision including the fibrous sheath 
around the osteoma, and leads to full cure without 
recurrence. 

B. Endometriosis of Scar Tissue 

Endometriosis of scar tissue usually occurs in cases of 
midline subumbilical laparotomy or Pfannenstiel's 
incision for hysterectomy, but it may also be seen in 
incisions made for other types of surgery. 

From the clinical standpoint, endometriosis presents 
as a small, hard subcutaneous tumor which is tender 
to the touch. The main feature of these poorly limited 
tumors is their increased volume during menses. 
These lesions may lead to ulceration and bleeding. 
Treatment is also simple in these cases and consists of 
wide resection. In cases where no pathological cells 
persist, recurrence is not observed. 

C. Inflammatory Granuloma 

Inflammatory granuloma occurs as a small tumor 
which develops around a foreign body, e.g., silk, linen, 
or braided nylon suture material, talcum powder, 
micro grains of starch. The use of slow-absorbing 
sutures rather than nonabsorbable material and the 
removal of talcum powder from surgical gloves have 
led to a great reduction in the incidence of this com
plication. 

Inflammatory granuloma is a small, generally pain
less tumor, often discovered by the patient. In some 
cases it is found on reoperation as a small roundish 
mass around the offending suture material. In such 
cases a small cavity containing puriform fluid that is 
most often free of microbes can be found near the 
causal foreign body. Full cure without subsequent 
recurrence is obtained by complete excision and clo
sure using slow-absorbing sutures. 

D. Secondary Malignancy of Scar Tissue 

Secondary malignancy is a complication of surgery 
for abdominal cancer involving intraperitoneal (diges
tive tract, biliary apparatus, pancreas), retroperitoneal 
(urinary tract), or other structures (sarcoma of the 
abdominal wall). In some cases these tumors can be 
removed, but usually there are multiple lesions accom
panied by tumors of the abdominal wall and/or 
metastases, rendering treatment futile. Tumors of the 



102 J. P. Chevrel 

scar of a drainage wound usually result from exterio
rization of a malignant infiltrate along the drainage 
tract. 

In rare cases, resection of malignancy of the scar tis
sue can be achieved, although wide resection is most 
often unjustified, owing to the development of the 
cancer in this stage of disease. Minimum resection 
usually leads to recurrence within a few weeks of ope
ration. Finally, in cases of radiosensitive lesions, radio
therapy may lead to stabilization over a variable per
iod of time. 
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Closed trauma results in more or less extensive sub
cutaneous rupture of the muscular part of the abdo
minal wall. The causes of such trauma vary greatly, 
from localized injury (abrupt impact, trauma from the 
handlebar of a two-wheeled vehicle) to major abdo
minal crush injury encountered in certain construc
tion site accidents (compression by a mechanical sho
vel), farming mishaps (crush injury by a tractor), or 
explosions (blast injury). These different types of 
trauma lead to a wide variety of lesions of variable 
severity. 

I. Hematoma 

Simple hematoma of the muscle layers of the abdomi
nal wall is diagnosed by elimination since loss of tis
sue per se is not observed. It is highly problematic 
whether surgery should be performed for such 
lesions. Such difficulty is related to the following fac
tors: infiltration of the abdominal wall, which prohi
bits proper assessment of the possible muscle damage, 
and marked pain, which renders impossible the inter
pretation of the peritoneal irritation. In some cases 
severe blood loss and subsequent shock further com
plicate the clinical picture. Hematoma in the sheath of 
the rectus abdomini is usually easy to recognize, owing 
to its fusiform shape and paramedian position in the 
region of the sheath. Hematoma of the flat abdominal 
muscles spreads out within the muscles and poste
riorly to the loin and is poorly circumscribed. In such 
cases secondary lumbar or inguinal ecchymosis 
confirms the presence of the hematoma. In cases of 
closed trauma of the abdomen it is very hazardous to 
conclude that the only lesion present is hematoma of 
the wall. Despite the current tendency to limit the 
indications for exploratory surgery, laparotomy 
should be done in any case where there is doubt as to 
the exact nature of the traumatic lesion. Indeed, per
itoneallavage alone may yield erroneous results. For 
example, the catheter used for lavage may enter the 
hematoma, thereby leading to the conclusion that the 
lesion is intraperitoneal (false-positive diagnosis). In 
other cases lavage may aggravate the lesion by causing 
progressive dilaceration. Finally, such hematoma is 
often accompanied by a bloody exudate within the 
peritoneal cavity, even though a genuine visceral 
lesion is absent. Under these conditions lavage may 
give inconclusive results. The best diagnostic proce
dure seems to be echotomography, which can identify 
the extra peritoneal site of the hematoma and the 
absence of intraperitoneal effusion. However, it should 

be emphasized that the presence of such a hematoma 
often hinders the interpretation of deep investigation 
by this technique. 

II. Localized Rupture 

Localized rupture leads to immediate or delayed her
niation involving the anterior abdominal wall. Such 
hernias contain viscera displaying contusion or rup
ture. In most cases these lesions are accompanied by 
tearing of the parietal peritoneum, leading to hemo
peritoneum. The purely parietal origin of the latter is 
always very difficult to confirm. 

Localized ruptures can be divided into three types 
according to the level of the lesion: upper level - the 
abdominal wall is ruptured at or near its chondrocos
tal insertions or xiphoid process; middle level - rup
ture occurs in the center of the anterior abdominal 
wall; lower level - the recti muscles are disinserted 
from the pubis or there is traumatic laceration in the 
inguinal region (rupture of the aponeurosis of the 
external oblique and conjoint tendon). 

From the clinical standpoint, localized rupture may 
manifest itself immediately after the traumatic event. 
In such cases there is a localized bulging of the abdo
minal wall, and on palpation the viscera can be felt 
beneath the skin and are more or less reducible. 
Diagnosis may sometimes be achieved only at a later 
stage when the hernia is fully formed, with a neck, and 
contains the visceral structures, which may be fixed in 
place. In the special case of traumatic inguinal hernia, 
it is often difficult to confirm that the hernia is the 
result of the traumatic event. The discovery of locali
zed herniation in the course of surgery for abdominal 
contusion is a delicate situation from the medicolegal 
standpoint. Indeed, such a situation occurs when 
exploration of the deep aspect of the abdominal wall 
is insufficient. Accordingly, full investigation should be 
done in all cases of exploratory surgery of the abdo
men. 

Treatment of the above-described lesions is done 
either as an emergency or as a delayed procedure. In 
an emergency setting, the absence of indicative local or 
general signs may argue in favor of abstention from 
surgery. This attitude has been proposed by certain 
American authors who favor a general tendency to 
abstention in cases of open or closed abdominal 
trauma. 

However, it should be emphasized that the presence 
of muscle rupture, even when it is localized, reflects 
the violent nature of the traumatic event. Pain in the 



abdominal wall and the resulting guard reaction, or 
the presence of blood in the peritoneal cavity are 
major arguments in favor of exploratory surgery. This 
should be done via a midline incision. At the end of 
exploration the wound (at least the deep layer) is clo
sed. A special approach to repair the superficial myo
fascial layers may be required. 

Cases of localized rupture in the upper or lower part 
of the abdominal wall near the bony or cartilaginous 
structures may require that the muscles be reinserted. 
Since marked retraction is absent at this stage, the use 
of mesh implants is indicated only in exceptional 
cases. 

When these lesions are seen at a later stage (in some 
cases after unsuccessful primary repair, which is not 
always of best quality when tissue contusion was pre
sent) they often present as organized herniation. 
Treatment is usually achieved via edge-to-edge sutu
ring of the hernial neck, whose surrounding fibrous 
ring allows solid anchoring of the sutures. Incision of 
the superficial layers must be done very cautiously, 
since the viscera may adhere to the cutaneous layer. A 
local approach is sufficient in most cases. 

III. Extensive Subcutaneous Rupture 
of the Anterior Muscular Wall 

This type of rupture is caused by major trauma where 
the impact to the abdominal wall is intense and wides
pread. One frequent type of accident is crush injury 
caused by a mechanical shovel or bulldozer. In such 
cases the lesions are rarely confined to the muscle wall 
but also involve the bony frame of the abdomen, i.e., 
fracture of the base of the thorax or pelvic bones. The 
resulting muscle tearing is so extensive that a syste
matized description cannot be given. The integument 
may show signs of necrosis and can be seen to "float" 
on a bed of bloody fluid. On palpation the viscera can 
be felt directly beneath the skin [Fredlund & Dahn 
1967]. In the cases encountered in our department, 
lesions of the viscera (especially rupture of the small 
bowel and bladder) were consistently present. The cli
nical picture is commonly that of abdominal or thora
coabdominal contusion with severe shock. In such 
cases the need for surgery is rarely open to discussion 
since the lesions of the hollow viscera rapidly engen
der inoculation of the dilacerated muscles with fecal 
material, i.e., conditions leading to gangrenous cellu
litis or myositis [Detrie 1982]. 
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Surgery in such cases is aimed mainly at repair of 
the viscera. Indeed, surgical repair of lesions of the 
abdominal wall is not always possible, or, when pos
sible, often leads to dangerous ischemia resulting from 
the muscle suturing in cases where the lesions are 
recognized late and are already infected. Thus, it is 
often better not to intervene on the abdominal wall, 
but to simply obtain cutaneous cover of the abdomi
nal viscera. Owing to the precariousness of such clo
sure, additional means of abdominal support are often 
required, e.g., adhesive elastic fishnet material. 
Respiratory assistance is frequently necessary due to 
the accompanying thoracic injury, as well as to the res
piratory disturbances caused by any extensive lesion 
of the abdominal wall. The major muscle destruction 
in these cases necessitates the systematic use of anti
biotics with a combination of ~-lactamine, aminogly
coside, and imidazole drugs. 

Extensive subcutaneous rupture naturally evolves 
towards the formation of massive, traumatic hernia
tion of the abdominal wall [Dajee & Nicholson 1979; 
Dubois & Freeman 1981]. Treatment of marked muscle 
retraction may require the extensive use of prosthetic 
material. However, such secondary repair should be 
done only 6 months or more after the initial trauma to 
allow a sufficient period of peritoneal freedom and 
organization of the lesions involving the abdominal 
wall. 

IV. Trauma of the Posterior Abdominal Wall 

Such trauma may cause more or less extensive rupture 
involving the lumbar region. In most cases, however, 
trauma of the posterior abdominal wall leads to 
muscle disinsertion from the superior (lower ribs) or 
inferior (iliac crest) sites of attachment. The subse
quent tissue loss is amplified by the contraction of the 
muscles resulting in the formation of pathological ori
fices, at least one boundary of which is formed by 
bone. These lesions are rarely identified at the initial 
stage, just after the traumatic event. At this early stage 
signs of lumbar trauma with marked hematoma are 
observed, and attention is naturally drawn to the pos
sible existence of renal or spinal injury (fracture of the 
lumbar transverse processes). Accordingly, injury to 
the posterior abdominal wall is usually diagnosed at a 
later stage, when the lesions have become organized. 
As a general rule, treatment at this stage consists of 
suturing and reattachment of the affected muscles. 
Pronounced retraction or extensive tissue destruction 
requires complex reconstructive surgery. Inferior 
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muscle disinsertion with suprailiac lumbar hernia can 
be managed by Koontz's operation [described in 
Detrie 1982l. This procedure involves cutting the 
upper part of the tensor fascia lata to form a large 
aponeurotic flap whose free edge lies roughly at the 
level of the tip of the greater trochanter. The flap is 
then turned upward and sutured to the upper edge of 
the destroyed muscle, the iliac crest acting as a hinge 
for this maneuver. This procedure can be used for 
repair up to the inferior part of the lumbar herniation 
but not higher. In cases where tissue destruction is 
more extensive or is located higher up, the above pro
cedure can be supplemented or replaced using the 
lumbar fascia, which is incised along the spinous pro
cesses and turned forward along the lateral margin of 
the lumbosacral muscles (m. erector spinae) [Everett 
1973l. 

V. Abdominointercostal Hernia 

In these cases there is herniation through the lower 
intercostal spaces. Such herniation occurs when there 
is destruction of both the thoracic wall (rib fractures 
with tearing of the intercostal muscles) and the lateral 
chondrocostal insertions of the diaphragm. Intercostal 
herniation arises in cases of major destruction of the 
base of the thorax and is particularly frequent when 
thoracophrenolaparotomy has been done to explore 
lesions of the dome of the liver. 

From the clinical standpoint, intercostal herniation 
is seen as an expansive bulging of the lower intercos
tal spaces, obviously containing abdominal structures. 
Treatment is not always achieved with ease, especially 
when costal resection has been done. In theory, sur
gery is performed via the intercostal approach. An 
incision is made along the axis of the intercostal space, 
followed by very cautious opening of the hernial sac, 
which may contain adherent viscera (especially the 
hepatic flexure of the colon which can ascend very 
high up when the right part of the liver has been 
resected). 

Opening of the pleura cannot always be avoided, but 
this procedure does not lead to major complications. 
The key to a successful operation is obviously the 
repair of the diaphragm, which must be freed, clearly 
identified, and then sutured. Owing to the complexity 
and risk of the intercostal approach, it may be prefe
rable to use an abdominal route. In such cases the dia
phragm is sutured along its inferior surface. When 
marked destruction of the diaphragm is present a tex
tile mesh can be used as a substitute. Abdominal pres-

sure will force the material against the inferior surface 
of the diaphragm, thereby constituting an excellent 
mechanical obstacle to ascension of the abdominal 
viscera. 

VI. Trauma Caused by Seat Belts 

Accidents caused by seat belts are currently rare since 
the newer shoulder-lap designs cause little trauma to 
the abdominal wall. Most cases of injury related to the 
use of seat belts are reported in the work of Kokos 
(1978). The older lap belts similar to those used in 
commercial aviation have been found to be particu
larly dangerous. 

In a study of 87 accident victims wearing transverse 
lap belts reported by Williams and Kirkpatrick (1971), 
42 cases of infra-abdominal injury and eight cases of 
more or less extensive injury of the abdominal wall 
were observed. Conversely, in 24 accident victims who 
wore a simple over-the-shoulder belt, no cases of vis
ceral lesions and only one case of abdominal wall 
contusion were recorded. Finally, in a group of 63 
patients who used the modern three-point belt sys
tem, there were three cases of injury of the abdominal 
viscera and no cases of serious injury of the abdomi
nal wall. In sum, most lesions of the abdominal wall 
directly attributable to the use of seat belts were seen 
when the now obsolete simple transverse type of lap 
belt was used. 

Nevertheless, the currently used three-point seat 
belts do not protect against lateral shock, which gives 
rise to multiple pelvic lesions and may also cause 
disinsertion of the muscles of the flank. 

A tentative systematization of the lesions of the 
anterior abdominal wall caused by seat belts leads to 
the following classification in order of increasing seve
rity: band-like ecchymosis, also referred to as the "belt 
sign" - in itself, this lesion is perfectly benign, although 
assessment of any underlying lesion is more difficult 
in such cases; abdominal wall hematoma - the same 
remarks, but to a greater degree, apply to this type of 
lesion; cutaneous necrosis - this type of lesion is far 
less frequent in the abdominal than the thoracic 
region, where the skin is compressed between the nar
row shoulder belt and the thoracic skeleton. In cases 
where the abdominal skin is involved, the lesion does 
not always present the same topography, owing to the 
occurrence of cutaneous detachment at a site some 
distance from the belted area, especially in adipose 
subjects. The precise limits of the lesion cannot be 
identified until a few hours or days after the traumatic 



event. Indeed, the lesion can present as mummifica
tion of the skin resembling a third-degree burn which 
rapidly becomes well limited, or may appear much 
later as necrosis whose full limits are difficult to iden
tify. The final class is subcutaneous necrosis, which is 
true steatonecrosis without integumentary devitaliza
tion and may lead to more or less circumscribed effu
sion resembling classical Morel-Lavallee's effusion of 
the thigh. 

Lesions of the Muscular Wall. These lesions corres
pond to more or less systematized traumatic dilacera
tion and hernia. For the reasons alluded to above, the 
published reports on these lesions are rather old 
[Hurrwitt 1965; Williams & Kirkpatrick 1971; Payne 
19731. The types oflesions that can be found are given 
below. The rectus muscles may show uni- or bilateral 
transverse ruptures (found in three of the eight cases 
of abdominal wall trauma reported by Williams and 
Kirkpatrick). Superior muscle rupture and disinser
tion [Lemire et al. 19671 due to tearing of the part of 
the abdominal wall that is in contact with the longer 
edge of the thorax seem to occur when the belt is 
incorrectly positioned, i.e., inserted under the costal 
margin. This situation can lead to dilaceration of the 
anterior abdominal wall, which apparently induces 
rupture of the diaphragm in some cases [Dardik et al. 
19731. Inferior dilaceration involves the inguinal canal 
with tearing of the aponeurosis of the external oblique 
and disinsertion of the conjoint tendon or even the 
inguinal ligament. These injuries resemble the locali
zed muscle lesions described above. 

One very special case is the avulsion of the anterior
superior iliac spines. These normally act as points of 
support when the seat belt is properly positioned. 
However, when the subject is incorrectly seated, i.e., 
insufficiently upright, the transverse belt will ride up 
and over the iliac spines. Avulsion of the bone may 
then occur, similar to the disinsertion of the inguinal 
ligament or conjoint tendon described above. 

In conclusion, the more recent shoulder-lap three
point seat belts offer little risk of abdominal wall 
injury. Furthermore, these belts support the abdomi-
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nal wall during anterior projection of the visceral 
mass in head-on collision and thus probably protect 
against other lesions. In cases where there is injury to 
the abdominal wall caused by seat belts, the patient 
should be systematically examined for the presence of 
visceral lesions, and also for possible injury to the dia
phragm in cases of upper abdominal trauma. When 
longer abdominal trauma is seen, one should syste
matically look for possible injury to the iliac or femo
ral vessels, bearing in mind that such lesions may 
appear with some delay. 
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I. Pathological Defects 
J. P. H. Neidhardt 

In this section, two main categories of pathological 
destruction of abdominal wall tissue will be discussed, 
i.e., open trauma (burns, shotgun wounds, dilacera
tion) and infection of traumatic, operative, or appa
rently spontaneous origin. These lesions raise difficult 
therapeutic problems regarding the extent of exeresis 
and the subsequent covering of the abdominal viscera. 

A. Open Trauma 

1. Burns 

Burns of the abdominal wall are not, by themselves, 
specific lesions. The main problem encountered in 
such cases is a strategic one, concerning the possible 
need for laparotomy owing to the presence of accom
panying traumatic lesions or burn-related pathology, 
e.g., stress ulcers, intestinal or biliary necrosis. When 
necessary, one should not hesitate to perform laparo
tomy. Indeed, midline celiotomy made through a fresh 
burn of the abdominal wall does not present any 
major difficulties, whereas incision through old or 
infected burn lesions is problematic. In the latter case 
the patient should be considered at a high risk for 
burst abdomen and appropriate precautions taken. 
Immediate closure may not be the best approach 
under these conditions and can thus be done as a 
deferred procedure, which we refer to as laparostomy. 

2. Shotgun Wounds 

Shotgun blasts made at a close distance result in mul
tiple wounds of the anterior and posterior abdominal 
walls. Different factors of wound severity accompany 
the lesions. When the blast occurs at a short distance 
from the abdominal wall the projectiles cause high
speed trauma. Owing to their round form, the projec
tiles are suddenly arrested as they penetrate the inte
gument and their kinetic energy is almost totally 
dissipated. These conditions lead to a complex shock 
wave from the multiple projectiles, causing wides
pread injury to the abdominal wall. This purely ballis
tic tissue destruction is complicated by the presence of 
foreign bodies in the abdominal wall, i.e., the projec
tiles, fragments of clothing, wadding from the gun car
tridge. In some cases the projectiles traverse the abdo
minal cavity to become lodged in the posterior wall. In 
such cases the viscera are also damaged, especially the 
colon, thereby adding fecal contamination to the 

mechanical injury. Under these conditions there is a 
high risk of gangrene of the abdominal wall. These 
extensive lesions cannot be managed by limited exci
sion, and thus emergency treatment should include 
extensive debridement with drainage of the abdomi
nal wall and the peritoneum. 

3. Major Dilaceration 

This type of lesion is rarely encountered outside a 
military setting. We have seen several cases due to far
ming accidents, i.e., mishaps with motorized cultiva
tors where the victim has fallen to the ground and the 
abdominal wall and part of the viscera have been torn 
away by the teeth of the machinery. 

Explosions cause complex lesions including more or 
less extensive avulsion of the abdominal wall, blast 
injury, and burns. This situation is sometimes encoun
tered in civilian medicine, e.g., terrorist bombings. 
However, severe abdominal injury is found in only 
2%-3% of such victims. Such injuries are obviously 
more frequent in a military setting, where approxima
tely 10% of victims present with abdominal lesions, 
although they are not always of major severity. 

Major therapeutic problems are encountered in 
cases of massive dilaceration of the abdominal wall. 
Indeed, attempts to achieve closure at any cost expose 
some patients to the risk of gangrene. Furthermore, 
artificial means of closure, such as cutaneous displa
cement with lateral counter-incision, are not always 
successful. Accordingly, closure can be deferred (lapa
rostomy) in some cases. 

B. Tissue Destruction Due to Infection 

Three types of infection causing destruction of the tis
sues of the abdominal wall are discussed below: 
Fournier's disease, subcutaneous streptococcal cellu
litis, and gangrene (gas gangrene and anaerobic cellu
litis of the abdominal wall). 

1. Fournier's Disease 

Fournier's disease manifests as fulminating cutaneous 
necrosis of the genital integument (scrotum and 
penis) [Fournier 1884l. The deep structures of the 
region, perineal muscles and areolar tissue, testicles 
and erectile organs, are very rarely affected. Similar 
forms of the disease have been described in women. 
The existence of a specific causal organism is open to 
debate, although the frequent demonstration of hemo
lytic streptococci has led to this disease being consi
dered a particular form of necrotizing erysipelas. The 



disease naturally progresses to a stage of toxic infec
tion, with death occurring in about 50% of patients. 
Fournier's disease most often occurs in cases of severe 
systemic illness or immunosuppression. The major 
problem encountered with survivors concerns the dif
ficulty of achieving cutaneous covering of the genital 
organs, whose deep structures remain intact. 

This disease is discussed here because the lesions 
often extend to part of the anterior abdominal wall, 
forming a vast region of necrosis in the area covered 
by underpants. The lesion is initially seen as a bright 
red area sometimes accompanied by edematous swel
ling. In cases where death does not rapidly ensue, the 
lesion progresses to become a blackish eschar within 
3-4 days. Fournier's disease is often mistaken for gan
grenous cellulitis of the perineum, although in the lat
ter case the cutaneous lesions are not of primary, but 
of secondary origin. Medical therapy, including anti
biotics and intensive care, is the basis of management. 
Indeed, the use of relaxing incisions in the acute phase 
of disease has not proven worthwhile and thus, sur
gery should be considered only at the stage of seque
lae, e.g., repair of tissue destruction that has led to 
denudation of the aponeurotic layer. Owing to the 
facts that islets of skin unaffected by necrosis persist 
and that epidermization is possible, skin grafting 
should be done only after the initial lesions have 
become stabilized. 

2. Subcutaneous Streptococcal Cellulitis 

This affection can be distinguished from Fournier's 
disease, since primary involvement of the integument 
is not observed. Subcutaneous streptococcal cellulitis 
is also different from anaerobic gangrene in that it is 
due mainly to hemolytic streptococci [Benmessaoud 
1983], sometimes associated with other pyogenic orga
nisms, especially Staphylococcus aureus. 

Subcutaneous cellulitis tends to affect mainly the 
limbs, especially the lower limbs, but in some cases 
can extend to the anterolateral abdominal wall and 
flanks. The lesions are characterized by the presence 
of diffuse necrotizing cellulitis of the subcutaneous 
tissue, which is infiltrated by numerous abscesses. The 
infectious process leads to thrombosis of the veins and 
then the arteries, thereby giving rise to plaques of inte
gumentary necrosis. However, the rather limited 
nature of the superficial necrosis belies the extensive 
subjacent tissue destruction. Affected patients consis
tently present with marked deterioration of their 
general condition, accompanied by septic shock and 
sometimes stress-related visceral lesions [Robin et al. 
1976]. 
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As opposed to Fournier's disease, surgical manage
ment is the basis of treatment in subcutaneous strep
tococcal cellulitis. Indeed, penicillin, which is theore
tically active in almost all cases of streptococcal 
infection, does not produce a clinically obvious res
ponse in such cases unless all the lesions have first 
been widely exposed [Meneley 1929]. Accordingly, 
wide subcutaneous debridement is indicated, although 
this procedure may in itself induce necrosis of the 
integument. Owing to the risk of this formidable com
plication, surgery should be done without considera
tion being given to later covering of the abdomen, 
which can be achieved by skin grafting, if necessary. 

Mortality is high for subcutaneous streptococcal 
cellulitis. Septic shock and intestinal necrosis were the 
cause of death in two of the six cases we have seen. 

3. Gangrene of the Abdominal Wall 

We use the term "gangrenous parietitis" to designate 
gangrenous disease of the abdominal wall where the 
major pathogens are anaerobic organisms. This defi
nition thus includes anaerobic cellulitis and myositis 
(the latter refers to gas gangrene of the abdominal 
wall, according to the classical definition), which pre
sent many common clinical, bacteriological, thera
peutic, and prognostic features. 

a) Etiology 

Gangrene of the abdominal wall is most often seen 
postoperatively, but may also arise after trauma or 
under apparently spontaneous conditions. 

(1) Postoperative Gangrene 

Postoperative gangrene accounted for the majority of 
cases seen in France that were reported at the 
International Symposium on Anaerobic Organisms 
(Paris, 1980). In our department in Lyon, specializing 
in emergency surgery, one quarter of all cases of gas 
gangrene occurred after surgery of the abdominal 
wall, i.e., in 52 of 210 cases seen over 13 years. As a 
general rule, these patients had undergone visceral 
surgery under septic conditions. Surgery of the small 
bowel was the most frequently involved procedure, 
and in all cases occlusion, perforation, or necrosis had 
occurred. Appendectomy was the second most fre
quent operative cause of gangrene. In about one-half 
of the latter cases only"moderate inflammation" of the 
appendix was seen initially. Thus, it is important to 
keep in mind that the appendix, even when it is appa
rently healthy, is part of the colon! Gangrene subse
quent to colorectal surgery was less frequently obser-
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ved, and this may have been due to the standard pre
cautions taken in this type of operation. In such cases, 
gangrenous complications can arise seemingly unex
pectedly, e.g., in simple colostomy opened prematu
rely. Surgery for gastroduodenal ulcer is almost always 
done in cases of hemorrhagic complications. This is 
also true in gynecological surgery for hysterectomy in 
cases of infected malignancy of the cervix or hemor
rhagic fibroma. The presence of blood in the lumen of 
these organs contributes to the development of anae
robic organisms, which are especially common in the 
female genital tract. 

In some cases, the point of origin of the anaerobic 
infection is at some distance from the site of opera
tion. This may account for the retroperitoneal gangre
nous cellulitis due to effraction of the lymphatic ducts 
seen after lumbar sympathectomy in patients with 
stage-IV ischemia accompanied by infected periphe
rallesions. 

When this redoubtable complication of surgery 
arises one should first try to identify its origin based 
on sound, common-sense evaluation, thereby often 
avoiding fruitless epidemiological investigations or 
analysis of the conditions of hygiene in the hospital. 

(2) Trauma 

Gangrene resulting from trauma is far less frequent 
than that seen postoperatively (12 of the 210 cases seen 
in our department). In rare cases, direct anaerobic 
inoculation of the abdominal wall may occur, or 
muscle attrition may be a causal factor, as discussed 
above in Sect. A, devoted to open trauma. Conversely, 
gas gangrene of the abdominal wall is more often 
encountered after traumatic injury when a visceral 
lesion has been overlooked. In such cases, the gan
grene becomes exteriorized after the deep septic 
lesions have progressed. The prognosis is particularly 
grave under these conditions. The most frequent 
causes in these cases are wounds of the subperitoneal 
part of the rectum and retroperitoneal segments of 
the duodenum and colon. 

(3) Apparently Spontaneous Gangrene 

In the majority of such cases the gangrene of the 
abdominal wall results from extension of a gangre
nous phlegmon originating from the perianal region, 
and sometimes the urethra [Boisbeunet 1941]. 
Subsequent to invasion and destruction of the scro
tum, the gangrenous process diffuses to the abdomi
nal wall via the inguinal regions, thereby infecting 

both the superficial and the deep structures. Such 
extension to the abdominal wall, although secondary 
to the initial perineal infection, merits special consi
deration. Indeed, the colostomies required in such 
cases of complicated perianal infection must be made 
at a distance from the initial lesion, e.g., at the level of 
the transverse colon, in order to avoid the risk of ope
ning of the peritoneum in the midst of the gangrenous 
cellulitis. If this precaution is not taken anaerobic per
itonitis may ensue. 

b) Pathological Findings 

Gangrenous infection develops in the areolar tissue 
and muscles. In about 50% of cases cellulitis is found 
in the deep areolar tissue (fascia propria). The infec
tion then progresses along the incisional wounds in 
postoperative cases to invade the lumbar region, roots 
of the thigh, or inguinal regions, since these are zones 
of communication between the fascia propria and the 
superficial areolar layers of the abdominal wall. In the 
remaining 50% of cases both cellulitis and myositis 
are found. The myonecrosis may remain confined to 
the margins of the operative wound or, conversely, 
undergo propagation beyond the operative site. In the 
latter case, treatment requires wide excision, which 
prohibits parietal closure. Successive incisions of the 
abdominal wall compromise the vitality of a given sec
tor and increase the risk of such gangrenous compli
cations. 

Gangrene consistently leads to burst abdomen in 
cases where midline laparotomy has been done. 
However, when McBurney's incision has been made 
burst abdomen is an infrequent sequela of gangrene, 
since the peritoneum shows much greater resistance 
in this region, even in cases where it is exposed subse
quent to excision of the overlying muscle. 

Gangrene leads to variable, secondary modifications 
of the superficial cutaneous layer of the abdominal 
wall. In some cases of fulminating gas gangrene the 
skin remains apparently intact. However, as in all 
types of gas gangrene, the skin most often presents 
phlyctenae containing a reddish -orange fluid and 
bluish-black plaques, while the integument appears 
taut and brownish-purple in color The resulting 
emphysema usually causes distension of the subcuta
neous layer but in some cases may remain deep to this 
layer and rather limited for quite some time, especially 
when the causal organism is Clostridium oedematiens 
(c. novyi) or Bacteroides fragilis. 

The status of the peritoneal cavity varies considera
bly between cases and may be perfectly healthy in 
some, with infection of only the abdominal wall. 



Conversely, infection may spread from the abdominal 
wall to the peritoneum (peritonitis) or vice versa. In 
the latter case, the peritoneum is a permanent source 
of possible infection, especially when the peritonitis is 
due to visceral lesions that are either undiagnosed or 
secondary to surgical intervention. In cases where the 
infection has evolved over a certain period of time it 
is very difficult to identify the chronological sequence 
of the lesions. 

The rapid extension of the gangrenous process 
allows identification of two forms of disease: relatively 
limited and highly invasive gangrene. The latter, which 
undergoes rapid extension over a period of 6-12 h, has 
a particularly poor prognosis. 

c) Bacteriological Findings 

The association of aerobic and anaerobic organisms is 
found in cases of abdominal wall gangrene. The aero
bic organisms are the common gram-negative entero
bacteria (Escherichia coli, Proteus, etc.) which may be 
accompanied by Streptococcus fecalis and sometimes 
by Staphylococcus aureus. The anaerobic organisms 
are opportunistic bacteria usually originating from 
the digestive or genital tract. Clostridium (c. welchii 
or C. perfringens) is the most common offending 
Gram-positive organism (about 80% of cases). In 
about half of such cases, Gram-negative anaerobes are 
also found, e.g., B. fragilis. The importance of the lat
ter' known since the work of Veillon (1898), became 
apparent with the advent of newer methods of bacte
rial culture. 

Clostridial infections are sensitive to ~-lactamines, 
especially penicillin G. The Gram-negative and Gram
positive anaerobes are remarkably sensitive to the 
family of imidazole antibiotics. 

d) Clinical Features 

The clinical features are mainly those of the postope
rative type of gangrene. The first signs usually appear 
4-5 days after surgery, i.e., with a greater delay than in 
traumatic gangrene of the limbs. However, because of 
the postoperative context, this apparently longer 
latency period is often related to delayed diagnosis 
rather than to slower development of the infection. In 
fact, there seem to be three frequency peaks with res
pect to the onset of the gangrene: the first 24 h post
operatively - these cases are generally related to the 
prior existence of deep infection; 3-5 days after the 
operation - this so-called free period rarely exists. 
Earlier onset can usually be identified in these cases as 
shown by the patient's temperature chart and the nur-
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se's notes, although it is true that the infection often 
undergoes sudden aggravation 3-5 days after surgery; 
8-15 days after surgery - in these cases, late occurring 
gangrene of the abdominal wall is related to deep 
complications, or to undiagnosed visceral lesions 
which are often masked by prophylactic antibiotics. 

It is often said that the patient's general condition is 
the best indicator of a possible postoperative compli
cation. This worthy attitude may, however, give insuf
ficient emphasis to careful local examination. 
Although pain is largely related to the patient's sub
jective interpretation, the existence of deep, dull pain 
of the constrictive type involving the abdominal wall 
may carry the same significance as similar pain felt in 
a limb. In any case, such pain should lead to removal 
of the dressing, systematic examination of the opera
tive wound and removal of a few stitches. The identi
fication of an ichorous and blood-stained discharge 
mixed with fatty globules and gas bubbles may allow 
diagnosis of gas gangrene at its very onset. 

Subcutaneous emphysema can be identified by pal
pation, although the interpretation of this finding is 
often difficult. Indeed, noninfectious emphysema of 
mechanical origin is frequent, and if misinterpreted 
may lead to futile surgical procedures, while on the 
other hand the emphysema of certain highly invasive 
anaerobic infections may be rather inconspicuous. 
During local examination one should also carefully 
look for any abnormal discharge from the wound or 
the drains, since this may reflect the existence of an 
underlying peritoneal or subperitoneal infection. 
Unfortunately, diagnosis is too often achieved only, at 
a much later stage, when there is a change in the 
patient's vital signs. In such cases, pronounced fever is 
the rule and is almost always accompanied by a dis
turbed state of consciousness, dyspnea, and subicte
rus. These patients are sometimes admitted with a 
tentative diagnosis of delirium tremens or postopera
tive pneumopathy, while in other cases septic shock is 
the inaugural sign. The presence of acute renal failure 
indicates a very poor prognosis. This complication, 
occurring after a delay of a few days, is indicative of 
focal destruction of the kidney. Precious time is often 
lost by the administration of symptomatic treatment 
to these seriously ill patients. 

The course of gas gangrene of the abdominal wall is 
highly variable. In nearly half of the patients death 
ensues within 48 h of diagnosis. In other cases the 
gangrene may remain more localized. Only moderate 
tissue necrosis is seen in such patients, and vital signs 
usually improve, although organic renal failure and 
clouding of the sensorium may persist for quite some 
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time. A veritable "bacteriocycle" is established in the 
region of the wound with the successive appearance of 
different populations of bacteria and rapid disappea
rance of the initial anaerobic organisms. Massive colo
nization by Pseudomonas aeruginosa, despite the dif
ficulties it causes, is often the sign that gangrenous 
development has terminated. 

e) Prevention and Treatment 

Prevention is the cornerstone of management, regard
less of the etiology of the gangrene. In cases of trau
matic origin, prevention requires identification of any 
deep visceral lesions, while in postoperative gangrene 
prophylaxie is based on avoiding bacterial contamina
tion of the abdominal wall or on keeping such conta
mination to the strictly unavoidable minimum. 
Finally, in spontaneous cases of perineal origin, the 
abdominal wall should be protected against possible 
gangrenous extension by the performance of sufficient 
initial surgical procedures and via a colostomy at a 
distance from the lesional site. 

Prevention can be specially efficacious regarding 
postoperative gangrene of the abdominal wall and 
should include full assessment of general risks, such as 
age, diabetes, and chronic renal insufficiency, as well 
as evaluation of the local risks related to the sepsis of 
the lesions. 

During surgery full precautions should be taken to 
exclude the abdominal wall from the operative field. 
The traditional cloth toweling, which is a veritable 
source of bacterial diffusion, should be replaced by 
plastic protectors. In cases where septic inoculation 
cannot be avoided, e.g., surgery for peritonitis, it can 
be decreased in time and space by making an initially 
limited incision followed by thorough aspiration of 
septic fluid and adequate protection of the abdominal 
wall. In other cases, the traditional practice of full iso
lation of the abdominal wall during the stage of septic 
intervention should be kept in mind. 

Attrition of the abdominal wall should also be avoi
ded by gentle maneuvering of manual retractors and 
periodic relaxation of auto static retractors. In cases of 
major contamination and lengthy intervention, the 
soiled wound margins can be resected prior to clo
sure. Finally, parietal closure and drainage should be 
considered an integral step of the operation and 
constitute a second intervention with the use of new 
instruments and field protectors. 

Drainage of the abdominal cavity requires the use of 
appropriate material, correctly installed and monito
red. Three essential points must be respected when 
performing peritoneal drainage. First, the atraumatic 

drains should be silicon coated and nonadherent, and, 
if necessary, of the suction type. These drains must be 
correctly positioned in the lowermost part of the 
abdominal cavity and the patient must be kept supine. 
The drains should exit through stab wounds made at 
a distance from the operative wound in order to avoid 
contamination of the latter, and care should be taken 
to position the drains away from any sites of ileo
stomy. Second, closure of the abdominal wall should 
be modified in relation to the degree of sepsis. Indeed, 
there is a current tendency to overlook nonclosure as 
a therapeutic choice. Finally, subparietal evacuation 
via a flat, siliconcoated drain placed at one end of the 
operative wound avoids the stagnation of septic fluid 
and protects the viscera from direct contact with the 
suture material in cases where the omentum does not 
afford adequate protection. Thus, this system is drai
nage of the abdominal wall rather than drainage via 
the abdominal wall. Unfortunately, the latter is still 
done and regularly leads to septic contamination of 
the abdominal wall. 

Once parietal gangrene has occurred medical the
rapy and surgical treatment are used to manage this 
condition. 

(1) Medical Therapy 

Medical therapy obviously includes general intensive 
care (volume and electrolyte re-equilibration, renal 
and respiratory assistance, if necessary) and adminis
tration of antibiotics. The usefulness of antibiotics as 
preventive therapy has not been demonstrated. 
Indeed, the systematic administration of "theoretically 
active" antibiotics does not protect against gangrene 
of the abdominal wall (the same is well known regar
ding gangrene of the limbs) in cases where insufficient 
or dangerous surgical procedures have been done or 
the basic precautions of sound surgical practice have 
not been taken. Of course, this does not mean that 
antibiotics are not useful in cases where gangrene of 
the abdominal wall has been diagnosed. The common 
finding of the association of different organisms in 
gangrene of the abdominal wall justifies a combina
tion of three antibiotics: a ~-lactamine, generally peni
cillin G at a dose of 40-50 million units per day; an 
aminoglycoside, such as gentamycin given at doses not 
inducing nephrotoxicity; and an imidazole, given via 
a nasogastric tube or intravenously (at a dose of 1,000-

1,500 mg per os). In exceptional cases of intolerance to 
~-lactamines, erythromycin or chloramphenicol can 
be used, although these drugs are far less efficacious. 



The therapeutic efficacy of hyperbaric oxygen is a 
controversial subject. To our knowledge, proof is lac
king as to the efficacy of this approach, especially in 
cases of gas gangrene of the abdominal wall. Although 
this technique may be of limited use in gangrene of 
the limbs, we do not use it in cases where the abdomi
nal wall is involved. 

(2) Surgical Treatment 

The problems of surgical treatment of gas gangrene of 
the abdominal wall are threefold and, as opposed to 
the limbs, "the ultimate therapy" of amputation is of 
course not applicable. The first problem encountered 
is that treatment of the abdominal wall requires wide 
exposure of the lesions and excision of all contamina
ted tissue (areolar tissue and muscle). Second, the per
itonitis often accompanying the gangrene must also 
be treated. Finally, any existing visceral lesions require 
appropriate treatment as well. Given this context, sutu
ring is absolutely out of the question and only the 
necessary surgical openings should be made. 

Surgical procedures for treatment of gas gangrene 
of the abdominal wall very often lead to extensive 
parietal destruction. Even in cases where closure is 
physically possible, such a procedure should be like
ned to closure of a septic limb stump due to gas gan
grene; such a procedure would of course not be done. 
Furthermore, the extent of the parietal destruction 
most often prohibits any attempt at closure, so that 
procedures referred to as laparostomy are needed in 
such cases. Parietal gangrene is probably the prime 
indication for these "open-abdomen" procedures, 
which are highly contested under other conditions. 

It should be stressed once again that mobilization of 
the cutaneous layer must be avoided. As a general rule, 
any reconstructive surgery leading to the formation of 
a dead space will promote the recurrence of the gan
grenous process. All contaminated tissue must be 
exposed, excised, and left open in accordance with the 
general principles of treatment of gangrenous affec
tions. 

Continuous surgical monitoring must be done, 
hence the usefulness of laparostomy. Additional pro
cedures such as excision of sphacelous tissue and sau
cerization of new gangrenous foci may be required for 
several days until stabilization can be achieved. 
Thereafter, treatment consists of progressive assis
tance of the cicatrization which occurs as an invasive 
overgrowth of the wound, covering over and investing 
the abdominal viscera. At this stage, thin grafting can 
be done to ensure cutaneous cover, although incisio
nal hernia is an inevitable sequela. 
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f) Sequelae 

The sequelae of gangrene of the abdominal wall are 
complex and include major dehiscence and the fre
quent need to re-establish intestinal continuity. 
Accordingly, a standard therapeutic strategy cannot be 
defined, although some general rules will be outlined 
below. 

Unless it is absolutely necessary, surgery should not 
be done again within at least the first three months 
following a severe peritoneal infection. If this rule is 
not respected, fresh, often inextricable adhesions will 
be encountered and any attempt at their removal may 
cause further damage to the viscera. 

All types of plastic procedures, cutaneous displace
ment, and in general maneuvers which may cause 
hematoma, as well as inclusion of prosthetic material, 
should be avoided during at least the first six months 
following gangrene of the abdominal wall. Our current 
approach is to wait one year before these types of pro
cedures are done. 

At this stage of the recuperative process, the seque
lae of gangrene can be included in the broader subject 
of treatment of major incisional hernia. The aim of 
this section was to discuss the acute aspects of major 
infections seen in an emergency setting. However, one 
should always bear in mind that a patient who has 
been salvaged under what are often very difficult 
conditions may be lost at a later stage owing to an 
overly ambitious and perfection is tic attitude with res
pect to reconstruction of the abdominal wall. 
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II. Iatrogenic Defects 

A. Postoperative Burst Abdomen 

J. P. Chevrel 

Over the past 20 years progress in the techniques of 
surgery and intensive care has led to improved suc
cess of operation in patients of increasing age with 
evolving abdominal lesions requiring lengthy surgi
cal intervention. Although major abdominal surgery 
can now be done in elderly patients often presenting 
with multiple visceral disturbances, the resulting rate 
of postoperative burst abdomen and subsequent mor
tality is significant. Indeed, the rate of burst abdomen 
has remained practically constant over the past 50 
years, ranging from 0.03% to 3% of cases in 1932 and 
from 0.05% to 3.2% in recent years [Grenier et al. 
1971; Estenne et al. 1971; Maillet & Revelin 1974; 
Mousseau et al. 1974; Rives et al. 1976; Chevrel1979; 
Drouard et al. 1980; Flament et al. 1980]. In cases of 
surgical reintervention, the rate of burst abdomen 
reaches a level of 3%-18% of cases [Estenne et al. 
1971]. 

We have treated 55 cases of burst abdomen in a 
series of 4,638 laparotomies performed between 1970 
and 1982. The use of certain preventive measures has 
led to an almost 50% reduction in the frequency of 
this complication in our department, i.e., a rate of 
1.8% of cases from 1970 to 1973 versus 1.04% from 
1979 to 1982. These data emphasize the importance of 
adequate knowledge of the pathogenesis of this 
severe complication, in which mortality ranges from 
0% to 85% of cases, according to the series [Grenier et 
al.1971; Maillet & Rivelin 1974]. In our series the mor
tality was 52%, but it reached a level of 83% in cases of 
recurrent burst abdomen. 

1. Clinical Features 

Postoperative burst abdomen refers to the exteriori
zation of the abdominal viscera through a recent inci-

sion of the abdominal wall. In such cases the cuta
neous sutures may not always display disunion. As a 
function of the delay before the burst abdomen occurs 
and the aspect of the lesion, three types of burst abdo
men can be described. 

a) Free 

This type of burst abdomen arises in the early post
operative period, usually within 3 days of surgery. The 
inaugural event is often coughing or vomiting, subse
quent to which a variable mass of abdominal viscera 
protrudes through a fairly large part of the incisional 
wound. In such cases all layers of closure show disu
nion. The protruding abdominal mass most often 
comprises small bowel, omentum, and transverse or 
sigmoid colon. The involved viscera may be totally 
free or partially adherent, according to the delay bet
ween surgery and the herniation. Major respiratory 
disturbances ensue and there is a risk of necrosis or 
fistulization of the herniated viscera. Treatment 
requires emergency reintegration and reinforcement 
of the abdominal wall. 

b) Fixed 

This type of burst abdomen occurs later, i.e., 8-10 days 
after surgery. In such cases the herniated viscera 
adhere to one another, as well as to the omentum and 
margin of the wound via false membranes and fibri
noid adhesions, which thus inhibit exteriorization of 
the viscera (Fig. 8.1a). The problem is less urgent, but 
the intestinal loops must be covered to prevent an 
exposed fistula from developing. 

c) Covered 

This variety of burst abdomen differs from the other 
two in that the cutaneous sutures remain intact. It can 
thus be considered a sort of precocious incisional her
nia. In such cases there is a risk of strangulation of the 
viscera incarcerated in the wound of the abdominal 
wall. 

2. Pathogenesis 

Knowledge of the pathogenesis of burst abdomen is 
important if one is to decrease the incidence of this 
complication by appropriate prophylactic measures. 
Four factors contribute to the occurrence of burst 
abdomen: emergency surgery, site of abdominal wall 
incision, technique of closure, and quality of postope
rative course. 
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Fig. 8.1 a-d. Treatment of fixed burst abdomen by simple dressings with right transverse colostomy. a Initial view of burst abdomen 
on the 12th postoperative day. b Dressings with dextran microspheres. c Abdomen 1 month later. d Definitive cicatrization accom
panied by incisional hernia 

a) Emergency Surgery 

The risk of burst abdomen is highest in cases of emer
gency abdominal surgery, as shown by the following 
data: emergency surgery led to burst abdomen in 23 of 
55 cases (41%) according to Chevrel and Fagniez 
(1979) and in 18 of 48 cases (48%) in a series published 
by Botella (1967). Furthermore, most patients who 
have burst abdomen subsequent to emergency surgery 
present with one or more additional risk factors which 
can lead to mechanical complications (increased 
abdominal pressure of various origins) or delayed 
cicatrization of the operative wound (Table 8.1). 
Alcoholism and malnutrition are often intimately rela
ted risk factors; i.e., about one-half of malnourished 
patients also present with signs of liver failure. To a 
lesser extent, successive surgical interventions also 

Table 8.1. Organic disease in 55 cases of burst abdomen 

Organic disease 

Chronic bronchitis 
Recent weight loss 
Plasma protein < 40 gIl 
Cirrhosis 
Cancer 

No. of cases of 
burst abdomen 

17 (31%) 
11 (20%) 
11 (20%) 
12 (21%) 
9 (16%) 

carry an increased risk of burst abdomen, evaluated at 
3%-18% of cases [Estenne et al. 1971]. 

b) Site of Incision 

Burst abdomen most often occurs after midline lapa
rotomy. However, statistical data are difficult to inter-
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Table 8.2. Occurrence of burst abdomen according to type of abdominal incision 

Present series Series from 
(total = 55 cases) the literature 

Supraumbilical 18 cases Botella (1967) 
Vertical 21/48 
incisions Midline Straddling umbilicus 13 cases 5/48 
(87.2%) Sub umbilical 12 cases 21/48 

incisions 
Xiphopubic 4 cases 

Transrectus 1 case Greniez 34/40 

Transverse Subcostal 1 case Botella (1967) 
incisions 1/48 
(12.7%) Oblique (Barraya's incision) 3 cases 

Thoracophrenolaparotomy 3 cases 

Repeat Short interval (21 days) 7 cases 
laparotomy Long interval (21 days) 4 cases 

Table 8.3. Frequency of burst abdomen according to type of abdominal incision (author's 
personal series) 

1970-1973 1979 1982 

Total no. of laparotomies 1055 391 468 
Total no. of burst abdomens 19 (1.8%) 4 (1%) 4 (0.8%) 

Vertical incisions 948 298 283 
Burst abdomens 15 (1.5%) 3 (1%) 4 (1.4%) 

Transverse incisions 37 (3.5%) 88 (22.5%) 185 (39.5%) 
Burst abdomens 0 0 

Oblique incisions 20 0 
Burst abdomens 3 

Thoracophrenolaparotomies 50 5 
Burst abdomens 0 

pret in this respect since vertical incisions are used far 
more frequently than horizontal ones, especially in 
cases of emergency surgery. Almost 85% of the burst 
abdomens seen in our department have occurred sub
sequent to vertical incision of the abdominal wall. 
Furthermore, since oblique incisions and thoraco
phrenolaparotomy were abandoned in our depart
ment in 1979, all subsequent cases of burst abdomen 
were seen in patients who had undergone midline 
laparotomy (Table 8.2). 

The transrectus incision, used systematically by cer
tain surgeons, does not avoid burst abdomen [Grenier 
et al. 1971] and may even carry twice the risk of this 
complication compared with midline laparotomy 

0 

0 

0 

[Maillet & Revelin 1974]. Transrectus incisions have 
not been used in our department. Furthermore, our 
tendency over the past few years has been to replace 
vertical incisions by transverse ones. This approach, 
coupled with other preventive measures, seems to 
have led to a decreased incidence of burst abdomen, 
as shown in Table 8.3. 

c) Technique of Closure 

The technique of closure may be a factor in burst 
abdomen, although it is quite difficult to evaluate pre
cisely the role of this parameter with respect to the 
incidence of this complication. A recent prospective 
study by the Association de Recherche en Chirurgie 



[ARC 1983] evaluated the incidence of burst abdomen 
in a series of 3,135 patients who had undergone mid
line laparotomy. The patients were divided into two 
groups according to the type of closure used (conti
nuous or interrupted suturing) and each group was 
stratified as a function of the degree of risk of burst 
abdomen (three strata per group). No difference was 
seen between the two groups, except in the subgroups 
at high risk where the incidence of burst abdomen 
was significantly lower in the cases of closure by 
continuous suturing (96 cases of burst abdomen in 
1,566 patients: 1.6%) than in those of closure by inter
rupted sutures (32 burst abdomens in 1,569 patients: 
2%). 

The possible role of the number of layers of closure 
as a factor of burst abdomen is also difficult to eva
luate. In a prospective study of 1,129 laparotomies, 
Bucknall et al. (1982) reported a decreased incidence 
of burst abdomen when closure (excluding the cuta
neous layer) was done as a single-layered rather than 
a two-layered procedure, i.e., 0.95% versus 3% inci
dence of burst abdomen. In a retrospective study of 
1,820 patients, Drouard et al. (1980) confirmed the 
efficacy of mass closure in the prevention of burst 
abdomen and reported no difference in the incidence 
of this complication when the use of nonabsorbable 
suture material was compared with that of slowly 
absorbable material. Conversely, in a prospective mul
ticenter trial of 211 high-risk patients, Maillard et al. 
(1980) compared three-layered closure and mass clo
sure and found no difference between the two tech
niques. Furthermore, mass closure can lead to certain 
other complications (cutaneous necrosis, fistula of 
hollow organs in contact with the suture material), 
and in the study by these authors mortality was signi
ficantly higher in the mass closure group. 

We prefer to use layer-by-Iayer closure (see Chap. 4) 
under conditions of rigorous asepsis and hemostasis, 
possibly coupled with abdominal wall reinforcement, 
as described further on. 

d) Postoperative Course 

The quality of the postoperative course plays a major 
role in the occurrence of burst abdomen [Hollender et 
al. 1972]. Two factors, increased abdominal pressure 
and infection, contribute to weakening of the sutures 
of the abdominal wall. 

Increased abdominal pressure is amplified in the 
postoperative period, if recovery from anesthesia is 
difficult, and in patients with respiratory obstruction 
(frequent in cases of chronic bronchitis) or postope-
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Table 8.4. Postoperative septic complications in 55 cases of burst 
abdomen 

Abdominal wall abscess 
Postoperative peritonitis 
Prolonged fever 
Positive blood cultures 

20 cases (36%) 
13 cases (23%) 
9 cases (16%) 
6 cases (10.9%) 

rative ileus accompanied by meteorism, which may be 
highly pronounced. Furthermore, efforts of coughing 
or vomiting can induce peak values of abdominal 
pressure of 100 mmHg. 

Infection has been emphasized by many authors as 
a factor contributing to weakness of the abdominal 
wall [Vilain et al. 1967; Grenier et al. 1971; Mousseau et 
al. 1974; Rives et al. 1976; Flament et al. 1980]. Such 
infection is often due to septic intervention, hence the 
frequency of intestinal tract organisms found on bac
teriological examination. Infection of the abdominal 
wall is a frequent cause of dehiscence. However, burst 
abdomen is often only one of the signs of a septic 
postoperative complication (other signs include anas
tomotic fistula, for example) that must be taken into 
account in the decision to reoperate (Table 8-4). 

Analysis of the mechanisms of burst abdomen thus 
allows identification of certain risk factors, which, 
when present, should lead the surgeon to take maxi
mum precautions. The main risk factors are as follows: 
septic operation (frequently seen in emergency sur
gery); early surgical reintervention; malnutrition and 
alcoholism; major respiratory insufficiency. A special 
patient sheet on abdominal wall closure was introdu
ced a few years ago in the Saint Quentin Hospital 
(France). This record displays a list of the main risk 
factors of burst abdomen, thereby guiding the surgeon 
to select the most appropriate type of closure to mini
mize the incidence of this complication [Drouard et al. 
1980]. 

3. Treatment 

The treatment of burst abdomen involves different 
stages of surgery. Prophylaxis is of utmost importance 
before, during, and after operation. Curative therapy 
varies according to the type of burst abdomen and its 
cause. Discussed below are these two aspects of treat
ment. 

a) Prevention 

Preventive measures must be taken pre-, per-, and 
postoperatively. 
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(1) Preoperative 

The prophylaxis of burst abdomen is based on the 
quality of both general and local preparation. 

General Preparation. When emergency surgery is not 
necessary the surgeon should be prepared to delay 
operation in patients presenting with advanced age, 
malnutrition, anergy, systemic disease, or respiratory 
insufficiency - i.e., high-risk candidates for burst 
abdomen. General preparation may require enteral or 
parenteral nutrition to obtain positive nitrogen 
balance and positive skin tests, in addition to respira
tory physiotherapy, treatment of bronchopulmonary 
infection, and of diabetes. A period of 3 weeks is some
times required to achieve adequate general health of 
the patient. 

Local Preparation. On the day before operation the 
skin should be shaved and thoroughly cleansed with a 
foam disinfectant (lauryl mercurothiolate or equiva
lent solution) and then protected by a dressing contai
ning a solution of povidone iodine. 

(2) Peroperative 

Although no technique offers full protection against 
the occurrence of burst abdomen, several precautions 
should be taken to minimize the risk of this complica
tion. Whenever it is feasible to do so, an oblique or 
transverse incision should be used, especially in sur
gery of the biliary apparatus, portal hypertension, 
right colon, stomach, duodenopancreas, kidney, or 
subrenal segment of the aorta. In the course of inci
sion it is imperative to achieve full hemostasis and 
excellent protection of the abdominal wall (wound 
pt:otectors) using towels soaked in povidone iodine 
and an appropriate selection of atraumatic retractors. 

At the end of the operation it is important to achieve 
correct relaxation of the abdominal wall, thereby allo
wing closure to be accomplished under good condi
tions. It is obviously impossible to propose an ideal 
procedure for closure (if such were the case, the nume
rous available techniques would not exist). However, it 
is possible to weigh the merits of the different tech
niques. As discussed above, the preferred number of 
layers of closure varies according to the author; each 
is able to expound the advantages of his technique and 
the disadvantages of the other procedures. The follo
wing have been proposed: mass closure including the 
skin [Grenier et al. 1971; Drouard et al. 1980], mass clo
sure excluding the skin [Bucknall et al. 1982], extrape
ritoneal mass closure, and layer-by-Iayer closure. In 

our opinion, it is very difficult to identify any diffe
rence between these techniques with respect to the 
risk of burst abdomen. However, there is certainly no 
difference when interrupted and continuous suturing 
[ARC 1983] and absorbable and nonabsorbable suture 
materials are compared [Drouard et al. 1980; ARC 
1983]. In our department, closure of vertical and trans
verse incisions is currently done layer by layer (per
itoneum, aponeurosis, subcutaneous layer, skin) using 
slow-absorbing continuous suture (see page 80). We 
have abandoned the use of extraperitoneal mass-clo
sure reinforcement since this technique has led to 
small bowel fistula in our experience. On the other 
hand, we have had no experience with the multiple 
types of reinforced closure that have been proposed, 
e.g., mass closure using pledgets [Berutti & de Saint 
Julien 1978]; mass closure with over-and-under sutu
ring [Samama et al. 1978]; twin-loop extraperitoneal 
closure [Burleson 1978]; atraumatic mass suturing 
[Chometowski 1975]; peg reinforcement [Ewald et al. 
1978]. However, subsequent to a report by Saric et al. 
(1980), we now reinforce closure of the abdominal wall 
in patients at a high risk for burst abdomen using 
mass-closure wire suturing (Ventrofil technique). This 
material consists of two rigid plastic plates placed 
parallel to and at some distance from the incision. The 
plates are connected by a braided steel wire passing 
through the abdominal wall in a strictly extraperito
neal position. The wire is placed through the abdomi
nal wall using two large curved needles with a trian
gular tip (see Chap. 4 V B). Two or three of these 
7-cm-Iong plates can be positioned along a midline 
incision. In a series of 90 operated patients at a high 
risk for wound dehiscence no cases of free burst abdo
men were observed when this closure technique was 
used [Perissat in Saric et al. 1980]. In our experience, 
based on a smaller series of patients in whom closure 
was achieved with this technique, only one case of 
burst abdomen occurred, i.e., on the day when the 
Ventrofil was removed too early. These sutures must 
be left in place for 20 days. This technique protects 
against the occurrence of free, but not covered burst 
abdomen. Prevention of burst abdomen should also 
include, when necessary, the use of efficacious abdo
minal drainage at the end of surgery and suction of 
the digestive tract until intestinal transit is re-establi
shed in order to minimize abdominal distension. 

(3) Postoperative 

The use of adhesive nylon strips initially designed to 
achieve external reinforcement in cases of burst abdo
men [Guivarch & Mouchet 1969] can be applied as 



preventive treatment [Mousseau et al.19741. We syste
matically use this technique at the end of operation 
and maintain the material in place until the skin 
sutures are removed. However, burst abdomen is not 
always prevented despite the use of this technique 
(three cases of burst abdomen in our series of 55 
patients). 

Prevention of bronchopulmonary obstruction and 
infection will reduce coughing, especially with daily 
respiratory physiotherapy for smokers or patients 
with chronic bronchitis. Adequate nutrition must also 
be given as soon as possible. Early parenteral nutrition 
can be given for this purpose in patients with protein 
deficiency. 

b) Curative 

The treatment of burst abdomen is dependent upon 
the anatomical type of lesion and the state of the per
itoneal cavity. 

(1) Free Burst Abdomen 

Treatment of early free burst abdomen requires emer
gency surgical reintervention. Three different situa
tions can be encountered in this respect. 

In cases of purely mechanical burst abdomen 
without suppuration of the peritoneum or the abdo
minal wall, closure can usually be achieved by inter
rupted extracutaneous suturing, leaving the skin open. 
In cases where the closure is free of traction we 
achieve reinforcement using one or two Ventrofil 
plates. When the closure is under tension we prefer to 
make two large cutaneoaponeurotic relaxing incisions 
in the flanks, according to the technique proposed by 
Levy et al. (1981). This technique allows simple cuta
neous cover of the abdomen under traction-free 
conditions. The relaxing incisions are made slightly 
outside the lateral margin of each of the recti and 
from the inferior thoracic ridge to the inguinalliga
ment. The incisions should be slightly concave 
medially and should involve the skin, subcutaneous 
layer, and anterior lamina of the rectus sheath (1 cm 
from its lateral margin and over its entire length). This 
technique allows midline aponeurotic suturing 
without traction. 

In cases of suppuration of the abdominal wall we 
prefer to simply close the skin in order to cover the 
small bowel. The relaxing incisions are covered with 
vaseline dressings. Cicatrization occurs without diffi
culty a few weeks later. 

In patients presenting with progressive peritonitis or 
acute necrotizing pancreatitis we do not try to close 
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the abdominal wall; scrupulous prolonged peritoneal 
lavage is performed, after which the bowel is reinte
grated into the abdomen and protected by a sheet of 
polyurethane foam. Pasted nylon strips are then used 
to reinforce the abdominal wall. This technique, which 
we refer to as "laparostomy", allows repetitive perito
neal lavage to be done [Fagniez et al. 1979; Guivarch et 
al. 1979; Neidhardt et al. 1979; Champault et al. 1979], 
while closure of the abdominal wall or the skin is 
deferred until the peritonitis has regressed. Once repe
titive peritoneal lavage is no longer required, synthe
tic mesh (polyglactine 910) can be installed intraperi
toneally to maintain the bowel in place. Oily dressings 
placed on the mesh promote the development of gra
nulation tissue, which progressively occludes the 
defect [Levasseur et al. 19791. Details of this technique 
are given elsewhere in this book (see page 166). 

(2) Delayed Burst Abdomen 

The problems encountered in delayed burst abdomen 
are different from those of the free type. In cases where 
the viscera are not exposed there is a risk of strangula
tion of the bowel incarcerated in the parietal defect. 
The condition requires emergency surgery with rein
tegration and reinforcement using an adhesive elastic 
dressing that can be applied at bedside with the 
patient under analgesia. Impending burst abdomen 
should also be managed with this technique. Although 
prevention can be achieved, incisional hernia may 
ensue in certain cases. In the absence of subjacent per
itoneal suppuration, fixed burst abdomen raises the 
problem of protection of the exposed visceral struc
tures, which are highly prone to erosion and fistuliza
tion, especially in cases where the protective omentum 
has been removed during a prior operation. Two tech
niques are used to achieve atraumatic covering of the 
viscera. One method is simple cutaneous cover, which 
can be facilitated by large lateral relaxing incisions, 
similar to those used in the treatment of free burst 
abdomen. A second technique is to initially protect the 
exposed viscera by sheets of humidified polyurethane 
foam (Lyomousse, Peters Laboratories) followed 6 
days later by dextran microspheres (Debrisan, 
Schering Laboratories). The foam sheets must be 
changed every 48 h due to saturation. Dressings of 
dextran microspheres (now commercially available in 
the form of paste) should be renewed once or twice 
daily since they are highly absorbent (Fig. 8.1). When 
these techniques are used granulation tissue progres
sively grows to cover the bowel. As a general rule, full 
cutaneous cover is attained after 3 months. Of course, 
this thin layer of newly grown tissue is of poor quality, 
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and the loops of small bowel adherent to the deep sur
face and their peristalsis are visible. 

At this stage further therapeutic management varies 
greatly. In some patients, poor general health 
contraindicates reoperation; in other cases, the extent 
of the parietal damage is such that repair would be a 
hazardous procedure. Under these conditions appro
priate management consists of prescribing an abdo
minal truss. In other cases the special incisional her
nia resulting from the cicatrization of the fixed burst 
abdomen can be repaired when no surgical contrain-

Fig. B.2a-e. Treatment of fixed burst abdomen with external 
small bowel fistula. a Exposed fistula of the small bowel. 
b Initial dissection near the periphery of the overlying tissue. 
c Dissection of the overlying tissue. d Appearance of the wound 
after dissection and segmental resection of the small bowel. e At 
end of operation the defect is covered by vaseline compresses 

dications are present. The first step of this phase of 
treatment is dissection, which is less difficult than 
often believed. The abdominal wall is incised one fin
ger breadth away from the granulation tissue covering 
the defect (Fig. 8.2); the peritoneal cavity can now be 
opened easily. After dissection around the residual 
incisional hernia, the overlying plaque can be easily 
freed from the adhering bowel loops using 
Metzenbaum's scissors. 

The operative conditions are now similar to those 
for any abdominal wall defect of variable size. The 
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Fig.B.3a-d. Repair of fixed burst abdomen by reconstructive surgery and polyglactine mesh (midline herniation with abscess of 
Douglas' pouch). a Single-layered midline closure with two relaxing incisions through the skin, muscle, and aponeurosis. 
b Reinforcement of the suture with polyglactine mesh. c Appearance of the wound 1 month later. d Appearance of the wound six 
months later; note solid abdominal wall 

margins of the defect are generally limited by the recti 
abdomini, since burst abdomen occurs in the midline 
in most cases. 

We generally use one of the following two tech
niques to achieve parietal repair: edge-to-edge inter
rupted suturing of the defect subsequent to longitudi
nal incision of the anterior lamina of the rectus 
sheath, which flattens out the muscle and allows ten
sion-free closure; turndown of the anterior lamina of 
the rectus sheath using Welti's procedure. Both of 
these techniques require extensive subcutaneous dis
section beyond the lateral margin of the rectus abdo
minis. In certain cases closure of the abdominal wall 
can be reinforced by a mesh of polyglactine 910 
(Fig. 8.3). 

(3) Free Burst Abdomen and Fistula 

The association of precocious burst abdomen and 
bowel fistula is a grave complication arising under 
three special conditions. 

Rupture of the sutures of an anastomosis leads to 
peritonitis, which in turn generally causes early, i.e., 
free burst abdomen. Initial burst abdomen, either of 
the free type (treated by dressings and external rein
forcement) or of the fixed type, may undergo secon
dary complication with fistulization of one or more 
poorly protected bowel loops in cases of incomplete 
cutaneous cover, or when irritative dressings are used. 
This complication is referred to as external fistula of 
the small bowel. 

Therapeutic evisceration, i.e., the open-abdomen 
technique used to treat a special case of very severe 
peritonitis, may be secondarily complicated by fistuli
zation, as described above. 

The association of burst abdomen and fistula, the 
latter involving the small bowel in 80% of cases, raises 
two major problems with respect to treatment, i.e., the 
problem of intestinal repair and that of the fistula. 
Burst abdomen secondary to peritonitis due to suture 
rupture is a surgical emergency requiring segmental 
bowel resection on each side of the rupture, followed 
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Fig. B.4a-d. Repair of external small bowel fistulas in a case of burst abdomen. a Six fistular orifices (secondary to mass closure) in 
the region of the burst abdomen. b Enteral and parenteral nutrition are given for 10 days. c Subsequent to segmental resection of 
the small bowel and immediate anastomosis, abdominal wall repair is done by single-layered closure with relaxing incisions of the 
aponeurosis. d Appearance of the wound 6 months later; note solid abdominal wall 

by double ileostomy. Once the fistula has been treated 
in this way, management corresponds to that of free 
burst abdomen. Thorough peritoneal lavage over a 
sufficient period of time is done using isotonic saline 
and, when necessary, appropriate drainage. The next 
step is parietal repair according to the condition of the 
abdominal wall. In cases where the margins of the 
wound are in a very poor condition it is best to 
achieve simple reinforcement of the wall using adhe
sive nylon mesh, with protection of the small bowel by 
a polyurethane plate or synthetic mesh (polyglactine 
910) covered by simple cutaneous suturing. 
Conversely, when the abdominal wall shows less 
damage the defect can be repaired by extracutaneous 
mass closure with large lateral relaxing incisions of the 
myoaponeurotic layer. 

(4) Fixed Burst Abdomen and External Fistula 

Although these cases are not an indication for emer
gency surgery, they are just as difficult to treat as 
those discussed above. It should be noted that, 

contrary to deep fistula, these cases of external fistula 
never show spontaneous healing. Furthermore, any 
attempt to close the orifice of the fistula by suturing, 
with adhesive material, or by grafting consistently 
fails. When preparation of the fistula aDd general pre
paration (enteral nutrition whenever possible, if not 
parenteral nutrition) have been done correctly the fis
tula(s) can be repaired at the same time as the abdo
minal wall. Indeed, in such cases the peritoneal cavity 
is usually free at the periphery of the herniated vis
cera, and thus it can be approached at this level to 
achieve segmental resection of the fistulized bowel 
with immediate re-establishment of intestinal conti
nuity (Figs. 8.2b & 8.5b). The abdominal wall is then 
repaired by suturing with relaxing incisions of the 
aponeurosis (Fig. 8.4) or by reconstructive surgery, 
using the anterior lamina of the rectus sheath (Fig. 
8.5), similar to the secondary treatment of fixed burst 
abdomen uncomplicated by fistula. In cases where the 
abdominal wall is severely damaged, simple skin clo
sure or synthetic mesh can be used, but it is absolu-
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Fig. S.Sa-d. Repair of external small bowel fistulas in a case of burst abdomen. a Multiple external fistulas. b Appearance of the wound 
after resection of the overlying tissue by the peripheral approach. c After segmental resection of the small bowel and immediate 
anastomosis, abdominal wall repair is done by reconstructive surgery using the anterior lamina of the rectus sheath. d Definitive 
cicatrization with solid abdominal wall 

tely mandatory to cover the intestinal suture, regard
less of the technique employed. 

c) Postoperative Care 

Decubitus complications are a major cause of morta
lity in burst abdomen, where the mean death rate is 
about 40%-50% of cases. The incidence of such com
plications highlights the necessity of physiotherapy of 
the respiratory apparatus and lower limbs, coupled 
with systematic heparin prophylaxis. 
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B. Major /ncisiona/ Hernia 

J.B. Flament and J. Rives 
with the collaboration of 

J. P. Palot, A. Burde and C. Avisse 

Eventration is defined as the postoperative protrusion, 
beneath the skin, of viscera normally contained within 
the abdominal cavity. The protruding viscera are 
always enveloped in a serous sac in continuity with the 
peritoneum via an abnormal orifice in the abdominal 
wall. The term incisional hernia, found in the English 
language literature, is more appropriate in our opinion 
and will therefore be used throughout this section. 

Progress in surgical techniques, even with laparo
scopic surgery, has unfortunately not led to the disap
pearance of incisional hernia. On the contrary, the fre
quency of this complication seems to be on the 
increase, as increasingly major and lengthy operations 
are performed, especially in elderly patients with 
concomitant organic disease. Indeed, incisional hernia 
is rarely the result of errors in surgical technique, but 
in most cases is rather related to various disturbances 
resulting from marked deterioration of the patient's 
condition. 

These seemingly benign lesions in fact display a for
midable tendency to undergo aggravation and recur
rence and thus are almost always an indication for 
surgical intervention. This may be a simple procedure 
in cases where the hernial orifice is narrow and the sac 
of limited volume. On the other hand, surgical repair 
is difficult in cases of a large abdominal defect and 
when the herniated viscera have "lost their right to 
reside" in the abdominal cavity. Finally, in exceptional 



cases incisional herniation is beyond the scope of sur
gical repair, owing to severe deterioration of the 
patient's condition, notably due to old age, disabling 
obesity, and disturbances of respiratory function. 

Closure of an incisional hernia has nothing in com
mon with closure of a laparotomy. Surgical repair 
must take into account the irremediable weakening of 
the abdominal wall and the possible consequences of 
decreased abdominal pressure on diaphragmatic 
mobility and respiratory function, even in cases where 
such pressure decrements are intermittent and of low 
amplitude. The surgical repair of incisional hernia 
must be considered as a difficult procedure whose 
results can be assessed only in terms of the widely dif
fering lesions to be treated. This part of the book is 
devoted to the most difficult cases of incisional hernia. 
Treatment of a major incisional hernia begins with 
careful evaluation of the patient's general health cou
pled with a general preparation which may last seve
ral weeks prior to operation. Surgical techniques of 
repair should be based largely on the use of prosthetic 
substitutes; therefore, the precautions that must be 
taken when artificial material is introduced into the 
human body should be kept in mind. 

1. Definition 

It is important to give a clear definition of these 
lesions in order to avoid any misinterpretation of the 
results of surgical treatment. Major incisional hernia, 
as discussed below, refers to cases where the hernial 
orifice is greater than 10 cm in diameter; often it 
reaches or exceeds a diameter of 20 cm. Protrusion of 
the hernial sac may be moderate in some cases of 
recent major subumbilical incisional hernia. However, 
in most cases, the swelling is of considerable size. The 
hernial mass is often mushroomshaped in appea
rance. In such cases, its cutaneous envelope displays 
trophic changes or even ulceration near the apex of 
the mass. In practically all cases pruriginous intertrigo 
is seen at the periphery of the swelling. Patients with 
major incisional hernia are often obese and in poor 
general health. These lesions must always be regarded 
as severe, and the surgical treatment they require may 
sometimes be a truly "formidable procedure" 
[Cokkinis 1958). Accordingly, all patients must be 
clearly informed of the risks entailed in surgical 
repair. As a general rule, most of them accept these 
risks due to their disabling condition. However, it is 
the surgeon's role firmly to refuse certain candidates 
for surgery where deterioration in general condition, 
due especially to respiratory and cardio-vascular 
disease, renders the risks prohibitive. 
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2. Introduction 

Over a long period of time, surgical progress was 
confined to the development of new techniques of 
excision or visceral repair, with little attention being 
paid to the consequences of surgical intervention on 
the abdominal wall. Incisional hernias were all the 
more frequent at the time when anesthesia and tech
niques of closure were largely imperfect. In the past, 
incisional hernias were treated by turndown or over
lapping surgery using neighboring aponeurotic struc
tures. Statistical series and long-term follow-up have 
been introduced only recently. These procedures gave 
manifestly unsatisfactory results, as can be judged by 
the frequency of very large recurrent herniation, 
considered to be beyond the scope of surgical repair. 
Affected patients would sometimes hide their lesions 
with a sense of guilt, under the misconception that the 
failed operation was somehow due to some special 
weakness of their abdominal wall. Some of these older 
techniques should not be forgotten, however, and will 
be mentioned later on since they may still be of value. 
Judd's technique (1912) is one such case: we still use 
this approach as first-line therapy in minor forms of 
incisional hernia or when sepsis is present. 

Nevertheless, large hernial orifices and recurrent 
herniation require treatment using replacement mate
rial. Following the failure of fascial autografts, the skin 
seemed to be the material of choice in this respect, 
either as free sutured grafts, buried grafts, or band 
grafts. The technique of skin band grafting was intro
duced in France by Gosset (1949) and modernized by 
Banzet et al. (1979). This technique is very occasionally 
indicated to achieve closure of diastasis. Though, we 
have serious doubts regarding its efficacy in cases of 
wide diastasis or defects of the abdominal wall. 

The failure of autografts naturally led surgeons to 
investigate the possible usefulness of prosthetic mate
rial. Early prostheses were constructed of metal or 
nylon. The former material was well tolerated, but its 
rigidity was a major drawback. Early nylon prostheses 
were also too rigid and led to infection. The advent of 
Marlex mesh, used in the United States, and later of 
Dacron-Mersilene, widely used in France, has clearly 
brought great progress. We investigated this type of 
prosthetic material as soon as it was introduced in 
France in 1966 and at that time used large sheets sutu
red in place to reinforce the abdominal wall. 

In the early 1970S better knowledge was also acqui
red regarding the serious consequences of respiratory 
insufficiency, thanks to the important contribution to 
this field of the work by Goni-Moreno (1970), later 
publications by us on paradoxical abdominal respira-
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tion [Rives et al. 1973], and studies by Italian authors 
on disturbances of pulmonary compliance [Trivellini 
et al. 1978]. The commercial introduction of absor
bable prosthetic mesh (Dexon, Davis and Geck; Vicryl, 
Ethnor Laboratories) has opened up new therapeutic 
possibilities in cases of infected lesions [Loury & 
ChevreI1983]. However, the recurrence rate of incisio
nal hernia is high when this material is used, and thus 
it cannot be applied routinely. 

Surgery has progressed considerably in this field, 
although current results are still unsatisfactory. 
Continued progress requires that we strive for stricter 
definition of indications and improvement in techni
cal details, in order to reduce the rate of infection and 
to eliminate recurrence of incisional hernia. 

3. Natural History 

Surgical responsibility for the occurrence of incisio
nal hernia may be obvious in cases where laparotomy 
has been done with no regard to anatomical condi
tions. In such cases herniation results from the tran
section of neurovascular structures with resulting 
atrophy of the abdominal wall. The quality of sutu
ring can also be considered when incisional hernia 
occurs rapidly in the absence of infection. In such 
cases, an obvious cause is a poor closure, where the 
spacing and bite of the sutures have been incorrectly 
evaluated. However, these technical errors are rare. 

Incisional hernia is almost always initiated by infec
tion along the suture of the operative wound. Such 
cases can be avoided by withdrawing one or more of 
the sequestered sutures which promote infection. The 
affected zone is a weak point giving rise to a small 
orifice due to the outward push of abdominal pres
sure. The orifice continues to enlarge until a state of 
equilibrium, i.e., major incisional hernia, is reached. 

However, the force of abdominal pressure (or abdo
minal traction) should not be likened to that of an 
expanding balloon, where herniation would corres
pond to the bursting of the balloon. Indeed, measure
ments made within the abdomen demonstrate that 
intra-abdominal pressure is rather low (2-12 mmHg); 
thus, it can play only a minor role at the onset when 
the orifice is still narrow. The force most frequently 
involved in incisional hernia is lateral traction, mea
sured in kilograms, dependent mainly upon the 
contraction of the flat abdominal muscles, i.e. exter
nal oblique, internal oblique and transversus. These 
lateral forces act particularly in cases of midline lapa
ratomy because of the transverse arrangement of the 
fibers of these muscles. It should be kept in mind that 
all midline laparotomies are in fact the equivalent of 

tendinous detachment of these muscles from the linea 
alba. The effects of such contraction are obvious 
when one observes the contours of a laparotomy in a 
poorly relaxed patient; in the midst of the rigid abdo
men the laparotomy wound takes on the circular 
appearance of the orifice of incisional hernia. 
Traction forces act in a similar way on bedridden 
obese patients who have undergone abdominal sur
gery, owing to the sheer weight of the fat-laden skin 
folds. Finally, the weight of the viscera themselves 
should also be taken into account in cases of major 
subumbilical herniation. Added to this effect are the 
force of the diaphragm, and especially the contraction 
of the lateral muscles. Indeed in cases of major inci
sional hernia, the walls of the abdomen open like sli
ding doors, allowing passage of the viscera. The flat 
abdominal muscles have become "sagittalized", and 
their contraction no longer offers resistance to the 
protrusion, but tends instead to push the viscera out 
of the abdominal cavity (Fig. 8.6). 

These conditions easily account for the fact that 
incisional hernia has a natural tendency to progress. 
However, in some cases the herniation may remain 
limited, when the scar tissue consolidates the rim of 
the narrow orifice, thereby preventing its enlargement 
and affording solid insertion for the lateral abdomi
nal muscles. These lesions can be likened to epigastric 
hernia. In most other cases, muscular traction and the 
weight of the viscera lead to progressive enlargement 
of the orifice, which may reach a diameter of 10-20 
cm. At this stage the shortening of the muscle fibers 
reduces their ability to contract. Fatty degeneration of 
these fibers is often seen, accompanied by retraction 
of the involved aponeurosis. These lesions are irre
versible. The abdominal defect undergoes organiza
tion, at which stage its margins present a sharp, resis
tant sclerotic edge, even in cases where the orifice is 
apparently subdivided by fibrous bands. It is of inter
est to note that the circumference of the defect may 
be partially formed by a bony (pubic symphysis) or 
cartilaginous structure (chondrocostal margin). The 
hernial sac resembles a thick, vascularized serous 
envelope, while the cavity within it often presents 
adhesions which may hinder the return of the her
niated viscera. In such cases the swelling may be as 
large as the head of an adult. The skin over the apex 
of the protrusion is thin and poorly vascularized and 
may be the site of circular trophic ulceration (see Fig. 
8.14a). This ulceration, always presenting as a single 
lesion, should not be mistaken for erosion due to fric
tion against the skin. There is an increased risk of 
infection when ulceration is present, leading to burst 
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Fig.8.6a-d. The abdominal muscles in major midline incisional hernia. The recti abdomini come to lie in the sagittal plane (a and 
b). The lateral muscles retract, but surgery allows their reattachement and apposition of the wound margins (c and d are from the 
same patient) 

abdomen and fistulization. These voluminous disa
bling lesions accompany and aggravate obesity, and 
the deep skin folds constitute a reservoir for patho
genic organisms. Such sources of infection obviously 
complicate the management of incisional hernia. 

4. Physiopathology 

The loss of abdominal wall integrity leads to distur
bances in general health which in the past were over
looked by many surgeons. We have referred to these 
disturbances in our earlier publications as incisional 
hernia disease or "eventration disease" [Rives et al. 
1973; Rives et al. 1977; Flament & Palot 1994J. The dis
turbances are due to a decrease of intra-abdominal 
pressure resulting from the creation of the orifice and 
the extra-abdominal protrusion of the viscera contai
ned in the hernial sac. However, the resulting pressure 
drop is not pronounced since normal abdominal pres
sure is never very high. Normal resting abdominal 
pressure measured beneath the diaphragm does not 
exceed 6-8 mmHg and is only slightly higher in the 

pelvic region when the subject is standing (approxi
mately 12 mmHg). This increase on standing is due to 
the hydrostatic pressure of the viscera, to which is 
added to the force of contraction of the abdominal 
wall muscles [Caix et al.1982J. 

a) Respiratory Disturbances 

(1) Disturbed Respiratory Function 

These disturbances are related to the normal contri
butions of the abdominal muscles, abdominal pres
sure, and diaphragm to respiratory function. In some 
cases of reducible major epigastric incisional hernia 
the disturbed functioning of the diaphragm can be 
observed. Our illustrations of these anomalies have 
been widely reproduced in the medical literature. An 
analogy can be made with the changes seen in thora
cic trauma. Such illustrations show the constituent 
movements of the "abdominal flap" and identify the 
four phases of paradoxical abdominal respiration, 
which replace the two phases of normal respiration 
(Fig. 8.7). These disorders illustrate the inefficacy of 
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Fig. S.7a-c. Paradoxical abdominal respiration. Recordings of thoracic and abdominal movements (a) show a fourphase curve of res
piration (b). The drawings (c) illustrate this phenomenon; left: inspiration, right: expiration 



the diaphragm and abdominal muscles when they 
contract in an open-abdominal cavity, and the dia
phragm fails to contract against the viscera since these 
are no longer retained by the muscular wall. In most 
cases the respiratory dysfunction is not manifest and 
must be evaluated by appropriate respiratory function 
tests, in order to avoid a catastrophic postoperative 
course. Where these functional tests give satisfactory 
results, attention should be paid to the arterial (02, 
C02). 

