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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 Paré, 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 histoenzymology 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 Gétze 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



List of Co-authors

Parviz K. Amid, MD
Lichtenstein Hernia Institute Inc.
9201 Sunset Boulevard, Suite 505, Los Angeles, CA 90069, USA

Robert Bendavid, MD
Shouldice Hospital
7750 Bayview Avenue, Box 370, Thornhill, Ontario L3T 4A3, Canada

Pr Michel Caix
Le Picq, F-87510 Perilhac

Pr Gérard Champault
Service de Chirurgie Digestive, Hopital Jean Verdier,
Avenue du 14 Juillet, F-93140 Bondy

Pr Jean-Paul Chevrel
Service de Chirurgie Générale et Digestive, Hopital Avicenne,
125, route de Stalingrad, F-93009 Bobigny

Pr Jean-Bernard Flament
Service de Chirurgie Digestive, Hopital Robert Debré
Avenue du Général Koenig, F-51092 Reims Cedex

Arthur I. Gilbert, MD, FACS
Hernia Institute of Florida
6250 Sunset Drive Nr 200, Miami, Florida 33143, USA

M. F. Graham, MD
Hernia Institute of Florida
6250 Sunset Drive Nr 200, Miami, Florida 33143, USA

Dr Jean-Luc Dumas

Département de Radiologie

Hopital Avicenne,

125, route de Stalingrad, F-93009 Bobigny

Pr Jacques Hureau
85, Avenue Emile Thiébaut, F-78110 Le Vésinet

Pr Serge Juskiewenski
Service de Chirurgie Infantile et Néonatale, CHU Purpan,
Place du Dr. Baylac, F-31059 Toulouse Cedex

Pr Daniel Marchac
130, rue de la Pompe, F-75016 Paris

Pr Jean-Pierre Hanno Neidhardt
Service des Urgences Chirurgicales, Centre Hospitalier Lyon Sud,
Chemin du Grand Revoyet, F-69310 Pierre Bénite



XII List of Co-authors

Pr Jean-Pierre Palot
Service de Chirurgie Digestive, Hopital Robert Debré
Avenue du Général Koenig, F-51092 Reims Cedex

Dr Jeanine Pradel-Raynal
59, Boulevard Lannes, F-75116 Paris

Pr Jean Rives
3 rue Dufrenoy, F-75016 Paris

Pr René Stoppa
77bis, rue Laurendeau, F-80090 Amiens

Dr Jacques Taboury
Service de Radiologie, Hopital Saint Antoine
184 rue du faubourg Saint Antoine, F-75571 Paris Cedex 12

George E. Wantz, MD
517 E. 71 Street, New York, NY 10021, USA



Table of Contents

Part 1. General

Chapter 1. Surgical Anatomy of the Anterolateral and Posterior
Abdominal Walls and Points of Weakness

JPH. NeidRhardt . .......cuuuuiniein it inerieenanenanaeanns

I. The Anterolateral Abdominal Wall ...........................
A. Cutaneous and Subcutaneous Layer ........................
B. Vascularization of the Cutaneous Layers of the Abdomen .....

1. Arterial Vascularization ......... ... .ot
2. Venous Drainage ...
3. Lymphatic Drainage .........cooiiiiiiiiiiiiii i,
C. Myofascial Layer ........cooiiiiiiiiiiiiiiiiiiiiiiin.,
1. Rectus Abdominis ....... ..ot
SLIUCHUTE o vii ittt i it it it it it

2. Oblique and Transversus Muscles........................
a) External Oblique .............ooiiiiiiiiiii it
b) Internal Oblique ........coviiiiiiiiiiiiiiie

¢) Transversus Abdominis Muscle ..............ccovene.
(1) Transversalis Fascia .........ccivieneninnnennennes

(2) Fascia Propria ..........ccoviiiiiiiiiiiniinnnnn,

3. Rectus Sheath (Vagina Recti Abdominis) .................
a) Arcuate Line (Semicircular Line of Douglas) ...........

b) Adhesion of the Rectus Abdominis

to the Laminae of its Sheath ........... ... ... ... ...
4.LineaAlba ... .. e e
5. Semilunar Line (Spigelius Line) ..............cooiiiit,

D. Vascularization of the Muscle Layers

of the Anterolateral Abdominal Wall ................