(2) Effects of Repair 
on Respiratory Function 

In some patients, bulky hernias can be easily kept 
reduced by wearing a corset. In our experience, this is 
the case in active males of average corpulence with 
midline supraumbilical hernia. Reduction of this type 
of herniation is well tolerated. In other cases, however, 
the contents of the sac are fixed in place by adhesions 
and thus cannot be reduced: the herniated organs have 
lost their "right to reside" in the abdomen. Two abdo
minal cavities can be considered to exist in this situa
tion (Fig. 8.8). If specific precautions are not taken, the 
consequences of hernial reduction are disastrous, i.e., 
increased abdominal pressure and diaphragmatic 
immobilization. This problem can be evaluated in a 
different light. In a previous study (Table 8.5) we have 
shown that in obese patients (many cases of incisional 
hernia are seen in the obese) the associated respira
tory disturbances of obesity could be compensated or 
masked by the presence of a major incisional hernia. 
In such cases, vital capacity is increased (P = 0.001) as 
is the ratio of residual volume to total capacity 
(RV ITC). In other words, the obese patient with an 
incisional hernia is better able to ventilate the lungs 
(when pulmonary, and not abdominal, ventilation 
occurs) than is the obese person with an intact abdo
minal wall. Reduction of the hernia abolishes the 
beneficial effect of this compensation and exposes the 
patient to serious postoperative complications which 
may not be predicted by the results of preoperative 
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Fig. 8.8. The abdominal cavity in incisional hernia [after Stoppa, 
Rives et al. 1977] 

pulmonary function tests. 
Finally, coughing efforts, which normally increase 

abdominal pressure considerably (up to 80 mmHg), 
offers assistance when these patients have bronchial 
obstruction, since such a pressure increase cannot 
occur when there is a defect in the abdominal wall. 

b) Visceral Disturbances 

Less study has been devoted to this subject, although 
such disturbances certainly exist. The pressure within 
a hollow viscus results from a state of equilibrium. 
The latter is disrupted when abdominal pressure 
decreases. We observed a twofold increase in intrave
sical pressure (measured with a balloon) in cases of 
subumbilical incisional hernia. It can be deduced that 
similar modifications occur in the hollow digestive 
viscera, especially the colon, as evidenced on perope
rative examination. Distension of these organs 
obviously has a negative effect on their vascularization 
and function, e.g., disturbed intestinal transit and dis
turbed micturition. Trouble with defecation, which is 
directly related to the incompetence of the abdominal 

Table 8.5. Incisional hernia and obesity. The incisional hernia compensates the respiratory dysfunction induced by obesity (values 
shown are the mean of measurements made in 90 cases of incisional hernia) 

Obesity wlo herniation Obesity plus herniation Significance 

VC 90.8% ± 16·4% 116.1% ± 19.3% P :s; 0.0000001 

TC 974)'0 ± 30.2% 110.7')'0 ± 17.3% NS 
RV/TC 38.1% ± 5.8% 30.2% ±7.9% P:S; 0.00001 

MIFR/vC 82.4% ± 10.9% 78.6% ± 12.6% NS 
MEFR/VC 71.6% ± 13.1% 68.9% ± 11.8% NS 
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Table 8.6. Influence of diameter of hernial orifice on histological 
changes in muscles of the abdominal wall (90 biopsies) 

Normal Modest Pronounced 
muscle alterations alterations 

Reference group 12 0 

(n = 13) 

Diameter < 10 cm 19 8 6 
(n = 33) 

Diameter> 10 cm 10 9 25 
(n = 44) 

wall musculature, is another unpleasant consequence 
of incisional hernia. 

c) Vascular Disturbances 

Although we lack precise data on vascular distur
bances, it is conceivable that major incisional hernia 
hinders caval and portal venous return, assuming, as 
suggested by physiologists, that maintenance of cor
rect abdominal pressure plays a role in normal venous 
circulation. 

d) Muscular Disturbances 

Incisional hernia has too often been considered as a 
simple defect requiring closure, with little thought 
being given to the function of the abdominal wall 
muscles. In order to act correctly, these muscles must 

Fig. 8.9. Lesions of the lateral abdominal 
muscles in incisional hernia. Note the 
fibroadipose modifications of the 
muscle; this is more pronounced when 
the hernial orifice is large (cf. Table 8.6). 
(Courtesy M. Pluot) x 150 

have solid insertions. Incisional hernia always involves 
detachment of these muscles and shortening of their 
fibers. These disturbances lead to histological changes 
in the muscles, which must be taken into account 
during surgical repair. The degree of muscle impair
ment is a function of the length of the involved fibers 
and of the size of the hernial orifice (Fig. 8.9, Table 
8.6). 

e) Static Disturbances 

Some anatomists [Kapandji 1977l have proposed that 
the abdominal muscles act as anterior braces for the 
spine when the subject is standing (Fig. 8.10). 
Accordingly, weakness of these muscles, especially of 
the recti abdominis, will lead to exaggeration of lum
bar lordosis. During flexion of the spine contraction of 
the rectus muscles relieves the strain on the spine by 
"the compression of an inflatable structure" created by 
the closure of the glottis and contraction of the abdo
minal muscles. This static function is compromised in 
cases of major incisional hernia, and many of these 
patients thus suffer from spinal pain. 

f) Surgical Lesions 

Little comment will be made on these well-known 
lesions which include the following: irregularity of the 
hernial sac, omental or visceral adhesions (in the her
nial sac or abdominal cavity), trophic disturbances, 
and sometimes ulceration of the skin. 



Fig. 8.1 O. Retraction of the abdominal muscles. The 
effects of retraction are different above and below 
the umbilicus 

g) Medicolegal Considerations 

Incisional hernia leads to a certain degree of invalidity 
which has to be evaluated by an expert. According to 
French legislation, permanent partial incapacity is 
assessed differently according to the legal category to 
which the patient belongs: in civil law the incapacity 
can range from 5% to 20%; in workmen's compensa
tion, from 15% to 50%; in military law, from 30% to 
60% [Myon 1981J. These percentages of incapacity are 
used by the medical experts and by specialists in occu
pational medicine. Any court decision must be based 
on the patient's professional situation. Conversely, 
residual incapacity after surgical repair is difficult to 
evaluate from the legal standpoint, since there are no 
reference scales on this aspect of the problem. 

5. Anatomicoclinical Subtypes 

In 1990, we were, with J. P. Chevrel, the editors of the 
annual report of the French Association of Surgery 
(AFC). We had the opportunity of collecting cases 
from many surgical teams in France. These data form 
the basis of this anatomoclinical classification. 

a) Midline 

This is the most frequent type of incisional hernia 
(Figs. 8.11 and 8.l2) representing 77-5% of the figures of 
the French Association of Surgery. 

(1) Supraumbilical Incisional Hernia 

This type of incisional hernia is equally frequent in 
both sexes and represents 51.4% of AFC experience. 
Supraumbilical herniation is seen as a complication of 
surgery of the stomach and biliary apparatus, and 
sometimes of the lower part of a sternotomy. The her
nial orifice undergoes rapid enlargement owing to the 
contraction of the powerful muscles in this region. 
The muscle fibers retract in front of and behind the 
costochondral margin, and the latter thus often forms 
the upper margin of the hernial orifice. The recti 
abdominis undergo atrophy in the affected part of the 
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abdominal wall. However, the protrusion is moderate 
since the underlying viscera deep in to the incision are 
adherent. Surgical repair of this type of incisional her
nia should be done without delay, as the defect even
tually renders surgical apposition impossible, and a 
prosthesis is always required. 

(2) Subumbilical Incisional Hernia 

This type of incisional hernia is more frequently seen 
in women (28% of our cases), following one or more 
gynecological operations. The defect may be very 
large and the protrusion voluminous. The herniated 
viscera rest on the pubis like an apron. The hernial sac 
sometimes contains part of the colon or urinary blad
der and almost always omentum and small bowel. 
Apposition of the wound margins is easier to obtain in 
these cases, since instrumental traction involves the 
longest abdominal muscle fibers. However, the rectus 
sheath is weakened in this area owing to the displace
ment of the deep lamina under Douglas' line, and the 
rectus sheath is prone to scarring and infection, which 
may lead to atrophy of the inferior fibers of the rectus 
abdominis near its pubic insertion. Such atrophy may 
expose much of the bone, especially in cases where 
operative repair has been unsuccessful. As in the pre
ceding case, this complication may constitute a veri
table mass defect of the lower abdominal wall. 

(3) Massive Supra- and Subumbilical 
Midline Incisional Hernia 

This type of hernia arises subsequent to single or suc
cessive operations involving the supra- and subumbi
lical regions (70 of 250 cases: 28%). We have seen a few 
cases of such massive hernia after operation on the 
abdominal aorta. However, most cases are seen in 
women (45 of our 70 cases) who have undergone mul
tiple operations. These hernias may reach monstrous 
proportions and contain almost all of the abdominal 
viscera. Complications, such as cutaneous erosion and 
intertrigo, are frequent. Some cases may be beyond the 
scope of surgical repair. 
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Fig. 8.11 a-f. Examples of supra- and subumbilical midline incisional hernia 



b) Lateral 

This type of hernia (Fig. 8.13) is less frequent (17%) 
than that which occurs in the midline, but often raises 
difficult problems with respect to treatment. 

(1) Subchondral Incisional Hernia 

These hernias (6.2%) usually lie under the right costal 
margin (80% of cases) and a rise following biliary sur
gery. Although it is conceivable that subchondrallapa
rotomy carries a lower risk of incisional hernia than 
does the midline approach (we have little experience 
with subchondral incision), when incisional hernia 
does occur in this lateral position it is often pronoun-
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Fig. B.12a-d. Examples of massive mid
line incisional hernia 

ced and sometimes difficult to repair. The upper 
muscle flap of the defect undergoes atrophy and 
retraction, and the upper margin of the hernial orifice 
is formed by tlIe costal margin. In some cases tlIe linea 
alba is pulled over to the left by the traction of the 
muscles that remain intact. 

(2) Inguinal Incisional Hernia 

Incisional hernia of the inguinal region (7.6%) was 
seen more often on the right (20 cases) than on tlIe left 
(one case) in our experience, and occurs in patients 
who have undergone successive major operations for 
appendicular peritonitis, inguinal hernia, or gyneco-
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Fig.8.13a-d. Lateral incisional hernia. These lesions are difficult to repair when they are located at the outer limits of the abdominal 
cavity, as shown in these examples 

logical disorders; an associated midline subumbilical 
incisional hernia may also be present. In such cases, 
the inguinal ligament disappears and the abdominal 
muscles become detached. The inferior margin of the 
hernial orifice is formed by the psoas major, the vas
cular pedicle, and the horizontal ramus of the pubis. 
Repair can be achieved only by using prosthetic mate
rial. 

(3) Incisional Hernia of the Flank 

Incisional hernia of the rectus sheath (1.4%; the sheath 
is always much wider than imagined) is accompanied 
by pronounced disruption of the abdominal wall. 
Retraction and degeneration of the muscle fibers, 
which are usually free within the sheath, and loss of 
abdominal wall tissue are seen. This type of incisional 
hernia resembles that of a midline laparotomy, and 
often both types occur in the same patient. 

Another type of lateral hernia occurs between the 
thorax and the iliac crest, in a narrow zone correspon
ding to the course of the nth and 12th intercostal 

nerves. Such herniation is often of modest size. Repair 
is easily achieved by apposition of the myoaponeuro
tic flaps, which remain large and supple. 

A final type of lateral incisional hernia, seen in the 
posterior region near the costal ridge, occurs subse
quent to urological surgery. Such herniation may be 
voluminous. The hernial orifice often shows a bony 
margin (10th and 11th ribs). 

6. Complications 

In the preceding section, the anatomicoclinical forms 
of incisional hernia are described, on the assumption 
that the hernia has reached the stage where it is a 
stable, organized lesion. Under such conditions the 
surgeon and intensive care specialist are able to eva
luate the lesions and select an appropriate therapeutic 
procedure. However, other situations can be found 
(Fig. 8.14). Regardless of the type of hernia, the emer
gency context must be taken into account, since inten
sive care is difficult in such cases. Furthermore, septic 
lesions, or surgical maneuvers in septic conditions, 
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Fig. 8.14a-f. Complicated forms of incisional hernia and the results of surgery. a and b Large trophic ulceration. c and d Strangulated 
hernia with cutaneous necrosis: the skin has been left open. e and f Burst abdomen with incisional hernia 
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contraindicate the use of prosthetic material, thereby 
preventing a repair under the most favorable condi
tions. 

a) Strangulation 

Strangulated incisional hernia is a very serious com
plication. especially in elderly bedridden patients or in 
cases of bulky herniation with intestinal necrosis (Fig. 
8.14c, d). We do not insert a nonabsorbable prosthesis 
in these cases, because of the lack of skin preparation 
and the presence of septic fluid within the hernial sac. 
The use of an absorbable prosthesis may offer an ade
quate alternative. 

b) Trophic Ulceration 

The skin often becomes ulcerated with large protru
sions through the abdominal wall. The ulceration is 
seen over the middle and at the apex of the protru
sion, and results from weakening of the subcutaneous 
cellular tissue and occlusion of blood vessels due to 
the pressure of the viscera. Our histologic data 
confirm the thrombosis of small vessels. The ulcera
tion itself may be uninfected, but culture of the skin 
always reveals the presence of potentially dangerous 
pathogenic organisms (Fig. 8.14a, b). 

Treatment requires wide skin resection around the 
ulcerative lesion. A change of drapes and instruments 
may tempt one to run the risk of installing a prosthe
sis at this stage, but we prefer to carry out repair at a 
later date. 

c) Secondary Burst Abdomen 

Neglected trophic ulceration will lead to burst abdo
men (Fig. 8.14e, 0. We have encountered one such case, 
where luckily the omentum acted as a barrier. In a less 
fortunate case referred to us a jejunal fistula was 
found. Treatment requires at least two separate opera
tions. 

d) Incisional Hernia with Colostomy 

An incisional hernia that develops around an artificial 
anus can be of gigantic proportions. The hernia must 
be surgically approached at a distance from the colo
stomy and in the midline. Provided that scrupulous 
preparation has been carried out and the colostomy 
has been fully isolated under plastic protectors, a per
forated intra-abdominal prosthesis can be installed 
with success. 

An incisional hernia that occurs in the midline in 
proximity to colostomy causes more difficult pro
blems. In these cases, where there is only a small dis-

tance between the colostomy and the operative site, we 
prefer not to use prosthetic material. 

e) Associated Forms 

Associated Abdominal Emergency. The presence of a 
lesion requiring emergency surgery in a patient with 
major incisional hernia is not rare. Treatment of the 
hernia may have been previously refused by the 
patient or the surgeon. Most of these patients present 
with peritonitis of various forms. Local and general 
preparation are obviously not possible under these 
emergency conditions. As in the case of strangulated 
herniation, the surgeon can do only what is in his 
power; nonabsorbable prostheses are contraindicated 
because of the risk of septic complications. 

Elective Abdominal Surgery, with a Risk of Sepsis. 
The associated disease involves either the biliary 
apparatus, the stomach, small bowel or the colon. 
Prudence is mandatory and it is preferable to use clas
sical procedures and absorbable prosthetic material. 

7. Principles of Surgical Management 

a) Chronic Incisional Hernia without Sepsis 

(1) Nonprosthetic Repair 

In cases where the hernial orifice is very small and 
undergoes only slow enlargement, management is 
simple. These patients have a large, supple abdominal 
wall with little muscle. It is of the utmost importance 
that they follow a regimen of strict body hygiene and 
that the skin be prepared and disinfected over a long 
period of time. Good results can be achieved by a clas
sical technique of repair (e.g., a Welti-Eudel proce
dure). Successful repair requires that the abdominal 
wall be fully intact postoperatively and that the sutu
red flaps be apposed without tension. 

(2) Difficult Management 

Management is difficult in cases of bulky hernia with 
a large orifice. Prosthetic material is obviously neces
sary in these cases. Precautions must be taken similar 
to those used with orthopedic prostheses. 

Some patients present a loss of abdominal wall tis
sue (Fig. 8.1sa), which is almost always related to atro
phy or retraction of the recti abdominis. Preparation 
and traction do not suffice to close the defect, and a 
large prosthesis is required to replace the missing tis
sue. We prefer to insert the prosthesis using trans
fixing sutures, under tension, which decreases its area 
of exposure to the overlying skin. This type of fixation 
can assist partial recovery of lateral muscle function, 
since the tension lost because of the midline detach-
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Fig.8.15a-d. Abdominal wall defect in inci
sional hernia. Loss of tissue may be only 
apparent (a), in which case closure is pos
sible. Other cases show a true defect due to 
muscle destruction (b-d) and the orifice 
can only be made somewhat narrower 

ment of the muscles is re-established. We therefore 
prefer to use a large prosthesis extending 8-10 cm 
beyond the margins of the defect. Abdominal pressure 
assists the integration of the prosthetic material. 
However, the prosthesis should not be so large that it 
"freezes" the lateral muscles into a fibrous reaction. 
The problem of abdominal wall reinforcement can be 
examined from a different point of view, as proposed 
by Stoppa et al. (1980). They consider the prosthesis a 
reinforcement of the peritoneal envelope and thus use 
larger prostheses allowing greater envelopment. These 
prostheses are not attached as solidly as with our tech
nique. Transfixing sutures or biological glue can be 
used for this purpose (Fig. 8.16). 

In some cases there is only an apparent loss of abdo
minal wall tissue (Figs. 8.1sa, 8.17). Such patients 

Fig. 8.16a, h. Stoppa's procedure. A large, enveloping prosthesis is 
placed in the subperitoneal space and fixed in place by transfixing 
sutures or biological adhesive. [Stoppa et al. 1980; courtesy of 
Nouvelle Presse Medicalel 
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Fig. 8.l7a, b. Principles of surgical treatment of midline incisio
nal hernia. Our technique recreates tension on the retracted 
lateral abdominal muscles and allows us to appose the "sagitta
lized" recti abdomini. The prosthesis is solidly anchored to the 
semilunar line (Spigelius line) and extends widely beneath the 
deep surface of the recti 

usually present with major midline incisional hernias, 
which can be likened to pronounced diastasis. There 
is no true loss of tissue, although the wall is scarred. 
Subsequent to appropriate preparation using the tech
nique of pneumoperitoneum and adequate curariza
tion during anesthesia, it is possible to achieve appo
sition of the margins of the hernial orifice, although 
the degree of traction required carries the risk of 
recurrence. Use of a prosthesis allows the forces of 
traction to be transferred to the edge of the implant. 
The abdominal wall can then be sutured over the 
prosthesis without tension. This procedure can be ter
med prosthetic reinforcement, since the prosthesis pro
tects the midline suture. 

b) Septic Incisional Hernia 

Nonabsorbable prostheses should not be used for 
infected incisional hernias, at least in the primary 

stage of repair. The risk of recurrent herniation is pre
ferable to the much more serious risk of infection. We 
prefer classical repair procedures under these condi
tions, coupled with the use of absorbable prosthetic 
material after an appropriate interval. 

8. Treatment 

a) Preparation 

(1) Role of the Anesthesiologist
Intensive Care Specialist 

On initial contact with the patient the specialist eva
luates respiratory function and notes the existence of 
cough, expectoration, history of smoking, etc. 
Respiratory status is then assessed by appropriate 
tests. Clinical examination, chest X-rays, and radio
scopy will evaluate diaphragmatic mobility. However, 
testing of respiratory function yields a more precise 
assessment. We place particular emphasis on the 
minute respiratory volume (MRV) and the ratio of for
ced expiratory volume to vital capacity (FEV NC). The 
results obtained are compared with theoretical normal 
values using standard tables developed by Baldwin et 
al. (1948). Blood gas determinations are also of prime 
importance. Measurements should include partial 
oxygen pressure (normal value = 100 Torr) , C02 par
tial pressure (normal value = 40 Torr), pH (7.4), and 
02 saturation (> 75%). The results of blood gas mea
surement are used to evaluate ventilatory efficacy and 
to identify latent respiratory insufficiency (Table 8.7). 

Preparation of the patient is begun on the first day 
of hospitalization. The results of respiratory explora
tion on admission are compared with those obtained 
at regular intervals thereafter. In this way the respira
tory status and the efficacy of preparation can be 
assessed. Electronic spirometry (Sandoz M-4-03) 
allows daily evaluation of residual volume (RV), for
ced expiratory volume (FEV), and minute volume 
(MV). 

Preparation also includes withdrawal of tobacco; 
respiratory physiotherapy, i.e., costal exercise, dia
phragmatic exercise (deep inspiration in different 
decubital positions), assistance of coughing and 
expectoration by clapping exercises, in some cases 
postural drainage; instrumental physiotherapy using 
a pressure-relaxation breathing apparatus (Bird Mark 
8 or Bennet PR1, PR2) to facilitate coughing and 
decrease secretion by increasing alveolar ventilation 
(the breathing apparatus is driven by pressurized gas 
and can be used at home); prescriptions of a mucoly
tic agent (we use cyclohexyl methylammonium chlo-



Table 8.7. Acceptable values 

Spirometry Blood gas measurements 

VC 80% Pa02 95 Torr 40 years 
RV 40% 80 Torr 50 years 
RV/TC 30% 85 Torr 60 years 
FEV/vC 75% Sa02 70% 

PaC02 40 ± 5 Torr 
pH 7.40 ± 0.05 

Table 8.8. A 40-year-old woman, 161 cm, 75 kg presenting with 
major incisional hernia of right hypochondrium and right iliac 
fossa; postoperative course uneventful; discharge 1 month later 

Respiratory function: 
theoretical values 

VC 2,800 ml 
FEV 2,160 ml 
FEV/vC 77% 
RV 
TC 3,766 ml 
RV/TC 

Sept. 14, 1982 Dec. 12, 1982 

2,700 ml 3,375 ml 
1,500 ml 2,850 ml 
55.5% 84·5% 
1,950 ml 4,475 ml 
4,650 ml 4,775 ml 
42% 29·3% 

Table 8.9. A 7l-year-old woman, 158 cm, 94 kg; presenting with 
major supraumbilical incisional hernia complicated by diabetes, 
congestive heart failure, and ischemic heart disease. Preparation 
was carried out for 30 days. 48 hours after surgery the following 
were noted: polypnea, normocapnic hypoxia followed by hyper
capnia, and heart failure requiring prolonged artificial ventila
tion and intensive care. The patient was discharged 1 month later 

Respiratory function: Dec. 9, 1982 Jan. 3, 1983 
theoretical values 

VC 2,360 ml 2,250 ml 2,200 ml 
FEV 1,620 ml 1,750 ml 1,550 ml 
FEV/VC 68·5% 77-8% 70·5% 
RV 1,700 ml 1,500 ml 
TC 3,520 ml 3,950 ml 3,700 ml 
RV/TC 43% 40% 
Pa02/Sa02 83 Torr/96% 76 Torr/95% 
PaC02 41 Torr 37 Torr 

Table 8.10. A 70-year-old woman, 155 cm, 90 kg, alcoholic, was 
refused operation due to disturbed alveolocapillary diffusion of 
02 and C02, confirmed by the C02 compliance test 

Respiratory function: 
theoretical values 

VC 2,340 ml 
FEV 1,600 ml 
FEV/vC 68.5% 
RV 
TC 3,460 ml 
RV/TC 
Pa02/Sa02 
PaC02 

April 17, 1982 April 26, 1982 

1,200 ml 
800 ml 
66.7% 
1,600 ml 
2,800 ml 
57% 
56 Torr/96% 
55 Torr 

1,180 ml 
780 ml 
67% 

50 Torr/84% 
52 Torr 
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ride given as an oral solution}; and antibiotics (in 
cases of infection). Where initial results are satisfac
tory the operation need not be further delayed. In 
other cases, improvement is seen only after several 
weeks of preparation, in which case the operation 
should be postponed until then. Such a case is illus
trated by the results of respiratory function tests 
shown in Table 8.8. 

In patients presenting with poor health who show 
no improvement after respiratory preparation, the 
decision to operate must be made with great care, 
since the postoperative course may have severe com
plications, as in the case outlined in Table 8.9. In other 
cases the results of respiratory function tests lead to a 
refusal to operate, despite the patient's insistence, as in 
the case outlined in Table 8.10. 

(2) Role of the Nursing Staff 

The nursing staff playa major role in preparation of 
the patient by ensuring proper hygiene and treatment 
of skin lesions and by encouraging the patient to 
ambulate, to use the stairs, etc. 

(3) Role of the Surgeon 

In cases where the hernia has "lost the right to reside 
in the abdominal cavity", the technique of pneumope
ritoneum described by Goni-Moreno (1970) is useful. 
The premedicated patient is placed in the supine posi
tion. A blunt trocar (Palmer's needle) is introduced 
into the abdominal cavity on the line joining the 
umbilicus to the left anterior-superior iliac spine. The 
point of penetration should be closer to the umbilicus 
than to the iliac spine. Penetration into the peritoneal 
cavity can be easily achieved by requesting the patient 
to tense the abdominal muscles during the puncture 
(subsequent punctures are facilitated by the presence 
of residual pneumoperitoneum). A syringe is then 
used to inject sterilized air (taken over an open flame) 
into the peritoneal cavity until the patient feels dis
comfort, which is usually signaled by difficult respira
tion and sometimes the occurrence of scapular pain. 
The amount of air that can be injected during each 
session varies greatly according to the patient (from a 
few hundred milliliters to more than a liter). The 
pneumoperitoneum is reinduced every 2-3 days and 
the patient is monitored with X-rays (subdiaphrag
matic air shadows). We prefer to use air rather than 
C02, which is more rapidly resorbed, thereby allowing 
a greater time interval between injections. 

With this technique we can assess the patient's tole
rance to reduction of the hernial mass. The diaphragm 
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can be readapted to work in physiological conditions 
and, according to the author of the technique, dissec
tion of the hernial sac is facilitated. 

b) Surgical Intervention 

(1) Anesthesia 

General anesthesia and artificial respiration are used. 
Operative analgesia is obtained by administration of a 
morphinomimetic drug (phenoperidine). Muscular 
relaxation is achieved with a curarimimetic (pancuro
nium bromide, 0.07-0.10 mg/kg). The advantages of 
this technique include its safety, reversibility and 
controllability, rapid awakening, and early return of 
intestinal transit. 

(2) Exposure and Exploration 

Skin Incision. The direction of the incision is of little 
importance and is chosen as a function either of the 
previous incision or of the major axis of the swelling. 
Our practice is to make the incision in the direction of 
the previous one, and to resect (at least in cases of 
major incisional hernia) a fairly large diamond-sha
ped area of skin, since the hernial sac always adheres 
to the skin. There is no point in trying to cut these 
adhesions to free the overlying skin, which will not be 
needed once the hernia is reduced. The skin over the 
sac is stretched thin and poorly vascularized and has 
lost its subcutaneous supportive tissue. In cases of 
cutaneous ulceration, the resected area should be as 
large as possible, extending well beyond the area of 
lymphatic drainage. 

Dissection of the Hernial Sac. As described above, the 
sac is sometimes bulky and is always irregular. One 
should expect to find adherent and intertwined bowel 
loops within it, and in some cases sterile or infected 
fluid. This danger must be kept in mind when one pro
ceeds to isolate the sac. It is preferable to approach the 
sac from without, beginning the dissection at a solid 
part of the abdominal wall. Work then progresses 
from the periphery to the center and the sac is approa
ched via its neck. However, in the course of these 
maneuvers, the peritoneum often presents in such a 
way that it can be opened without apparent danger; 
the surgeon should seize such an opportunity when it 
arises. 

Exploration of Contents of Hernial Sac. Once the limits 
of the sac have been defined and opened, the explora
tion of its contents can begin. Different situations can 
be encountered, which are discussed below. 

In some cases, no adhesions are found within the 
sac. In this case the surgeon should simply identify the 
limits of the hernial orifice and explore it from within. 
For this purpose the hand is slipped inside the abdo
minal cavity to test the solidity of the abdominal wall 
from its posterior to its anterior part. 

Sometimes a few loose, isolated adhesions are 
found, and these can easily be broken or divided. In 
some cases, however, major fleshy adhesions are 
encountered. After appropriate dissection, these can 
often be broken down, although this carries a risk of 
postoperative peritonitis. In the course of these proce
dures, care should be taken to protect the omentum, 
which may be needed later on. 

In some cases the adhesions are numerous and 
involve major segments of intestine. Such patients run 
a high risk of visceral rupture, and it is better to resect 
the omentum and involved bowel. When the resec
tions are done at the proper sites under good condi
tions' including adequate protection of the abdominal 
wall, there is less risk of operative failure than when 
there is unexpected opening of a hollow viscus, or an 
area of necrotic omentum. Although omental necrosis 
may be aseptic, one should assume the opposite. 
Indeed, highly pathogenic organisms can be found, 
e.g., Pseudomonas aeruginosa (pyocyanic bacillus) in 
one of our patients. 

Exploration of the Abdominal Cavity. In cases of major 
incisional hernia the defect is large enough to allow 
thorough examination of the abdominal cavity, which 
may reveal other lesions that must be taken into 
account. Should repair of the incisional hernia be cou
pled with treatment of an ovarian cyst or gallstones? 
The answer depends on the condition of the patient, 
the surgical approach, the nature of the lesion and its 
severity, as well as on the risks of septic contamina
tion, especially where nonabsorbable prosthetic mate
rial is to be used. 

Exposure of the Margins of Hernial Orifice. The mar
gins of the orifice must be carefully identified. 
Secondary orifices, when present, should be opened, 
since the aponeurotic bands extending from one side 
to the other are of no structural significance and can
not be used for repair. The contours of the defect thus 
identified must be solid, i.e., able to be grasped by 
strong forceps. 

(3) Nonprosthetic Repair 

Classical methods of repair are based on aponeurotic 
or muscular reconstructive surgery using the anato-



mical structures of the abdominal wall. These proce
dures may still be indicated in certain cases. Simple 
suturing of the aponeurotic margins after reduction of 
the herniated viscera and treatment of the hernial sac 
may be useful when the orifice is narrow, e.g., incisio
nal hernia at a drainage site. In such cases, relaxing 
incisions in the anterior aspect of the rectus sheath 
[Gibson 1920; Welti & Eude11941; Clotteau & Premont 
19791 may be of help. 

Suturing by Judd's technique also requires that the 
aponeuroses be solid. Furthermore, it is necessary that 
these fascial structures be stretched (as is almost 
always the case around the hernial sac) and that the 
margins of the orifice be brought into apposition 
without difficulty (Fig. 8.18). This technique is mainly 
applicable to the treatment of lateral incisional hernia, 
although it can be used in cases of midline hernia. 

Reference is often made by French authors to the 
technique ofWelti and Eudel (1941), and some reports 
on this technique have been published [Eudel 1979; 
Hureau et al. 19751. The procedure is used for midline 
repair and consists of making two lateral incisions 
(parallel to the midline) through the anterior surface 
of the rectus sheath. The two resulting aponeurotic 
flaps are then sutured together over the midline 
defect. Finally, the medial margins of the rectus sheath 
are sutured together over the aponeurotic repair. 
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Fig. 8.18 a-d. Judd's procedure. Repair is achieved by 
overlapping of the existing aponeuroses. [Rives et al. 
1977; courtesy of Encyclopedie Medico-Chirurgicale] 

Gosset's technique (1949) of suturing full-thickness 
autografted skin bands is mainly indicated for the 
repair of midline incisional hernias. Results published 
by Banzet et al. (1979) demonstrate that the strips of 
skin are not rejected. This procedure of reinforced 
suturing can be very useful (Fig. 8.19). 

Fig. 8.19. Gosset's procedure. Suturing is done with bands of 
autografted skin, inserted like laces into the wound margins. 
[Banzet et al.1979; courtesy of Nouvelle Presse Medicale] 
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For patients prepared by preoperative pneumoperi
toneum, the various procedures described above can 
be used to treat relatively simple incisional hernia 
when there is neither a loss of abdominal wall tissue 
nor sclerotic retraction of the muscles. These tech
niques do not have the inconvenience of prosthetic 
repair and do not require the same precautions. In 
comparable groups of patients, infection is less fre
quent and less severe, but these classical procedures 
carry a high recurrence rate, and much attention has 
been given to prosthetic surgery. Nonprosthetic repair 
is still indicated where there is an obvious risk of sep
sis. Under such conditions we prefer to use Welti 
Eudel's procedure with reinforcement of the anterior 
rectus sheath with an absorbable prosthesis. This tech
nique can be applied to most types of incisional her
nia. Furthermore, in cases of recurrent incisional her
nia a prosthesis can be placed under good conditions 
since the retromuscular prefascial space has not been 
breached. 

(4) Prosthetic Repair 

Prostheses can be used to treat lesions which are often 
considered beyond the scope of surgery. The use of 
prosthetic material has been the subject of much 
controversy, but it is now widely accepted. 

The choice of an appropriate prosthesis is based on the 
physical and biological properties of the material to be 
used. The ideal material should be as light and solid as 
possible, with a certain degree of elasticity and sup
pleness. Elasticity allows the prosthesis to conform 
freely to the curvatures of the visceral sac and to 
"accompany" the movements of the muscles into 
which it is incorporated, thereby avoiding undue fric
tion leading to inflammation. It is also important that 
the material be of a fairly open mesh structure so as to 
induce a rapid fibroblastic response. For these reasons, 
we have chosen to use Dacron (Mersuture) over the 
past decades, since in our opinion it is the least inap
propriate material commercially available. The results 
of our experience with this material in the treatment 
of hernia of the groin and major incisional hernia 
have been confirmed by experimental studies done by 
workers in Amiens (see Chap. 9, page 200) and 
Strasbourg [Adloff & Arnaud 1976; Petit et al. 1974l. 
They demonstrated that fibroblastic investment of the 
prosthesis is best when mersilene mesh is used, i.e., 
the index of fibroblastic reaction is high and much 
greater than the index of inflammatory reaction, 
which remains low (Fig. 8.20). Furthermore, we have 
never observed intolerance to this type of prosthetic 

mesh, and the cases of rejection that have been seen 
were due to operative sepsis. 

A recent experimental study [Chevrel & Rath 1997l 
compares four different materials, namely Dacron, 
polypropylene, polyglactine 910 and composite mate
rials, namely Dacron and polyglactine 910. The com
parison was based on two criteria: on the one hand 
biomechanical tests aiming to compare the resistance 
of normal abdominal walls with those which had been 
reinforced with different prostheses at 30, 60 and 90 
days postoperatively, and on the other hand histologi
cal sections aiming to assess resistance by measuring 
the newly formed collagen and tolerance by estima
ting the acute foreign body inflammatory reaction. 

The comparative study of the nonabsorbable pros
theses with resorbable polyglactine showed that the 
latter can restore the resistance to pressure on the 
abdominal wall to normal, but does not actually 
increase it, as do the nonabsorbable prostheses. 
Furthermore, resistance to traction is less than that 
obtained by nonabsorbable meshes, particularly poly
propylene. Its tolerance increases parallel to the rate of 
dissolution, but remains less than that of Dacron after 
the first month. 

The comparative study of the two nonabsorbable 
prostheses which were tested shows that whereas 
Dacron is distinctly better tolerated, abdominal walls 
reinforced by polypropylene are three times more 
resistant to traction and the increase in resistance to 
pressure is extremely high. Polypropylene achieves a 
maximal degree of fibrosis earlier than does Dacron, 
but at the same time is more easily deformed. Thus 
Dacron seems to be the prosthesis of choice when 
maximum resistance is required, for example in those 
cases where the abdominal wall is so weak that a small 
increase in its resistance would be sufficient. In fact, 
Dacron only offers an increase of 55% in resistance to 
pressure, while maintaining resistance to traction at a 
physiological level. 

Combination of an absorbed material (polyglactine) 
with nonabsorbable Dacron seems· to confirm no 
advantage, whether on resistance or tolerance. The 
authors have not found any reliable criterion to indi
cate a preference for composite Dacron over simple 
Dacron. 

All the prosthetically reinforced abdominal walls 
which were studied achieved their maximum resis
tance at the end of the first postoperative month, both 
to pressure and to traction. They all maintained a phy
siologicallevel of elasticity comparable to that of a 
normal abdominal wall. The prostheses were equally 
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Fig.8.20a, b. Tolerance for dacron-mersilene prostheses. Comparative his
tological study (a courtesy of T. Caulet) shows that dacron offers the best 
relationship of fibroblastic to inflammatory reaction. b Experimental study 
by Adloff and Arnaud (1976) of the resistance to and tolerance for pros
thetic materials used in repairing defects of the abdominal wall. 
R Siliconized velvet-dacron plate; Sd silastic-dacron plate; S siliconized 

plate; M dacron mesh; C nylon mesh 
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well tolerated at the end of the third month. The 
choice must therefore rest on the resistance/tolerance 
ratio during the two first postoperative months. 

The polyglactine prosthesis is only indicated in the 
presence of sepsis. The Dacron prosthesis confers 
good resistance to the wall, nonetheless limited, and 
its use in extremely obese or muscular subjects does 
not give complete protection against recurrent her
niation due to tearing of the prosthesis. The polypro
pylene prosthesis, which is three time stronger, is cli
nically equally well tolerated and at present appears to 
be the nearest approach to the ideal. The composite 
Dacron polyglactine prosthesis seems to have no par
ticular advantages over either of the simple types. 

The site of Prosthetic Implantation. A prosthesis can 
be positioned intraperitoneally by attaching it to the 
deep surface of the abdominal wall, or under the skin 
by fixing it to the superficial aspect of the abdominal 
wall. However, insertion of the prosthesis within the 
wall itself obviously requires that the existing anato
mical conditions be taken into account. The best 
planes of cleavage within the abdominal wall are 
found in the rectus sheath, between the lateral abdo
minal muscles and in the subumbilical part of the pre
peritoneal space. 

Intraperitoneal Positioning. This has been recommen
ded by Bourgeon et al. (1972). In a study published in 

1997, Arnaud reported on this procedure in 220 
patients. Good results (two deaths, infection in five 
cases, recurrence in eight cases) were obtained in that 
study, considering the magnitude of the lesions that 
were seen. We do not believe that intraperitoneal 
implantation has any advantages. Although the per
itoneum rapidly envelops the prosthesis and offers a 
good defense against infection without hematoma for
mation, it is also true that this process is accompanied 
by adhesion of the bowel loops, thereby hindering 
intestinal transit and complicating further surgery. We 
have seen cases of intraluminal migration of such a 
prosthesis. Interpositioning of the omentum between 
the viscera and the prosthesis protect against these 
complications. 

Premuscular Positioning of the Prosthesis. This has 
been defended by J.P. Chevrel (1979), who advances the 
following arguments: 
• Placing the prosthesis in this position requires wide 
mobilization, which abolishes the lateral traction on 
the rectus muscles exerted by the oblique and trans
verse muscles. This dissection increases the effect of 
the counter-incisions, whether they be of the large 
Gibson type or the multiple incisions described by 
Clotteau -Premont. 
• The anterior rectus sheath should be considered as 
the principle tendon of insertion of the flat muscles 
into the linea alba. 
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• The superficial position of the prosthesis allows ten
sion to be adjusted correctly when it is fixed in place. 
• The use of a fibrin glue sprayed on to the prosthesis 
immediately consolidates the fixation. 
• When a superficially placed prosthesis becomes 
infected it is simply managed by local measures, and 
does not require to be removed. 

Fig.8.2la-e. Chevrel's procedure: mantle reconstructive surgery 
and prosthesis. a 1 Incision on the anterior rectus sheath. 
2 Approximation of fascial edges and turndown of the anterior 
rectus sheath. 3 Mantle suturing of rectus sheath. 4 Rein
forcement with a nonabsorbable prosthesis, in the premuscu
loaponeurotic position, sutured and glued. b Appearance of the 
abdominal wall following suture of the fascial edges and mantle 
repair. c Appearance of the abdominal wall, following placement 
of a premusculoaponeurotic prosthesis (Mersilene, Prolene or 
Marlex). d Operative view. Subcutaneous dissection is widely 
extended laterally; note two rows of sutures in middle of opera
tive field [courtesy ofJ. P. Chevrel]. e Fixation of ligalene-tulle 
mesh using four slow-absorbing sutures 

• In contrast, a deeply placed prosthesis may, if there is 
any defect in the peritoneum, come into contact with 
the viscera and favor formation of a fistula. 

The operation includes a first stage of dissection 
during which it is necessary to resect the peritoneal 
sac, freshen the margins of the defect and free up the 
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underlying viscera as widely as possible so that the 
abdominal wall can be reconstructed with no risk of 
visceral injury. This stage of the dissection is comple
ted by carrying out a wide detachment of the plane in 
front of the muscles and aponeurosis upwards as far 
as the costal margin, downwards to the iliac crests and 
laterally to the mid-axillary line. Rigorous asepsis is 
mandatory, achieved by the use of Povidone-iodine 
soaked swabs and meticulous hemostasis so as to 
avoid postoperative hematomas. 

The actual repair comprises reconstruction of the 
linea alba, which has almost always been possible in 
our series. Only four patients had a loss of substance 
which in three cases required the use of a patch and in 
one the construction of a flap from the rectus sheath. 
This reconstruction of the linea alba is carried out 
either in one layer by the Gibson or Clotteau -Premont 
technique, using interrupted nonabsorbable sutures, 
or in two layers as described by Welti and Eudel, or as 
a "wrapover pIa sty" (Fig. 8.21). 

J. P. Chevrel emphasizes this wrapover plasty which 
is carried out in four layers. The first layer, following 
large counter incisions in the anterior rectus sheath 
strengthens the margins of the defect, then a double 
aponeurotic layer constructing the wrapover with 
nonabsorbable 2/0 interrupted sutures, finally a fourth 
layer which is represented by the prosthesis itself in 
front of the muscles and aponeurosis. 

The linea alba having been reconstructed, the abdo
minal wall is reinforced by a large Dacron or polypro
pylene prosthesis, which is fixed by four sutures of 2/0 
absorbable suture material, reinforced by paramedian 
stitches which apply the patch firmly to the muscular 
layer and linea alba. The patch is also fixed by 
spraying with 2 ml of fibrin glue. Two to four suction 
drains are inserted. The subcutaneous tissues are 
approximated firmly with absorbable material, and 
the skin is closed with metal staples. Before recovery 
from anesthesia, a supporting abdominal girdle is put 
in place, and sepsis is prevented by an injection of 1 g 
of Vancomycin at the beginning of the operation in the 
case of recurrence and of cephamandol for primary 
operations. The dressing is not removed until the 6th 
postoperative day. 

J.P. Chevrel has reported a series of 389 incisional 
hernias operated upon between 1980 and 1993,236 of 
whom were managed with a prosthesis. Among these 
last, a series of 110 patients operated upon since 1989 
received a collagen glue spray to fix the prosthesis in 
position. The series includes 328 midline hernias 
(84.31%), 68 lateral hernias (17.48%) and five parasto
mal hernias (1.28%). Twelve patients had multiple her-
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niations. Various complicating factors rendered the 
surgery more difficult, in particular the inclusion of 23 
infected cases and 143 which had recurred one or 
more times (36.76%). In the series of patients recei
ving prosthetic reinforcement, various techniques of 
suture or plastic repair were carried out, the choice 
depending upon the site of the hernia, its size and 
whether or not it was recurrent. Simple herniorrhaphy 
was employed 44 times, large Gibson type counter
incision 24 times, small multiple Clotteau-Premont 
type incisions 31 times, a Gersuni -Welti -Eudel plasty 
39 times, a Chevrel wrap over plasty 77 times, and 
other techniques including the Judd, Quenu patch and 
sandwich prosthesis 21 times. 

Results (Fig. 8.22). The total follow up was 93.89% of 
the patients, and 98.18% of a recent series of 110 
patients treated with prosthetic replacement and 
fibrin glue. The analysis of the series of patients trea
ted by suture or hernioplasty plus prosthetic reinfor
cement shows that: 
• The overall morbidity included twelve cases out of 
236 of superficial sepsis (5%), three of which occurred 
in the 110 patients treated with the fibrin glue. There 
were ten hematomas (0.84%), one skin necrosis 
(0.42%), and seven seromas (2.96%). Six of these 
occurred in the fibrin glue group, at the beginning of 
the series when external drainage was not used. 
• There was an overall benefit when the prosthesis was 
fixed with fibrin glue, as regards recurrences. Chevrel 
reports 28 recurrences in 153 repairs without prosthe
sis (18.3%), a figure which fell to 5.5% when a premus
cular prosthesis was inserted. In this latter group there 
were twelve recurrences out of 133 operations where 
fibrin glue was not used (9.2%), and only one defini
tive recurrence in 110 patients where the glue tech
nique was included (0.97%). 

Preperitoneal implantation has been widely used by 
Stoppa et al. (1979, 1980). In his view the aim of the 
operation is to reinforce the peritoneum. Accordingly, 
the abdominal wall is closed over a large prosthesis 
placed between the abdominal muscles and the per
itoneum, so that the prosthetic material envelops and 
reinforces the peritoneum. A biological adhesive is 
sometimes used to fix the material in place, although 
this procedure is not mandatory since the prosthesis 
is firmly held in place by the intra-abdominal pressure 
and later by fibrous ingrowth. Very good results have 
been obtained by Stoppa: among a total of 287 cases 
published, two deaths occurred postoperatively, six 
cases of suppuration were seen (leading to recurrence 
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c 
Fig. 8.22 a-c. Results obtained in three cases using Chevrel's procedure 
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Fig. 8.23a-e. Author's procedure. a Paramedian sagittal section showing position of prosthesis (dotted line) in subumbilical midline 
eventration. b Paramedian sagittal section showing position of prosthesis in subumbilical eventration. c Paramedian sagittal sec
tion showing position of prosthesis in subchondral eventration. d Horizontal section showing position of prosthesis in case where 
abdominal wall can be closed over it. e Position of prosthesis is case where abdominal wall cannot be closed over it 

in two patients), and five cases of aseptic recurrence 
were noted. 

Retromuscular prefascial prosthesis. In the cases repor
ted below the prosthesis was implanted deep to the 
muscles of the abdomen, i.e., in the rectus sheath or 
the preperitoneal space whenever possible, and if not, 
in the peritoneal cavity, in cases where peritoneal dis
section was not possible (this was sometimes the case 
in the periumbilical region and always so in the sub
diaphragmatic region). The space for implantation 
may differ for the upper and lower parts of the pros
thesis. 

In cases of midline incisional hernia (Figs. 8.23 & 
8.24) we position the prosthesis in contact with the 
muscle fibers, i.e., in the interval between the rectus 
abdominis and the plane of contact between the per
itoneum and the posterior lamina of the rectus 
sheath. This requires opening of the rectus sheath 
near the linea alba to gain entry to the retromuscular 

space and exposure of the posterior belly of the rectus 
muscle. 

Closure anterior and posterior to the prosthesis. The 
peritoneal cavity must be closed prior to implantation 
of the prosthesis. In most cases, apposition of the per
itoneal margins can be achieved when the peritoneum 
has been correctly and widely freed. In the midline, 
the peritoneal layer is much thicker since it is here 
covered by the posterior lamina of the rectus sheath. 
When peritoneal apposition cannot be achieved, we 
close the defect with an absorbable prosthesis. 
Omentum, when present, can be used to separate the 
viscera from the prosthesis. The posterior surface of 
the omentum allows good peritonization, while its 
anterior surface offers a source of granulation tissue 
which invests the prosthesis. Every attempt should be 
made to achieve an intervening surface of cover bet
ween the prosthesis and the skin, though this is not 
always possible. 
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Fig.8.24a-f. Implantation of prosthesis in the midline using the technique described by the authors; the stages are shown. [Rives et 
al. 1977; courtesy of Encyclopedie Medico-Chirurgicale 1 

Placement of the prosthesis. The upper part of the 
prosthesis is placed between the rectus abdominis 
anteriorly and the thorax and internal oblique poste
riorly. The lower part of the prosthesis is fixed to 
Cooper's ligament and extends into the pelvic region 
in order to prevent its detachment; i.e., the prosthesis 

is implanted in the rectus sheath above the arcuate 
line and in the preperitoneal space below it. 

In cases of lateral incisional hernia, the abdominal 
muscles may provide only one part of the circumfe
rence of the hernial orifice. With a subchondral her
nia, it is often necessary to position the upper part of 



the prosthesis beneath the diaphragm and attach it to 
the rib cage using transfixing costodiaphragmatic 
sutures. The lower part of the prosthesis then lies ante
rior to the peritoneum, while the upper part is in the 
peritoneal cavity. In cases of inguinal incisional hernia 
it is necessary to position the prosthesis so that it 
envelops the peritoneum and extends into the iliac 
fossa and pelvis. The prosthesis is sutured above to the 
deep surface of the muscles and below to Cooper's 
ligament or the iliac crest. The patch of mesh should 
extend well beyond the area of the defect (in all direc
tions) in the preperitoneal space. 

The area of insertion of the prosthesis must be as large 
as possible. Our experience has shown that suturing of 
the material to the margins of the defect offers no gua
rantee of solidity and usually results in a recurrence 
due to lateral detachment. Accordingly, the mesh 
should extend well beyond the myoaponeurotic her
nial orifice, with intra-abdominal pressure being used 
to ensure its insertion. The force of abdominal pres
sure holds the prosthesis against the deep surface of 
the muscles, thereby achieving a sort of "suture by 
apposition". However, this pressure-induced apposi
tion is not sufficient to maintain the prosthesis in cor
rect position during the first few postoperative weeks, 
and thus it is necessary to ensure that the prosthetic 
material is firmly stitched in around the edges. For 
many years we used pledgets to attach the prosthesis, 
which allowed removal of the sutures on the 20th 
postoperative day. However, we later discovered that 
these pledgets could give rise to complications and 
that they were not absolutely necessary. We changed 
our practice and now tighten each transfixing suture 
of the abdominal wall through a cutaneous buttonhole 
which is then closed by a single stitch. In cases of mid
line incisional hernia the semilunar line (Spiegel's 
line) is used as the site for peripheral attachment of 
the prosthesis. 

The conditions for these surgical procedures should 
obey the rules of prosthetic implantation. The pro
blems encountered are identical to those seen in 
orthopedic surgery. The risks of infection can be mini
mized by operating under conditions of scrupulous 
asepsis. Prosthetic surgery thus requires: perfect 
hemostasis, absence of direct manipulation ·of the 
prosthesis and overnight formalin vaporization of the 
operating room. Overhead light should not be mani
pulated during operation. A sucker should not be used 
during surgery so as to avoid the displacement of dust 
or other contaminated airborne particles. 
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c) Postoperative Care 

Monitoring of body temperature. There may be an ini
tial moderate rise due to inflammatory reaction. 

However, persistence of fever beyond the 4th post
operative day usually indicates infection. 

Aspiration drains should also be monitored. These 
drains, placed in contact with the prosthesis and/or 
beneath the skin, are used to evacuate fluid and blood 
in the areas of dissection, which may be very large. We 
remove the drains around the 6th postoperative day. 

The skin and abdominal incision must be examined, 
and should be exposed as soon as possible so as to 
identify any slight early sign of infection. 

Respiratory physiotherapy should resume as soon as 
the patient leaves the operating room. 

Early ambulation is recommended in most cases, 
but precautions should be taken initially. It may be 
wise to replace early ambulation by mobilization in 
bed, with guidance by the physiotherapist whenever 
possible. 

Finally, all sports activity and physical stress are 
contraindicated during the period of connective tissue 
cicatrization, i.e., for 3-6 months after the operation. 

d) Treatment of Complications 

Early postoperative infection. We obtained full cure in 
some cases of early postoperative infection (the last 
been observed in 1987) by wide saucerization and irri
gation, thereby allowing the developing granulation 
tissue to invest the mersilene prosthesis. It is our 
impression that long-lasting wound suppuration 
results from overly conservative postoperative treat
ment (limited disunion, removal of a few stitches, etc.). 

9. Results 

Our experience with modern procedures for repair of 
incisional hernia dates back to 1964. During the 1970-
1995 period, we observed 1,018 cases of major abdo
minal incisional hernia, although this figure is mani
festly low since it represents those cases where a 
specific procedure was done to treat only the incisio
nal hernia, and does not take into account the nume
rous small incisional hernias that were identified and 
treated during operation for some other reason. 

Discussed below are the results of 478 major inci
sional hernias treated between 1971 and 1995. These 
cases have been selected for presentation as they 
constitute a homogeneous series with respect both to 
the type of surgical procedure performed and the sur
gical team who performed the operation (five senior 
surgeons implanted 93.3% of the 332 prostheses in this 
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series). Critical analysis of previous failures permitted 
more selective indications and resulted in improve
ment of our results. 

447 of our patients were elective cases, and 31 were 
emergencies. 347 (72.6%) were primary repair. 131 
(27.4%) were recurrent incisional hernias. Recurrence 
occurred after nonprosthetic repair in 79 patients 
(60%), and after prosthetic repair in 52 patients 
(40%). The repair was nonprosthetic in 98 patients 
(20.5%). We used an absorbable mesh in 45 patients 
(9.4%). All the other patients (332) were treated with a 
nonabsorbable mesh (Mersuture Ethicon). 

a) Using Prosthetic Material (332 cases) 

(1) Early Postoperative Course 

With stricter indications, we observed a dramatic 
improvement in our results: 325 (97.6%) of the patients 
had an uneventful postoperative course. 

The mortality in our series was 0.9% (3 of 332 cases). 
Only one death is directly related to a complication of 
the procedure (female, 71 years, deep wound infection, 
septicemia with staphylococcus aureus). Two other 
deaths were not related to the operative repair: 
• male, 73 years, necrotizing enteritis, necropsic confir
mation; 
• female, 69 years, cardiac arrest in recovery room. 

Death from respiratory failure was not observed in 
this series of 332 patients. 

Local Complications. Superficial infection occurred 
in 2 cases (1.2%). Deep infection is a serious complica
tion since it affects the prosiliesis. We observed, during 
the last 5 years, only 2 cases of deep infection, one 
being fatal. Special emphasis should be given to one 
case, in which wound suppuration occurred at a later 
date, (2 years after operative repair). This late compli
cation demonstrate the need for prolonged follow-up 
of patients having undergone prosthetic surgery. 

Recurrence of aseptic herniation was seen in 5.2% of 
our patients (16 of 304 cases available for follow up). 
In 13 of these patients, definitive repair was achieved 
by reoperation. In 3 other cases, reoperation was not 
done because of the minor degree of the recurrent 
hernia. 

(2) Long-term Results 

Excellent long-term results (Fig. 8.25) were seen in 
98.6% of the patients. Evaluation was made possible 
by a careful follow-up of our patient with only 25 
(7.5%) lost to follow-up. 

These favorable results were often obtained from the 
onset of treatment. In a few cases (4.2%), the definitive 

result was not achieved for some time, owing to the 
need for local procedures (cure of superficial infec
tion) or reoperation for small uninfected recurrences 
(13 cases). The discomfort of these complementary 
procedures and of the sensory disturbances reported 
in some cases is balanced by the satisfaction of having 
corrected a major lesion (sometimes of monstrous 
dimensions), which up to that time had often been 
considered untreatable (one to six recurrences had 
been noted in 30 patients). 

b) Using Nonprosthetic Technique (143 cases) 

Prosthetic surgery was contraindicated in some 
patients, so that sutures, plasties or absorbable mesh 
procedures were used. The 143 cases in this series were 
among the most difficult we have seen: 57 emergency 
cases (39%), and 43 cases of associated septic proce
dures (44.9%). Some of these patients presented with 
an enormous strangulated hernia and were bedrid
den, while others presented as emergencies, with an 
incidental large incisional hernia. The poor results in 
this series were seen in unprepared patients, which 
underlines the importance of adequate local and gene
ral preparation and of the precautions that should be 
taken in infected cases. 

The mortality was 6.2% (nine cases) in this series. In 
seven of these cases death occurred after surgery to 
treat an accompanying lesion of the small bowel or 
colon. 

Infections were seen in 11 cases, including seven 
emergencies, infected recurrence with impending rup
ture on two occasions, and accompanying septic pro
cedures on five occasions. The overall infection rate 
was thus 7.6% (11 of 143 cases). 

Recurrence of hernia was seen in 33 cases (23% of all 
143 patients or 24.6% of the 134 who lived. Nonabsor
bable prosthetic surgery was contraindicated because 
of the emergency situation and the associated septic 
procedures that were required. 

c) Emergency Operation 

Emergency surgery on a patient with a major incisio
nal hernia is a grave situation. Local and general pre
paration is not possible and the procedure often 
involves intestinal obstruction or peritonitis. In our 
series of 478 patients, 6.5% (31 cases) underwent emer
gency surgery. Most of these patients presented with 
strangulation of the hernia (75%), though in some a 
visceral emergency (20%), occlusion due to band 
adhesions (2.5%) or abscess (1 of14 cases: 2.5%) was 
the indication for the operation. 
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Fig. S.2Sa-f. Results obtained in three cases using the technique described by the authors 
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Over the 5 past years, we never used a mersilene 
prosthesis. Mortality, in this group, was high (25.8%) 
and the recurrence rate, among the survivors was 23%. 

10. Comments 

a) Analysis of Results 

Prostheses 

The results described above were obtained using a 
personal procedure the principles of which have been 
explained and whose technical features have been 
codified. This technique, which we have used for over 
25 years, has given satisfactory results. Minor details 
have been modified over the years, such as abandon
ment of pledgets, and the use of suction drainage. 
However, critical analysis of these results, especially of 
the failures, has led us to reconsider the indications for 
this procedure. Indeed, the attendant risks of such 
repair can be decreased by informed narrowing of the 
indications. 

A reduction in mortality was achieved by taking 
into account the fact that many of the patients were 
elderly and obese and suffered from cardiopulmonary 
insufficiency. A careful preparation, if necessary with 
pneumoperitoneum is therefore mandatory. Aseptic 
recurrence of incisional hernia (mechanical) was rare 
(13 of 332 cases: 5.2%). These cases seem to be difficult 
to avoid, at least when the recurrence is due to rupture 
of the prosthesis or abdominal wall. Such rupture 
always occurs at the points of fixation of the prosthe
tic material. However, prevention of this complication 
may be possible by placing larger prostheses fixed to 
the ribs or the pubic bone. 

The rate of infection was dramatically improved, 
however. In ten of our patients the prosthesis was 
implanted with associated septic procedures. We 
observed no infections, thanks to vigorous precau
tions. 

b) Better Selection of Indications 

We have modified our operative indications over the 
years: prosthetic surgery was indicated in 100% of 
cases in 1971 as against 56.5% in 1981 and 69.5% in 
1995· 

In our department, prostheses are reserved for cases 
that cannot be treated by other means. The main indi
cation is the multiple, recurrent incisional hernia, 
where special attention must be paid to the identifica
tion of latent sources of infection and to disturbances 
of general health (especially diabetes). We have thus 
abandoned the use of prosthetic repair in emergency 
surgery and when operation is indicated primarily for 

reasons other than the incisional hernia. However, in 
some of these cases closure cannot be achieved using 
classical procedures for repair (Judd 1912; Welti & 
EudelI941]. For such cases we have recently adopted 
the use of resorbable prosthetic material. Repair using 
autograft skin bands may also offer a solution to these 
difficult cases, although we have had no experience 
with this method. 

c) Technical Precautions 

The need for extreme vigilance in prosthetic surgery 
cannot be overemphasized. Standard precautions 
include thorough disinfection of the operating room, 
prohibiting the use of vacuum aspiration of air and 
movements of the overhead lights, proper training of 
all personnel in sound hygienic practice, and "no 
touch" rules. So called "unexplained" accidents are in 
fact caused by the surgeons themselves. The use of 
laminar flow seems to reduce the incidence of such 
events; in our experience, the rate of unexplained 
infection has fallen from 11.2% (14 of 127 cases) to 5.5% 
(2 of 36 cases) since its introduction, although this dif
ference is not statistically significant (X2 = 1.48). 

11. Conclusions 

Major incisional hernia is a significant lesion affecting 
general health; in some cases it is a disabling lesion, 
previously considered to be beyond the scope of sur
gical repair. Improved understanding of the physiolo
gical disturbances induced by these lesions (especially 
respiratory insufficiency) and the judicious use of 
prostheses, offer a reasonable therapeutic solution for 
these patients. The results obtained reflect the consi
derable progress that has been made in this area, since 
some 90% of patients can now be cured. Critical ana
lysis of failures demonstrates that still better results 
are obtainable by stricter definition of the operative 
indications and more precise codifying of surgical 
techniques. 
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III. Therapeutic Defects of the Abdominal Wall 

J. P. Chevrel 

Resection of tumors of the abdominal wall has been 
included in this chapter since the procedures of tumor 
removal create a veritable defect. The rather uncom
mon arrangement of this chapter is justified by the 
major therapeutic problems regarding repair that 
arise subsequent to wide excision of a tumor of the 
abdominal wall. Conversely, anatomical diagnosis of 
the tumor, whether it be a benign or malignant lesion, 
is generally not problematic. 

The discussion is divided into three parts. The first 
part is a review of the different types of tumors that 
can be found in the abdominal wall. The second part 
covers the procedures commonly used to achieve 
repair. The last part of this section presents the tech
nical features and indications for the therapeutic 
open-abdomen procedure referred to as laparostomy. 



A. Tumors 

Tumor of the abdominal wall is a rare finding. These 
lesions are quite diverse from the histological stand
point. Benign tumors are the most frequent, whereas 
malignant lesions raise more difficult therapeutic pro
blems. 

All possible types of benign tumor can be found in 
the abdominal wall including naevus, sebaceous cysts 
or neuroma developed in the cutaneous tissue, lipoma, 
fibrolipoma, myoma, neurofibroma, and deep lesions 
such as angioma of the muscle. These tumors display 
no special features related to their position in the 
abdominal wall as compared with other sites, and 
treatment can usually be done without difficulty. 

1. Hydatid Cyst 

The abdominal wall is a rare site for hydatid cyst. The 
lesion presents as a hard cystic tumor deep in the skin 
and may attain considerable size. The only appropriate 
treatment is cystectomy with the usual precautions of 
surgery for hydatid cyst, i.e., protection of the opera
tive field by towels soaked in hypertonic saline. 

2. Desmoid Tumors 

Desmoids are proliferative non encapsulated tumors of 
mesenchymal origin. These lesions are usually found 
in the abdominal wall, especially in the sheath of the 
rectus abdominis The lesion may be an isolated fin
ding or one of the components of familial polyposis 
(3.5% of cases, according to Smith 1954) or Gardner's 
syndrome (17.3% of cases, according to Jones & 
Cornell 1966 & Chevrel et al. 1983; see Fig. 8.30). 

Desmoid tumor is far more frequent in women, 
especially during pregnancy or postpartum, and in 
some cases it arises in the abdominal scar of a cesa
rean section [Loygue & Adloff 1977; Guerin 1958; 
Amouroux & Kemeny 1981]. Cases have been reported 
in men and in children of both sexes. Other possible 
sites include the deltoid, latissimus dorsi, and muscles 
of the lower limbs. 

Despite the absence of histological signs of mali
gnancy and metastatic potential, these tumors display 
very special features which render the prognosis 
rather poor; local recurrence is seen in about 30% of 
cases [Germain 1978]. Furthermore, when desmoid 
tumor is seen in Gardner's syndrome there is a ten
dency for tumor development within the peritoneal 
cavity, with invasion of the abdominal viscera and 
mesentery or retroperitoneal space, leading to exter
nal compression of the vascular axes [Delamarre et al. 
1980]. 
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In some cases the development of these tumors is so 
great that resection is impossible, especially in the 
recurrent type of tumor. Intestinal occlusion or necro
sis results in these cases and is beyond the scope of 
therapeutic management. 

The local invasive potential of desmoid tumors has 
led to their being referred to as "fibrosarcomatous" 
lesions, although their histological features and the 
absence of metastatic potential classify them as 
benign tumors. 

From the clinical standpoint, the patient is often the 
first person to notice the lesion of the abdominal wall. 
The tumor is a firm round mass that is apparently well 
limited and does not invade the skin. A single tumor 
or multiple lesions may be found. These tumors deve
lop slowly, and it is precisely this feature that renders 
them dangerous since the only successful treatment is 
wide resection performed at an early date. However, 
many patients consult a physician only when the 
tumor has become voluminous. At this stage repair is 
problematic. 

Appropriate treatment is wide excision extending 
well beyond the limits of the tumor, which are not 
always easy to identify. Insufficient excision probably 
accounts for certain cases of apparent local recurrence 
due to the subsequent growth of residual tumor tissue 
[Loygue & Adloff 1977]. Unfortunately, excision is 
impossible in some cases, e.g., intra-abdominal and 
retroperitoneal tumors and mesenteric fibromatosis. 
Radiotherapy has been proposed to treat inoperable 
lesions, especially in women, where it has been sug
gested that it may act via a decrease in ovarian hor
monal output. In fact, radiotherapy seems to be totally 
inefficacious Hormone therapy has also been propo
sed but proof of efficacy is lacking [McAdam & 
Goligher 1970]. Testolactone seems to have given good 
results in one female patient treated by Waddel (1975). 
This author also reported successful results with a 
combination of theophylline and chlorthiazide, but 
such treatment was a failure in one patient we treated 
[Chevrel et al.1983]. In some cases chemotherapy may 
yield good results [Rignault 1982, personal communi
cation]. 

3. Dermatofibroma of Darier and Ferrand 

This is a rare tumor (0.1% of malignant skin tumors) 
[Petoin et al. 1985], which develops in the dermal 
connective tissue. The lesion is slow-growing, pro
gressively invading the superficial dermis and the 
underlying structures [Brabant et al. 1993]. The der
matofibroma occurs most frequently on the trunk and 
at the roots of the limbs [MacPeak et al. 1967]. Its prin-
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ciple characteristic is the high recurrence rate which 
varies from 10% to 80% in the various series. In fact 
these recurrences are usually due to inadequate initial 
excision. 

As regards treatment, radiotherapy has not proved 
effective and may be regarded as an adjuvant to sur
gery in the case of a second recurrence [Rowsell et al. 
1986]. The treatment is essentially surgical and 
involves a very extensive resection. It should be 
understood that the microscopic extent of the Darier 
tumor always exceeds the macroscopic lesion [Petoin 
et al.1985]. The risk of recurrence diminishes with the 
extent of the excision. Thus, MacPeak, who uses a clea
rance margin of 3 cm from the outer limits of the 
lesion, reports a recurrence rate of 10%, whereas 
Banzet and Servant [Brabant et al. 1993] who use an 
excision margin of 5 cm and also remove underlying 
healthy tissue such as aponeurosis and fascia, obtain a 
recurrence rate of 1.75%. 

Repair of the large area of tissue loss following a 
resection of a Darier tumor requires a full thickness 
graft when the receptor area permits it, or a musculo
aponeurotic flap of rectus femoris or tensor fascia lata 
when the defect is of full thickness. This flap will 
require prosthetic repair if its aponeurotic component 
is not sufficiently strong (Latissimus dorsi, rectus 
abdominis). When the reconstruction involves almost 
the entire anterior abdominal wall the use of free flaps 
provides a solution to the various problems created. 
These include a free flap of tensor fascia lata [Caffee 
1983], or oflatissimus dorsi connected with a micro
anastomosis [Pannier 1996, personal communication] 
which as it contains no aponeurotic component needs 
to be reinforced by a nonabsorbable prosthesis. When 
the loss of substance is full thickness, many authors 
carry out the excision and reconstruction at a single 
stage, repair being effected by one or more pedicled 
flaps [Freedman et al. 1990; Gottlieb et al. 1990] or 
more rarely by a free flap [Neven et al. 1993; Piza et al. 
1993]. Others prefer a two stage operation because of 
possible failure of a microsurgical flap [Revol et al. 
1993; Pannir 1996], the first stage consisting in the pre
paration of as delayed flap near to the area of future 
loss of substance, in the shape of a slipper as described 
by Servant. At a second stage the lesion is excised and 
the defect repaired, provided that the vitality of the 
flap is assured. 

4. Primary Malignancy 

Cutaneous carcinoma and fibrosarcoma are the most 
common types of primary malignant tumors of the 
abdominal wall. Spindle cell carcinoma is the most 

serious type of skin cancer since it spreads to the lym
phatic system and at a late stage gives rise to distant 
metastases. These tumors often arise in the area of a 
pre-existing lesion, e.g., laparotomy scars, burns, 
radiodermatitis, psoriasis, dyskeratosis. Treatment 
requires wide excision of the lesion. Conversely, basal 
cell carcinoma seen in elderly patients carries a better 
prognosis, since successful treatment can be achieved 
by radiotherapy and minor excision. 

The clinical features and development of sarcoma of 
the abdominal wall resemble those of desmoid tumor. 
As does the latter, sarcoma tends to recur locally in 
cases where surgical excision is insufficiently wide. 
These lesions are also complicated by distant metasta
sis or invasion of regional lymphatics. As does carci
noma, sarcoma can develop on pre-existing lesions. 
Diagnosis is usually achieved at a late stage since sar
coma develops in the deep structures of the abdomi
nal wall and thus is not apparent for quite some time. 
From the histological standpoint, the following types 
of sarcoma of the abdominal wall can be seen: fibro
sarcoma, neurosarcoma (sometimes associated with 
Recklinghausen's disease), nevocarcinoma, or even 
synovial sarcoma [Berkheiser 1952]. Clinical examina
tion reveals a hard, irregular tumor with poorly defi
ned limits. The mass adheres to the skin and deep 
layers and may undergo ulceration. As in all cases of 
malignant tumor, treatment is wide excision, some
times coupled with radiotherapy or chemotherapy, 
according to the histological findings [Germain 1978]. 

5. Secondary Malignancy 

Similar to malignant invasion of scar tracts (see page 
91), secondary malignancy of the abdominal wall is a 
complication of primary abdominal cancer of various 
origins. Prognosis is very poor in cases of multiple 
tumors of the abdominal wall, which are often asso
ciated with pulmonary or hepatic metastases. 

Conversely, certain types of abdominal wall invasion 
by malignancy of a subjacent abdominal organ (trans
verse or sigmoid colon, small intestine) can be treated 
by excision en bloc of the primary tumor and the 
abdominal wall lesion. We have performed this proce
dure in several cases, using techniques of repair to be 
described further on (Figs. 8.26, 8.28 & 8.29). 

B. Abdominal Wall Repair 
After Resection 

Regardless of the histological type of tumor, the 
immediate therapeutic problem involves repair in 



Fig.8.26a-c. Partial resection of the abdominal wall to treat inva
sion by primary adenocarcinoma of the colon. Simple skin clo
sure was done to repair the defect. a Abdominal wall tumor 
resulting from local extension of the primary malignancy ori
ginating from the transverse colon. b Resection en bloc of 
tumor and right hemicolon. c Closure achieved by simple cu
taneous suturing. Limits of subjacent resection are visible 

~ 
Fig. 8.27. a Two-layered midline suturing with two cutaneo
fascial relaxing incisions. These must be made lateral to the 
semilunar line, so as not to weaken the abdominal wall. 
b Relaxing incisions with stepwise ileostomies. c Cicatrization 
of the relaxing incisions (same patient as in b) [Hannoun et al. 
1984; Anatomia Clinical 

Defects of the Abdominal Wall 161 



162 J. P. Chevrel 

Fig.8.28a-g. Partial resection of the abdominal wall to treat inva
sive malignancy (adenocarcinoma of the small bowel). 
a Appearance of the tumoral invasion of the abdominal wall. 
b Resection en bloc of the tumor and primary malignancy. 
c The resulting defect; note that the greater curvature of the sto
mach and greater omentum are exposed. d Appearance of the 
defect after 7 days of external cutaneous reinforcement and pro
tection by polyurethane foam. e The same day as in d. f Dressing 
with dextran microspheres (Debrisan Shering). g Appearance of 
the cicatrix 3 months after operation 



Fig. 8.29a-e. Partial resection of the abdominal wall to treat inva
sive malignancy (adenocarcinoma of the colon). a Abdominal 
wall tumor resulting from local invasion by the primary mali
gnancy originating from the transverse colon. b Resection en 
bloc of the tumor involving the abdominal wall and transverse 
colon. c The abdominal wall defect after the operation, showing 
partial skin closure at both ends of the incision. d Protection of 
the bowel by a piece of polyurethane foam. e External cutaneous 
reinforcement using adhesive jersey-knit material 

cases where wide resection has been done. This situa
tion can be likened to that of pathological destruction 
of the abdominal wall and is especially analogous to 
the defects caused by gas gangrene. Several types of 
surgical repair are possible, depending on the size of 
the defect and the sepsis of the abdominal wall. The 
surgical repair of septic and aseptic defects is discus
sed separately below. 

1. Under Septic Conditions 

Plastic procedures or nonabsorbable prostheses such 
as mersilene or ligalene mesh cannot be used. In cases 
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where the defect is large we use one of the procedures 
described below. 

a) Simple Skin Closure 

Ideal cover of the bowel loops requires traction-free 
closure (Fig. 8.26). Large lateral relaxing incisions can 
be made through the skin and the aponeurosis to 
relieve the tension on the abdominal wall. These inci
sions are made from the inferior thoracic ridge to the 
iliac crest and run at a distance of about 10 cm from 
midline. Vaseline dressings are placed over the inci
sions for about 2 weeks (Fig. 8.27). The persistent inci-
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sional hernia resulting from this type of repair can be 
treated by a second operation 10-12 months later. 

b) External Cutaneous Reinforcement 

In cases where the defect is very large and major sep
sis is present, it may be wise to simply protect the 
bowel by the omentum and a plate of polyurethane 
foam. The edges of the foam piece should extend for 
some distance beneath the margins of the defect. 
External reinforcement is achieved by sticking poly
amide mesh over the abdominal wall [Guivarch et al. 
19791. The dressing is changed daily for about 10 days. 
The defect will progressively take on the aspect of a 
fixed burst abdomen (Figs. 8.28 & 8.29). Once the vis
cera have become covered by granulation tissue (at the 
end of the first week) we dress the wound with a pow
der or paste of highly absorbent dextran micros
pheres, as in cases of fixed burst abdomen. The dex
tran paste (Debris an, Shering) forms a gel which is 
clearly less traumatic than moist towels, although the 
protection it affords is incomplete. Therefore, it is 
necessary to place dry or vaseline compresses between 
the dextran dressing and the external reinforcement 
band. The latter is kept in place for 3 or 4 weeks. This 
technique allows rapid growth of tissue over the 
bowel, thereby forming the support for definitive epi
dermization. Cicatrization can be accelerated by a 
split-thickness skin graft (or skin net). Incisional her
nia also persists when this technique is used. Full cica
trization is attained after 2-3 months. 

c) Internal Cutaneous Reinforcement 
with Polyglactine Mesh 

In cases of a very large defect, external reinforcement 
with mechanical protection of the intestines may 
prove insufficient to inhibit protrusion of the viscera. 
The viscera may become irritated by the dressings; 
this can lead to formation of an external fistula. In 
other cases, subsequent to successive operations or 
maintenance of laparostomy for several days, the 
defect resembles more or less pronounced fixed burst 
abdomen. When these different situations arise we 
achieve repair by internal reinforcement, using an 
absorbable prosthetic mesh (polyglactine 910). This 
procedure, developed by Levasseur et al. (1979) pro
vides protection of the viscera and temporary parietal 
reinforcement. As described by its author, this tech
nique consists first of full trimming of the margins of 
the defect. The mesh (whose edge is folded over so 
that the suturing needle passes through a double 
thickness of the material) is then anchored to the deep 

surface of the parietal peritoneum and should extend 
as far laterally as possible. U sutures through pledgets 
are used for this purpose (the sutures are tied over the 
pledgets). It is also possible to tie off the sutures over 
the aponeurosis of the external oblique. In this case, 
small incisions of the skin and subcutaneous tissue (2-
3 cm long) are made over the site of each aponeurotic 
suture. We use gauge 0-1 polyglactine 910 for the 
sutures. It is preferable to position all of the sutures on 
one side and then to tie them off. Once the mesh has 
been securely fixed on one side, the procedure is 
repeated on the opposite side, care being taken to 
place the sutures in such a way that their tension 
achieves perfect maintenance of the abdominal vis
cera, as evidenced by a flat abdominal wall. The pros
thetic mesh is then covered by an oily dressing, which 
is changed once or twice daily. The sutures used to 
anchor the prosthesis are removed on the 8th post
operative day. Abdominal pressure maintains the pros
thesis solidly in place by pressing it against the perito
neum. The latter will progressively adhere to the 
prosthesis after a short period of time. Fibrinoid tis
sue invests the prosthesis, rendering it fully hermetic 
in about one week's time. At this stage we replace the 
vaseline dressings with a gel of dextran microspheres, 
as in the procedure for external reinforcement (see 
page 159). Full closure of the defect takes about 2-3 
months and is due to partial apposition of the muscle 
and growth of granulation tissue. 

2. Aseptic Defects 

In cases where peritoneal and abdominal wall infec
tion is absent, the defect can be closed using recons
tructive surgery and a nonabsorbable prosthesis. One 
of the procedures described below is used, according 
to the size of the defect. 

a) Simple Suturing with Relaxing Incisions 

In cases where the defect does not exceed 10 cm in 
diameter and its margins are sufficiently solid to be 
sutured, i.e., composed of aponeurosis, tension-free 
suturing can be done. Lateral cutaneofascial or purely 
fascial relaxing incisions, coupled with subcutaneous 
dissection, allow the suturing to be done under trac
tion-free conditions. We prefer mass-closure (extracu
taneous) interrupted suturing with slow-absorbing 
material for this purpose. 

b) Turndown of Anterior Lamina of Rectus Sheath 

This procedure can be used in cases of larger defects 
lying on the midline. The incisions are made 1 cm 



from the lateral margins of the recti abdomini. The 
anterior lamina of the rectus sheath can then be tur
ned down easily, except at the level of its fibrous inter
sections, where very careful hemostasis is required. 
The medial margins of the incision are joined together 
on the midline using interrupted sutures of polyglac
tine 910 (gauge O). This procedure allows repair of a 
defect measuring up to 15 cm wide. In cases where 
there is traction on the sutures, two relaxing incisions 
are made as far lateral as possible (beyond Spigelius' 
line so as not to weaken it). Indeed, in the region of the 
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Fig.8.30a-e. Resection of the abdominal wall from the inguinal 
ligaments to the inferior thoracic ridge in a case of desmoid 
tumor. a The two resected tumors. b The abdominal wall defect; 
note that the peritoneum has been preserved (except in a small 
area closed by edge-to-edge suturing). c Repair of the defect 
using a large mersilene mesh. d Functional result 1 year after 
operation. e Reoperation via the midline for total colectomy. 
The vertical incision of the prosthesis was closed with nonab
sorbable sutures 

semilunar line, there is a risk of opening all three fas
ciallayers in a single step, thereby exposing the per
itoneum. This complication will obviously give rise to 
lateral incisional hernia. 

We have used this procedure in a few cases of resec
tion en bloc of a colonic malignancy with invasion of 
the abdominal wall. 

c) Prostheses or Autograft 

In cases where the defect involves half or more of the 
abdominal wall, plastic surgery alone is insufficient. 
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Repair in these cases can be done with a prosthesis or 
by auto grafting. The choice of the procedure depends 
on whether the omentum and peritoneum have been 
preserved. Resection of the abdominal wall in cases of 
desmoid tumor (which usually does not affect the per
itoneum) can be repaired by a large mersilene or liga
lene mesh. We have performed such repair in a patient 
presenting with Gardner's syndrome (Fig. 8.30). 

A similar procedure can be done to repair the defect 
of wide abdominal wall resection done in cases of gas 
gangrene where the omentum is intact. The defect is 
closed by implanting mersilene or ligalene mesh along 

Fig. 8.31 a-e. Resection of half of the anterior abdominal wall in 
a case of gas gangrene. a The abdominal wall defect 30 days 
after resection. External reinforcement using adhesive material; 
bowel protected by vaseline compresses. b Internal reinforce
ment with mersilene mesh. c Dressing with polyurethane foam, 
replaced on the 8th postoperative day by dextral micro spheres. 
d Appearance of the defect 6 weeks later; note the full over
growth investing the prosthesis. At this stage, cicatrization can 
be accelerated by thin-layer skin grafting. e Final result 

the deep surface of the peritoneum (Fig. 8.31). As des
cribed above, the wound is initially dressed with vase
line compresses, followed by dextran gel from the 8th 
postoperative day onward. About 3 weeks later, i.e., 
when the prosthesis is completely invested by new tis
sue, cicatrization can be accelerated by thin skin 
grafts. 

d) Myoplasty 

In addition to turndown of the anterior lamina of the 
rectus sheath, myoplasty can be used to repair certain 
atypical defects of the abdominal wall. 



Gracilis Myoplasty. Midline sub umbilical defects can 
be repaired by myoplasty of the gracili muscles. This 
old procedure, described by Comolli in 1931 [in Quenu 
& Perrotin 1955], consists of sectioning the distal end 
of the two muscles at their myoaponeurotic junction, 
then turning the muscle bodies upwards. A subcuta
neous tunnel is made to pass the lower end of the 
muscles (now the superior part of the myoplasty) over 
the defect. The muscle is then sutured to the margins 
of the defect. 

Tensor Fascia Lata. Defects in the lumbar region of the 
abdominal wall can be repaired by tensor fascia lata 
pedicle flaps [Koonts 19551. A U-shaped skin incision 
is made; the anterior and posterior parts of the U-sha
ped incision descend from the anterior-superior iliac 
spine and the middle of the iliac crest respectively, and 
are joined together (horizontal part of the U) over the 
greater trochanter. The superior part of the fascia lata 
is dissected free, but its insertion on the iliac crest is 
preserved. The fascia lata is then sectioned at a more 
or less inferior site and then turned upwards. The fas
cial sheet can be brought up as far as the inferior cos
tal ridge. In cases where the fascia lata is not wide 
enough to cover the defect, the repair can be comple
ted by using the aponeurosis of the lumbar muscles. 

Tensor Fascia Lata Myocutaneous Pedicle Flaps. Some 
authors have successfully used tensor fascia lata myo
cutaneous flaps pedicled to a branch of the circumflex 
artery [Nahai et al. 1978; Caffee & Asokan 1981; Luce et 
al. 19831. The neurovascular bundle approaches the 
fascia lata near the medial margin of its upper qua
drant. The tensor fascia lata must be detached from 
the iliac crest and sectioned below at a point about 10 
cm from its inferior end. Rotation 1800 brings the flap 
to the abdominal wall to cover a massive defect. This 
procedure is indicated in exceptional cases, i.e., young 
patients in whom no other technique is possible. If 
necessary both of the tensor fascia lata muscles can be 
used to achieve total abdominal wall reconstruction 
[Luce et al. 19831. 

C. Therapeutic Evisceration (Laparostomy) 

1. History of Treatment 
of Burst Abdomen 

This subject can be divided into three main periods. 
During the first period, lasting up to 1960, emergency 
reoperation was done to achieve closure at all costs. 
The mortality was 50% under these conditions. The 
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second period was one of systematic refusal to reope
rate. During this phase, techniques of abdominal bel
ting and external cutaneous reinforcement were 
introduced [Guivarch & Mouchet 19691. In the third 
period, abdominal wounds were made to treat under
lying peritonitis. Many reports have been published 
recently on this subject [Fagniez 1978; Guivarch et al. 
1979; Neidhardt et al.1979; Champault et al.19791. 

Two therapeutic situations requiring an open-abdo
men procedure can arise. In cases where burst abdo
men complicates peritonitis, the abdominal opening 
can be maintained for a certain time to allow daily 
treatment of the peritonitis. In other cases (which are 
the most frequent) the laparotomy made to treat 
severe peritonitis is deliberately left open for several 
days, also to allow appropriate treatment. We refer to 
these open-abdomen procedures by the term "laparo
stomy". 

The basic idea behind this technique was a result of 
the high mortality seen when closely spaced succes
sive operations were done to treat grave peritonitis. 
Nonclosure allows visceral exploration and cleansing 
of the peritoneum to be done on a daily basis. This 
technique, which can be done at the bedside, is pur
sued until total cleansing of the peritoneum is obtai
ned. The open-abdomen is then treated like free or 
fixed burst abdomen with adhesive external reinfor
cement bands until cicatrization occurs. At this stage 
the patient has an incisional hernia that may be trea
ted a few months later. 

'''<>tJ;lI- :.. 
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Fig. 8.32. The "plastic skirt" technique (according to Neidhardt). 
The open wound is covered by the plastic wound protector, 
through which irrigation fluid is delivered 
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2. Technique 

This simple technique is done at the end of the opera
tion for peritonitis. During surgery all septic foci are 
removed, intestinal sections are brought out to skin, 
and efficacious drainage of the peritoneal cavity is 
done subsequent to lengthy and thorough peritoneal 
lavage. 

The viscera are then protected by polyurethane 
sponge, as proposed by Fagniez (1978). This material 
is apparently less traumatic than the traditional towels 
soaked in povidone iodine [Champault et al. 1979l. 
Reinforcement of the wall is achieved using adhesive 
jersey cloth (Contensor). We have performed laparo
stomy in 18 patients with a mean exposure time of one 
week (range: 4-18 days). Six of these patients died from 
peritonitis. However, we firmly believe that the morta
lity would have been much higher if repetitive laparo
tomy (not allowing daily peritoneal cleansing) had 
been done. 

The "plastic skirt", a procedure developed by 
Neidhardt, was used in two of our patients. This tech
nique has given satisfactory results, if one takes into 
consideration the dramatic situations in which it has 
been used [Neidhardt et al. 1979; Champault et al. 
1979l. At the end of the operation, the semi-rigid ring 
of a plastic field protector (Wound Protector) is slip
ped under the margins of the defect (or incisional 
wound). The plastic sheet is then raised up and tied to 
a tube through which irrigation fluid is delivered. The 
upper end of the plastic skirt is also suspended by ver
tical traction to ensure a hermetic seal between the 
ring of the wound protector and the deep surface of 
the abdominal wall. The margins of the wound 
become everted, thereby facilitating local cleansing 
(Fig. 8.32). The irrigation fluid introduced via the tube 
is evacuated by drains placed in the lowermost part of 
the abdominal cavity. The plastic skirt is left in place 
for about a week. Irrigation fluid is usually isotonic 
saline (500 m1!24 h) [Neidhardt et al. 1979l or greater 
amounts of diluted (10%) povidone iodine (18-
30 liters/day) [Champault et al. 1979l. 

References 

Berkheiser SW (1952) Tumeur analogue a un synovia
liome de la paroi abdominale. Ann Surg 135: 114-117 

Bradant B, Revol M, Vergote T, Servant T, Banzet P (1993) 
Dermofibrosarcoma protuberans of the chest and the 
shoulder: wide and deep excisions with immediate 
reconstructions. Plast Reconstr Surg 71: 348-351 

Caffee HH, Asokan R (1981) Tensor fascia lata myocuta
neous free flaps. Plast Reconstr Surg 68: 195-200 

Caffee HH (1983) Reconstruction of the abdominal wall 
by variations of the tensor fasciae latae flap. Plast 
Reconstr Surg 71: 348-351 

Champault G, Magnier M, Psalmon F. Roche JY, Patel JC 
(1979) L'evisceration: element therapeutique des peri
tonites. Nouv Presse Med 8: 1349 

Chevrel JP (1994) Loss of substance of abdominal wall. 
In: Bendavid R (ed) Prostheses and Abdominal Wall 
Hernias. R G Landes, Austin, pp 311-320 

Chevrel JP, Sarfati E, Saglier J, Kemeny JL (1983) Tumeur 
desmoide et syndrome de Gardner. A propos d'une 
observation. J Chir 3: 159-164 

Delamarre 1, Dupas JL, Capron JP, Remond A, Lorriaux A 
(1980) Fibromatose mesenterique et syndrome de 
Gardner. Revue de la litterature a propos d'un cas 
d'evolution mortelle. Gastroenterol Clin BioI 4: 45-51 

Fagniez PL (1978) La prevention des lesions intestinales 
lors des eviscerations. Nouv Presse Med 7: 1117 

Freedman AM, Gayle LB, Vaughan ED, Hoffman LA 
(1990) One stage repair of the anterior abdominal 
wall using bilateral rectus femoris myocutaneous 
flaps. Ann Plast Surg 23: 299-302 

Germain M (1978) Les tumeurs de la paroi abdominale. 
Enc Med Chir Estomac-Intestin 9049,A 10 

Gottlieb JR, Engrav LH, Walkinshaw MD, Eddy AC, 
Herman CM (1990) Upper abdominal wall defects: 
immediate or staged reconstruction? Plast Reconstr 
Surg 86: 281-286 

Guenn P (1958) Tumeurs de la paroi abdominale. Enc 
Med Chir 2011, B 10 

Guivarch M, Mouchet A (1969) Sanglage abdominal par 
bas nylon dans l'evisceration post-operatoire. Press 
Med 77: 101-102 

Guivarch M, Roullet-Audy JC, ChapmannA (1979) La non 
fermeture parietale dans la chirurgie iterative des 
peritonites. Chirurgie 105: 287-290 

Jones EL, Cornell WP (1966) Gardner's syndrome. Arch 
Surg 72: 287-300 

Koonts AR (1955) Une operation pour grosse hernie lom
baire sur cicatrice d'incision. Surg Gynecol Obstet 101: 
119-121 

Levasseur JC, Lehn E, Rignier P (1979) Etude experimen
tale et utilisation clinique d'un nouveau materiel dans 
les eviscerations graves post-operatoires. Chirurgie 
105: 577-581 

Levasseur JC, Lehn E, Rignier P (1979) La contention 
interne par prothese resorbable dans Ie traitement 
des grandes eviscerations. J Chir 12: 737-740 

Loygue J, Adloff M (1977) Polypose intestinale. Masson, 
Paris 

Luce EA, Hyde G, Gottlieb SE, Romm S (1983) Total abdo
minal wall reconstruction. Arch Surg 118: 1446-1448 



MacPeak CJ, Cruz T, Nicastria AD (1967) Dermato
fibroma protuberans. An analysis of 86 cases - 5 with 
metastasis. Ann Surg 166: 803 

NlcAdam AF, Goligher JC (1970) The occurrence of des
moid in patient with familial polyposis coli. Br J Surg 
57: 618-630 

Nahai F, Silverton JS, Vasconez LO (1978) The tensor fas
cia lata musculocutaneous flaps. Am Plast Surg 1: 372-

379 
Neidhart JH, Kraft F, Morin A, Rousson B, Charroux B, 

Roubin M (1979) Le traitement a ventre ouvert de cer
taines peritonites et infections parietales abdomi
nales graves. Lyon Chir 75: 272-774 

Neven P, Shepherd JH, Tham KF, Fisher C, Breach N 
(1993) Reconstruction of the abdominal wall with a 
latissimus dorsi musculocutaneous flap: a case of a 
massive abdominal wall metastasis from a cervical 
cancer requiring palliative resection. Gynecol Oncol 
49: 403-406 

Defects of the Abdominal Wall 169 

Petoin DS, Verola 0, Banzet P, Dufourmentel C, Servant 
JM (1985) Dermatofibrosarcome de Darier et Ferrand: 
etude de 96 cas sur 15 ans. Chirurgie 111: 132 

Piza H, Rath T, Hausmaniger C, Walzer RL (1993) Wound 
closure at the trunk by microvascular free flap trans
fer. Microsurgery 14: 230-235 

Revol M, Vergote T, Servant JM, Banzet P (1992) 
Transferts tissulaires libres en chirurgie plastique 
(urgences exclues).A propos d'une experience de dix 
ans. Ann Chir Plast Esthet 33: 119-126 

Rowsell AR, Poole MD, Geoffrey AM (1986) 
Dermatofibroma protuberans: the problem of surgi
cal management. Br J Plast Surg 39: 262 

Smith WG (1954) Desmoid tumors in familial multiple 
polyposis. Proc Staff Meet Mayo Clin 34-31 

Wad del WR (1975) Treatment of infra-abdominal and 
abdominal wall desmoid tumors with drugs that 
affect the metabolism of cyclic 3-5 adenosine mono
phosphate. Ann Surg 3: 299-302 



9 Hernia of the Abdominal Wall 
R. Stoppa 

With the collaboration of 
P. Amid, R. Bendavid, G. Champault, J. P. Chevrel, 

J. B. Flament, A. Gilbert, C. Meyer, J. P. Palot, G. E. Wantz 

1. Groin Hernias in the Adult ................................... 174 
A. Principles of Treatment ................................... 174 

1. Some Aspects of Surgical Anatomy of the Inguinal Region ..... 174 
2. Hernial Lesions ........................................ 175 
3. Classification of Hernias ................................. 175 
4. Mechanisms of Inguinal Hernias .......................... 178 
5. Epidemiology .......................................... 178 
6. Length of Hospital Stay ................................. 179 
7. Verification of Results and Quality ......................... 179 
8. Informing the Patient ................................... 179 

B. General Principles of Herniorrhaphy ........................ 180 
1. The Choice of Approach ................................. 180 

a) The Anterior Inguinal Approach ...................... 180 
b) The Transabdominal Approach ....................... 180 
c) The Preperitoneal Approach .......................... 180 
d) Advanges of the Laparoscopic Approaches .............. 181 

2. Dissection of the Spermatic Cord ......................... 181 
3. Management of the Hernial Sac ........................... 182 
4. Reconstruction of the Inguinal Canal ...................... 182 

a) The "Tissue Repair Technique" ........................ 182 
b) "Mesh Repairs" ..................................... 182 

5. Anesthesia in Hernia Surgery ............................. 183 
C. Classical Herniorrhaphy by the Inguinal Approach ............. 184 

1. The Marcy Operation .................................... 185 
2. The Bassini Operation ................................... 185 

a) The Houdard Procedure .............................. 187 
b) The Chevrel Procedure .............................. 187 

3. The Shouldice Operation, (R. Bendavid) .................... 188 
4. The McVay Operation ................................... 193 
5. The Nyhus Operation ................................... 195 
6. General Observations on Suture Repairs ................... 197 

D. Tissue Transfers via the Inguinal Route ...................... 198 
1. The Berger-Orr Procedure ............................... 198 
2. The Hindmarsh Procedure ............................... 198 
3. Transposition of the Spermatic Cord ...................... 199 
4. Transfer of Fascia Lata or Skin ........................... 199 
5. General Criticism of Tissue Transfer ....................... 199 

E. Techniques Involving the Use of Prosthetic Material ........... 200 
1. Prosthetic Repair by the Inguinal Route .................... 201 

a) The Rives Operation ................................ 201 



172 R. Stoppa et al. 

b) The Lichtenstein Open Tension-free Hernioplasty, 
(P. K. Amid) ...................................... 204 

c) The Gilbert Operation (A. 1. Gilbert, M. F. Graham) ....... 210 

d) The Plugs 0. P. Palot and J. B. Flament, 
with the collaboration of J. P. Cailliez-Tomasi 
and G. Greffier) ................................... 214 

2. Prosthetic Repair via the Open Abdomen ................... 216 
a) The Rives Operation ................................ 216 
b) The Stoppa Operation ............................... 217 
c) The Wantz operation (G. E. Wantz) .................... 221 

3. Prosthetic Repair via the Laparoscopic Route ............... 223 
a) The Extraperitoneal Route (G. Champault) ............. 223 
b) The Trans-Abdominal Preperitoneal Route (C. Meyer) ... 228 

F. Intraoperative Complications of the Classical Surgical Repairs ... 233 
1. Hemorrhage ........................................... 233 
2. Spermatic Cord Lesions ................................. 233 
3. Nerve Injury .......................................... 234 
4. Injury to the Vas Deferens ............................... 234 
5. Bladder Injury ......................................... 234 
6. Injury to an Abdominal Organ ........................... 234 

G. The Postoperative Period ................................. 234 
1. Postoperative Analgesia .................................. 235 
2. Prevention of Thromboembolism ......................... 235 
3. Antibiotics ............................................ 235 
4. Ambulation and Length of Hospital Stay ................... 235 
5. Resumption of Activities and Work ........................ 236 
6. Early Postoperative Complications ........................ 236 

a) Hematomas ....................................... 236 
b) Wound Infection ................................... 236 
c) Hydrocele ......................................... 237 
d) Ischemic Orchitis .................................. 237 
e) Urinary Complications .............................. 237 
f) Thromboembolism ................................. 238 
g) Respiratory Complications ........................... 238 
h) Gastrointestinal Complications ....................... 238 
i) General Complications and Mortality ................... 238 

H. Late complications ....................................... 238 
1. Sequelae .............................................. 238 

a) Testicular Atrophy .................................. 238 
b) Chronic Postoperative Pain ........................... 239 
c) Painful Ejaculation .................................. 240 
d) Migration of the Prosthesis .......................... 240 
e) Late Infectious Complications (fistulae) ................. 241 

2. Problems with Re-operation Following Retromuscular 
Prosthetic Repair ................................. 241 

a) Surgery for Benign Prostatic Hypertrophy .............. 241 
b) Surgery for Prostatic or Vesical Malignancy ............. 241 
c) Surgery of the External Iliac Vessels .................... 241 

1. Special Problems ......................................... 242 
1. Irreducibility .......................................... 242 
2. Bruising around the Hernial Site .......................... 242 
3. Problems with Trusses .................................. 242 



Hernia of the Abdominal Wall 173 

4. Strangulation ......................................... 242 
5. Femoral Hernias ....................................... 244 

a) An Umbrella for Femoral Hernias (R. Bendavid) ......... 246 
b) Strangulated Femoral Hernia ......................... 248 

6. Richter's Hernia ....................................... 249 
7. Bulky Hernias ......................................... 249 
8. Adherent Hernias. Sliding Hernias ......................... 251 
9. Bilateral Hernias ....................................... 252 
10. Hernial Lipomas ...................................... 253 
11. Associated Lesions ..................................... 253 

a) Patent Processus Vaginalis ............................ 253 
b) Hernias with Ectopic Testis ........................... 253 
c) Hernia and Hydrocele ............................... 253 
d) Hernia with Varicocele ............................... 253 
e) Hernias with Malformation of the Processus Vaginalis .... 254 

12. Inguinal Hernias in Women ............................. 254 
13. Hernias in the Elderly .................................. 254 
14. "Incidental" Hernias ................................... 255 
15. Recurrent Hernias ..................................... 255 

II. Other Hernias .............................................. 264 

A. Epigastric Hernias ....................................... 264 
B. Diastasis of the Rectus Muscles ............................ 267 
C. Spigelian Hernias ........................................ 267 
D. Lumbar Hernias ......................................... 269 
E. Pelvic Hernias ........................................... 272 

1. Obturator Hernias ...................................... 272 
2. Sciatic Hernias ......................................... 274 
3. Perineal Hernias ....................................... 276 



174 R. Stoppa et al. 

I. Groin Hernias in the Adult 

Since the work of Henri Fruchaud (1956), we have used 
the term inguinal hernias to include all hernias of the 
inguino-femoral region, the region that Fruchaud cal
led "inguino-crural". This concept arose from the fact 
that all of these hernias, which classically are divided 
into direct, indirect and femoral hernias, are caused by 
damage to the tranversalis fascia layer in the area of 
the myopectineal orifice. This region is known to be 
weak anatomically. The debate continues, and has 
recently became more active. Controversies concern 
the classification of hernias, over which there is no 
universal agreement, the indications for classical sur
gical procedures, the value of different laparoscopic 
procedures which still await proper evaluation, and 
the decisions regarding the general directions of her
nia surgery. This is the most commonly performed 
surgery nowadays, and is thus of great social and eco
nomic importance. 

Hernias have been known since the beginning of the 
medical history. In ancient civilizations, the need for 
urgent measures to deal with the catastrophe of stran
gulation, was well recognized. The modern surgical 
era, which was facilitated by the advent of anesthesia, 
began with Bassini in Padua in 1887. His procedure 
was well founded anatomically. Progress continued 
through the work of Halsted in Baltimore (1889), 
Lucas Champonniere in Paris (1892) and Marcy in 
Boston (1892) who described different types of recons
truction of the inguinal canal after excision of the per
itoneal sac. Lotheissen (1898) was the first to use the 
pectineal ligament "Cooper's ligament" in surgical 
repair. Cheatle (1920) and Henry (1936) proposed the 
posterior abdominal approach. This technique was 
extensively used by Nyhus (1959) and developed in 
France by Stoppa (1969). Up until the Second World 
War, there followed a period during which each sur
geon made up his technique based on personal crite
ria, with little regard to results. 

Thereafter, the surgical community became more 
concerned about recurrence. Surgeons such as McVay 
and Anson (1949) in the USA, Fruchaud (1956) in 
France and others carried out anatomical researches 
which led to a revolution in hernia surgery. 

Among the most important technical innovations 
was the use of synthetic material to repair difficult 
cases [Usher 1958; Koontz & Kinberley 1960]. Don 
Acquaviva (1949) introduced Nulon mesh into France, 
then Rives et al. (1965) brought in the modern poly
meric mesh. Stoppa (1969) further applied these tech
niques and spread their use. Most recently, 

Lichtenstein developed multiform patches and plugs 
for hernia repair in the USA. His procedure generated 
great enthusiasm which is spreading throughout 
Europe progressively. Since 1990, mini-invasive and 
video-assisted surgical procedures have developed 
rapidly. Their effectiveness is still to be determined, 
but they need to be taken into account. 

One might ask: "Should there be a subspecialty in 
hernia surgery based on rich historical background?" 
One might recall, in this connection, the view of Shuh 
(1804-1865), a Viennese surgeon, quoted by Halsted 
(1883) and Ravitch (1968): "If no other field was offe
red to the surgeon for his activity other than hernio
tomy it would be worthwhile to become a surgeon and 
devote an entire life to this service". 

A. Principles ofTreatment 

1. Some Aspects of Surgical Anatomy 
of the Inguinal Region 

Details regarding the surgical anatomy can be found 
in Part 1 of this book. Here are some considerations 
concerning inguinal hernia in particular. 

Fruchaud (1956) considered the groin as a transitio
nal region between the abdomen and the thigh. The 
importance of the groin is related to the resistance of 
its structures to abdominal pressure. Anatomical stu
dies of the inguinal region have already demonstrated 
that voluntary striated muscle is absent and that it is 
an area of support where two dissimilar structures are 
superimposed, namely the external oblique muscle 
aponeurosis and the deep myofasciallayer. The latter 
is far more important in surgical repair. The transver
salis fascia is, in some respects, the only layer to resist 
abdominal pressure. The inguinal region is also the 
passageway for the spermatic cord and femoral ves
sels, which adds to its inherent weakness. The funnel
shaped "abdominofemoral fascia of Fruchaud", occu
pying the myopectineal orifice, is an anatomical 
passage between the abdomen and the thigh. All 
inguinal hernias occur within this passage. 

Some anatomical variations contribute further to 
the constitutional and structural weakness of this 
region, such as the patency of the processus vaginalis 
(20% of young adults, Cloquet 1819), and/or the 
increased size of Hesselbach-Ferguson triangle, which 
lacks voluntary striated muscles. Retroparietal planes 
of cleavage [Bogros 1923; Odimba et al. 1980; Hureau 
1991; Mertl1996] are the logical deep prolongation of 
the normal anatomy of the inguinal region. They are 
important from the surgical point of view, as they deli-



neate the posterior surgical approach for repair and 
are the ideal site for preperitoneal prostheses. 

There are two anatomical approaches to the groin 
region. 

- The earlier anterior approach was widely used and 
depended for its good results on the possibility of 
identifying the structures of the inguinal canal so as 
to effect a sound repair, preserve important organs 
(nerves, spermatic cord, etc.) and not to miss other 
hernias. 

- The posterior or abdominal approach leads to the 
preperitoneal spaces and was developed more 
recently. It has the advantage of allowing direct access 
to the defect. The different surgical procedures are dis
cussed later on. This approach is particularly useful 
when problems with the anterior approach are fore
seen. 

Each of these approaches has its own features. 
Griffith (1964) expressed this by saying: "Equal fami
liarity with tllese two approaches allows one to suit tlle 
operation to the patient rather than the patient to the 
operation" . 

2. Hernial Lesions 

The multiple nature of groin hernias is well recogni
zed. This should encourage surgeons to be meticulous 
in the description of hernias in their reports. It is 
necessary to look for all hernia lesions systematically. 
These are the size of the deep inguinal ring, the soli
dity of the posterior layer, the dimensions of the 
"myopectineal orifice of Fruchaud" and the femoral 
canal (Fig. 9.1). 

Bulky hernias cause the two inguinal rings to 
become superimposed. Sliding hernias may be asso
ciated with sliding of intraperitoneal as well as retro
peritoneal organs into the scrotum. A very large scro
tum may require reduction by resection to prevent 
recurrent hematomas. 

Surgery for recurrent hernias endangers regional 
nerves and spermatic cord components which are 
usually difficult to dissect because of scar tissue and 
fibrosis. This is particularly true of the anterior 
approach. Reoperations by the posterior approach, 
especially after the rare failure of a previous prosthe
tic repair, may be difficult due to loss of the preperito
neal plane of cleavage. These difficulties are resolved 
by the exclusion of the adherent area [Trivellini 1991], 
or by dissecting behind the pubis or even beneath the 
periosteum [Stoppa 1995]. 

Systemic and local microanatomical abnormalities 
should be mentioned, such as abnormalities of colla
gen synthesis and the "metastatic emphysema of 
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Read". These hypotheses are interesting but do not 
have a direct bearing on surgery, except to support the 
more radical use of prosthetic mesh. Postoperative 
scarring is another interesting feature which has an 
important surgical significance. 

3. Classification of Hernias 

The classical division of inguinal hernias into direct, 
indirect and femoral hernias does not adequately 
reflect the multiplicity of these lesions, and it is impor
tant to devise a universally accepted classification for 
inguinal hernias. An agreed nomenclature would 
make possible a comparative evaluation of different 
surgical procedures. 

Many classifications have been already proposed in 
the medical literature but none has been universally 
accepted. Here is the result of many years of discus
sions accomplished by the GREPA. The advantage of a 

Fig. 9.1. Variations in the position of the inferior margin of the 
internal oblique (according to Fruchaud, Doin, Paris 1956). 
Above: The internal oblique lies in a rather low position and the 
inguinal triangle is rather narrow: efficiency protection mecha
nism of the inguinal canal; below: the internal oblique lies in a 
rather high position and the inguinal triangle is large: ineffi
cient protection 
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universal classification would be the evaluation of dif
ferent surgical procedures by comparing their results 
in homogeneous groups of patients. On the other 
hand, hernias are very common and are usually trea
ted by many surgeons of unequal surgical experience. 
Such comparative studies might help to indicate the 
operation of choice. This effort is even more impor
tant when we consider that treatment of inguinal her
nias seems to be on the increase, while other opera
tions have recently became less often practiced. 
Moreover, the hernia surgeon is individually and per
sonally involved in all aspects of the patient's mana
gement, while therapeutic decisions in many other 
fields are now often discussed and managed by multi
disciplinary teams. Finally, laparoscopic hernia sur-

gery has recently developed and could, in the absence 
of a classification, become as hard to evaluate as is 
open surgery. 

Among the many proposed classifications, those of 
Fruchaud, Berger, McVay and Chapp, Harkins, Casten, 
Gilbert (Table 9.1), Cristinzio and Bendavid should be 
mentioned. The Nyhus scheme (1991) deserves close 
attention (Table 9.2), as it is fairly complete and well 
balanced concerning the indications for hernia repair 
with or without prosthetic mesh respectively. In this 
classification, groin hernias are divided into four types 
according to the state of the posterior wall of the 
inguinal canal. We agree with Nyhus, except on two 
points: (1) the choice between anterior or posterior 
approach is based on an accurate clinical distinction 

Table 9.1. An anatomical and functional classification (Gilbert's) for the diagnosis and treatment of 
inguinal hernia 

Type 

Internal ring 
Peritoneal sac 
Canal floor 

< IFB 
Y 

Type V 

II 

IFB 
Y 

Type II 

III 

> IFB 
N 

DES 

Type V 

, 
\ 

IV 

Norm 
N 

DES 

Type III 

v 

Norm 
N 

DES (IFB) 



Table 9.2. Nyhus' classification of groin hernias (1991) 

Type of hernia 

1. Indirect 

Normal deep 

inguinal ring 

II. Indirect 

Widened deep 

inguinal ring 

III. Lesions 

of the posterior wall 

A) Direct 

B) Large indirect 

C) Femoral 

IV. Recurrent 

Type of repair 

High ligation of the sac 

without parietal repair 

High ligation of the sac, 

closing of the inguinal ring 

Anterior approach: 

herniorrhaphy using ilio

pubic bandelette, 

or Shouldice 

or McVay procedures 

Posterior approach: 

herniorrhaphy + prosthesis, 

or Stoppa procedure 

Posterior approach: 

herniorrhaphy 

Posterior approach: 

herniorrhaphy + prosthesis 

Table 9.3. Stoppa's classification of groin hernias 
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between direct and indirect hernias in type III, which 
is unfortunately unreliable. (2) Femoral hernias and 
recurrent hernias are underestimated. 

Our personal proposition for the classification of 
groin hernias (Table 9.3) is derived from the Nyhus 
classification, with special attention to the aggravating 
factors. These factors include some complex injuries 
related to the hernia (its size, degree of sliding, multi
plicity, etc.), patient characteristics (age, activity, res
piratory diseases, dysuria, obesity, constipation), spe
cial surgical circumstances (supposed technical 
difficulties, infection risks) or any other unfavorable 
factor which could modify the choice of treatment. 
Finally, it seems logical to include in the group IV "the 
group of recurrent hernias", the subgroups proposed 
by Campanelli (1996). 

The fact that every hernia should be considered and 
treated individually must be emphasized. However, the 
general indications that we believe suitable for our 
four types of hernia, are as follows: 

- Type I: indirect hernia with normal deep inguinal 
ring (admitting one finger at the most) in young 
patients. They are treated by excision and closure of 
the peritoneal sac. 

- Type II: indirect hernia with widening of the deep 
inguinal ring (admitting more than one finger) and a 
solid canal floor. They are treated by repair of the deep 
inguinal ring, or a Bassini-Shouldice type procedure. 

Type Site Anatomic characteristics Treatment 
Deep inguinal ring Inguinal floor 

II 

III 

IV 

Indirect 

Indirect 

Type I hernia 
+ aggravating factor* 

Indirect 
Direct 
Femoral 
Type II hernia 
+ aggravating factor* 

Indirect 
Direct 
Femoral 
Type III hernia 
+ aggravating factor* 

admitting one finger 

admitting more 
than one finger 

large 
± large 
± normal 

large 
± large 
± normal 

* Local aggravating factors: voluminous, multiple, complex hernias 
General aggravating factors: massive obesity, abdominal distention, collagenosis 

solid 

solid 

±weak 
weak 
±weak 

±weak 
weak 
± faible 

ligature resection of the sac 

closing of deep inguinal ring 

Bassini/Shouldice 

} Prosthesis to be discussed 

} Prosthesis 
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- Type III: all direct or indirect inguinal hernias and 
femoral hernias associated with an impaired canal 
floor, or type II hernias associated with an aggravating 
factor. They are treated by a retroparietal prosthetic 
mesh placed by the inguinal or preperitoneal 
approach, and for femoral hernias, by a Lytle or plug 
procedure. 

- Type IV: all recurrent hernias and type III hernias 
associated with an aggravating factor. According to 
Campanelli (1996), this type should be further divided 
into three subgroups: Rl: first recurrence of an exter
nal oblique hernia of a small size in a non obese 
patient. It is treated by an anterior approach with the 
patch/plug procedure. R2: first recurrence of a supra
pubic direct hernia of small size in a nonobese patient. 
It is treated via an inguinal approach with a plug or a 
prosthetic mesh (Rives or Wantz). R3: all other cases, 
including recurrent femoral hernias, hernial orifices 
of large size, groin eventrations, hernias with multiple 
recurrences, strangulated hernias, bilateral hernias 
and finally, all those associated with an aggravating 
factor (obesity, etc.). They are treated by a prosthetic 
mesh placed between the muscle and the peritoneum 
(Wantz or Stoppa operation). 

4. Mechanisms of Inguinal Hernias 

The congenital origin or predisposition is true of indi
rect inguinal hernias, generally because of a patent 
processus vaginalis which occurs in 20% of adults, 
according to Cloquet. Russel's theory (1906), according 
to which the peritoneal sac is the sole or principal fac
tor responsible of the development of inguinal her
nias, is not true in adults. Weakness of fascia transver
salis around the deep inguinal ring [Keith 19241 is an 
important factor. 

Direct inguinal hernias are acquired lesions. They 
are caused by failure of the "shutter mechanism" indu
ced by contraction of the transverse myoaponeurotic 
arcade (Keith, Lytle). This failure exposes the central 
area of the transversalis fascia in the inguinal region 
to periodic rises in abdominal pressure. A low inser
tion of this myoaponeurotic arch strengthens this 
defense mechanism and explains the lower rate of 
inguinal hernias in women. More recently, acquired 
modifications of the fibrous structures of the groin 
have been studied. Peacock described changes in col
lagen metabolism as causing weakness of the fascia 
tranversalis "metabolic defect" (1974). Read (1970) 
noted an increased elastolytic activity in the lungs due 
to a disturbed ratio between circulating proteases and 
antiproteases, in smoking patients with direct hernias. 
These disorders resulted in a "metastatic emphysema" 

which was responsible for the impairment of fibrous 
tissue throughout the body, especially in the groin. 
Barbin discussed the "myoaponeurotic and tendinous 
dystrophy" found in patients with direct hernias. His 
works are cited in a thesis by Panou de Faymoreau 
(1976). Finally, the fact that inadequate operations in 
the inguinal region can cause damage resulting in 
recurrent or multiply recurrent hernias, should be 
emphasized. 

With femoral hernias, the protrusion usually begins 
at the level of the femoral canal (of Anson and 
McVay). A prehernia lipoma is thought to take part in 
the genesis of such hernias by exerting traction on the 
peritoneal sac. Psoas muscle atrophy explains the 
increased rate of femoral hernias in old women, as it 
broadens the femoral canal which lies medial to the 
vascular sheath, under the inguinal ligament. 

Finally, general factors, such as increased intra
abdominal pressure, dysuria, intestinal obstruction, 
chronic systemic disease, peritoneal dialysis, obesity, 
cachexia, old age, connective tissue inflammations, 
etc., are common to all types of hernias. 

Thus, acquired hernias are of multiple origin, and 
the greater the number of adverse factors, the higher 
the risk of recurrence. 

5. Epidemiology 

Inguinal hernia repair is the commonest operation to 
be carried out on adult males. It is the third most com
mon surgical procedure in Europe and the USA. 
Precise figures of the prevalence are lacking. A fre
quency of 3-4% of hernia in men of 65 years age or 
more has been reported. The frequency is at least 
three times greater in Africans than in Europeans. 

The incidence and prevalence of hernias may be 
reflected by the annual number of operations carried 
out every year. For example, in 1987, 80,000 hernia 
repairs were done in the UK, 25,000 in Belgium, 
120,000 in France, 150,000 in Germany and 550,000 in 
the USA. Estimated costs are US$ 28 billion, about 3% 
of the total health budget. The rates of operation 
varies from 100 per 100,000 persons in England, 200 
in Norway and Australia to 300 in the USA. Studies 
from the United Kingdom [Kingsnorth 19951 reveal 
that the greatest frequency is between 55 and 85 years 
old. Strangulation rate is about 13% in 80 year old 
patients. 90% of operated patients are males, 65% of 
hernias are indirect and 55% are located on the right. 
Bilateral hernias are often direct. Femoral hernias are 
three times more common in females than in males. 
These numbers are almost the same in all developed 
countries. 



The mortality of strangulated hernia is still high, 
more than 20,000 patients every year (1964-1967) in 
the USA [Heydorn 1990]. In the United-Kingdom, 
postoperative mortality is as high as 10-15% in 1990-
1994 [Campling 1994]. Of femoral hernias, more than 
40% are admitted because of strangulation [Royal 
College of Surgeons of England 1993], while only 3% of 
direct hernias arrive for the same reason. The risk of 
strangulation seems to vary according to the duration 
of hernia and is greatest during the first three months 
of its appearance [Allen 1987]. 

The Royal College of Surgeons of England recom
mended priority in waiting lists for hernia patients 
who had had a previous repair during childhood, the 
elderly, smokers, patients with aortic aneurysms and 
patients with recent hernias. 

6. Length of Hospital Stay 

The first report of an inguinal herniorrhaphy perfor
med on an outpatient basis came from England. In 
1909, Nicoll published a series of 9,000 young patients, 
many with hernias. He reported similar results as for 
hospitalized patients. In 1955, Faquharson showed that 
early return to normal activity did not lead to recur
rence. This was confirmed earlier by E. Shouldice. 
Nowadays, most hernia surgery in the USA is perfor
med on an ambulatory basis, because of the pressure 
from the insurance companies and the development of 
hernia centers. 

Ambulatory herniorrhaphy has not been so popular 
in Europe, in spite of the economical advantages and 
the fact that this type of surgery is ideal for day case 
care. The reasons for this include lack of political and 
of appropriate units. Traditions in medical practice are 
difficult to alter and hospital managements are noto
riously resistant to change. Patient's attitudes to ambu
latory surgery vary widely. The Shouldice Hospital has 
not favored ambulatory herniorrhaphy, where the 
length of hospital stay is three days for unilateral and 
five days for bilateral repair. In 1993, the Royal College 
of Surgeons of England estimated that 30% of hernia 
patients could be treated on an ambulatory basis. This 
rate is almost similar to that of Germany, but it is 
higher in Belgium. In France, there are only 6,000 
beds for all ambulatory surgery, an average of seven 
places for each unit. So that the possible rate of ambu
latory herniorrhaphy is far lower than in other coun
tries, and the mean hospital stay is about 2-3 days for 
unilateral repair. Reports on this important subject are 
scanty. 

It should be emphasized that the surgeon's respon
sibility remains the same in all circumstances, whether 
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or not the operation is performed on an ambulatory 
basis. Careful follow-up is mandatory. 

7. Verification of Results and Quality 

Bassini's written observations in the Clinica 
Chirurgica di Padova in 1889 and his other publica
tions testify to his concern about recurrence after her
nia repair (3.8% of recurrence at 4 years). For many 
years, his ideas were not pursued. It was only after the 
Second World War, and especially at Shouldice 
Hospital, that surgeons began to be concerned about 
recurrence, perhaps, because of more innovative and 
exciting techniques. It is now acknowledged that pos
tal questionnaires reveal at best half of recurrences. 
Visits by general physicians are not the best solution. 
We know, however, that results of self-audit are better 
if some medical staff other than surgeons participates 
in follow-up. 

In retrospective studies, a surgeon should have exa
mined 90% of the patients, with at least 5 years follow
up. Publications from the Shouldice Hospital, whose 
objective methods are hard to reproduce, accumulated 
130,000 operated patients since 1945. The long-term 
follow-up was 98% of patients at one year, 70% at 5 
years, 70% at 10 years and 50% at 20 years. 

Degeneration of the inguinal anatomical structures 
due to ageing could account for recurrences, ten years 
after the first herniorrhaphy. This factor was absent 
during the first repair. These are new hernias and not 
late recurrences. From their own retrospective results, 
Halverson and McVay developed a coefficient system 
in order to predict recurrence rates for up to 25 years. 
The recurrence rate at 1 year should be multiplied by 
5, then by 2.5 at 10 years and by 1.2 at 10 years. 
However, this system applies only to the authors' own 
herniorrhaphy. In our experience, results of the pros
thetic repair remain unchanged after the first post
operative year. 

8. Informing the Patient 

Patients undergoing surgical hernia repair should be 
given precise information. This is a medico-legal obli
gation and patients are eager to take part in medical 
decisions. 

However, surgeons and patients do not always share 
the same opinion concerning medical problems. 
Therefore, all aspects of the surgery including the 
anesthetic technique, the surgical options, the type of 
approach, the necessity of a prosthetic repair, the 
advantages of a short hospital stay and the return to 
normal activity, should be addressed. The preopera-
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Fig. 9.2. The main surgical approaches to groin hernia: (a) ingui
nal approach; (b) preperitoneal abdominal approach; (c) trans
peritoneal approach [Griffith 1964] 

tive consultation is the best occasion at which to give 
the hernia patients, who used to be considered as 
having a very standard disease, full consideration and 
explanation about their condition and its treatment. 
This helps the surgeon to achieve a perfect hernior
rhaphy. 

B. General Principles of Herniorrhaphy 

1. The Choice of Approach 

It depends on the surgeon's experience, the type of 
hernia and the procedure to be performed (Fig. 9.2) . 

a) The Anterior Inguinal Approach 

This approach has been used for many years. It allows 
the performance of herniorrhaphies, autografts, myo
plasties and classical prosthetic repairs. It can be car
ried out under local anesthesias. 

The incision should be long enough, but not exces
sive. It needs to be appropriate for the technique 
(some plug techniques could be performed with a 2 to 
3 cm incision). Surgeons and patients are more and 
more concerned about the length of the incision. 
Shouldice et al. incise low in the inguinal region in 
order to be within the pubic hair. For bilateral hernias, 

the incision can run horizontally over the midline. The 
nerves and the spermatic cord elements must be pre
served. The sac is dissected and divided. The posterior 
myofasciallayer is carefully palpated. The transversa
lis fascia is opened in Hesselbach triangle. All associa
ted hernial defects and orifices are then thoroughly 
explored. Palpation around the tranversalis fascia is 
very important. A relaxing incision on the deep layer 
of the anterior rectus sheath is sometimes useful. 
Some authors believe that it should be always done 
(Chevrel). 

In the anterior approach, the dissection goes 
through intact anatomical structures whose integrity 
could be compromised. In recurrent hernias, it is 
sometimes difficult to visualize the spermatic cord 
and other important structures because of scarring 
brought about by repeated dissection and suturing. 
Technical difficulties are even greater in cases of mul
tiple recurrences, and if the surgeon is unaware of the 
previous technique used. 

b) The Transabdominal Approach 

It was reported in detail by Nyhus (1964) and Read 
(1989). Marcy (1891) and Laroque (1919) suggested 
high ligation of the hernial sac and closure of the deep 
inguinal ring by this approach. 

c) The Preperitoneal Approach 

This approach is better for groin hernia repair. It was 
first described by Annandale (1876). Then Tait (1891), 
Cheatle (1920) and Henry (1936) spelled out its advan
tages. For a long time, little interest was shown apart 
from Mahoner and Goss from England in 1962, and 
Huguier from France in 1963, until the work of Nyhus 
(1964, 1978, 1989 and 1995) achieved a world-wide 
acceptance of this approach. Since 1965, we have follo
wed Rives in promoting the development and applica
tion of this approach (Fig. 9.3). 

There are many advantages to the preperitoneal 
approach, especially if it is done by a midline or a 
Pfannenstiel incisions. The retroperitoneal spaces are 
easily entered and the preperitoneal cleavage is facili
tated, especially in cases of complex recurrent hernias 
previously operated on by the anterior approach. This 
wide dissection gives an excellent exposure of all rele
vant structures and orifices without further damage to 
the inguinal structures (nerves, cord and vessels) nor 
to the already weak inguinal floor. All the hernial 
defects in the myopectineal hole are then easily visua
lized, and any associated hernias can be detected and 
treated. Simultaneous bilateral hernia repair is also 
possible by this approach. 



Fig. 9.3. The spatial plane of the preperitoneal and prevesical 
retrofascial space obtained by measurement in 20 dissections 
[Odimba et al. 1980]. The heavy line represents the mean 
dimensions of this space, the dashed line refers to the maximum 
dimensions, and the dotted line to the minimum dimensions. 
X xiphoid process; 0 umbilicus; P pubis 

Midline incisions under local anesthesia are labo
rious, risky and uncomfortable for both surgeon and 
patient. General anesthesia is preferred but spinal 
anesthesia can be adequate. This approach is often 
proposed to patients who have a complex hernia with 
multiple recurrences. The risks of anesthesia are thus 
balanced against the need to perform a more radical 
operation with a lower recurrence rate. 

Incisional hernias are one of the possible complica
tions of the midline abdominal incisions. The use of a 
giant preperitoneal prosthetic mesh, nonabsorbable 
and biologically well tolerated prevents such compli
cations. This prosthesis will treat all hernial defects 
and at the same time protect the midline incision. 

Neater skin closure is achieved by an intracuticular 
running suture which helps patients to forget the 
unpleasant moments of the operation. However, it 
should be noted that some sero-sanguinous oozing 
occurs during the first postoperative day. Patients 
should be warned that this is not "bleeding". 

d) Advantages of the Laparoscopic Approaches 

These approaches, discussed below, are posterior and 
thus, have certain advantages. They are divided as fol
lows. 

(1) The Transabdominal Approach 

It is a true "laparoscopic" approach as the operative 
field is the insufflated peritoneal cavity. All inguinal 
hernias can be detected and repaired by this method. 
Furthermore, associated abdominopelvic lesions are 
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visualized and if necessary treated. The possible risk 
of peritoneal or abdominal organ injury, however, 
rules it out as an ideal method of hernia repair. 

(2) The Totally Extraperitoneal Approach 

This one seems to be more difficult to perform. 
Insufflation is done in the preperitoneal space which 
is relatively small. The peritoneum must not be brea
ched because this makes it turn difficult to induce a 
pneumoextraperitoneum. 

The possibility of performing laparoscopic hernior
rhaphy without an abdominal incision is one of the 
potential advantage of this method. However, although 
trocar site hernias are rare, the cosmetic result in 
young women is probably worse than that of a low 
suprapubic approach. It should be emphasized that 
laparoscopic herniorrhaphy is more difficult to learn, 
to teach and to perform than conventional hernior
rhaphy. Individual surgeons, with different degrees of 
laparoscopic experience, do not have the same results. 

Conversion from a laparoscopic to a more conven
tional surgical repair should not be considered as a 
complication, but as a deliberate decision. All patients 
should be informed of this possibility before the ope
ration. 

2. Dissection of the Spermatic Cord 

Most of the ancient strolling operators used to divide 
the spermatic cord, and eliminate the testis, in spite of 
condemnations by Paracelus, the government and the 
church. This practice had progressively declined since 
the Renaissance. For more than twenty years, Heifetz 
(1971) divided the spermatic cord in elderly patients. 
However, this method does not solve the problem of 
the weak posterior inguinal canal wall. With a large 
varicocele, the spermatic cord can be divided without 
risking testicular atrophy, as in these cases, collateral 
vascular circulation is well developed. 

Excision of the cremaster muscle has been known, 
since Marcy (1892), to be important in exposing the 
deep inguinal ring. However, in the inguinal and scro
tal course of the spermatic cord, dilated veins should 
be preserved as well as the surrounding fat in order to 
prevent testicular ischemia. This is contrary to what 
was proposed by Halsted. 

In 35% of cases, the genital branches of the ilioin
guinal and genitofemoral nerves run within the cre
master muscle fibers [Moosman 19771. These branches 
should be looked for and preserved. Chevrel (1983) 
classified postoperative neuropathic sequelae which 
are usually caused by intraoperative nerve injury. He 
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divided them into neuroma formation, somatic pain 
and referred pain. These will be discussed later. 

"Parietalization" of the components of the sperma
tic cord, in the preperitoneal approach, eliminates risk 
of injury to nerves and spermatic vessels. The cord is 
often spread out laterally during herniorrhaphy. Other 
methods of spermatic cord and testis displacement -
through the abdominal wall [Wolfler 1892], the rectus 
muscle [Leslie 1978] or the suprainguinal region 
[Ferrand 1952; Toupet 1963] should be abandoned, as 
they damage the abdominal wall and the testicular 
blood supply - have not been shown to be effective. 

Any handling of the spermatic cord beneath the 
pubis should be avoided so as to preserve the testicu
lar venous return [Wantz 1982] and the testicular 
artery. 

3. Management of the Hernial Sac 

Before the development of surgical asepsis, and 
because of the risk of peritonitis, the hernial sac was 
replaced within the abdominal cavity without exci
sion. Czerny (1877) was the first to resect and ligate the 
peritoneal sac. 

Since Bassini (1887), high ligation and excision of 
the sac have been considered as important elements in 
the repair of inguinal hernia by the anterior approach. 
However, Shouldice (1953), Ryan (1953), Lytle (1961), 
Glassow (1963) and Welsh (1964) concluded that this 
procedure was unnecessary for small direct hernial 
sacs, and dangerous for the intestines and the sper
matic cord in sliding hernias. They demonstrated, in 
large series, that adequate dissection of the sac from 
the spermatic cord and up into the preperitoneal 
space of Bogros was most important in preventing 
recurrence. Opening an indirect sac allows inspection 
of its contents and the detection of associated unk
nown hernias by palpation. The "Huguet maneuver" 
transforms a direct hernia sac into an indirect one, by 
exerting traction on the direct hernia sac in order to 
place it laterally, outside the inferior epigastric vessels. 
In the same way, upward traction on a femoral hernial 
sac could place it in the inguinal region [McLure 1939]. 
Eskleand (1964), Ellis (1965), Smedberg (1984) and 
Wantz (1989) stated that ligation of the sac was irrele
vant, and for sliding hernias, it is safer to verify their 
contents and then to push them back into the abdo
minal cavity. Shulman (1993) reported several thou
sands of patients operated on without hernial sac liga
tion. He concluded that there was less postoperative 
pain in this series. Finally, Levy (1951), Fruchaud (1965) 
and Wantz (1982) recommended that long indirect 
sacs should not be dissected distally in order to avoid 

damage to testicular vessels. That is what I believe as 
well, in spite of higher rates of postoperative intrasac
cular seromas which may need repeated needle aspi
ration. 

4. Reconstruction of the Inguinal Canal 

Reconstruction of the posterior inguinal wall in order 
to resist high abdominal pressures and prevent per
itoneal protrusion, would heal inguinal hernias. This 
goal is achieved by two radically different methods. 

a) The "Tissue Repair Technique" 

The "tissue repair technique", which reconstructs the 
posterior wall by sutures or myoplasties, utilizes for 
this the fibrous structures of the myofascial layer, 
excluding red muscular fibers. This may impose some 
tension on the suture line, so that a relaxing incision is 
also performed to avoid tension. Operations which are 
limited to the reconstruction of the deep inguinal 
ring, thus leaving the rest of the posterior inguinal 
without further reconstruction, may lead to side 
recurrences in this area. 

Some authors, such as McVay, stress the importance 
of complete closure of the "myopectineal orifice", 
which leads to high tension on the suture line. 
Postoperative pain rates and recurrences are higher 
unless a relaxing incision is performed at the same 
time. 

We agree with the Shouldice school that hernior
rhaphy should be carried out with a synthetic mono
filament nonabsorbable suture. In a recent series, 
Deroide et al (1996) demonstrated the superiority of 
nonabsorbable sutures over steel wire in the Should ice 
type hernia repair. There were 5.22% of recurrences 
using absorbable sutures, versus 0.5-3% of recurrences 
in other series which used nonabsorbable sutures. It 
should be emphasized, however, that all the operations 
performed by the anterior approach disturb the criti
cal balance of physiological mechanisms which pro
tect the inguinal canal. 

b) "Mesh Repairs" 

"Mesh repairs", utilizing synthetic prosthetic mate
rials, can be performed via an anterior or posterior 
approach, conventionally or laparoscopically. 

The advantages of prosthetic materials will be dis
cussed later. In general, prostheses are composed of 
large pieces of mesh, including patches and plugs 
which can be cylindrical, conical or umbrella-shaped, 
and help to reinforce the weak posterior inguinal wall. 
Simply stated, patches are used to repair the direct 



component of hernias, while plugs repair the indirect 
component. This could be described as the "belt and 
braces" approach. Many materials have been develo
ped since the Second World War. They are all well tole
rated. The differences in physical, mechanical and 
morphological properties between different kinds of 
polymer are useful for their varied surgical applica
tions. 

The most useful prostheses in surgical practice are 
the semi-rigid polypropylene prosthesis (Marlex, 
Prolene) and the supple Dacron mesh (Mersilene). Its 
elasticity makes Dacron mesh suitable for packing of 
irregular tissue surfaces. Semi-rigid prostheses are 
more effective in reinforcing the abdominal wall. They 
are easily molded and hence are popular for laparo
scopic herniorrhaphy. Coarse macroporous meshes 
(with large interstices) are usually preferred to smooth 
microporous ones because of their rapid integration 
into scar tissue and their good tolerance in an infected 
milieu. The microporous (EPTFE) or impermeable 
(Silastic) prostheses become surrounded by a linear 
arrangement of fibroblasts, and are never incorpora
ted into the host tissue. They should be securely sutu
red in order to prevent migration. Absorbable meshes 
(polyglactine 910), which are gradually absorbed over 
a period of six weeks, should only be used in septic 
conditions. This was confirmed by the experiences of 
Tyrell (1989) and Alexandre (1983). The polyglactine 
pads proposed by Lierse (1987) and Bremer (1988) 
have been abandoned. As will be seen later, surgeons 
can place these prosthetic meshes in many anatomical 
regions, such as between the external oblique muscle 
and the deeper layers, or behind this layer. However, 
we believe that it is more logical to insert the prosthe
tic mesh into the deepest layer, so as to fulfill the 
hydrostatic principles of Pascal, which are indepen
dent of physiological, degenerative and other aggra
vating factors. This positions the mesh directly bet
ween the weak abdominal wall and the abdominal 
pressure thrust, rather than in a limited space. These 
prosthetic repairs are the only tension-free hernior
rhaphies, can even be performed without sutures 
(sutureless repair of Gilbert, giant prosthesis repair of 
Stoppa). 

In conclusion, the results of herniorrhaphy depend 
on the quality of the inguinal structures, which should 
be correctly evaluated, and the surgical procedure. 
Careful operative technique will avoid the develop
ment of hematomas, seromas and infections, and 
every effort should be made to prevent such compli
cations. Hernia surgery is particularly prone to com-
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plications because it is frequently performed and 
considered as "minor" surgery. 

5. Anesthesia in Hernia Surgery 

There is a tendency, nowadays, towards more ambula
tory surgery and shorter hospitalization. Intra
muscular premedication is often replaced by an intra
venous infusion of sedative, anxiolytic and analgesic 
agents which can be managed by the patient himself. 
This technique improves patient satisfaction and 
reduces drug dosage. 

The instructions given to the patient during the 
preoperative interview with the anesthetist are of the 
most importance. A well informed patient can partici
pate in the choice between local, general and spinal 
anesthesia. Young's review (1987) comparing different 
anesthetic methods in surgical hernia repair is an 
interesting update on this subject. 

a) Anesthesia and Laparoscopic Herniorrhaphies 

Laparoscopic herniorrhaphy has modified anesthetic 
techniques. The pneumoperitoneum produces a 
decrease in cardiac output due to lowered venous 
return and raised peripheral resistance, and hyper
capnia due to the modification of the pulmonary ven
tilation/perfusion ratio. In long-standing pneumope
ritoneum, a decrease in renal and mesenteric blood 
perfusion occurs, as well as an increase in intracranial 
and intraocular pressure. Gas insufflation into the 
retroperitoneal spaces produces hypercapnia. This is 
proportionate to the pressure and to the amount of 
insufflated C02. Thus, anesthetic monitoring and 
technique are more complex in laparoscopic hernia 
surgery than in traditional repairs. 

Epidural anesthesia for laparoscopic surgery is pos
sible. However, it should block all dermatomes from 
T 4 to S5 levels in order to effect peritoneal and abdo
minal wall analgesia. Its hemodynamic effects, added 
to those of the pneumoperitoneum, limits its use to 
rapid surgical procedures in young patients. 

b) Local Anesthesia Performed by the Surgeon 

Carl Koller, a Viennese ophthalmologist who sought 
for celebrity, used locally applied cocaine solution in 
ocular anesthesia. He was informed by Sigmund 
Freud, another Viennese doctor who was not, however, 
interested in surgery. Halsted from Baltimore (1884) 
confirmed the efficiency of truncal anesthesia in gene
ral surgery. Paul Reclus from Paris (1895) and Schleich 
(1894) from Berlin diluted the cocaine solution used 
for local anesthesia, in order to reduce its toxicity. 
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Local anesthesia is now largely used for primary Table 9.4. Toxic doses of local anesthetics 

herniorrhaphy by the inguinal approach, even when a 
prosthesis is to be inserted (more than 90% of 
patients operated on in major hernia institutions in 
the USA). It offers numerous advantages. The preope
rative premedication as well as the physiological 
consequences (headache, intestinal ileus, nausea, 
retention of urine and respiratory complications) are 
markedly reduced compared with other forms of 
anesthesia. Return to normal physical activity is more 
rapid (this is important for the prevention of DVT), 
and patients more often leave hospital on the same 
day of operation. Anxiety and noncooperation (which 
are common in young patients) are reasonable contra
indications to local anesthesia. 

Advocates of local anesthesia often mention the 
satisfaction felt by the surgeon in applying his anato
mical knowledge, the possibility for him to converse 
with the patient during the operation and the possibi
lity for the patient to choose the background music 
and to collaborate actively in the operation. Usually 
the surgeon asks the patient to cough or to strain in 
order to identify the hernia sac and to check the 
soundness of the repair. 

Many local anesthetic agents are now available. We 
use 0.5% lidocaine combined with 0.84% semi-molar 
sodium bicarbonate solution (40 ml of lidocaine and 
2 ml of sodium bicarbonate). This solution, which has 
a pH of 7.5%, is painless during local infiltration. 
Lidocaine is also presented in combination with adre
naline. This is useful for the superficial layers. 
However, it has an acid pH which necessitates the 
addition of 2.5 ml of the same sodium bicarbonate to 
each 20 ml of mixture. 

It has been suggested that the presence of an anes
thetist is not required during an operation performed 
under local anesthesia. This, together with the elimi
nation of unnecessary laboratory tests, still further 
reduces medical costs. However, recommendations 
from Harvard Medical School (1986) suggest the need 
for monitored care for all anesthetic techniques. In day 
surgery, many surgeons perform the local anesthesia 
in association with an intravenous administration of 
a sedative (e.g. Diprivan) in order to enhance the 
patient well-being. This implies that an anesthetist 
should be present during the operation (Amid, 
Gilbert), a procedure known as ambulatory or standby 
anesthesia. 

We believe that the presence of an anesthetic assis
tant who has special training in standby anesthesia is 
important in case of (fortunately rare) anesthetic mor
bidity (anaphylaxic, syncope and CNS problems). This 

Anesthetics 

Procaine 
Novocaine 
Lidocaine 
Bupivacaine 

mg/kg 

18 
22 

7 
1.5 

ml 

100 (1%) 
50 (2%) 

100 (0.5%) 
150 (0.25%) 

Table 9.5. Duration of action of local anesthetics (min) 
(N = without adrenaline, A = with adrenaline, 1/200,000) 

Anesthetics % Local Peridural Rachis 
N A N A N A 

Procaine 0·5 30 120 30 90 

0·5 90 240 

Lidocaine 120 300 60 180 

2 Toxic 90 

5 Toxic 60 

Bupivacaine 0.25 180 400 360 180 

0·5 Toxic > 90 180 180 

assistant can also supervise the postoperative analge-
sia. 

Local anesthesia still involves some intraoperative 
discomfort. This depends on the surgeon's dexterity, 
the design of the operating table and the duration of 
the operation. It is essential to record all agents admi
nistered (Table 9.4) and the overall time of the opera
tion (Table 9.5). 

In conclusion, local anesthesia can be widely used 
for primary noncomplicated hernia repair if it is per
formed by experienced teams in psychologically well 
prepared, nonobese and nonallergic adults. Many 
controlled studies show the same results in patients 
operated on under local anesthesia as in those recei
ving other anesthetic techniques [Flanagan 1981; 
Britton in Hernia 3 1989; Royal College of Surgeons of 
England 1993]. 

c. Classical Herniorrhaphy by the Inguinal Approach 

The first herniorrhaphies were performed before the 
era of aseptic surgery at the end of the last century. 
After excision of the hernia sac, the external inguinal 
ring was narrowed (Czerny, Lucas-Champonniere, Mc 
Ewen, Halsted, Ferguson, Andrews). This technique is 
no more practiced. Marcy (1892) stressed the imp or-



tance of the closure of the deep inguinal ring. At the 
same time, Bassini (1887) suggested reconstruction of 
the myofasciallayer which was often deficient. This 
forms the basis of surgical hernia repair in Europe. 
However, it is not always well executed. In contrast to 
the retrofunicular repair of Bassini, Forgue (1909) sug
gested the totally prefunicular repair. This proved inef
fective and has now been abandoned. Shortly before 
the Second World War, McVay (1939) described the 
solid anatomical structures of the inguinal region. 
These structures, which are very important for the 
surgeon, are the pectineal ligament (or ligament of 
Cooper) and the iliopubic tract (or bandelette of 
Thomson). He proposed his "posterior reconstruc
tion" of the groin. In 1945, Shouldice developed a sur
gical procedure that was principally based on the 
Bassini concept (still unknown in North America). He 
introduced many modifications and was concerned 
about every detail. The postoperative follow-up of his 
patients was meticulous. 

Many publications followed. These include the dif
ferent editions of the Hernia textbook by Nyhus et aI. 
in 1964, 1978, 1989 and 1995, the articles of Rives et aI., 
those of Houdard et al. in the Encyclopedie Medico
Chirurgicale in France, the report of the 86th Congres 
Fran<;ais de Chirurgie by Houdard and Stoppa, and the 
last edition of"Chirurgie de la paroi abdominale" by 
Chevrel et aI., which has been translated into English 
and Japanese. These publications contain the techni
cal details of all hernia repairs mentioned in this chap
ter, and other classical herniorrhaphies as well 

1. The Marcy Operation (1871) 

This achieves adequate closure of the deep inguinal 
ring. It was recommended by McVay for small indirect 
inguinal hernias associated with a moderate enlarge
ment of the deep inguinal ring and no defect in the 
inguinal floor. The technique was described again by 
Griffith in "Hernia" (1964, 1985, 1995). 

Marcy's operation can be performed under local 
anesthesia (Fig. 9-4). Good exposure of the deep ingui
nal ring is obtained after thinning of the spermatic 
cord and opening of the cremaster muscle. The sper
matic cord is displaced laterally as far as possible and 
the external spermatic (or cremasteric) vessels divided 
if necessary. Nonabsorbable sutures are then placed 
progressively from medial to lateral in order to close 
the medial end of the deep inguinal ring. These 
sutures take up the conjoint tendon above and the ilio
pubic tract and the femoral sheath inferiorly. The deep 
inguinal ring is, thus, closed snugly around the sper-
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Fig. 9.4. The essential step in Marcy repair is the closure of the 
deep inguinal ring. The cremaster m. has been resected and the 
hernial sac resected and closed via the inguinal approach. The 
fascia transversalis is sutured transversely, medial to the sper
matic cord (adapted from Griffith 1964) 

matic cord, admitting only the tip of the little finger 
laterally. The external oblique aponeurosis is then clo
sed with a continuous suture of slow absorbable mate
rial, over the spermatic cord. 

In a series of 580 herniorrhaphies, McVay (1958) 
performed this procedure in 59.3% of patients with 
3.2% of recurrences. Of the 13 recurrences in this 
series, 11 occurred after the Marcy operation. 

This operation is not commonly practiced in 
France. Nyhus believes that it is indicated in type II 
indirect inguinal hernias associated with an intact 
inguinal floor. No recent series have been published. 

The advantages of Marcy's operation are many. It is 
simple and does not include division of the myofascial 
layer which is thus preserved if it is solid and intact. 

As in all other procedures performed by the ingui
nal approach, complications such as injuries to super
ficial nerves and spermatic cord elements, can occur. 

2. The Bassini Operation (1887) 

This important innovation was incorrectly reproduced 
by many generations of surgeons, even the Italians. 
Catterina (1931), who was one of Bassini's disciples, 
recalled the original steps of the operation in his 
publications. These are (Fig. 9.5): 

- low oblique inguinal incision parallel to the line of 
Malgaigne; 

- incision of the external oblique aponeurosis; 
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- dissection and isolation of the whole spermatic 
cord, the cremaster and the indirect hernia sac 
together "en bloc" by the finger or the scalpel 
handle; 

- excision of the cremaster muscle; 
- dissection of the indirect hernia sac; 
- exposure and wide opening of the inguinal floor 

and the transversalis fascia; 
- opening of the peritoneal sac and replacement of 

its contents into the abdominal cavity; 
- high ligature and excision of the sac; 
- suturing of the deep layer with 6 to 8 interrupted 

sutures of a nonabsorbable material, beginning 
medially, and placed carefully. They include the 
tendinous insertion of rectus abdominis and the 
aponeurotic portions of the internal oblique and 
transversus muscles (falx inguinalis) as well as the 
transversalis fascia and the inguinal ligament. 
While suturing, the spermatic cord is placed in 
contact with the inguinal floor, and the external 
oblique aponeurosis is then sutured anterior to it. 

This original technique underwent many modifica
tions. Some of them resulted in completely different 
techniques, such as those of Andrews, Ferguson and 
Coley which were used for a long time in the USA. 

Other variations performed in Europe have also not 
followed the Bassini's principles. The transversalis fas
cia was not divided in these techniques. 

Some other variations are, however, more in keeping 
with the Bassini operation. The Shouldice operation 
(1945-1952) was a return to the Bassini method, 
although Shouldice was unaware of Bassini's publica
tions. The Houdard (1973) and Chevrel (1983) modifi
cations also deserve mention. 

Houdard proposed some interesting technical 
modifications. He stressed the need to ligate the exter
nal spermatic vessels in order to displace the sperma
tic cord laterally, and he performed a two layered ins
tead of a one layer repair of the inguinal wall. The first 
layer brings together the transversalis fascia and the 
iliopubic band, and the second joins the conjoint ten
don to the inguinal ligament (of Poupart). Houdard 
used his procedure for both direct and indirect ingui
nal hernias. 

In his original works, Bassini (1887) published a 
recurrence rate of 3.2%. At the same time, Berlinger 
reported a 11.5% recurrence rate in 720 operations and 
Belanger published a 25% recurrence in 1,102 cases. 

The advantages of the original Bassini operation are 
its simplicity, the absence of significant distortion of 
the inguinal region and the repair being performed on 

b 

Fig.9.S. Bassini repair. a Note the correct method of performing this procedure: the fascia transversalis is incised widely to allow 
suturing to the deep layer. The sutures take up the inguinal ligament and the fascia transversalis below, and the fascia transversalis 
and falx inguinal is above. 1 Aponeurosis of external oblique; 2 internal oblique; 3 inguinal ligament; 4 relaxing incision of the falx 
inguinalis with exposure of the fleshy fibers of the rectus abdominis; 5 fascia transversalis; 6 abdominal wall repair achieved with 
gauge 000 nonabsorbable interrupted sutures; 7 subperitoneal fat. b The aponeurosis of the external oblique is repaired by inter
rupted sutures in front of the conjoint tendon 



Table 9.6. Rate of recurrence after Bassini's operation 
(inguinal hernias) 

Authors # % 
Cases Follow-up 

Madden 
(1993) 
Marsden 
(1962) 
Houdard 
(1984) 
Vayre 
(1965) 
Callum 
(1974) 
Chevrel 
(1983) 

2,374 

305 

186 

119 

Magnusson 305 
(1981) 

Hay 1,706 

(1995) 
Berliner 
(1978) 
Piper 
(1969) 

72 0 

50 

67-7 

Years % 
Follow-up Recurrences 

1.9 

4 

6.2 

5 to 12 7·5 

6 to 7 

8 11 

4 to 9 11.5 

1 to 6 

the myofasciallayer. Local anesthesia is also appro
priate for this operation, although it was originally 
carried out under general anesthesia. 

The risks of injuries to the superficial nerves and 
spermatic cord are the same as in other repairs. 

We believe that the routine division of the deep 
inguinal layer is not necessary in type I and type II 
inguinal hernias. In many direct type III hernias, 
weakness of the deep layer persists in spite of partial 
excision and reconstruction of the transversalis fascia, 
so that recurrence rates are higher in this group. 

Thus, it seems reasonable to state that the Bassini 
operation is indicated in direct type II hernias and in 
small type III hernias. We think that it is inadequate 
for large type III and recurrent hernias. It is not indi
cated in femoral hernias. 

A review of all published series of the Bassini ope
ration is shown in table 9.6. 

a) The Houdard Procedure 

Houdard has put forward some interesting modifica
tions of the technique (Fig. 9.6). The neck of the sac is 
divided so as to allow lateral displacement of the cord; 
the muscle and fascia are repaired in two layers 
behind the cord, the first joins the transversalis fascia 
to the iliopubic band, the second joins the conjoint 
tendon to the inguinal ligament. Houdard uses this 
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Fig. 9.6. Houdard's procedure resembles Shouldice repair in the 
mantle-like suturing of the fascia transversalis and the suturing 
of the muscle arch to the inguinal ligament 

technique for both direct and indirect inguinal her
nias. 

b) The Chevrel Procedure 

Founded on the Bassini principle, the technique pro
posed by J. P. Chevrel has three advantages over the 
original proposal of the Master of Padua. These are: 

1) insertion of a tension free stitch between the 
conjoint tendon and the inguinal ligament, 
thanks to a relieving incision in the conjoint ten
don; 

2) reinforcement of the posterior wall of the canal 
by the aponeurosis of the external oblique, which 
is the procedure of choice in direct hernias; 

3) reconstruction of the deep inguinal ring, thus 
minimizing the risk of a recurrent direct hernia. 

The skin incision is low, starting at the pubic 
tubercle. The external oblique aponeurosis is incised 
at the external ring for three or four centimeters in the 
direction of the anterior-superior iliac spine. After iso
lating the spermatic cord and identifying the ilioin
guinal and iliohypogastric nerves, the cremaster is 
incised longitudinally, without resecting it, which 
uncovers the peritoneal sac in the case of an indirect 
hernia. In most cases the sac is resected and its stump 
tucked under the transversus muscle and its fascia, as 
described by Barker. The dissection of the deep aspect 
of the two layers of the external oblique aponeurosis 
exposes the inguinal ligament below and the anterior 
aspect of the conjoint tendon above, in front of the 
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Fig. 9.7. The Chevrel procedure. a First layer of suture, lowering 
the falx inguinal is to the inguinal ligament after a relaxing inci
sion on the rectus sheath. b The aponeurosis of the external 
oblique m. is sutured behing the cord after making a vertical 
incision on the inferior flap 

lower end of the rectus abdominis muscle. A curved 
relieving incision is then made, similar to that descri
bed in the McVay operation for the repair of femoral 
hernias. The transversalis fascia is then incised from 
the deep ring medially, part of it being resected in the 
case of a direct hernia. Finally the lower leaf of the 
external oblique aponeurosis is incised at right angles 
to its free border at the medial edge of the deep ingui
nal ring, but not as far as the inguinal ligament. The 
repair is carried out in two layers, using interrupted 
sutures of 00 nonabsorbable material. 

The sutures of the first layer take up the transversa
lis fascia and the inguinal ligament below, and the 
transversalis fascia and the conjoint tendon above 
(Fig. 9.7a). Due to the relaxing incision, they can be 
tied without tension. The second layer lies behind the 
cord, joining the upper leaf of the external oblique 
aponeurosis to the medial part of the lower leaf of that 
muscle, as far as the deep ring. The suture on the late
ral part of this aponeurosis, lateral to the deep ring, 
allows one to fashion the caliber of the ring to fit the 
spermatic cord, following the Marcy principle, but in 

a more effective way. The superficial fascia is closed 
with a running stitch of absorbable material, in front 
of the cord. This operation can be used for indirect as 
well as direct hernias. It gives protection against 
medial suprapubic recurrences, as are often seen fol
lowing repairs by the inguinal route. The recurrence 
rate reported by Chevrel is below 2%. 

3. The Shouldice Operation 

R. Bendavid 

The plethora of surgical techniques available for the 
treatment of inguinal hernias is enough to baffle the 
brightest and most conscientious of newcomers to the 
surgical field. Unfortunately, students will mimic or 
emulate their preceptors who may have a dedicated if 
not biased view of a certain technique. What we inhe
rit from our predecessors must always be evaluated 
openly and objectively against the wider spectrum of 
what others do. The final outcome in the choice of a 
technique must never be what is most challenging to 
us as technical wizards. Instead, one should be influen
ced by the Hippocratic tenets of what is safest, least 
harmful and most affordable for the patient. 

The Shouldice operation, properly understood and 
carried out, goes a long way towards satisfying those 
requirements. 

The most important asset of the Shouldice repair is 
that it compels the acquisition of anatomical know
ledge that is an absolute necessity if one is to be a 
competent hernia surgeon. Every surgeon will be 
faced at some time, with a situation where laparosco
pic surgery cannot be resorted to or one where mesh 
cannot be used (emergencies, need for bowel resec
tion, multiple abdominal operations, pediatrics, pre
gnancies, etc.). It becomes imperative, therefore, for 
each and everyone of us to master a technique that 
can handle all groin hernias, regardless of the clinical 
constraints. 

a) Evolution of the Technique 

The Shouldice repair incorporates the most significant 
contributions of Bassini (1889) (ligation of the cre
masters and division of the inguinal floor from inter
nal ring to pubis); the inclusion of the ligament of 
Poupart [Bassini 1889; Halsted 1893] in the repair; the 
overlapping of the myoaponeurotic layers [Lucas
Champonniere 1908] to provide a substantial poste
rior wall. 

Shouldice added the inclusion of the iliopubic liga
ment (Thomson's bandelette) in the repair, and an 



incision of the cribriform fascia to reveal unsuspected 
femoral hernias. The use of stainless steel wire as a 
suture eliminates the chronic sinuses which were 
observed with silk and cotton sutures. 

The major contribution however was the institution 
of local anesthesia for all groin hernias. Though 
Cushing (1900) and Halsted (1893) reported the use of 
cocaine anesthesia in selected patients, Shouldice esta
blished the use of Procaine Hydrochloride for all 
patients, thus providing the largest and safest series 
ever studied. 

As practiced today, the Shouldice operation includes 
several aspects which will lead a patient through to 
uneventful recovery. These are: weight control, local 
anesthesia, dissection, reconstruction, active conva
lescence and an assiduous follow-up. 

b) Weight Control 

Obesity has always been the bane of surgery. Ideal 
weight facilitates surgery, requires less infiltration 
anesthetic, allows earlier and easier ambulation and 
hence, a lesser incidence of pulmonary problems and 
deep vein thrombosis. Whether weight loss will lessen 
the recurrence rate in groin hernias has been a contro
versy which was taken up extensively by Abrahamson 
(1995) without convincing conclusions. In incisional 
hernias however, weight loss is of paramount impor
tance. 

c) Local Anesthesia 

The fear engendered by general anesthesia is well 
anchored in many patients' minds. This fear is 
betrayed by a sign of relief when they learn that sur
gery can be done under local anesthesia. The advan
tages are many: a) patients will readily submit to sur
gery electively rather than delay until an emergency 
imposes an operation; b) with advancing age, patho
logies develop and anesthetists are reluctant to admi
nister a general anesthetic; c) a review in 1994 at the 
Shouldice Hospital revealed that 52.1% of the patient 
population was over the age of 50 and the associated 
vascular problems were seen to be: anticoagulation 
(Coumadin, ASA, Anturan) in 12% of the patients; his
tory of a myocardial infarct (15%); history of angina 
(15%); active treatment for congestive heart failure 
(17%); hypertension (20%); cardiac arrhythmias 
(50%) [Bendavid 1995]; d) local anesthesia eliminates 
the need for expensive preoperative investigations and 
consultations; e) on the operating table, the patient's 
cooperation can reveal the more discrete hernias as 
well as test the repair. 
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All patients receive sedation consisting of diazepam 
10 to 20 mg and pethidine hydrochloride 50-100 mg 90 
and 45 minutes preoperatively respectively. The local 
anesthetic is Procaine Hydrochloride (Novocaine) 1% 
up to 200 ml. 

d) Surgery 

The surgery for inguinal hernia can be divided into 
two clear cut components: the dissection and the 
reconstruction. 

(1) Dissection 

Procaine is first infiltrated along a line joining the 
anterior-superior iliac spine to the pubic crest, in 
order to raise a weals cm wide. An incision is made 
along the same line extending medially over the pubic 
spine. The external oblique aponeurosis is divided in 
the direction of its fibers from the superficial inguinal 
ring to a point 2-3 cm lateral to the deep inguinal ring. 
The two resulting flaps are freed from all underlying 
structures. The ilioinguinal and iliohypogastric nerves 
will be clearly identified and protected. The cremaster 
muscle can now be clearly seen and is incised in the 
direction of its fibers from the pubic crest to the inter
nal ring. 

This step results in two flaps of cremaster, medial 
and lateral. The medial flap which is invariably flimsy 
is resected from the level of the pubis to the internal 
ring. The lateral flap of the cremaster which includes 
the external spermatic vessels and the genital branch 
of the genitofemoral nerve is doubly clamped and cut 
between the clamps. Each stump is doubly ligated with 
a resorbable tie. Each of these stumps will later serve 
a purpose. At this time any indirect and direct hernia, 
if present will become evident. An indirect sac is dis
sected from the spermatic cord and freed at its base 
from the loose adhesions of the transversalis fascia to 
beyond the level of the internal ring. If it appears safe 
to do so, the sac may be opened, ligated and resected. 
If there is doubt because of the possibility of a sliding 
hernia, the sac is simply reduced into the preperito
neal space. 

The next step consists in incising the floor of the 
canal from the medial aspect of the deep inguinal 
ring to the level of the pubis. This incision must cut 
through the transversalis fascia and its posterior 
lamina to enter the preperitoneal space of Bogros. 
This is confirmed by the appearance of the glistening 
fatty tissue of the preperitoneal space. When the inci
sion is complete one can observe medially the inter
nal oblique, transversus abdominis and the lateral 
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edge of the rectus muscle. The lateral edge of the 
newly incised posterior wall, as it proceeds towards 
the inguinal ligament is the iliopubic tract or ban de
lette of Thomson. At this stage, the cribriform fascia 
which lies lateral to the inguinal ligament, is incised 
from the level of the pubis to the level of the femoral 
vessels. This maneuver will allow inspection of the 
femoral ring from above and the femoral orifice from 
below. Care must be taken not to injure the iliopubic 
vein situated on the deeper aspect of the iliopubic 
tract. 

(2) Reconstruction 

Reconstitution of the floor of the inguinal canal is car
ried out with stainless steel wire (gauge 32 or 34: 
Ethicon). Two strands are used. Each strand passes 
back and forth, providing two lines of suture. The first 
strand is inserted, from a lateral approach, into the 
iliopubic tract near the pubis, then crosses over to be 
inserted through the transversalis fascia, the lateral 
edge of the rectus, the transversus and internal 
oblique. A knot is tied (Fig. 9.8a). The short end is held 
with a hemostat, the longer end proceeds towards the 
internal ring, repeating the suture which approximates 
the two borders of the incised floor. At the midportion 
of the floor the rectus becomes too medially placed 
and is omitted. Near the internal ring, the suture picks 
up the lateral stump of the cremaster and carries it 
deeply within the newly formed internal ring (Fig. 
9.8b). The suture now reverses its course as line #2, to 
proceed toward the pubic crest by incorporating the 
inguinal ligament (Fig. 9.8c). The two ends of this 
strand are now tied at the level of the pubis. 

Strand #2 is now used, beginning at the internal ring 
and picks up the internal oblique and transversus, 
then crosses to incorporate the inner aspect of the 
external oblique aponeurosis along a line parallel and 
superficial to the inguinal ligament (Fig. 9.8d), pro
ceeding towards the pubic crest, where it reverses its 
course, to return towards the internal ring, incorpora
ting along its way, a more superficial layer of the exter
nal oblique aponeurosis. At the internal ring, a knot is 
tied, thus completing the four lines of the repair (Fig. 
9.8e). The medial cremasteric stump is anchored near 
the pubic crest, to prevent eventual drooping of the 
testicle. The spermatic cord is then replaced in its nor
mal anatomic bed and the external oblique aponeuro
sis is approximated over it with a running strand of 
absorbable suture. The subcutaneous tissue is approxi
mated with absorbable sutures and the skin sealed 
with Michel clips. Half of these clips are removed in 24 
h, the remainder at 48 h. The surgery terminated, the 

patient stands, walks to a wheelchair and returns to 
his room. Following four hours of bedrest to allow for 
the premedication to dissipate, the patient is encoura
ged to ambulate. On the morning of the following 24 
to 72 h, all patients participate in a class of light exer
cises. 

e) Follow-up 

The follow-up of patients at Shouldice Hospital is assi
duous if not tenacious. Over 100,000 letters are mailed 
yearly to determine the status of the operation. From 
1952 to 1992, the recurrence rate has varied between a 
low of 0.177% (1991) to a high of 1.535% (1973) 
[Bendavid 1995]. 

Since 1983 when prosthetics were introduced at 
Shouldice Hospital, 1,600 out of 80,225 patients have 
benefited from their use (2%). 

Table 9.7 illustrates what type of hernias required 
mesh in 1993. Table 9.8 identifies results as reported by 
various authors. 

f) Complications 

Complications following the Shouldice repair are 
uncommon and invariably of a benign nature. Thanks 
to local anesthesia and early ambulation, pulmonary 
and venous complications are rare. A mortality of 30 
out 230,000 operations is convincing evidence of the 
safety of the procedure. The deaths have occurred in 
elderly patients and have been of cardiac and cerebro
vascular nature [Bendavid 1992]. 

(1) Infections 

The incidence varies from 0.5 to 1% from year to year. 
This low incidence is due to the fact that no contami
nated surgery is performed in our theaters. These 
infections are invariably subcutaneous, and may 
require antibiotics and drainage. There is no record of 
a deep seated infection requiring a takedown of the 
repair. 

(2) Hematomas 

Hematomas represent a minor problem which may 
require exploration of the incision (1 to 5 a year). 

(3) Hydroceles 

Postoperative hydroceles have been identified in one 
of the largest series ever reported, by Obney (1956) 
and of the order of o.iYo out of 14>442 operations. 
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Fig. 9.S. Shouldice's procedure. a First line of suture: iliopubic 
tract laterally then across through transversalis fascia, lateral 
edge of rectus, transversus abdominus, internal oblique. 
b Continuation of line 1. The last stitch incorporates the lateral 
cremasteric stump and carries it deep within the new internal 
ring. cLine 2 now incorporates the inguinal ligament all the way 
to the pubic crest. d Line 3 begins at the internal ring, includes 
the internal oblique and transversus laterally then crosses over 
to include the inner aspect of the lower end of the external 
oblique aponeurosis, creating a pseudo-inguinal ligament. e The 
4th line returning towards the internal ring. A portion of the 
lateral crus of the external oblique covers the medial portion of 
the new floor of the canal 



192 R. Stoppa et al. 

Table 9.7. Operations where mesh was used (1993) 

Type Primary Recurrences Total % 

Inguinal hernias 7 52 59 1.03 
Femoral hernias 15 18 33 0·58 
Inguinofemoral 21 22 0·39 

hernias 
Indirect /direct/ 9 16 25 0·44 

femoral hernias 
Paravascular 3 3 0.05 
Others 3 4 0.07 

TOTAL 33 113 146 2.56 

Table 9.8. Results of the Shouldice repair from various authors 

Authors # % Years % 
Cases Follow-up Follow-up Recurrences 

Shearburn 
& Myers 550 100 13 0.2 

Volpe 415 50 3 0.2 
& Galli 

Wantz 2087 0·3 
Myers 953 100 18 0·7 
& Shearburn 

Devlin 350 6 0.8 
Flament 134 6 0·9 
Wantz 3>454 1 to 20 1.0 
Bocchi 1,708 80 7 1.16 
Welsh 2,748 35 1.46 
Moran 121 6 2.0 
Berliner 591 2 to 5 2·7 

(4) Testicular Atrophy 

In a study published in 1995 [Bendavid et al. 19951 
from the Shouldice Hospital, reviewing 59,752 cases, 52 
patients were identified who had suffered testicular 
atrophy, an incidence of 0.08%. However, atrophy fol
lowing a primary repair is of the order of 0.036% (19 
of 52,583) while following the repair of recurrent her
nias, the incidence is 0.46% (33 of 7,169). 

g) Activity 

Following surgery, no limitation is imposed on acti
vity. I have known patients to have played tennis in 10 
days and ski in 11 days. 

h) Cost 

A subject that is becoming more significant today 
because of the introduction of prosthetics and laparo
scopy is cost. For the Shouldice operation, the cost of 

all disposable equipment (caps, masks, IV fluids, 
drugs, needles, syringes, dressings, local anesthetic, 
tubings, etc.) amounted to US$ 17.45, a figure which 
could never be matched by any other method of her
niorrhaphy. 

i) Conclusion 

The introduction of prostheses and laparoscopic 
equipment in an attempt to improve the results obtai
ned by a classical, open, pure tissue repair has not 
been convincing in terms of lesser recurrences, safety 
or cost. It behooves each surgeon to be competent in 
the performance of the open technique for he will 
assuredly need to resort to it at some critical future 
time. 
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4. The McVay Operation 

While the previously described techniques are in 
their original form only applicable to inguinal her
nias, this operation can be used for both inguinal and 
femoral hernias. It consists in suturing the conjoint 
tendon and transversalis fascia to the pectinealliga
ment. This is the first principle of the operation. Its 
second principle is to relieve any excessive tension on 
the deep suture whenever necessary, by a counter 
incision in the anterior rectus sheath, which involves 
its deep layer [McVay 1966]. 