1. Arterial Vascularization .........ccooiiiiiiiiiiiiiinn,

2. Venous Drainage .............oiiiiiiiiiiiiiiieieeann.

3. Lymphatic Drainage .......oooviiiiieniiiii i

E. Innervation of the Anterolateral Abdominal Wall ............
1. Superficial Layers .......oooviiiiiiiiii i

2. Deep Layers: Motor Innervation of the Parietal Muscles . ...

3. Neural Anastomoses and Metamerization .................

II. Weak Points of the Anterolateral Abdominal Wall ..............
A UMbICUS vttt e e
LOUter ASPect ..t e e

DY ) Uo) 1§ -
a)Umbilical Ring ........covviuiiiiiiiiiiiiiiiiiie...



XIV

Table of Contents

b) Round Ligament of the Liver ............................
¢) Umbilical Arteries . ......ovuiiiiiiiin it iiiiineennns
A)Urachus ....ooiiii i i e e e
e) Umbilical Fascia ......covniir it ie i eieenns
f) Umbilical Peritoneum ............coviiiiinennneennnenn.
3. Vascularization and Innervation of the Umbilical Region ......
A) ATTeTIeS vttt it i i e
D) VIS . e e e
) Lymph Vessels .......oooiiiii
Q) NEIVES ottt e e e e

B.Inguinal Region ..........ccoiiiiiiii i

C.

LOuterLayer ...t e
2. Aponeurosis of the External Oblique Muscle of the Abdomen ...
3. Deep Myofascial Layer - The Myopectineal Orifice ............
a) Components of the Fibromuscular Frame .................
(1) Medial Margin .........c.oiiiiiiiiniiiiaa

(2) Superior Margin .........ouuuiiienininnniineeen.

(3) Inferior Margin ..........viuueriinieeriinneennns

b) Umbilicoprevesical Fascia and Inguinal Peritoneum ........
Other Weak Points of the Anterior Abdominal Wall .............
LLineaAlba ... ...
a) Radiological Study ..o

b) Functional Study ......... ... i
2.SemilunarLine . ...

II1. The Posterior Abdominal Wall ..............ccoviiiiiinieionn.
ADeeplayer ...t

1. Median Spinal AXis ..ot
2. Lateral Spinal Muscles ........... .ot
a) Iliopsoas Muscles ......vviiriiinini it
b) Quadratus Lumborum Muscle ..............coiiiii...
3. Vascularization and Innervation of the Deep Muscle Layer
of the Posterior Abdominal Wall .......................
a) Arterial Vascularization and Venous Drainage .............
b) Lymphatic Network ...t
C)INNErvation ..ottt e e e e
4. Site of Emergence of the Terminal Branches of
the Lumbar Plexus in Relation to the Iliopsoas Muscle .. ..
5. Action of the Deep Muscles of the Posterior Abdominal Wall . ..

B. Superficial Layer of the Posterior Abdominal Wall ..............

Chapter 2. Functional Anatomy of the Muscles of the Anterolateral
Abdominal Wall: Electromyography and Histoenzymology -
Relationship Between Abdominal Wall Activity

and Intra-abdominal Pressure

M. Caix with the collaboration of G. Outrequin, B. Descottes,

M. Kalfon, X. Pouget, and G. Catanzano ............................

L. Detailed Study of Structure: Histochemical Analysis of the Fibers

A.