In 1939 McVay and Anson, in a review of the ana
tomy of the groin (500 dissections) emphasized the 
essential weakness of the transversalis fascia and its 
lower insertion into the pectineal ligament and not 
the inguinal ligament. In 1942 McVay suggested repai
ring inguinal and femoral hernias by the use of the 
pectineal ligament as a solid anchorage point for the 
suture of the fibrous arch of the deep inguinal region, 
thus effecting a complete reconstruction of the pos
terior wall of the inguinal canal. Soon afterwards it 
was discovered that Ruggi (1892) and later Lotheissen 
(1898) had already made use of the pectinealliga
ment. My teacher Goinard, in Algiers, also used it and 
published a short account in French in 1939. 

As regards the other important principle of the 
McVay operation, that is to say the relieving incision 
in the anterior sheath, WoHler (1892) seems to deserve 
credit for this idea, which claims to reduce tension on 
the suture line whenever it is required, without invol
ving Cooper's ligament. He was imitated by Halsted, 
Bloodgood, Fallis, Rienhoff, and Tanner, who anteda
ted McVay in this regard, though McVay's contribu
tion was of much greater importance, because of the 
combination of the two essential operative maneu
vers. 

The operation is carried out wherever possible 
under local anesthesia via an inguinal incision, and 
comprises exactly the same steps up to and including 
the incision of the transversalis fascia. Cooper's liga
ment is then fully mobilized. The exposure of the 
femoral vascular sheath deserves a detailed descrip
tion. The incision in the transversalis fascia is pro
longed laterally passing between the vessels and the 
spermatic cord, which is retracted upwards. The fas
cial sheath in front of the vein is held in a forceps and 
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drawn upwards and medially, which reveals the ori
fice of the femoral canal, and allows one to estimate 
the strength of the vascular sheath and of the fascia, 
at the point where it is reinforced by the iliopubic 
band. At this stage the suprapubic vessels are secured 
and if present the accessory obturator artery is divi
ded. The deep aspect of the conjoint tendon is sepa
rated from the preperitoneal fatty tissue. The relaxing 
incision in the anterior rectus sheath is now carried 
out 1 cm from the lateral border of the rectus muscle, 
running vertically from the pubic tubercle for 6-8 cm 
(Fig. 9.9a). This allows the edge of the sheath to be 
brought downwards without creating a weak point, as 
at this point the posterior sheath, which is composed 
of the transversalis fascia, is thickened. The cremas
ter muscle is opened and removed with any associa
ted lipomas, the external spermatic vessels are divi
ded and ligated, so that the spermatic cord can be 
delivered. Any associated hernial sacs are now dealt 
with. Small indirect sacs are ligated and resected, 
large ones are carefully separated from the cord, 
transfixed and ligated, whereas the majority of direct 
sacs are simply invaginated with a purse-string 
suture. Sliding hernias are reduced en masse. The 
repair is then begun (Fig. 9.9b-d). As a retractor we 
use a simple soup spoon inserted under the pubic 
ramus and held there by the abdominal pressure: the 
concavity of the spoon facilitates the incision of cur
ved needles through the pectineal ligament, but a 
broad right-angled retractor may serve the same pur
pose. The sutures are of inabsorbable material and 
should take up the pectineal ligament and the trans
versalis fascia. As the femoral vessels are approached, 
a finger protects the vein, which must not be retrac
ted too far laterally so as to avoid compressing it 
(Lataste and Helenon illustrated this in 1960). Two or 
three further sutures are placed through the femoral 
vascular sheath, the last of which takes up the ingui
nalligament in front of the vessels. This is the "tran
sition point" of McVay (1968) which must be handled 
with care and under direct vision. The sutures, which 
should be of nonabsorbable monofilament 0 or 1, can 
then be drawn taut without difficulty and with no 
excessive tension. 

It will now be seen that the musculo-tendinous 
layer has been brought down to the pectinealliga
ment between the pubic spine and the femoral ves
sels, obliquely and laterally, from behind and below, 
which displaces the iliopubic band some 2 cm to 3 cm 
posteriorly. The operation is terminated by closure of 
the external oblique in front of the spermatic cord, 
and finally by closure of the skin. 
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Fig. 9.9. Principles of McVay repair. a 1 Relaxing incision of the anterior lamina of the rectus sheath; 2 incision of the fascia trans
versalis from the pubic tubercle out to the deep inguinal ring. b 1 Suturing of the lateral margin of the relaxing incision to the rec
tus abdominis; 2 lowering of the fascia transversalis to Cooper's ligament; 3 the transitional suture; 4 lowering of the fascia trans
versalis to the vascular sheath. c and d McVay repair (according to Rives et al. 1974). c Deep repair and the essential "transitional 
suture"; note the forceps required to identify the vascular sheath and protect the femoral vessels. d Another essential step in McVay 
repair is the relaxing incision of the anterior lamina of the rectus sheath prior to repair of the external oblique 

There are a few variations to this operation, which 
can be used for the treatment of inguinal hernias as 
well as femoral hernias, provided that the tissues 
sutured to the pectineal ligament are sufficiently solid 
and do not pull out. If the conjoint tendon or the fas
cia transversalis are weak, there is a risk of the deeper 
layers tearing through. When the femoral sheath is 
thin one may be obliged to place several sutures on to 
the pectonealligament in the neighborhood of the 

vessels, in a fan-shaped manner pointing upwards, 
but the result is not as satisfactory [Rives & Hibon 
1974l. 

All in all this operation is anatomically correct, easy 
to carry out and gives a satisfactory impression to the 
surgeon. McVay does not recommend this type of 
posterior reconstruction for all groin areas but 
reserves it for direct hernias and indirect hernias of 
large size. 



Complications include a certain number of cases of 
injury to the femoral vein occurring through the pas
sage of sutures through its sheath. Bleeding usually 
stops after a few minutes of compression. This com
plication can be avoided by passing sutures very care
fully and always under direct vision. As regards the 
forward transposition of the spermatic cord following 
downward displacement of the conjoint tendon to the 
pectineal ligament, this is corrected by freeing up of 
the deeper elements of the cord behind the abdominal 
wall and a careful reposition of the testicle in the lower 
part of the scrotum at the end of the operation. 
Postoperative pain is frequent, probably resulting 
from traction on the lower part of the musculo-fascial 
layers. There is also the risk of iliofemoral thrombosis 
resulting from compression of the vein by a suture 
which is placed too far laterally, or by a stitch which 
transfixes the vein. 

The McVay operation using the pectineal ligament 
is a carefully controlled anatomical procedure. It is the 
only type of anterior repair which results in complete 
closure of the musculo-pectineal orifice, and can be 
used to treat all types of groin hernia. Its disadvan
tages include postoperative discomfort over the first 
few days which interferes with early ambulation. 
According to Rutledge (1995) who has a large expe
rience of the procedure, return to work is delayed as 
compared with other types of surgery. The effective
ness of the relieving incision in the rectus sheath has 
been evaluated by Read (1981) who measured the ten
sion at the suture line. In a few score of cases he 
concludes that the tension remains higher in the 
McVay than the Bassini type of operation. However, in 
the McVay group the same author found the relieving 
incision to be more effective in direct hernias. These 
conclusions have recently been confirmed by 
Cimpeanu in Bucharest (1995). However, one should 
bear in mind the view of Rutledge 1995 in this impor
tant matter, who states that when the tension remains 
high one should enlarge the incision. Bilateral hernias 
can be operated at the same session unless the first 
operation has proved difficult or has led to much ten
sion. In 20% of cases Rutledge advises reinforcement 
of the procedure by a patch of polypropylene mesh. 

As regards the indications for this type of repair, the 
pectineal ligament may be absent in certain recur
rences. Goinard has encountered two such cases and 
Neidhardt one. McVay did not use the procedure for 
small indirect hernias which did not displace the infe
rior epigastric vessels, but solely for large indirect her
nias, direct hernias and femoral hernias. Rutledge fur-
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Table 9.9. Rate of recurrence after McVay's operation 
(inguinal hernias) 

Authors # % Years % 
Cases Follow-up Follow-up Recurrences 

Rutledge 572 80 9 0.13 
(1995) 
Flament 135 6 1.5 
(1991) 
Rutledge 906 97 9 2 
(1988) 
Izard 1,332 85 5 3 
(1996) 
Halverson 1,211 91 22 3·5 
(1970 ) 
Lubeth 800 52 3·9 
(1979 ) 
Barbier 1,140 70 9 to 17 4-7 
(1984) 
Asmussen 270 91 1 to 5 7·5 
(1983) 
Hay 1,706 8 8.6 
(1995) 
Warlaumont 373 85 1 to 10 15·5 
(1982) 
Panos 269 76 5 8.8 
(1992) 

ther uses it routinely in all primary or recurrent cases 
whatever the type of hernia. Table 9.9 illustrates the 
published results. 

5. The Nyhus Operation 

This consists in closure of the hernial orifice by the 
preperitoneal route. Nyhus in 1959 described and clas
sified a method of repair of inguinal and femoral her
nias via the preperitoneal route, using the iliopubic 
band. One should not confuse the preperitoneal 
approach with the transabdominal intraperitoneal 
method, which has little place in hernia surgery. The 
posterior approach to hernias has been thoroughly 
reported in the four editions of "Hernia" by Nyhus and 
Harkins, and later by Condon. The concept was origi
nally put forward by Annandale of Edinburgh in 1876. 

Lawson Tait of Birmingham (1891) described the 
advantages of the midline transperitoneal approach 
for closure of the hernial orifice. Bates of Seattle (1913) 

also went through the peritoneal cavity for suture of 
the transversalis fascia. Cheatle (1921) was the first to 
use the preperitoneal route. He limited himself to liga
ting the sac whereas Henry (1936) was the first to close 
the musculo-fasciallayer through the same approach. 
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These two surgeons used the method for the treat
ment of inguinal, but not for femoral hernias. 

Nyhus records the names of the many authors (1964 
to 1995) who have repaired inguinal and femoral her
nias in this way. He began to explore the possibilities 
of the preperitoneal route in 1955, and since 1959 has 
used it for closure of the orifices of direct and indirect 
inguinal hernias and femoral hernias, reinforcing the 
transversalis fascia with the iliopubic band, the fibrous 
rim of the deep inguinal ring and the pectinealliga
ment. In the four editions of "Hernia", Nyhus conti
nues to distinguish between the preperitoneal repair 
of inguinal hernias and that of femoral hernias, 
although the incision is the same and the iliopubic 
band is used in each case. These observations justify 
our adherence to a unitary concept of groin hernias 
and our use of one paragraph to describe the Nyhus 
operation in for the two types of hernia. 

The incision is made horizontally two fingers' 
breadths above the symphysis pubis (Fig. 9.lOa-d). The 
musculo-aponeurotic layers are incised above the 
deep inguinal ring, the transversalis fascia is exposed 
and then incised transversely, taking care not to open 
the peritoneum, which is swept away together with the 
preperitoneal fat, by gauze dissection. At this stage the 
"hernial pedicle" is easily identified. A direct hernia 
reduces easily by simple preperitoneal dissection and 
an indirect or femoral hernia can be reduced by gentle 
traction assisted by blunt dissection. The sac is then 
dealt with either by ligation excision, or by invagina
tion with a purse-string suture, bearing in mind, in the 
case of a direct hernia, the proximity of the bladder. 

A direct hernia is repaired by closing the defect in 
the transversalis fascia with interrupted sutures, the 
lower edge of which merges into the iliopubic band. 
When this band is stretched by a large direct hernia 
the transversalis fascia must be sutured to the pecti
neal ligament. In the case of an oblique external her
nia the upper and lower margins of the defect are 
sutured horizontally, either in front of or behind the 
cord. With large indirect hernias the distal part of the 
sac may be left open at the base of the scrotum, having 
reduced its contents. The cord is then drawn laterally 
and the defect is sutured medial to it, the cord is then 
drawn medially and the repair of the hernial defect 
completed on its lateral side. In the case of a femoral 
hernia, the sac is usually easily reduced by traction 
unless the hernia is incarcerated, in which case it is 
necessary to incise the medial part of the iliopubic 
band or the reflected ligament (of Gimbernat). The 

femoral canal is closed by suturing the medial part of 
the iliopubic band to the pectineal ligament. In this 
approach there is no problem with identifying the 
external iliac vein, which is easily protected during 
precise closure of the femoral canal. An aberrant obtu
rator artery is also easily seen and safeguarded. 

Nyhus advises a relieving incision in the anterior 
rectus sheath in type IIIA (direct), IIIB (large indirect) 
and IV (recurrent) hernias according to his classifica
tion. The suprainguinal incision approach greatly faci
litates the use of the pectineal ligament for the repair, 
which puts the inguinal structures under some ten
sion. Lampe [in "Hernia" 1978] goes so far as to sug
gest a double vertical incision in the anterior rectus 
sheath, one above and one below the suprailiac inci
sion. 

Having for a long time resisted the use of prosthetic 
material in the preperitoneal position to reinforce the 
repair, Nyhus is now in favor of this when there is no 
risk of sepsis and the hernia is recurrent. He describes 
a number of procedures which can be combined with 
this technique including prostatectomy, cystoprosta
tectomy, orchidopexy, vascular procedures and appen
dectomy. Although the results of these combined pro
cedures appear satisfactory, we personally are in 
principle opposed to the combination of a potentially 
septic operation with a hernia repair, particularly if 
the suprainguinal route is used, which may result in 
postoperative eventration if sepsis occurs. 

Results. In a series of 1,200 primary repairs (1993) 
Nyhus reports a very low morbidity in particular as 
regards testicular complications or postoperative neu
ralgia. The five year recurrence rate is 1% for femoral 
hernias, 3% for indirect and 6% for direct inguinal 
hernias, as against 2% in the case of prosthetic repairs. 

Other North American surgeons have reported 
similar results. But some who have had good results 
following primary repair on indirect hernias have 
been disappointed by those in direct hernias, as the 
following recurrence rates will show: 

28% [Margoles & Brown 1971] 
16% [Harris 1971] 
17% [Robertson 1966 & Ljungdahl1978] 
21% [Gaspar 1971] 
35% [Dyson 1965] and 18% [Skeie 1971] 

This is one reason why Nyhus has suggested 
reinforcing the repair with a polypropylene patch 
(6 x 14 cm) fixed to the pectineal ligament and stret
ched out behind the abdominal wall. 
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a 

Fig. 9.10. Nyhus repair. a Approach via the preperitoneal space. 1 Subcutaneous areolar tissue; 2 fascia transversalis; 3 peritoneum; 
4 horizontal ramus of pubis. b The incision of the fascia transversalis is begun flush with the deep inguinal ring. c Endoparietai view; 
1 closure of the direct, inguinal hernia by interrupted sutures; 2 deep inguinal ring; 3 peritoneum (displaced at the beginning of the 
operation by blunt dissection). d Endoparietal view; 1 reduction of the direct hernia; 2 narrowing of the deep ring lateral to the sper
matic cord; 3 peritoneum (adapted from Nyhus and Condon 1978) 

6. General Observations on Suture Repairs 

Although this type of operation has been the longest 
to be practiced, suture repairs present a certain num
ber of disadvantages. Wide experience and a fair 
degree of skill are required to estimate the quality of 
the structures employed. Classical suture methods are 
of uncertain benefit for the repair of recurrent her
nias, and there is always an excessive degree of tension 
on the suture line which is responsible for postopera
tive pain and a number of early recurrences. 

Weakening of the scar tissue is an unavoidable fact 
which is not taken into consideration. There will 
always be patients with degenerated tissues (connec
tive tissue disorders are an extreme example), and one 
can add the risks of involvement of the superficial 
nerves and the elements of the spermatic cord, parti
cularly in the case of recurrent hernias re-repaired via 
the inguinal route. Finally, mention should be made of 
the unnecessary disruption of the posterior wall in 
hernias type I and II. 
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These criticisms have resulted in a tendency to res
trict the indications for suture repair. The Marcy ope
ration should be reserved for hernias type II or I 
(though theoretically unsuitable for this latter) and the 
Bassini procedure for hernias type II or III (but the 
weakness of the posterior wall is ignored in the last 
type). The McVay operation should be reserved for 
hernias type II and III (ignoring the considerable ten
sion which results from it). For any type of recurrent 
hernia the present tendency is virtually always to use 
synthetic material. 

D. Tissue Transfers via the Inguinal Route 

These are not often used today, except possibly the 
Berger-Orr procedure. We will mention them briefly 
in order to include them within the therapeutic arma
mentarium. When the deeper layers are so weakened 
that no suture is possible without tension, this it would 
seem logical to close the hernial defect by the use of 
neighboring muscles and aponeuroses. 

1. The Berger-Orr Procedure 

Berger (1902) began by suturing the conjoint tendon 
to the inguinal ligament, as in the Bassini operation. 
He then incised the anterior rectus sheath a finger's 
breadth parallel to its lateral border (Fig. 9.na). The 

resulting flap was then brought down across the canal 
and sutured so as to reinforce its deep layer. Vayre and 
Petit-Pazos (1965) suggested some further details: the 
incision in the rectus sheath must be as medial as pos
sible and curved laterally, measuring 5 to 7 em, 
without detaching the lateral layer before passing 
nonabsorbable sutures taking up the inguinalliga
ment and the free edge of the aponeurotic flap. The 
sutures are then successively tied from below upwards, 
so as to turn the flap downwards, resulting in a ten
sion-free plasty around the external edge of the rectus 
(Fig. 9.nb). 

Two supplementary maneuvers are advised, namely 
the careful reconstruction of the posterior layer and 
its reinforcement by a synthetic prosthesis. This pro
cedure, which reinforces the inguinal triangle, at the 
same time creates a weak spot at the lateral border of 
the rectus, close to its medial angle, giving rise to a 
possible Spigelian type of recurrence, as the posterior 
rectus sheath at this point is often extremely weak. 
Vayre and Petit-Pazos state that they have frequently 
used this technique and are completely satisfied with 
it. 

2. The Hindmarsh Procedure 

A similar procedure is that of Hindmarsh [in Detrie 
1967l. The rectus sheath is incised parallel to the 
inguinal ligament and sutured to it, rather as in the 

b 

Fig. 9.11.a Berger-Orr autoplasty [Quenu and Perrotin 1955]. b The technique, according to Vayre. Repair is done using a flap (3) 
derived from the aponeurotic covering of the terminal part of the rectus abdominis (5). This covering is formed by the blending 
together of the aponeuroses of the internal oblique and transverse. The flap is sutured to the inguinal ligament (4). The lateral 
suture, positioned above and lateral to the spermatic cord, and between the inguinal ligament below and the internal oblique and 
transverse above (1), is designed to avoid external recurrence. The aponeurosis of the external oblique (2) can be sutured either in 
front of or behind (as shown) the spermatic cord 



preceding technique. In order to cover the defect so 
created the inferior layer of the external oblique apo
neurosis is incised vertically at the level of the emer
gence of the spermatic cord and the aponeurotic flap 
thus created is sutured to the upper and medial edge 
of the incision in the rectus sheath. 

3. Transposition of the Spermatic Cord 

Without necessarily approving the principle, and bea
ring in mind the absence of recorded results, the 
concept of transposition of the cord and testicle 
should be mentioned, if only for the sake of complete
ness. In this technique the cord and the testicle are 
completely freed throughout their scrotal course, and 
re-introduced into the preperitoneal space through 
the deep inguinal ring. This creates a "button hole", 
through the groin either across the rectus [Wolfler 
18921 or at its lateral border [Leslie 19781 or above and 
lateral to the inguinal canal [Ferrand & Pellissier 1955; 
Toupet 19631 through which the testis can be replaced 
in its scrotal site. We strongly disadvise this technique 
because of the high risk of ischemic orchitis and testi
cular atrophy. Furthermore it does not resolve, or may 
even exacerbate, the problem of the weakness of the 
inguinal structures. 

4. Transfer of Fascia Lata or Skin 

Lattices constructed by strips of autogenous fascia lata 
or skin [Suire 1966; Gosset 19721 have not been widely 
used. A strip of skin cut from the edge of the incision, 
5 mm across, is carefully freed from fat. A traction 
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stitch is inserted at each end and a lattice is then 
constructed from below upwards from the inguinal 
ligament to the conjoint tendon, with the aid of a 
Reverdin needle into which the traction stitch is laid 
[Detrie 19671 (Fig. 9.12). We have no knowledge of any 
published series of hernias repaired in this way. 

Menegaux (1965) and Pautet (1969) used a free skin 
graft taken from the outer part of the thigh and care
fully freed of fat, then sutured to the inguinal ligament 
below and the conjoint tendon above, to compensate 
for the loss of abdominal wall structure. It is impor
tant to stretch this piece of skin "tight as a drum" so 
that the epithelial elements degenerate and it behaves 
as a source of collagen [Detrie 19571. Once again we 
have no knowledge of published series using this 
approach. 

5. General Criticism of Tissue Transfer 

All these procedures which use neighboring structures 
have the disadvantage of still further weakening these 
structures, which are already abnormal either conge
nitally or through acquired factors. This applies 
equally to the Berger-Hindmarsh operation as to the 
complimentary techniques such as additional suture 
lines and movement of flaps. The use of skin lattices is 
a relatively complex method which requires training 
in plastic surgery and one cannot be certain that it 
does not carry the same disadvantages as the suture 
methods, and the risk of late eventration through the 
scarred area. The use of skin patches goes some way to 
answering the problem of replacement of loss of sub-

Fig. 9.12. a Autoplasty with skin lacing [J. Gosset]. b Inguinal skin grafting [Detrie 1967] 
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stance of the abdominal wall, but these techniques are 
relatively "heavy" and depend for success on the resis
tance of the edges of the musculo-pectineal orifice to 
which the sutures are applied. This probably explains 
the small number of surgeons who use skin, which has 
practically disappeared from the repertoire of hernia 
repair, while the use of prostheses is so much simpler. 

E. Techniques Involving the Use of Prosthetic Material 

This type of repair has acquired a major place in her
nia surgery. Various synthetic materials are used as 
patches of different sizes, or as plugs, in order to rein
force sutures and also to replace the transversalis fas
cia. This enthusiasm for prosthetic repair has been sti
mulated by the publication of good results. The fact 
that septic complications are far less of a risk than was 
the case 20 years ago, has meant that in order to over
come the problem of widespread tissue degeneration 
which is so often found in acquired hernias, the sur
geon can make extensive use of prosthetic materials. 
Although much of this activity is the result of the pro
motional efforts of the manufacturers of quality pros
theses, their use has nonetheless allowed us to repair 
even the most difficult cases. 

The idea of using foreign material in surgery of the 
abdominal wall is not new. In 1889 Witzel used a pri
mitive type of silver mesh, and this was followed by 
Gapel (1900). In 1901 Busse used plates of gold, alumi
num, copper and various alloys (Dural, Elektron), with 
bad results due to their rigidity and dangerous weight. 
Rubber sponges [Fieschi 1913) and patches [Delbet 
1914) produced such severe complications that they 
were rapidly abandoned. Metallic meshes reappeared 
with titanium and stainless steel which were quite fre
quently used for several years around the 1940S, then 
abandoned around 1950 because of the discomfort 
produced by their rigid nature, their tendency to 
migrate and invade higher organs and finally their 
rapid fragmentation. 

Following the Second World War, the chemical 
industry came up with a variety of surgical products 
which were commonly known as "plastics", but should 
probably be termed polymers. 

Synthetic meshes for hernia repair were introduced 
into Europe by Don Acquaviva in 1948, who used 
nylon, and in the USA by Koontz who since 1959 used 
polypropylene. Nowadays the main synthetic mate
rials used are polyester meshes (Dacron) or polypro
pylene, which are well tolerated and because of their 
macro porosity are rapidly incorporated by ingrowth 

of scar tissue. Impermeable materials such as silastic 
or Teflon are rapidly encapsulated and have been 
abandoned. The same applies to expanded PTFE, 
which is microporous and not easily incorporated. 

Numerous studies have been conducted in order to 
determine the features of good prosthetic materials 
[Policard & Fullbringer 1950; Cumberland 1952; Scales 
1953; Usher 1959-1962; Koontz 1959-1962; Petit & 
Stoppa 1973; Arnaud & Adloff 1976-1977; Minns & 
Tinkler 1976; Stoppa & Soler 1992; Rath & Chevrel 
1996). A "good prosthesis" should be resistant, supple, 
easily penetrated by connective tissue, solid after 
incorporation in the body, radiolucent, easily sterili
zed and cheap. 

The materials which best fulfill these criteria are 
polypropylenes, widely used in Britain and America 
and polyesters (Dacron) which are favored in France. 

Here is a brief account of one of these experimental 
studies. With Petit (1974), we studied the behavior of 
Dacron implanted into guinea pigs. We measured the 
reaction to the material, the density of that reaction, 
the fibroblastic activity and the development of scar
ring in the interstices of the material. These studies led 
us to favor Dacron mesh, which became fixed in the 
tissues from the tenth day onwards. Arnaud and Adloff 
(1976-1977) have emphasized the importance of the 
ratio between fibroblasts and inflammatory cells 
which is high when tolerance and resistance is increa
sed. The practical result of this is that macroporous 
prostheses function better than those which are 
impermeable. With Soler (1992) we tested various 
materials in the rat model, of varying permeability, 
both absorbable and nonabsorbable, and confirmed 
the importance of this ratio, confirming also that all 
materials, whether absorbable or nonabsorbable, pla
ced within the peritoneal cavity, generate adhesions. 
Rath and Chevrel (1996) re-examined the biological 
tolerance of several synthetic materials used in sur
gery of the abdominal wall and carried out further 
studies estimating the resistance induced after incor
poration of macroporous materials. They found that 
all the different materials in present use, in particular 
polypropylenes and polyesters, give adequately strong 
support, but experimentally the abdominal walls 
which are re-enforced with polypropylene are somew
hat more solid, in the face of tensions which are cer
tainly higher than those encountered in the clinical 
situation. 

Absorbable prostheses (polyglactine 910, polyglyco
lic acid) are hydrolyzed within six weeks and cannot 



be recommended in hernia repair where a strong scar 
only develops after completion of the maturation and 
re-modeling process which lasts for at least one year 
[Tyrell 19891. Finally, composite materials such as mix
tures of polyester and polyglactine or carbon fiber and 
polyglycolic acid are well tolerated and produce more 
fibrosis, but clinical trials give varying results and 
these materials are considerably more costly than the 
existing prostheses. 

These prostheses can be used in various ways such 
as the Lichtenstein and Gilbert patches and plugs, and 
the variations (Rutkow, Trabucco, Dudai) representing 
the "patch plug method" which uses a limited inguinal 
approach and the simultaneous and separate insertion 
of a patch and a plug. The Bendavid umbrella and the 
"fletching" prosthesis are more complex in design, as 
is the Rives operation through the inguinal route. 
Prosthetic repair via laparotomy can be done through 
the midline preperitoneal approach (Rives) byenvelo
ping the visceral sac in a large bilateral preperitoneal 
prosthesis (Stoppa) or by wrapping the visceral sac 
through the suprainguinal route (Wantz). 

1. Prosthetic Repair by the Inguinal Route 

a) The Rives Operation 

A Mersilene prosthesis which is considerably larger 
than the musculo-pectineal orifice is carefully fixed 
and stretched out, in order to promote its incorpora
tion in granulation tissue. The size of the prosthesis 
may be reduced somewhat in order to reduce the risk 
of infection. The principles of the operation are as fol
lows. 

General or local anesthesia may be used (epidural in 
the young patient or spinal in the elderly), the choice 
of anesthetic being made together with the patient at 
the preoperative consultation. The incision runs paral
lel to and about 1 cm above the inguinal ligament and 
reaches the pubic spine. The external oblique aponeu
rosis is opened along its fibers and the superficial 
inguinal ring cleared, avoiding the cutaneous nerves. 
The cremaster muscle is then resected and the sper
matic cord retracted with a loop. The sac is dissected 
and removed in the normal manner and indirect sacs 
are ligated as high as possible with removal of excess 
peritoneum. The transversalis fascia which is now 
exposed is opened along the length of the posterior 
wall of the canal, from the deep inguinal ring to the 
pubic spine, protecting the inferior epigastric vessels. 
The extraperitoneal fat is swept upwards with a spoon, 
the pectineal ligament is exposed as far as the external 
iliac vessels laterally. It is often necessary to divide bet-
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ween ligatures a large vertically running communica
ting vein or some small horizontal vessels above the 
pubis. The deep aspect of the muscles is then cleared 
upwards by dissection with the finger or gauze swab. 

(1) Preparation of the Prosthesis (Fig. 9.13) 

A piece of Mersilene mesh 10 cm across is laid out and 
a notch cut in its inferolateral edge to allow passage of 
the iliac vessels. The prosthesis is first fixed below to 
the pectineal ligament, using four or five no. 3 
Flexocrin sutures, at least 1 cm apart, constructing a 
large lower hem 3 to 4 cm long, which will be folded 
over the iliopubic ramus when the sutures are tied. 
The prosthesis is then fixed to the deep aspect of the 
broad muscles, as far up as possible, by a series of mat
tress sutures tied in front of the muscles but behind 
the aponeurosis of the external oblique, usually from 
within outwards. A slit is then constructed, of which 
the medial angle is strengthened by a stay suture of 
Flexocrin, in order to avoid tearing. The two limbs of 
the slit allow passage of the spermatic cord, which 
should be brought upwards and laterally as far as pos
sible, so as to restore its curved course. The two limbs 
of the prosthesis are fixed in the same way beneath the 
muscles laterally by mattress sutures. The orifice thus 
constructed should not be too wide, as it might other
wise form the site of a recurrent indirect hernia. 
Finally, the prosthesis is fixed by a few sutures below 
to the vascular sheath and the inguinal ligament so as 
not to leave a vascular defect. In this manner the pros
thesis should lie without any fold, but should bulge 
gently in response to abdominal pressure. It only 
remains to remove the excess Mersilene, correspon
ding to the upper flange. 

A continuous suture taking up the two edges of the 
transversalis fascia in front of the prosthesis reunites 
the conjoint tendon to the inguinal ligament. This 
suture seals off the prosthesis which is thus separated 
from the superficial layers. The external oblique apo
neurosis is sutured in front of the cord. Drainage is not 
usually necessary. The superficial fascia and skin are 
closed in two layers. The dressing is usually removed 
after 24 h and the wound left open to allow inspection. 
The course is usually uncomplicated and the patient 
leaves hospital on the fourth or fifth day with no spe
cial postoperative regime such as anti-coagulation. 
The patients are advised to limit their physical activi
ties for some three weeks, during which time the pros
thesis is becoming incorporated. 

The results of this operation have recently been 
reported by J. Rives and his successors J. B. Flament 
and J. P. Palot in a series of 720 hernias treated from 
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Fig. 9.13. Rives' technique of prosthetic repair (photos courtesy 
of Rives). a The mersilene mesh (containing a lateral slit to 
allow passage of the spermatic cord) is presented close to the 
operative field. The retropubic part is folded over like a hem and 
the mesh is attached to Cooper's ligament. b Operative view. 
c The sutures are tied off, after which the fold is turned down 
behind the horizontal ramus of the pubis, thereby hiding the 
sutures in Cooper's ligament. d Operative view. e The upper 
margin of the prosthesis is anchored to the deep surface of the 
flat abdominal muscles. A small (0.5 cm) fold ensures solid fixa
tion. f Operative view. g Appearance of the implanted prosthe
tic mesh. h Operative view. i Operation is terminated by Bassini
like suturing of the flat abdominal muscles and fascia 
transversalis above to the fascia transversalis and inguinalliga
ment below. j Operative view 



Fig.9.B 

1970 to 1994. This comprises some 20% of an overall 
series of 2,235 hernias. Infection rate was 1.6%, a figure 
comparable to that occurring following the classical 
operation (1.5%). This usually resolves when the 
wound is laid open and the prosthesis exposed. It is 
best to avoid removing the prosthetic material which 
is prone to produce a recurrence. Over the last seven 
years no septic problem has been observed. There 
were 13 recurrences (1.9%): in primary cases the rate 
was 1.3%. Recurrence is usually the result of poor tech
nique such as incomplete removal of the sac, too wide 
an opening between the two limbs of the prosthesis, 
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sutures inadequately taking up the pectineal ligament, 
too small an inferior flange, or inadequate lateral fixa
tion. 

The authors of this series suggest the following indi
cations: direct hernias in the presence of transversalis 
fascia which is of poor quality, or where there exist 
risk factors for recurrence including strenuous occu
pations, chronically raised abdominal pressure and a 
history of recurrent herniation. 

The surgery must be carried out in a carefully 
controlled manner. The rules of asepsis in every type 
of surgery using prosthetic material must be carefully 
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Table 9.10. Rate of recurrence after Rives' operation 
(inguinal hernias) 

Authors # % Years % 
Cases Follow-up Follow-up Recurrences 

Alexandre ll7 77 3·5 1.1 

(1993) 
Rives 183 66.1 1 to 9 1.6 
(1973) 
Flament 586 80 1.7 
(1983) 
Flament 135 6 1·9 
(1991) 
Palot 720 85 1.9 
(1995) 
Galeone ll8 75 5·5 
(1991) 

respected, the operating theater must be disinfected 
on the day proceeding surgery, the skin must be care
fully prepared, no touch technique used with liberal 
use of povidone iodine, the number of people entering 
and leaving the theater must be limited as also must 
be the movement of the operating light and the use of 
the sucker. 

(2) Critical Comments 

The operation requires a solid and firm pectinealliga
ment, which is not always the case with multiple recur
rence, particularly following the McVay operation. 
This technique carries a risk of wounding the sper
matic cord if a recurrence is approached by the ingui
nal route. Additionally, the incision in the prosthesis to 
allow passage of the spermatic cord creates a weak 
point in the layer of greatest resistance, in spite of 
taking every precaution to suture the two limbs sepa
rately on to the muscular wall. Rives himself reco
gnizes that this operation is not simple and should be 
reserved for experienced surgeons, an opinion already 
advanced by Usher in 1959. However it is an excellent 
modern procedure, the success of which is apparent 
from the published results illustrated in Table 9.10. 

b) The Lichtenstein 
Open Tension-free Hernioplasty 

P.K.Amid 

For more than a century, the measure of the success of 
hernia repair was its recurrence rate. In 1966, for the 
first time, the importance of the postoperative disabi
lity period was brought to the attention of surgeons by 
Lichtenstein (1966). With the aims of decreasing post-

operative pain, recovery period, and recurrence rate, 
the tension-free hernioplasty project was started at the 
Lichtenstein Hernia Institute in June 1984 [Amid et al. 
1996 (I)]. The concept is based on: a) the degenerative 
origin of inguinal hernia which results in destruction 
of the inguinal floor [Read 1992], b) the fact that tra
ditional repairs are associated with undue tension at 
the suture line [Amid et al.1996 (I)]. 

The procedure is performed under local anesthesia, 
which is our preferred choice for all reducible adult 
inguinal hernias. It is safe, simple, effective, economi
cal, and without any side effects or risk of urinary 
retention. Furthermore, local anesthesia administered 
before making the incision produces a prolonged 
analgesic effect by preventing the build-up of local 
nociceptive substances. Several safe and effective anes
thetic agents are currently available. Our choice, howe
ver, is a 50:50 mixture of 1 % lidocaine (Xylocaine) and 
0.5% bupivacaine (Marcaine). 

(1) Techniques of Anesthesia 

Some 45 ml of this mixture is usually sufficient for a 
unilateral hernia repair and is administered as follows. 

Subdermal inftltration. About 5 ml of the mixture is 
infiltrated along the line of the incision with a 5 cm 
long 25 gauge needle inserted into the subdermal tis
sue parallel with the skin surface. Infiltration conti
nues as the needle is advanced. Movement of the 
needle reduces the likelihood of intravascular injec
tion because even if the needle penetrates a blood ves
sel, the tip will not remain there long enough to deli
ver a substantial amount of the anesthetic agent. This 
step blocks the subdermal nerve endings and reduces 
the discomfort of the intradermal infiltration which is 
the most uncomfortable stage of local anesthesia. 

Intradermal injection (making the skin weal). The 
needle in the subdermal plane is withdrawn slowly 
until its tip reaches the skin. Without withdrawing the 
needle completely, the dermis is infiltrated by slow 
injection of about 3 ml of the mixture along the line of 
the incision. 

Deep subcutaneous injection. A total oflo ml of the 
mixture is injected deep into the subcutaneous fat 
with the needle inserted perpendicular to the skin sur
face at points 2 cm apart. Again, the needle is kept 
moving during injection to reduce the risk of intra
vascular infusion. 

Subaponeurotic injection. About 10 ml of the anes
thetic mixture is injected immediately beneath the 
aponeurosis of the external oblique muscle through a 
window created in the subcutaneous fat at the lateral 
corner of the incision. This injection floods the ingui-



nal canal and anesthetizes all three major nerves in 
the region while the remaining subcutaneous fat is 
incised. 

It also separates the external oblique aponeurosis 
from the underlying ilioinguinal nerve, reducing the 
likelihood of injuring the nerve when the aponeurosis 
is incised. 

Occasionally it is necessary to infiltrate a few milli
liters of the mixture at the level of the pubic tubercle, 
around the neck and inside the indirect hernia sac, to 
achieve complete local anesthesia. 

The local anesthesia can be further prolonged by 
spraying 10 ml of the mixture (with added adrenaline) 
into the inguinal canal before closure of the external 
oblique aponeurosis, and into the subcutaneous space 
before skin closure [Bays et al. 1991]. 

Epidural anesthesia is preferred for repair of inre
ducible or bilateral inguinal hernias in obese patients. 
Sedative drugs given by the surgeon, or preferably by 
an anesthetist as "conscious sedation" via infusion of 
rapid short-acting, amnesic and anxiolytic agents such 
as propofol, reduce both the patient's anxiety and the 
amount of local anesthetic agents required, particu
larly for bilateral inguinal hernia repair. 

(2) Technique of Operation 

A 5 cm skin incision, which starts from the pubic 
tubercle and extends laterally within the Lange's line, 
gives an excellent exposure of the pubic tubercle and 
the internal ring. After skin incision, the external 
oblique aponeurosis is opened and its lower leaf freed 
from the spermatic cord. The upper leaf of the exter
nal oblique is then freed from the underlying internal 
oblique muscle and aponeurosis for a distance of 2-3 
cm above the inguinal floor. The anatomical cleavage 
between these two layers is avascular and the dissec
tion can be done rapidly and atraumatically. High 
separation of these layers has a dual benefit, as it 
visualizes the iliohypogastric nerve and creates space 
for insertion of a wide sheet of mesh that overlaps the 
internal oblique by at least 3 cm above the upper mar
gin of the inguinal floor. The cord with its cremaster 
covering is separated from the floor of the inguinal 
canal and the pubic bone for a distance of about 2 cm 
beyond the pubic tubercle. The plane between the cre
masteric sheath and the aponeurotic tissue attached to 
the pubic bone is avascular, so that there is no risk of 
damaging the testicular blood flow. When lifting the 
cord, care should be taken to include the external 
spermatic vessels and the genital nerve with the cord. 
This ensures that the genital nerve, which is always in 
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juxtaposition to the external spermatic vessels, is pre
served (Fig. 9.14a). 

Cutting or ligating the genital nerve can cause long
term incapacitating neuralgia [Lichtenstein et al. 
1988]. The ilioinguinal and iliohypogastric nerves 
should also be preserved. 

To explore the internal ring, for an indirect hernia 
sac, the cremasteric sheath is transversely or longitu
dinally incised at this level (Fig. 9.14a). The latter pre
vents disturbance of testicular retractibility. Complete 
stripping and excision of the cremasteric fibers is 
unnecessary, and can result in injury to the nerves, 
small blood vessels, and vas deferens. 

Indirect hernial sacs are freed from the cord to a 
point beyond the neck of the sac and inverted into the 
abdomen without ligation. Ligation of the highly 
innervated peritoneal sac leads to mechanical pres
sure and ischemic changes, and is a major cause of 
postoperative pain [Smedgerg et al. 1984; Amid et al. 
1995 (I)]. It has been shown that avoiding ligation of 
the indirect sac does not increase the chance of recur
rence [Smedgerg et al. 1984; Shulman et al. 1993]. To 
minimize the risk of postoperative ischemic orchitis, 
complete scrotal hernia sacs are transected at the mid
point of the canal, leaving the distal part in place, but 
incising its anterior wall in order to prevent the for
mation of a hydrocele. 

Large direct hernias are inverted with an absorbable 
suture. A thorough exploration of the groin is neces
sary to rule out the coexisting intraparietal (intersti
tial) or femoral hernia. 

The femoral ring is palpated through a small ope
ning in the canal floor. A precut mesh of 8 x 16 cm is 
used. We prefer monofilament polypropylene meshes 
(such as Atrium, Marlex, Prolene and Trilex) because 
their surface texture promotes fibroplasia and their 
monofilament structure does not promote or harbour 
infection [Amid et al. 1994; Amid et al. 1992]. The 
medial end of the mesh is rounded to the shape of the 
medial corner of the inguinal canal. With the cord 
retracted upwards, the rounded corner is sutured, with 
a running suture of a nonabsorbable monofilamented 
material, to the aponeurotic tissue over the pubic 
bone, overlapping the bone by 1.5 to 2 cm (Fig. 9.14b). 
This is a crucial step in the repair because failure to 
cover this bone with the mesh can result in recur
rence. The periosteum of the bone is avoided. This 
suture is continued to attach the lower edge of the 
patch to the shelving margin of Poupart's ligament up 
to a point just lateral to the internal ring. Suturing the 
mesh beyond this point is unnecessary and could 
injure the femoral nerve. If there is a concurrent femo-
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Fig. 9.14. Lichtenstein's operation. a The spermatic cord together 
with its cremasteric covering, external spermatic vessels, and 
genital nerve is raised and the cremasteric fibers are cut trans
versely or longitudinally at the level of the internal ring. b The 
medial corner of the patch overlaps the pubic bone by 1-1.5 cm. 
e The spermatic cord is placed in between the two tails of the 
mesh. d Crossing of the two tails. e The lower edges of the two 
tails are sutured to the shelving margin for creation of a new 
internal ring made of mesh 



ral hernia, the mesh is also sutured to Cooper's liga
ment 1-2 cm below its junction with the inguinalliga
ment, so as to close the femoral ring. 

A slit is made at the lateral end of the mesh creating 
two tails, a wide one (two-thirds) above and a narro
wer (one-third) below. 

The upper wide tail is grasped with a hemostat and 
passed towards the head of the patient from under
neath the spermatic cord; this positions the cord bet
ween the two tails of the mesh (Fig. 9.14C). 

The wider upper tail is crossed and placed over the 
narrower one and held with a hemostat (Fig. 9.14d). 
With the cord retracted downwards and the upper leaf 
of the external oblique aponeurosis retracted 
upwards, the upper edge of the patch is sutured to the 
internal oblique aponeurosis or muscle, whichever is 
available, with a few interrupted absorbable sutures 
avoiding injury to or entrapment of the iliohypogas
tric nerve. Firm retraction of the upper leaf of the 
external oblique during this phase of the repair is 
important because it achieves the appropriate amount 
of laxity for the patch [Amid et al. 1995 (I)]. As the 
retraction is released, the mesh buckles slightly, and 
this laxity assures a true tension-free repair and is 
taken up when the patient is asked to strain during the 
operation, or resumes an upright position. 

Using a single nonabsorbable monofilament suture, 
the lower edges of each of the two tails are fIxed to the 
shelving margin of Poupart's ligament just lateral to 
the completion knot of the lower running suture. This 
creates a new internal ring made of mesh (Fig. 9.14e). 
The crossing of the two tails produces a confIguration 
similar to dIat of dIe normal transversalis fascial sling, 
which is assumed to be largely responsible for the inte
grity of the internal ring. 

The excess patch on the lateral side is trimmed, lea
ving about 4-5 cm of mesh beyond the internal ring. 
This is tucked underneath the external oblique apo
neurosis (Fig. 9.14e), which is then closed over the 
cord with an absorbable suture. 

(3) Outcome Measures 

5,000 primary inguinal hernias in 4,000 adult male 
patients were performed under local anesthesia by the 
authors from 1984 to 1995. The series included 1,000 
bilateral inguinal hernias, which were repaired simul
taneously under local anesthesia [Amid et al. 1996 
(II)]. The age range of patients was 19 to 86 years. 44% 
of patients had indirect, 43-1% had direct, and 12.5% 
had a combination of indirect and direct inguinal her
nias. 78% of patients were of normal weight or up to 
10 kg overweight. 20% of patients were 10 to 20 kg 
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overweight, and 2% were more than 20 kg overweight. 
27% of patients had bilateral inguinal hernias and 
11.4% had sliding hernias. WidI regard to employment, 
60.2% had sedentary jobs, and 38.8% performed hard 
manual labor. 

99% of the patients underwent outpatient surgery 
and the hospital stay after the operation was two to 
three hours. One percent of patients were admitted to 
the hospital because of unrelated medical or personal 
reasons. Analgesic requirement for postoperative pain 
was 0 to 20 (mean of 8) tablets of Vic odin (hydroco
done bitartrate 5 mg and Acetaminophen 500 mg) for 
a period of one to four days. Postoperative unrestric
ted activity was encouraged. Patients returned to their 
usual work with no restrictions at between two to 
fourteen days. There was one chronic postoperative 
neuralgia and no patient developed a seroma that 
required aspiration. Early in the evolution of this tech
nique, four patients developed recurrences as a result 
of technical errors. 

Three hernias recurred at the pubic tubercle 
because of failure to overlap the bone with the mesh. 
One recurrence resulted from total disruption of the 
mesh from the inguinal ligament because the mesh 
was too narrow. There has been only one recurrence in 
those patients operated on within the last six years. 

(4) Prevention of Recurrences 

Reported recurrence rates by individuals or institu
tions are scientifIcally meaningless unless the method 
of follow-up is known and length of observation is 
suffIcient. The only reliable method of follow-up is by 
physician examination. Written questionnaires and 
telephone inquiries are notoriously unreliable and up 
to 50% inaccurate [Abramson et al. 1978; Panos et al. 
1992]. Short-term follow-up, particularly after mesh 
repair, only reveals the therapeutic value of the repair 
[Amid et al. 1995 (I)]. A long-term follow-up of 10 

years or more is required to evaluate in addition its 
prophylactic effectiveness [Amid et al.1995 (I)]. 

The use of a wide mesh to overlap the tissues for 3-
4 cm outside Hesselbach's triangle is important in 
reducing the chance of recurrence. After incorpora
tion is complete, this overlap results in a uniform dis
tribution of intra-abdominal pressure over the whole 
surface of the overlapped area, rather than on to the 
line where the mesh joins to the tissue. 

Because the mesh is placed behind the external 
oblique aponeurosis, the intra-abdominal pressure 
works in favor of the repair. The aponeurosis keeps the 
mesh tightly in place by acting as an external support 
when intra-abdominal pressure rises [Shulman et al. 
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1995 (I)]. Placement of the mesh underneath the trans
versalis fascia (such as the Rives procedure), although 
a sound concept, requires unnecessary dissection and 
increases surgical trauma. Proper fixation of the mar
gins of the mesh to the groin tissue is another impor
tant step in the prevention of recurrence. In mobile 
areas such as the groins, there is a tendency for the 
prosthesis to fold, wrinkle, or curl around the cord. 
More importantly, in vivo, mesh prostheses lose 
approximately 20% of their size due to shrinkage. The 
slightest movement of the mesh from the pubic 
tubercle, the inguinal ligament, and the area of the 
internal ring, due to the above factors, is a leading 
cause of failure. Adequate laxity must be allowed 
during fixation to eliminate tension and compensate 
for the increased intra-abdominal pressure that results 
when the patient stands or strains. A mesh which has 
no ripple when the patient is sedated and lying down, 
will be subject to tension in the standing position and 
with straining. 

Use of the tension-free technique in conjunction 
with local anesthesia has drastically reduced the hos
pital stay, postoperative discomfort, recovery period, 
recurrence rate and the cost of hernia surgery. Since 
its introduction, the open tension-free hernioplasty 
has been employed by many surgeons worldwide with 
outcome measures identical to ours [Rutten et al. 1992; 
d'Ambrosi 1995]. 

A survey of 70 surgeons with no special interest in 
hernia surgery, who had done 22,300 Lichtenstein 
open "tension-free" hernioplasties gave similar results 
[Shulman et al.1995 (II)]. 

The fact that the results from surgeons with no spe
cial interest or expertise in hernia repair are identical 
to those with a special interest in this subject, is a tes
timony to the simplicity, safety, and effectiveness of 
the open "tension -free" hernioplasty. The procedure is 
simple and safe and achieves all the goals of modern 
surgery, such as a more comfortable postoperative 
course and rapid return to unrestricted activities, with 
a recurrence rate of virtually zero (0.1% from early 
operations). It also avoids the need for general anes
thesia and invasion of the peritoneal or preperitoneal 
spaces and their associated complications. 

(5) Isolated Femoral Hernia and Recurrent Inguinal 
Hernia: Concept of the Plug Repair 

Femoral hernia. The unacceptable recurrence rate 
of tissue approximation, repair of femoral hernias 
(such as Bassini, Bassini-Kirshner, Moschowitz and 
Lotheissen McVay) prompted the concept of tension
free plug repair of femoral hernias in the late 60S. In 

this technique, which is performed under local anes
thesia after mobilization and reduction of the femoral 
hernia sac through a small subinguinal incision, a plug 
made of a ribbon of monofilamented polypropylene 
mesh is inserted into the femoral canal. 

The plug is secured in place by suturing it to the 
inguinal ligament superiorly, pectineus fascia infe
riorly, and the lacunar ligament medially, using seve
ral interrupted monofilament nonabsorbable sutures. 
The plug occludes the entire femoral canal, providing 
a strong repair without tension. The success of this 
repair encouraged us to expand the concept to the 
repair of recurrent inguinal hernias consisting of a 
single defect measuring 3 cm or less in diameter. 

Recurrent inguinal hernias. Under local or epidural 
anesthesia, a small transverse incision is made over 
the previously marked hernia bulge. The hernia sac is 
identified; its localization can be greatly facilitated by 
asking the patient to cough during the exploration. 
When located, the sac is dissected away from the sper
matic cord and freed to the fascial level, where a firm 
ring of scar tissue is found. The sac is surgically redu
ced. The plug is then inserted snugly into the defect 
and secured in place by multiple monofilament 
nonabsorbable sutures. The advantage of plug repair 
of recurrent inguinal hernia is its simplicity and 
safety. The technique requires minimal surgical dis
section, and is associated with minimal risk of testi
cular complications. 

(6) Discussion 

Plug repair of recurrent inguinal hernias is an excel
lent therapeutic operation; however, because the 
repair is limited to the location of the hernia defect 
without protecting the rest of the inguinal floor, it 
does not address the progression of the degenerative 
process to the rest of the inguinal canal. Therefore, in 
contrast to the plug repair of femoral hernia, which is 
both therapeutic and prophylactic, the plug repair of 
recurrent inguinal hernia is solely therapeutic, and 
provides no prophylactic repair. The operation is most 
suitable for older patients with a single defect of 3 cm 
or less. Currently, our recommendation for recurrent 
inguinal hernias consisting of more than one defect, 
defects larger than 3 cm, or recurrent hernias in youn
ger patients, is the same as to repair employed for the 
repair of primary inguinal hernias. 

A crucial step of plug repair for femoral and recur
rent inguinal hernias is the construction of the plug. A 
simple way to construct a plug is to start with an 8 x 16 
cm sheet of monofilament polypropylene mesh. When 



the sheet is folded twice along its longitudinal axis, it 
creates a strip of mesh equivalent to 2 x 64 cm. The 
edge of this strip is held with a straight hemostat and 
rolled into a firm plug of an appropriate size, based on 
the size of the hernia defect. The plug must be firm, 
because a soft plug that can be collapsed by pinching 
it between two fingers (the pinch test), would collapse 
as a result of the patient's own scarring process. This 
often leads to recurrence of the hernia [Amid et al. 
1995 (II)]. 
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c) The Gilbert Operation 

A.1. Gilbert and M. F. Graham 

"The internal inguinal ring is Nature's window into the 
preperitoneal space - Why not use it?" 

The aim of repair of an indirect inguinal hernia is to 
reduce all of the herniated peritoneum into the abdo
minal cavity and to prevent it from reherniation by 
restoring the competency of the internal ring. 
Satisfactory repair permanently prevents passage of 

bowel and omentum outside the musculoaponeurotic 
plane of the abdominal wall. That portion of hernia 
sac that protrudes through the internal inguinal ring 
into or through the canal must be fully reduced, or a 
larger sac may be divided and its proximal part ligated 
and reduced. This frees the true neck of the sac from 
its attachments at the musculo-fascial threshold of the 
internal ring. To complete the repair it is necessary to 
prevent passage of peritoneum through the internal 
ring. In the past, this was achieved by suturing the 
internal ring, as described by Marcy, Bassini and 
Shouldice. The technique we prefer uses a patch of 
polypropelene mesh to block the ring. A significant 
number of primary and recurrent hernias have been 
repaired and followed long enough to conclude that 
the results of this tension-free technique and its 
degree of patient satisfaction are excellent. 

The Gilbert repair of inguinal hernia accomplishes 
these tasks with minimal tissue damage. In most cases 
it requires no sutures, thereby obviating pain-produ
cing tension in the repair. This advantage is clearly 
appreciated by every patient who mobilizes in the 
recovery room, and continues to do so as usual activi
ties are progressively resumed a day or two after sur
gery. Most patients return to regular work before the 
end of the first postoperative week. 

The technique incorporates three principles: a) the 
internal ring is a convenient passageway to the prepe
ritoneal retromuscular space, b) prosthetic mesh is an 
excellent permanent barrier to protect the internal 
ring, c) the intra-abdominal pressure (Pasqual's prin
ciple) is all that is necessary to fix the mesh perma
nently in position. The more the patient strains, the
reby raising his intra-abdominal pressure, the more 
firmly the mesh becomes seated in place. 

After dissection of the inguinal canal and determi
ning that there is no direct hernia, the indirect perito
neal sac is invaginated completely through the inter
nal ring. A full sized 2 x 4 in patch of polypropelene 
mesh (Prolene/Ethicon or Marlex/Bard-Davol) is fol
ded four times to form an umbrella-shaped plug. The 
plug is inserted through the internal ring into the 
retromuscular preperitoneal space. Once in that plane 
the carrier-clamp is released and withdrawn allowing 
the mesh umbrella to open. Unfolded, the mesh barri
cades the peritoneum deep to the internal ring and 
most of the myopectineal orifice in the adjacent abdo
minal wall. 

The initial version of this repair incorporated a 
second patch of mesh as an overlay graft, placed on 
the anterior aspect of the intact posterior wall to pro
tect it from developing a direct hernia. In our latest 



series of more than a thousand types I, II and III her
nias, subsequent direct hernia formation has not 
occurred (Gilbert). This change from the original ver
sion has reduced the incidence of wound seromas 
requiring aspiration from 5% to less than 1%, and it 
allowed a much simpler repair of type III hernias by 
the use of an umbrella-plug aided by a single Marcy 
suture. The surgeon can gain access to the space where 
the mesh will be implanted through the internal ring. 

(1) Technique (Fig. 9.15) 

For best results this procedure should be done under 
local or regional anesthesia. The patient who is able to 
cough and strain on request will give the surgeon the 
best chance of knowing the extent of the hernia. Also, 
once the repair has been completed the patient will be 
able to cough and strain to demonstrate that it 
is sound. To complement the local anesthetic, the 
patient is given a short acting intravenous sedative 
and an analgesic. The anesthetic solution is composed 
of 60 ml Bupivacaine 0.25% (Marcaine), 30 ml 
Cloroprocaine 3% (Nesacaine), and 9 ml sodium 
bicarbonate 8.4% (Neut). A field block of approxima
tely 60 ml of the solution is infiltrated into the skin 
and subcutaneous tissues. A low inguinal incision is 
made, its average length is 7 cm. The subcutaneous 
layer is divided through Campa's and Scarpa's fasciae. 
The superficial epigastric vessels which lie between 
these layers are divided. The external oblique aponeu
rosis and the tissues lying immediately deep to it are 
anesthetized with 10-15 ml of anesthetic solution. If 
identifiable, the cremasteric branch of the ilioinguinal 
nerve is preserved. The cremasteric fascia is opened 
lengthwise and the spermatic cord lifted from it. The 
cord is retracted with a soft rubber drain. The thin 
internal spermatic fascia which covers the cord is ope
ned. The posterior wall of the canal is inspected to 
exclude a coexisting direct hernia. When an indirect 
peritoneal sac is present it is usually evident. If not, the 
obliterated processus vaginalis, or a nub of perito
neum high in the cord should be identified to mini
mize the chance of overlooking a thin sac. If a lipoma 
is present it is ligated and excised. Dissection of the 
necks of the lipoma and the peritoneal sac is painful 
unless they are anesthetized. Another 10-15 ml of anes
thetic solution is injected into these vulnerable areas. 
A small indirect sac is left intact and dissected free 
from the cord structures. A larger sac is best handled 
by leaving the distal portion undisturbed, dividing its 
mid or proximal portion, ligating it and reducing it 
back into the abdominal cavity. The proximal portion 
of the sac must be cleared from the threshold of the 
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internal ring. This is done with sharp dissection to 
remove the vas deferens and other cord structures 
from the posterior wall of the sac; and by dividing the 
investing fibers of the transversalis fascia that encase 
the true neck. Once the sac is reduced it is helpful to 
continue its dissection by inserting an opened sponge 
through the internal ring. This further open up the 
potential retromuscular preperitonal space. The space 
created allows the umbrella to unfold deep to most of 
the myopectineal orifice including the internal ring. 
The insertion is done as follows: a) an index finger is 
inserted through the internal ring into the submuscu
lar space, b) the pulsating iliac artery is palpated late
rally, c) the unfolded umbrella-plug, on a clamp-car
rier, is slid down the medial side of the index finger 
into the preperitoneal space, d) the clamp is released 
and removed, e) the patient coughs and strains to seat 
the mesh in place and to allow the surgeon to visualize 
the completed repair. In type III hernias, (internal ring 
greater than one fingerbreadth) when the patient 
coughs the plug may be extruded. To prevent failure, if 
only an umbrella-plug is used, a single 3-0 prolene 
suture is placed lateral to the cord to reduce the inter
nal ring diameter to one fingerbreadth (size or a type 
II hernia). The suture is not placed through the graft. 
The patient tests the repair again by coughing and 
straining to prove that it is complete. In type I and 
type II hernias an umbrella-plug alone is sufficient, 
sutures are unnecessary. The repair is complete; now 
it remains only to reconstruct the canal. The cord and 
nerve are replaced in their bed. The external oblique 
aponeurosis is closed over them with a 3-0 vicryl 
suture. In closing this aponeurosis, minimal tissue 
bites are taken and approximation is done without 
tension to minimize postoperative discomfort. The 
subcutaneous layers are closed with two sutures of 3-
o plain catgut. The skin is approximated with a conti
nuous 4-0 monocryl subcuticular suture. Adhesive 
strips support the closure. Telfa and a dry dressing are 
applied. 

(2) Results 

From September 1987 through December 1995 we 
repaired 1,981 indirect inguinal hernias with the sutu
reless technique. Two years ago we abandoned the 
overlay graft component of the original operation, and 
have successfully relied on the enlarged umbrella-plug 
graft alone for the repair. We have simplified our 
repair for type III hernias by using the larger umbrella 
graft and have added a Marcy suture, thereby avoiding 
the need to open the posterior wall in all pure indirect 
hernias, regardless of their size. This repair has been 
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adopted as the operation of choice for indirect hernias 
at many surgical centers. It is simple to learn and to 
perform. Patients make a rapid and relatively pain
free recovery. At present, in two multicenter study
groups, it is being compared to certain other open and 
endoscopic repairs. It is usually carried out under 
local anesthesia and its effectiveness can be tested 
before the wound is closed. Recurrent indirect ingui
nal hernias are repaired in exactly the same manner, 
except that a regional anesthetic is preferred. 

(3) Complications 

Complications have been minimal with the improved 
technique. These have included: seroma needing aspi
ration (0.8%), hematoma requiring drainage (0.6%), 
infection requiring re-opening the wound and culture 
(0.2%), testicular swelling (0.2%), testicular atrophy 
(0%), short-term neuralgia (1%) and protracted neu
ralgia (0.1%). 

One unusual complication has occurred related to 
tlIe Gilbert repair. A 69 year old male had an umbrella
plug graft sutureless repair of a right recurrent type II 
hernia, from which he made a prompt and complica
tion-free recovery. Six months later, while playing golf, 
he made a sudden movement to avoid being hit by a 
golf ball. Within minutes he began to develop acute 
left lower quadrant pain, and within two hours he was 
seen in the emergency room where he complained 
of diffuse pain and had peritoneal signs. Radio-

Fig. 9.15. Gilbert's operation. a-d Technique of forming the 
umbrella-plug: a move point A, the generator, to point C, rotate 
the graft 90° in the left hand; b move point B to point E, rotate 
the graft 90 degrees in the left hand; c move point D to point G, 
rotate the graft 90° in the left hand; d move point F to point H, 
completing the formation of the plug. 

e-k The insertion maneuver: e grasp the folded umbrella-plug 
with a straight clamp; f separate the peritoneal sac from the 
spermatic cord and from the investing fibers of the transversa
lis fascia at the internal ring; g empty the peritoneal sac after 
high dissection and actualizing the potential submuscular pre
peritoneal space; h reduce the peritoneal sac; i, j insert the 
umbrella-plug into the preperitoneal space by sliding it along 
the index finger, which has been passed through the internal 
ring; k with the mesh plug in the preperitoneal space the car
rier-clamp is removed. 

I The unfolded umbrella graft remains in the preperitoneal 
space between the peritoneum and transversalis fascia. Here it 
protects the greater part of the myopectineal orifice. The repair 
is complete 
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graph showed free air under his right diaphragm. 
Emergency exploration revealed a 2 mm perforation 
in his terminal ileum where the bowel had pulled away 
from an adhesion to the mesh. The perforation was 
closed, the peritoneal cavity lavaged and antibiotics 
given. The mesh was not removed. He went home afe
brile, on a regular diet five days later, resumed work in 
two weeks and has remained well ever since. This 
complication is unique. No others have been reported 
related to the umbrella-plug. We speculate that the 
invaginated peritoneal sac must have had a hole in it 
that allowed a loop of bowel to become adherent to 
the mesh. The loop pulled away and perforated when 
he made the sudden jerking motion. Incidentally, he 
has since returned for the repair of his recurrent left 
inguinal hernia which was also done with an 
umbrella-plug graft. 

(4) Conclusion 

Since adding the single suture for larger indirect her
nias (type III) the repair obviously is no longer done 
sutureless, therefore we now refer to it as the Gilbert 
repair. As such, the Gilbert repair for type I and type 
II hernias continues to be done sutureless, while the 
type III uses a single suture. The essence of the Gilbert 
repair is that it uses the internal ring to gain access to 
the retromuscular preperitoneal space, for repair of all 
types of indirect inguinal hernia. This obviates the 
need to divide or suture the posterior wall, and mini
mizes the chance of creating a defect or undue ten
sion, which may favor recurrent herniation. 

d) The Plugs 
J. P. Palot and J. B. Flament, 

with the collaboration of 
J. P. Cailliez-Tomasi and G. Greffier 

Faced with the great variety of groin hernias, the sur
geon has to choose the most appropriate procedure in 
every individual case. For many years we have made 
that choice according to the principles outlined by H. 
Fruchaud [Fruchaud 1956 I & II] (all hernias result 
from the rupture or the dissension of the transversa
lis fascia in the area of the myopectineal hole), and we 
have treated the hernias by either a deep repair inclu
ding the transversalis fascia (Bassini; Shouldice; 
McVay) or a prosthetic repair using a Mersilene mesh 
placed in the preperitoneal space in most cases via an 
inguinal approach and less frequently by a midline 
approach [Rives et al. 1973; Rives et al. 1994]. More 
recently we were interested in the concept of "tension 

free hernioplasty" and especially by the "plug repair". 
The great simplicity of the procedure and the very 
good results published by American authors [Gilbert 
1992; Lichtenstein et al. 1989; Rutkow & Robbins 1995] 
and some French authors as well [Dieudonne 1992; 
Pelissier & Blum 1996] led us to investigate this opera
tion. 

(1) A Short History of the Concept 

The first description of a "plug repair" was made by 
Lichstenstein and Shore (1974). The procedure was 
applied to femoral and some recurrent hernias: after 
identification and dissection the peritoneal sac was 
simply invaginated without resection or ligation and 
the fascial defect was closed by a "cigarette plug" crea
ted by rolling a piece of Marlex mesh. In spite of good 
results this procedure remained infrequent. 

In 1989, Gilbert published a classification of groin 
hernias [Gilbert 1989] and described a "sutureless 
repair" of small and medium indirect hernias [Gilbert 
1992]. 

The hernial sac was simply dissected and inverted 
though the internal ring. Then a piece of polypropy
lene was slit and fashioned in a cone shape and this 
"plug" was inserted into the internal ring. In addition 
a nonsutured onlay mesh was placed on the posterior 
wall of the inguinal canal. In this operation there was 
absolutely no modification of the normal anatomy. 

More recently, 1. M. Rutkow and A. W. Robbins 
extended the procedure to all types of hernias. In a 
first period, they used a hand made plug of polypro
pylene [Rutkow & Robbins 1993] and right now a flo
wer shaped mesh plug of their conception (Perfix 
Plug* by Bard corporate) [Rutkow & Robbins 1995]. 
The plug is presented in two parts: the plug itself and 
a little onlay mesh with a lateral slit to accommodate 
the spermatic cord. We have been using this plug since 
1995· 

(2) Technique (Fig 9.16) 

Anesthesia. In our department, this operation is cur
rently performed under spinal (61%) rather than gene
ral (29%) or local (16%) anesthesia. The choice is 
generally given to the patients except in some parti
cular indications. 

Dissection. The dissection, in our experience, is more 
extensive than in the original procedure described by 
Rutkow and Robbins. A 5-6 cm horizontal incision is 
made 1 cm above the level of the inguinal ligament. 
Medially the incision reaches the level of the pubic 
tubercle. The external oblique aponeurosis is then 
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Fig. 9.16. a Treatment of an indirect hernia. The spermatic cord is taped. The 
sac is dissected and is being reintegrated in the internal ring. b Same patient. 
The plug is in place in the internal ring 

incised down to the superficial ring while sparing the 
ilioinguinal and iliohypogastric nerves, and separated 
from the underlying structures of the inguinal canal 
by blunt dissection. The spermatic cord is then dissec
ted and isolated on a tape and an assessment of the 
posterior wall is made to determine the final choice 
for the repair. Treatment of an indirect sac is made by 
division or only by longitudinal separation of cremas
teric muscles. The sac is dissected up to the internal 
ring. Large sacs are resected and tied but in most cases 
the indirect sac is simply reduced in the preperitoneal 
space through the internal ring. Direct sacs are treated 
in the same way, being dissected free to the level of the 
transversalis fascia. Recurrent hernias and femoral 
hernias can also be treated in the same way. 

The mesh plug repair. A plug of proper size is inser
ted through the internal ring (indirect hernia) or the 
fascial defect (direct hernia) and secured with 3 or 4 
nonabsorbable sutures. When under spinal or local 
anesthesia, the patient is requested to cough in order 
to check the correct positioning and the efficacy of the 
plug. Reinforcement of the posterior wall of the ingui
nal canal can be obtained by placing the onlay mesh of 
Marlex from the pubic tubercle to above the internal 
ring. The lateral slit of the mesh is sutured around the 
cord. Generally the onlay mesh is secured by interrup
ted sutures to avoid slippage. The external oblique 
aponeurosis is then closed over the spermatic cord to 

recreate the inguinal canal. The operation ends with 
the closure of superficial layers (fascia and skin). 

(3) Personal Experience 

We have been using the mesh plug repair since 1995. 
From January 1995 to February 1997 we completed 306 
hernioplasties and out of them 96 mesh plug repairs. 

Evolution of our indications is presented in table 
9.11. The operations were performed by four surgeons 
who were totally free concerning the choice of proce
dure. It is interesting to emphasize that mesh plug 
repairs represented 20% of our indications during the 
first year now represents 42% of our hernioplasties. 

Among the 96 hernias treated by this technique 
there were 70% primary and 30% recurrent hernias; 
60% were indirect and 35% were direct. In 5% of cases 

Table 9.11. Evaluation of our indications 

1995 1996-1997 

Shouldice 75 = 51.4% 60 = 37.5% 
McVay 20 = 13.7% 17 = 10·5% 
Inguinal mesh 18 = 12.0% 16 = 10.0% 
(T. Rives operation) 

Midline mesh 4 0 

Plug 29 = 20% 67 = 42 % 

Total 146 160 



216 R. Stoppa et al. 

the hernias had an indirect and a direct component 
and necessitated two plugs. We used the plug alone in 
30 cases and the plug and the onlay mesh in 66 cases. 
The mean age of the patients was 61 years (range 22 to 
90 years). Seven patients had minor complications 
such as hematomas or seromas. Five of these patients 
had been operated on for recurrent hernias. There 
were 2 failures: we had to remove one plug for persis
tent neuralgia after 6 months. The plug repair was 
converted into a Rives' procedure with a good result. 
Another patient operated for a multirecurrent hernia 
after previous laparoscopic prosthetic repair had a re
recurrence after 6 months: so only one recurrence is 
known (1/96 = 1.05%) in this series. 

(4) Discussion 

This preliminary report is too recent to draw some 
definitive conclusions but our first impressions are 
rather favorable. 

Mesh plug repair seems particularly interesting for 
treatment of indirect hernias of little and medium 
size. In these cases the transversalis fascia is very 
strong and a Shouldice operation, as we used to do, is 
probably too extensive a procedure. This type of repair 
is also of major interest for the treatment of recurrent 
hernias. The procedure needs minimal dissection and 
thus may avoid postoperative complications like ische
mic orchitis. On the other hand, we don't think that all 
types of hernias should be treated in this way and we 
still use conventional prosthetic repair by an inguinal 
approach (Rives' operation) for large direct hernias 
where there is total destruction of the transversalis 
fascia. 

(5) Conclusion 

The plug repair is a very simple and reproducible ope
ration which can be done with any type of anesthesia. 
The first results of this short experience are promising 
but further evaluation is needed to evaluate the long
term results and the tolerance of the material. 
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2. Prosthetic Repair via the Open Abdomen 

a) The Rives Operation: Unilateral Prosthesis 
by the Preperitoneal Route 

The preparation of the patient, both general and local, 
should be carried out with the same attention as in all 
prosthetic procedures. Anesthesia may be general, epi
dural or spinal. The surgeon stands on the opposite 
side to the hernia. 

One begins with a midline subumbilical incision. 
The peritoneal sac is freed with a mounted sponge or 
with the finger. The "hernial pedicle" is soon seen and 
isolated as in all posterior approaches. Direct sacs are 
easily reduced and "interiorised", though with an 
adherent sac it may be necessary to open it at the neck 
and introduce a finger to aid the dissection. If neces
sary the base of the sac can be left and the neck divi
ded flush with the deep aspect of the abdominal wall. 

Fig.9.17.Implantation of a dacron mesh prosthesis via the mid
line subperitoneal route. This procedure, derived from that of 
Mahorner and Goss (1962), can be done when Cooper's liga
ment cannot be used for repair [Rives et al. 1974] 



Medium-sized sacs are resected, the peritoneum sutu
red with nonabsorbable material (Fig. 9.17). 

The surgeon completes the retroperitoneal dissec
tion and the entire groin region is then revealed with 
great clarity. The presence of the spermatic cord 
requires an incision to be made in the material either 
at its upper or its lateral border, the slit thus created 
being then closed around the cord, which helps to 
secure the patch in place. This is buried down in the 
area between the inguinal canal and the internal iliac 
fossa and its edges smoothed out. Rives fixes it with a 
few sutures placed in the most accessible parts, namely 
the psoas muscle, the posterior aspect of the rectus 
and the pectineal ligament. When the retractors are 
removed the peritoneal sac returns to its original posi
tion, thus completing the adherence of the patch to the 
abdominal wall. When the hernia is bilateral the same 
procedure can be carried out on both sides. The wall 
is then closed having inserted a suction drain. This 
technique, which was described by J. Rives in 1966, has 
not been employed to any great extent by the present 
authors, and its indications have been restricted [Palot 
1995] to the treatment of those recurrent hernias in 
which it would be difficult to approach the spermatic 
cord via the superficial route, and those where there is 
destruction of the inguinal mechanism and disappea
rance of the pectineal ligament. 

In the 1983 series there were five recurrences in 84 
operations (6%), in the 1994 series 1 recurrence in 27 
operations (3.7%). The use of medium-sized patches 
(10 cm across) may be criticized as follows. There is a 
risk of injuring important structures such as the 
femoral and obturator nerves and vessels, as they may 
be masked by the patch, at the moment it is fixed in 
place. This fixation is in fact the most critical stage in 
the operation. The gap for passage of the cord is a 
regrettable weak point. Incision of the midline raphe 
below the umbilicus carries a risk of postoperative 
eventration in subjects with a weakened abdominal 
wall. However, overall, the positioning of a patch from 
above greatly simplifies the dissection of the sac and 
the deep muscular ring, as compared with the same 
stages carried out by the direct inguinal route. The 
merits of the high approach have already been empha
sized. Table 9.12 sets out the published results of this 
operation. 

There are a number of variations in the per-perito
neal repair of the unilateral prosthesis. Rignault and 
Dumeige 1981 have suggested using a Pfannenstiel 
incision, arching across the suprapubic fold, for ope
ration on these neighboring structures. The subcuta
neous tissues, anterior rectus sheath and external 
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oblique aponeurosis are incised at right angles to the 
skin incision. The anterior rectus sheath is detached 
from the fleshy bellies of the rectus and pyramidalis 
muscles, to reach the pubis below and the junction of 
the upper third and lower two-thirds of the umbilico
pubic line above. The preperitoneal space is opened in 
the midline and the operation continued by retroperi
toneal mobilization so as to insert a unilateral pros
thesis, slit for the passage of the spermatic cord, on to 
the pectineal ligament, iliac fascia and conjoint ten
don. An identical procedure is carried out on the other 
side in the case of a bilateral hernia, and the layers are 
closed with a suction drain. Rignaud reports a very 
low infection rate (1.1% deep sepsis, 3% superficial 
sepsis). In a series of 134 operations, and eventration 
through the Pfannenstiel incision is unusual. The 
recurrence rate following an unspecified follow-up 
period is 1.5% [Thesis by C. Dubois, 1982]. 

b) The Stoppa Operation 

This is a highly individual method which has none
theless been developed using proven principles. Since 
1968, sufficient clinical experience has been obtained 
both within and outside France, to render this proce
dure "a classic". 

Principles of the method. The choice of Mersilene 
mesh will come as no surprise to the reader who is 
already aware that this material constitutes a "good 
prosthesis". Since its introduction into France by 
J. Rives we have used it to exclusion of all others. Its 
acceptance by the tissues allows the use of very large 
prostheses which completely enwrap the lower part of 
the parietal peritoneum, which thus becomes inexten
sible, so that no further herniation is possible in the 
groin region. Due to the close contact between the per
itoneum and fascia transversalis, there can be no "dee
per" method of reinforcement for the inguinal region. 
In spite of extensive dissection of the parietal struc
tures this procedure renders unnecessary any attempt 
at repair of the hernia defect. 

The use of the preperitoneal route brings many 
advantages which have already been mentioned, par
ticularly important in the case of recurrent or multi
ply-recurrent hernias. The retroperitoneal dissection 
is quick and bloodless, proceeding logically from the 
(normal) midline region towards the inguinal area 
which may be site of scarring. There is excellent expo
sure of the hernial structures, and no sac can be over
looked. The anatomy and function of the groin struc
tures is not disturbed, and it is possible to develop a 
very extensive retroperitoneal space for the insertion 
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Fig. 9.18a-g. Stoppa's technique of large prosthetic reinforcement 
of the peritoneal envelope via the preperitoneal abdominal 
approach [adapted from Warlaumont 1982). a The midline 
subumbilical incision and dissection of the preperitoneal fascia 
using scissors. b After blunt dissection of the retroparietal per
itoneum, the right hernial pedicle is identified. c Blunt dissec
tion of the hernial sac on the right side. The spermatic cord is 
grasped with Ombredanne's forceps. d "Parietalization" of the 
structures of the right spermatic cord picked up on 
Ombredanne's forceps. e Implantation of the large prosthesis to 
reinforce the peritoneal envelope (the mesh has been cut to the 
appropriate size). The prosthesis is picked up with long, curved 
Rochester froceps and is pushed into the cleavage space to 
extensively envelop the peritoneum on the right side 



Fig.9.18. f Thelarge prosthesis has been implanted on both 
sides. Note the single suture joining the middle of the upper 
edge of the prosthesis to the lower margin of Richet's umbilical 
fascia (on the right). The inferior midline clamp is used to hold 
the mesh in front of the bladder. Two Redon tubes have been 
prepared for suction drainage of the cleavage space. 
g Anteroposterior illustration of the finished operation. Note 
the large prosthesis enveloping and reinforcing the peritoneum, 
which is now inextensible. The abdominopelvic wall has not 
been drawn. Note also that the two spermatic cords have not 
been treated in the same way. The left spermatic cord (on the 
right side of the figure) has been treated by "parietalization", 
whereas the right cord (on the left side of the figure) passes 
through a slit in the upper margin of the prosthesis 
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and wrapping of the visceral sac in a large bilateral 
Dacron mesh prosthesis. The idea of a maximal dis
section of the retrofascial preperitoneal and prefascial 
spaces led us to conduct an anatomical research exer
cise with B. F. K. Odimba in 1980. From this we were 
able to develop a clear and accurate description of this 
important anatomical space which gives such excellent 
access to the musculo-pectineal orifice, for the benefit 
of the practicing surgeon. The large size of the single 
prosthesis used for bilateral wrapping of the perito
neal sac also effectively protects the midline part of 
the approach, against any possible future eventration. 

The "parietalisation" of the elements of the sperma
tic cord is another important technical principle 
which avoids slitting the prosthesis and preserves the 
integrity of the reinforcement. The idea of routinely 
exteriorising the elements of the cord occurred to us 
as a result of noting the compliance of the cord in 
cases of multi-recurrent hernias. We reported the idea 
in 1973 and have used it routinely since 1976 without 
any problems. 

The last principle underlying this method is the 
hydrostatic principle of Pascal, that is to say to make 
use of the intra-abdominal pressure, which produced 
the hernia in the first place, to prevent its recurrence. 
It is in fact the intra-abdominal pressure exerted 
directly on to the prosthesis and the abdominal wall, 
via the peritoneal sac. This ensures the immediate 
firm fixation of the large prosthesis, which is followed 
by a further solidification as the interstices of the 
Dacron mesh are invaded by scar tissue. An original 
feature of the procedure is that it is not necessary to 
fix the prosthesis, which simplifies the technique 
considerably. This method is appealing in its origina
lity, simplicity and radicality. In the most difficult 
cases, instead of having to struggle to repair anabdo
minal wall of poor quality, one simply renders the per
itoneal sac inelastic, by wrapping it in material. This is 
the first published account of a method of repair of 
groin hernias which is without tension and without 
sutures. The local preparation of the operative area 
must be meticulous. Particularly in the case of massive 
hernias which have "lost their right of residence" in 
tlIe abdominal cavity, and in patients with respiratory 
problems, a preoperative pneumoperitoneum as pro
posed by Goni-Moreno may very occasionally be 
required. 

General or spinal anesthesia are preferred: local 
anesthesia is not advisable. 

Technique (Fig. 9.18). The operation is usually com
plete within 20 to 45 minutes. The standard incision is 
a midline subumbilical. The preperitoneal space is 
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easily freed by the finger or a mounted sponge. In the 
case of multi-recurrent hernias it may be useful to use 
the scissors to free the peritoneum from the scar. The 
dissection begins in the retropubic space of Retzius in 
front of the bladder and as far as the prostate. It is 
extended laterally behind the rectus muscle and epi
gastric vessels, in the retroinguinal space, as far as the 
iliopsoas muscle. The sac of a direct inguinal or femo
ral hernia is easily reduced by simple traction, and the 
spermatic cord drawn aside with a loop. With an indi
rect hernia, the sac and the spermatic cord compose a 
sort of"pedicle"whose elements need to be separated 
from each other. The retroperitoneal cleavage plane is 
extended to expose the deep aspect of the obturator 
region below, the iliac vessels laterally and the psoas 
major muscle. There is no need to extend the dissec
tion upwards beyond the arcuate line of Douglas. 

Direct hernial sacs, inguinal, femoral or rarely obtu
rator are inverted with a purse-string suture. Indirect 
sacs are opened in order to simplify the dissection, 
with a finger introduced within. Small sacs are mana
ged by resection-invagination, being careful not to dis
sect the sac below the level of the pubis, which carries 
the risk of ischemic orchitis, due to trauma in the dis
tal part of the cord. The anterior aspect of the distal 
sac should be opened widely so as to promote drai
nage into the surrounding tissues, and a suction drain 
is placed within it. The contents of the spermatic cord 
are then parietalised separately from the peritoneum, 
while leaving them included in their fibrous sheath, 
which is triangular in its lower portion. This quick and 
simple maneuver greatly simplifies the positioning of 
the prosthesis and avoids the necessity of cutting it to 
allow passage of the cord. 

When the first side has been completed, the surgeon 
and his assistant change places and carry out an iden
tical operation on the other side. At the end of the pro
cedure, all the hernial orifices are clearly seen, and 
there is no need to attempt to close them, which only 
leads to unnecessary complications. The Dacron pros
thesis is then prepared, the chevron with the major 
stretch line transversely. Its overall breadth is equiva
lent to the distance between the two anterior-superior 
iliac spines, less by 1 cm or 2 cm (mean 24 cm) and its 
height is that of the umbilico-pubic line (mean 17 cm). 
The upper border of the chevron is 4 cm across and 
the lower one 6 cm. The prosthesis is rapidly soaked in 
povidone iodine and then grasped in eight long cur
ved hemostats. It is positioned in the following man
ner. The preperitoneal space is opened up by lifting 
the abdominal wall opposite to the surgeon with a 
retractor, while the surgeon's left hand pulls up the 

peritoneal cavity towards the midline. The middle and 
lower forceps then draw the prosthesis behind the 
pubis and in front of the prostate, while the lower late
ral forceps is introduced as far as possible behind the 
corresponding obturator foramen. The middle lateral 
forceps is passed in towards the internal iliac vessels 
almost vertically, and the upper lateral forceps pull the 
patch as far as possible upwards and posteriorly. The 
final maneuver is to slide the upper midline forceps 
underneath the umbilical fascia. At this point the 
retractors and forceps are removed, being careful not 
to change in any way the position of the prosthesis. 
The surgeon and his assistant then once again change 
sides in order to close the prosthesis on the opposite 
side. When all the forceps are removed, it only remains 
to insert one suture at the upper extremity of the 
patch into the umbilical fascia so as to suspend it in a 
manner of a curtain, before closure. The musculo-apo
neurotic layers are closed by a continuous number 1 

suture. 
The complete operation includes a wide retroperi

toneal dissection on both sides, parietalisation of the 
elements of the spermatic cord and having dealt with 
the hernial sacs, a massive enwrapment of the visceral 
sac in a flexible mesh, with no attempt at direct repair 
of the hernial orifices. Clearly, handling of this pros
thesis and its holding forceps requires scrupulous 
asepsis. 

Postoperatively, the patient is encouraged to return 
to early activity, which is usually easy considering the 
absence of postoperative pain, and there is no neces
sity for routine antibiotics. The drains and dressing 
are removed on the second day, to allow inspection of 
the wound. Most patients are discharged between the 
second and fourth postoperative day. 

Variations on the above technique include a hori
zontal type incision which has cosmetic advantages. 
On occasion a complimentary incision at the neck of 
the scrotum may be required in order to free the adhe
rent contents of a scrotal hernia. Pelvic lesions can be 
dealt with at the same time as the repair, provided that 
there is no risk of sepsis. On occasion we have carried 
out this operation on a patient with a unilateral her
nia, in view of the fact that 20% of contra-lateral her
nias appear within the first five years following repair 
of a one-sided lesion. 

The complications include hematomas 3%, hydro
cele 5.5%, ischemic orchitis 0, sepsis 2.1% (all but three 
were superficial infections which did not involve the 
prosthesis). At present this operation is indicated in 
between 20% and 25% of groin hernias. We use it for 



Table 9.12. Rate of recurrence after Stoppa's operation 
(inguinal hernias) 

Authors # % Years % 
Cases Follow-up Follow-up Recurrences 

Boucard 381 1 to 11 0 
(1982) 
VanDamme 100 57 2 0 
(1985) 
Stoppa 522 1 to 5 0.56 
(1986) 
Beaten 150 1.5 to 5·5 0.66 

(1990) 
Moutorsi 45 99 3 1.2 

(1991) 
Stoppa 285 91.3 1 to 10 1.2 
(1982) 
Cubertafond 399 75 1 to 10 1.6 

(1983) 
Gross 35 2.8 

(1992) 
St Julien 309 63 0.5 to 6 2·9 
(1983) 
Stoppa 168 88 1 to 7 3·3 
(1974) 
Rignault 568 4 
(1983) 

all hernias with a high risk of recurrence, i.e. recurrent 
and multi-recurrent (type IV). 

It is also used for primary prevascular femoral her
nias, bulky hernias, multiple and bilateral lesions, her
nias in obese patients with abdominal distension, 
chronic bronchitis or stressful occupations, and those 
in whom difficulties with healing could be foreseen. 
The method is also useful in patients in poor general 
state such as gross obesity, chronic respiratory pro
blems and cirrhosis, where there is a high risk and a 
guaranteed satisfactory result is essential. Contra-indi
cations to the use of the massive bilateral prosthesis 
are septic risks, a midline subumbilical scar, a history 
of ileocaval thrombosis and those rare cases where 
general or spinal anesthetic is impossible. However, 
Wantz (1993) will carry out a unilateral operation 
under local anesthesia. 

Critical remarks on the bilateral prosthesis. It has been 
said that this operation is too extensive for general 
use, especially from the cosmetic point of view. Precise 
case selection is vital, and the method is of particular 
use and complex hernias with an adverse course, 
which will undoubtedly recur without a prosthetic 
repair. Crossing the lower midline theoretically risks 
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postoperative eventration, but we have not encounte
red a single case of incisional hernia in several thou
sands of operations, because the bilateral prosthesis 
protects the relevant area. The risk of infection, which 
would be expected to correlate with the size of the 
prosthesis, has been a preoccupation for a long time, 
and certainly underlines the need for strict antisepsis 
before, during and after the operation. However, pre
sent day experience does not reflect these fears of 20 

years ago, to the extent that we no longer prescribe 
routine prophylactic antibiotics. When infection 
supervenes it is important to diagnose it early and 
treat it along established lines, including opening and 
debridement of the wound, and wide exposure and 
irrigation, without removing the prosthetic material, 
which will be incorporated once the infection has 
been overcome. 

In contrast, one would emphasize again the radical 
nature of this method, which gives an almost certain 
insurance against recurrence. The laparoscopic sur
geons have adopted it as a model procedure. Its sim
plicity makes it an operation which is easy to repro
duce and requires no special skill or experience. Vital 
structures are not threatened, and postoperative dis
comfort is minimal because of the lack of tension and 
of sutures in the abdominal wall. Indeed the repair of 
the superficial layers of the wound is protected by the 
presence of a large preperitoneal patch. Table 9.12 
shows some of the published results. 

c) The Wantz operation (G.B. Wantz) 

This technique, published in 1989, represents a combi
nation of the two preceding principles, namely pros
thetic reinforcement of the visceral sac (Stoppa) and a 
transverse incision through the lower quadrant of the 
abdomen as originated by Nyhus and Read. Wantz has 
stated that the reason for developing this technique of 
unilateral reinforcement of the visceral sac was to 
devise a reliable procedure which was suitable for 
repair of all types of groin hernia on a day case basis. 
In selected cases, the operation can be carried out 
under local anesthesia. 

The preperitoneal space is approached through a 
transverse incision extending outwards for 8 cm to 
9 cm from the midline, and situated 2 cm to 3 cm 
below the iliac crests (Fig. 9.19). This gives direct 
access to the deep inguinal ring. The rectus sheath and 
oblique muscles are incised horizontally. The fascia 
transversalis appears at the lateral edge of the rectus 
covering the inferior epigastric vessels and the prepe
ritoneal fat. Incision of the transversalis fascia along 
the border of the rectus allows one to retract the 



222 R. Stoppa et al. 

muscle medially, to enter the preperitoneal space and 
to expose the epigastric vessels, which need not neces
sarily be divided. The preperitoneal space is freed in 
all directions towards the midline. Upwards this is 
from the rectus and transversus abdominus, and 
below from the Cave of Retzius so as to expose the 
upper border of the iliopubic ramus, the obturator 
foramen, and the iliac vessels. Laterally, Wantz insists 
that the psoas major muscle has to be exposed. The 
hernial sacs are treated in the usual manner. Direct 

inguinal hernias and femoral hernias and other rare 
types are easily identified and dissected and are then 
either resected or invaginated into a purse-string, so 
as to flatten the visceral sac. The sac of an indirect her
nia is divided and the proximal peritoneum closed. 
The distal part of an inguino-scrotal sac is left in 
place, attached to the spermatic cord. Naturally, the sac 
of a sliding hernia must be separated from the cord. In 
the case of a bulky hernia with incarcerated contents, 
a separate incision in the upper part of the scrotum 
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Fig. 9.19. Wantz' operation. a Incision for unilateral wrapping of the visceral sac. b "Diamond" shape of the prosthesis. c Insertion of 
the superior margin of the prosthesis. d Setting up of the inferior margin of the prosthesis [reproduced with permission from Wantz 
GE (1991) Atlas of hernia surgery. Raven Press, NewYorkj 



may be of help in securing reduction of the adherent 
contents. The spermatic cord is then paritealised as in 
the Stoppa operation. The hernial orifices are not clo
sed. If necessary the dead space created by the reduc
tion of the hernial sac can be obliterated by drawing 
across the transversalis fascia to the interior of the 
abdomen and fixing it by one stitch to the deep aspect 
of the abdominal wall. The Mersilene mesh should be 
arranged so that its elasticity is horizontal. The patch 
is roughly trapezoid, with a height of some 14 cm. It is 
placed in position under the rectus muscle and the 
upper part of the inguinal region with three traction 
sutures, of absorbable synthetic material, which trans
fix the abdominal wall and fix the patch 2 cm or 3 cm 
above the muscular incision. These sutures are inser
ted with the aid of a Reverdin needle. The lower part 
of the Mersilene patch is then placed with the aid of 
three long forceps which seize the two lower corners 
and the middle of the inferior edge and allow the 
lower part of the patch to be pulled into a good posi
tion behind the iliopubic ramus. A suction drain is 
inserted in order to deal with any oozing or if a large 
indirect sac has been left in place, and the incision is 
closed with loosely tied sutures. A dose of Cephazoline 
or Vancomycin is given intravenously immediately 
before the start of the operation. 

In a recent series of 358 groin hernias, Wantz reports 
two deep hematomas, but no case of deep sepsis nor of 
testicular atrophy. The indications suggested by him 
are recurrent or re-recurrent hernias, primary hernias 
in patients with a collagen disease such as the Ehlers
Danlos or Marfan's syndrome, patients with abdomi
nal distension due for example to ascites, and those 
who have already undergone an operation in the groin 
region and are therefore at risk of chronic neuralgia or 
testicular atrophy. As regards the long-term results, in 
his series of 358 groin hernias, Wantz reports 16 recur
rences (4.4%) most of which resulted from technical 
errors. 

3. Prosthetic Repair 
via the Laparoscopic Route 

a) The Extraperitoneal Route (TEP) 

G. Champault 

Although it is true that up to the present there is no 
firm evidence to show that laparoscopic treatment of 
hernias is superior to classical methods of repair 
[Houdart, Stoppa 19841, apart from reduced postope
rative discomfort [Champault 19941 most particularly 
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in terms of recurrence, three laparoscopic techniques 
are at present in use: 

- the preperitoneal approach [Dulucq 1991, Begin 
19931; 

- the "mixed" intra- and preperitoneal route [Leroy 
19921 or transabdominal preperitoneal; 

- the intraperitoneal route [Elhadad, Fourtanier 
19931. 

The preperitoneal route popularized in France by J. 1. 
Dulucq (1991) and G. Begin (1993) and taken up in the 
USA by McKernon (1993) seems to us to have outstan
ding features. It is founded on the principles of the 
Stoppa operation 1989, which it closely resembles. A 
parietal route is used for treatment of a parietal 
abnormality. There is no need for a pneumoperito
neum, with all the accompanying risks of injury to vis
cera and vessels. The peritoneum remains intact bet
ween the prosthesis and the bowel. 

We have chosen to use a fenestrated polypropylene 
(Prolene) mesh, without fixation, which while having 
the qualities needed for a sound repair, lessens costs 
and avoids the risks which accompany stapling. We 
will describe the different stages of this method and its 
variations, in order to define its role in the large range 
of available treatments for inguinal hernia. 

(1) Technique 

Preparation of the patient. The patient is under gene
ral anesthesia, intubated, with monitoring of oxygen 
and C02, the bladder is emptied by spontaneous mic
turition and a bolus of antibiotic is given intrave
nously at the moment of induction. The patient lies 
supine with sometimes a modest Trendelenburg tilt of 
10-15°. A wide area of skin is prepared from the upper 
sides to the costal margin and including both flanks. 
The monitor is placed at the foot of the table with the 
diathermy apparatus, and a right-handed surgeon 
stands on the patient's left with his assistant opposite 
him, or vice versa. 

Instruments required. A self-regulating C02 insuffla
tor, a cold light source, a 0° axial telescope, two dispo
sable 10 mm trocars and one or two 5 mm, a 10-8 mm 
cylindrical reducer, a Palmer Verres needle, a pair of 
coagulating scissors, a coagulating hook, two flexible 
grasping forceps (Bag), fine grasping forceps, a poly
propylene prosthesis, one pair of Mayo scissors. 

Puncture sites (Fig. 9.20). (1) A Palmer-Verres needle 
in the midline suprapubically, 1 cm above the bone. 
(2) Optical 10 mm trocar at the lower margin of the 
umbilicus. (3) A 5 mm operating trocar in the midline 
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Fig.9.20. Puncture sites 

at the inferior third of the umbilico pubic line. (4) A 
second 10 mm operating trocar with a 5 reducer, 2 cm 
medial to the anterior-superior iliac spine on the side 
of the hernia (if unilateral). (5) A 5 mm trocar sym
metrically placed on the opposite side, in the case of a 
bilateral hernia. 

Insufflation of C02 into the retropubic space. (1) The 
function of the Palmer-Verres needle is checked. 
(2) Midline puncture 1 cm above the pubis, with the 
open needle inclined 30° behind the pubis. Two clear 
points of resistance are felt. The needle is aspirated to 
confirm the absence of blood or urine. (3) Insufflation 
of C02 is started first at a low flow then, progressively 
introducing 1.5 to 2 liters of gas. 

The insufflation of C02 into the retropubic space is 
signaled by a visible forward projection of the rectus 
muscles in the subumbilical region in thin patients, an 
increase in size of a direct hernia in the groin area 
resonant to suprapubic percussion, and absence of 
resonance over the liver, confirming that there is no 
pneumoperitoneum. The pressure is stabilized at bet
ween 12 and 15 mmHg and remains at this level during 
the operation. 

Placement of the optical trocar. A delay of 3 to 
5 minutes is necessary after creation of the prepneu
moperitoneum to ensure good mobilization of the 
peritoneal sac upwards to the level of the arcuate liga
ment. A 1 cm incision is made at the lower margin of 
the umbilicus and a 10 mm trocar introduced directed 
towards the pubis, piercing the aponeurotic layer tan-

gentially in the vertical axis, thus entering the freed
up preperitoneal space. The satisfactory position is 
confirmed by escape of gas when the mandrill is 
removed. 

The optical trocar is introduced into the preperito
neal space which has been freed up by the gas dissec
tion. It appears as a cellular area crossed by fine whi
tish fibrous bands and by a few vessels. The optical 
trocar is passed downwards into the midline so as to 
regain the vertical axis of the Palmer needle. 

Preliminary dissection of the space is carried out 
with the optical trocar, firstly downwards and behind 
the pubic bone, which easily reveals the white and 
pearly pectineal ligament. Dissection is then carried 
laterally for 3 or 4 cm on either side of the midline in 
order to improve the access. These maneuvers which 
are carried out from above downwards, compress the 
peritoneal sac posteriorly and do not give rise to blee
ding. 

Placement of the first operating trocar. Having repla
ced dIe C02 insufflator in the sheath of the optical tro
car and leaving in place the Palmer needle which acts 
as an axial landmark during dissection and is useful 
during placement of the prosthesis, a 5 mm trocar is 
inserted under direct vision in the midline, 4 to 5 cm 
above the pubis, directed towards the deep inguinal 
ring in the case of a unilateral hernia or perpendicu
larly in a bilateral case. 

Dissection and creation of the preperitoneal space. This 
can be accomplished by scissors or sometimes by a 
hook, introduced via the 5 mm trocar and taken 
inwards and outwards, from below and above, pro
gressively dividing the fibrous bands. The first land
mark is the «inferior epigastric pedicle" which limits 
access laterally. This must be followed to its origin 
behind the rectus muscle. It must be carefully separa
ted from the hernial sac and the components of the 
spermatic cord. The dissection is continued maintai
ning close contact with the muscular layer, with back
ward displacement of the parietal peritoneum. The 
dissection proceeds across the deep aspect of the ante
rior abdominal wall up to the psoas muscle in the 
internal iliac fossa, keeping in view dIe anterior-super
ior iliac spine. This lateral dissection requires division 
of the paramedian tissues in order to open up the 
entire preperitoneal space into a broad cone, the base 
of which is limited by the cord. In the case of a bilate
ral hernia, the same procedure is carried out on the 
second side, often aided by placement of a second ope
rating trocar. 



Placement of the second operating trocar. Two centi
meters medially to the anterior-superior iliac spine a 
10 mm trocar is inserted under direct vision, directed 
towards the deep inguinal ring. The muscles should be 
traversed at a point where the peritoneum has already 
been well detached. The use of a 10 to 5 reducer allows 
this stage of the operation to be carried out with two 
hands. 

Dissection of the cord and hernial sac. A flexible for
ceps (Bag) is introduced into the midline with scissors 
and a hook or a second similar forceps, according to 
the side. Dissection begins in the region of the deep 
inguinal ring, the limits of which are freed up with 
scissors or a hook. Gentle traction on the cord will 
quite often reveal, particularly in the case of a direct 
hernia, one or more lipomas, which can be quite easily 
freed from the elements of the cord. These can either 
be left behind or removed via the 10 mm trocar. 

Two or three structures must then be identified at 
the level of the muscular ring. These include the vas 
deferens which is seen as a whitish colored tube run
ning downwards and medially across the external iliac 
vessels and which is easily followed to the brim of the 
pelvis. The testicular pedicle runs upwards and late
rally, forming with the vas a triangle at the bottom of 
which, when the fatty tissue is freed, appear the exter
nal iliac vessels. The hernial sac, if present, appears at 
the origin of the cord as a whitish colored sheet, some
times triangular, in continuity with the parietal per
itoneum. It must be carefully separated from the vas
cular structures over a distance of 4 to 5 cm, and then 
displaced posteriorly. It may be quite small, and can be 
found only when the cord is dissected towards the per
itoneum, or bulky, in which case it may occupy part of 
the inguinal canal. It is then necessary to dissect 
around the lower aspect of the cord so as to create a 
window between the cord and the iliac vessels. Gentle 
traction on the fibrous bands which fix it to the 
muscles, allows progressive reduction of the sac into 
the abdomen. 

Anatomical check. The freed hernial sac is replaced 
backwards and the dissection of the cord completed 
over 4 to 5 cm. It is then necessary to check for a 
second or other associated hernial sac such as a 
femoral or obturator, and to check the landmarks 
including the pectineal ligament, iliac inferior epi
gastric and testicular vessels. The size of the deep ring 
must be checked with respect to the cord, and the 
extent of preperitoneal dissection verified in order to 
make sure that there is room for insertion of a large 
prosthesis. 
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Preparation of the prosthesis. This is a rectangular 
polypropylene mesh with an in-built memory which 
allows it to return to its original shape following stret
ching. Whether a 10 x 7 or 15 x 15 cm sheet is used 
depends on the local anatomical situation. After chan
ging gloves, the prosthesis is prepared by reducing it 
to 15 x 12 cm according to the extent of the upper dis
section. The corners are rounded off. A 60° slit is made 
at the lower edge, extending for 2 to 3 cm so as to 
create a gap of 1 to 1.5 cm, to allow passage of the cord 
components. Its position is determined by local ana
tomical considerations, in order to ensure that the 
entire weak area can be covered, at the same time 
making certain that there is a 3 cm margin all round 
the deep inguinal ring. A 5 mm fine toothed forceps is 
introduced into the reduction tube. It seizes the two 
ends of the slit in the prosthesis and wraps them 
around its long axis clockwise. The resulting prosthe
tic cylinder is passed into the sheath of the 8 mm 
reducer. 

Placement of the prosthesis. The mesh is introduced 
via the lateral 10 mm trocar, rolled up in the reducing 
tube and passed into the preperitoneal space as near 
as possible to the wall. The end of the forceps which 
keeps the two edges of the slit together is positioned 
with regard to the deep ring, where the vas deferens 
and vessels are brought together. With the aid of the 
midline or contralateral forceps, the prosthesis is 
unrolled in an anticlockwise direction. It is kept open 
in front and above by a Palmer needle while the mid
line and lateral forceps guide the components of the 
cord into the central orifice of the slit. The lateral 
edge is passed under the vas deferens and vessels, and 
overrides the other edge in order to close the slit. The 
prosthesis, which is orientated by the orifice for the 
cord, is placed against the abdominal muscle wall. It 
should extend from the pectineal ligament to the 
psoas muscle and upwards to the iliac vessels as far as 
the extremity of the plane of dissection. It must in 
every case overlap the deep inguinal ring by 3 to 
4 cm. It is manipulated into place by the aid of two 
forceps and a Palmer needle, but the slit is not sutu
red to itself. 

Maintenance of the prosthesis. The mesh is not fixed. 
Its structure determines its inclusion into the abdo
minal wall and it is held in position by peritoneal 
pressure. Following hemostasis, cessation of insuffla
tion and opening the valve of the trocar so as to eva
cuate the pneumoperitoneum under direct vision, it 
will be seen that the peritoneal sac becomes closely 
applied to the mesh. 
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Additional measures. The trocars are removed and 
the musculo-aponeurotic ports closed, together with 
the skin. Suction drainage is only rarely required. 

Postoperative care. Low molecular weight heparin is 
given for prophylaxis against thromboembolism 
together with analgesics as necessary. The patient gets 
up at 24 h and leaves hospital at 48 to 72 h. 

(2) Variations 

Bilateral hernias. The principles of dissection are 
identical but are facilitated by the use of a fourth 5 
mm trocar which may be inserted laterally, in sym
metrical position to the first one. Two prostheses may 
be used of which the dimensions of the slit and the 
window are adapted to the local anatomical require
ments. It is best to begin with the prosthesis which is 
on the opposite side to the 10 mm introduced trocar. 
The prosthesis is prepared in exactly the same way on 
both sides, because both slits are directed medially. It 
is difficult to insert one single large prosthesis, 
although a 30 x 12 cm patch with parietalisation of 
the cord can be used. 

Anesthesia. General anesthesia with intubation is cus
tomary, but epidural or spinal techniques are possible 
when one uses the preperitoneal route [Begin 19931. 
However, the risk of an inadvertent pneumoperito
neum occurring during the dissection may limit this 
type of anesthesia. 

Direct approach to the preperitoneal space. This 
requires a horizontal 12 mm incision over the lower 
edge of the umbilicus, or 1 to 2 cm below it, or even a 
vertical cut [Begin 19931. The subcutaneous tissues 
are dissected with the scissors under direct vision and 
the anterior rectus sheath is incised transversely. The 
muscles are drawn aside, exposing the posterior 
sheath. A blunt 10 mm trocar is introduced into the 
space tangentially to the cutaneous plane, which 
reveals the cobweb structure of the lamina propria. 
Insufflation is then begun. 

Dissection of the preperitoneal space. This can be faci
litated by the use of a 30 to 40° optical axis. 

Balloon dissection. Having exposed the preperitoneal 
plane a plastic balloon, of either a round or oval 
shape, is introduced through the blunt trocar in order 
to follow the shape of the Cave of Retzius. It is infla
ted by 300 to 600 mm of normal saline every two or 
three minutes, or by air. The balloon separates the 
plane of the fascia propria and creates a large cavity 
at the peritoneal sac below and behind. The empty 

balloon is then withdrawn through the sheath and 
replaced by a 10 to 11 mm trocar for the insufflation of 
C02. Apart from their very high cost, these tech
niques have the disadvantage of lacerating small ves
sels in the space, and thus rendering subsequent dis
section and identification of important structures 
more difficult. 

Trocars. Two 10 mm and one or two 5 mm re-usable 
trocars are usually adequate, though some prefer the 
disposable type. If the prosthesis is to be stapled, a 
12 mm port is necessary. 

Prostheses. There is an enormous choice available for 
hernia repair, all of which have been tested or used in 
the laparoscopic preperitoneal approach. Dacron 
mesh, which is strong and light and is widely used in 
the Stoppa operation, is too supple for this procedure 
and lacks memory. It tends to ruffle up like a curtain 
and is difficult to maintain in place in spite of fixation. 
"Crinoplast" is cheap but dangerously rigid and also 
lacks memory. PTFE patches again are supple, opaque 
and difficult to use in this technique. They require 
extensive stapling. Apart from the high cost, their 
expanded structure hampers tlIe construction of a slit. 
Furthermore, they do not adhere strongly to the 
muscle layer. Composite vicryl mesh which is a mix
ture of absorbable polyglycolic acid and nonabsor
bable Dacron has no advantage here, as regards 
strength, safety and tolerance. Polypropylene is today 
widely used because of its texture and excellent 
memory. It has the disadvantage of being relatively 
rigid, particularly in contact with vessels. Its long-term 
tolerance is well known. 

• The Dimensions. The prosthesis should not 
only cover the deep inguinal ring but also the 
surrounding area for at least 3 to 4 cm. In most 
cases a patch of 11 x 7 cm is sufficient. When 
the muscular defect is large it should either be 
narrowed by bringing the muscle down on to 
the ligament by two or three interrupted 
nonabsorbable sutures, or else a larger pros
thesis (15 x 15 cm) should be used. Prolene is 
employed. It can be reduced in height to 12 cm 
or, in the case of Marlex, cut to fit. Too small a 
prosthesis runs the risk of being pushed out 
into the inguinal canal (prosthetic hernia). 

• The Form. Certain authors such a Dulucq 
(1991) cut the inferomedial angle to form a 4 
cm edge which can be stapled to the pectineal 
ligament. 



• Should a window be used? Begin (1993) uses a 
slit prosthesis 14 x 14 cm with a 7 cm vertical 
incision from above downwards ending in a 5 
mm orifice cut out of its central part. The pros
thesis is accordion pleated or rolled onto itself 
and introduced into the preperitoneal space 
around the elements of the cord. When it 
unfolds (spontaneously or after cutting the 
thread) the two edges of the slit take up posi
tion on one and other side of the cord deep to 
the abdominal wall. This method requires clo
sure of the slit by one to three endoscopic 
sutures, or by staples, in order to avoid a per
sistent weak area. 

• Parietalisation. Dulucq (1991) places the poly
propylene prosthesis on the deep aspect of the 
abdominal wall as a simple cover for the weak 
area, having mobilized the vas deferens and 
spermatic vessels over at least 5 cm. This 
"parietalisation" of the elements of the cord 
requires fixation of the prosthesis medially to 
the pectineal ligament and laterally on to the 
psoas, in order to avoid a low recurrence. An 
automatic expanding umbrella prosthesis has 
been described. Apart from its cost, it has 
disadvantages as regards structure and failure 
to adapt to the local anatomical conditions. 

• Fixation. This is required for all prostheses 
which do not possess the rigidity and memory 
of polypropylene and in all cases where the 
cord is parietalised [Dulucq 1991J. It can be 
achieved by threads which are tied either inside 
or outside with the body with knots which are 
buried under the skin, or by automatic stapling 
devices such as the endo-hernia and endopap 
EMS. These necessitate the use of a special 12 

mm trocar, and are thus very expensive. Fibrin 
glue can also be used. Fixation must take up the 
pectineal ligament below and medially, the 
psoas muscle laterally and the transversalis fas
cia in front. It carries risks of injury to the late
ral cutaneous nerve of the thigh and some
times the inferior epigastric vessels or their 
branches. Sepsis is rare [Kraus 1993J. 

Repair without prosthesis. This is technically achie
vable by bringing the conjoint tendon down on to the 
inguinal ligament and tensing the transversalis fascia. 
Mastery of the technique of laparoscopic knotting is 
required, and the indications are limited to hernias of 
Nyhus type I or II in young subjects. 
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(3) Complications 

Complications peculiar to the technique. These 
include problems with insufflation such as hypercap
nia. C02 is absorbed four times more readily in the 
preperitoneal space than from the peritoneal cavity, 
which occasionally gives rise to severe hypercapnia, 
and requires routine continuous monitoring of the 
PC02 and readiness to lower the insufflation flow as 
required, and induce hyperventilation. 

Puncture accidents are unusual. It is important that 
the patient empties his bladder before the Palmer 
needle is introduced. A puncture of the bladder which 
is later detected by the safety checks is unimportant. 
The trocars occasionally cause bleeding, through 
damage to a muscular branch of the inferior epigastric 
vessels, which is easily controlled by means of a Foley 
catheter passed along the trocar sleeve. On the other 
hand, this approach excludes the risk of injuring the 
small bowel colon or major abdominal vessels. 

Pneumoperitoneum may occur in three circum
stances. It may arise during placement of the umbili
cal trocar, through direct puncture. One should wait 
three to five minutes before inflating the preperitoneal 
space, in order to ensure satisfactory detachment of 
the upper recess. This problem is avoidable if the ope
ning is made under direct vision, as proposed by 
Begin (1993). In the lateral dissection, particularly on 
the right side in patients who have had an appendec
tomy, it is important to insufflate gently and carefully 
as near as possible to the deep aspect of the muscles. 
Care must be taken during dissection of the hernial 
sac in recurrent cases, particularly with unusually 
large or delicate sacs. Pneumoperitoneum occurs in 
some 10 to 15% of cases, particularly while experience 
is being gained. It is revealed by a sudden drop in 
PC02 and in pressure, a reduction in the field of vision 
due to restriction of the preperitoneal space and the 
development of hepatic resonance. Three remedial 
measures are required: namely, an increase in insuf
flation flow, evacuation of the pneumoperitoneum by 
placing a Palmer needle in the left hypochondrium, 
and identification of the defect. It is often very small 
and can be neglected but if this is not the case repair 
is essential. 

Pneumoscrotum is sometimes discovered at the end 
of the operation (15 to 20%) particularly if the proce
dure has taken some time. Although the appearances 
are striking, they usually regress within one or two 
hours with no ill effects. Very occasionally surgical 
emphysema may extend up into the neck and medias
tinum, following an inordinately high insufflation 
pressure. 
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Seromas are collections of serous fluid of variable 
degree which can present early on the 2nd to 5th day 
or as late as the 21st. They may cause confusion with 
an early recurrence of the hernia or even strangula
tion, although they are painless and have no cough 
impulse. They appear in 10 to 20% of cases for quite 
unknown reasons and almost always resolve sponta
neously. If required, the collection may be aspirated to 
reassure the patient and hasten disappearance. 

Nonspecific Complications. Graft sepsis is unusual. It 
should be prevented by rigorous aseptic technique and 
the routine use of antibiotics. 

Occasionally a hematoma may collect in the retro
pubic space, usually the result of injury to the venous 
plexuses or to the veins of the spermatic cord, or if the 
wrong plane of dissection has been entered between 
the epigastric vessels and the abdominal wall. It 
usually accumulates after the counter-pressure of the 
insufflation has disappeared. Hematomas may be 
favored by the use of low molecular weight heparin as 
anti -thrombotic prophylaxis. 

Injury to the spermatic cord is due to over-vigorous 
or rough dissection in an obese patient, and may be 
followed by later testicular atrophy. 

Wounds of the bladder are most unusual using this 
approach. 

Complications of variant techniques. Apart from rare 
cases of osteitis pubis [Ledquart 1994] stapling pro
blems principally involve injuries to the inferior epi
gastric vessels and to the femoral and lateral cuta
neous nerves. The diagnosis is immediate because of 
the recurrence of intense pain in the distribution of 
these two nerves. The offending staple must be remo
ved without delay, usually via the laparoscopic 
approach. It is wise to identify the nerves before flxing 
the prosthesis though this may not always be easy, par
ticularly in obese subjects. Once again, it must be 
emphasized that the best means of prevention is not to 
flx the prosthesis. 

(4) Indications 

The preperitoneal route is indicated for the treatment 
of uni- or bilateral inguinal hernias, direct or indirect, 
primary or recurrent, in the adult. This corresponds to 
types II, IlIa, and b and IV in the Nyhus classiflcation 
(1991). The limits of this technique are as follows. 

Age considerations. It would seem unwise to use pros
thetic materials whose long-term behavior is unk
nown, in patients under the age of 40 to 45, who could 
be treated easily by an inguinal herniorrhaphy. It 

would seem equally unwise to use this technique in 
very old patients because of the risks of general anes
thesia and hypercapnia. In the absence of speciflc phy
siological indications, patients older than 70 to 75 
should be treated along conventional lines (Stoppa, 
Shouldice, Lichtenstein). 
Physical condition. Patients with cardiac failure, uns
table coronary disease, respiratory problems, alcoho
lic cirrhosis, clotting deficiencies and unoperated 
glaucoma, should be excluded from this form of treat
ment. A purely preperitoneal approach may be unsui
table for the obese patient, due to difflculties in crea
ting a sufficiently large space of dissection, and the 
intra/pro-peritoneal route [Leroy 1992] may be pre
ferred. Finally, patients whose concomitant disease 
may require an extraperitoneal pelvic approach in the 
future (arterial obstruction, prostatism) should be 
excluded because further surgery may be rendered 
extremely difflcult by scarring around the prosthesis. 
In these cases a local approach is to be preferred. 

Local pathology. Large inguino-scrotal hernias, pro
lapse of the groin tissues and sliding hernias are bet
ter managed by the Stoppa operation. Multiple recur
rent hernias sometimes following a previous 
prosthetic repair may be treated by a Stoppa opera
tion, the direct approach or a Spaw procedure [EI 
Haddad, Fourtanier 1993], which constitutes one of its 
rare justiflcations, or possibly a plug. 

The preperitoneal space may have been obliterated 
by previous surgery or previous prosthetic repairs. 

Other local risks include a history of pelvic or regio
nal sepsis which contra-indicates placement of a pros
thesis, previous pelvic radiotherapy and a possible 
pregnancy. 

b) The Trans-Abdominal 
Preperitoneal Route (TAPP) 

(1) Technique 

C.Meyer 

The patient is placed supine with the arms by the 
sides. The surgeon stands on the opposite side to the 
hernia. Through a small umbilical incision (open lap a
roscopy) or by means of a Veress needle, the pneumo
peritoneum is induced with a pressure of 14 mmHg. 
Two trocars are then introduced under visual control, 
on either side of the umbilicus and on the same hori
zontalline, using a 5 mm trocar on the hernial side 
and one of 12 mm opposite it to allow introduction of 
the graft. A 0° optical angle is used. 



The peritoneum of the inguinal region is incised 
with diathermy scissors beginning above the deep 
inguinal ring, extending to the medial umbilicalliga
ment medially, and to the anterior-superior iliac spine 
laterally. The pectineal ligament is identified and, in 
the case of an indirect hernia, the sac is dissected and 
separated from the elements of the cord, which are 
parietalised. This immediately reveals the conjoint 
tendon and the posterior aspect of the rectus muscle 
on the side of the hernia, which should be gently clea
red of fat in order to facilitate stapling of the graft. The 
inguinal ligament is also seen but no staples should be 
inserted below it because of the presence of the exter
nal iliac vessels medially and the genitofemoral and 
lateral cutaneous nerve of the thigh laterally. For the 
same reason, no diathermy should be used in this 
area. With a direct hernia, the peritoneum is simply 
freed from the elements of the cord and the fascia 
transversalis, around the origin of the hernia. 

The musculo-pectineal orifice is then covered by a 
prosthesis which is preferably of polypropylene. This 
material has the advantage of staying in position and 
its loose network allows the tissues to be visualized 
through the prosthesis, which aids accurate stapling. 

Size is important, as too small a prosthesis carries a 
risk of recurrence. We recommend a graft lO-12 em 
high and lO-12 em across. The prosthesis is fixed to the 
pectineal ligament, to the posterior edge of the rectus 
muscle and to the conjoint tendon, usually by staples, 
but occasionally by infra-abdominal suture. It may be 
placed behind the spermatic cord or incised to allow 
its passage. In every case the prosthesis must be large 
enough to cover all the inguino-femoral orifices inclu
ding the deep inguinal ring, the medial inguinal fossa 
and the femoral canal. 

The peritoneum is then closed in order to isolate the 
prosthesis, either by a suture or by staples. This clo
sure is aided by reducing the pneumoperitoneum 
pressure to 9 mmHg. This pneumoperitoneum is then 
evacuated and the fascial layers at the umbilicus and 
the 12 mm trocar orifice are sutured. 

(2) Special Cases 

Indirect hernias are simple to manage, as the compo
nents of the spermatic cord can be quickly and rapidly 
isolated. If there is much bulging of the transversalis 
fascia it may be helpful to evert it and fix it by staples 
or by suturing it to the inguinal ligament with the aid 
of an endoloop [Corbitt 19931. 

With an indirect inguino-scrotal hernia dissection 
of the sac may be difficult and the elements of the cord 
are at risk. In these cases it is preferable to leave the 
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distal part of the sac and only to resect its proximal 
portion. 

In the case of a bilateral hernia the operation is 
repeated on the other side using a second prosthesis. 
Some authors prefer to use a single prosthesis exten
ding from one iliac spine to the other and passing in 
front of the symphysis pubis, which is exposed by a 
preliminary short dissection. 

(3) Advantages and Disadvantages 

As with all operative techniques, TAPP carries certain 
advantages and disadvantages, some connected with 
laparoscopy in general, others peculiar to the transpe
ritoneal route. 

The laparoscopic approach, which achieves a ten
sion-free repair of the hernia, must in principle alle
viate postoperative pain and promote early return to 
full physical activity. This has been confirmed in seve
ral studies [Brown 1994; Taylor 1994; Kald 1995; 
Felix 19941. However it carries the disadvantage of 
requiring general anesthesia whereas the inguinal 
operation can be carried out under spinal or local 
anesthesia, which is an important point for the frail 
patient. Among the available laparoscopic techniques, 
most surgeons seem to prefer the TAPP method 
[Estour 19951 no doubt because of its relative simpli
city. In fact, the creation of a pneumoperitoneum pro
vides excellent visualization of the structures, in a 
more extensive working area than can be obtained by 
the preperitoneal route, which aids dissection for the 
relatively inexperienced surgeon. Furthermore, the 
contralateral hernial orifice is clearly seen and any 
associated hernia on the other side can be treated at 
the same time. Also, this is the only route which allows 
a complete abdominal exploration and can confirm 
the viability of the bowel in the case of a strangulated 
hernia. TAPP is also readily adaptable to recurrent 
hernias. 

However the creation of a pneumoperitoneum and 
access to the abdominal cavity carries certain disad
vantages. Cardiovascular and pulmonary complica
tions may be exacerbated by the tension induced by 
the pneumoperitoneum. The risk of injuring viscera 
or blood vessels during introduction of the trocar or 
entering an adherent loop of gut, although slight, must 
also be taken into consideration when comparing the 
complication rate with that of the purely preperitoneal 
approach. 

Finally, if the peritoneum is not adequately closed, 
there is always the risk of a loop of small bowel beco
ming adherent to the prosthesis. 
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(4) Results 

Intraoperative Complications 

They are seen in from 0-5% of cases (Table 9.13). These 
include: 

Hemorrhage. This may occur through wounding of 
the epigastric vessels during introduction of the late
ral trocars, or during dissection. In general, the blee
ding is controlled by the application of clips or hemo-

Table 9.13. Peroperative complications 

Authors # Cases Hemorrhage Visceral 

Felix (1994) 326 
Estour (1995) 7,340 
Corbitt (1993) 1,994 
Tetik (1994) 553 
Kavic (1993) 101 
McFadyen (1993) 186 
Ramshaw (1992) 300 
Van Steensel (1994) 254 
Olgin (1994) 300 
Personal series 225 

vesicle wound 

0.6 
3-4 0.12 
2 0 

o 
1 

0.8 
2.3 1.18 
3.8 
o 0 

Table 9.14. Postoperative complications 

Authors Hernia/infection Hematoma Seroma 
on trocar 

Felix 0.6 4 
(1994) 

Estour 0 J.4 3·9 
(1995) 

Corbitt 0 2 
(1993) 

Tetik 0·5 
(1994) 

Kavic 
(1993) 

McFadyen 0·5 
(1993) 

Ramshaw 
(1992) 

Van Steensel 0.8 2·3 
(1994) 

Olgin 1·7 6 
(1994) 

Personal 0·4 2·7 3·1 
series 

static sutures, but may sometimes necessitate conver
sion to open surgery. 

Injuries to the vessels of the cord, leading to a 
congestive orchitis in the case of venous involvement 
or testicular atrophy in the case of the artery. 

Visceral injuries. These may involve the bladder, 
which can be closed laparoscopically, but also the sig
moid colon or an adherent loop of small intestine. 
These latter require open correction. 

Injury to the vas deferens, in particular during dis
section of the components of the spermatic cord. 

Postoperative Complications 

They are seen in from 0-10% of cases and vary in their 
nature and severity (Table 9.14). 

Hematomas are the most frequent complication. 
They may occur in the inguinal region or in the cavi
ties and usually require no treatment. For a large col
lection aspiration may be necessary. 

Seromas and hydroceles usually resorb sponta
neously but also may occasionally require aspiration. 

Inguinal and testicular pain is usually slight and 
resolves spontaneously. It may occur through stapling 
around a nerve passing under the inguinal ligament or 
in the muscular layers. If persistent infiltration with 

Hydrocele Inguinal Testicular Occlusion Urinary 
pain pain Retention 

0·3 0·3 0·3 0·3 

0·5 2.1 2·3 0.2 0 

2 0·3 1.3 

1.2 2 0 2.1 

2 0 

1.6 0·5 

2·4 0·4 5.6 

0·3 0·4 

4 

1·3 1.3 0 0 



Table 9.15. Rate of recurrence and of conversion (%) 

Authors # Conversion Recurrence 
Cases rate rate 

Felix (1994) 326 0 
Estour (1995) > 7,000 0·9 
Corbitt (1993) 1,994 
Tetik (1994) 553 0.8 0·7 
Kavic (1993) 101 0 2 
McFadyen (1993) 186 3.2 
Ramshaw (1992) 300 0·7 2 
Van Steensel (1994) 254 1.9 
Olgin (1994) 300 4 
Personal series 233 2.6 2·7 

lignocaine ± corticosteroids usually resolves the 
symptoms. 

Hernias at the port sites occur in less than 1% of 
cases and can be avoided by closing these incisions at 
the end of the operation. 

Postoperative obstruction is very rare and usually 
results from a faulty closure of the peritoneum allo
wing contact between the prosthesis and loops of 
intestine. 

The conversion rate is of the order of 0.5-3% 
(Table 9.15). It may occur through wounding of a vis
cus or a blood vessel or because the presence of a 
long-standing bulky inguino-scrotal hernia creates 
difficulties with the dissection of the sac and endan
gers the components of the spermatic cord. 

The mid-term recurrence rate (Table 9.15) is com
parable to that of the inguinal route being from 0-5%. 

(5) Personal Series 

From 1st January 1994 to 31st December 1995, 225 groin 
hernias were operated upon via the TAPP method. 
The series included 209 men (93%) and 60 women 
(iYo) the median age was 51 (range 22-86). There were 
177 unilateral hernias (79%) and 48 bilateral hernias 
(21%). There were no intraoperative complications. 
Postoperative problems included six hematomas 
(2.iYo), seven seromas (3.1%), three cases of testicular 
pain (1.3%) and three of ilioinguinal pain (1.3%), 
which regressed spontaneously in two months. The 
conversion rate was seven cases out of 225 (2.6%) and 
the recurrence rate, six out of 225 (2.iYo). 

(6) Discussion 

The treatment of inguinal hernias is a master of 
controversy between the proponents of the classical 
methods [Houdart 1984; Stoppa 1989; Nyhus 19911 and 
those of the laparoscopic techniques [Dulucq 1991; 
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Begin 1993; Corbitt 1991; Philipps 19931. Controlled 
studies are as yet rare [Champault 19941 and too 
recent to provide firm conclusions. The introduction 
of new procedures immediately raises problems regar
ding feasibility and reproducibility. The three main 
laparoscopic techniques are now well defined in res
pect of their indications. 

The pure intraperitoneal route (the Spaw operation) 
[EI Haddad, Fourtanier 19931 combines the risks 
incurred by the use of trocars in the abdominal cavity 
with those of a prosthesis in contact with the viscera. 
Only PTFE can be used in this method. This requires 
fixation by stapling. These two factors involve consi
derable expenditure which limits the use of the tech
nique, the results of which nonetheless seem to be 
quite good. This technique finds its true place in the 
treatment of multi-recurrent bulky hernias previously 
repaired prosthetically. 

The infra- and preperitoneal route proposed by J. 
Leroy 1992 is by far the most frequently practiced at 
present. The operative field is much larger than that of 
the preperitoneal route and the visualization of all the 
hernia sites permits the detection of previously unsus
pected or unusual herniations It carries the same risk 
as does the Spaw technique of trocar injuries and dif
ficulties connected with peritoneal closure 
[Hendrickse 19931 notably the trapping of a loop of 
small bowel in a defect or adherence to the prosthesis 
[McFayden 19931. Furthermore, the one year recur
rence rate [MCFayden 19931 is higher than with the 
preperitoneal route. These reservations should none
theless not lead us to abandon the technique, the 
results of which have been shown to be excellent in 
many thousands of cases, both in terms of comfort 
and of effectiveness. It overcomes the contra-indica
tions to the preperitoneal route (e.g. a previous history 
of subumbilical surgery) and bears comparison with 
conventional techniques such as that of Lichtenstein 
(1989), the results of which in terms of postoperative 
comfort are comparable. 

The preperitoneal route [Dulucq 1991; Begin 1993; 
McKerman 1993; Read 19891 is that which most closely 
resembles the Stoppa operation and should in our view 
be preferred. The technical aspects are fully established 
with the exception of those involving parietalisation 
and fixation. Apart from the cost involved in the use of 
stapling devices and special trocars, stapling does 
carry certain specific risks. These include injuries to 
vessels [McFayden 1993], nerves [Kraus 19931 and more 
recently problems with infection [Letoquart 19941 
including the rare but serious complication of osteitis 
pubis. This technique is necessary if one chooses 
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parietalisation of the cord as recommended by Dulucq 
(1991). Splitting the prosthesis, as described by 
Champault (1994), following the technique originated 
by Stoppa (1989) allows one to dispense with stapling 
without risking displacement of the prosthesis, which 
is held in place by the elements of the cord. In our 
experience (480 cases in 1986) there were only three 
recurrences at four years [Champault 19941, figures 
which have been confirmed by Taylor (1993) and Van 
Steenel (1993) who used the same procedure. G. Begin 
(1994), one of the originators of this technique, also 
advises the use of a split prosthesis (see above). He has 
recently reported a series of 15120 cases with no mor
tality and low morbidity comprising 47 seromas 
(3.4%), three trocar hematomas and no infection. The 
hospital stay was 1.6 days and the average time off 
work 17 days with one single recurrence (0.06%) at a 
late follow-up period of 29 months. These figures have 
been confirmed in our own practice [Champault 19941. 

Whatever technique is chosen, a thorough apprenti
ceship is required, beginning with a review of laparo
scopic anatomy of the hernia site [Rosser 19941 and 
complete mastery of the techniques of this new type of 
surgery. 

(7) Conclusion 

The purely preperitoneal approach for groin hernias 
seems to be by far the best adapted to the principles of 
hernial surgery, and its technique is well established. 
The use of a prosthesis constitutes a limiting factor in 
young patients. It furthermore seems that the use of a 
fenestrated prosthesis is preferable to parietalisation 
of the cord elements, in terms of risk, cost and effi
ciency. Although well described, this technique, like 
other laparoscopic procedures, requires to be evalua
ted in comparison with more conventional operations, 
which are recognized to be effective at low cost and 
little risk. 
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F.lntraoperative Complications 
of the Classical Surgical Repairs 

Because of the development of laparoscopic hernior
rhaphy, many clinical studies have been conducted to 
account for the complications of classical herniorrha
phy, in addition to the already published reviews of 
Nyhus and Condon in the four editions of Hernia 
(1978-1995). The list of complications is long but, for
tunately, their incidence is very low. 
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The problem is, however, significant if we consider 
the great frequency of hernia repair. In the United 
States, more than half a million repairs are performed 
every year. A 1% incidence of complications would 
thus affect about 6,000 patients, and a 10% incidence 
means that more the 60,000 patients would be subject 
to these unfortunate troubles. 

1. Hemorrhage 

Surgical anatomists have considered the "corona mor
tis" injuries, especially those involving an accessory 
obturator artery, as the most serious. However, injuries 
to the inferior epigastric or external iliac vessels are as 
unpleasant, especially when they occur at the princi
pal pedicle during deep suturing on the prevascular 
segment of the inguinal ligament, close to the vascular 
sheath. A venous injury of the external iliac vein 
should be suspected and identified before knotting the 
suture, otherwise further venous laceration may occur. 
It is better in such cases to withdraw the suture mate
rial and manual compression. If the bleeding is not 
controlled with compression, the arterial or venous 
lesion should be widely exposed and then repaired 
under temporary vascular occlusion. Vascular clamps 
should be immediately available and hernia surgeons 
should be able to do vascular surgical procedures such 
as venous or prosthetic bypass. Femoral vein ligature 
should be abandoned as it results in dramatic compli
cations. It is fortunately rarely necessary though may 
be useful as a temporary salvage procedure. Only a few 
series of serious vascular complications have been 
published including those of Natali, Gautier in 1972 
and Meilliere in 1980. 

2. Spermatic Cord Lesions 

Complete division of the spermatic cord could be per
formed intentionally in some special cases [Heifetz 
1971]. However, this procedure is useless and never 
facilitates the repair of large hernial defects. 
Inadvertent spermatic cord division is a very rare 
complication which mainly occurs mostly in recurrent 
or multi-recurrent repair. Testicular necrosis only 
occurs when the spermatic cord is divided below the 
level of the pubis. Division of the cord in its inguinal 
course or behind the abdominal wall does not give rise 
to testicular atrophy. 

Injuries of the spermatic veins in their funicular 
course during dissection of an indirect sac dissection 
are uncommon. They especially occur in cases of 
recurrent hernia repair or large scrotal sacs. 
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Thrombosis of these venous plexuses results in a great 
risk of ischemic orchitis. 

There are two means of preventing injuries to the tes
ticular vessels. First, an indirect sac should not be dis
sected below the pubic level. Second, multirecurrent 
hernias and all patients who have a history of previous 
operation on the same side should be operated on 
using the posterior abdominal approach [Wantz 1984l. 

3. Nerve Injury 

The inguinal approach risks nerve Injury since it 
passes through the layers in which run the sensory 
nerves of the region and those included into the cre
master muscle. The risk is maximum in recurrent her
nia repair by the inguinal approach. By contrast, the 
posterior abdominal approach does not cross the path 
of any nerve, which is an important advantage. To pre
vent nerve injury, the surgeon should be familiar with 
their inguinal course in order to recognize and pre
serve them. There is no advantage in attempting sur
gical repair of these nerves, since neural anastomoses 
and accessory pathways will ensure sufficient sensory 
innervation. However, compression of one of them by 
a suture may lead to persistent symptoms. Femoral 
nerve injury is the most serious, because it is usually 
associated with motor signs. It is fortunately rare. We 
are aware of two femoral nerve injuries in two patients 
who were operated on elsewhere which resulted from 
the suturing of a Dacron prosthesis to the psoas major 
sheath by the inguinal approach. To avoid such com
plications deep sutures should only be inserted under 
direct vision. 

4. Injury to the Vas Deferens 

This complication must not be overlooked in young 
adults. Immediate repair, with the help of a magni
fying lens, should be performed. A steel probe is used 
to support the anastomosis which is done using very 
fine monofilament thread. This probe passes through 
the wall of the vas and the skin at some distance from 
the injury and is pulled out on the tenth day. This clas
sical technique restores patency in about 50% of cases. 
Microsurgery gives even better results (80-90% of 
patency). Stenosis of the vas, even in the absence of 
complete obstruction, results in hypofertility or steri
lity due to increased serum antisperm antibodies. 
Friberg (1979) revealed that up to iYo of adult patients 
suffering from azoospermia or hypozoospermia 
without testicular atrophy had undergone a hernia 
repair during childhood. 

5. Bladder Injury 

This may occur when the sac is opened in direct femo
ral or inguinal hernias associated with sliding of the 
bladder. The injury is not unduly serious. The defect 
should be identified and sutured in two-layers using 
slowly absorbable synthetic material, while the blad
der is filled with water. Accidental injury of the blad
der excludes the use of prosthetic material because of 
the risk of infection. 

6. Injury to an Abdominal Organ 

The intestines, bladder and ureter may be damaged 
during herniorrhaphy. All injuries should be imme
diately identified and properly treated. Special atten
tion must be paid during high ligation of the hernial 
sac to avoid injuries to the abdominal organs. In repair 
of sliding hernia, direct or vascular injuries of the cae
cum or sigmoid colon may occur. To avoid such com
plications, the sac need not be entirely resected and 
the abdominal viscera should not be freed from their 
peritoneal attachments. The whole sac with its sliding 
contents should be pushed back into the abdominal 
cavity. According to the type of colic injury, the colon 
is sutured in one or two layers. Vascular intestinal inju
ries are more difficult to evaluate. Their management 
depends on the extent of the ischemia (partial resec
tion, colectomy with immediate anastomosis or colo
stomy). Intestinal defects, which are often small, 
should be also sutured immediately. These complica
tions are very serious and usually precludes the use 
prosthetic material. 

Appendicectomy should also be avoided during her
niorrhaphy as it also predisposes to septic complica
tions. However, the appendix is sometimes found in 
the peritoneal sac of a right indirect hernia, in which 
case it may be removed provided that it can be delive
red into the operative field. The ureter may lie close to 
a large direct or indirect sac. If it is divided, immediate 
repair is indicated. Many surgical procedure have been 
proposed including end to end anastomosis with 
interrupted absorbable sutures, supported a double J 
catheter, or reimplantation into the bladder, if the 
injury lies close to that structure. 

G. The Postoperative Period 

Hernial repair is in the great majority of cases a 
straightforward operation, and postoperative care 
simply involves the comfort of the patient and the 
avoidance of complications. The effectiveness of treat
ment can only be assessed by long-term follow-up, 



taking into account the recurrence rate observed over 
a period of up to ten years. 

1. Postoperative Analgesia 

Over the first 24 hours the patient requires some relief, 
usually achieved by oral or parenteral analgesics. 
Buprenorphine chlorhydrate (Temgesic) is administe
red sublingually, intramuscularly or intravenously (0.3 
mg six to eight hourly). Propacetamol chlorhydrate 
(Pro-dafalgan) is given in a dose of 1 g eight hourly. 
Occasionally subcutaneous morphine (20-40 mg over 
24 h) may be required. Sinclair has suggested the use 
of a lignocaine spray before closing the wound, in 
order to reduce postoperative analgesic requirements. 
Epidural Fentanyl has the major disadvantage of pre
venting early ambulation. For children, Hinkel has 
suggested a percutaneous inguinal nerve block. 

2. Prevention of Thromboembolism 

This is best achieved through early ambulation, but 
anticoagulants are indicated if there is a preceding his
tory of thromboembolism, varicosities or oral contra
ception. Prophylaxis begins on the eve of operation for 
high risk subjects, two hours postoperatively for the 
others. Calcium heparin or low molecular weight 
heparin are the usual agents, as they require only three 
injections in 24 hours. In patients who are already 
anticoagulated, heparin is injected continuously by an 
infusion pump, in order to calculate the exact dosage. 
This treatment does not in our experience increase the 
rate of hemorrhagic complications. Patients with no 
history of thromboembolism do not require anticoa
gulation provided that they ambulate early, as is the 
case with all those undergoing day surgery. 

3. Antibiotics 

Routine antibiotic cover is unnecessary if the condi
tions for operation are good, in a healthy patient, even 
if prosthetic material is used. A prosthetic repair in a 
patient with a risk of sepsis, with an artificial heart 
valve or a prosthetic joint replacement, should be 
covered by a preoperative bolus dose of a cephalospo
rin or vancomycin. Incidental risks occurring during 
operation such as opening the GI tract or the bladder 
require postoperative wide spectrum antibiotic pro
tection against gram negatives and anaerobes. 

4. Ambulation and Length of Hospital Stay 

When the operation is carried out under local anes
thesia the patient can walk back to his room and go 
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home the same evening. Every patient is advised to get 
out of bed on the day of surgery. Oral feeding is 
recommenced according to the type of anesthesia and 
requires no special consideration in hernial repair. 
Hospital stay varies with national custom, but the ove
rall tendency is to reduce it to a minimum. Since the 
Board of Regents of the American College of Surgeons 
reported on "Out-patient or office surgery as an alter
native to operations in hospital" most American sur
geons have adopted a day surgery policy. In "hernia 
institutes" up to 95% of patients are treated in this way 
(Amid, Gilbert). The guidelines of the Royal College of 
Surgeons of England (1993) estimate that 30% of her
nia repairs can be carried out on a day surgery basis. 
This early discharge policy has not yet become widely 
adopted in France but is already being practiced in a 
number of private clinics. 

As in all types of day surgery, the time of discharge 
is decided jointly by the surgeon and the anesthetist. 
The patient leaves with a supply of analgesics. In cer
tain cases he/she may prefer to stay in a recovery unit 
near to the hospital. The surgical team must be avai
lable by telephone 24 hours in the day during the first 
postoperative days because the contractual responsi
bility of the surgeon is the same as with patients who 
are admitted for longer. The patient and his relatives 
must be fully informed of the circumstances. Many 
publications (Farquharson, Bellis, Lichtenstein, 
Teasdale, De Bruin, Mejdahl) have shown that day 
hernia surgery, which is now almost the rule in the 
United States and Britain, has no adverse effects either 
as regards postoperative morbidity or the quality of 
results. At the same time the new ideas in patient 
management require rethinking of traditional care, 
and the personal involvement of the surgical team, as 
well as re-education of the patient. 

It goes without saying that the stay in hospital may 
be prolonged under certain circumstances. These 
include suction drainage, (which reduces the fre
quency, number of and duration of drains), intestinal 
resection, the elderly, unfit or anxious patient, and 
unsatisfactory home circumstances. Local factors 
include the type of operation (in particular the length 
of the incision) the size of the prosthesis and whether 
or not the procedure has been bilateral. In France the 
mean hospital stay has been shortened over the last 
ten years. In our personal practice it has been reduced 
from seven days for herniorrhaphy and 10.3 days for 
large bilateral prostheses (in 1980) to one or two days 
for herniorrhaphy and two to four days for prostheses 
(in 1993). The use of intradermal absorbable sutures 
avoids the need for a consultation on the eighth day. 
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Staples may be loosened on the first postoperative day 
and removed between the third and sixth day. Skin 
stitches are removed at around the eighth day. 

At the beginning of the modern era of hernia sur
gery Halsted (1889) kept his patients in bed for 21 
days and even questioned whether they should be 
allowed to walk at that time. In 1945 the publications 
from the Shouldice Hospital produced a radical 
change of policy by recommending early return to 
activity for all patients, but in 1990 their patients were 
hospitalized for three days after a unilateral repair 
and five days after bilateral surgery. Kux (1994) 
reports hospital stays of six to eight days in Austria, 
eight days in Germany, six to eleven days in France. 
Since then however these periods have been sharply 
reduced and in specialist units do not exceed two to 
three days. 

5. Resumption of Activities and Work 

This is the question most often put by the patient. As 
far as resumption of activity is concerned we should 
repeat that it can be as early as the comfort and men
tal attitude of the patient allow. We feel that a hospital 
stay of two or three days allows the patient to resume 
a number of daily activities under medical supervi
sion and encouragement, in a supportive environ
ment, whereas immediate discharge, even with written 
recommendations, does not perhaps encourage such 
a rapid return to independence. As regards return to 
work we feel, as do most surgeons, that it should be 
related to the patient's profession, bearing in mind 
that it will depend very much on the advice and medi
cation supplied by the general practitioner and occu
pational physician. In a controlled study by Adler 
(1978) a short hospital stay was associated with a short 
period off work. In the United States office work is 
resumed at the end of 48 hours to two days and more 
strenuous activities at between the 15th and 30th post
operative day. 

The Shouldice Hospital patients go back to work 
between the eighth day and the fourth week 
[Bendavid 1994). In the U.K. [Barwell1981J salaried 
employees returned to work 35 days postoperatively 
while manual workers returned between the seventh 
and twenty-first day. In France, the mean time off 
work in 1975 was 60.9 days [SourniaJ.1t seems reaso
nable to adapt the period of unemployment to the 
patient's requirements and to advise sedentary wor
kers to be off work for ten to fifteen days and manual 
workers for 30 to 45 days. Semmence (1980) gives a list 
of the socio-economic factors which prolong time off 

work. These include strenuous work, an incapacitated 
or weak patient, family problems, among the most 
notable. One should also mention a study by Bourke 
in 1981 which showed that recurrences are no more 
frequent when work is resumed early. In conclusion, 
and to argue scientifically in favor of early resumption 
of work, we should recall that following herniorrhaphy 
the inguinal structures regain 70% of their strength 
immediately, which continues up to the eighth week, 
which is then followed, according to Lichtenstein, by a 
period of weakness. 

6. Early Postoperative Complications 

The overall morbidity rate including all types of sur
gery and all local and general complications, lies at 
around 6 and 7%. 

a) Hematomas 

Their frequency is at around 2%. They are prone to 
occur following extensive dissections by the inguinal 
route, for a bulky hernia. In contrast, dissection of the 
abdominal wall and anticoagulant prophylaxis do not 
seem to increase the risk. Certainly, careful hemosta
sis should always be maintained. 

Small collections may lead to disruption of the skin 
incision, with delayed healing. True inguinal hemato
mas, the frequency of which was 1.9% in the AFC 
inquiry of 1984 (Houdard and Stoppa) if they are 
large, require removal of clots under general or local 
anesthesia, with careful aseptic precautions. Scrotal 
hematomas appearing two or three days after surgery 
are extremely conspicuous and unsightly when large, 
and aspiration or removal of clot is disappointiilg as 
the collection frequently recurs. They may eventually 
lead to excision of redundant scrotal tissue due to 
functional problems and discomfort. Some surgeons 
have advised elective resection of very distended scro
tums, in order to lessen the risk of these sero-sangi
nous collections. 

The posterior preperitoneal route occasionally gives 
rise to a hematoma in the abdominal wall, usually of 
no significance but which may lead to displacement of 
an inadequately fixed prosthesis. Salinier (1983) 
advises following these intraparietal hematomas by 
means of serial ultrasonography. 

b) Wound Infection 

This varies in frequency from 0.7 to 6% of patients, 
according to circumstance. Its incidence is 1.4% in the 
AFC Series [Houdard & Stoppa 1984J. It may follow a 
hematoma, certainly its frequency rises with emer-



gency operations or when other procedures are car
ried out simultaneously. Marsden (1962) observed a 
6% incidence of infection when appendectomy was 
combined with hernia repair. It is favored by diabetes 
or immuno-suppressed states. The use of prosthetic 
material does not increase the risk of infection but 
makes it more difficult to treat. The degree of severity 
of sepsis is determined by the extent of its spread and 
its future course. Following an inguinal herniorrha
phy, infection is usually easy to control by debride
ment of the wound. The problem usually resolves in a 
few weeks, but there is a risk of late recurrence of the 
hernia. When infection follows the use of prosthetic 
material, a distinction must be made between superfi
cial sepsis, which usually subsides as in the previous 
case, and infection of the prosthesis itself, which car
ries the risk of septicemia. Precise diagnosis and early 
treatment is crucial in both cases, but particularly in 
the second. Drainage of any collection of pus is essen
tial, associated with systemic antibiotics and prolon
ged maintenance of local care of the wound. A good 
means for early diagnosis of deep sepsis is to monitor 
the progress of the intraparietal collection by means 
of ultrasound. It is usually unnecessary to remove the 
prosthetic material, whatever route was used to intro
duce it, but simply to expose it widely, to irrigate the 
wound and to encourage progressive incorporation of 
the prosthesis, although this may require a prolonged 
stay in hospital. Because of the risk of infection, pros
thetic material should not be used in patients who are 
poorly prepared for operation or operated on as emer
gencies, or if there is any associated septic procedure 
such as resection of the bowel or prostate. 

c) Hydrocele 

This is promoted by dissection of the distal spermatic 
cord or by leaving the lower part of an indirect sac 
within the scrotum. Serous collections in the scrotum 
or groin have been reported following the use of a 
polypropylene prosthesis. Houdelette has described 
the same problem with a bilateral Mersilene prosthe
sis, although this is something we have not encounte
red. These collections may be aspirated, or if they 
recur may require more definitive surgery. 

d) Ischemic Orchitis 

This presents between the second and fifth day as a 
testicle which is increased in volume and sensitivity. 
Palpation of the testis, epididymis and spermatic cord 
reveal loss of elasticity, with testicular retraction. The 
symptoms last for a variable time and may develop 
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over several months either by a return to normal or by 
progress towards complete atrophy, as occurs in half 
the cases, particularly after repair of a recurrent her
nia. The frequency reported by Wantz in several publi
cations (1982 to 1991) is around 1% but rises to 3% 
after treatment of a recurrent hernia. However 
Schumpelick (1984) reports a frequency of 2% after 
primary repair and 2 to 10% after repair of recurrent 
hernias. Ischemic orchitis never leads on to septic 
necrosis. It is an aseptic process which both clinical 
examination and Doppler flowmetry show to occur 
because of trauma to the lower part of the pampini
form plexus, much more often than from injury to the 
testicular artery. 

There is no known treatment for ischemic orchitis. 
Antibiotics and steroidal and nonsteroidal anti
inflammatory drugs have no proven effect. Prevention 
consists essentially in avoiding all traumatic dissec
tion of the cord, particularly below the level of the 
pubis. Blunt dissection must in particular be avoided 
as it is particularly traumatic for the veins. Use of the 
preperitoneal route does not give rise to this trauma 
and should be used in multi-recurrent cases or in 
patients with a past history of a scrotal operation such 
as vasectomy or resection of the tunica vaginalis. 
Arising from these principles, it is probably wise to 
avoid repairing a bilateral indirect inguinal hernia if 
an indirect sac has been excised as a first stage, for fear 
of producing bilateral testicular atrophy. It is better to 
delay the contralateral operation for a year, because 
late testicular atrophy has been reported (Wantz). It 
should be remembered that the preperitoneal abdo
minal route completely obviates this complication. 

e) Urinary Complications 

Postoperative retention of urine, signaled by com
plete anuria for more than six hours in the presence 
of an enlarged bladder, seems to be more frequent 
following spinal anesthesia, the use of atropinelike 
drugs and over zealous postoperative analgesia. In 
patients over 60 retention is frequently due to pros
tatic enlargement, which should have been detected 
by the history and rectal examination before the ope
ration. Prevention consists in anti-prostatic medica
tion or elective resection before the hernia is treated. 
Treatment of established acute retention includes 
administration of drugs such as dihydro-ergocryp
tine (Vasobral) 2-4 mg by mouth, in minor cases. If 
the problem persists then a urethral catheter should 
be passed and left in place for at least 24 h, covered 
by antibiotics, because of the considerable risk of 
iatrogenic urinary infection. Retention of urine par-
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ticularly complicates hernia repair by the anterior 
route, in elderly men, in some 30% of cases [Haskill 
19741· 

f) Thromboembolism 

The femoral vein risks injury because of transfixing 
sutures, contusion or constriction, in any operation in 
the neighborhood of the pectineal (Coopers) liga
ment, or the femoral sheath (for example in the McVay 
operation 1.2%). The risk is considerably less when a 
prosthesis is inserted by the posterior route. 
Phlebography has demonstrated a number of over
looked cases of venous constriction following the 
McVay operation [Lankau 19751. Established femoral 
thromboses may extend into the iliac veins or inferior 
vena cava and be complicated by a pulmonary embo
lus. They need to be treated with full anticoagulant 
doses of heparin. Marsden (1960) reports a mortality 
of 0.5% in the 1% of thromboembolic complications 
seen in a series of 2,254 hernia repairs. Several other 
series report similar figures. 

g) Respiratory Complications 

Broncho-pulmonary infection may follow hernia 
repair much as in any surgical procedure involving an 
incision in the abdominal wall. Those most at risk 
include aged patients and those with chronic respira
tory problems. Massive inguino-scrotal hernias 
impose an additional risk. Re-introduction into the 
peritoneal cavity of a large visceral mass interferes 
with diaphragmatic movement and raises intra-abdo
minal pressure. In the case of a complicated hernia, 
induction of a preoperative pneumoperitoneum as 
described by Goni-Moreno may be considered. 
Physiotherapy is of great use in preventing these com
plications. 

h) Gastrointestinal Complications 

Postoperative intestinal obstruction is almost unk
nown following hernia repair by the inguinal route. 
With a posterior repair, loosening of the peritoneal 
suture of the hernial neck may on rare occasions be 
followed by entrapment of an intestinal loop in the 
peritoneal breach thus created. We have only seen one 
such case. 

Postoperative peritonitis is above all seen after ope
rations for strangulated hernia, and particularly follo
wing the highly dangerous procedure of reducing a 
loop of doubtful viability, which subsequently under
goes necrosis. Peritonitis may also result from leakage 
from an intestinal anastomosis. 

i) General Complications 
and Mortality 

As in all types of surgery the preoperative risk may be 
assessed by using the ASA classification, which takes 
into account the age and circumstances of the emer
gency surgery (e.g. strangulation). Above 65, the ove
rall complication rate is higher [Barbier 1989; Nehme 
19831 infections are commoner [Nichelsen 19821, and 
mortality increases with the same ASA grade. The 
lethal risk of strangulated hernia is twenty times 
higher after the age of 60 than before. A study from 
the US Army Heydorn (1990) showed that mortality 
was related to age. Other series emphasize the pro
blems posed by emergency surgery for strangulation 
in respect to complications and death [Stoppa 1989; 
Lewis 19891. The size of the hernia [Stoppa 19891, the 
presence of strangulation and above all the need to 
resect necrosed intestine raise the risk of death from 
20 to 40%, as against 5.2 to 8% where no resection is 
required. Death usually occurs due to pre-existing 
problems or cardiac respiratory and thromboembo
lic complications, in elective repairs. Published mor
tality figures vary from 0 to 1% and underline the 
necessity for careful preoperative assessment of these 
patients. 

As regards the anesthetic risks, local anesthesia is 
certainly safer. Spinal anesthesia carries a high inci
dence of urinary and thromboembolic complications 
[Guillen 19701. The risks of general anesthesia have 
been greatly reduced by careful selection of patients 
and the introduction of newer anesthetic agents (see 
above). 

H. Late complications 

1. Sequelae 

a) Testicular Atrophy 

Testicular atrophy may occur at any stage after repair 
of an inguinal hernia. It is the most frequent cause for 
legal actions for damages, as quoted by the medical 
defense organizations. One case of ischemic orchitis 
out of two leads to late testicular atrophy. The opera
tion causing the problem has always been via an ante
rior inguinal approach, no case of testicular atrophy 
has yet been reported following repair via the abdo
minal route. The problem has been intensively studied 
by Wantz, who reports an incidence of 0.9% in a per
sonal series of 2,240 primary repairs by the Shouldice 
method (1982). In another series he reports a 3% inci
dence for recurrent hernias. Wantz attributes the pro-



blem to trauma to the spermatic veins in the lower 
part of the cord during dissection of a scrotal hernial 
sac. He feels that division of the testicular artery is 
much less important and that compression of the cord 
by the reconstituted inguinal ring is an impossibility. 
The higher frequency of testicular atrophy following 
repair of recurrent hernias is explained by difficulty in 
freeing up the cord from the scar tissue. Some cases of 
bilateral testicular atrophy have been reported, which 
lead to legal actions against the surgeon of a punitive 
nature. Prevention of testicular atrophy is achieved by 
avoiding dissection of the cord below the level of the 
pubis, leaving behind the distal portions of indirect 
sacs within the scrotum (as already advised by 
Fruchaud 1956) and the use of a posterior abdominal 
approach in all patients who have had a previous scro
tal operation [Wantz 19821. Testicular atrophy which is 
painful or is suspected of having undergone mali
gnant change should be treated by orchidectomy and 
insertion of a testicular prosthesis, following full dis
cussion with the patient. 

b) Chronic Postoperative Pain 

A century ago, the condition known as "meralgia 
paraesthetica", in the distribution of the lateral cuta
neous nerve of the thigh, was independently put for
ward by three German surgeons namely Roth, 
Bernhardt and Freud (1895) as a sequela of a repair 
operation carried out through the groin. The initial 
enthusiasm for neurectomies and neurolyses has 
diminished to the point where such operations are 
only very occasionally practiced. The frequency of 
postoperative pain of neurological origin has been 
assessed at 5% following repairs through the inguinal 
route at 3% in the AFC series [Houdard & Stoppa 
19841 and 5% independently by Gilbert Moosman and 
Wantz. While herniorrhaphy via the inguinal route, 
particularly in recurrent cases, predisposes to this 
problem, the use of prosthetic material seems not to 
affect the issue. In certain cases a psychological pro
blem has been unearthed, hence the recommendation 
to carry out a full neurological examination of the 
complaining patient, to make an unbiased differential 
diagnosis and to be very cautious in electing to carry 
out a further surgical operation. Recent reviews of the 
question include those of Wantz (1986), Chevrel and 
Gatt (1991) and Starling (1994). We should bear in 
mind Chapter 1 of this work, which describes the 
nerve supply of the region represented by the 
branches of the genitofemoral, ilioinguinal and ilio
hypogastric nerves. From the differences between the 
observations of Moosman (1977) and those of Chevrel 
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Fig. 9.21. Postmortem dissection of the genital nerves. The abdo
minopelvic branch of the iliohypogastric nerve (above) (1) 
pierces the internal oblique and then joins the spermatic cord. 
The genitofemoral nerve can be seen to enter this region via the 
deep ring of the inguinal canal (2) (courtesy of J. P. Chevrel and 
J. Salama) 

(1982) there arise important variations in the topo
graphy of the superficial nerve plexuses, which luckily 
have the capacity to compensate over time for loss of 
a particular branch (Fig. 9.21). But these anatomical 
variations oblige the surgeon to take great care to iso
late and protect these fine filaments during the course 
of the superficial dissection. The inguinal approach 
inevitably involves passing through the superficial 
network of nerves in order to reach the hernial defect 
and there are certain stages in this approach at which 
the nerves are at risk. These include the incision and 
subsequent repair of the external oblique aponeurosis 
(iliohypogastric nerve), the division of the cremaster 
muscle bundles and the internal spermatic fascia and 
funicular artery (genital branch of the genitofemoral 
nerve), and the dissection of an indirect sac (ilioin
guinal nerve). These nerves may be cut, coagulated, 
stretched, included in a ligature, secondarily involved 
in scar tissue, or irritated by contact with an infected 
focus. 

According to Chevrel (1982) there are four types of 
neuralgia which in most cases are accompanied by 
thymic troubles and disorders of behavior such as 
absenteeism and familial isolation, depending on the 
psychological type. 

Pain from a neuroma, which is the one best recogni
zed by surgeons, is due to proliferation of nerve fibers 
around the neural sheath, after partial or total division 
of the nerve. They present as hyperesthesia or hyper
pathia, either fixed or transitory, clinical examination 
reveals an exquisite shooting type of pain in the region 
of the neuroma, resembling that of an electric shock. 
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Complete or partial section of a nerve, or inclusion 
in a ligature, may produce a deep deafferentation type 
of pain, which is a burning sensation in the corres
ponding distribution, constant but with paroxysms, 
appearing after a latent period of several weeks. 
Examination initially reveals an area of anesthesia in 
the corresponding territorial distribution, surrounded 
by a hypo esthetic zone, which is progressively repla
ced by hyperesthesia. There is no sharp pain produced 
by contact but some degree of dysesthesia which 
becomes spontaneously painful. 

Some reported pains are due to irritation of a nerve 
without interruption of its continuity, because of 
involvement in a fibrous mass or a ligature. This pro
duces a type of permanent hyperalgesia without 
reported paroxysms, in the corresponding cutaneous 
zone. 

The third pain is due to a lesion at some distance 
from the nerve concerned. This can be muscular 
because of the inflammatory granuloma (visceral 
intestinal adhesions in the stump of the peritoneal 
sac). Reference to the particular zone of skin affected 
is explained by a failure of integration of the centri
petal stimuli to the spinal cord, because of superim
posed messages from one dermatome or "viscero
tome". It produces a fixed hyperalgesia without 
paroxysms in an area which may affect various der
matomes. On examination the hyperesthesia or 
hyperpathia may be accompanied by contractions. 

Apart from neuromas, the diagnosis and treatment 
of which are the concern of the surgeon, the clinical 
picture of these types of pain should be discussed 
with a specialist in pain relief where the various com
ponents of this symptom complex can be better sor
ted out and analyzed. 

Intraoperative prevention involves the careful iden
tification of the three nerves at risk of injury, and 
protecting them. This is not always easy in the case of 
recurrent or re-recurrent hernias. 

Postoperative pain should not be ignored and early 
treatment with analgesics such as paracetamol, ami
dopyrine, and nonsteroidal anti-inflammatories, 
should be provided, supplemented if necessary with 
anxiolytics and muscle relaxants. There are some who 
advocate that this treatment should be given pros
pectively rather than on demand. Medication should 
be adapted to the type of pain experienced by the 
individual patient. 

Neuromas respond to infiltration of local anesthe
tic and steroids. When the diagnosis is clear, early 
operation to divide and coagulate or to free up the 
proximal segment may be indicated. Deafferentation 

pain is relieved by TNS or anticonvulsants for 
paroxysmal attacks. Injections of anesthetics and ste
roids may also be useful. Referred pain may require 
chemical neurolysis of the peripheral nerve, nerve 
trunk or root, guided by local anesthesia. TNS again 
may be indicated. 

It should be remembered that apart from those rare 
cases where a neuroma can be diagnosed early and 
with confidence, surgery is on the whole contra-indi
cated. It is essential to look at the problem as a whole, 
because central mechanisms may sustain and prolong 
the physiopathology of the pain, which will then per
sist even after successful treatment of the peripheral 
lesion. This situation will require specialized medical 
measures lOchs 1987]. 

In the series of 47 patients reported by Chevrel 
(1991) eleven were cured, 22 were 50-85% improved, 
five patients with deafferentation pain were failures 
and three depressed patients were lost to follow up. 
Only six patients required reoperation for a neuroma, 
with five successes and one failure. It was noteworthy 
in this series that the patients who were cured and 
improved were younger than the others, that depres
sion increased the difficulties of treatment, that acci
dents at work did not seem to predict a poor result 
and that hasty and ill-considered re-operation often 
resulted in failure. This latter point is confirmed in the 
literature [Siegfried 1984; Lewis 1987; Demierre 1989]. 
In spite of the multidisciplinary approach recommen
ded by Chevrel and Gatt, abolition of neurogenic post
operative pain, particularly of the deaferrentation 
type, can never be guaranteed, and this problem often 
leads to difficulties in the relationship between the 
surgeon and his patient. 

c) Painful Ejaculation 

This is a syndrome recently described from the 
Shouldice Hospital by Bendavid (1992). The author 
reports some 30 patients who experienced burning 
pain along the spermatic cord lasting for several 
seconds, following hernia repair by the inguinal route. 
No treatment was really helpful, and the pains conti
nued for from two months to five years. The probable 
explanation is reflux of ejaculate up the vas deferens 
with distension proximal to a stenosis or a kink due to 
scarring. According to Bendavid the incidence of the 
syndrome is around 0.04%. 

d) Migration of the Prosthesis 

Together with Warlaumont (1982), we reported two 
cases of late intravesical migration of prosthetic 



material following combined hernia and prostatic 
surgery. This has led us to advise very firmly against 
this type of combined surgery, advice which is confir
med by the observations of Chevalier (1987) and 
Lauriere (1991). 

e) Late Infectious Complications (fistulae) 

These were common up to the 1970S, when silk and 
other absorbable materials such as braided nylon, 
were in use. They are practically never seen today, as 
we now use slowly absorbed monofilament materials. 

The extent to which plugs, sometimes of conside
rable size, are tolerated, seems quite inexplicable, as 
these are foreign bodies which are never completely 
incorporated, particularly as regards the central por
tion of cylindrical plugs. A late and serious type of 
infectious complication, fortunately rare, is osteitis 
pubis, which is probably the result of deep sutures pas
sing through the pubic spine, which should always be 
avoided. The pain resulting from osteitis pubis is 
severe, and can be confirmed by the characteristic 
radiological signs. 

Treatment is difficult and is liable to end up in 
extensive destruction of the pubic bone with weake
ning of the surrounding inguinal area, which may be 
followed by progressive eventration. 