ofthe Abdominal Wall .............. ... ..o iiinn...
Materialand Methods ...t

B ReSUIS .ottt e e



Table of Contents XV

C.Functional Deductions ...........ovviiiiiiiierinnennnnnnnn. 34

II. Detailed Study of Function: Quantitative Kinesiological
Electromyography of the Abdominal Wall Musculature ... 34

A. Principles of the Method ........... ... 34
1. Automatic Analysis of the Recordings ....................... 34
2. Selection of Muscle Activities
Within Narrow Frequency Spectra ............oovvinnn. 34
B. Overall Results and Tentative Interpretation .................... 35
C. Results of the Method Applied to the Study of the Function
of the Abdominal Wall Muscles .....ovvvvviniinnnnnn. 36
LTechnique ..... ... i i 36

2. Comparative Performance of the Rectus and
Flat Abdominal Muscles According to Study Subgroup ... .36

a) Assessment of Performance ............ciiieiiiiinnn. 36

b) Results According to Subject Category .................... 36

III. Study of Intra-abdominal Pressure in Operated Patients .......... 38
A HISIOTY oot e 38
B. Materialsand Methods ........viiiiiiiiiiin i 39
G RESUIES ot e e e s 40
1. Baseline Pressure . ...oovvvviin e iie e iinernennanaann. 40

a) First Postoperative Day . ......o.ovvvinneininieiinnnnenns 40

b) Fourth Postoperative Day .............ccoviiiiiiinian. 40

2. Respiratory Modifications ........... ...t 40

3. Effort of Defecation with Blocking of Expiration .............. 40

4. Modulation of Abdominal Pressure by Speech ............... 40

s. Effects of Coughing on Abdominal Pressure ................. 40
D.Comments ......ouiiiiiiiiiiiiiiiiiii i e 40

IV. Correlation of the Activity of the Diaphragm and Abdominal Wall

Muscles with Intra-abdominal Pressure ................. 42
A.Materialand Methods . ........ ... ... ittt 42
B RESUIS ittt i e e e i e e e 42

1. With Normal Respiration .............. ..o oiiiiiiin... 42
2. With Deep Inspiration ..........ccoviviiiiiniiiiinnne, 42
3. During Effort of Coughing ........... ... ..., 42
4. Infra-abdominal Pressure and Circulatory Physiology ......... 42
V. Conclusions and Surgical Applications ...................o0vuee 42

Chapter 3. Procedures for Investigation of the Abdominal Wall
J. Hureau with the collaboration of . Taboury and ]. Pradel-Raynal .. .. 45

L. Echography of the Abdominal Wall (J. Taboury) .................. 46
A. Technique of Echographic Investigation ................c.ovuu. 46
B. Echographic Anatomy of the Abdominal Wall .................. 46

1. Epidermisand Dermis ............ .o, 46
2. Hypodermis .....oovviii e 46
3. Muscles of the Abdominal Wall . ...................cooitt, 46
4. Sheaths and Aponeuroses ...........c.ovvveiininnniiinnnenns 49
F 0 2256 146 ) 0 T=1 0 oo OO PP 49

C. Echography of the Pathological Abdominal Wall ................ 49



XVI Table of Contents
1. Parietal Collection of Fluid ...........coiiiiiiiinienen.... 49
2. Hernia ... e 50
3.Incisional Hernia .....ooivniniiiinn it 51
TR 650 o ) o 53
5. Spontaneous Hematoma of the Rectus Sheath ................ 54
6. Other Anomalies Seen on Echography ...................... 54
7. Postoperative Investigation ...............coeiviiiiiiinn... 56
8. Doppler Studies ...... ..o 57
D, CoNCIUSION w vttt it e e e 57

II. Computed Tomography of the Abdominal Wall

A.
B.

C.

(J. Hureau and |. Pradel-Raynal) ....................... 57
Computed Tomography of the Normal Abdominal Wall ......... 57
Computed Tomography of the Pathological Abdominal Wall...... 58
B B Do) LY F7 T 58

a)Benign TUmMoOrs .....ovvviii it 58
b) Malignant TUMOTS .. ....vuuvririnreinieinennnnn., 58
2. Inflammatory Lesions ..........c.oviiiiiiiiiinnannnenann.. 60
3. Abdominal WallHernias ...........ooiiiiiinniiinnnnnnnn. 61
Conclusion .. ...t e 61

Part 2. Surgical Techniques

Chapter 4. Surgical Approaches to the Abdomen

J. P. Chevrel with the collaboration of G. Champault .................. 65
I Anterior INCISIONS .ot vutine ettt ettt et ittt 67
A.Longitudinal ....... ... 67
1. Supraumbilical Midline Laparotomy ........................ 67

2. Subumbilical Midline Laparotomy .............covuveiuan... 68

3. Combined Supra- and Subumbilical Midline Laparotomy ...... 68

4. Paramedian Laparotomy ...........ooveiireinnnnneannnn.. 68

a) Transrectus INCISION . ...... ..ottt iiiiiniineennn. 68

b) Lateral Pararectus INCiSion ..........eveeeeeeeennnnnnnn. 69

¢) Medial Pararectus InCiSion . ...oovvvvvevreennneennnnn. 69

B T AN S VOIS « v ettt ettt e e 69
1. Right Transverse Subcostal ..................ccvviiinann, 69

2. Left Transverse Subcostal . ......oovvviiv i e 69

3. Bilateral Transverse Supraumbilical ......................... 70

4. Right Paraumbilical ........... ... ..o il 70

5. Left Transverse Paraumbilical .................ccoivunnnn. 70

6. Transverse Incision of Right Iliac Fossa ..................... 70

7. Pfannenstiel’s Transverse Suprapubic ...............oovuiu. . 71
Variations on Pfannenstiel’s Incision ...........ccoovvunnnn.. 71
C.ODblique ..ot e 73
LSUDCOSAl L. 73

2. Bilateral Subcostal ..........cc i 73

3 MCBUIMEYS « ottt e 73

a.Inguinal ... L 73



Table of Contents XVII

II. Lateral and Posterior Incisions ...........coouiiiiiiiiininnnn.s 74
A.LumbarRoute...... ..ot s 74
B. Anterolateral Approaches .............ccoviiiiiiiiiiiiieeenn. 74

1. Oblique Anterolateral Incision ...........oovieiii v ennn.s 75
2. Other Horizontal Incisions . .........ooivuiiiiiiii .. 75
3. JHAC INCISION vttt ettt e e 75

III. Thoracoabdominal Incisions ............ccovuiiiii i iiienn.. 75
A. Midline Abdominal Incision with Sternotomy .................. 75
B. Midline Abdominal Incision with Extension

to Thoracophrenolaparotomy ......................... 76
C. Oblique Abdominal Incision with Extension
to Thoracophrenolaparotomy ...........covvviuuen.... 76

IV. Selection of an INCISION .« vt vt v ettt it et et e it ettt e e 77
A. Operative EXposure ...t 77
B. Disadvantages of Laparotomy .............c.ccviiiniinnnnnn.. 77

1. Parietal Complications ...........c.ovuviiviiiennninneennnn, 77
2. Pulmonary Complications ...........c.ooviiiiiiiinnenen.... 79

V. Procedures for CloSUre ........ooviiineriiineiiiieeiiiiaeennnns 79

A.LayerstobeSutured ......... ... .. il 79
L Peritoneal Layer ..ot 80
2.Fascial Layer ...........ooiiiiiiiiiii e 8o

a) Interrupted Versus Continuous Sutures ................... 8o
b) Selection of Suture Material ............c..cvvviiiineinnn. 81
3.MuscleLayer ...t 81
4.Subcutaneous Layer ......... ...l 81
5.Cutaneous Layer ...ttt e s 81

B.Special Cases .. ...t e e e 82

VI. Laparoscopic surgery (G. Champault) .............cccoevein... 84
A. The Pneumoperitoneum . ..........ceveeiuieennnneeennnnennn 84