2. Problems with Re-operation Following 
Retromuscular Prosthetic Repair 

The efficacy of these materials depends on their incor
poration in scar tissue, which leads to the almost total 
disappearance of the retroparietal spaces of Bogros 
and Retzius over their whole extent. This fibrosis may 
make subsequent dissection difficult if it becomes sur
gically necessary, the difficulties varying with the type 
of prosthesis, whether it is uni- or bilateral, and the 
type of re-operation required. However, these difficul
ties do not cause problems when the further surgery 
involves an intraperitoneal organ. 

a) Surgery for 
Benign Prostatic Hypertrophy 

Access to the retropubic space may be prevented by 
fibrosis in the cave of Retzius. We have encountered 
two cases of fibrosis in this area following dislocation 
of the pubic symphysis complicated by suprapubic 
herniation, and had recourse to subperiosteal dissec
tion in order to insert a retromuscular prosthesis. 
Access to the prostate by the transvesical or endosco
pic routes, which are nowadays the usual method, is 
unimpaired. 
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b) Surgery for Prostatic 
or Vesical Malignancy 

Total cystectomy or prostatectomy is usually carried 
out transperitoneally, and a supplementary subpe
riosteal retropubic dissection will resolve most of the 
problems. It should be noted that when a unilateral 
prosthesis is inserted via the inguinal, suprainguinal 
or midline subumbilical route, these subsequent diffi
culties in dissection of the cave of Retzius can largely 
be avoided. 

c) Surgery of the External Iliac Vessels 

Insertion of a large uni- or bilateral prosthesis may 
lead to a considerable degree of perivascular sclerosis, 
which may seriously hamper subsequent vascular sur
gery, heterotopic organ transplant or clearance of iliac 
lymph nodes. Founded on our operative experience, 
and confirmed by cadaveric dissections, our advice is 
to suggest combining the transperitoneal and parape
ritoneal routes of access, beginning the dissection of 
the vascular pedicle in its proximal, undisturbed seg
ment. The other solution, clearly, is to use an extra
anatomic form of bypass, when possible. We would 
also emphasize the need to foresee and avoid the dif
ficulties involved in subsequent surgery. Thus when 
considering candidates for the insertion of a large 
prosthesis, it is necessary to eliminate those at high 
risk for subsequent surgery, such as patients with 
prostatic hypertrophy, bladder tumors, high levels of 
PSA, occlusive or aneurysmal disease of the aorto-iliac 
segment, etc. This list of contra-indications is founded 
upon simple common sense. Attention to one techni
cal detail may obviate the development of perivascu
lar sclerosis. There is a constant sheath of tissue sur
rounding the retroperitoneal segment of the elements 
of the spermatic cord, and if the integrity of this 
sheath is preserved in order to protect the external 
iliac vessels from direct contact with the prosthetic 
material, then this may keep them free from subse
quent fibrosis. To achieve this, however, it is important 
not to cut a slit in the prosthesis to allow passage of 
the elements of the cord, because this involves direct 
contact between the foreign material and the vessels. 
As regards fibrosis in the cave of Retzius, it should be 
possible to foresee and at least partially prevent this by 
preserving the integrity of the fascia between the 
umbilicus and the bladder, during the sub umbilical 
median approach, which will allow one if necessary to 
dispense with the retrofascial plane of cleavage. 
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I. Special Problems 

The aspects of the problem which should prompt the 
surgeon to re-examine his technique, are as follows. 
They bear witness to the broad variation between the 
types of groin hernia. 

1. Irreducibility 

Irreducibility is a fairly common finding in indirect 
inguinal and femoral hernias (between 10 and 20% 

according to Condon and Nyhus 1995). Irreducibility 
is an important feature because a considerable pro
portion of these patients will proceed to obstruction 
and strangulation, with a increasing risk of morbidity 
and mortality. Manual reduction should be attempted 
very gently, but is useful in distinguishing between 
complete and partial irreducibility. In the first case, 
even if the hernia is small, and particularly if it is of 
the femoral variety, the signs of strangulation must be 
carefully sought. In the second case, and particularly 
if there is a bulky hernia, the findings suggest a sliding 
hernia, not necessarily incarcerated. A persistent 
cough impulse is helpful in excluding the diagnosis of 
strangulation. Successful reduction of an incarcerated 
hernia is of benefit, because it allows operation to be 
carried out 24 hours later, when the condition of the 
patient is improved. Sudden disappearance of an 
incarcerated mass without the characteristic gurgling 
sound is an alarming finding, that may represent a 
"reduction en masse", which requires immediate lapa
rotomy. 

2. Bruising 
around the Hernial Site 

This is a rare complication, confined to inguinal her
nias. It must be recognized because of its potentially 
serious significance, which can be avoided by a well 
performed operation. It may result from various inju
ries including a visceral hematoma, perforation or 
complete rupture of the intestines, a tear in the omen
tum, rupture of the hernial sac or of the spermatic 
cord. Bruising resulting from traumatic attempts at 
reduction should be a thing of the past. In practice, 
there are two clinical pictures. 

One represents a pseudo strangulation, which may 
lead to re-exploration via the inguinal route, later 
extended into a laparotomy, and the other is a picture 
of generalized peritonitis where the need for laparo
tomy is obvious in order to diagnose and treat the 
lesion. 

3. Problems with Trusses 

Provision of a truss may be justified in certain cases 
such as in the control of an easily reducible hernia, as 
a short term measure, where operation has been 
delayed for some reason such as correction of co-mor
bidity, or during the third trimester of pregnancy, or 
as a long-term measure in the case of an elderly 
patient. This latter is not a credible policy, because 
nowadays procedures are available which are suitable 
for all ages and all degrees of frailty, that can provide 
permanent comfortable containment of the lesion, 
whereas a truss can never guarantee permanent 
reduction. It must also be emphasized that wearing a 
truss increases the risk of complications which may 
lead to emergency surgery [Nyhus 1995]. A truss 
increases the risk of strangulation by compressing the 
lymphatics and veins in a small sac whose contents 
may be difficult to reduce, while at the same time the 
pressure exerted on the margins of the hernial orifice 
may cause it to swell. Any increase in the volume of the 
hernia makes subsequent repair more difficult. 

4. Strangulation 

This implies interruption of the blood supply of the 
contents of the sac. The usual strangulating agent is 
the neck of the sac, whether inguinal or femoral. Any 
sudden increase in the volume of the contents leads to 

Fig. 9.22. Strangulated hernia with W-shaped arrangement of 
the involved bowel segments [Quenu & Perrotin 1955] 



stasis in the lymphatics and veins, and thus increases 
the pressure at the neck. This is followed by arrest of 
the arterial circulation. Strangulation may be partial 
and lateral (Richter's hernia) or total, which comple
tely obstructs the lumen of the bowel and produces 
early signs of intestinal obstruction (Fig. 9.22). 

The percentage of strangulated hernias was 8% of 
those operated upon in the French Association of 
Surgeons series (1984) and 8.9% in my personal series 
reported byWarlaumont (1982). 

The guidelines laid down by the Royal College of 
Surgeons of England (1993) report that the annual 
incidence of strangulation of inguinal hernia was esti
mated at 0.3 to 2.9%, with a higher risk during the first 
three months following appearance of the hernia. 
Femoral hernias presented to the surgeon as a case of 
strangulation in 34 to 51% of cases, as against 10% for 
inguinal hernias. Direct inguinal hernias strangulate 
ten times less often than do indirect, but the clinical 
distinction between direct and indirect hernias is 
rarely possible. Even among experts there is only a 
69% accurate correlation. 

The timing of strangulation is very difficult to esta
blish because of the frequent absence of clinical signs, 
particularly in the case of femoral strangulations. 
Diagnosis is especially difficult in the case of a 
Richter's hernia, where there are no signs of obstruc
tion. 

These facts should discourage attempts at manual 
reduction, even in young patients, in order to avoid 
reduction en masse, returning a necrotic loop of intes
tine to the peritoneal cavity or bruising the contents of 
the sac. Patients suspected of strangulation should be 
operated upon as a matter of urgency. 

However, the urgent situation does not absolve the 
surgeon from careful preoperative preparation and 
choice of anesthesia, in conjunction with the anesthe
tist. 

Operative Technique 

The incision is made along the long axis of the hernial 
protrusion for both inguinal and femoral hernias. The 
essential steps of the operation include identification 
of the sac and its opening, being careful to protect the 
wound from any septic contents. The neck must be 
freed up, taking care to avoid damaging the epigastric 
vessels, dividing the inguinal ligament or the iliopubic 
band. The contents are examined, which may include 
omentum (this can be removed if it is infarcted) or 
small intestine, which should be widely exposed in 
order to evaluated its state. Estimation of intestinal 
viability is extremely important and a loop should 
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only be returned to the abdomen if it recovers its color 
and peristalsis. Otherwise, a wide resection and end to 
end anastomosis, carried out through healthy bowel, 
is the wiser course. Once the sac and its contents have 
been dealt with, the abdominal wall should be repai
red by the simplest possible means, bearing in mind 
the potentially infective nature of the operative field 
and the state of the patient. 

There is much to be said in favor of leaving the skin 
open. Stewardson [in Nyhus 1978] reported a 60% 
incidence of wound infection following intestinal 
resection. Recently published short series, however, 
suggest that there is now no increased mortality or 
morbidity following the use of a prosthesis, so that 
prosthetic materials should perhaps be more extensi
vely used in strangulated hernias, although this was 
previously regarded as an absolute contra-indication. 
In a recent open discussion in the French Academy of 
Surgeons, following a paper by Henry (1994), we sug
gested that prostheses should only be used in the 
treatment of strangulated hernia when there was com
plete absence of identifiable sepsis, the surgeon was 
well experienced, small amounts of prosthetic mate
rial were used, and the supporting services were of 
high quality. 

Surprising situations may occur. The sac may 
contain normal intestine. Before reducing the loop one 
should carry out a wide exploration of the intestine in 
order not to miss a retrograde strangulation, (W-sha
ped hernia or a double sac, i.e. an external sac contai
ning a normal loop of intestine and a preperitoneal 
sac with strangulated contents). Preperitoneal hernial 
strangulation is rare but is almost always followed by 
reduction "en masse" of the sac and its contents, which 
remain strangulated by the rigid peritoneal ring. 
Under these circumstances, one should not hesitate to 
convert the herniotomy into a "hernio-Iaparotomy", if 
necessary via a separate laparotomy incision. In prac
tice, the physical findings should be carefully assessed, 
and no reduction undertaken without total unders
tanding of the situation. The situation has a grave pro
gnosis because of the element of intestinal resection; 
also the average age of the patients is higher and ove
rall management more difficult because of the emer
gency circumstances. The adult mortality for strangu
lated hernia has scarcely changed over the last 60 
years and remains at around 13% [Frankau 1931; Vick 
1932; Requarth 1948; Hjaltason 1980; Andrews 1981; 
Flament 1987]. 

Hernial phlegmon represents a late stage of stran
gulation which nowadays is rarely seen (0.6% in the 
French Association of Surgeons Study). It represents a 
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feco-purulent mass, which occasionally breaks out 
through the skin, but more often leads to death. Three 
methods of treatment have been proposed [Detrie 
1970]. Wide incision of the phlegmon does not lead to 
a cure and is no longer defensible. An alternative is to 
carry out a bypass anastomosis which excludes the 
necrotic loop. This is accomplished in two stages, a 
preliminary laparotomy followed later by debridement 
of the phlegmon. Although some success has been 
reported, the postoperative course is prolonged and 
beset with problems. The most radical solution, which 
has nonetheless given one or two successes, consists in 
an abdominal approach which divides the intestine 
and restores continuity, followed by an inguinal inci
sion which removes the necrotic loop and cleans up 
the infected area, leaving in place a large drain, with 
no attempt to repair the abdominal wall. The morta
lity of feco-purulent hernial phlegmon was 66% in the 
series reported by Warlaumont in 1982. 

5. Femoral Hernias 

This type of groin hernia represents some 5% of the 
total, or n% according to Devlin (1988). They are sur
gically important because of their tendency to stran
gulate, which is higher than with inguinal hernias, and 
still carries a mortality. Classical herniorrhaphy gives 
poor results, so that it is appropriate to review briefly 
the pathological anatomy. 

The classical anatomical description states that 
femoral hernia is a direct hernia through the femoral 
ring in the transversalis fascia , medial to the femoral 
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vessels, under the iliopubic band and the inguinalliga
ment. The femoral septum maintains the integrity of 
the deeper layers, together with fatty and lymphatic 
tissue. Logically, therefore, repair should involve the 
tendino-fascial structures, which are approached with 
equal ease via the femoral or the inguinal route. 
According to Lytle (1953) the true hernial orifice is not 
at the femoral ring but lies considerably more distally, 
at the lower end of the femoral canal, near to the ter
mination of the long saphenous vein (Fig. 9.23). 
Femoral hernias are therefore of the indirect type, 
crossing the abdominal wall through the femoral 
canal, as a result of the double structure of 
Gimbernat's ligament, which has both tendinous and 
fascial origins. 

This concept results in simplification of surgical 
treatment of femoral hernia, by an approach to the 
superficial femoral orifice, which is the structure res
ponsible for strangulation and need only be repaired 
by simple suture, if necessary under local anesthesia. 
Fruchaud considers that the femoral ring is a com
partment of the "musculo fascial hole" and the femo
ral canal forms part of the abdomino-femoral inves
ting fascia. He considers that, in common with all 
other groin hernias, total repair of the musculo-pecti
neal orifice in the deep part of the inguinal area is 
essential, for example by the McVay operation. 

From these conflicting anatomical concepts there 
has arisen a degree of uncertainty as to the principles, 
the choice and the method of carrying out a surgical 
repair. The mechanism of the ordinary type of femo
ral hernia is multi-factorial, particularly when com-
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Fig. 9.23. Lytle's concept (femoral hernias) . a The femoral hernial orifice; A femoral canal without hernia; B femoral canal contai
ning a hernia with the distal hernial ring medially bordered by the Gimbernat's ligament [Lytle (1 961) Proc R Soc Med]. b Duality 
in the constitution of the Gimbernat's ligament [Madden (1989) Saunders, Philadelphia] 



paring the differences between men and women. The 
broader pelvis in the female gives rise to an enlarge
ment of the vascular compartment beneath the ingui
nalligament and the increased frequency in elderly 
women is explained by the senile atrophy of the iliop
soas muscle, coupled with the ageing of the ligamen
tous structures such as the iliopubic and ileopectineal 
bands. In certain cases there is added the traction 
effect of a lipomatous mass in the peritoneal cul-de
sac. As in all abdominal hernias, this passive mecha
nism is increased by factors which raise intra-abdo
minal pressure such as obesity or severe emaciation, 
and abdominal distension resulting from conditions 
already described. The usual type of femoral hernia 
lies within the femoral canal, but occasionally weak
ness of the vascular sheath leads to the emergence of 
atypical varieties. These include lateral femoral her
nias which come out beside the femoral vessels 
("Hesselbach hernias" 1906). These are found essen
tially in men, and have a short sac with a wide neck, 
often associated with a lipoma, and appear beneath 
the femoral fascia, and occasionally through it 
(Camera). Prevascular femoral hernias [Teale 1846; 
Fabricius 18951 are contained within the femoral vas
cular sheath in front of the vessels, and are thus of 
small size. Moschowitz (1912) and Turner (1953) des
cribed quite large hernias taking a deep course bet
ween the peritoneal cavity and lateral to the inferior 
epigastric vessels. A few very rare types of hernia 
should be included such as the medial femoral hernia, 
the bisaccular hernia of Astley Cooper, the diverticu
lar hernia of Hesselbach (the sac is contained within 
the femoral canal and emerges through a gap in the 
cribriform fascia) the pectineal hernia of Cloquet 
which crosses the pectineal aponeurosis, and the her
nia of Laugier or medial hernia of Velpeau which 
crosses Gimbernat's ligament sometimes very far 
medially and beside the umbilical artery. Additional 
types include the femorogenital hernia of Cooper 
which develops within the labium majus and finally 
Serafini (1917) described a retrovascular hernia the 
existence of which, already cited in the literature, had 
been denied by Moschowitz. 

The existence of these atypical forms of femoral 
hernia still further complicates the diagnosis which is 
often already rendered difficult because these hernias 
are of small volume and occur in obese patients, often 
without a cough impulse and irreducible. Spangen [in 
Hernia 19951 advocates the use of herniorrhaphy in 
obese women complaining of pain in this area, but in 
whom no hernia is palpable. He finds this method 
sensitive and reliable. In the same clinical circum-
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stances Deitch (1981) finds little use for ultrasound, 
but in contrast Truong and Schumpelick (1994) defend 
its use in patients with a palpable tumor, and also in 
those who have pain of obscure origin with no 
obvious swelling. They find that this method not only 
gives a reliable diagnosis of hernia, but also distin
guishes it from other swellings and causes of local 
pain. However there are certain limitations to the tech
nique, particularly in the case of suspected recurrence, 
where false echoes are common. These overall diffi
culties suggest the wisdom of employing an inguinal 
approach for femoral hernias in order better to iden
tify the lesion and cope with any unexpected features. 
The preperitoneal route is equally effective from that 
point of view. The diagnosis of small hernias is diffi
cult, but in the case of large femoral hernias with a 
long history, there is always the risk of the bladder 
being included, and if there are any urinary symptoms 
a preoperative cystogram is advisable. However the 
possibility of bladder en glissade is one that should be 
borne in mind in every case of femoral hernia. 

The classical surgical treatment of femoral hernias 
can be carried out through three routes. 

The low, femoral, route allows one to define the sac 
up to its neck to verify its contents. This narrow route 
of access does not allow one to deal with chronic 
incarceration nor to close the sac accurately at its 
neck. Clearance of the neck should preferably be car
ried out on the medial side towards the reflected part 
of the inguinal ligament, in order not to injure the 
obturator artery. Closure of the femoral ring is often 
difficult and sometimes inadequate, and tends to take 
up the pectineal fascia and inguinal ligament rather 
than the pectineal ligament and iliopubic band. The 
Lytle method of closing the distal, superficial femoral 
orifice is, however, much simpler. We therefore advise 
this approach as often as possible for small hernias, if 
necessary under local anesthesia, an alternative 
method being the use of a Lichtenstein type of cylin
drical plug. 

The inguinal approach is better adapted for treat
ment of bulky femoral hernias with a neck broader 
than two fingers breadths. Following the usual super
ficial dissection, the transversalis fascia is incised and 
the neck of the femoral hernia can be found within the 
extra peritoneal fat, and drawn upwards, if necessary 
having cleared the lacunar ligament of Gimbernat. 
Any bladder involvement is more easy to identify and 
control via this route. Having dealt with the sac, the 
repair is carried out on the deep femoral ring, approa
ched from above. This can be done either by interrup-
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ted nonabsorbable sutures between the iliopubic band 
and the medial part of the pectineal ligament, or else 
by the McVay technique, completely closing the mus
culo-pectineal orifice, if necessary using a conical plug 
in the femoral canal. 

The suprainguinal route described by Nyhus and 
Reid, or the midline preperitoneal route in the case of 
bilateral hernia, makes possible the suturing of the 
deep femoral ring or the placement of a large prosthe
sis which can be fixed (Rives) or free (Stoppa). 
Unusual varieties of femoral hernia are much more 
easily identified from above and are generally treated 
by a prosthesis. Prosthetic repair is, in particular, the 
only possible method for prevascular femoral hernia 
or bulky recurrences. In a personal series of 185 
uncomplicated femoral hernias, of which 171 have 
been followed up from between two and twelve years, 
the suture operations and McVay procedure gave poor 

results (15% of recurrences), the Lytle operation 6% 
and Lichtenstein plugs 3%, whereas prostheses inser
ted via the inguinal or midline subumbilical route 
gave consistently good results. Our experience 
confirms that of the Shouldice Hospital, where femo
ral recurrences following suture had a mean recur
rence rate of 22%, and there were 75% re-recurrences 
in six cases. The reader will find in Tables 9.16 and 9.17 
the results of the prosthetic techniques. 

a) An Umbrella for Femoral Hernias 

R. Bendavid 

(1) The Source of the Problem 

The difficulties which beset femoral hernia repairs are 
due to the rigid anatomic configurations of the femo
ral canal. Posteriorly the femoral canal is limited by 

Table 9.16. Rate of recurrence offemoral hernias after non-prosthetic repair 

[Schumpelick & Wantz, 1995, according to BendavidJ 

Authors Procedure # Cases 

Ponka Bassini 44 

Bendavid Bassini -Kirschner 251 

Butters Bassini -Kirschner 178 

Glassow Bassini -Kirschner 1,143 

Ponka & Bush Bassini -Kirschner 216 

Nyhus & Harkins Preperitoneal 113 

Bagot & Walters Preperitoneal 114 

Halverson McVay 96 

Barbier McVay 23 

Table 9.17. Recurrences of femoral hernias after prosthesis repair 

[Schumpelick & Wantz 1995, according to BendavidJ 

Authors Procedure # Cases 

Wantz Unilateral Stoppa 7 

Wantz Stoppa 16 

Lichtenstein Plug 168 

Trabucco Plug 27 

Bendavid Umbrella 70 

Shouldice Hosp. Umbrella 280 

% Follow-up Years Follow-up % Recurrences 

6 2·3 

84.6 1 to 8 6.1 

1 to 8 3-3 

2 

92 lt08 6·5 

0.8 

79·8 2 to 21 0·9 

22 3-1 

12 0 

% Follow-up Years Follow-up % Recurrences 

0 

0 

14 0.61 

98 2·5 0 

5 to 8 0 

9 1.1 



the pubic ramus and the overlying ligament of 
Cooper. Anteriorly, the inguinal ligament is tense if not 
rigid and cannot be easily brought near to the liga
ment of Cooper. Medially, the lacunar ligament of 
Gimbernat and its overlying transversalis fascia are 
also rigid and unyielding structures. Laterally, the 
femoral vein represents a structure that cannot be 
transgressed without dire consequences. 

Approximation of the conjoint tendon to the liga
ment of Cooper, despite making a generous relaxing 
incision as in the McVay repair, produces an inordi
nate amount of tension. 

The pectineus muscle and its fascia have no place in 
the treatment of a femoral hernia. This practice resul
ted from an erroneous interpretation of Bassini's text 
on the repair of femoral hernia, where he mentions 
the use of "the pectineal fascia at its crest". The key 
word is crest, meaning the ligament of Cooper [Bassini 
1893l. 

(2) The Femoral Umbrella (Fig. 9.24a, b) 

The femoral umbrella consists of an 8 cm disc of poly
propylene (Marlex, Prolene, Trelex). 

A suture is brought through the center of the disc to 
act as a stem for easier handling. The femoral hernia 

Fig. 9.24. a The umbrella. An 8 em dise of polypropylene with a 
suture threaded through the center of the disc. b Schematic 
representation of placement and attachment of umbrella mesh 
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can be repaired from below the inguinal ligament if 
the defect is large enough to identify the ligament of 
Cooper adequately and safely. If not, the repair can be 
done via the preperitoneal space, after dividing the 
posterior wall of the inguinal canal to gain access to 
the space of Bogros. When the exposure is complete, 
a Kelly forceps is inserted from below the inguinal 
ligament, to grasp the stem of the umbrella and pull 
it down until the disc covers the femoral defect. 
Prolene sutures are inserted in the ligament of 
Cooper (usually 4 to 6). I usually begin by inserting 
these sutures into the ligament from the level of the 
femoral vein to the pubic crest; then, when the disc is 
lowered into place, the ends of each suture are threa
ded through the grid of the mesh. Medially, a single 
suture anchors the mesh to the lacunar ligament. 
Anteriorly two to four sutures anchor the umbrella to 
the iliopubic and inguinal ligaments. Laterally, the 
disc lies against the femoral vein and is kept in place 
by suturing (from below the inguinal ligament) the 
femoral sheath to the disc. The decision to carry out 
the operation from below or above the inguinalliga
ment should be guided by the presence or absence of 
an inguinal hernia and the ease of access through the 
femoral defect. 

seen from inside 
and above 

InierKH of pel'Jis 

b 

"'I.''' ' . O'U~ .''''''; spine 

anl.sup.iliac spine 
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(3) Results 

The use of prosthetic materials was introduced at the 
Shouldice Hospital in November 1983. The years 1983 

and 1984 are eliminated from the study as the 
umbrella had only just been evaluated experimentally. 
From 1985 to 1995, the use of the umbrella became 
routine, though at the discretion of the operating sur
geon. 

During that period 1,476 femoral hernias were cor
rected. There were 836 primary femoral hernias and 
640 recurrent femoral hernias. Of the 836 primary 
femoral hernias, 94 were repaired with an umbrella 
while 742 were corrected by some other method, 
without any prosthesis. Of the 640 recurrent femoral 
hernias, 266 were repaired with an umbrella, while 376 
were repaired with no prosthetic material. 

In total, 360 (94 + 266) femoral hernias (primary 
and recurrent) were treated with an umbrella while 
1,116 (primary and recurrent) were treated without an 
umbrella. The results were as follows: 

- 2 recurrences out of 360 femoral hernias repaired 
with an umbrella were recorded, an incidence of 
0·55%; 

- 89 recurrences, out of 1,116 femoral hernias repai
red without an umbrella were recorded, an incidence 
of 7-9%. 

(4) Discussion 

Femoral hernias, to my mind, represent the most deli
cate abdominal wall hernias to correct. One has to be 
alert to the possibilities of injury to the femoral vein, 
the iliopubic vein, the aberrant obturator artery and 
vein, and also the inferior epigastric vessels which may 
be masked by scar tissue from previous operations 
and which can be seen over a length of 1-2 cm between 
the internal ring and the potential space between the 
femoral vein and the protruding femoral sac. The 
most tedious part of the operation is the reduction of 
the femoral hernia into the preperitoneal space, care
fully separating the sac while leaving femoral sheath 
intact. The identification of the ligament of Cooper is 
usually a simple matter, though on occasion it may dip 
into a postero-medial direction rather than postero
laterally making the insertion of sutures a little more 
difficult. 

The decision to use a prosthesis should be encoura
ged, more often than not. At the Shouldice Hospital, 
the use of prostheses in femoral herniorrhaphies has 
increased exponentially. The results of the present 
analysis may encourage surgeons to use umbrellas in 
most femoral defects, and the case seems sound. There 

has been no single case of an infected repair in this 
series. 

(5) Conclusion 

Femoral hernias remain the most challenging of all 
abdominal wall hernias. It is therefore important at 
the first operation to use the most reliable method 
available. The femoral umbrella has eminently served 
that purpose. 
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b) Strangulated Femoral Hernia 

The diagnosis is often made late, or missed, because of 
the absence of symptoms (only half of the patients 
complain of local pain) or of physical signs (obesity). 



Additional aggravating risk factors are frequent and 
can be age, obesity and a partial pinched off occlusion 
of the loop (Richter's hernia - 15-90% of Richter's her
nias are of the femoral variety). Nonetheless, a high 
index of suspicion must be maintained, because false 
negative diagnoses are far more frequent than are false 
positives. Important points in differential diagnosis 
should be emphasized. These include the fact that 
acute inflammation of a femoral lymph node 
(Cloquet's node) only occurs with a port of entry of 
infection, and that any tender red swelling in this area 
can always represent a local intestinal necrosis 
through femoral strangulation. These difficulties lead 
to delay in diagnosis, which often involves a subse
quent resection of the bowel. This determines the pro
gnosis, which, in my personal series (1988) comprises 
a mortality of 8.8%, the same as that reported by 
Champault (1986). 

We urge surgeons to pay more attention to defining 
the anatomy of femoral hernia, from which should 
emerge more effective treatment. The risks of stran
gulation indicate routine repair of this lesion, whate
ver the physical state of the patient, which in any case 
can usually be proved by suitable preparation. 

Femoral hernias have conventionally been treated 
by suture via the femoral route (Bassini, Kirschner, 
Lytle), the inguinal route (McVay, Moschovitz) or the 
suprainguinal route (Nyhus). Unfortunately all these 
techniques share the disadvantage of closing the 
femoral ring under tension, which cannot totally be 
compensated by relaxation incisions. For this reason 
repairs involving the use of prosthetic material seem 
to me to deserve wider consideration, except for very 
small femoral hernias. The plug proposed by 
Lichtenstein and its variations (Trabucco or Rutkow) 
gives good results in hernias of less than 1.5 to 2 cm in 
diameter. More bulky hernias require synthetic 
devices of which there are several types ranging from 
the umbrella (Bendavid) to large prostheses which 
envelope the entire visceral sac in the case of bilateral 
defects. At the Shouldice Hospital, for many years, 
prosthetic material has been used in 60.3% of femo
ral hernias and 91% of inguino-femoral hernias 
(1995). 

6. Richter's Hernia 

This implies lateral strangulation of the intestine, 
which may in fact lead to total obstruction and in 
which local physical examination may be very decep
tive, because of the small volume of the strangulation. 
In all series, Richter's hernias are predominantly of the 
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femoral type [Treves 1887; Frankau 1931; Jens 1943; 
Lyall 1948; Gillespie 1956] but they can also be obtura
tor, inguinal, umbilical or incisional in origin. In all, 
Richter's hernias represent 5 to 15% of strangulated 
hernias of all types, in the major series. 

One may say that the diagnosis of a Richter's hernia 
is best made when one thinks of it, because the clini
cal picture of obstruction is insidious and usually 
incomplete. Usually it is a small femoral hernia which 
is the cause, and physical examination may be nega
tive or of doubtful significance. Because of late dia
gnosis (more than 48 h in 60% of Frankau's patients) 
the mortality remains at over 20%. Gillespie has des
cribed three clinical pictures. In one-third to one-half 
of the patients there is obvious obstruction and ope
ration is carried before necrosis or strangulation. In 
another third there is no obstruction and there is par
tial necrosis of the gut found at operation so that 
intestinal resection carries a high mortality. 15% of the 
patients form a fistula between the bowel and the skin, 
as was described by Fabricius Hildanus in 1598, which 
heals in a number of weeks. 

Modern methods of resuscitation allow one to 
improve the condition of the patient whatever the pre
senting clinical picture, but should not be allowed to 
delay operation, as soon as the diagnosis has been 
made. W. A. Tito (1995) advocates a suprainguinal inci
sion and a preperitoneal approach when the diagnosis 
is made, because this not only allows one to evaluate 
tlIe contents of the sac, but also to extend the approach 
into the peritoneum, in case of necessity. 

7. Bulky Hernias 

When a groin hernia is greater than the volume of the 
fist, it is usually no longer well tolerated, even when 
the patient is self-neglectful. 88% of large groin her
nias are of the indirect variety [Rives 1974]. 
Progressive enlargement of the inguinal canal is paral
leled by a loss of substance in the deeper tissues, 
through superimposition of the deep and superficial 
inguinal rings. The disappearance of the obliquity of 
the inguinal canal promotes prolapse of the viscera 
and leads to an increase in the volume of the sac 
which becomes divided by adhesions and scar tissue 
between the viscera. There thus forms a type of 
"direct" hernia complicated by loss of substance of the 
abdominal wall and intrasaccular adhesions. To these 
are frequently added other abnormalities such as sli
ding of parasaccular organs including the bladder and 
the elements of the spermatic cord, which are often 
found at the lower pole of the sac in front of the abdo-
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minal wall. Eventually, the enveloping scrotal layers are 
involved and add to the difficulties during and after 
the operation. Recurrent scrotal hematoma is an 
example of these. 

This condition frequently affects frail and elderly 
patients in whom a large hernia has caused difficulties 
because of its volume, weight and problems with local 
hygiene. Additional problems include envelopment of 
the penis and subacute obstruction due to the visceral 
adhesions and the total or partial irreducibility of the 
contents of the sac. When this stage is reached, the long 
neglected bulky hernia necessitates surgical treatment, 
emphasizing the advantages of operation at an earlier 
stage when the hernia is relatively uncomplicated. 
Together with other types of complex hernia, the bulky 
hernia constitutes a major argument in favor of the 
personal approach to these problems. Large groin her
nias can become complicated by intestinal obstruction, 
occasionally because of strangulation at the neck, but 
much more often because of intrasaccular bands. 

The frequency was 22.7% in our study carried out in 
1984 for the AFC. In a personal series presented by 
Warlaumand (1982), it was 14.1%, with no predilection 
for size. The proportion of the sexes are 20% in men 
and 9.3% in women. 

Once the decision to operate has been made, toge
ther with the anesthetist, careful preparation of these 
patients who were often elderly and either obese or 
emaciated, is essential. These operations are of a major 
nature, but may well serve to improve the patient's 
functional status and independence. Surgery, however, 
is the only answer. Advantage is taken of the preopera
tive preparation period to prepare the local tissue area. 

The repair of choice is undoubtedly that which uses 
a retromuscular prosthesis which one can place in 
position by the inguinal approach. This allows freeing 
up of the adherent contents of the sac and placement 
of the prosthesis, bearing in mind the above mentio
ned difficulties, either by the suprainguinal or prepe
ritoneal route, with unilateral or bilateral wrapping of 
the visceral sac. An additional high scrotal incision 
may on occasion be required in order to liberate adhe
rent contents, but placement of the prosthesis by the 
preperitoneal route is certainly simpler. Scrotal sacs 
are not fully resected: the distal part is left in place, 
with adequate drainage. 

Giant hernias present particular problems. The 
inguinal canal is transformed into a large gaping ring 
which allows passage of a mass of viscera constituted 
in the main by small bowel but which also may 
contain right or left colon "en glissade". The visceral 
mass has often "lost its right of domicile" in the abdo-

men. The reduction of the contents must be carefully 
prepared for by slimming, pulmonary physiotherapy, 
and the use of a preoperative pneumoperitoneum as 
described by Goni-Moreno (1964) perhaps lasting two 
or three weeks. This requires a scrotal retaining device 
in order to prevent air distending the scrotaml sac. 
The preparatory pneumoperitoneum is important not 
only because it increases the capacity of the abdomi
nal cavity for acceptance of the contents of the large 
hernia, but also because it helps to break down the 
adhesions and free up the contents of the hernia. It 
would be useful to make a preoperative diagnosis of 
sliding viscera, as suggested by a hernia which is both 
bulky and partially irreducible, but this is not usually 
possible clinically (20% of cases in the report by 
Piedad (1973). The contents of the hernial sac can 
sometimes be made clear by conventional contrast 
radiological examinations. 

Certain operative details should be mentioned. In 
the obese patient, the Trendelenburg position helps to 
reduce the contents during the operation. A separate 
incision in the upper part of the scrotum is useful for 
identifying the sliding nature of the hernia, and the 
degree of adherence. In bulky sliding hernias, we 
advise dissecting the sac and its contents together, and 
reducing them en masse into the abdomen, without 
freeing the contents of the sac. Reduction of the sac 
and its contents may exceptionally require enlarge
ment of the hernial orifice, or even division of the ten
don of the rectus muscle as suggested by Chevrel (Fig. 
9.2sa-c). 

It is our practice to treat these giant hernias with a 
large reinforcing prosthesis introduced via the midline 
preperitoneal route. 

In nonsliding hernias the part of the sac which is left 
behind may accumulate a large serosanguinous col
lection of fluid, which should be aspirated rather than 
re-explored. The choice must be made between pre
serving the distal sac and risking a hematoma, or else 
resecting the sac with the corresponding risk of ische
mic orchitis. We prefer the first alternative. Very large 
scrotums, following reduction of a sac with a massive 
en glissade element often form recurrent seromas, 
which may become infected as a result of multiple 
aspirations, removal of clots or surgical drainage. This 
sometimes results in an elephantiasis-like change in 
the scrotal coverings, a disfiguring infolding of the 
skin, or painful scars at the drainage sites. Surgeons 
who frequently encounter this type of pathology (tro
pical Africa, Egypt, Madagascar) often eventually 
resort to a plastic resection of the scrotum, in order to 
resolve the hematoma problem and to prevent recur-



Fig. 9.25. Enlargement of the hernial orifice: Chevrel's procedure. 
a Enlarged hernial orifice, peritoneal sac and spermatic cord are 
not shown. b First step: section of the inguinal ligament. c If this 
is not enough, section of the rectus abdominis tendon. After 
replacing the peritoneal sac in the pelvic cavity, the rectus abdo
minis tendon and the inguinal ligament are repaired by inter
rupted sutures (0 or 00 nonabsorbable monofilament) 
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rence. We have no personal experience of the "hitch 
titch" procedure of suspending the scrotum on to the 
abdominal wall, as advocated by Joseph O'Boyle 
(1989). 

Results. In 1984 we operated upon 230 bulky groin 
hernias out of a total of 1,628. 25% of the patients were 
over 60 years and 42% of the bulky hernias were bila
teral. The recurrence rate at two to five years was 3.4%, 
as against 1% for the other hernias in the series mana
ged with a prosthesis, and 25% after the Bassini
Shouldice operation carried out on frail patients with 
large hernias. 

8. Adherent Hernias. 
Sliding Hernias 

Adherent hernias seem to have been commoner in 
the past, probably explained by the prolonged use of 
a truss. Omental adhesions can be dealt with quite 
simply by resecting them with the sac. Intestinal 
adhesions should be freed with care in order to avoid 
deperitonising the bowel, if necessary by resection a 
portion of the sac. With extensive bowel adhesions it 
is better to proceed as with a sliding hernia. In these 
cases, the descent of the peritoneum is accompanied 
by that of one or more attached viscera, which lie 
within or beside the sac. These may be the bladder or 
the cecum on the right and the pelvic colon on the 
left. 

The percentage of sliding hernias is from 3 to 6% of 
the total number [Glassow in Hernia 1978]. The left 
side is affected 4.5 times more frequently that the right 
and males more than females. The incidence increase 
with the duration and the size of the hernia. Hernias 
in small girls often contain some adnexa such as a 
Fallopian tube, or a broad ligament with or without an 
ovary. Rayan divides sliding hernia into three types: 
parasaccular (the viscus forms one part of the sac 
from which it can be separated: 95% of cases), intra
saccular (a free viscus is connected to the sac by the 
mesentery) and extrasaccular (rare); here the viscus 
lies completely outside the sac, as for instance the 
bladder. Preoperative diagnosis of sliding hernia is 
unusual (25% of 86 cases of Piedad 1973). The suspi
cion should arise in the presence of a large inguinos
crotal hernia with a broad neck and contents which 
are nonetheless only partially reducible. A poorly 
functioning truss is also suggestive. A barium enema 
showing colon within the hernial sac is not diagnos
tic, because the colon may occupy the sac without 
being fixed within it. The diagnosis of sliding hernia is 
thus usually made at the time of operation. Clumsy 
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opening of the sac can lead to serious accidents, so 
that the sac must be carefully entered from above and 
in front, whenever there is a suspicion of adherent 
contents. 

The suprainguinal approach of Laroque (1932) pro
vides access to the sac intraperitoneally, after dissec
tion of the muscles. Reduction of the contents may 
cause problems to the surgeon, as shown by the large 
number of complicated and ingenious procedures 
which have been described in the past (Hotchkiss, 
Moschowitz). Because high ligation of the sac is no 
longer considered an essential procedure, and carries 
high risks, I advise, together with surgeons such as 
Fruchaud and Wantz, verifying the contents of the sac 
and reducing it en masse, as already described. We 
suggest the following strategy. A scrotal incision is 
made and the sac opened, then freed together with its 
adherent contents, and reduced into the abdomen if 
possible. The second stage of the operation, which is 
carried out through the midline subumbilical preperi
toneal or suprainguinal preperitoneal approach, com
pletes mass reduction of the bulky sac, and then pro
ceeds to the prosthetic repair. We personally always 
employ a large bilateral type of prosthesis. 

Given the present status of laparoscopic hernia 
repair, it would seem that this should be used as a 
video assisted technique where very large hernias are 
concerned. 

9. Bilateral Hernias 

The major series report a variable frequency from 15% 
to 50%, bearing in mind the time relations. Glassow 
(1969) reports 17%. Sawagushi (1975) 25%, a personal 
series reported in Walraumont's thesis (1982): 27%. 
Kingsnorth (1993) reports that bilateral direct hernias 
are four times commoner than indirect hernias. 
Watson, Jason, observed the appearance of a contrala
teral hernia in 25% to 30% of cases in the years follo
wing a unilateral repair and Rutledge (1995) 46%. 
Simultaneous repair does not increase the recurrence 
rate, as cited by Miller [Mayo Clinic 1991, in "Inguinal 
Hernia" by A. GaynantJ. As regards children, 20% to 
25% of contralateral hernias appear after unilateral 
repair, at the end of the growth period. This is proba
bly due to persistence of the communicating canal on 
the side opposite to the hernia, 40% at birth, 22% at 
two years of age. The same applies to 58% of girls in 
respect of the canal of Niick. 

The existence of bilateral groin hernias is explained 
by a certain symmetry of the congenital abnormalities 

such as persistent processus vaginalis in boys and 
variations in muscular insertions. 

In the presence of one patent hernia, examination of 
the other side may reveal signs which are difficult to 
interpret. Dilatation of the inguinal ring is not enough 
to confirm the presence of the hernia and is necessary 
to discover a cough impulse or to feel the upper bor
der of the pubis through the dilated inguinal ring, 
when a direct hernia is involved, or there may be a 
contralateral dilatation associated with a major scro
tal hernia. Special investigations are quite frequently 
used in children. These include herniorrhaphy in the 
very young patients, ultrasound scan (accepting its 
degree of subjectivity) and occasionally diagnostic 
laparoscopy (Johanet 1995J. It must be borne in mind 
that the insufflation pressure of the peritoneum may 
procure artifacts and a falsely raised rate of bilateral 
hernia (48.2% as against 37.2% clinically, in Johanet's 
series). A contralateral "hernia point" which is asymp
tomatic and overlooked is not necessarily a threat to 
the patient. 

Although it is not mandatory, the two sides may be 
dealt with a the same operative session. If it is chosen 
to operate in two stages, it is best to begin with the lar
ger hernia and to decide a policy for the other side 
according to how the first operation evolves. This is 
the policy adopted by the Shouldice Hospital, where 
operation is carried out in two stages at an interval of 
48 h, partly in order to reduce the dosage of local anes
thesia. The advantages of simultaneous repair include 
a reduction in the length of hospital stay, avoidance of 
a second hospitalization, and also the local complica
tions are no more frequent [Serpel1990 J as it is in the 
case for respiratory complications [Devlin 1993J. 
Certain drawbacks include an increased frequency of 
urinary retention, an increased risk of suppuration in 
the operative wound and a few cases of bilateralische
mic orchitis. This last complication has been particu
larly studied in Wantz (1984 to 1991) and is notable in 
cases of bulky hernias (1.5%). The author advises, 
where ischemic orchitis follows the first operation, to 
defer the second procedure for at least one year 
(because testicular trophy may occur late) and then to 
choose the preperitoneal route. 

Which operation should be chosen for simultaneous 
repair? The approach may be horizontal, for a few cen
timeters on either side of the midline, or may include 
two inguinal or suprainguinal incisions, or a midline 
preperitoneal approach or laparoscopy. Whatever pro
cedure is chosen, it should plan to avoid any element 
of lateral traction (for example the McVay operation) 
as relaxation incisions are not only ineffective but also 



introduce yet another weak point. Prostheses are a 
much better answer, as they can be introduced without 
tension and with no limit to the extent of the reinfor
cement, particularly in large hernias. In particular 
cases, unilateral strangulation of one of two hernias 
poses no great problem provided that there is no 
intestinal necrosis or anesthetic difficulty. The use of 
prosthetic material is particularly indicated in mul
tiple bilateral hernias of combined types. 

10. Hernial Lipomas 

Fatty collections in or around the spermatic cord in 
the neighborhood of the deep inguinal ring have long 
been known, and interpreted differently. McGregor 
(1929) felt that such lipomas dilate the deep inguinal 
ring and prevent efficient working of the sphincter 
mechanism. Connor and Peacock (1973) feel that the 
fatty cushion prevents passage of intestine into the 
scrotum (at least in the case of the rat) before testicu
lar descent. In practice, when one approaches the 
inguinal canal and the spermatic cord from the front, 
one can deal with such lipomas by carefully dissecting 
them away with the points of the scissors, sparing the 
veins, arteries and nerves of the cord. Using the poste
rior approach, we push back the fatty mass into the 
retroperitoneum, in order to avoid "false recurrences", 
through postoperative protrusion. When prosthetic 
material is used, the nature of any perivascular lym
phatic or fatty masses should be ascertained and they 
should, if necessary, be resected between two ligatures, 
in order not to increase the risk of sepsis. It is useless 
and dangerous to excise fatty collections in the "Space 
of Bogros". 

11. Associated Lesions 

a) Patent Processus Vaginalis 

There is no true neck, as the sac communicates 
directly with the tunica vaginalis. These congenital 
hernias are seen in children and young adults. The 
operation for the inguinal approach does not differ as 
regards dissection and treatment of the sac. Henri D 
[in Detri 1967l opens the upper part of the sac and 
sews it from the inside with a nonabsorbable stitch, 
and in order to prevent accumulation of serous fluid 
in the lower part of the processus, the serous tunica is 
folded back around the cord, as in certain types of 
operation for hydrocele. 

The other method, which we prefer, consists in sepa
rating the cord from the upper part of the sac by an 
incision in the serous layer, dissecting with a damp 
swab in order to preserve the elements of the cord, 
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then freeing the proximal part of the sac up to the 
deep inguinal ring where it is tied off. The lower part 
is left behind or folded back around the cord as des
cribed above. When operating via the preperitoneal 
abdominal route, it is preferable to leave the lower part 
of the sac in the scrotum, having separated the ele
ments of the cord from it. It may be left open on its 
anterior aspect, so as to avoid serous collections and 
assist drainage. 

b) Hernias with Ectopic Testis 

In the adult the ectopic testicle is usually trophic, func
tionless and carries a risk of neoplasm, points which 
are in favor of removing it during an operation for 
hernia repair. In the absence of testicular atrophy it is 
justified to bring down the testicle using one of the 
classical techniques. In cases of bilateral ectopia, bila
teral orchidopexy in one stage by the Ombredanne 
method is not advised, as it carries a risks of urethral 
compression. It is better to fix the testicle to the skin 
of the thigh. Using the preperitoneal route, it is a very 
simple matter to free up the cord, the testicle can then 
be brought down into the scrotum via a small high 
counter incision. 

c) Hernia and Hydrocele 

Communicating hydroceles are treated in the same 
way as a patent processus. An independent hydrocele 
is treated at a second stage in the same operation, pre
ferably by a separate scrotal incision, using one of the 
accepted methods (eversion or better resection) lea
ving a suction drain in the appropriate operative 
space. 

d) Hernia with Varicocele 

During inguinal repair, one may resect the bundles of 
the dilated veins between ligatures, and eventually sus
pend the testicle to one of the pillars of the external 
inguinal ring, having verified by phlebography that 
there are no abnormal veins in the "Space of Bogros", 
which require ligation. Ligation of abnormal veins is 
much simpler via the preperitoneal route, following 
their identification by phlebography. 

e) Hernias with Malformation 
of the Processus Vaginalis 

Inguinosuperficial hernias, inguinointerstitial or pre
peritoneal hernias are better identified and recogni
zed by the inguinal approach. In these conditions a 
wide incision of the inguinal canal followed by ope-
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ning up the sac allows the relations of the sac and its 
diverticula to be explored both digitally and visually, 
and to reconstitute the abdominal wall according the 
chosen method. Ectopic testes are frequently found in 
these situations, and are dealt with as described 
above. In case of strangulation, a deeper sac should be 
ignored while the superficial sac may contain an 
intact loop of intestine. This emphasizes the impor
tance of wide exploration of the small intestine in 
operations for suspected strangulated hernia. This 
important step is rendered easier by the preperitoneal 
abdominal approach. 

12. Inguinal Hernias in Women 

Glassow (1973) published a series of 1,784 cases of 
which 1,548 indirect and 124 direct inguinal hernias 
were in females, giving an incidence of 1/25. This rela
tive rarity in the female is partly due to the smaller 
inguinal triangle associated with the female pelvis 
and also to the more solid transversalis fascia which 
is found in women. The round ligament has the same 
relation to the sac as does the spermatic cord in men. 
Any difficulty in dissection of the sac should be unhe
sitatingly resolved by resecting the round ligament 
together with it. "Desaxation of the uterus", can be 
avoided by using Barker's maneuver. 

Inguinal hernias in women are usually quite small, 
and as there is no concern regarding passage of vital 
structures, repair is easily carried out by a small low
place incision, the scar of which will be concealed by 
the pubic hair. Glassow follows the practice of the 
Shouldice Hospital by making use of the firm trans
versalis fascia found in women, with a recurrence of 
1.3% over ten years. 

However, the relatively higher frequency of femoral 
hernia in women has led us to prefer attachment of 
the conjoint tendon to the pectineal ligament, in 
order to avoid the possibility of femoral recurrence 
following the Bassini or Shouldice operation. In small 
hernias in elderly women we use a conical plug of the 
Gilbert or Rutkow type. 

13. Hernias in the Elderly 

These have a bad reputation because of the risk of 
strangulation, of respiratory and cardiovascular pro
blems following repair, and of the high incidence of 
recurrence. They are frequently neglected for some 
time, until their size produces problems by reduction 
in physical activity and also their psychological 
effects [Monod-Broca 1969]. 

An elderly patient who requests urgent operation 
for his hernia should also prompt the clinician to 
consider other causes of an increase in intra-abdomi
nal pressure such as obstructive uropathy, respiratory 
failure, colonic cancer or cirrhosis. In general, the cor
rect therapeutic decision will be made on the basis 
not only of life expectancy, but also because of the 
increased mortality from postoperative complica
tions. The three important reasons for operating on 
an elderly patient with a hernia are to increase com
fort, to avoid the possibility of an emergency opera
tion for strangulation, and to give an opportunity of 
a full evaluation of the patient in the preoperative 
phase. 

Williams and Hale [in Hernia I, Nyhus 1978] repor
ted a mortality of 13% following emergency opera
tions as against 1.3% of elective operations in their 
series of 270 hernia repairs carried out in patients 
over 60. In a personal series reported by Warlaumont 
in 1982, approximately one in four men and four in 
ten women of over 70, emergency surgery for stran
gulated carried a mortality of 9% as against 0.5% for 
elective procedures. According to Condon and Nyhus 
(1978) many elderly patients wear trusses, however a 
truss does not control an inguinal and still less a 
femoral hernia, and increases the risk of strangula
tion, at the same time leading to atrophy of the fascial 
and aponeurotic structures in the groin, rendering 
subsequent repair more difficult. 

Operative strategy therefore requires taking into 
account the general state of the patient and the local 
fragility of the tissues. The surgeon will choose the 
technique with which he is most familiar, but in the 
case of a massive inguinoscrotal or bilateral hernia, a 
large prosthesis containing the entire peritoneal sac 
is a swift and sure solution, which has afforded us 
regularly satisfactory results. However, in these cases, 
disappointment is frequent, and the surgeon should 
be prepared for this. 

In conclusion, elective hernia surgery can be under
taken even in octogenarians of ASA grade III, provi
ded that adequate preoperative preparation has been 
carried out, and that the patient is capable of walking 
up one flight of stairs, where local anesthesia is envi
saged. For general anesthesia, more extensive prepa
ration is required. Epidural techniques provide an 
excellent solution in cases of respiratory insufficiency. 
The preperitoneal route which provides rapid access 
to all hernial lesions is the only one guaranteed not to 
overlook any associated hernia, and provides access to 
the peritoneal cavity in order to reduce an incarcera
tion. It is also suitable for recurrent hernia and many 



authors (Greenburg, Condon, Niehuss) have, like our
selves, been very satisfied with it. Nowadays, elderly 
patients are enabled to buy an elective operation to 
recover their independence and security, and at the 
same time to escape the high mortality associated 
with strangulation and all the risks of intestinal resec
tion. 

14. "Incidental" Hernias 

It sometimes occurs during the course of a laparotomy 
that patent hernial orifices are discovered by the sur
geon, which may represent a risk of later strangula
tion. When the approach is below the umbilicus, and 
provided that there is no sepsis, the hernia should be 
treated by resection of the sac and closure of the 
defect by modification of the Nyhus 1960 technique. 
When the approach is above the umbilicus, if it is 
considered essential to repair the hernia, then this is 
better done by a separate inguinal incision, provided 
always that consent has been obtained from the 
patient or from his family. When the main operation 
involves sepsis, it is even more important to repair the 
hernia through a separate incision, without, if pos
sible, opening the sac. 

15. Recurrent Hernias 

A recurrent hernia, or one reappearing on the same 
side of a previous operation, poses a special problem 
for the surgeon. Recurrent hernias carry the same 
complications as do all other groin hernias, but with 
some difficult added problems. The anatomy will have 
been distorted by one or more previous interventions; 
there may be necrosis of the muscles and aponeurosis, 
planes of cleavage will have disappeared and the per
itoneal sac is of variable thickness, and may be so deli
cate that it seems almost like a covered eventration. A 
previous preperitoneal approach will have obliterated 
the retroparietal spaces. Recurrences vary in size from 
a small partial recurrence (often around the pubis) to 
a total recurrences with disappearance of all inguinal 
structures including the conjoint tendon or even 
Cooper's ligament. 

a) Frequency 

The frequency of recurrent hernias in major series 
varies from 10% [Borgeskow 1970] 12% [Ljundahl 
19731 19% [Warlaumont 1982; Read 19791 to 30% 
[Koontz 1960; Zimmerman 1978]. Long term follow-up 
of the major series of operations show recurrence 
rates of less than 1% from the Shouldice Hospital 
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[Glassow 19701 and in the Stoppa (1986) series, 3.5% in 
the McVay series (1989),6.8% after three years in the 
Marsden (1962) series and 8.6% after ten years in the 
series of Palumbo (1971). These series comprise expert 
teams, and the same operations carried out in other 
places could well produce higher figures. The 
Shouldice Hospital series (1979) illustrates the virtues 
of experience. The recurrent figures were 18.8% in 
1945,12% in 1946,6% in 1947,4% in 1948, and less than 
1 % since 1951. In my personal series, the recurrence 
rate following the use of large reinforcing prostheses 
via the abdominal route, have been 3.3% in 1974,1.2% 
in 1983 and 0.56% in 1986, as regards primary repairs. 

b) Delay in Presentation 

The delay period varies and may be as long as 25 years 
after the first operation [Holes 1979]. Retrospective 
analysis of our own series comprising various tech
niques shows some 5.6 recurrences appearing during 
the first postoperative month. 39.1% in the first year, 
23.5% after the 10th year, in the group repaired 
without prostheses. Following introduction of pros
thetic repair all of the recurrences appeared during 
the first postoperative year, indicating technical errors. 
Halverson and McVay (1970) put forward a formula 
for calculating the predicted recurrence rate at the 
25th postoperative year, by multiplying the figures for 
the first year by 5, those of the 2nd year by 2.5, those of 
the 5th year by 1.5 and those of the 10th year by 1.2. 
This formula appears only applicable to techniques 
involving herniorrhaphy. 

c) Anatomical Types 

Of 459 recurrent hernias reported by Glassow from 
the Shouldice Hospital (1970),60% were inguinal and 
40% femoral. These latter recurred more often in men 
(2.2%) than in women (1.3%). Thereafter came hernia 
en glissade (1%). These remarkable recurrence figures 
are equaled in an inquiry carried out by the French 
Association of Surgeons [Houdard & Stoppa 1984] 
where femoral hernias had by far the highest recur
rence rate (8.2%), followed by complicated inguinal 
hernias (7.9%). Some series show that recurrence is 
more frequent following second or subsequently ope
rations than following primary intervention. Marsden 
recorded that the first recurrence (illo) recurred in 
90% of cases. Clear (1976) recorded a 39% rate of re
recurrence. Thus recurrent hernias may be considered 
as new lesions, in part produced by preceding opera
tions. The usefulness of prosthetic repair in these 
cases have been recommended by the surgeons of the 
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Shouldice Hospital [Bendavid 19871 when dealing with 
recurrent femoral hernias. 

d) Mechanism 

The mechanical aspects of recurrence are difficult to 
identify when they are late and when a complete 
account of the first operation is lacking. The problem 
continues with subsequent surgery. We have, together 
with Houdard, classified the risk factors for recurrence 
into three types, namely faults in technique, degenera
ted supporting structures, and sundry others (1984). 
Among the technical faults which may lead to recur
rence during the first postoperative year are sacs 
which are either not found or badly dissected 
[Glassow 1970], leaving a long peritoneal stump 
[Rayan 1953], incomplete closure of the hernial orifice 
resulting in recurrence of indirect hernia, and suture 
carried out under tension, particularly in the case of 
direct recurrences [Postlethwaite 19851. Certain tech
niques are more prone than others to lead to recur
rence such as the pre- or retrofunicular operation, and 
the sutureless McVay operation. Hernias with a large 
defect recur twice as frequently as small ones and 
simple suture in these cases is a technical mistake. Too 
extensive a dissection, sutures which are too large or 
tightly placed may transform the contractile inguinal 
wall into a fibrous area which is prone to progressive 
breakdown [Iason 19641. Other risk factors are inde
pendent of the quality of the operation and more rela
ted to age or to the general condition of the patient. 
These include weakness of the anatomical structures 
and obesity [Borgestorm 19511. Other dangerous fac
tors are postoperative sepsis and chronic cough. In 
contrast, early resumption of activities and work is no 
longer considered a risk factor for recurrence. 80% of 
recurrent hernias are unrelated to hard work [Ryan 
19531. Sedentary workers have a higher recurrence rate 
(18.6%) than manual workers (9%) according to 
Postelsthwaite (1985) Marsden (1962) Rives (1974) and 
Houdard (1971). Recurrence following prosthetic 
repair is always the result of faulty technique and for 
this reason appears during the first postoperative year. 
In the immediate postoperative period a serosangui
nous collection in the fascial space of a direct hernia 
must be distinguished from a true recurrence, if 
necessary making use of ultrasound to confirm the 
physical signs. 

Technical faults which may lead to recurrence follo
wing preperitoneal repair include an insufficiently 
large prosthesis to allow passage of the cord, which we 
prevent by parietalisation. Abrahamson (1995) has 

made a review of all the factors leading to recurrence, 
according to which he divides them into early recur
rences (experience of the surgeon, tension on the 
suture line, infection, suture material, suture technique 
and other local factors) and late recurrences (mainly 
biological factors), placing on one side the recurrences 
which recur after use of prosthetic material. 

e) Treatment 

The treatment of choice for recurrent hernias will be 
summarized briefly here. Partial recurrences which 
are usually found at one or other end of the previous 
repair present as a small localized protrusion. The pre
vious inguinal scar is excised and the cord widely 
exposed, before incising the external oblique. One can 
then fairly easily assess the nature of the previous ope
ration and the strength of the deeper layers. The her
nial sac must be resected high up. Repair of the defect 
can be effected locally, but more often is achieved by 
resorting to a deeper and more solid procedure such 
as repairing onto the pectineal ligament after a Bassini 
or Shouldice operation. However the Shouldice sur
geons advocate repeating the same technique. 

A femoral recurrence after inguinal hernia repair is 
often treated by bringing the conjoint tendon down to 
the pectineal ligament. An inguinal recurrence after a 
femoral repair by the femoral route (occasionally an 
overlooked "pantaloon hernia") is treated by the 
McVay operation or better still by a prosthesis. Small 
partial recurrences, most often found around the 
pubis, can be managed by the used of a Lichtenstein 
plug. Total recurrences must be totally repaired, bea
ring in mind the reason for the failure. This is almost 
always due to suture under tension or to the use of 
absorbable material. The usual management is the 
McVay operation or prosthetic procedure. 

In the case of multirecurrent hernia, the anatomical 
layers are often unrecognizable, the sac is stretched 
out under the coverings of the groin and the lesion is 
similar to the types of abdominal eventration. As the 
patient is usually an aged or obese female, treatment 
by simple suture is difficult because there is no lower 
point to which sutures can be fixed. The best means of 
closing the orifice is to use a prosthesis via the ingui
nal or abdominal route. This approach carries advan
tages including an easy progress from normal to 
abnormal tissues, easy identification of the hernial 
pedicle, easy reduction of the contents and elective 
closure of the hernial orifice. By inserting prosthetic 
material, the repair can be as extensive and secure as 
necessary. Additionally, the upper route does no fur
ther damage to the weakened inguinal structures and 



avoids all risk to the testicular blood supply or to the 
nerves, which is particularly high in repair of recur
rences by the inguinal route. Repair through the ingui
nal route is not always easy because the previous ope
ration will have fused together the anatomical layers 
and granulomas occurring around the sutures pro
mote sepsis. Moreover, one frequently discovers more 
than one area of recurrence; having said this, however, 
one is occasionally surprised by finding, following a 
difficult dissection, deeper structures which are intact 
and of good quality. With much reservation we very 
occasionally do reoperate through an inguinal expo
sure, which must always be wider than the previous 
one, but in practice we prefer the upper route, either 
suprainguinal (Nyhus) or midline preperitoneal, using 
a modified Pfannenstiel incision. 

Recurrence following prosthetic repair. If the pros
thesis has been inserted by the inguinal route it is bet
ter to reoperate from above via a median or suprain
guinal approach. When the previously inserted 
prosthesis is too small, we advise the inguinal or 
suprainguinal approach, either to fix the displaced 
edges of the prosthesis of the pectineal ligament or 
laterally to the abdominal wall, or else to extend the 
reinforcement with additional material. It is better to 
avoid reoperating through the midline preperitoneal 
route because the prosthetic material will be found 
closely adherent to the visceral sac and the back of the 
abdominal wall. We have no experience with recur
rences following patch plugs, and there is little litera-
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ture on the subject, but we would imagine that recur
rences are closely similar to those occurring after an 
inguinal repair. 

Very late recurrences (ten years or more). Some 
authors consider these to be true recurrences for the 
sole reason that they appear at the same place. 
However this raises the question of the true purpose 
of hernia repair: if this aims at restoring a normal ana
tomy and physiology then recurrences at later than ten 
years are really due to change much more due to the 
normal ageing in structures which are already weake
ned. If on the other hand the aim of the repair is to 
prevent the recurrence of a further hernia and to pro
vide a lifelong correction of the vulnerable groin area, 
then the wide use of prosthetic material seems logical. 
This is not simply theoretical discussion but has 
important implications from the ethical and medico
legal points of view. 

Certain unusual types of recurrence are characteri
zed by an extreme degree of destruction of the abdo
minal wall following necrotising sepsis or severe pel
vic trauma such as fracture dislocation of the 
symphysis. Trivellini (1991) has approached the ques
tion of repair of these lesions, which are unusual but 
exceedingly difficult to treat. Because of the disappea
rance of the planes of cleavage it is impossible to reen
ter the preperitoneal space and the presence of stitch 
granulomas and prosthetic material previously 
implanted, together with visceral adhesions are addi
tional difficulties. The author suggests entering the 
peritoneal cavity through the midline, then incising 

Table 9.18. Rate of re-recurrence following various surgical techniques (inguinal hernias) 

Authors Type of operation % Re-recurrences 

Peacock (1984) Fascia lata autoplasty 0 

Van Damme (1985) Posterior prosthesis 0 

Pietri (1986) Posterior prosthesis 0 

Glassow (1976) Shouldice 0.6 

Rignault (1986) Posterior prosthesis 1.2 

Lazarthes (1984) Shouldice 1.5 

Nyhus (1988) Posterior prosthesis 1.7 

Nyhus (1989) Posterior prosthesis <2 

Stoppa (1986) Posterior prosthesis 2.1 

Rutledge (1988) McVay 2·4 

Read (1979) Posterior prosthesis 7 

Wantz (1989) Shouldice 7·2 

Marsden (1988) Various 9-4 
Chevalley (1988) Bassini 10 

Holm (1985) McVay + autoplasty 29 
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the parietal peritoneum at the edge of the adherent 
area, and leaving it in place as part of the abdominal 
wall. Following careful freeing of adhesions, the edges 
of the peritoneum are separated from the abdominal 
wall, creating a large loss of substance of parietal per
itoneum which it is possible to cover over with some 
absorbable material, in order to close the visceral sac. 
The sac is then wrapped in a large bilateral prosthesis 
of prosthetic nonabsorbable mesh. A series of seven 
cases published in 1995 reports uniformly satisfying 
results. 

f) Results of Repair of Recurrent Hernias 

In a personal series (1989) of 349 recurrent hernias, 
four techniques were employed, namely Bassini (2 
cases), use of the pectineal ligament (30 cases; 8.5%) 
and inguinal patch (39 cases; 11.2%) and a large bilate
ral prosthesis via the midline (270 cases; 77-4%). The 
results were as follows. One out of two of the Bassini 
operations recurred, five of the McVay operations, four 
after the inguinal patch (10.3%) and three after the 
large midline prosthesis (1.1%). 

In a series of 193 recurrent hernias [Mongolfier 
1982] the recurrence rate was 10% following simple 
suture, and the authors now routinely use a preperito
neal approach and prosthesis for such cases. Nyhus 
(1989) in a summary of the series of twelve authors, 
reports recurrence rates from 0.6% to 29% with a 
nonprosthetic repair, as against 0 to 1.7% when a pros
thesis is used. Gaynant and Cubertafond (1991) collec
ted various series from the literature and report new 
recurrence rates from 1.5% to 20% after suture, and 
less than 2% after prosthetic repair. These results all 
agree in indicating the routine use of prosthesis in 
recurrent or multirecurrent hernias. 
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II. Other Hernias 

A. Epigastric Hernias 

These include hernias through the upper part of the 
linea alba, but exclude umbilical hernias. The first 
reliable description was in the middle of the 18th cen
tury by Le Dran. Arnauld de Villeneuve (1285) and de 
Garengeot (1743) attributed certain vague abdominal 
pains to the existence of such hernias, followed by 
Gunz (1744) who termed them "gastroceles", a concept 
contested by Richter at the end of the 18th century. It 
was Leveille (1812) who introduced the term epigastric 
hernia. Detailed descriptions were provided by 
Bernitz (1848) and Cruveilher (1849). The first suc
cessful operation was attributed to Maunior (1802), 
but the procedure was abandoned because of post
operative peritonitis until Terrier (1886) reintroduced 
it following the advent of aseptic techniques. Luecke 
(1887) pointed out the frequent co-existence of intra
abdominal pathology with epigastric hernias, and 
recommended a complete exploration of the abdomen 
during the process of repair. At the beginning of the 
20th century, it was thought that they were the cause 
of a gastric ulcer, to the extent that epigastric hernias 
were experimentally induced in dogs, in order to 
confirm this. The modern view is that the co-existence 
of an epigastric hernia and gastrointestinal symptoms 
is an indication for further investigations of the GI 
tract. 

1. Frequency 

The exact frequency of epigastric hernia is difficult to 
establish, because many asymptomatic lesions are not 
diagnosed. Autopsy studies indicate a prevalence of 
0.5 to 10% in the general population. They are rare in 
children and males predominate in a ratio of 3:1, the 
greatest frequency being from the third to the fifth 
decade. Although congenital epigastric hernias are 
rare they occur with some frequency in the Indian 
population. Epigastric hernias represent 0.5 to 5% of 
all hernias operated on the older series (Jason, 
Lindenstein, Peters). The US Army reports [Heydorn 
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Fig. 9.26. The plane of the prefascial and retromuscular space, 
based on measurements in 20 dissections. The heavy line shows 
the mean dimensions of this space, the dashed line the maxi
mum dimensions, and the dotted line the minimum dimen
sions. X xiphoid process; 0 umbilicus; D Douglas' line; P pubis 
[Odimba et al. 1980 1 

19901 reveal a slightly higher operation rate, perhaps 
because of the inclusion of asymptomatic hernias dis
covered on routine examination. 

2. Pathological Anatomy 

The linea alba is formed of interdigitated aponeurotic 
fibers which unite the rectus sheaths into a fibrous 
band perforated by a number of neurovascular 
bundles. Its posterior aspect lies in contact with the 
endoabdominal fascia and preperitoneal fat, the umbi
licalligament and the parietal peritoneum. Divergence 
of the two recti at their upper ends produces a broa
dening of the linea alba which may attain 5 cm. For a 
detailed study of the anatomy, reference should be 
made to the works of Askar (1977-1984) and the stu
dies by Rath and Chevrel (1996). For the radiological 
anatomy see the section on diastasis of the recti, at the 
end of this chapter. The anterior rectus sheath is adhe
rent to the muscle at the level of the fibrous intersec
tions, whereas the posterior sheath is free. A plane of 
cleavage exists behind the muscle on either side of the 



midline, which can be used for the insertion of pros
thetic material (Fig. 9.26). 

The diameter of the hernial defect varies from a few 
millimeters to several centimeters. The size of the her
nia varies from that of a pea to a fist. Small hernias are 
frequently irreducible as they are composed only of 
preperitoneal fat. Larger hernias have a sac which in 
one third of cases is empty but in others contains 
omentum and, less often, small intestine. Epigastric 
hernias are multiple in 20% of cases. 

It should be remembered that accurate reconstruc
tion of the linea alba after it has been divided is prac
tically impossible, because of the complex crossing 
pattern of its constituent fibers, which is usually in 
three layers. 

These hernias are generally considered as acquired 
lesions, with a certain "congenital" element in respect 
of the perforating neurovascular bundles (Pollack, 
Moschowitz). Askar, who ascribes a respiratory func
tion to the upper abdominal wall (as opposed to the 
lower part, which is a restraining mechanism) has 
observed that patients with epigastric hernias have 
only one layer of fibrous decussation, which promotes 
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their appearance. The same author assigns a role to 
certain diaphragmatic fibers which perforate the 
upper part of the linea alba, which can exert traction 
upwards and laterally, promoting herniation. 

3. Clinical Picture 

Three quarters of all epigastric hernias are asympto
matic. It is often the smaller hernias, even if not incar
cerated, which seem to cause pain or other rather 
inconstant symptoms. Epigastric pain which is worse 
on effort and relieved by lying down, seems to be typi
cal. 

Physical examination discloses a midline mass of 
variable size, with or without a cough impulse. The 
smaller hernias are often irreducible, whereas those of 
greater volume are usually easily reduced. Stran
gulation of the extraperitoneal fat or omentum is unu
sual, and strangulation of a viscus is exceedingly rare. 
In the obese subject it may be difficult to palpate the 
midline epigastric swelling, even on coughing. This 
maneuver may be useful in distinguishing hernias 
from other swellings of the abdomen or its wall. 

Fig. 9.27. Prosthetic buttressing of abdominal wall repair. a A 
transverse section of the repaired abdominal wall. R Suture of 
the linea alba; P buttressing prosthesis; C peritoneum. 
b Posteroanterior view of the repaired abdominal wall; note the 
zones where absorbable biological adhesive is used, shown by 
the cross-hatchings [Stoppa et al.1981J 
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Yeh et al (1984) described the so no graphic signs, 
which include a loss of substance of part of the fibrous 
abdominal wall, the volume of which varies with strai
ning, and rarely peristalsis if the sac contains intestine. 
Where there are prominent GI symptoms, appropriate 
investigations should be carried out. 

4. Treatment 

The choice of treatment will depend on the type and 
severity of the symptoms. Children up to the age of six 
or seven should be managed conservatively [Pentney 
1960]. Asymptomatic hernias in adults should be left 
alone when they are less than 10 to 15 mm in diameter. 
Hernias less than 25 mm across are usually treated by 
resection of the herniated extraperitoneal fat and 
simple suture of the linea alba which is all that is 
necessary, using nonabsorbable material. This may be 
carried out under local anesthesia. However, more 
extensive surgical treatment may be justified, bearing 
in mind that these lesions are frequently multiple. A 
midline exposure allows complete examination of the 
linea alba and excludes the presence of other unsus
pected defects. Fatty hernias are resected without ope
ning the peritoneum. The most frequent method of 
repair is simple suture using nonabsorbable material 
mounted on atraumatic needles. The paramedian 
Leriche type of incision across the rectus sheath is 
inadvisable, as it is unnecessarily destructive. The 
"wrap over" or Mayo type of repair involving trans
verse enlargement of the hernial orifice as in an umbi
lical hernia, has been advised for lesions 7 cm across, 
but seems to us to be unnecessarily invasive and to 
create tension on the suture lines. Berman (1945) used 
a type of pIa sty with overlap of the anterior and pos
terior rectus sheaths. Askar uses an autograft of strips 
of fascia lata in a lattice fashion, applying the prin
ciples of his observations on the biochemical proper
ties of the anterior abdominal wall. He is the only sur
geon to use this complex procedure. 

In cases where the orifice is greater than 15 mm 
across, my personal preference is to debride it in a ver
tical fashion and then to close with a patch of synthe
tic mesh behind the muscle and in front of the sutured 
posterior sheath, before closing the anterior sheath 
(Fig. 9.27). I term this "the prosthetically reinforced 
suture repair". This method is particularly useful 
when there are a number of superimposed hernial 
defects which become united when the tissues are 
freed up, as it gives access to the whole area and sim
plifies the approach. 

Chevrel (1979) described this technique in the treat
ment of epigastric diastasis, using a pre-aponeurotic 

synthetic patch, which seems a good solution for this 
particular problem (see Chapter on incisional hernia). 
The use of prosthetic material is always indicated in 
recurrent cases of epigastric hernia. 

5. Results 

Complications of epigastric hernia repair are not 
peculiar to this type oflesion. Infection (3-5%) may 
lead to suture failure even after insertion of a deep 
prosthesis. Local treatment of the complication 
without removing the synthetic material is usually 
successful. The reported long term results are less 
favorable than are those of the repair of groin hernia: 
Glenn (1936) 15% recurrences; McCauchan (1956) 9.4% 
recurrences; and Askar (1984) 7% recurrences. The 
factors predisposing to recurrence include obesity, 
infection and the presence of an overlooked associa
ted hernia. My experience of reinforced suture was of 
one recurrence in 67 cases treated by retromuscular 
prosthesis and 30 of those treated by simple suture. 
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B. Diastasis of the Rectus Muscles 

This represents a particular example of spontaneous 
hernia of the linea alba, appearing through broade
ning of the interlaced aponeurotic fibers. It has recei
ved little attention in the literature [Lagrot & Salasc 
1957; Condon 1995]. A study by Bursch (1987) empha
sizes the unreliability of clinical assessment of diasta
sis as seen in 40 pregnant women examined by four 
clinicians. An anatomical, radiological and biomecha
nical study of the linea alba by Rath and Chevrel 
(1996) is relevant here. This study defines diastasis of 
the rectus muscles in terms of the age of the subject, 
by relation to normal variants as seen on ultrasound. 
Diastasis may be defined as a separation of 10 mm 
above, 20 em at, and 9 mm below the umbilicus, is sub
jects below the age of 45. Above 45 the respective 
values are 15,27 and 40 mm (see chapter 1 linea alba). 

Although recognized since the days of Avicenna, 
Malgaigne (1841) Cruveilher (1849) Quenu in Cange's 
thesis (1898) at the present time diastasis is of most 
relevance to obstetricians and plastic surgeons. It is 
most often found in multiparous women, who suffer a 
generalized loss of resilience in the abdominal wall, 
sometimes resulting from too early resumption of 
activity. The diastasis of pregnancy is a normal conse
quence of that state. In the past much emphasis was 
given to "ptosis" of various organs, but in fact no spe
cific symptoms can be attributed to diastasis, apart 
from the cosmetic aspects. An associated umbilical 
hernia is mentioned by Ranney (1990) in 97 out of 673 
cases of postpartum diastasis, in a series of 1,738 pre
gnancies. 
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Examination of the patient while supine reveals only 
a stretched out and striate abdomen, but when the 
patient sits up a longitudinal swelling appears exten
ding usually from the xiphoid to the pubis, which 
again disappears on lying down. The palpating hand 
passes easily between the rectus muscles, of which the 
medial edges are easily felt and may lie as much as 10 
em apart at the level of the umbilicus. There is a ten
dency towards spontaneous correction, perhaps assis
ted by regular abdominal exercises, however these are 
rarely carried out as most patients are happy to wear 
an abdominal support. The indications for surgery 
must be critically assessed, because the extensive 
connective tissue degeneration often promotes recur
rence. Physical and mental preparation of the patient 
is very important. In particular it should be made 
clear that there will be a midline scar from xiphoid to 
pubis, as a result of the procedure. The only cases 
which really merit treatment are those of major symp
tomatic diastasis. Surgery may comprise resection of 
the weakened portion of the linea alba followed by 
suture of the edges of the rectus sheaths, or may for
mally follow the technique described by D' Allaines 
and Contiades (1936) whereby by the enlarged part of 
the linea alba is reconstructed without opening the 
peritoneum by suturing the intact rectus sheaths fol
lowing excision of excessive skin. This is a simple pro
cedure suitable for moderate-sized defects. All major 
lesions require prosthetic reinforcement of the suture 
line, either in front or behind the muscle. Recently, 
endoscopic suture of the muscles has been described 
[Champault; Marchac 1996] (see the end of the follo
wing paragraph). 

C. Spigelian Hernias 

These occur through the aponeurotic area at the late
ral edge of the rectus muscle, medial to the line of 
Spiegel, who was a Flemish anatomist well known in 
Padua during the 16th century. "Ruptures" in this area 
were first described by Le Dran (1742) and attributed 
by Klinkosch (1764) to herniation. 

1. Frequency 

Most publications report a few score cases observed 
by the same team. Spangen [Nyhus in Hernia 4 1995) 
collected a thousand of these cases. 

2. Pathological Anatomy 

The lateral linea alba runs a very gentle outward 
convex course. It contains no muscle fibers and is 
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Fig. 9.28. Deep area of weakness in cases of Spigelian hernia: 
1 between Hesselbach's ligament and the inferior epigastric 
artery (75% of cases); 2 above Hesselbach's ligament (25% of 
cases). A external oblique; B internal oblique; C transverse; 
D Spigelius line; E external iliac artery; F rectus abdominis; 
G lateral groove of the abdomen; H arcuate line; I inferior epi
gastric artery; J Hesselbach's ligament [Guivarc'h et al. 1974] 

made up of the fused aponeuroses of the internal 
oblique and transversus muscles, passing in front of 
the rectus below the arcuate line of Douglas. At this 
point the inferior epigastric pedicle pierces the trans
versalis fascia in order to penetrate the rectus sheath, 
and the posterior aponeurosis of the transversus is 
often defective over several centimeters above the line 
of Douglas, where most Spigelian hernias occur (Fig. 
9.28). 

The hernial orifice lies below the epigastric vessels, 
the hernia is limited below. At this level the fused apo
neuroses of the transversus and internal oblique pro
duce a solid layer, which explains the comparative 
rarity of low Spigelian hernias. British and American 
authors describe a "Spigelian hernia belt", over an area 
lying between the infra-umbilical interspinous line 
and the horizontal line passing through the umbilicus, 
delineating a belt-like area 5 or 6 cm across, where 
most of these hernias occur. These hernias are inter
stitial and covered either by the aponeurosis of the 
external oblique or by those of both oblique muscles. 
Occasionally they pass through the external oblique to 
lie beneath the skin. The hernial sac is usually mush
room-shaped, and covered by a lipoma-like layer of 

extraperitoneal fat. The defect is usually oval with 
rigid aponeurotic edges, varying in diameter from 1 to 
6 or 8 cm. The sac may contain omentum, colon or at 
times the stomach. 

Most of these hernias are acquired, though there 
may be a background of weakness in the area which 
lacks striped muscle fibers. The usual factors common 
to all hernias apply including age, degeneration of 
fibrous tissue, obesity, smoking, chronic intestinal dis
tension, and more recently peritoneal dialysis. Thus 
these hernias may be combined with umbilical epi
gastric or inguinal defects. They are uncommon, par
ticularly in the infra-umbilical form, and are equally 
distributed between the two sexes. 

3. Clinical Picture 

Small hernias (less than 2 cm across) are usually pain
ful' but difficult to feel. The pain is the result of entrap
ped tissues. It is made worse by a rise in intra-abdo
minal pressure and relieved by lying down. Large 
hernias are more easy to feel. The symptoms vary 
according to their contents. The diagnosis is straight
forward as soon as the swelling is noticed, and is 
signaled by reducibility and the presence of a cough 
impulse. Differential diagnosis includes intra-abdo
minal tumors, lipomas and desmoids, or occasionally 
an intramuscular hematoma. In difficult cases, inves
tigations such as ultrasound and tomodensitometry 
may be of use, as they show variation in the volume of 
the sac within it, and occasionally peristalsis of the 
contained bowel. Herniorrhaphy may also be of use, in 
identifying the contents. 

In any obese patient with a clinical history of abdo
minal pain, one should bear in mind the possibility of 
a complicated Spigelian hernia, particularly as a num
ber of Richter type strangulations have been reported. 
Diagnostic laparoscopy in investigation of abdominal 
pain will help to reveal the situation, but for the time 
being a high index of suspicion should be maintained, 
as illustrated by a publication from Gabon [Diane 
1978] which reported a series of 30 cases seen over a 
number of years. 

These hernias require surgical treatment. When the 
hernial mass is palpable incision of the aponeurosis of 
external oblique as far as the anterior rectus sheath 
gives good exposure of Spiegel's fascia and allows 
treatment of the sac and its contents, followed by 
repair of the defect which is usually quite small. When 
there is no hernial mass palpable, having demonstra
ted the defect by ultrasound scan, a midline or para
median incision gives access to the preperitoneal 
retromuscular space, and permits suture of the orifice 



with no damage to the muscle layers. Very occasio
nally an exploration is made by a midline transperito
neal approach when the internal oblique muscle 
appears normal on scanning. This route is also of 
course used for exploration of a strangulated Spigelian 
hernia. Prosthetic reinforcement is not usually neces
sary, except in lowly-placed hernias where the treat
ment is very similar to that of a high groin hernia, and 
if the orifice is large it can be dealt with as described 
above in connection with groin hernias. If there is an 
associated umbilical epigastric or inguinal hernia, 
there should be no hesitation in inserting a prosthesis. 
The prosthesis may either be sandwiched between the 
external oblique muscle in front and the internal 
oblique behind (J.P. Chevrel). Spangen [in Nyhus -
Hernia 41995] in his survey of 1,000 cases reported 
only six recurrences, which supports a policy of surgi
cal treatment of Spigelian hernias. 

In certain circumstances Spigelian and epigastric 
hernias can be treated laparoscopically [Champault 
1996]. The principle consists in insufflating carbon 
dioxide into the pre-aponeurotic layer and dissecting 
up this space under direct vision as far as the origin of 
the lesion. The insufflation can be carried out by a 
suprapubic sub umbilical trocar. The two 5 mm trocars 
are lateralised in order to permit dissection and repair 
of the abdominal wall defect. One can make use of a 
pre-existing appendicectomy scar for insertion of the 
right lateral trocar. The aponeurotic defect can be clo
sed either by nonabsorbable endoparietal sutures or 
by using a Reverdin needle introduced under direct 
vision via the umbilicus. This latter procedure has 
obvious advantages. It can also be used for the treat
ment of divarication of the rectus muscles and place
ment of a reinforcing prosthesis in the pre-aponeuro
tic layer. 
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D. Lumbar Hernias 

These arise in the lumbar region where they traverse 
the abdominal wall either in the superficial intermus
cular triangle of Petit (1774) limited by the iliac crest 
below, the latissimus dorsi medially and the external 
oblique laterally, or else in the deep intermuscular 
quadrangle of Grynfeld (1866) which lies between the 
twelfth rib, the posterior and inferior serratus, qua
dratus lomborum and internal oblique. Some of these 
hernias are diffuse when they follow a surgical inci
sion, and if the boundaries are of bone or cartilage 
this may create difficulties in repair. Swartz empha
sizes that among the most difficult to treat are those 
which follow the removal of a vein graft from the iliac 
crest and those which are the result of gunshot 
wounds. The majority of lumbar hernias are incisio
nal, and are commoner than those arising sponta
neously. 

The first description of these hernias is attributed to 
Barbette (1672). Ravaton (1750) reduced a strangulated 
lumbar hernia in a pregnant woman and in 1783 Jean
Louis Petit reported a case of strangulation and des
cribed the anatomical limits of the lower lumbar tri
angle. In 1866 Grynfeld described the upper lumbar 
quadrilateral. Before that it was assumed that alllum
bar hernias passed through the triangle of Petit. In 
1916 Goodman and Spence, Ravdin (1923), Virgillio 
(1925), Watson (1948), Thorek (1950) and Swartz (1978) 
have reported series of lumbar hernias. 