LINnSufflation .....ooiunniiiin i i e 84
a) Uncomplicated Situations ..............ccoieeveieernn... 84
b) Suspension of the Abdominal Wall ....................... 85
I N 0TI I o Yo: ) 3 85

B. General Principles of the Laparoscopic Approach ............... 85
1o OFIENtAtION .+ v\ttt ittt ie e e i 85
2. DISposition . ... 85
3. Adaptation ... ... e e e 85
4.0pen Laparoscopy . ....o vttt 85
5. “Laparo-assisted” SUIZEry .........vvvieiiinennneneennnn. 86
6. Advantages of LaparoSCopy ......oovvvvuevnnnenienneeiniens 86

C. Complications of Laparoscopic Surgery .................couue. 86
1. Complications of the Pneumoperitoneum .................... 86
2. Complications Related to the Trocars ................covun.. 86
3. Postoperative Complications ............coovviiiiiiiiinne.. 86

a)Early . ..o 86
b)Secondary ...... ... 87
) Late o it e 87

| O3 s Vo L 13 e 87



XVIII Table of Contents

Chapter s5. Pre- and Postoperative Care

J P Chevrel .ttt e 89
L. Preparation for Surgery of the Abdominal Wall ................... 90
A General oo e e e e i e e 90
LS 7 1 s S P 90
C. Respiratory Apparatus ........ovvviieeeneenneeiieeinenneanes 90
I1. POStOperative Care . ......ovuevereenneeineinreaineinreeeanans 90
A. Drainage of the Abdominal Wall ...................ooooiiii, 90
B. Transcutaneous Electrical Stimulation for Pain ................. 91

Chapter 6. Postoperative Complications

J. P Chevrel ..o e 93
L. Early Complications Involving the Abdominal Wall ............... 94
A Hematoma «ovv ittt ittt it i e e e e 94
Bl ADSCESS vttt e e e et e 94
O o) 1o - TP 95

1. Preventive Treatment ..........ctiiiiniee e renrnens 96

2. Curative Treatment .. .ovvt et et ieer it eetneenerannonsans 96

I1. Residual Pain Subsequent to Laparotomy ...........oovviiinnn.nn 96
A. Pathophysioloy ... 97
LPainful Stimuli ....ovt i e e e 97
2.Subjective Pain ... 97

3. Muscular and Vegetative Reflex Response toPain ............. 97

4. Emotional Reaction .........c.coiiuiiiiiiiiiiniiniinnenns 97

5. Behavioral Reaction .........vvuiniiiiierennnrenennnnennns 97

B. Clinical Findings in ChronicPain ............c.oooiiiieiina.n 98

1. Peripheral Nerve Lesion ........ooviiiiiiiiiiiii .. 98

a) Pain of NEeUroma .........ciuuiiiiinnrennnrennnnnnennn 98

b) Deafferentation Pain .......ccoviiiiiieererieennnnennnn 98
2.ProjectedPain ...l 98

a) Reported Pain Along an Intact Nerve ..................... 98

b) Referred Pain at a Distance from the Lesion ............... 99

C. Proposed Treatment ..........c.vviiuireeiinineerennieenneeenns 99

1. Noninvasive Management ............ccoveviininiinnnnn.... 99

2. Invasive Methods . ....ooviiiiiin it i et 100

P I (=101 ) 4o V- 100

b) Deafferentation Pain ........covviiinreineriiininnnennn 100
c)ProjectedPain..........oooiiiiiiii i 100

D. Results of Treatment . ....ouvteunnneirine e renneneeeenns 100
II1. Tumors of the Scar TiSSUE . oot vettiiieeeiiie i eenn e 101
A. Osteoma of the Abdominal Wall ..................ccviinn.... 101
B. Endometriosis of Scar TiSSU€ .. .vvvvririietiineiiiinneeeennn 101
C. Inflammatory Granuloma . . .........ooiiiiii i 101
D. Secondary Malignancy of Scar Tissue . .......c.covvvveneiiann 101

Chapter 7. Closed Trauma of the Abdominal Wall
J P H Neidhardt . .....ouiueniee ittt eieneenianaenns 105

L Hematoma . ..o ittt it ittt eeit e iiet e naeonnaanans 106



Table of Contents XIX

I1. Localized Rupture . .. .....coiintiniiiii i, 106

IT1. Extensive Subcutaneous Rupture of the Anterior Muscular Wall .. 107

IV. Trauma of the Posterior Abdominal Wall ....................... 107
V. Abdominointercostal Hernia ..........cooviiiinneeennnnnnnnnnn. 108
VI Trauma Caused by SeatBelts ............. ...l 108

Chapter 8. Defects of the Abdominal Wall

J. P. H. Neidhardt, J. P. Chevrel, J. B. Flament and J. Rives ............. 11
I. Pathological Defects (J. P. H. Neidhardt) ............cccccvvuuuo... 112
A OpenTrauma . ..vvv ittt ettt ieiet i 112
L BUINS . 112
2.Shotgun Wounds ...l 112

3. Major Dilaceration ............. ... i 112

B. Tissue Destruction Due to Infection .............cccvvveee.... 112
1 FOUrnier's DiSease .. ...o.ouueuuneet e tiniiieiieeeeennnn. 112

2. Subcutaneous Streptococcal Cellulitis .. ..................... 113

3. Gangrene of the Abdominal Wall ........................... 113
a)Etiology ... 113

(1) Postoperative Gangrene ..............coeveuenrann.n. 113

(2) Trauma . ...ooiii it e 114

(3) Apparently Spontaneous Gangrene ................... 114

b) Pathological Findings ..............cccovviviivinnnn.. 114

c) Bacteriological Findings ............cooivviiiiniinn.... 115

d) Clinical FEatures «.........ovvvinnnneeeeeeennnnnn. 115

e) Prevention and Treatment ..........ovurneneeenennnnnn. 116

(1) Medical Therapy ...........cccoiiiiiiiiiiiiinnan... 116

(2) Surgical Treatment ..........oovieireninnennnennn.ns 17
f)Sequelae ......c.viiiiiiii e 117

II. Tatrogenic Defects ..o, 118
A. Postoperative Burst Abdomen (J. P Chevrel) ................... 118
L Clinical Features . ........oviiiviiiniiieeeeeeannnnnn. 118

A) Free ot 118

D) Fixed ..o 118
C)Covered . ...t e 118

2. Pathogenesis ..o 118

a) Emergency Surgery ..............iiiiiiiiiiiiiiiiiaa., 119

b) Siteof Incision ....... ..ot 119

c) Technique of Closure ..o, 120

d) Postoperative COUISe .........ouvueneernnnnnannninnnnnss 121

3. Treatment . oot e e e e e e 121
a)Prevention ............ ... 121

(1) Preoperative .........oiiiiiiiii e 122

(2) Peroperative ........ ...ttt 122

(3) Postoperative . ......oovuiii i i 122
b)Curative ... .. e 123

(1) FreeBurst Abdomen ...............cciiiiiinnn.... 123

(2) Delayed Burst Abdomen ..............ccciviuun.... 123



XX Table of Contents

(3) Free Burst Abdomenand Fistula ..................... 125
(4) Fixed Burst Abdomen and External Fistula . ........... 126
c) Postoperative Care ...............c.iiiiiiiiiiiiaaaas 127
B. Major Incisional Hernia (J. B. Flament and ]. Rives with the