1. Pathological Anatomy 

These hernias have been classified as either congeni
tal or acquired, spontaneous, post-traumatic or post
operative. Apart from the areas of Petit and Grynfelt, 
the vessels and nerves of the region can occasionally 
be the site of a hernia. Much more often incisional 
hernias emerge through the c1assicallumbotomy sites. 
Spontaneous hernias are comparatively rare (a few 
hundred published cases), congenital variations in the 
abdominal wall predispose to their appearance. A sac 
is almost always present but hernias of the kidney and 
perirenal fat without a sac have been reported. When 
there is a peritoneal sac it usually contains omentum, 
often colon, more rarely kidney or small intestine. 
Congenital lumbar hernias in children are often asso
ciated with other malformations whereas acquired 
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hernias occur in the middle-aged adult, often with a 
background of obesity or cachexia, respiratory pro
blems or chronic intestinal obstruction. One cause 
which has now become rare was tuberculous abscess 
of the spine, whereas one which is now much more 
frequent is postoperative eventration following sur
gery on the kidney (30% of cases). The sex ration is 2/1 
in favor of the male according to Swartz. 

2. Clinical Picture 

There may be no symptoms, otherwise pain may 
occur as a result of incarceration. The hernia is usually 
a bulky and reducible mass, the contents of which can 
be ascertained on clinical examination. A cough 
impulse is present, but is lost where there is incarcera
tion or strangulation. The mass is often resonant to 
percussion. Postoperative lumbar hernias are often 
very bulky (up to 25 em in diameter) and deform the 
outline of the patient. Congenital hernias which are 
often seen at or shortly after birth, are large depres
sible bulky masses which markedly increase in size 
when the baby cries. 

The pain may be interpreted in various ways inclu
ding fatigue, displaced vertebrae, referred pain, all of 
which emphasize the importance of not attributing 
the symptoms to the hernia before carrying out a 
careful assessment of the musculo-skeletal system. In 
one reported series incarceration was not unusual (8-

a 

24%) whereas strangulation is less frequent than in 
other types of hernia because of the large dimensions 
of the hernial orifice. The differential diagnosis 
includes all other types of soft tissue swelling in the 
area, and does not require detailed elaboration. 

3. Treatment 

Although lumbar hernias rarely strangulate, they 
nonetheless require surgical action because of their 
increasing volume, which renders them symptomatic 
and cosmetically unacceptable. However, surgery for 
congenital lumbar hernia should be delayed until the 
child reaches the age of six months. 

Before operation the appropriate radiological inves
tigations should be carried out (upper GI series, 
barium enema, IVU) together with a CT scan. If the 
sac contains large bowel, the colon should be suitably 
prepared. These patients should be persuaded to lose 
weight. Careful preparation is essential because the 
treatment of a large lumbar hernia is complex and 
should be carried out in a specialized center. 

The usual incision runs obliquely from the l2th rib 
above and behind towards the anterior part of the 
iliac crest. The hernial mass is separated from the 
subcutaneous fat and the sac identified, bearing in 
mind the possibility of its containing colon en glis
sade, with a consequent risk of injury to the mesoco
lon. When a sac is present it should be opened in 

Fig. 9.29a, b. Dowd's technique, 
with mobilization of a flap of glu
teus maximus and fascia lata and 
reinforcement of the remaining 
defect with a fascial flap from the 
latissimus dorsi 
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, 

Fig.9.30. Fig.9.31. 

Fig.9.30. Koontz's technique, using two flaps from the lumbar fascia and gluteal aponeurosis [Testart & Bismuth 1971] 

Fig. 9.31. Illustration (from within and looking out) of a large prosthetic reinforcement of the visceral sac without abdominal wall 
repair in a case of voluminous lumbar hernia. The prosthesis is partially attached, anteriorly, by transfixing sutures of the abdomi
nal wall and partially with adhesive (above, below, and posteriorly). The zones of adhesive are shown by the cross-hatchings [Stoppa 
et al. 1981] 

order to check the contents and identify any separate 
locules. Complete sacs are unusual. When the base of 
the sac is too large to be controlled by a simple liga
ture, the sac may be inverted or plicated and sutured, 
to eliminate the bulge. Any dead space should be drai
ned. The choice of repair for the abdominal wall will 
depend on the size and position of the hernia. With 
moderate sized hernias of the congenital or sponta
neous type, it is sometimes possible to carry out a 
wrap over repair of the aponeurotic layers which will 
narrow the hernial orifice, using interrupted sutures 
of strong nonabsorbable monofilament material, and 
constructing two superimposed solid layers. With 
very large hernias, Ponka (1980) advises the use of 
musculo-aponeurotic reinforcement flaps, either a 
tailored flap composed of the aponeurosis of gluteus 
maximus together with fascia lata brought upwards 
[Dowd 1907] (Fig. 9.29) or else using the Koontz tech
nique (Fig. 9.30), which combines a flap of gluteus 
and fascia lata brought upwards with one of latissi
mus dorsi which is swung forwards. Ravdin (1923) 

suggested the use of free grafts fascia lata, Koontz 
uses skin, Thorek (1950) tantalum mesh and Hafner 
(1963) polypropylene. Overall, the most commonly 
used techniques are those of Dowd for hernias 
through the upper triangle and of Ravdin for hernias 
of the lower triangle. 

With postoperative hernias, these procedures may 
be difficult because of scarring. The most difficult 
defects to repair are those which follow removal of an 
iliac bone graft. Various solutions include wide resec
tion of the ilium [Bosworth 1955], bone graft [Oldfield 
1945], and transposition of the iliopsoas muscle 
[Lewin & Bradley 19491. We personally favor the use of 
a nonabsorbable prosthetic mesh placed extraperito
neally beneath the muscles (Fig. 9.31), and fixed at the 
edges, wherever there is a loss of substance of more 
than 5 cm in diameter. The results of surgical treat
ment of lumbar hernias are impossible to summarize 
here because of the multiplicity of the techniques 
used, the lack of consensus on the indications and the 
limited experience of the authors. 
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E. Pelvic Hernias 

The orifices of these hernias lie below the level of the 
pelvic brim. They are rare and can be divided into 
three types: anterior or obturator hernias which 
emerge through the obturator foramen and appear in 
the anterior aspect of the thigh, posterior or sciatic 
hernias which emerge through the greater sciatic 
notch and appear in the buttock or the back of the 
thigh, and perineal hernias of which only the lateral 
types will be discussed here (excluding rectoceles, cys
toceles and others which pass through the pelvic 
floor). Although rare, pelvic hernias are of importance 
because of their tendency to strangulate, which is 
often overlooked with serious results, especially in the 
case of obturator hernias. 

1. Obturator Hernias 

The surgeon should be aware of this rare hernia which 
is difficult to diagnose, but frequently strangulates, 
with serious results. Arnaud de Ronsil (1723) and later 
Croissant de Garangeot (1743) reported the first cases. 
Dupuytren described it at the beginning of the 19th 
century, so that Nyhus (1964) termed it the "French 
Hernia". Hilton (1848) was the first to attempt surgical 
repair under chloroform anesthesia, and the first suc
cessful operation was carried out by Obre in 1851. 
Howship (1840) described the characteristic pain on 
the inner side of the thigh, due to compression of the 
obturator nerve. This was independently described by 
Romberg in 1848. The most recent review is that of 
Skandalakis et al. (1995) in the fourth edition of the 
Nyhus book on hernia. 

b 

Fig. 9.32. Strangulated obturator hernia. a Endopelvic view sho
wing the small bowel engaged in the internal ring of the subpu
bic canal, medial to the obturator neurovascular bundle. b 
Anterior view showing the pectineus covering the hernial sac 
[Guivarc'h & Houssin 1970] 

The obturator canal is limited above by the hori
zontal ramus of the pubis and below by the upper edge 
of the obturator membrane. It is 10-15 mm across and 
3 cm long. Running obliquely downwards, forwards 
and medially, the margins of this canal are rigid, resul
ting in its tendency to strangulate. The anterior end of 
the canal opens into the femoral triangle. The obtura
tor canal transmits the neurovascular bundle compo
sed of, from above downwards, the nerve, artery and 
vein. The hernial sac, often accompanied by a lipoma, 
is usually small. It often contains small bowel (hence 
the frequency of Richter type strangulation) but rarely 
may contain the appendix, Fallopian tube, Meckel's 
diverticulum, omentum or bladder. 

a) Frequency 

The hernia is found six times more often in women 
than men, because of the greater diameter of the obtu-



rator foramen in females. The usual presentation is 
during the eighth decade. Malnutrition, respiratory 
problems and chronic intestinal distension are fre
quent predisposing factors. The hernia is found more 
frequently on the right than on the left, and is bilateral 
in 6% of cases. It is often associated with a groin her
nia. 

Skandalakis (1995) has collected more than 450 
published cases from the world literature. Rogers 
(1964) in a series of 3,000 mechanical obstructions 
encountered twelve obturator hernias (Fig. 9.32). 
Manning (1966) reports four obturator hernias in an 
overall series of 539 hernias operated in a Nigerian 
hospital. Bjork (1988) recorded eleven cases in more 
than 15,000 hernias repaired at the Mayo Clinic, and 
Persson (1987) 15 cases out of 850 herniorrhaphies. 
The exact frequency of obturator hernia is thus still 
unknown. 

b) Clinical Picture 

The usual presentation is of acute strangulation, often 
with a background of recurrent episodes which may 
extend over ten years. Skandalakis (1995) describes the 
prominent features which are intestinal obstruction 
(70 out of 79 cases), pain on the medial side of the 
thigh and the knee, and the "hip and knee pain" sign 
of Howship and Romberg in 41 patients out of 79. The 
absence of this symptom does not exclude the dia
gnosis but its presence indicates compression of the 
obturator nerve, which the surgeon should be aware 
of. A palpable mass (15 cases out of 79) which is more 
easily found when the patient lies down with the 
thighs flexed, abducted and externally rotated, at the 
upper part of the inner side of the thigh, is typical. It 
is sometimes palpable laterally on rectal or vaginal 
examination. In 28 out of the 79 patients in the 
Skandalakis' series, there were repeated episodes for 
between six months and ten years before surgery. 
Plain radiographs do not usually reveal the diagnosis, 
because air and fluid levels are only seen with a com
plete obstruction. Champault et al. have recently 
reported good visualization of a Richter's hernia of the 
small bowel by the use of water soluble contrast 
medium. There is some evidence that the diagnosis of 
strangulated obturated hernia is aided by the use of 
abdominal tomodensitometry, an examination which 
is receiving increasing interest in the investigation of 
small bowel obstruction, and is recommended by 
Farthouart (1996) as the examination of first choice in 
all cases of suspected obstruction. The Howhip 
Romberg sign is virtually pathognomonic, whereas 
the palpation of a tumor is the best objective sign. 
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However the best way of making the diagnosis is 
always to bear it in mind, and to operate early in order 
to avoid the necessity of resection, as was the case in 
49 out of Skandalakis' 79 operations. 

c) Treatment 

(1) Route of Access 

The difficulties resulting from the deeply placed loca
tion of the hernia are increased by the fact that the 
operation is usually carried out for obstruction. 
Reduction is difficult. The abdominal approach gives 
poor access to the sac, whereas identification of the 
neck and resection of intestine is virtually impossible 
via the femoral route. In most cases a lower midline 
incision will have been made, because the cause of the 
obstruction will not have been diagnosed. Exploration 
of the peritoneum discloses a strangulated loop in the 
obturator canal, and gentle traction should be used in 
order to disimpact the bowel without rupturing it. It 
may be necessary to free up the deep orifice of the 
obturator foramen, always bearing in mind that the 
neurovascular bundle lies immediately above the sac. 
When in spite of this the loop cannot be reduced, a 
separate approach through the thigh must be made in 
order to gain better access. 

The femoral or obturator approach comprises a ver
tical incision in the medial part of the femoral tri
angle, between the femoral artery and the pubic spine, 
extending over 10 to 12 cm. The incision is deepened 
in the space between the adductor magnus and pecti
neus, and when the latter muscle is retracted the exter
nal orifice of the obturator canal is exposed. A large 
sac is easily freed through this approach, but it may be 
very difficult to avoid injuring the hernial contents or 
the vessels, so that Caraven (1941) suggested resecting 
the iliopubic ramus. However, this would seem to be a 
most mutilating procedure, best avoided. 

The subperitoneal inguinal route described by 
Milligan uses an incision parallel to the inguinalliga
ment and two centimeters above it, through which the 
internal oblique and transversus muscles are deta
ched from the ligament (a better alternative is to 
incise the floor of the inguinal canal) in order to gain 
access to the "space of Bogros", and thence to the 
deep orifice of the obturator canal. It is difficult to 
close the orifice through this approach, which was 
modified by Cheatle (1920) and Henry (1936) into a 
suprapubic horizontal approach, that when enlarged 
gives better access and allows repair of any coexisting 
femoral hernia. Our personal preference is for a mid
line extraperitoneal approach which, when the dia-
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gnosis has been made preoperatively, is quick to carry 
out, and even if the abdomen has been explored for 
obstruction, can be used following closure of the per
itoneum. The literature shows that combined 
approaches have often been used, which allow suc
cessive exposure of the sac and the neck of the hernia, 
i.e. the superficial and deep orifices of the obturator 
foramen. 

The deep aspect of the obturator canal may be diffi
cult to close, on account of its rigid osseofibrous walls. 
Various solutions have been suggested. Simple suture 
of the peritoneal neck via the abdomen carries a risk 
of recurrence. Suture of the deep orifice of the obtura
tor canal, reinforced by an aponeurotic flap or synthe
tic patch, taking care to allow room for passage of the 
neurovascular bundle, is another solution. The obtu
rator canal can be obliterated by omentum, ovary, ute
rus, or a muscular flap. These methods have nowadays 
been replaced by the use of a plug of synthetic mate
rial. Most present day surgeons prefer, like us, to use a 
piece of synthetic mesh placed between the perito
neum and the pelvic wall, at the same time exteriori
sing the obturator neurovascular bundle. 

Usually, the operation is carried out for intestinal 
obstruction via a midline laparotomy. If the obstruc
ted loop proves difficult to reduce, rather than car
rying out a supplementary incision in the thigh, it may 
be better to use sufficient force to withdraw the loop, 
and then if necessary to resect the bowel. Following 
resection of the compromised loop, the peritoneum is 
closed and a prosthetic repair carried out through a 
clean area, using an appropriately sized patch. 

In the elective situation, it is better to use the sub
peritoneal inguinal approach (Cheatle, Henry, Nyhus) 
which gives a good view of the obturator foramen 
which can then be patched. A midline subumbilical 
approach can also be used, which gives access to both 
sides and allows the surgeon to insert a large reinfor
cing prosthesis in front of the peritoneum, as already 
described in the treatment of groin hernias, and which 
has proved very satisfactory in our hands. 

(2) Results 

The 48% mortality described by Watson in 1948 has 
now come down to 13.2% in the 98 cases described by 
Gray and Skandalakis in 1974. It is noteworthy that the 
general state of the patients described by the latter two 
authors precluded any attempt at repair of the obtura
tor canal. However, there was only one recurrence 
confirmed at operation, and in one other patient 
recurrent episodes of intestinal obstruction were in 
fact due to an obturator hernia on the other side. 
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2. Sciatic Hernias 

Protrusion of a sac of the pelvic peritoneum into the 
buttock, via the greater or lesser sciatic notch, has 
been given various terms, such as sacrosciatic hernias, 
buttock hernias and ischioceles. According to Watson 
(1948), Verdier (1753) was the first to describe these, 
whereas Brehant (1960) attributes the first description 
to Papen (1750). 

a) Frequency 

Watson reviewed the world literature in 1948 and fin
ding only 35 cases concluded that sciatic hernia was 
the rarest form of hernia. In 1958 Gaffney and 
Schanno reported four more cases, including one of 
their own. Of the 30,000 hernias reported from the 
Mayo Clinic [Koontz 1978] and in the series of 21,000 
hernias reported by Thomas (1964) no single case 
appeared. It seems that, according to the article by S. 
Black in the fourth edition of Hernia [Nyhus 1995] the 
condition predominantly affects women between 20 
and 60 years of age, with no predilection for either 
side. 
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b 

Fig. 9.33. Sciatic hernia. a Endopelvic view of the three orifices; below, the lesser sciatic notch; above, the greater sciatic notch and 
supra- and subpiriformis canals. b Exopelvic view showing the greater sciatic notch with two supra- and subpiriformis hernias 
[Guivarc'h & Houssin 1970] 

b) Pathological Anatomy (Fig. 9.33) 

Waldeyer [in Bismuth & Testard 1971] describes three 
types of sciatic hernia: namely the suprapiriform 
which emerges through the greater sciatic notch late
ral to the gluteal nerves and vessels, and above the 
piriformis muscle, the infra piriform, at the lower part 
of the greater sciatic notch, between the piriformis 
and the sacrotuberous ligament, medial to the inter
nal pudendal vessels and sciatic nerve, and the infras
pinal type which emerges through the lesser sciatic 
notch between the sacrotuberous and the sacrospi
nous ligaments, medial to the tendon of obturator 
internus and the internal pudendal vessels. Thus all 
the sciatic hernias lie above and lateral to the sacro
tuberous ligament, and spread downwards into the 
buttock, before entering the thigh. In more than 30% 
of cases the content is small intestine, but bladder, 
ovary, Fallopian tube, colon, omentum, ureter and 
Meckel's diverticulum have all been reported. 

Sciatic hernias can be congenital, in which case 
they are usually associated with malformations of the 
pelvic bones or muscles, or acquired, as a result of 
increased intra-abdominal pressure or by muscular 
erosion caused by retroperitoneal tumors invading 
the buttock. 

c) Clinical Picture 

Small sciatic hernias cause no symptoms or physical 
signs. Large ones present as a bulky mass in the but
tock region, which increases in size on standing or 
coughing. Auscultation may reveal bowel sounds. In 
advanced cases, there may be intestinal obstruction or 
sciatic neuralgia. Palpation reveals a soft and reducible 
swelling, though at times the hernia is tense and cys
tic and reduction may be difficult. It is therefore advi
sable to examine the buttock region in all cases of 
intestinal obstruction, as well as examining the usual 
hernial orifices, as well as in cases of sciatic pain and 
dysuria. Radiological investigations with contrast 
medium will identify the contents of the hernia. 

d) Treatment 

There are two approaches, which can be used separa
tely or in combination. The transabdominal approach 
is usually required for acute intestinal obstruction. 
This immediately reveals the diagnosis, as the hernia 
passes behind the broad ligament and is usually easily 
reduced by gentle traction. Occasionally it may be 
necessary to divide the piriformis muscle. The orifice 
can be repaired either by folding the sac back on itself 
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in order to fill up the defect with the peritoneal plug 
thus formed, the other method being to use a flap of 
the piriformis aponeurosis to fill the gap. However, 
this is a difficult technique and risks injury to the 
important nerves of the area. Although not yet repor
ted, the use of an extraperitoneal plug or patch of 
Dacron mesh should prove a useful method. 

The posterior route is used in the elective case. The 
buttock is incised via an oblique incision from the 
posterior-superior iliac spine as far as the greater tro
chanter, and this is prolonged by a vertical segment on 
the lateral side of the thigh. The gluteus maximus is 
detached and lifted up medially to expose the two 
spaces above and below the piriformis. The sac is freed 
and invaginated without opening it. The orifice may 
be closed by suturing the piriformis to the gluteus 
medius or to the periosteum of the ilium, being care
ful to protect the neurovascular pedicles. When a large 
retroperitoneal tumor herniates into the buttock 
through one of the sciatic notches (we have seen one 
such case) a combined approach seems preferable. 
The abdominal portion of the tumor is resected via 
the abdomen and the lower part via the buttock. 
Insertion of a prosthetic mesh is rather easier via the 
upper approach. 

The precise indications and results of these opera
tions are impossible to estimate, given the very small 
number of published cases, many of which are autopsy 
studies (of the 35 cases reported by Watson, eight were 
postmortem). 
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3. Perineal Hernias 

We will confine ourselves to spontaneously occurring 
hernias, excluding those which follow perineal opera
tions. They are also known as pelvic, ischiorectal, 
pudendal, labial, infrapubic, and vaginal hernias, and 
also as hernias of the pouch of Douglas. Primary per
ineal hernias were recognized by de Garangeot (1736). 

Fewer than 100 cases have been published. The subject 
was reviewed by R. K. Pearl in the 4th edition of Hernia 
[Nyhus 1995]. The pelvic floor is formed by the levator 
ani and ileococcygeus muscles. Two main types of per
ineal hernia have been described (Fig. 9.34). 

Fig.9.34. Lateral pelvic hernias emerge through the three ori
fices shown: anterior to the levator ani, between the levator and 
coccygeus, posterior to the coccygeus [Guivarc'h & Houssin 
1970] 

Anterior hernias in women pass in front of the 
broad ligament and lateral to the bladder, crossing the 
paravesical fossa and emerging in the perineum in 
front of the superficial transverse perineal muscle, 
eventually reaching the labium majus. Posterior her
nias pass between the rectum and the bladder in men 
or between the rectum and the vagina in women, 
behind the large ligament and lateral to the uterosa
cralligament, in the pararectal fossa, and eventually 
emerge through the ischiococcygeus muscle. Anterior 
hernias are of equal rarity to sciatic hernias and are 
three times less common in men than in multiparous 
women. An abnormally deep pouch of Douglas may 
explain the predominance of congenital hernias, whe
reas increased intra-abdominal pressure or an ascitic 
collection may predispose to the acquired type. 

a) Clinical Picture 

These symptoms are usually mild. They include some 
dysuria in anterior hernias and discomfort on stan
ding in large posterior hernias. The crucial physical 
sign is the finding of a reducible perineal mass with a 
cough impulse. These features disappear on strangu
lation, which is a rare event having regard to the 
breadth of the neck and the degenerate state of the 
surrounding muscles. These lateral hernias must be 
distinguished from the various types of vaginal pro
lapse (rectocele, cystocele or elitrocele) which are the 
commoner type of midline perineal hernia. 



b) Treatment 

Surgery is the only treatment. Three approaches may 
be used. 

Laparotomy via a lower midline incision shows the 
small intestinal colon disappearing into a defect in the 
pelvic floor. Gentle traction will usually effect reduc
tion, except in large adherent hernias. Pressure on the 
lower end of the sac will help its emergence into the 
pelvis. Small defects may be closed by freshening the 
muscular edges and suturing them with interrupted 
nonabsorbable stitches. If the defect is large the suture 
line may be reinforced by a patch of fascia lata or pros
thetic material. It is advisable to repair the upper per
itoneum following resection or obliteration of the 
pouch of Douglas [Charrier & Gosset, in Bismuth & 
Testard 1971). 

The perineal approach is more direct and gives 
good access to the hernial sac, which is easily dissec
ted, opened and resected following reduction of its 
contents. However it may be difficult to approximate 
the muscular edges of the hernial defect, using this 
approach. A combined abdomino-perineal approach 
is only necessary in those rare cases where a very large 
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hernia is adherent to the soft tissues of the perineum. 
It is probably better in such a case to excise the dis
tended and redundant perineal skin [Koontz & 
Kimberly 1959). 

The immediate results of operation are usually 
good, apart from the rare case of strangulation. 
However, recurrence is common because of the size of 
the muscular defect and the absence of aponeurotic or 
tendinous structures which can be used to produce a 
solid repair. It seems likely therefore that prosthetic 
materials will come to be used more frequently than 
in the past, as is the case in many other types of her
nia, as already discussed. 
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The umbilicus is the cicatrix of the site of implanta
tion of the umbilical cord. This is an area of weakness 
which gives rise to congenital and acquired hernias. 
Owing to its connections to certain vestigial struc
tures, the umbilicus is also the site of special patholo
gical processes. 

I. Umbilical Hernia 

Only acquired hernia in adults will be discussed in 
this chapter. The reader should consult Chapter 12 

(IV) for a discussion of umbilical hernia and ompha
locele in children. 

Hernia results from dissension of the cicatricial 
area of the umbilicus. Such hernias account for 6% of 
all hernias in adults and are most often seen in 
women in the second half of life [Ajao et al. 1979]. 
Factors leading to weakness of the umbilical region 
include pregnancy, obesity, and muscle atrophy 
[Musca 1967]. 

A. Pathological Anatomy 

Most umbilical hernias are of the direct type. Indirect 
oblique herniation through Richet's canal is rare (or 
even contested by certain surgeons). The skin over 
the hernia is stretched and may show eczematous or 
ulcerative lesions. The thin, distended peritoneal sac 
adheres to the integument and to the hernial ring, 
which resembles a sharp-edged collar. The hernial sac 
may be subdivided by adhesions or may appear diver
ticular. The contents of the sac are highly variable and 
include small bowel or omentum and less often colon, 
stomach, or even duodenum [Bjorgsvik & Baardsen 
1981]. 

B. AnatomicoC/inica/ Forms 

1. Small Hernia 

Small umbilical hernia may be asymptomatic. In other 
cases, tugging or even sharp pain which increases on 
palpation is encountered. Gastrointestinal distur
bances are rare. In thin subjects, the hernia is easily 
evidenced as a small, round protrusion with unfolding 
of the umbilical skin at its lower end. The mass can be 
easily reduced, subsequent to which the rigid outline 
of the ring is easily palpable. In most cases, the skin 
appears to be in good condition and the abdominal 
wall seems tonic. 

Small hernia is more difficult to identify in obese 
patients, since there is no visible protrusion. Careful 
examination is required to identify the impulsive and 
more or less reducible mass buried in the fat of the 
umbilical region. 

These hernias tend to increase in size and become 
irreducible. The major complication is strangulation 
with sudden onset of acute symptoms associating 
intestinal occlusion and a hard painful tumefaction 
which cannot be reduced. Immediate surgical inter
vention is required. Treatment of small umbilica her
nia is simple [Criado 1981; de Medinacelli et al. 1979]. 
With the patient under general anesthesia, a perium
bilical incision is made. The sac is dissected down to 
its neck, then single-layered closure of the aponeuro
sis is done. Postoperative course is uneventful, hospi
talization is short (3-4 days), and the mortality is nil. 

2. Large Hernia 

Treatment of large umbilical hernia is problematic. 
The lesion is evidenced as a very large multilobular 
tumor covered by thin purplish skin of uneven tex
ture. The mass may be soft or hard and seems to be 
buried in the fat. Percussion is both sonorous and dull 
in different parts of the hernia. The force of coughing 
is more or less transmitted to the hernia. Only very 
partial reduction can be achieved. This type of hernia 
is sometimes discovered on hospitalization for various 
reasons such as abdominal pain with nausea and 
slight vomiting or interruption of intestinal transit, 
which regresses either spontaneously after a few days 
or subsequent to symptomatic treatment. 

Large umbilical hernia can lead to various compli
cations. 

Skin lesions include eczema, intertrigo, ulceration, 
lymphangitis, or even abscess or phlegmon. These 
complications must be treated prior to surgery. 
Spontaneous rupture [Fischer & Graham-Calkins 
1978] is a very rare complication arising subsequent to 
effort in patients with very severe cutaneous lesions. 
Hernial peritonitis, also a rare complication, results 
from episodes of epiploitis; the hernial mass becomes 
irreducible and shows signs of inflammation with red
ness, edema, and thickening of the skin. Strangulation 
is the most important complication. In many cases the 
onset of strangulation resembles incarceration, but 
regression does not occur; the patient is often seen at 
an advanced stage and thus presents with abdominal 
dissension, arrested intestinal transit, and a volumi
nous irreducible hernial mass accompanied by dehy
dration and fever. Emergency surgery is required after 
preparation for a few hours in the intensive care unit. 



Treatment is difficult owing to local, peritoneal, and 
general risk factors. 

Poor patient terrain is the reason for the severity of 
these large umbilical hernias. Patients are commonly 
obese women with a flaccid abdominal wall and an 
enormous hernia, hanging down like an apron over 
the inferior part of the wall. Cutaneous lesions are 
almost always present. Diabetes (sometimes undia
gnosed) is also rather frequent. Varicose veins or a his
tory of phlebitis further complicate the clinical setting. 
Many of these patients present with additional hernias 
(especially femoral) or cardiopulmonary disease 
(emphysema, chronic bronchitis), conditions which 
represent a very poor surgical terrain. 

Treatment requires surgical intervention, despite the 
difficulty of repair and the numerous operative risks. 
Under ideal conditions, surgical repair should be done 
after thorough local and general preparation, inclu
ding scrupulous cleansing of the skin, treatment of 
dermatological lesions, weight loss, cardiovascular and 
pulmonary evaluation and preparation (respiratory 
function test, physiotherapy, bronchial mucolytics, 
antibiotics), and anticoagulants. In some cases of for
midable hernia that has "lost the right to reside" in the 
abdomen, progressive preoperative pneumoperito
neum can be useful. 

Surgical repair involves wide omphalectomy 
[Caravel 1981] with lipectomy via a transverse ellipti
cal incision. The peritoneal cavity is first approached 
at a distance from the hernia. The herniated viscera 
are progressively freed from within the sac. The sac is 
then resected and the viscera are reintroduced into the 
abdominal cavity. Repair of the abdominal wall is 
done by transverse fascial suturing or implantation of 
a prosthesis. Subcutaneous suction drainage is gene
rally required. External reinforcement using adhesive 
mesh (Contensor) is recommended. The same basic 
procedures are followed in cases of strangulated her
nia. Subsequent to opening of the sac, and according 
to the lesions observed, the herniated viscera are rein
tegrated or resection of the involved omentum, small 
bowel, or colon is done [Wilson 1981]. Postoperative 
complications include suppuration of the abdominal 
wall wound dehiscence, and pulmonary and venous 
disorders. Recurrence is a long-term complication of 
primary repair. Due to the poor patient terrain, the 
mortality for these large hernias ranges from 5% to 
10%, and up to 15% in cases of strangulation. 

3. In Patients with Cirrhosis 

Umbilical hernia in patients with cirrhotic ascites 
results from progressive dissension of the umbilical· 
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Fig. 10.1. Umbilical hernia. Above: trophic lesions; below: fluid 
contents demonstrated by transillumination. (Courtesy of M. 
Caix) 

ring due to the combined effects of increased abdomi
nal pressure, extreme thinning of the abdominal 
muscles, and chronic malnutrition [Eisenstadt 1979]. 
The skin of the umbilicus is stretched thin. With the 
patient standing, the hernia is seen as a cortical or 
oblong mass, while in the supine position it becomes 
spherical. The hernia varies in size and may be gigan
tic in some cases. The herniated area displays nume
rous veins resulting from the development of the col
lateral circulation. These hernias are painless. Their 
size varies with that of the ascites. The contents of the 
reducible mass are dull on percussion, even though a 
loop of bowel (generally not adherent) may be found 
in the sac (Fig. 10.1). 

The hernia develops along with the ascites, with epi
sodic complication due to intercurrent disorders, 
hemorrhage, or nonobservance of dietary restriction. 
Complications include fissuration with permanent 
exudasion, and - exceptionally - sudden rupture of the 
integument on effort. The major risk for these patients 
is infected ascites. Prognosis is very poor. 

Treatment consists of wide omphalectomy, which is 
done as an emergency procedure in cases of fissura-
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tion or rupture. Once again, appropriate preparation 
is of prime importance and includes care of the skin, 
evaluation of blood clotting factors, evacuation of 
ascites by celiocentesis, acid-base and volume equili
bration, and administration of diuretics. General 
anesthesia is preferable to local anesthesia. Rigorous 
hemostasis is achieved by ligature of the subcuta
neous veins distended by the portal hypertension. 
The ascitic fluid is slowly evacuated. Solid hermetic 
repair of the abdominal wall is achieved by conti
nuous suturing in order to avoid postoperative lea
kage. Cicatrization is a slow process in such cases; 
external reinforcement is helpful. Postoperative care 
requires scrupulous medical treatment of the ascites. 
In patients with very poor general health, bandaging 
of the hernia with evacuation of the ascites is an 
appropriate temporary risk-free approach to mana
gement. The poor prognosis of umbilical rupture in 
cirrhotic patients is closely correlated to the degree of 
hepatic insufficiency. 

II. Tumors of the Umbilicus 

A. Primary Tumors 

Tumors of the umbilical region [Blumenthal 1980 ] are 
no different from those affecting other parts of the 
abdominal wall, with the exception of tumor of the 
embryonic remnants found in this region, i.e., tumor 
of the urachus, especially cysts and rarely sarcoma, 
and the exceptional neoplasms of the round ligament 
or umbilical arteries. Umbilical tumors are usually 
benign (sebaceous or dermoid cyst, myxoma, 
fibroma, lipoma, angioma, etc.). Resection of these 
moderate-sized tumors is not problematic, and repair 
of the abdominal wall is easily achieved. 

B. Secondary Tumors 

The umbilicus is a frequent site of metastasis [Galle 
et al. 1981; Jager & Max 1979]. Generally, umbilical 
metastasis is seen at the end stage of neoplastic dis
semination of primary malignancy of the pancreas, 
bronchus, kidney, or thyroid gland. In some cases, 
however, the metastatic lesion of the umbilicus is the 
first apparent sign of malignancy, and the histologi
cal features of the lesion (adenocarcinoma, squamous 
cell carcinoma, melanosarcoma) obtained from 
biopsy sampling (which is preferable to needle punc
ture biopsy) may help to orient the search for the site 
of the primary tumor. 

C. False Tumors 

Inflammation leading to profuse granulations may 
resemble tumor. These granulations can develop in 
contact with a foreign body, or may be due to recur
rent local and chronic infection. In rare cases such 
tumor-like lesions occur in the umbilical cicatrix 
resulting from celioscopy [Charles 1981]. 

Vascular anomalies resulting from portal hyperten
sion may also resemble tumor. The umbilicus, which 
is the natural site of portosystemic venous shunting, 
may present a "Medusa-head" venous network in cases 
of Cruveilhier-Baumgarten syndrome. 

A hardened ball of desiccated cells or foreign mate
rial can sometimes be found deep in the umbilical 
skin folds of patients who have poor personal hygiene. 
Umbilical endometriosis [Merrild & Christensen 1982] 
may also resemble tumor. 

III. Fistula and Suppurative Lesions 

Suppurative lesions and fistula can be grouped toge
ther since they display common symptomatology 
[Etienne et al.1982]. The symptoms include pain in the 
umbilical region (ranging from mild pain or a sensa
tion of local tension to sharp pain on effort) irradia
ting to the bladder, with a frequent and imperative 
desire to urinate. At the stage of collected suppuration 
the pain is exacerbated by contact with clothing, cou
ghing, and sneezing, and it subsides in positions lea
ding to relaxation of the abdominal musculature. 
Anorexia, nausea, and fever may accompany the pain. 
On examination, the external umbilical orifice is nar
rowed by a warm red fluctuant tumefaction, which is 
very painful to touch. Such a collection will open to 
the skin. The lesion develops in successive phases of 
retention and evacuation and eventually becomes a 
chronic condition. In rare cases, intermittent emission 
of urine or digestive fluid occurs. 

A. Fistula 

Umbilical fistula is an abnormal communication bet
ween the umbilicus and the digestive or urinary appa
ratus, or even an embryonic structure. 

1. Urinary Fistula 

This type of fistula is very rare in adults and results 
from persistent patency of the urachus. Very rarely, 
spontaneous or surgical evacuation of an abscess 



(usually subumbilical) is followed by permanent emis
sion of urine from the umbilicus. Intermittent emis
sion of urine may be seen in patients with urinary 
retention or increased pressure within the bladder. 
The presence of recurrent urinary infection should 
draw attention to the possible existence of this type of 
fistula. Diagnosis is achieved by opacification of the 
fistula, by voiding or retrograde cystograms (lateral 
view), and by the recovery of dye in the urine injected 
via the fistula. 

2. Fistula of the Urachus 

This type of fistula is more common than urinary fis
tula. A cyst of the urachus (usually infected) opens 
into the umbilicus; the fistula does not communicate 
with the bladder. Although pollakiuria is often obser
ved, the urine remains sterile. The fistula may mani
fest as a poorly limited tumefaction deep to the umbi
lical region. Sonography confirms the midline 
position of the lesion and its size. Opacification of the 
fistula is done to confirm the size of the lesion and the 
absence of communication with the bladder. 

3. Fistula of the Digestive Tract 

This type of fistulous communication with the umbi
licus is more frequent than the above two types and 
can often be explained on the basis of embryological 
findings [Mbaku-Nganda et al.I982]. The more or less 
long fistula communicates with the ileum, with 
Meckel's diverticulum, or less frequently with the 
colon or appendix or even a lesion of Crohn's disease 
[Philips & Glazer 1981]. Intermittent emission of fecal 
material or digestive fluid is exceptional. Opacification 
of the intestinal tract (barium enema, opacification of 
the ileum) usually does not demonstrate the fistula. 
Direct opacification of the fistula also gives disap
pointing results. Fistula resulting from advanced pyos
tercorous phlegmon, which is the ultimate complica
tion of strangulated hernia, arises via a different 
mechanism and is accompanied by different symp
toms. Diagnosis is based on the patient's history. Such 
direct fistulas lie in a lateral position and can give off 
large amounts of fluid. 

Mucosal fistula is the most common type of umbili
cal fistula. It leads to chronic suppuration of the umbi
licus. The blind tunnel of the fistula more or less regu
larly lines the umbilical cavity. The mucosal lining is 
usually of the digestive rather than the urinary type. 
The passage of a catheter is rapidly arrested in cases 
of mucosal fistula. Opacification is either impossible 
to achieve or difficult to interpret. 
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4. Treatment 

Treatment is relatively standard, regardless of the type 
of umbilical fistula. Aside from cases where the fistula 
has been clearly identified on preoperative investiga
tion, the surgical approach should permit correct 
exploration of the deep layers of the abdominal wall, 
the subperitoneal space, and even the abdominal 
cavity. The appropriate approach is therefore via a 
midline incision centered on the external fistulous ori
fice (usually a subumbilical incision). Dissection may 
be difficult owing to the presence of an inflammatory 
reaction causing fusion of the different structures of 
the abdominal wall. In such cases, the bowel and 
omentum often adhere to the deep surface of the per
itoneum. Injection of dye allows identification of the 
often ramified course of the fistula and full resection 
down to the deep connections of the fistula. According 
to the case this procedure is completed by resection of 
a cyst of the urachus, careful suturing of the dome of 
the bladder with transurethral drainage, or resection 
of the involved segment of bowel. 

B. Suppurative Lesions 

1. Secondary Suppuration 

The umbilicus is the thinnest part of the abdominal 
wall, and many suppurative lesions discharge in this 
region. These secondary lesions include the following: 
generalized peritonitis due to common pathogens 
(exceptionally, pneumococcus or tuberculosis); abs
cess of the appendix or liver, less often periprostatic or 
ovarian abscess, or intestinal perforation; mesenteric 
infarction. Diagnosis is usually not achieved due to the 
rarity of these lesions, which are suggestive of either 
strangulated hernia with pyostercorous phlegmon or 
infected cyst of the urachus. 

2. Primary Suppuration 

Even less frequent than the above secondary lesions, 
primary suppuration is diagnosed by elimination. Two 
concomitant factors contribute to the development of 
primary suppuration: narrowing of the external umbi
lical orifice (in some cases of pathological origin such 
as fibroma or myxoma) and poor hygiene. These two 
factors lead to retention of sebaceous secretion, dead 
cells, hairs from the umbilical region, or foreign mate
rial such as cloth fibers, coal dust, and chalk. 
Accumulation of these substances causes obstruction 
of the cutaneous orifice, thereby transforming the 
umbilicus into a veritable pouch. Infection can result 
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from growth of pathogens found on the skin 
(Escherichia coli, Staphylococcus aureus), and local 
inflammation will develop. It may either regress or 
develop into a veritable abscess. Evacuation of the abs
cess usually occurs spontaneously or subsequent to 
local treatment. However, in some cases the abscess 
diffuses to the subcutaneous tissue to form an indura
tion centered around the umbilicus. In rare cases, the 
abscess extends deep to the linea alba, invading the 
subperitoneal space via the urachus and round liga
ment. An exceptional finding is rupture of the abscess 
into the abdominal cavity. The abscess may be free or 
sequestered by the anterior surface of the stomach or 
transverse colon. 

The urine is always sterile in these cases. The patient 
consistently presents with more or less pronounced 
polymorphonuclear leukocytosis. Bacteriological ana
lysis of the abscess usually reveals the presence of sta
phylococci, streptococci, or colibacilli. At the stage at 
which a chronic sinus is present, umbilicography 
(using hydro soluble contrast material) can be used to 
identify the size of the abnormal cavity and to look for 
extension of the lesion deep to the linea alba. 
Echography will demonstrate the depth of the abscess 
(shirt-stud abscess). Such abscess develops as succes
sive retention and evacuation and eventually becomes 
a chronic condition. 

Treatment. At the initial stage, primary uncollected 
suppuration requires only local treatment: alcohol 
dressings; evacuation of the concretion after gentle 
dilatation of the stenotic orifice; local irrigation with 
antiseptic solutions. Anatomical factors predisposing 
to suppuration require surgical repair in order to 
avoid recurrence. In cases of collected suppuration, 
the abscess should be evacuated followed by excision 
of the necrotic tissue and opening of the cutaneous 
orifice. The surgeon should then explore for a possible 
deep communication. In some cases, partial or total 
resection of the periumbilical tissue is required. 

IV. Conclusion 

During embryonic life the umbilicus is a markedly 
developed zone. In most adults interest is focused on 
the umbilicus for psychological rather than patholo
gical reasons. 
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The desire to improve the appearance of an unaesthe
tic abdomen dates back to antiquity. As described in 
the Babylonian Talmud (300 BC), Rabbi Eliezer under
went a procedure to resect a considerable amount of 
abdominal fat [Simon 1966]. Early contemporary 
publications [see Aston 19801 were also devoted to 
abdominal lipectomy in obese subjects, as initially pro
posed in France by Demars and Marx in 1890 [Rees 
1980]. In 1905, Gaudet and Morestin presented to the 
French Congress of Surgery a horizontal technique of 
cutaneoadipose resection with preservation of the 
umbilicus [Rees 1980]. In the United States, Kelly [in 
Rees 1980] proposed transverse resection for purely 
aesthetic reasons as early as 1910. Since these pionee
ring studies, a multitude of techniques have been intro
duced. These can be divided into four groups. 

Transverse incision has been proposed by Kelly (1899), 
Morestin (1911), Thorek (1924) [according to Rees 1980] 
and by Delbet (1928) [Aston 1980]. More recently, a 
very low transverse technique has been studied by 
Vernon (1957), Pitanguy (1967), Callia (1967), Grazer 
(1973), Regnault (1975), and Vilain (1975) (see Fig. 11.1). 

Fig. 11.1. Different types of low transverse incisions 

Fig. 11.2. Vertical xiphopubic approach recommended by Fischl 
(1973) to remove redundant periumbilical skin 

-:.: ,." Y'-::::·:-'-· 
Fig. 11.3. Combined vertical and transverse incision. 
[Dufourmentel & Mouly 1959] 

Fig. 11.4. The ideal final scar should lie below the waistline. The 
umbilicus lies 1 cm above the iliac crests 



Vertical xiphopubic incision has been recommended 
by Desjardins (1911) [Aston 1980], Babcock (1916), 
Schepelmann (1918) [Aston 1980], and recently by 
Fischl (1973) in cases of central abdominal adiposity 
with few striae (see Fig. 11.2). 

Combined transverse and vertical resection, leading to 
a cicatrix in the shape of an inverted T, has been pro
posed in Germany by Weinhold (1909) [Aston 1980] 
and in France by Dufourmentel and Mouly (1959) (see 
Fig. 11.3). 

Midabdomen abdominoplasty has been recommen
ded by Passot (1931) [Aston 1980], Galtier (1955), and 
Stuckey (1979). 

In Western countries the goal is to conceal the scar 
of abdominoplasty below the waistline. Accordingly, 
low transverse resection has become the most widely 
used procedure (Fig. 11.4), as outlined by many 
authors [Lagache & Vandenbussche 1971; Elbaz & 
FlageulI977; Jackson & Downie 1978]. However, this 
procedure is not always possible, and the other tech
niques thus retain special indications. A patient may 
request abdominoplasty for many different reasons. 
The heavy adipose panniculus of obese patients, mul
tiple abdominal scars, and disappearance of the 
umbilicus raise special problems which will be dis
cussed separately in this chapter. Emphasis will be 
given to the more common cases of abdominal wall 
deterioration resulting from pregnancy and variations 
in body weight. 

I. Consultation Prior to Abdominoplasty 

Most patients who consult are women, although some 
men come to seek removal of redundant skin persis
ting after significant weight loss. The patients com
plain especially of the disgraceful appearance of their 
abdomen exposed on summer holiday owing to the 
presence of pendulous folds and wrinkles. Others 
request treatment of an abnormally prominent abdo
men which can be seen to bulge beneath light clo
thing. Many patients seen on consultation have tried 
other measures, especially exercise, which is excellent 
for improving the strength of the abdominal muscles 
but obviously cannot suppress diastasis of the recti 
abdomini or redundant skin. 

Examination of the abdominal wall is done to eva
luate the quality of the skin, the adipose panniculus, 
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and the status of the myofascial wall. The patient is 
examined while standing. The skin is examined for 
signs of redundancy, which may be general, or may 
predominate in the supra- or subumbilical region or 
even the midabdominal area. One should immedia
tely check whether the subumbilical skin can be 
brought down to the pubis. When this is possible, a 
low horizontal cicatrix can usually be achieved. 

Striae are very common in candidates for abdomi
noplasty. These markings are secondary to pregnan
cies or past obesity and may either be disseminated 
or predominate in one region of the abdomen. 

When the striae lie mainly in the sub umbilical 
region they can be removed; supraumbilical or lateral 
striae are simply lowered. 

In some cases, localized cutaneous dissension is 
accompanied by striae, especially in the periumbilical 
region; the skin appears fine, plicate, and practically 
cicatricial. These are the most difficult cases to treat, 
when overall lowering of the abdominal apron can 
notbe done. 

Special attention should be given to the identifica
tion of any scars from previous surgery. The presence 
of transverse or oblique scars in the upper part of the 
abdominal wall may contraindicate abdominoplasty, 
since they compromise the vitality of the large super
ior flap. 

The patient's adiposity is next examined. In cases of 
average adiposity, special precautions must be taken 
during abdominoplasty to avoid the creation of a 
step-like appearance of the low horizontal scar with 
protrusion of the two ends of the scar or insufficient 
definition of the umbilicus (Fig. 11.7). Where marked 
adiposity is observed, the patient should be advised 
to lose weight. Lipolysis or resection without dissec
tion may be required in such cases. 

The status of the myofascial wall determines the 
degree of anterior projection of the abdomen. 
Diastasis of the recti abdomini is often responsible 
for a veritable anterior protrusion which is very 
bothersome to many patients (Fig. 11.6). The quality 
of the muscles is best assessed with the patient 
supine. Requesting the patient to elevate the shoul
ders or legs makes it possible to measure the diasta
sis, which often predominates in the midabdominal 
region (just above and below the umbilicus). The 
muscles are often of good quality, since many patients 
have tried exercises in an attempt to improve the 
appearance of their abdomen. The possibilities of 
subumbilical skin resection are also evaluated by pla
cing the patient in the semi-seated position. 
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II.Therapy 

Abdominoplasty is currently most often done to create 
an aesthetic abdomen. The goals of therapy include: 
suppression of redundant skin; possible resection of 
the subumbilical fatty layer; repair of diastasis of the 
recti abdomini with renewed tension of the myofascial 
layer; creation of the best possible cicatrix that can be 
hidden by clothes below the waistline. 

A. Low Transverse Incision 

This approach offers the best chances of achieving the 
above-described goals of abdominoplasty. The proce
dure consists of resection of the subumbilical part of 
the abdomen, with the umbilical orifice brought down 
to the pubis. It is important to ensure that the skin is 
sufficiently lax. Preoperative measurements should be 
made with the patient standing (Fig. ll.sa), especially 
to identify the midline and any possible asymmetry. 

We begin by circumscribing the umbilicus with a cir
cular incision. The pedicle of the umbilicus is then 
freed down to the aponeurotic layer, care being taken 
to avoid excessive denudation. The next step is to 
make a modified Grazer's incision (Fig. ll.sa) along 
the superior edge of the pubic hair, then down toward 
the inguinal groove, and finally slightly upward along 
the natural folds of skin. The superficial epigastric and 
superficial circumflex iliac arteries must be ligated. 
Beginning at the lowest site of incision, dissection is 
done upward, flush with the fascial layer. The prefas
cial areolar tissue is left in place. The blood vessels are 
carefully coagulated prior to their retraction. Once the 
umbilicus has been reached, it is convenient to split 
the middle of the abdominal flap vertically, thereby 
giving better access to the upper part of the abdomen. 
The prefascial dissection must be pursued up to the 
xiphoid process on the midline and out to the costal 
margin, laterally. 

Work can now be started on the myofascial layer, 
after thorough hemostasis has been achieved. The 
diastasis of the recti abdomini is repaired by a series 
of buried figure-of-8 sutures (Fig. 1l.6e). The laxity of 
the fascia is assessed by pinching it on the midline. 
The midline must be carefully identified and the sutu
ring done from the pubis to the xiphoid process. This 
procedure is almost always indicated to create rene
wed tension of the myofasciallayer. In cases of pro
nounced diastasis of the recti abdomini it may be pre
ferable to open the rectus sheath in order to perform 
overlap suturing. We use mersilene (gauge 00) sutures 
for the myofasciallayer. 

Fig. 11.5a-c. Typical low transverse procedure. a The midline and 
the anterior iliac spines have been identified and a drawing has 
been made preoperatively. The cutaneous redundancy allows 
the supraumbilical skin to be easily brought down to the pubis. 
b A circular incision has been made around the umbilicus, 
which is left in place. Prefascial dissection is done up to the 
xiphoid process and out to the costal margin. c The abdominal 
flap has been brought down with two-layered suturing including 
intradermal closure of the skin. The umbilicus is exteriorized. 
Tension has been renewed on the myofasciallayer 

The umbilicus is carefully reinserted on the fascia, 
which is plicated using four cruciform sutures. The 
umbilical pedicle, which is usually excessively long, 
can be shortened. Midline plication of the fascia can 
be complemented by lateral oblique plication in cases 
where vertical laxity is evidenced. 



Fig.ll.6.a,c A 37-year-old woman with pronounced abdominal 
distension subsequent to a twin pregnancy. b, d The same 
patient 10 months after low transverse abdominoplasty. 
e Myofascial approximation had previously been done in the 
lower part of the abdomen, thereby increasing the magnitude 
of the diastasis of the recti abdomini 

Cutaneoadipose resection is now begun. For this pur
pose the operating table is tilted slightly and the 
patient's thighs are elevated (a pillow is slipped under 
the knees). The first step is to check that the supraum
bilical edge of skin can be brought down to the infe
rior, suprapubic edge. A temporary suture is then 
made on the midline. Identification of the future 
umbilical orifice must be made with great care. The 
surgeon should use the preoperative tracing for iden-
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tification of the midline. The correct horizontal level 
is found by palpating the umbilicus beneath the lowe
red abdominal flap. A transfixing needle can be used 
to assist identification. A horizontal incision (2 cm 
long) is made, and the deep fat at the periphery of the 
incision is very carefully removed. 

Cutaneoadipose resection is then begun by pulling 
the two lowered flaps downward and medially. The 
incision is made perpendicular to the skin, whereas 
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Fig. 11.7. a A 29-year-old woman after two pregnancies and gyne
cological surgery. b The same woman 8 months after low trans
verse abdominoplasty, which removed the midline subumbilical 
scar. Since the patient presented marked fatty excess, lipectomy 
(beveled) was done along the deep surface of the abdominal flap 
to avoid any shifting effect 

beneath it, the incision should be beveled to decrease 
the thickness of the fatty layer (Fig. 11.7). 

Suturing can now be started. We do two-layered 
suturing. The fatty and deep dermal layer is closed by 
interrupted inversion sutures (Dexon 3/0), and the 
skin by a continuous intradermal suture (Prolene 3/0) 
with adhesive strips added. 

The unequal length of the wound edges is corrected 
by slightly puckering the upper edge. In some cases, 
the skin removal must be extended laterally beyond 
the anterior iliac spines; the extension is then made 
horizontally in the skin creases so that the scar 
remains below the waistline. The umbilicus is brought 
out and sutured in two layers with intradermal conti
nuous suturing or interrupted U stitching within the 
skin (see Fig. 11.14b). 

Two suction drains are installed. A plaster shield is 
made over the dressing. This shield allows even distri-

bution of pressure by a I-kg sand bag and inhibits (for 
48 h) excessive movements of torsion or flexion of the 
abdomen. 

The legs are mobilized and the patient is advised to 
ambulate on the morning after surgery in order to 
reduce the risk of thromboembolism. 

B. (ombined Low Transverse and Vertical Incision 

This combined procedure may be required in cases 
where the supraumbilical flap cannot be brought 
down sufficiently low. In some cases a short vertical 
incision (4-5 em long) is sufficient to allow the main 
transverse incision at the desired inferior level (Figs. 
11.3 and 11.8). In other cases the vertical incision runs 
up to the umbilicus. The combined approach allows 
transverse resection to diminish the width of the 
abdominal flap, thereby facilitating the approximation 
of the upper and lower horizontal skin margins. 
However, this approach is rarely indicated, since the 
aim of abdominoplasty is to avoid a visible scar (Fig. 
11.1). 

(.Indications, Resulting Scar, and (omplications 

The scar resulting from abdominoplasty merits spe
cial emphasis, since this is the prime factor to be eva
luated and discussed with the patient before opera
tion. The surgeon must not only deterrnine the most 
appropriate type of abdominoplasty in a given case, 
but also clearly explain to the patient the result to be 
expected regarding the myofascial repair, the suppres
sion of existing striae, and the final scar. 

The site of the scar must be indicated to the patient 
by drawing it on the abdomen. Indeed, many patients 
think the scar will be much shorter and lower than it 
really is (Figs. 11.6 and 11.7). The surgeon should also 
point out that healing of the scar will take a full year 
and that a transient phase of hypertrophy will render 
it highly visible. The final appearance of the cicatrix is 
highly variable, according to the individual case. The 
scar may be a fine line that is only slightly visible, or it 
may become distended, pigmented, or discolored. It 
should be emphasized that an unsightly scar with une
ven contours or slight overlapping of the upper mar
gin may justify a second, corrective operation 6-12 
months later. When the above features of the scar are 
explained, some candidates for surgery will prefer to 
keep their moderate cutaneoadipose excess, and they 
should not be convinced otherwise. 



Fig. 11.8. a Patient with abdominal scarring and a midline cicatrix 
extending above the umbilicus subsequent to tubal pregnancy 
complicated by hemorrhage. The umbilicus has practically disap
peared. b The same patient 6 months after abdominoplasty via a 
low horizontal incision combined with a short vertical incision 

With patients who have accepted the facts concer
ning the scar, the next step is to explain the possible 
complications of abdominoplasty. 

1. Hematoma 

This is the most frequent complication of abdomino
pIa sty, owing to the considerable area of surgical dis
section. We have not encountered massive hematoma 
requiring reoperation, although four cases were seen 
in which partial reopening of the horizontal closure 
was required to evacuate blood clots. The continuous 
intradermal suture allows closure to be done without 
affecting the appearance of the final scar. 

2. Lymph Effusion 

This complication may arise as a result of the vast pre
fascial dissection and incision of the upper part of the 
inguinal lymph channels. Careful preservation of the 
prefascial areolar sheet and proper ligation may 
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account for our finding of only one case of lymph 
effusion in 143 abdominoplasties. Repeated puncture 
and the wearing of an elastic brace are usually suffi
cient to achieve regression of this complication. 

3. Cutaneous Necrosis 

This complication is also related to the extensive sur
gical dissection (Fig.n.5b). We have seen cases of cuta
neous insult only at the site of junction of the flaps in 
cases of combined T-shaped incision. Significant cuta
neous necrosis was reported by Aston (1980) in one 
patient who smoked 3 packs of cigarettes per day; 
heavy smoking may have played a role in this case. 
The surgeon should also identify all old transverse or 
oblique scars at a higher site, since these may compro
mise the vascularization of the abdomen. 

4. Thromboembolism 

The risk of this complication must be thoroughly eva
luated by questioning of the patient and clinical 
examination. We refuse to operate on patients with a 
history of thromboembolism, since prophylactic anti
coagulant therapy carries a high risk of hematoma in 
the area of vast surgical dissection. Interruption of 
high-dose oral contraceptives 5 weeks prior to surgery 
and per- and postoperative infusion of dextran have 
been advocated. Regardless of these precautions, this 
complication may occur. Accordingly, it is necessary to 
monitor the patients closely after surgery. 

In a study of 10,490 abdominoplasties reported by 
Grazer and Goldwyn (1977), the incidence of deep 
phlebitis was 1.1% and that of pulmonary embolism 
0.8%. The latter was the cause of death for six patients 
(0.1%). 

In agreement with most plastic surgeons, we recom
mend postoperative mobilization of the lower limbs 
and ambulation on the day after surgery. To date we 
have seen no cases of significant postoperative phle
bitis or embolism. 

D. Special Cases 

1. Localized or Minor Cases 

Cutaneous redundancy essentially involving the 
subumbilical region with a short supraumbilical seg
ment can sometimes be treated by simple low trans
verse resection with moderate superior dissection not 
affecting the umbilicus. A peripubic incision can be 
used, as proposed by Elbaz (1974) and Glicenstein 
(1975) (Fig. 11.9). In cases of essentially periumbilical 
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Fig. 11.9. Suprapubic resection [Glicenstein 1975] or peripubic 
resection [Elbaz 1974] to treat limited dissension of the subum
bilical region 

lesions, where the skin shows striae and puckering, 
direct peripheral or horizontal resection can be done. 
However, satisfactory results are rarely obtained when 
this procedure is used. 

Cutaneous redundancy essentially involving the 
supraumbilical region can be corrected by low trans
verse abdominoplasty with detachment of the umbi
licus; it is then repositioned 3-4 cm lower down. A 
short suprapubic incision can be used to achieve dis
section, repair of diastasis of the recti abdomini (fre
quently associated), repositioning of the umbilicus, 
and low horizontal resection over a distance of 5-6 cm 
(Fig. 11.10). 

2. Major Cases or Those Accompanying Old Scars 

The prominent fat in obese patients can be removed 
via a large transverse approach without dissection. In 
cases of transverse redundancy a T-shaped resection 
is done (Figs. 1l.l1 and 11.12). Belt lipectomy or circu-

Fig. 11.10. Minor abdominoplasty to correct supraumbilical 
cutaneous redundancy. The umbilicus is detached and reposi
tioned at a lower site. Correction of diastasis of the recti abdo
mini and suprapubic resection will then be done 

Fig. 11.11. Cutaneoadipose redundancy in a patient with past 
obesity can be resected by an inverted T incision without dis
section [from Castanares & Goethel1967] 

lar lipectomy, as proposed by Gonzalez-Ulloa (1960) 
and Vilain and Dubousset (1964) may also be appro
priate (Fig. 11.13). Once the anterior and lateral resec
tion is done, the patient is placed prone, and posterior 
resection is preformed. Hematoma, disunion, and 
delayed cicatrization are more frequently seen in these 
cases. 

In patients with an old vertical xiphopubic midline 
scar, spindle-like vertical resection can be done (sub
sequent to circumscription of the umbilicus). Repair 
of the cutaneomyofasciallayer and resection of the 
excessive skin and fat are thus easily accomplished. 

However, the surgeon should be aware that a "dog 
ear" may appear in the xiphoid area. The procedure is 
terminated by midline closure, and one of the aims of 
abdominoplasty is therefore not achieved, i.e., a non
visible abdominal scar (Fig. 11.2). 



Fig. 11.13. Belt lipectomy may be indicated in cases of redun
dancy that also involve the flanks and the back [from Gonzalez
Ulloa 1960] 

3. Associated Lipolysis 

Aspiration of the fatty layer using a blunt cannula 
[Illouz 19831 allows reduction of the abdominal pan
niculus practically on request. The aspiration is done 
via deep subcutaneous tunnel-like channels (parallel 
or divergent). The fibrous and neurovascular struc
tures are left intact. 

This technique may be sufficient to remove limited 
fatty excess, although it is especially advantageous 
when combined with abdominoplasty in cases where 
diffuse fatty excess persists. 

Aspiration is rendered easier by a preliminary mas
sive infiltration with cold adrenaline/saline using a 
pump. A number of small incisions will allow the 
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Fig. 11.12. a A 28-year-old patient after 
weight loss of 85 kg. b The same patient 
1 year after resection. Mammoplasty 
with free grafting of the nipples and 
resection of redundancy along the inner 
surface of the arm have been done. 
Improvement of the thigh and abdomi
nal scar can be done 

insertion of cannulae of three to four mm in diameter, 
which will enable one to restore the fatty layer to the 
desired thickness. It is necessary to conserve a regular 
layer of fat to avoid irregularities in outline and adhe
rence to the deeper tissues. 

4. Endoscopic Correction 

When an abdominal protrusion is due not only to an 
excess of fatty tissue but also to divarication of the 
recti, an endoscopic approach achieves a satisfactory 
correction with a minimal degree of scarring (Fig. 
11.14)· 

Having carried out liposuction of the abdominal 
wall, a short (5 mm) suprapubic incision is made. The 
midline area is then freed under endoscopic control, 
dis inserting the umbilicus, as far up as the xiphoid 
process. 

The divarication is then corrected with a running 
suture of 0 mersilene, and the umbilicus replaced. 

Following liposuction and extensive freeing, the 
skin usually retracts well (aided by the application of 
an abdominal support belt), but if there is a significant 
excess of skin, it is advisable to carry out a short 
suprapubic resection of a 20 x 5 cm fusiform strip, 
using the endoscope only for correcting the diastasis 
in its sub-xiphoid portion. 

5. Umbilicoplasty 

The umbilicus is an essential component of the nor
mal abdomen; thus, its two main features must be pre
served or reconstructed [Baroudi et al. 19741, i.e., the 
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Fig. 11.14. a, b Patient aged 52 presenting with an abdominal protusion together with divarication of the recti and gross excess of 
subcutaneous fat. c, d One year after liposuction and endoscopic correction of the divarication through a short suprapubic incision 

ovoid vertical depression of the abdominal wall and 
the umbilical pit adherent to the fascial layer. 

Preservation of the umbilicus in the course of a mid
line incision requires that a precise incision be made 
around the umbilicus. To avoid slipping or excessive 
beveling in the tough skin of this region, tension is 
applied with two hooks and the edge of the umbilicus 
is held by multi-toothed forceps. A gauge-IS scalpel 

can then be used to make the incision precisely at the 
periphery of the umbilical ring, after which preumbi
Heal cleavage can be started (Fig. ll.lsa). 

Careful suturing must be done to avoid punctiform 
scars. We use either a continuous intradermal suture 
(Fig. Il.lSb) or interrupted V-shaped sutures knotted 
from within. A midline vertical section passing 
through the fundus of the umbilicus is also sometimes 
used. 



Exteriorization of the umbilicus in the course of 
abdominoplasty must be done precisely. It is often 
necessary to shorten the umbilical pedicle and then 
anchor it to the fascial wall (Fig. 11.16). Identification 
of the future umbilical orifice is a delicate procedure 
which must take into account the tension of the abdo
minal wall. The umbilicus lies at the intersection bet
ween the midline and a horizontal line running 1 cm 
above the iliac crests (see Fig. 11.4). We prefer to make 
a 2-cm-long horizontal incision slightly concave infe
riorly, which will become oval shaped when traction 
is applied. Deep removal of the fat of the wound mar
gins is helpful to recreate an umbilical depression 
(Fig. 11.17). Juri et al. (1979) and Delerm (1982) propo
sed the interpositioning of a small superior pedicle 
skin flap to prevent stricture of the circular periumbi
lical cicatrix. However, periumbilical stricture rarely 
occurs if the orifice is sufficiently large and the sutures 
have been carefully made. In cases where such stric-

Fig. 11.15. a Precise periumbilical incision is made using two 
hooks to stretch the skin, while the edge of the umbilical anulus 
is immobilized by multi-toothed forceps. b After exterioriza
tion, the umbilicus is repaired by interrupted absorbable der
mal sutures and a continuous intradermal suture 
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ture occurs, Z-plasty can be used as a corrective pro
cedure. 

Detachment of the umbilicus flush with the fascia 
may be indicated to allow resection of redundant 
supraumbilical skin (Figs. 11.10 and 11.18), in which 
case the umbilicus is reinserted lower down. This pro
cedure is also sometimes necessary in the course of 
secondary correction of an insufficient primary abdo
minoplasty if the umbilical dimple does not lie over 
the site of umbilical fascial attachment. 

The umbilical pedicle is sectioned flush with the fas
cia via a suprapubic incision. The fascial wound is 
carefully closed and the umbilical pedicle reinserted 
at the desired site, often with plication being done 
(four cruciform sutures) to shorten the pedicle. 

Displacement of the cutaneous umbilical orifice is 
sometimes required in cases where it was not properly 
positioned in a previous procedure. A fairly long 
linear scar can be avoided using the method proposed 
by Delerm (1982), i.e., closure of the malpositioned 
orifice by a small flap derived from the newly created 
orifice. 

Creation of a new umbilicus in cases where it has 
been resected or destroyed is a delicate procedure 

:-.... 
-~ --

Fig. 11.16. Myofascial plication is done on both sides of the 
umbilical pedicle [from Aston 19801 



296 D. Marchac 

a 

b 

c 

Fig. 11.17a-c. Adjustment of the umbilicus in abdominoplasty. 
a The umbilical pedicle is shortened by suturing it to the fas
cia. b The fat is excised from the deep surface of the abdomen 
in the area around the new umbilical orifice. c Suturing to the 
fascia to recreate the umbilical dimple [from Aston 1960) 

a 

c 

Fig.ll.18. a Periumbilical cutaneous redundancy in a multipa
rous woman. b The same patient after low transverse abdomi
noplasty with myofascial plication and shortening of the umbi
lical pedicle 

b 

Fig.ll.19a-d. Reconstruction of the umbilicus. a Removal of a cutaneous disc and excision offat. b Suturing of the skin mar
gins to the fascial layer. c The cutaneous disc is repositioned as a full-thickness free skin graft. d Compression using a pledge 



(Fig. 11.8). Simple invagination of the skin is insuffi
cient, since skin must be brought into the fundus of 
the umbilical dimple. 

Once the orifice in the skin has been cut at the desi
red level, the pediculized islet of skin and its subjacent 
fat can be preserved [Guererrosantos et al. 1980]. 
However, such a pedicle is often voluminous and of 
uncertain quality. We prefer to use this cutaneous disc 
as a full-thickness free skin graft which is anchored 
directly to the fascial wall (Fig. 11.19). All fat should be 
carefully removed around the periphery of the new 
umbilicus to recreate the umbilical depression and 
bring the skin in contact with the fascial wall. 
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I. Omphalocele, Cord Hernia, Laparoschisis 

The term "celosomy" [Geoffroy Saint-Hilaire 1832-1837; 
Wolff 1936, 1948; Morin & Neidhart 1977] signifies 
defects of closure of the anterior abdominal wall 
which may extend into that of the thorax. In their 
major forms, these malformations are mainly combi
ned with complex lesions of the spinal cord and pelvis 
and sometimes involve the limbs. It is unusual for 
these infants to arrive at term (Figs. 12.1-12.4). 

Most of these major omphaloceles and laparo
schises, although having different pathological origins, 
represent defects of the central part of the abdominal 
wall. Major omphalocele {Fig. 12.5) is characterized by 
the presence of the major viscera which have emerged 
from the abdominal cavity in a pouch of peritoneum 
corresponding to the amniotic sac. The presence of a 
loop of intestine at the origin of the umbilical cord is 
a minor type of this sort of malformation (Fig. 12.6). 
Laparoschisis or gastroschisis implies an evisceration 
with no membranous covering, issuing beside the 
umbilical orifice which occupies its normal place 
(Fig. 12.7). It must be borne in mind that various 
abnormalities can result from an aberration of the 
normal process of development of either the upper or 
the lower part of the future abdominal wall. The upper 
type of defect involves not only the abdominal wall 
but also the anterior part of the diaphragm and the 
sternum. It prevents the normal separation between 
pericardium and peritoneum and can affect develop
ment of the heart. The most severe form constitutes 
the rather rare syndrome described by Cantrell et al. 
(19S8) which is a "pentalogy" consisting in an ompha
locele, a defect of the anterior diaphragm with a gap in 
the sternum in "V" or "Y" shape, and a free communi
cation between the peritoneum and pericardium, with 
downward and forward displacement of a malformed 
heart (see Figs. 12.11 & 12.12). 

Although some therapeutic successes have been 
reported it is difficult to characterize these because 
each case poses an individual problem [Jona 1991; 
Sanchis-Solera et al. 1992]. The Cantrell syndrome 
[Crittenden et al. 1959; Toyama 1972; Spitz 1975] does 
not always, however, present with such a major abnor
mality. An upper celosomy may be limited to a single 
diaphragmatic defect above an epigastric omphalocele 
without displacement or abnormality of the heart, as 
we have observed in three cases [Mahour et al. 1973; 
Irving & Rickham 1978; Becmeur et al. 1992; Milne et 
al.1990]. 

With lower celosomies, the defect generally extends 
as far as the cloacal membrane, and may involve the 
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cloaca itself. It comprises therefore a very complex 
malformation involving cloacal extrophy [Spencer 
1965] or a vesico-intestinal fistula [Rickman 1959]. The 
repair of this type of malformation (Fig. 12.3) can only 
be done at the cost of very considerable side effects, 
and seems difficult to support because many of these 
infants survive for a very limited time, however trea
ted [Boix-Ochoa & Casaja 1970; Fonkalsrud & Lindle 
1970; Tank & Lindemayer 1970; Daudet 1971; Hayden 
et al. 1973; Raffensperger & Ramenofsky 1973; 
Sukarochana & Sieler 1978; Welch 1979; Howell et al. 
1983; Stolar et al.1990; Lund & Hendren 1993]. There 
exist however certain intermediate forms as we have 
seen, which comprise the subumbilical omphalocele 
and an extrophy of the dome of the bladder (Fig. 12.4), 
extrophy of a double bladder [Rickwood 1990] or a 
persistent wide urachal duct which predisposes to 
bladder prolapse [Suita & Nagasaki 1996]. 

A.lncidence and Etiological Factors 

The global incidence of omphalocele and laparoschi
sis is difficult to establish. The growing number of 
interrupted pregnancies before pre-natal diagnosis of 
these malformations undoubtedly has an influence on 
their prevalence [Irving 1990]. These vary according 
to the various fetal and neonatal studies from 1/2,280 
to 1/10,000 births [McKeown et al. 1963; McAllister 
1977; Schuster 1979; Allen & Wrenn 1969; Irving 1990]. 
The proportion of these two types of malformation is 
equally imprecise because of the confusion between 
the two types which existed for many years. The inci
dence of laparoschisis is of the order of 1 in 5,000 to 1 
in 12,000 births [Colombani & Cunningham 1977; 
Gierup & Lundkvist 1979; Lindham 1981; Baird & 
MacDonald 1981]. At the beginning of the 1970S the 
ratio of laparoschisis to omphalocele appeared to be 
around 1 in 10 [Daudet & Chappuis 1970; Savage & 
Davey 1971]. It appears to be much higher today, 
because of an incontestable rise in the frequency of 
laparoschisis [Lewis et al. 1973; Wayne & Burrington 
1973; Allen 1980; Mayer et al. 1980; King et al. 1980; 
Lindham 1981; Grosfeld & Weber 1982; Egenaes & 
Bjerkedal1982; Irving 1990]. In our experience it is 
eight to ten. 

Simultaneous involvement of twins and familial 
cases have been reported [Yuzpe & Johnson 1968; 
Kucera & Goetl 1971; Lowry & Baird 1982; Sarda 
& Bard 1984; Lurie & Ilyina 1984] but these cases are 
still rare. Noordjik and Bloemsa-Jonkman (1978) 
observed that the number of congenital malforma
tions is much higher in the families of patients with 
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Fig. 12.4. Inferior celosomia with subumbilical omphalocele 
and partial exstrophy of the bladder 

omphaloceles than with those with laparoschisis. Rott 
and Truckenbrodt (1974) felt that genetic factors are 
more important in the etiology of omphaloceles than 
are exogenic factors, and in cases of laparoschisis the 
exteriorised gut must be handled with great care so as 
to avoid any de-peritonisation, or perforation of the 
lumen. Mahour (1976) takes the opposite view. It is in 
fact extremely difficult to deduce from these rather 
scarce observations the relationship between the role 
of heredity and teratogenic factors. In most cases these 
malformations are sporadic. 

B. Anatomicoclinical Aspects 

1. Omphaloceles 

The size of the abdominal wall defect is related to the 
magnitude of the morphogenetic disturbance. In 
some cases the diameter of the defect is less than 4 em, 
while in others it exceeds 10 em [Schuster 1979; Mayer 
et al. 1980]. Omphalocele may be a pediculated or a 
sessile mass. The protrusion is covered by a fine trans
parent avascular membrane of gelatinous texture, for
med by the undifferentiated mucoid mesenchyme of 
the amnion (Fig. 12.8). The membrane sometimes dis
plays a fine endothelial lining resembling peritoneum. 
Sometimes a strip of normal skin runs over the 

Fig. 12.6. Hernia into the umbilical cord 

pedicle or base of the omphalocele. The umbilical cord 
is usually implanted on the inferior wall of the sac, in 
which case the omphalocele is termed supra umbilical. 
The opposite case is referred to as subumbilical 
omphalocele, which is a type of inferior celosomia 
(Fig. 12.9). The umbilical vein and arteries are separa
ted from one another. The firm but fragile membrane 
can rupture prior to birth, causing evisceration into 
the amniotic fluid. In such cases, flaps of the mem
brane persist on the periphery of the defect. Rupture 
may also occur on delivery, although this is relatively 
rare, even in cases of very large omphalocele [Irving & 
Rickham 1978]. The variable visceral contents of the 

Fig. 12.1. Superior celosomia 

Fig. 12.2. Superior celosomia: note the presence of the liver and 
heart in the defect 

Fig. 12.3. Inferior celosomia with exstrophy of the cloaca and 
ileal prolapse 

Fig. 12.5.Middle celosomia with supraumbilical omphalocele 

Fig. 12.7. Laparoschisis 

Fig. 12.13. Four different types of laparoschisis according to 
intestinal status: note the total necrosis of the eviscereated 
bowel loop on the upper right 
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Fig. 12.8. The "pouch" of omphalocele 

Fig. 12.9. Subumbilical omphalocele without accompanying 
lesions 

omphalocele can be partially identified by observation 
through the transparent membrane. The omphalocele 
contains a more or less large segment of the primitive 
umbilical loop, whose rotation has stopped at 90° or 
120°, with persistance of the common mesentery 
[Juskiewenski et al. 1981]. Part of the liver may also be 
found in the sac, especially when the neck of the ori
fice is large. The liver, modeled to the shape of the 
defect, is often malformed (Fig. 12.10). Other struc
tures that may be found in the sac are the stomach, 
spleen, duodenum, pancreas, uterine tubes, ovaries, 
and bladder. The viscera are generally free within the 
sac, which is mobile over their surface, although very 
tight adhesions (especially with the liver) may be seen. 

Fig. 12.10. Presence of the liver in the omphalocele 

Abnormalities associated with omphaloceles are 
frequent [Mahour 1976; Moore 1977; Moore & Nur 
1986; Mayer et al. 1980; Helardot et al. 1980; Grosfeld 
& Weber 1982; Hugues et al. 1989] and certainly more 
frequent given facilities for ante-natal diagnosis (2 out 
of 3 with 20-30% of chromosomal abnormalities) than 
in the neonatal series (40-50% with 60% of chromo
somal abnormalities), because of the high number of 
abortions or spontaneous miscarriages. Their fre
quency is not related to that of omphalocele [Nyburg 
et al. 1989; Benacerraf et al. 1990; Langer 1996]. The 
most frequent chromosomal abnormalities are tri
somy 13,18 and 21 [Schuster 1979; Knight et al. 1981; 
Benacerraf et al.1990]. The most frequently associated 
abnormalities are cardiac (15%). These are of variable 
nature and severity and gravely affect the prognosis 
[Greenwood et al. 1974]. They include Fallot's tetra
logy, interauricular or ventricular defects, aortic coarc
tation, pulmonary artery stenosis and a single ven
tricle. Gastro-intestinal abnormalities including 
atresia, stenosis, duplication, and persistence of the 
vitello-intestinal duct are less frequent. Intestinal com
pression occurs in about 10% [Nicolaides et al. 1992] at 
the level of the defect in the wall [Shigemoto et al. 
1982] which may produce secondary lesions. Facial 
abnormalities including cleft lip and palate may be 
single, or form part of a whole spectrum of chromo
somal abnormalities including polydactyly and syn
dactyly. Urinary malformations have been reported as 
well as those of the neural tube in some 5% of cases. 
The presence of an omphalocele also suggests the pos
sibility of a Wiedemann-Beckwith or EMG syndrome 
associated with exomphalos, macroglossia and gigan
tism. Umbilical abnormalities are in fact often obser
ved in this complex of malformations which is cha
racterized by a risk of neonatal hypoglycemia due to 
islet cell hyperplasia [Beckwith 1969; Wiedemann 



1973; Irving & Rickham 1978; Sotela-Avila et al. 1980; 
Waziri et al. 1983]. 

Several systems of classification of omphalocele 
have been proposed on the basis of the size of the 
defect [Jones 1963] or the degree of visceral involve
ment, especially of the liver [Ingelrans et al. 1964]. 
Aitken (1963) has defined two types of omphalocele 
based on these criteria. In type I, the widest part of the 
defect does not exceed 8 cm in diameter and the sac 
does not contain the liver. In type II, the largest part of 
the sac exceeds 8 cm in diameter and/or the liver is 
present in the sac. Pellerin et al. (1968) added an addi
tional parameter to this classification: the ratio bet
ween the size of the omphalocele and the defect, on 
the one hand, and the perimeter of the base of the tho
rax, on the other hand. The possibility of reintegration 
of the herniated viscera into the abdominal cavity is 
dependent on this parameter. Helardot et al. (1980) 
proposed a classification similar to that of Aitken but 
added a third type of omphalocele (widest part of the 
defect less than or equal to 5 cm). 

2. Cord Hernias 

These hernias result from the persistence of a wide 
umbilical ring but in every case are less than 4 cm, so 
that a loop of intestine may be involved [Benson et al 
1949; Schuster 1979]. They may be considered as 
omphaloceles of small size with a narrow defect. 
Nonetheless the cord may emerge from the summit of 
the hernia. Associated malformations are rare. One 
can sometimes however see a persistent omphalome
senteric duct or the presence of a Meckel's diverticu
lum more or less fixed to the cord, or an appendix, in 
the case of failure of rotation of the first intestinal loop 
[Irving & Rickham 1978]. 

3. Laparoschisis 

This comprises a congenital extrusion of bare viscera. 
There is no amniotic sac and no vestiges of it except in 
very rare cases [Rickham 1963; Thomas & Atwell 1976] 
which allows total distinction from a ruptured 
omphalocele. The umbilical cord is normal in its site 
and composition. The wall defect presents as a hole or 
punched out area, circular or elliptical, the diameter of 
which lies usually between 15 and 60 mm, although 
larger defects have been described. It is almost always 
found to the right side of the cord, although some
times on the left [Bernstein 1940; Berman 1957; Moore 
& Stokes 1963; Daudet & Chappuis 1970; Binnington et 
al. 1974; de Vries 1980] and sometimes at a distance 
from the umbilicus [Daudet et al. 1968; Pedinelli et al. 
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Fig. 12.11. The defect of laparoschisis: note the umbilical cord 
along the right margin of the defect 

1968]. The umbilical cord thus forms the left border of 
the orifice (see Fig. 12.n) from which it is separated 
sometimes by a thin cutaneous band [Lotte 1959; 
Daudet et al. 1968; Allen & Wrenn 1969; Lewis et al. 
1973; Thomas & Atwell 1976]. The serous peritoneum 
continues over the margins of the orifice with no 
continuity with the skin and Wharton's jelly which 
normally surrounds the cord. The rectus muscle is 
intact and its medial border is simply drawn aside. 
The defect is found at the aponeurotic level as an 
enlarged umbilical ring, slightly deflected towards the 
right [Juskievenski et al. 1979]. The sac in every case 
includes small intestine and a part of the colon, that is 
to say the primitive umbilicus which represents a fai
lure of rotation and fixation. Other viscera may be 
present including the stomach, gallbladder, abnormal 
hepatic lobe, dome of the bladder, uterus and adnexae, 
and abdominally placed testicles [Cook 1959; Moore & 
Stokes 1963; Johnston 1965; Pedinelli 1968; Gilbert et al. 
1972; Raffensberger & Jona 1974; Juskievenski et al. 
1979; Grosfeld & Weber 1982; Moore & Nur 1986; 
Haddock 1996]. The abnormal viscera are sometimes 
covered with a sheet of fibrin containing keratin 
squames and hair (see Fig. 12.12). This serous reaction 
is caused by maceration of the exteriorised intestine in 
the amniotic fluid, and the extent of the involvement 
depends on the stage of maceration [Sherman et al. 
1973]. It is possible that fetal urine passed into the 
amniotic cavity may also have a toxic role [Kluck et al. 
1983]. The mesentery is often very thickened. Studies 
of the abdominal wall are rare and conflicting 
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[Hegemayer 1955; Haller et al. 1974; Thomas & Atwell 
1976; Juskievenski et al.1979). 

Although there may be slight abnormalities of the 
muscularis and mucosa, there is frequently a hyper
plasia of collagen and a diminution in smooth muscle 
[Langer et al. 1989; Langer et al. 1990; Szinothan 1995], 
which explains the problems with intestinal motility. 
Salinas et al. (1979) reported a case of a new-born 
child with a right-sided umbilical defect, whose evis
ceration appeared only following the first cry [Aoki et 
al. 1980; Sherman et al. 1973; Haller et al. 1974). 

Associated malformations are much less frequent 
than is found in cases of omphalocele [Luck et al. 
1985).A persistent Meckel diverticulum has no clinical 
significance. Duplications are rare [Helmer et al. 1975). 
Atresia and stenosis of the small intestine has a fre
quency of the order of 12-15% [Kiesewetter 1957; 
Moore & Stokes 1963; Touloukian & Spackman 1971; 
Lasserre 1972; Hollabaugh & Boles 1973; Raffensberger 
& Jona 1974; Thomas & Atwell 1976; Noordjik & 
Bloemsa-Jonkman 1978; Irving & Rickham 1978; 
Juskievenski et al. 1979; Hrabovsky et al. 1980; Grosfeld 
& Weber 1982; Di Lorenzo et al. 1987; Brun 1996). In 
certain cases these appear as a consequence of com
pression of the digestive tract which may in extreme 
cases lead to anecrosis [Van Hoorn et al. 1985). Most 
new-born babies with laparoschisis have a birth 
weight below 2,500 grams and some 60% are prema
ture, perhaps because of retardation of intra-uterine 
growth which is much more frequent with omphalo
celes [Haddock et al. 1996). 

In 1963 Moore and Stokes established a classification 
according to the appearance of the intestinal wall 

Fig. 12.12. Keratin squamae 

which again depends on the length and time of the 
evisceration. They distinguish between an ante-natal 
type with gross intestinal changes, a perinatal type 
where the intestine is nearly normal and an interme
diate type. In 1977, Moore suggested a more complex 
classification into three types according to the diame
ter of the parietal defect, which varies from 2.5 to 5 to 
more than 5 cm across, and defined three subgroups 
in terms of each of those sizes. In 1978 Lefort and 
Borde put forward another classification into four 
types based on the state of the prolapsed intestine 
(type I: little change; type II: changes in the wall; type 
III: perforation or atresia; type IV: necrosis) (see Fig. 
12.13, page 303). 

C. Embryological Facts 

There has been much debate over the underlying 
mechanisms leading to omphalocele and laparoschi
sis. Experimental teratogenesis has not yet provided 
an answer to all these questions, but both these abnor
malities can be reproduced in the experimentallabo
ratory [Lesbre 1927; Gibson & Becker 1968; Barrow & 
Willis 1972; Miholic et al. 1981; McBride et al. 1982; 
Baudoin 1982). 

According to Duhamel et al. (1966) ventral embryo
nic hernias result from a disturbance in embryonic 
development and the various malformations of the 
abdominal wall can be grouped into a continuous 
series of teratological defects termed "ectroptychies". 
As regards particularly mid-line omphaloceles, these 
result from an inhibition of the somato-pleuralleaf of 
the lateral portion of the surrounding folds which 



eventually determine the constitution of the abdomi
nal wall. The wall continues to gape widely at the level 
of the umbilicus and the limit of the embryonic rim, 
circumferential reduction of which is thus blocked, 
forming, together with the amniotic wall, a hernial sac. 
De Vries (1980) rejects this hypothesis because of a 
different concept of the formation of the abdominal 
wall, according to which differentiation does not take 
place in situ induced by the action of the para-axial 
mesoblast, but is rather a result of a ventral extension 
of the somites from which the myotomes originate. 
Omphalocele thus results from persistence of the 
embryonic umbilical pedicle in a region normally 
occupied by the somatic pleura. Whatever the truth, 
the abnormality becomes established during embryo
nic life. More recently Vermeij-Keers (1996) has pro
posed a new classification of abdominal wall defects, 
based on the early development of the abdominal wall 
and the umbilical cord. Omphalocele represents a 
median form of primary abdominoschisis. 

As regards laparoschisis which Duhamel et al. (1966) 
distinguishes completely from omphalocele, this 
results from the total absence of differentiation of the 
mesenchyme at a point covered by the somatic pleura, 
leading to resorption of the epiblast and the formation 
of a lateral para-umbilical defect. Izant et al. (1966) 
accepts this hypothesis. According to Muntener (1970) 
laparoschisis corresponds to a defect in late mesen
chyme formation (at around the eighth week) while 
omphalocele is the consequence of an earlier defect 
(around the sixth week). Shaw (1975) produces a hypo
thesis suggesting that laparoschisis is the result of an 
in-utero rupture of the amniotic membrane at the 
base of the hernia within the cord, occurring either 
during the phase of the physiological hernia persisting 
to the third month of intra-uterine life, or alternatively 
later on, because of persistence of a weak area at the 
base of the cord, resulting from the disappearance of 
the right umbilical vein (Fig. 12.14). The constant pre
sence of a rotation defect of the umbilical loop is for 
Thomas and Atwell (1976) and for Seashore (1978) an 
argument against their hypothesis of secondary evis
ceration. Adhesion of the summit of the umbilical 
loop in the base of the cord may nonetheless explain 
the failure of rotation. De Vries (1980) considers that 
the process of involution of the right umbilical vein, 
when it is abnormal in its extent or duration, may 
interfere with the growth and viability of the neigh
boring mesenchyme leading to a paraumbilical rup
ture. This author reports two cases of an orifice situa
ted to the left of the umbilical cord in which the left 
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Fig. 12.14.A small juxtaumbilical hernia covered by amniotic 
membrane 

umbilical vein and not the right had become involved. 
Hoyme et al. (1981) proposes that an interruption of 
the omphalo-mesenteric artery may lead to necrosis of 
the base of the cord followed by evisceration through 
tile defect thus created. It is certain that there is a weak 
area at the right part of the umbilical cord, promoting 
the appearance of a para-umbilical hernia (Fig. 12.14). 
We still thus cannot answer the problem as to whether 
laparoschisis is determined by a mechanical accident 
or a heritable fault in the development of the abdomi
nal wall, due to a teratogenic action. The fact that it 
can appear experimentally through the action of tera
togenic drugs argues strongly in favor of the second 
hypothesis, and Vermeij-Keer (1996) considers it to 
represent a secondary abdominoschisis. 

D. Diagnosis 

The diagnosis of these malformations is obvious at the 
moment of birth. There can be no confusion between 
an omphalocele and a laparoschisis. To overlook a her
nia into the umbilical cord may lead to two types of 
accident. Either a sudden prolapse of viscera may 
occur in the first few days of life while the cord sepa
rates [Irving & Rickham 1978] or an intestinal injury 
is produced by tying the cord through the hernia, 
resulting in obstruction or a fistula, as we have seen in 
three cases [Eckstein 1963; Sandborn & Shafer 1967; 
Vassey & Boles 1975]. 

Omphalocele and laparoschisis can almost always 
been diagnosed in utero. The diagnostic features have 
become better and better defined, but these do not 
always determine the prognosis [Cambell 1978; 
Giulian & Alvear 1978; Cameron et al. 1978; Thoulon et 
al. 1979; Touloukian & Hobbins 1980; Henrion et al. 



308 S. Juskiewenski and Ph. Galinier 

1980; Guibaud et al. 1981: Canty et al. 1981; Neilson 
1985; Hassan 1986; Sippes 1990; Langer 1993]. The dia
gnosis of omphalocele can be made from the tenth or 
eleventh week following the last menstrual period 
[Curtis & Watson 1988; Ben Achour et al. 1992]. It is 
characterized by a rounded pre-abdominal mass in 
continuity with the abdominal contour, limited by a 
visible membrane above which the cord is implanted, 
although sometimes it appears at the inferior pole. 
The contents of the mass are partly fluid but also 
contain echo genic areas representing herniated vis
cera. It should be borne in mind that the withdrawal 
of the primitive umbilical loop only occurs at the 
twelfth week. At the time it is still exteriorised, its 
image will be of smaller dimension than that of an 
omphalocele. If the mass is small and the cord is deta
ched from its apex, it may be confused with a cord 
hernia. It is very important to deduce some prognos
tic indicators from these investigations. In particular, 
associated abnormalities such as neural tube defects, 
polycystic or agenetic kidneys and congenital cardiac 
lesions must be carefully sought for. The finding of 
splenomegaly and a macroglossia may suggest a 
Wiedeman-Beckwith syndrome. The karyotype 
should be carefully analyzed. The size of the ompha
locele and the presence within it of part of the liver 
may predict difficulties with vaginal delivery [Hughes 
et al. 1989] and indicate elective cesarean section 
[Lewis et al. 1990]. 

The ultrasound image of laparoschisis is completely 
different because the intestinal loops float freely 
within the amniotic liquid. Inspection of these loops 
gives some idea of the prognosis [Bond et al. 1988; 
Babcook et al. 1994; Brun et al. 1996]. Dilatation, thic
kening and hyperechogenicity of the intestinal wall 
indicate impairment of the digestive tract which 
sometimes results in delayed intestinal transit follo
wing birth. These observations may indicate pre-term 
delivery in order to prevent them progressing [Langer 
1993]. Dilatation to a diameter greater than 17-18 mm 
suggests atresia particularly if it is asymmetrical, as do 
the signs of a meconium peritonitis. However, the cor
relation with post-natal prognosis is not always clear 
[Brun et al. 1996], and the risks of premature delivery 
must also be taken into account. 

E. Management at the Time of Birth 

As the diagnosis will almost always have been made 
pre-natally, a neonatal surgical team will usually have 
been alerted. The baby is rapidly transferred in an 
incubator. Some authors advise immediate operation 

for laparoschisis at the place of birth [Goughlin 1993]. 
The omphalocele or evisceration is handled as little as 
possible and carefully wrapped in damp sterile towels, 
covered on the outside by dry protectors in order to 
limit heat loss. Over this, a waterproof dressing is 
applied so as to limit loss of fluid. The lower half of the 
body is enclosed in a sterile plastic bag [Sheldon 1974]. 

The neonate with laparoschisis should be laid on the 
right side with thighs flexed, in order to lessen the risk 
of strangulation at the orifice of the defect. A correctly
applied nasogastric tube aids in compressing the 
digestive tract. A transfusion is set up immediately in 
order the correct the loss of fluid and protein which 
produce a rapid metabolic acidosis. Broad spectrum 
antibiotics are given. On arrival in the neonatal surgi
cal service an estimation of the serum urea, electro
lytes, protein, sugar and blood gases is immediately 
made. A gentle enema will facilitate evacuation of 
excess meconium. In the case of a laparoschisis or rup
tured omphalocele, the viscera should be replaced as 
soon as possible, as soon as the infant is in a fit state. 
When the omphalocele is intact, fluid and calorie 
losses are of less importance, and time can be taken to 
assess the total situation and to exclude associated 
congenital abnormalities, which frequently occur. 

F. Treatment 

This depends on the ratio between the volume of the 
prolapsed viscera and that of the peritoneal cavity. Re
placement may be immediate, progressive or deferred. 

1. Primary Closure 

The ideal treatment of omphalocele and laparoschisis 
consists in immediate replacement of the viscera with 
closure of the abdominal wall, whilst avoiding an over
elevated abdominal pressure which will interfere with 
diaphragmatic movement, thus restricting respiration 
in the newborn and compromising venous return 
from the vena cava [Lynch 1974]. At the same time, the 
abdominal viscera may be compressed, leading to obs
truction and infarction, and there is the additional 
risk of rupture of the abdominal sutures. In cord her
nias primary repair is often possible as in omphalo
celes and laparoschisis, provided that the surgeon is 
experienced. Haddock et al. (1996) has achieved suc
cess in some 80% of cases. 

In the case of omphaloceles it is sometimes possible 
to reduce the contents in the un-anesthetised infant, 
by manual compression of the sac, which allows one to 
estimate the effects on respiration, and thus to 



confirm the possible effects of primary closure. The 
sac is excised at the level of its junction with the abdo
minal skin and the elements of the cord, vein, artery 
and urachus are isolated and tied. During dissection 
of the sac, care must be taken to identify a persistent 
umbilico-mesenteric duct, or an adhesion to the liver. 
In either case a portion of the sac may be left behind 
in contact with the liver parenchyma. The gut should 
be checked for any possible stenosis or atresia, and the 
dome of the diaphragm is examined with the finger to 
exclude anterior retrosternal defects. It is not usually 
necessary to enlarge the parietal opening in order to 
reduce the viscera. The intestine is carefully replaced 
avoiding any rough handling. Gradual manual stret
ching of the abdominal wall from one part to another 
of the defect, quadrant by quadrant, greatly facilitates 
the sutures, which are placed in two layers, namely the 
peritoneum and aponeurosis, and the skin [Lewis et 
al. 1973, Raffensberger & Jona 1974]. Free and Tomako 
(1967) suggested continuous pressure monitoring in 
the Ive during the reduction of the hernia and the 
closure of the wall. Wesley et al. (1981) measured the 
intragastric pressure which seems to correlate well 
with the peritoneal and caval pressures. [Yaster et al. 
1989]. The central venous pressure is simultaneously 
monitored in the sve and Ive [Gorenstein et al.1985] 
or the intravesicular pressure can be measured [Iberti 
et al.1987; Lacey et al. 1993]. Under assisted ventilation, 
the infant's respiratory to~erance can be estimated by 
the anesthetist, in terms of the flow volume and insuf
flation pressure [Bower et al. 1982]. Relaxant drugs 
may assist in replacing the hernia [Denmark & 
Georgeson 1983]. 

In cases of laparosch is is the exteriorised gut must be 
handled with great care so as to avoid any de-perito
nisation, or wounding of the lumen. The cord is remo
ved having ligated its elements. The narrow parietal 
defect may need to be enlarged in order to effect an 
atraumatic reduction of the viscera, but this must be 
carried out with care, as too extensive an enlargement 
may create difficulties with future closure. As in the 
preceding case, stretching of the wall allows one to 
reduce the tension [Ein & Shandling 1980] . 

The repair is carried out in two lines of sutures. It is 
sometimes possible to preserve the skin flap at the 
lower margin of the cord, so as to reconstitute an 
umbilicus during the skin closure [Lefort et al. 1978]. 
Due to the recent better understanding of the pro
blems connected with omphalocele and laparoschisis, 
primary closure is becoming increasingly achievable 
[Raffensperger & Jona 1974; Tompson & Fonkalsrud 
1976; Stringle & Filler 1979; Ho & Reid 1979; Knutrud 
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Fig. 12.1 S. Subcutaneous inert prosthesis 

Fig. 12.16. Subcutaneous prosthesis in place 

Fig. 12.17. Skin closure over the prosthesis; laparostomy has 
been done in this case 
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et al. 1979; Mayer et al. 1980; Ein & Shandling 1980; 
Fonkalsrud 1980; Grosfeld 1981; Bower et al. 1982; Di 
Lorenzo et al.1987; Langer 1996]. When there appears 
to be excessive tension in the muscular layers leading 
to an increased abdominal pressure, the closure may 
be reinforced by a prosthesis cut in hemispheric 
fashion and closed behind the skin (Fig. 12.15-12.17). 
We originally used a silicone elastomere patch 
[Juskievenski 1971] but were discouraged by a case 
where the patch was extruded leading to a skin dehis
cence which may lead to early re-operation. Direct clo
sure is usually possible. Stone (1981) published a series 
of good results using a similar technique with a sheet 
of prolene. Gortex [Willis et al. 1995] or resorbable 
material [Carachi et al.1995] may still further enhance 
this technique. The main risk is that of infection. 

2. Progressive Replacement 

When the disparity between the volume of the abdo
minal cavity and that of the eviscerated mass renders 

... ~ t·, 
,," ',.1 '" ... 

Fig. 12.18. The principle of Schuster's technique 

Fig. 12.19. Schuster's technique 

primary closure impossible or dangerous, recourse 
must be made to progressive replacement, following 
the principles laid down by Schuster (1967) which 
represent important advances in the treatment of 
omphalocele and laparoschisis. 

The Schuster's method consists in the formation of 
an artificial sac in front of the viscera, in the musculo 
aponeurotic wall, and obtaining progressive reduction 
of its contents by repeated increases of pressure in the 
sac, parallel to enlargement of the abdominal cavity. 
Following enlargement of the midline defect, two 
sheets of silas tic are sutured to the edges picking up 
all thicknesses of the wall. These two sheets are then 
placed over the eviscerated mass and sutured to each 
other in the midline under moderate tension (Figs. 
12.18 & 12.19). The two sheets are approximated every 
two days by replacement of the midline suture, and 
eventually it becomes possible to remove them, 
usually around the tenth or twelfth day [Novotny et al. 
1993], or sometimes even earlier [Wesley et al. 1981]. 

.. " 

.... 

"''t .... 

!\ 
Fig. 12.20. Principle of the technique of Allen and Wrenn 

Fig. 12.21. Technique of Allen and Wrenn 



The abdominal wall is then closed directly. Alternately, 
the same result may be achieved by the placement of a 
single patch between the rectus muscles, in order to 
avoid undue tension [Krasna 1995J. Many variations 
on this method have been suggested. Gilbert et al. 
(1968), Allen and Wrenn (1969) use one single layer 
arranged as a sac around the extruded visceral mass. 
The defect is carefully enlarged either vertically or 
transversely, if it is too narrow. The patch is sutured 
around the defect in a circular manner, taking up the 
entire thickness of the wall (Figs. 12.20 & 12.21). The 
outlet so formed is closed laterally and the operation 
terminated by placing a ligature at the upper end of 
the sac thus created: it should always have a large base. 
When the sac is high it should be fixed by a traction 
suture at its apex, and kept in place by a dressing, in 
order to avoid any angulation at its exit from the 
abdominal wall. Regular gentle pressure on the sac 
reduces progressive re-entry of the viscera, as descri
bed in the preceding methods. Shermata (1976 & 1977) 
suggested the use of a transparent dressing, permit
ting observation of the state of the bowel during 
reduction, replaced later by a preformed sac with a 
reinforced ring at its base. Othersen and Hargest 
(1977) introduced an apparatus for pneumatic reduc
tion. It is usually possible to achieve complete reduc
tion allowing direct closure of the abdominal wall, 
within eight days. 

There is a constant risk of infection during the 
course of progressive reduction, which requires strict 
supervision of the dressing technique. Separation of 
the prosthesis through breakdown of the sutures is an 
ext reel ely severe complication because it abruptly 
exposes the partially reduced viscera, and may lead to 
ischemic necrosis and fistula. These complications 
severely affect the prognosis [Lewis et al. 1973; 
Hollabaugh & Willis 1973; Zwiren & Andres 1974; 
Rubin & Ein 1976; King et al. 1980; Mayer et al. 1980; 
Hrabovsky 1980; Grosfeld et al. 1981J but in most 
published series the results are very satisfactory. 
Nonetheless, these methods should be reserved for 
cases where direct closure does not seem possible. It 
may sometimes be possible to apply successive liga
tures to the apex of the omphalocele sac itself, in order 
to reduce the bulge [Hong et al. 1994J. 

3. Deferred Reduction 

In 1948 Gross proposed covering large omphaloceles 
by skin detached from the flanks and sutured over the 
pouch, in effect creating a large ventral hernia (Fig. 
12.22). Alternatively, the skin may be directly closed 
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Pellerin et al. 1968J. More complex cutaneous plasties 
have been proposed by Kollerman and Schmarzer 
(1968) as well as division of the rectus muscles at the 
same time in order to increase the volume of the 
abdominal cavity [Savage & Davey 1971J. These 
methods have certain attractions but a large ventral 
hernia persists (Fig. 12.23) because the volume of the 
abdominal cavity has little tendency to enlarge and 
the visceral mass spreads out in a mushroom fashion 
in front of the musculo-aponeurotic plane [Schuster 
1967J. Secondary closure of the defect at the age of 6-
15 month is always difficult, whatever technical devices 
are used [Ravitch 1969; Boles 1971; Thompson & 
Fonkalsrud 1976; Aoyama 1979; Khope et al. 1989J. It 
was in order to solve this problem that Schuster (1967) 
introduced the method of progressive reduction (see 
Figs. 12.18 & 12.19). However, the technique of skin 
cover may be useful in certain special cases, as it is 
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Fig. 12.22. Principle of Gross' technique 
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over the visceral mass [Hutchin & Goldberg 1965; Fig. 12.23. Gross' technique with residual eventration 
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sometimes necessary to remove synthetic material 
during the course of progressive reduction, because of 
disruption or infection. 

4. Conservative Treatment 

In 1963 Grob advised the application of mercuro
chrome to large omphalocele pouches in order to 
obtain a dry eschar. When this eschar is removed it 
reveals a layer of granulation tissue which becomes 
secondarily epithelialised from the edges (Fig. 12.24). 
The resulting herniation needs secondary closure. 
This method has allcwed survival of several omphalo
celes [Soave 1968; Firor 1971; Adam et al.1991]. Various 
antiseptic solutions have been used to diminish the 
toxic risk which the repeated use of mercurochrome 
inevitably poses [Stanley-Brown & Frank 1971; Fagan 
et al. 1977]: these include zephiran and silver nitrate. 
The main disadvantage of these methods is that it 
takes some time to produce the eschar, during which 
the patient is at risk. Also the resulting eventration is 
difficult to control. They are nonetheless still indica
ted in certain special cases (Fig. 12.24) such as high 
risk premature infants, severe cardiac defects or hya
line membrane disease [Pompino & Kroling 1974; 
Venugopal et al. 1976; Stringel & Filler 1979; Allen 
1980]. Ein & Shandling (1978) suggested covering 
major omphaloceles with "Opsite" plastic membrane, 
beneath which epithelialisation gradually occurs. 
Lyophilized dura has also been used [Reid & 
Cummins 1977; Currie et al. 1979; Niillen et al. 1980], as 
have amniotic membrane [Gharib 1978; Seashore et al. 
1975], and pigskin. These biological dressings can be 
of use in the management of postoperative complica
tions. 

Fig. 12.24. Grob's technique 

5. Special Problems 
Resulting from GI Tract Abnormalities 

Stenosis and atresia pose difficult problems and gra
vely affect the prognosis. However management of the 
gastroschisis or omphalocele should not be affected by 
the presence of an intestinal malformation. Three 
policies are available: resection and primary anasto
mosis, resection with exteriorisation, and delayed 
treatment by secondary operation when the abdomi
nal wall problem is resolved. Primary resection and 
anastomosis has given good results even in cases of 
anti-natallaparoschisis as we have personally obser
ved [Raffensberger & Jona 1974; Amoury et al. 1977; 
Graisfield 1981], but in some cases the anastomosis has 
had to be revised [Grosfeld et al.1981; Hrabovsky et al. 
1980]. The fact that the intestine rapidly resumes an 
almost normal aspect after reduction may encourage 
one to carry out such primary anastomoses [Pokorny 
et al.1981]. Temporary exteriorisation is possible even 
if one uses a method of progressive reduction, and the 
enterostomy does not seem to increase the risk of sep
sis [Hollabaugh & Boles 1973; Hrabovski et al. 1980; 
King et al.1980; Gornall1989]. Intestinal resection may 
be deferred provided that the GI tract is decompres
sed and parenteral nutrition maintained until surgery. 
It is difficult to define precisely the indications for 
these various options, which must be adapted to each 
individual case, and they remain controversial [Van 
Horn et al. 1985; Shaw 1991]. 

When there is a pre-existing perforation without 
atresia or stenosis it seems preferable to treat it by 
suture or resection at the time of the parietal repair 
[Grosfeld & Weber 1982]. The appearance of a fistula 
or peritonitis during the course of progressive reduc
tion requires immediate re-operation and bypass. In 
certain cases however intestinal decompression and 
parenteral nutrition have allowed the fistula to heal 
[Schuster 1979; Allen 1980; Fonkalsrud 1980]. 

6. Postoperative Management 

Ventilation is often required during the first hours or 
days following surgery, when closure of the abdominal 
wall has increased the intra-abdominal pressure, 
besides which some of these children have a degree of 
pulmonary hypoplasia [Hershenson et al. 1985]. This 
should not be considered as a contraindication to pri
mary closure [Ein & Rubin 1980; Bower et al. 1982]. 
Prolonged ventilation may also be required during 
progressive reduction and postoperative ileus may 
severely limit respiration. The degree of respiratory 
support needs to be adapted to circumstances. In 



many cases of omphalocele with an intact membrane 
fluid and electrolyte losses are not very great and can 
be controlled along the standard lines used in neona
tal abdominal surgery [Grosfeld & Weber 1982]. In 
cases of evisceration and laparoschisis, the losses and 
needs for replacement are far greater, particularly 
during the first 24 h [Philipp art et al. 1972; Mollitt et al. 
1978; Bower et al. 1982]. Correcting these losses 
reduces the postoperative morbidity and early deaths 
from shock, renal failure or diminished gut blood flow 
[Knutrud et al. 1979]. Care should be taken to avoid 
over-transfusion by careful monitoring of the venous 
return and of hepatic renal and intestinal blood flow 
[Masey et al. 1985]. Necrotising enterocolitis is a 
constant risk [Oldham et al.I988]. The choice of anti
biotics is disputed because of the risk of resistance 
[Ein & Rubin 1980; Stringel & Filler 1979]. However, 
hypogammaglobulinemia [Guttenberger et al.1973] is 
a particular problem with cases of ruptured omphalo
cele or laparoschisis so that they should always be 
used particularly when progressive reduction is 
contemplated. Antibiotics are withdrawn 48 h after 
removal of the prosthesis. 

Whereas some cases of intact omphalocele rapidly 
regain intestinal function postoperatively, prolonged 
ileus, which may last for several weeks or months, is 
frequently seen with ruptured omphalocele or laparo
schisis. This requires parenteral nutrition, which has 
been responsible for the great improvement in clinical 
results over the course of the last IS years [Stringel & 
Filler 1979; Fonkalsrud 1980; Bower et al. 1982]. The 
central lines need to be supervised by a skilled team, 
in order to prevent infection. As soon as intestinal 
function appears to be re-established, enteral nutri
tion is resumed, at first using continuous flow and 
then introducing fractionation and variety. Milk into
lerance is often seen [Thomas et al. 1982]. Delay in 
resumption of intestinal transit may prolong hospital 
stay for over two months. 

G. Results 

The last 20 years have seen a considerable reduction 
in the mortality of omphalocele and laparoschisis. The 
reasons for this include improvement in the imme
diate postnatal care following ante-natal diagnosis, 
prevention of hypothermia, accurate replacement of 
blood and fluid losses, improved surgical technique, 
prevention of infection and prolonged parenteral 
nutrition [Gierup et al. 1982; Krasna 1992]. However, 
mortality figures remain high at around IS-2S%, inclu
ding all types of lesion [Hasse & Mahlo 1979; Knutrud 
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et al. 1979; Stringel & Filler 1979; Mayer et al. 1980; 
Allen 1980; Grosfeld et al. 1981; Knight et al. 1981; Canty 
& Collins 1983; Yazbeck et al. 1986; Yokomori et al. 1992; 
Krasna 1995]. Associated abnormalities, predomi
nantly cardiac, mean that the mortality rate remains 
high in spite of advances in treatment. Isolated mid
line omphaloceles without other chromosomal pro
blems and severe malformations carry a much better 
prognosis, with a mortality below 16% [Mayer et al. 
1980; Knight et al. 1981; Grosfeld et al. 1981; Grosfeld & 

Weber 1982]. A study of eight North American centers 
between 1979 and 1981 illustrates the high survival rate 
of laparoschisis, showing the success rate of 316 out of 
361 infants (87.S%) [Grosfeld & Weber 1982]. Other 
series [Fonkalsrud 1980; King et al. 1980; Grosfeld et al. 
1981; Hrabovsky et al. 1980; Bond et al. 1988; Cianino et 
al. 1990; Novotny et al. 1993; Babcook et al. 1994; 
Haddock et al. 1996] have survival rates of over 90%. 
The long-term prognosis is essentially that of the asso
ciated cardiac abnormality [Swartz et al.1986; Larsson 
& Kullendorf 1990; Tunell et al.I99S]. In the absence of 
such lesions it is excellent. Intestinal function usually 
becomes normal at around the sixth month 
[Touloukian & Spackman 1971; Hollabaugh & Boles 
1973; O'Neill et al. 1974]. Gastro-esophageal reflux may 
appear during the months following repair of the 
abdominal wall, but rarely requires surgery [Stringel 
& Filler 1979; Grosfeld et al. 1981]. Inguinal hernias 
often appear, but the relation between cause and effect 
is difficult to establish. There is always a risk of obs
truction through bands or adhesions [Tunell et al. 
1995]. The growth curve is normal. 

In utero exploration may allow earlier diagnosis of 
omphalocele and laparoschisis, so that treatment can 
be planned accordingly. The generally good prognosis 
of midline omphalocele without a major associated 
abnormality, and particularly a laparoschisis, deserves 
to be better known, when decisions regarding inter
ruption of pregnancy are taken. 
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II. Pathology of the Umbilicus 
Due to Defective Involution of 
the Omphalomesenteric Duct and Urachus 

The umbilical pedicle contains, as well as the placental 
vessels, the allantoic sac and the vitelline pouch, com
municating with the intestine via the vitello-intestinal 
duct (Fig. 12.25). From the fifth week of embryonic life 
there is a rapid involution of these structures leading 
to a total disappearance of the vitelline duc, vitello
intestinal duct and their accompanying vessels. At the 
same time, the allantoic sac becomes progressively 
obliterated, and forms the urachus. The only structures 
remaining within the umbilical cord are now the umbi
lical vessel surrounding by Wharton's jelly, which 
represents the remnants of the extra-embryonic 
mesenchyme. Any interruption of this double process 
of involution causes persistence of abnormal struc
tures, which, if they maintain a connection with the 
umbilicus, lead to abnormalities of this area. 

A. Defective Involution 
of the Omphalomesenteric Duct 

Pasquie et al. (1971) classified these problems into four 
types, in order of severity. 

- The duct persists in its entirety, as a broad but 
short tube, connecting the small intestine directly to 
the umbilicus (Fig. 12.26a). 

- A failure of involution leads to narrowing of the 
canal or obliteration of its lumen. There thus persists 
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Fig. 12.25. The embryonic umbilical 
pedicle. a The yolk sac and allantoic 
diverticulum form the umbilical 
pedicle of the embryo. b Details of the 
structure of the embryonic umbilical 
pedicle 
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Fig. 12.26. Defective involution of the omphalomesenteric duct. a Full persistence of the duct. 
b Persistence of the duct with a narrow lumen. c Persistence of the duct where the lumen has given 
way to a fibrous band. d Persistence of the deep part of the duct, leading to formation of Meckel's 
diverticulum. e Persistence of the superficial part of the duct, leading to formation of urachal sinus. 
f Persistence of the superficial part of the duct, leading to formation of an umbilical remnant of diges
tive mucosa. g Persistence of the middle part of the duct, leading to formation of a vitelline cyst. 
h Persistence of the vitelline vessels 



a narrow fistula or fibrous band uniting the ileum to 
the umbilical scar (Fig. 12.26b, c). 

- The involution only involves one portion of the 
canal, leaving its inner part as a Meckel's diverticulum 
(Fig. 12.26d) which its external part remains as an 
umbilical sinus or a small rest of intestinal mucosa at 
the umbilicus (Fig. 12.26e, 0, while its middle portion 
forms a vitelline cyst, lying along the line of the pri
mitive duct (Fig. 12.26g). 

The vitelline vessels, which normally involute at the 
same time as the duct, may persist in isolation 
[Kleinhaus et al. 1974] and form a band, taking origin 
from the mesentery in contact with the ileum and run
ning as far as the umbilicus, to which it is fixed (Fig. 
12.26h). 

There are various varieties of these abnormalities. 
Thus a Meckel's diverticulum may be connected to the 
umbilicus by a fibrous band or a vascular adhesion 
along the line of the diverticular artery. Otherwise an 
umbilical sinus may be prolonged into a fibrous band 
running as far as the intestine or its mesentery (Fig. 
12.27a, b). Total persistence, fistulae and mucosal rem
nants are only one expression of abnormalities at the 
umbilicus. They may be associated with defective invo
lution of the urachus. Overall, these defects of involu
tion are commoner in boys than girls [Moore 1996]. 

1. Total Persistence 
of the Omphalomesenteric Duct 

The broad passage which connects the intestine to the 
umbilicus is identical in structure to that of the ileum 
from which it arises. There may be some persistence 
of heterotopic gastric or pancreatic mucosa, as is often 
seen in a Meckel's diverticulum. This aberrant mucosa 
may give rise to ulceration and hemorrhage [Chiang 
1982; Moore 1996]. It is usually covered by a peritoneal 
serosa and vascularised by a single vitelline artery. 
The length varies from 3 to 5 cm. Areas of atresia may 
be found immediately above or below the lesion 
[Petrikovsky et al. 1988; MacMullin et al. 1987; Moore 
1996]. Total persistence presents during the first few 
days of life. The diagnosis can be made at birth by the 
finding of an enlarged and reddened umbilical cord. 
Very soon a fistula appears at the base of the cord or 
at one of its aspects. Separation of the cord is followed 
by a large red raspberry-like tumor, bleeding on 
contact and usually accurately delimited. It emits a 
greenish material which is clearly ileal in origin, and 
increases in the postprandial period. Sometimes the 
discharge is chyme, as occurred in one of our cases 
where the afferent upper loop was connected to the 
caecum (Fig. 12.28) and this may lead to obstruction 
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a b 

Fig. 12.27. Transitional anomalies. a Umbilical sinus connected 
to the ileum by a fibrous band. b Meckel's diverticulum 
connected to the umbilicus by a fibrous or vascular band 

Fig. 12.28. Full patency of the omphalomesenteric duct 

Fig. 12.29. Bicornate intestinal prolapse complicating a persis
tent patent omphalomesenteric duct 

[Zachary 1971]. The surrounding skin rapidly becomes 
ulcerated by the action of digestive juice. 

The canal is large enough to allow an intestinal pro
lapse at any time, as one sometimes sees at the stoma 
of an enterostomy. If only the mucosa is involved the 
result is to render the umbilical rosette more promi
nent, but more often it is the junction of the duct and 
the involved loop which is involved so that both the 
efferent and afferent loops become invaginated for
ming a double T-shaped prolapse [Moore 1956 & 1996] 
transversely aligned and perpendicularly attached to 
a sagittal cylinder emerging from the umbilicus (Fig. 
12.29). Sometimes the prolapse originates from the 
intestine itself so that it is only the afferent loop which 
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becomes exteriorised, in the form of a cylindrical 
tumor which, in contrast to the above, forms a pro
lapse shaped like a vertical letter I [Moore 1956]. 
Rarely, double evaginations may be seen [Mustafa 
1973]. Whatever the type, the prolapse develops 
rapidly, as the infant cries, and a large length of intes
tine will become exteriorised in this way, within a very 
short time. Increasing oedema of the wall may lead to 
intestinal ischemia. Once recognized, this situation 
requires immediate surgery in order to avoid the risk 
of further prolapse and ischemia [Ingelrans et a1. 1967; 
Kling 1968; Mustafa 1973]. Removal of the persistent 
duct with resection of the loop from which it origi
nates, carried out via a paraumbilical route, is quite 
straightforward; it is sometimes possible to reduce the 
prolapse at the beginning but quite often this reduc
tion can only be achieved at the time of surgery, and 
extensive resection of the small intestine may be 
necessary. 

2. Entero-umbilical Fistula 

The caliber of the fistula is much narrower than that 
of the loop of intestine from which it arises. The outer 
end shows a small umbilical mass corresponding to 
the inverted mucosa. The discharge is more mucous 
than fecal, sometimes blood stained and with a fetid 
odor. It may only emerge intermittently. Persistence of 
an entero-umbilical fistula may remain hidden 
beneath an umbilical hernia, or beneath a normal 
umbilical scar and present purely by an area of swel
ling, or a GI hemorrhage, if heterotopic gastric mucosa 
is present [Moore 1996]. 

With such a minor lesion, the diagnosis of fistula is 
by no means always obvious. It may be confirmed by a 
fistulogram, but the orifice may be difficult to cathete
rize. If the mucosal bud is overlooked, the lesion may 
present as a severe complication such as intestinal 
obstruction [Pellerin et a1. 1976] or hemorrhage from 
heterotopic gastric mucosa at the site of the fistula 
[Pasquie et a1. 1971; Moore 1996]. 

The fistula is approached from the site of the umbi
licus. According to the site of origin it may be treated 
by simple excision or, better, by a wedge resection of 
the ileum, which will take care of the possibility of 
heterotopic mucosa at the base of the fistula. 

3. Umbilical Remnants 

Remnants of the omphalo-mesenteric duct present in 
two ways. There may be a purely mucosal remnant 
either as a very short sinus although in some cases 

there may be a segment of intestine attached to the 
umbilicus [Michalland et a1. 1972]. These lesions pre
sent as a small velvety red excrescence, secreting 
mucus and bleeding on contact [Chiang 1982]. Moore 
(1996) has recorded a case of profuse hemorrhage 
emerging from a long sinus containing heterotopic 
gastric mucosa. This may be seen as a simple granu
loma as often persists following separation of the 
cord, but these granulomata disappear very quickly 
after a brief application of silver nitrate or the cryo
cautery [Sheth & Macpani 1990]. However there exists 
in the middle of the bud a small orifice which is cathe
terisable by a stylet over a short distance. Examination 
with an otoscope confirms that there is indeed a blind 
sinus [Shaw 1979]. Fistulography is often difficult 
because of the narrow breadth of the lumen. One can 
usually exclude the possibility of entero-umbilical fis
tula but it is difficult to determine the vitelline or 
allantoic origin of the lesion. Additionally, in a certain 
number of cases, a fibrous band prolongs the blind 
sinus or mucosal remnant, and may lead to secondary 
obstruction [Kutin et a1.1979]. Ultrasound gives excel
lent information, but its interpretation is difficult and 
may at times lead to false positives. 

Excision of the tumor is a minor procedure. The sole 
problem appears through the possible existence of a 
deep prolongation. Some authors have suggested car
rying out frozen section of the mucosa in order to 
confirm its ileal character and to exclude the unusual 
gastric or pancreatic hetaropathy. [Harris & Wenzl 
1963]. If its character is confirmed it is wise to expose 
the deep aspect of the umbilicus in order to exclude 
the presence of a band [Pellerin et a1. 1976]. It is our 
practice to carry out such an exploration routinely, in 
every excision of an umbilical bud. 

B. Defective Invo;ution of the Urachus 

There are four recognizable types, in which patency is 
preserved either of the whole of the urachus or of its 
outer, middle or internal portions [Hector 1961; 
Blichert-Toft & Nielsen 1971; Kontogeorgos & Kokotas 
1977; Bauer & Retik 1978; Shaw 1979; Suita & Nagasaki 
1996]. Persisted of the entire urachal lumen leads to a 
fistula between the bladder and the umbilicus. It may 
be regular in outline or show segmental cystic dilata
tions (Fig. 12.30a, b). Partial persistence may, according 
to its level, present as a blind umbilical sinus, a retro
parietal cyst or a diverticulum of the dome of the 
bladder with no umbilical connection (Fig. 12.30C, e). 
These abnormalities may be combined with abnormal 
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Fig. 12.30. Defective involution of the urachus. a Fully patent 
urachus. b Patent urachus with urachal cyst. c Partially patent 
urachus (outer segment) leading to formation of umbilical 
sinus. d Partially patent urachus (middle segment) leading to 
formation of a retroparietal cyst. e Partial patency leading to 
diverticulum of the dome of the bladder 

involution of the omphalo-mesenteric duct [Griffith et 
al. 1982] and are seen more frequently in boys than 
girls. Other abnormalities are often found, in particu
lar involving the urinary tract, such as vesico-urethral 
reflux, or of the GI tract such as a rectal atresia [Rich 
et al. 1983]. Total and partial persistence of the urachus 
is seen in about 25 cases of the congenital muscular 
abnormality known as the "prune belly syndrome". 

Urachal remnants are prone to give rise to septic 
complications such as peritoneal abscess [Savanelli et 
al. 1984; MacNeily et al. 1992]. Cases of actinomycosis 
have been reported [Van Wisk & Lodder 1991]. One 
has also seen the appearance of malignant tumors 
such as adenocarcinoma [Sheldon et al. 1984; Shaw 
1986] which may appear in adolescence [Comil et al. 
1967; Rankin et al. 1993]. Yoke sac tumors have been 
reported [d' Alessio 1994] as well as benign tumors 
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Fig. 12.31. Transverse subum
bilical incision used in the 
treatment of urachal fistula 

such as adenoma, fibroma and fibroadema [Dawson et 
al. 1994]. 

1. Urachal Fistula 

The umbilical cord is often very large at the time of 
birth, because of oedema of Wharton's jelly arising 
from hypotonic fetal urine [Tsuchida & Ishida 1969; 
Ente et al. 1970]. In other cases, it appears normal, but 
its base is swollen and seems to contain a fleshy mass. 
Several cases have been reported in which the caliber 
of the fistula is such that it allows evagination of the 
urachus or even of the dome of the bladder [Suita & 

Nagasaki 1996]. When the cord separates, urine begins 
to emerge. At first coming drop by drop, a jet may be 
produced by pressure on the lower abdomen. A fistu
logram or an injection of indigo-carmine will confirm 
the communication with the bladder. Intravenous 
methylene blue may produce blue-colored urine at the 
umbilicus. The best information is given by ultra
sound, provided that there is skilled interpretation. 
Nowadays, the diagnosis is frequently made before 
birth by the observation of a cystic mass at the base of 
the umbilical cord, closely related to the fetal abdomi
nal wall. Differential diagnosis includes a small 
omphalocele, a persistent omphalo~mesenteric duct or 
cystic degeneration of Wharton's jelly [Persutte et al. 
1988; Persutte & Lenke 1990; Frazier et al. 1995; 
Sepulveda et al. 1995]. IVU is mandatory, in order to 
exclude other abnormalities, including lower urinary 
tract obstruction, although this does not seem to be a 
potent cause of fistula formation. The urachus can be 
resected by a peri-umbilical incision which may need 
to be prolonged downwards, in order to gain access to 
the dome of the bladder and excise the communica
tion, which should be closed by an absorbable suture. 
A short transverse sub umbilical incision (Fig. 12.31) 
gives good access to the posterior aspect of the umbi
licus, as well as to the urachus [Eckstein 1977]. 
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2. Urachal Sinus 

A blind urachal sinus presents as a mucosal button at 
the umbilicus, with a chronic purulent discharge. This 
may lead to a surrounding cellulitis, which may in 
turn be followed by severe septic complications 
[Kosloske et al. 1981]. 

3. Urachal Cyst 

This is often discovered late [Rich et al.1983]. It usually 
lies beneath the abdominal wall and appears as a swel
ling immediately below the umbilicus, though it may 
appear at the umbilicus itself [Irving & Rickham 
1978]. Ultrasound reveals the diagnosis [Kenigsberg 
1975; Goodman et al. 1980]. Often infected, it may pre
sent as an abscess opening at the umbilicus, into the 
peritoneal cavity or on to the abdominal wall [Mac 
Millan et al. 1973]. It can be completely excised via a 
transverse sub umbilical incision. In the case of an abs
cess it may be necessary to precede this by incision 
and drainage, delaying resection until the infection 
has subsided. Urachal cysts have been excised in the 
adult laparoscopically [Trondsen et al. 1993; Redmond 
et al. 1994]. This technique will certainly be applied to 
neonates and children, provided that there is no infec
tion. 
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III. Groin Hernias in Children 

In almost every case, inguinal hernias in children are 
the result of an abnormal persistence of the processus 
vaginalis, and are thus oblique hernias passing 
through a healthy and muscular abdominal wall. 
Direct inguinal hernias and femoral hernias are excee
dingly rare. 

A. The Processus Vaginalis 

This diverticulum of the peritoneal cavity follows the 
inguinal canal of the fetus to reach either the scrotum 
or the labium majus, and remains open up to the time 
of birth. In boys, it becomes progressively obliterated 
in its proximal portion, eventually forming a fibrous 
tract within the spermatic cord. Its distal, intra-scrotal 
portion becomes the tunica vaginalis of the testicle 
(Fig. 12.32). In girls, the processus which is known as 
the Canal of Niick, becomes completely obliterated, 
leaving only a thin fibrous remnant. 

The processus vaginalis remains open in 80-90% of 
neonates. At the end of the first year it is still present 
in 50%, especially girls [Sachs 1885; Hrabovsky & 
Pinter 1994J. The process of obliteration continues up 
to the age of 2 [Rowe et al. 1969J. In the adult, a patent 
duct is found in 15-23% of subjects examined 
[Ramonede 1883; Hessert 1910; Morgan & Anson 1942J. 
This persistence does not imply the presence of a her
nia, but simply a potentiality for hernia formation 
[Surana & Puri 1993; Fonkalsrud 1995; Ulman et al. 
1995J. Failure of the processus to close may be total, 
allowing the appearance of an inguinal scrotal hernia, 
or partial, giving rise to a funicular hernia (Fig. 12.33) 
or rarely an interstitial hernia [Maish et al. 1972; Festen 
1974J. Incomplete occlusion may result in a canal too 
small to allow passage of viscera but which leads to 
the development of a hydrocele or a cyst in the cord, 
through accumulation of peritoneal fluid (Fig. 12.34). 
Persistent processus vaginalis is commoner on the 
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Fig. 12.32. Development of the processus vaginalis with forma
tion of the tunica testis and subjacent fibrous involution 

Fig. 12.33. Mechanism leading to congenital inguinal hernia. 
a Full patency of the processus vaginalis. b Partial patency of 
the processus vaginalis 

right, so that right-sided hernias are more frequently 
seen than left-sided. In our experience of more than 
4,000 groin hernias in children, 60% are on the right, 
32% on the left and 8% were bilateral. The right/left 
ratio is 3:1 in boys, but rather less in girls [Scorer & 
Farrington 1971], in whom bilateral forms are com
moner (15%). The duct may remain patent on both 
sides: this seems to be commoner in girls than boys. 
The percentage of frequency of a persistent contrala
teral duct during exploration of a hernia varies from 
6-60%, according to the author. Both the age and the 

a 

Fig. 12.34. Mechanism of formation of hydrocele (a) or cyst of 
the umbilical cord (b) by incomplete occlusion of the processus 
vaginal is 

sex of the child must be borne in mind [Holcomb 
1965; Gunnlaugsson et a1. 1967; Kiesewetter & Oh 1980; 
Given & Rubin 1989]. This percentage falls off sharply 
after the age of 6 [Lynn & Johnson 1961; Laufer & Eyal 
1962; Spackman 1962]. A contralateral hernia is thus 
more prone to develop when the first hernia presents 
at an early age [Rickham 1965; Rowe et a1. 1969]. This 
possibility is higher in the case of a left than a right
sided hernia. Generally speaking, a contralateral her
nia develops in from 6-60% of cases [Hamrich & 
Williams 1962; Struve-Christensen & Jensen 1970; 
Rickham 1978; Given & Rubin 1989]. In our expe
rience, the later appearance of a contralateral hernia 
occurs in only 2% of left-sided repairs and 10% on the 
right side. We carry out a bilateral repair in every case 
where there is the slightest suspicion of a patent pro
cessus vaginalis. 

B. Incidence 

The frequency of inguinal hernias leads to this opera
tion being one of the commonest to be carried out in 
children. It is particularly high during the first few 
years of life. Wooley (1979) found 38% of hernias 
occurring in the first six months and 59% during the 
first year. In our experience, 39% of cases occur in 
children less than one year. The frequency is particu
larly high with premature infants [Walsh 1962]. The 
incidence falls off sharply after the age of six. Hernias 
are much more frequent in boys (71.6% in our series), 
but in the younger age groups the female incidence is 
significantly higher [Bronsther et a1. 1972; Wooley 
1979]. It seems that the frequency is slightly higher in 
black than in white races [Rowe & Clatworthy 1970]. 



C. Diagnosis 

The diagnosis immediately comes to mind in the pre
sence of an inguinal or inguino-scrotal swelling. The 
clinical signs are clear, which include an elongated 
swelling with a cough and cry impulse, opaque to 
translumination and reducible, sometimes with a gur
gling sensation, while the testicle is clearly felt at the 
bottom of the scrotum. The diagnosis is more difficult 
particularly in the small child when the hernia does 
not emerge on crying or on manual pressure on the 
abdomen. The description given by the mother is 
nonetheless highly suggestive. The small diameter of 
the external inguinal ring means that the usual dia
gnostic maneuver of inserting a finger into the neck of 
the scrotum to assess the size of the ring and search 
for a cough impulse, is of no value. However, by palpa
ting the cord against the pubic tubercle with one or 
two fingers one can spread out the components of the 
spermatic cord and identify the neck of the sac which 
rolls under the finger and enlarges the breadth of the 
elements of the cord. 

The distinction between a hernia and a hydrocele 
does not usually give rise to problems. A hydrocele 
presents as a firm ovoid or pear-shaped elastic struc
ture at the neck of the scrotum, which rarely ascends 
above the superficial inguinal ring. Large ones distend 
the scrotum and give it a bluish appearance. They may 
attain quite a large size in the new-born, and bilateral 
lesions are not uncommon. The volume may vary 
because of the persistent communication with the per
itoneal cavity, and the family may notice that the swel
ling becomes smaller in the morning than the evening, 
as fluid runs back into the peritoneal cavity while the 
infant is sleeping. Transillumination confirms the dia
gnosis. 

Cysts of the cord share the same features. They are 
generally found midway between the upper pole of the 
testis and the superficial inguinal ring, with an easily 
felt upper pole, but on occasion the cyst passes 
through the ring and enters the inguinal canal. 
Transillumination is helpful but is more difficult than 
with a hydrocele and requires a pointed light source. 
Occasionally there is a funicular hernia above a hydro
cele, giving rise to a scrotal swelling with an inguinal 
cough impulse on crying (Fig. 12.35). We have seen 
three cases in which a very large hydrocele presented 
as a double sac, both inguinal and scrotal [Ahmed 
1971; Saharia et al. 1979; Burgues 1986; Booth 1987; 
Kahn 1987; Squire & Gough 1988; Spier et al. 1995]. 

Persistent processus vaginalis is common in cases of 
undescended testis, particularly if the testicle is highly 
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Fig. 12.35. Association of funicular hernia and hydrocele 

placed [Hutchinson & Koop 1956; Scorer & Farrington 
1971]. Combined hernia and ectopia is thus quite often 
seen. The hernia has the same features as described 
above but the testicle is not present in the scrotum. 
Following reduction of the hernia it mayor not 
become palpable depending on its relationship to the 
external oblique aponeurosis. 

Hernias have the same clinical features in girls as in 
boys, and frequently contain an ovary (419 out of 110 

cases in our experience). This may lie freely within the 
sac or may draw down part of the Fallopian tube with 
it. It presents as a firm mass which mayor may not be 
reducible, but the ovary may be adherent to the sac. 
This type of ectopic ovary occurs through sliding of 
the peritoneum of the broad ligament in the develop
ment of the canal of Niick. The hernia appears as a 
firm irreducible swelling but is non-tender and pro
duces no functional disturbance. 

An inguinal hernia may at any time become irredu
cible and this may be the presenting feature, particu
larly in early infancy. In our experience of 256 stran
gulated hernias, 70% were in infants of less than six 
months. Incarceration or strangulation leads to severe 
pain and often early reflex vomiting. Signs of obstruc
tion appear later. The diagnosis is made by the finding 
of a tender irreducible inguinal swelling which later 
becomes inflamed. This diagnosis usually presents no 
problem except in the case of a previously unsuspec
ted hernia in a small infant, which should be carefully 
sought for if there is any sign of obstruction. In the 
new-born there may be scrotal oedema and some
times an increase in the volume of the testis, sugges
ting a torsion. Plain abdominal X-ray may disclose air 
in the inguino-scrotal region, which is diagnostic 
[Currarino 1974]. Ultrasound resolves the situation. 
Injection of contrast medium into the peritoneal 
cavity will disclose the hernia and show up a patent 
processus on the other side. This technique described 
by Ducharme et al. (1967), Guttman et al. (1972), Braun 
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et al. (1975) has been widely used in order to resolve 
the problem posed by a bilaterally patent processus 
[White et al. 1968; James & Hunsicker 1972; Thompson 
et al. 1972; Blan et al. 1973; Gallegos et al. 1974; Broutin 
et al. 1975; Jewett et al. 1976; Kiesevetter & Oh 1980; 
Vanneuville et al. 1983]. Although in experienced 
hands this technique presents few problems, it seems 
to us to be somewhat disproportionate to the situa
tion. Other techniques, such as pneumoperitoneum, 
have been suggested [Christenberry & Powell 1987; 
Bulow 1974; Powell 1985; Timberlake et al. 1989]. 
Ultrasound, however, is a straightforward test, the 
reliability of which increases with experience, and may 
serve to reveal an unsuspected contralateral hernia or 
a persistent processus [Erez et al. 1996]. 

D. Treatment 

1. Uncomplicated Hernias 

It is justifiable to adopt a waiting policy during the 
first few months of life, as spontaneous obliteration of 
the canal may occur. This may be assisted by the use of 
a bandage including a double truss, adjusted to the 
size of the infant and kept in place with thigh straps. 
Such a truss is contra-indicated in large hernias, which 
are difficult to reduce, or by an undescended testis. It 
may irritate the skin and restrict movement, so that it 
should be reserved for special cases. There is no rea
son to delay treatment in the full term infant [Rowe 
1995; Wiener et al. 1996] bearing in mind that the risk 
of incarceration during the first few months of life is 
higher than is commonly thought (14-30%) [Puri et al. 
1984; Moss & Hatch 1991; Stylianos et al. 1993]. Surgery 
may be deferred in the premature baby, but many sur
geons operate regardless of the age or weight of the 
patient. The operation is perfectly safe at any age, pro
vided that the surgeon is experienced in treating 
infants and children. Simple closure of the processus 
is all that is required, and repair of the abdominal wall 
is unnecessary, though with large hernias the trans
versalis fascia must be carefully reconstituted at the 
deep inguinal ring. The inguinal canal in the infant is 
short so that it is possible to reach the origin of the 
patent processus through the superficial ring, without 
incising the external oblique [Banks 1884]. Although 
this method has been widely used [Boureau 1978; 
Rickman 1978] it seems to us better to open the ingui
nal canal in order to expose the cord and the perito
neal sac, which is often very delicate. We have needed 
to re-operate five times for hernias treated by this 
method, as inadequate excision of the processus has 

led to a recurrence. We do not routinely explore the 
other side unless there is clinical or ultrasound evi
dence [Rothenberg & Barnett 1955; Hamrich & 
Williams 1962; Laufer & Eya11962; Kiesewetter & Oh 
1980]. Such a policy gives widely varying results 
according to the author and the age of the patient 
[Weber & Tracy 1993; Rowe 1995]. Routine exploration 
carries a definite risk to the vas deferens and the testi
cular vessels [Homonnai et al. 1980; Shandling & Janik 
1981; Janik & Shandling 1982; Rathauser 1985]. Routine 
preoperative herniorraphy [Hecker et al. 1973] or 
needle aspiration of the contralateral side [Kramer & 
Davis 1967; Levy 1972] is probably not indicated. 
Recently a number of authors [Lobe & Schropp 1992; 
Holcomb et al.1996; Wolf & Hopkins 1994] have advo
cated laparoscopy, which may be carried out via the 
hernial sac during repair [Groner et al.1995; Grosman 
et al. 1995; Wulkan 1996], or better with a fine 70° 
endoscope [Liu 1995]. However this technique adds to 
the time of operation and is probably useless in most 
cases. 

The inguinal canal is approached by a transverse 
incision in the lower groin fold (Fig. 12.36). Oblique 
incisions such as they are used in the adult leave an 
unsightly and often retracted scar. The aponeurosis of 
external oblique is incised from the superficial ingui
nal ring or above it. The ilio-inguinal nerve, often 
accompanied by a fine vascular bundle, is easily seen 
and left in contact with the aponeurosis. Clearing of 
the fibers of the cremaster isolates the peritoneal sac 
which lies in front of the elements of the cord. It is not 
usually necessary to mobilize the cord in order to free 
up the sac, which may injure the vas deferens or testi
cular vessels. When the sac is large it is often necessary 
to open it in order to free it completely (Fig. l2.37). If 
the sac is long, which is often the case, its distal part is 
left behind as dissection in this area increases the risk 
to the testicular vessels. The sac is closed at its neck by 
a single stitch, or, if it is broad, it can be overrun (Fig. 
l2.38). The technique of twisting the sac to make sure 
that it is empty and then ligating it without previously 
opening it [Duhamel 1957 ], can only be done with very 
small sacs. The ligature should be applied as high as 
possible, at the level of the epigastric vessels. When the 
deep inguinal ring is broadened, the transversalis fas
cia should be reconstituted above the point of exit of 
the cord, by two or three sutures. It is usually not 
necessary to fix the internal oblique and conjoint ten
don in front of the cord, unless the abdominal wall is 
greatly distended (Fig. 12.39). The spermatic fascia and 
cremaster muscle should be closed in every case. 
Before closing the abdominal wall the position of the 
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Fig. 12.36. Transverse incision through the inferior inguinal fold 
in the treatment of uncomplicated inguinal hernia 
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Fig. 12.37. Repair of the hernial sac. a The unopened sac is freed. 
b Opening of the sac allows it to be more easily separated from 
the spermatic cord 

Fig. 12.38. Closure of the base of the hernial sac using a Meunier 
suture 
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Fig. 12.39. Lowering of the conjoint tendon down to the inguinal 
ligament in front of the spermatic cord 

Fig. 12.40. Suturing of the aponeurosis of the external oblique 
and subcutaneous closure 

testicle within the scrotum should be checked, in order 
to prevent any postoperative fixation by fibrous tissue. 
The external oblique aponeurosis is closed by a run
ning suture of absorbable material and the subcuta
neous tissue and skin approximated with a running 
suture or intradermal stitches (Fig. 12.40). The prepe
ritoneal approach recommended by Duhamel (1957), 
Boley and Kleinhaus (1966) and Fowler (1973 & 1975) 
has no particular advantage over the above technique 
in the repair of an uncomplicated hernia, but facili
tates the operation in the small infant. 

The postoperative course is usually uneventful. We 
have only seen complications such as hematoma or 
abscess in 0.7% of cases [Audry et al. 1994]. This 
benign course means that the operation can quite 
safely be performed on a day case basis [Cohen et al. 
1980]. Theoretically, repair of an inguinal hernia 
should represent a good indication for laparoscopic 
surgery, since the essential step is ligation of the pro
cessus vaginalis with no repair of the abdominal wall, 
and this approach allows inspection of the opposite 
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side, and any necessary treatment. However, informa
tion is at present lacking, especially in the case of 
small children. 

2. Obstructed and Strangulated Hernia 

If the child is seen early, reduction of the hernia is 
usually possible, in our experience. Following seda
tion, the child is placed supine, with the bed or cot til
ted upwards towards the head. Reduction may occur 
spontaneously as soon as crying has stopped. If, when 
maximum sedation has been reached, this does not 
occur, gentle pressure may be applied along the axis of 
the inguinal canal. It is customary to attempt this 
reduction in a hot bath in order to ensure that the 
child is relaxed, but this is awkward and often ineffec
tive. Reduction is obtained in a great number of cases. 
A truss should be applied immediately in order to 
avoid recurrence, and operation carried out as soon as 
local oedema has dispersed [Rickham 1978; Palmer 
1978]. The child is carefully monitored over the next 48 
hours, in order to check for intestinal damage. 

If the child is seen late, no attempt at reduction 
should be made, because of possible interference with 
bowel viability. Loss of fluid and electrolyte may be 
quite severe in the new born, for whom a strangulated 
hernia is always a severe accident [Rickham 1978], and 
may even lead to death, as we have ourselves unfortu
nately seen in two late cases. Furthermore, strangula
tion may lead to testicular infarction through com
pression of the vascular pedicle [Hill et al. 1962; 
Sloman & Mylius 1963; Sauer & Menardi 1975].A very 
conservative attitude is indicated in these cases, 
because there is a very real possibility of recovery, 
which is difficult to estimate but it is considerably 
greater than following torsion, although secondary 
atrophy may occur. The technique of repair is no dif
ferent from that described above; however, in certain 
cases it is possible to approach the deep inguinal ring 
via a preperitoneal route [Jones & Towns 1983] or to 
close it following reduction of the herniated viscera, 
transperitoneally [Misra 1995]. 

3. Inguinal Hernia with Undescended Testis 

This combination completely contraindicates treat
ment with a truss. Operation is required whatever the 
age of the child and should include correction of the 
maldescent at the same time [Swenson 1964; Scorer 
1967; Boureau 1978]. In fact the fibrosis caused by dis
section of the sac in contact with the spermatic cord 
and the testicle makes later orchidopexy much more 
difficult. Using a conventional technique, the testicle is 

placed in the scrotum between the skin and the 
fibrous layers, via a small counter incision (Fig. 12.41). 
A strangulated hernia may be difficult to distinguish 
from torsion of an ectopic testis, but in either case 
immediate operation is mandatory. 

4. Inguinal Hernia in Girls 

When an ovary is present in the hernia, whether by 
prolapse or by sliding (Fig. 12.42) its vitality is always 
threatened by a possible strangulation. Operation is 
therefore always indicated, at whatever age, particu
larly as dissection of the sac is safe and easy [Boley et 
al. 1991]. If the ovary is adherent, it is not possible to 
resect the sac and ligate it at its origin, but it should be 
inverted with two or three purse string sutures, as in 
other sliding hernias [Boureau 1978; Wooley 1979] 
(Fig. 12.43). Exploration of the other side [Wright 1982] 
is less of a problem than in boys. It is generally carried 
out before the age of three or four, particularly in cases 
ofleft-sided hernia [Wiener et al.I996]. 

It is very important when one operates on an ingui
nal hernia in a girl to examine the ovary carefully and 
to check that a tube is present. Occasionally one dis
covers in a child who is phenotypically female a gonad 
of which the morphology and connections are those 
of a testicle. In these cases of the syndrome of "testi
cular feminisation" the MUllerian system has not deve
loped and there is neither tube nor uterus. The gonad 
should be biopsied, and the nature of the inter-sexua
lity determined by a karyotype. The psychological 
approach to the family following this discovery 
requires great tact and prudence. The relative fre
quency of this situation indicates a careful examina
tion of the genital tract by anorectal palpation at the 
preoperative examination, and certain authors 
[Rickham 1975] routinely examine the buccal chroma
tin in all girls presenting with inguinal hernia. 

E. Particular Problems 

The surgeon should be aware of certain problems 
which may occur during treatment of inguinal hernia 
in children. 

1. Hernial Appendix 

Appendicitis in a hernia giving rise to symptoms of 
strangulation is unusual [Alvear 1976; Srouji & Buck 
1978; Bar Moar & Zeltzer 1978]. One may nonetheless 
on occasion find an appendix on opening the proces
sus vaginalis, either lying free or fixed to the sac by its 
mesentery. The latter case represents a true sliding 



Fig. 12.41. Inguinal hernia with testicular ectopy. The testis is 
positioned in the scrotum between the skin and fibrous layer 

". 

Fig. 12.42. Inguinal hernia in a girl. Herniation of the ovary 
caries a risk of strangulation 
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hernia [Rose & Santulli 1978) and appendicectomy is 
necessary in order to close the sac at its origin. On the 
other hand, routine appendicectomy during opera
tions for right-sided hernia, which has been recom
mended in the past [Duhamel 1957) is a septic proce
dure which may lead to contamination of the wound, 
and is inadvisable. 

2. Meckel's Diverticulum 

The presence of a Meckel's diverticulum within the 
hernial sac constitutes the well-described but very 
rare hernia of Littre. For the same reasons which apply 
to the appendix it is not advisable to carry out routine 
excision of the diverticulum during repair of the her
nia. 

3. Splenogonadal Fusion 
and Aberrant Splenic Nodules 

It is occasionally found during operation on a left
sided hernia that there is a band of splenic fibrous tis
sue between the gonad and the spleen [Putscher & 
Mannion 1956; Peruchio et al. 1957; Sieber 1969; 
Mizutani et al. 1974; Given & Guiney 1978). 
Alternatively there may be isolated nodule of splenic 
tissue [Putscher & Mannion 1956; Stowens 1959). 
Resection of the splenic tissue and replacement of the 
testicle in the scrotum usually presents no difficulty. 

4. Adrenal Nodules 

In the same way, there may be some heterotopic tissue 
which on histological examination proves to be of 
adrenal origin, as seen in one of our patients [Roosen
Tunge & Lund 1972; Berry & Lynch 1972). Removal of 
such a nodule again presents no problem. 

Fig. 12.43. Treatment of a herniated ovary. The hernial sac is invaginated by two or three purse-string sutures, allowing reduction of 
the ovary 
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5. Anomalies of Testicle and Vas Deferens 

Operation for hernia may reveal certain abnormalities 
of the male genital structures. There may be a duplex 
testicle [Scorer & Farrington 1971; Adams & Jordan 
19721. Removal of the supernumary testicle may be 
indicated after careful dissection and identification of 
all the abnormal structures. The vas deferens may be 
abnormal in certain cases of cryptorchidism and pre
sent a free lower end. This does not strongly suggest 
testicular agenesis because again it may be found in an 
iliac position, totally separated from its duct [Scorer & 

Farrington 1971; Mourot et al.19751. If possible, the tes
ticle should be replaced in the scrotum. Again, absence 
of the vas deferens with a normally present testicle 
may be seen in cases of renal agenesis [Ochsner et al. 
1972; Lukash et al.19751, or in mucoviscidosis [Gracey 
et al. 1969; Klotz 1973; Lukash et al. 19751. Ultrasound 
examination and a sweat test [Rickmann 19781 are 
indicated in this cases. 

6. Mullerian Structures in Boys 

Vestigial Mullerian structures may be found in contact 
with the vas deferens [Stallings et al. 1976; Sloan & 
Walsh 1976; Pappis et al. 19791. They should be resec
ted although it is sometimes difficult to preserve the 
vas deferens. 

7. Herniation of the Bladder 

In children the bladder and the deep inguinal ring lie 
very close together, and one quite often observes 
"inguinal horns" of the bladder, on cystography. 
Operation discloses prevesical fat at the base of the 
hernial sac. However, true hernias of the bladder and 
rare [Shaw & Santulli 1967; Colodny & Lebowitz 19791. 

8. Cystic Hygroma 

Prolongation of a subperitoneal cystic hygroma may 
extend into the inguinal canal towards the scrotum or 
labium majus, and present as an irreducible hernia 
[Hoffman 1965; Kafka & Novak 19701. In two personal 
cases the finding of iliac tumor in continuity with the 
inguinal swelling allowed us to make the diagnosis. 
Excision of the hygroma requires a larger incision 
than for a simple herniotomy. 

9. Hernias and General Congenital Abnormalities 

Wooley et al. (1967) have drawn attention to the surgi
cal and anesthetic problems posed by inguinal hernias 
associated with other abnormalities such as the Hurler 

syndrome [Coran & Eraklis 19671 or Ehlers-Danlos 
disease, and the frequency of recurrence in these cir
cumstances [McEntyre & Raffensperger 19771. 

F. Direct Inguinal Hernias 

Direct hernias are rarely seen in childhood or adoles
cence [De Boer 1957; Packard & McLaughin 1953; 
Fonkalsrud et al. 19651. They may occur following 
repair of an indirect hernia, as we have seen and has 
been reported in various publications [Fonkalsrud 
1965; Viidik & Marshall 1980; Wright 19941. It occurs 
exclusively in boys. It is possible that the transversalis 
fascia is weakened at the first operation. The direct 
recurrence usually occurs quite early. A broad-necked 
sac which enlarges the deep inguinal ring may also 
give rise to a direct hernia. When the hernia is "pri
mary" it may suggest an inherent weakness of the fas
cia. One can also occasionally see a combination of a 
direct and indirect hernia forming a "pantaloon" her
nia. Surgical repair presents no particular problem. 
The transversalis fascia must be carefully reconstitu
ted and the conjoint tendon of the internal oblique 
and transversus fixed to the arcade. 

G. Recurrences 

Recurrence of an inguinal hernia may be the result of 
incomplete removal of the sac or, as has just been des
cribed, the secondary appearance of a direct hernia 
[Wright 19941. 

H. Femoral Hernia 

Femoral hernias are equally rare in children [Fosburg 
& Mahin 1965; Lavina et al. 1966; Wright 19941, and 
especially so in small infants. We have seen only seven 
cases, none of which had followed a previous repair of 
an inguinal hernia, as has been reported elsewhere 
[Immordino 19721. The hernia may be confused with 
an inguinal hernia although it quite clearly presents 
below Malgaigne's line. 

The hernia can be approached through the inguinal 
canal by opening the transversalis fascia sufficiently 
high to leave enough of the fascia below the incision 
to allow sound reconstruction. The dissection is exten
ded in the sub peritoneal fatty plane towards the femo
ral canal from which the sac can usually be freed 
totally. There is often a fair-sized lipoma lying in front 
of the sac. Simple ligation at the base of the sac is 
usually all that is required, but it may be preferred to 



narrow the femoral ring [Marshall 19831 by a few 
sutures passed between Cooper's ligament and the 
femoral arch, which may take up the transversus. The 
transversalis fascia must be carefully repaired. 
Marshall and Jellie (1981) have drawn attention to the 
possibility of pre-femoral hernias, in which the sac is 
spread out in front of the femoral vessels rather than 
medial to them, while its neck lies lateral to the epi
gastric vessels rather than medial. 
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IV. Umbilical Hernias in Children 

Umbilical hernias are very frequently seen in infants 
and young children. Most of them resolve sponta
neously and complications are rare. However, a consi
derable number of children are brought to the surgeon 
for consultation. 

A.lncidence 

The incidence of umbilical hernia is high during the 
first few months of life, particularly in premature 
babies or those who exhibit delayed intrauterine 
growth [Moore 1977]. Certain congenital abnormali
ties such as trisomy 18 and 21, the Wiederman
Beckwith syndrome, the Hurler syndrome, and thy
roid insufficiency, are associated with an increased 
incidence. Girls and boys are equally affected (51 % and 
49% in our experience). It is customarily recognized 
that the incidence is six to ten times more frequent in 
the black as against the white population [Evans 1941; 
Crump 1952]. A study by Blumberg (1980) led to a 
reconsideration of this idea because in a comparative 
study of 1,106 white as against 709 black children, the 
overall incidence of umbilical hernia was respectively 
19 and 23%. When the two groups were followed up it 
was found that the incidence at birth was 40% in white 
and 30% in black children and at the age of two it was 
15% in white and 30% in black children and the res
pective figures at the age of three were 9 and 10%. 
There seems therefore to be a difference in the speed 
of spontaneous closure of the umbilical ring, which 
occurs earlier in whites than blacks. Spontaneous clo
sure is thus seen in most cases, and usually occurs 
during the first three years, though it may be delayed. 
It is customarily said that the larger the defect, the slo
wer its closure [Heifetz et al. 1963; Walker 1967] but 
this is not absolutely true [Blumberg 1980]. Persistence 
of a congenital hernia into adult life is possible, 
although most adult hernias seem to be of the acqui
red type and a direct relationship is difficult to esta
blish [Haller 1971]. The hernia emerges through the 



umbilical scar and becomes more obvious when the 
child coughs or cries. Large hernias may completely 
unfold the umbilicus and the skin becomes very thin. 
The size of the defect can be assessed with the finger. 
Sometimes the gap is very symmetrical being larger at 
the top, or may lie immediately above the umbilicus. 
This is a paraumbilical hernia which displaces the scar 
downwards (Fig. 12.44). Divarication of the rectus 
muscles, or epigastric hernia, may occur separately 
from an umbilical hernia. 

B. Diagnosis 

The child is usually brought for consultation because 
of the unsightly aspect of the navel. Although there 
may be complaints of abdominal pain, often following 
food, it is difficult to connect these with an umbilical 
hernia particularly as at that age recurrent abdominal 
pain is frequent and usually unimportant. Whatever 
the character of the pain, small children almost always 
point to the umbilicus as its site. Complications are 
exceptional, though rupture and acute evisceration 
has been described by some authors [Shaw 1979]. 
Incarceration or strangulation of omentum or intes
tine is very rarely seen [Benson 1962] and the risk 
seems to be less than 1 in 1,000. 

C. Treatment 

The use of a truss with a flat plate, or a small coin 
wrapped in gauze or cotton, placed over the umbilicus 
in an attempt to hasten spontaneous closure, has been 
suggested but is of little proven value and may damage 
the skin. Once the parents have been clearly informed 
of the usual natural course of events, their anxiety 
subsides. 

Surgery is almost never indicated below the age of 
one year, and rarely so up to three. It may be necessary 
if there is a very large swelling presenting on crying, 
covered with thin and translucent skin. A large hernia 
which persists up to school age may require surgery, 
especially if painful, but each case must be decided on 
its merits. The operation is carried out under general 
anesthesia and usually requires a very brief stay in 
hospital, or may be done as a day case. The hernia is 
approached by a semicircular incision to the left of or 
below the umbilical scar (0). The peritoneal sac is 
freed up and the ring defined. One can then resect the 
sac and close the defect in one layer with a nonabsor
bable stitch [Daudet 1978] or free it from the skin and 
invaginate it. The sutures pick up the aponeurotic 
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Fig. 12.44. Adumbilical hernia in a child 

a 

c d 

Fig. 12.45. Surgical treatment of umbilical hernia in children. 
a Skin incision. b Freeing of the aponeurotic ring and resection 
of the hernial sac. c Single-layered repair. d Cutaneous closure 
via interrupted intradermal sutures 

layer [Miller & Shaw 1978]. The umbilical scar is repla
ced and stitched to the deeper layer so as to avoid 
redundancy (Fig. 12.45c). The skin is closed by a few 
absorbable intradermal sutures. Any exces·s skin can 
be cut away. A small gauze dressing is fixed with adhe
sive under low pressure, so as to avoid the formation 
of a hematoma. Complications are rare and recurrence 
should not be seen. The umbilical scar is sometimes a 
little prominent, but becomes normal in the course of 
growth. 
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V. Epigastric Hernias in Children 

Small midline epigastric hernias may occur between 
the xiphoid process and the umbilicus, the defect in 
the linea alba seldom exceeding 1 or 2 em. It usually 
contains a small mass of extraperitoneal fat in the 
form of a lipoma, or a peritoneal sac in which there 
may be a fringe of omentum. 

The child or its parents will generally notice a small 
nodule, but sometimes the hernia may be painful, par
ticularly on pressure, which is an indication for sur
gery. Although these hernias are difficult to reduce, 
strangulation is very rare. 

Surgical correction is simple. The site of the hernia 
is identified under general anesthesia and approached 
directly by a short vertical or (better) horizontal inci
sion. The sac is freed from the margins of the defect 
and opened having checked the omental contents. The 
defect is closed by a suture that takes up the perito
neum and the aponeurosis, depending on the site of 
the defect, either longitudinal or transversely. The 
subcutaneous tissues and skin are closed with absor
bable material. 

VI. Divarication of the Recti in Children 

The rectus muscles are quite often divaricated in chil
dren, giving rise to a longitudinal midline swelling 
from the xiphoid to the umbilicus, in which the abdo
minal wall consists only of the aponeurotic layer. 
Upon straining a painless and easily reducible elonga
ted swelling appears. This condition is not in the least 
dangerous and often improves with growth. The great 
majority require no surgical treatment. 

VII. Spigelian Hernia in Children 

The appearance of a Spigelian hernia at the lateral 
border of the rectus muscle below the umbilicus is 
exceptional in children [Graivier et al. 1988]. We have 
seen three cases. The fact that certain of these are 
noted shortly after birth [Wright 1994] suggests a local 
abnormality in development of the aponeurosis of 
transversus, particularly as bilateral cases have been 
reported [Antony & Medlery 1972]. There may be an 
associated maldescent of the testis [Silberstein et al. 
1996] but the connection between these two problems 
is not clear. 

The diagnosis is difficult if the swelling, as occurs in 
the majority of cases, is only occasionally seen, or pre
sents on coughing. One then has to rely on the des
cription given by the parents. Ultrasound and tomo
densitometry are of uncertain value. The exact 
location should be checked accurately before the ope
ration, to ensure a repair of the abdominal wall which 
is problem free. A few cases of strangulation have been 
reported [Podkamener et al. 1986; Bar Moar & Sweed 
1989]· 
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Comolli's procedure 167 
Computed tomography 57 

and hernias 61 
Conjoint tendon 19 
Continuous suture 80 

Cooper's 
hernia 245 
ligament 19, 20, 193 

Cord hernia 301, 302, 305 
Cruveilhier-Baumgarten syndrome 55, 

56,282 
Cyst 

of the cord 327 
urachal 324 

Dacron 81, 146, 183, 200, 216, 220, 226, 
234,276 

Darier and Ferrand dermatofibroma 
159 

Deafferentation pain 98 
Debrisan 95, 123, 161, 162, 164 
Dermatofibroma 159 
Dermatomes 12 
Diastasis of the rectus muscles 267 
Dowd's technique 270, 271 
Drouard's technique 82 

Echography 46 
Electromyography 34 
Entero-umbilical fistula 322 
Embryonic hernias 306 
EMG syndrome 304 
Endometriosis 101 
Epigastric 

arteries 10 
hernia 264, 338 

External cutaneous reinforcement 164 
External oblique muscle 6 

Falx inguinalis 18 
Fascia 

lata 167, 199 
transversalis 21 

Femoral hernia 244, 332 
umbrella for 247 

Fistulas 282 
Fournier's disease 112 
Funicular hernia 327 

Gangrene of the abdominal wall 113, 
117,166 

Gardner's syndrome 166 
Gastrointestinal tract anomalies 312 

Gastroschisis see Laparoschisis 
Gilbert's 

classification 176 
operation 210 

Gimbermat's ligament 245 
Goinard's operation 21 
Goni-Moreno 90, 143 
Gosset's technique 145, 199 
Grob's technique 312 
Gross' technique 311 
Grynfelt's lumbar quadrangle 24, 27, 

28,269 

Hematoma 94, 236, 291 
of the rectus sheath 54 

Hernia 
phlegmon 243, 244 
truss 242, 251, 254 

Hernial appendix 330 
Hernias, classification 175 
Herniorrhaphy 180, 183 
Hesselbach's 

hernia 244, 245 
ligament 268 

Hindmarsh's procedure 198 
Histoenzymatic analysis 32 
Houdard's procedure 187 
Howship-Romberg sign 272 
Huguier's procedure 180 
Hydrocele 237, 253, 327 

Incisional hernia 51, 68, 69, 77-82, 84, 
128,266,269 

Incisions of the abdominal wall 67 
Inguinal ligament 19, 73-75 
Innervation 11, 13, 26 
Intercostal nerves 13 
Internal cutaneous reinforcement 164 
Internal oblique muscle 6 
Ischemic orchitis 237 

Jalaguier's incision 67, 69 
Jost-Redon tube 90 
Judd's procedure 129, 145, 149 

Koontz's technique 108, 271 

Laparoschisis 301, 305, 307 
classification 306 
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Laparoscopic approaches 67, 181 
Laparotomy 67, 117, 123, 167 
Laroque's suprainguinal approach 

180,252 
Laugier's hernia 245 
Leclerc's incision 73, 77 
Lichtenstein's operation 204 
Ligalene tulle 148 
Linea alba 9, 22, 49, 51, 52, 80 

hernia 51, 52 
Lipoma, hernial 59, 253 
Littn!'s hernia 331 
Liver, and omphalocele 304 
Lumbar hernia 269 

incision 74 
triangle 24, 28, 269 

Lyttle concept 245 

Malgaigne's line 185, 332 
Marcy's operation 185 
Mc Burney's incision 4, 73 
McVay operation 21, 22, 193 
Meckel's diverticulum 321, 331 
Mersilene 201 
Midline laparotomy 67, 68 
Myopectinal orifice 17, 174 
Myoplasty 166 

Nahai's technique 167 
Neidhart's technique 167, 168 
Neuroma 98, 100, 239 
Nonabsorbable suture 68, 81 
Nuck's canal 325 
Nyhus' 

classification 177 
operation 174, 176, 195 

Nylon 200 

Obturator hernia 272 
Omphalocele 301-305 

classification 305 
Omphalomesenteric duct 319, 320 
Open abdomen procedure 117, 167 
Osteoma of the abdominal wall 67, 101 

Pain 96-101 
Palmer needle 224 
Paradoxal abdominal respiration 132 
Parietalization 218, 219, 227 
Pean's incision 75 
Pectineal ligament 19 
Perineal hernia 276 
Petit's lumbar triangle 24, 28, 269 
Pfannenstiel's incision 71, 180, 217, 257 

Plastic skirt technique 167, 168 
Plug repair 208, 214 
Pneumoperitoneum 84, 227 
Pneumoscrotum 227 
Polyglactine mesh 125, 146, 164 
Polypropylene 200 
Preperitoneal 

approach 223 
route 223, 231 
space 224 

Pressure, intra-abdominal 38 
Processus vaginalis 325, 326 
Projected pain 98 
Prosthesis 146, 182 

absorbable 200 
Prosthetic material 200 
Prune-belly syndrome 323 
Psoas major muscle 25 

minor muscle 26 

Quadratus lumborum muscle 26 

Reccurent hernia 255 
Rectus abdominis muscles 5, 131 

diastasis 267 
divarication in children 338 
sheath 8, 54, 164 

Referred pain 12, 99 
Relaxing incision 123, 125, 164, 180 
Reported pain 98 
Retropublic space 224 
Retzius space 50, 54 
Rex (recess) 55 
Richter's hernia 249 
Rive's operation 151, 152, 201, 216 
Round ligament of the liver 14 

Samama's technique 83 
Schuster's technique 310 
Sciatic hernia 274 
Seat belts 108 
Semilunar line 10, 23 
Seroma 95, 227, 230 
Shouldice operation 188 
Spigelian hernia 24, 267, 338 
Spigelius line 10, 165 
Splenogonadal fusion 331 
Sprengel's incision 69, 77 
Stoppa's 

classification 177 
operation 141, 217 

Subcutaneous streptococcal cellulitis 
113 

Suture, interrupted 80 

Suturing 
mass-closure twin-loop technique 
82 
material 81 

Meunier's 329 

TAPP 228 

TEP 223 
Testicular atrophy 238 

Testis 
anomalies 332 

ectopic 253, 330 
undescended 330 

Thomson's band 19 

Tiffenau's coefficient 79 
Traumas 105, 112 
Transcutaneous electrical stimulation 

91,100 
Transrectus incision 68 

Transversalis fascia 7 
Transverse 

incisions 70 
muscle 7 

Tumors 
desmoid 159 
of scar tissue 101 
of the umbilicus 282 

Umbilical cord, hernia in 302 
Umbilical 

fascia 15 
hernia 51, 280, 336 

Umbilicoprevisical fascia 22 
Umbilicus 14 
Urachal 

cyst 324 
fistula 323 

Urachus 15 
defective involution 322 
persistence, echography 54 

Varicocele 253 
Vascularization 4, 10, 26 
Vayre's technique 198 

Ventrofil technique 83 

Wantz' operation 221 

Welti-Eudel procedure 125, 128, 146 
Wiedemann-Beckwith syndrome 

304 
Wound protector 168 
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