collaboration of . P. Palot, A. Burde and C. Avisse) ....... 128
LDefinition ...... ..o 129
2. Introduction .. ....ii i 129
3.Natural History .......o.oiiiiiiiiiiiii e 130
4. Physiopathology ...............o i 131
a) Respiratory Disturbances ................ ... .ccoo... 131
(1) Disturbed Respiratory Function ...................... 131
(2) Effects of Repair on Respiratory Function ............. 133
b) Visceral Disturbances ............ccoviiiiiiiiinnnnnnn.. 133
¢) Vascular Disturbances ........coviiiiiniiirneennnnnnns. 134
d) Muscular Disturbances ...............ccoviiiiiii.... 134
e) Static Disturbances .. ..ot e 134
f) Surgical LeSions ..........cuiiiiiiiiiiii i 134
g) Medicolegal Considerations ...................cooou.e.. 135
5. Anatomicoclinical Subtypes .............. ... o i 135
a)Midline ... ... . 135
(1) Supraumbilical Incisional Hernia . . ................... 135
(2) Subumbilical Incisional Hernia ............ovvuun.... 135

(3) Massive Supra- and Subumbilical
Midline Incisional Hernia ..........ccvveveeivinnnn.... 135
b)Lateral ..... ..ot 137
(1) Subchondral Incisional Hernia . ...........oovvvunn... 137
(2) Inguinal Incisional Hernia .......................... 137
(3) Incisional Hernia of the Flank ....................... 138
6. Complications ...........oiiiriiiiiiiii i 138
a)Strangulation ........ ... ..o i e 140
b) Trophic Ulceration ...........covviiiiiiiiiiineannn.. 140
¢) Secondary Burst Abdomen .............. ...l 140
d) Incisional Hernia with Colostomy ...................... 140
€) Associated FOImMS « v vieii ettt enns 140
7. Principles of Surgical Management......................... 140
a) Chronic Incisional Hernia without Sepsis ................ 140
(1) Nonprosthetic Repair ..............cciieiiineann... 140
(2) Difficult Management ..........c.ovvvirennreanenn.n. 140
b) Septic Incisional Hernia ...........c.ccoviiiiivinnnnn.. 142
TR = Vi ¢ 0 1<) o U 142
a) Preparation ......... ..o e 142
(1) Role of the Anesthesiologist-Intensive Care Specialist . . . 142
(2) Role of the Nursing Staff .................. ... ..., 143
(3) RoleoftheSurgeon ............ccooiviiiiiinnn.. 143
b) Surgical Intervention ............coovvviiiiiiiiiinna.n.. 144
(1) Anesthesia ...t 144
(2) Exposure and Exploration ...................o.o..L. 144
(3) Nonprosthetic Repair ...........ccvvviieeennnennn.. 144
(4) ProstheticRepair ..........oovvivviiiiinninnnn.ns. 146
c) Postoperative Care ..........ooiiiiiiiiiiiii i, 153
d) Treatment of Complications .............ccoeevreenenn... 153

9. Results ... 153



Table of Contents

a) Using Prosthetic Material ................. ... ... ...
(1) Early Postoperative COurse ..........c...vvevueenenn..

(2) Long-term Results ...............coviiiiiin...

b) Using Nonprosthetic Technique .........................

c) Emergency Operation ..............ccovviiiiiiiniennn.,
10. COMMENTS ...ttt it iii ettt aniaaenns
a) Analysis of Results ...........oviiiiiiiiiiiinenninn,
Prostheses ....... ... iiii i

b) Better Selection of Indications ..........................

¢) Technical Precautions .............ccoiviivneeennnnnnnn.
11 ConclUSIONS .. vvuuvttt vttt

ATUMOLS L oo e
LHydatid Cyst ... ..ot
2. Desmoid TUMOIS . ..ovvuiuieet it
3. The Dermatofibroma of Darier and Ferrand .................
4. Primary Malignancy .........cooiiiiiiiiiiiiiiiiiinen
5.Secondary Malignancy .............oooiiiiiiiiiiiii
B. Abdominal Wall Repair After Resection ......................
1. Under Septic Conditions ........c.oviueeiineeeeninnnennnn..
a) Simple Skin Closure ........ ...t
b) External Cutaneous Reinforcement .....................
¢) Internal Cutaneous Reinforcement
with Polyglactine Mesh .................. ..ol
2. Aseptic Defects ... oo
a) Simple Suturing with Relaxing Incisions .................
b) Turndown of Anterior Lamina of Rectus Sheath ..........
c) Prostheses or Autograft ................ooiiiiiiiia,
d) Myoplasty ......oviiiiiii
C. Therapeutic Evisceration (Laparostomy) ............ocevvvnnn.
1. History of Treatment of Burst Abdomen ....................
2.Technique ... ..o i e

Chapter 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, . P Palot, G.GE. Wantz ..........c.ccoiiiiiiiinien i,

I. Groin Herniasinthe Adult ......... ... ...,
A. Principles of Treatment ............oiiiiiiiinnniiinnnee..
1. Some Aspects of Surgical Anatomy of the Inguinal Region . . ...

2. Hernial LeSioNS . . ..o vttt ennees

3. Classification of Hernias ..........coviiiiriineninnnennnn.

4. Mechanisms of Inguinal Hernias ..........................
s.Epidemiology .......... .. il

6. Length of Hospital Stay . ..........cviiiiiiiiiinnen,

7. Verification of Results and Quality .........................

8. Informing the Patient .............. ... ..o i

B. General Principles of Herniorrhaphy ................... ... ...
1. The Choice of Approach ............cccoiiiiiiiiiiiinn,

a) The Anterior Inguinal Approach ........................



XXI1I Table of Contents
b) The Transabdominal Approach ......................... 180
c) The Preperitoneal Approach ........................... 180
d) Advantages of the Laparoscopic Approaches .............. 181
(1) The Transabdominal Approach ...................... 181
(2) The Totally Extraperitoneal Approach ................ 181
2. Dissection of the Spermatic Cord .......................... 181
3. Management of the Hernial Sac ...................oooinl, 182
4. Reconstruction of the Inguinal Canal ....................... 182
a) The “Tissue Repair Technique” ..............cooovuea... 182
b) “Mesh Repairs” ... .coueiiiiiiiii i eannennn, 182
5. Anesthesia in Hernia Surgery ..........coooviniiinneen... 183
a) Anesthesia and Laparoscopic Herniorrhaphies ............ 183
b) Local Anesthesia Performed by the Surgeon .............. 183
C. Classical Herniorrhaphy by the Inguinal Approach ............. 184
1. The Marcy Operation (1871) .......covviiiiiiiiiienni.n, 185
2. The Bassini Operation (1887) .........oviiiiiiiinnnnnn 185
a) The Houdard Procedure ...........covviiiinninnnvnnnn. 187
b) The Chevrel Procedure ...........ccoiiiiiiiiniennnn. 187
3. The Shouldice Operation ...........c.coviiiiiiiinan.. 188
a) Evolution of the Technique ....................ooiiie. 188
b) Weight Control ....... ...ttt 189
c)Local Anesthesia ........ooviiiiiiiiin i, 189
d) SUIgery .t e 189
(1) DISSECHION v v vttt ittt e e 189
(2) ReCONStIUCHON o v vt ettt i iiiee e, 190
) Follow-up ..o 190
f) Complications ..........ccoiiuiiiiiiii i 190
(D) InfectionsS . ..ottt e e i 190
(2) Hematomias o oottt it it it e it et ittt iie e nnennns 190
(3) Hydroceles .......coiiueiiiiiiiiiiiiiiiiinnn., 190
(4) Testicular Atrophy ........ ... i i 192
E)ACHVILY .o 192
B COSt o iie e e 192
1) Conclusion .......outiiiiiii e e 192
4. The McVay Operation ..........cviuiiivineenniinnennenns 193
5. The Nyhus Operation ............ccoiiiiiiiiiiiiin ., 195
6. General Observations on Suture Repairs .................... 197
D. Tissue Transfers via the Inguinal Route ....................... 198
1. The Berger-Orr Procedure .............coocvvviiiiiniinn... 198
2. The Hindmarsh Procedure . ...........coiiiiniinnnnn.. 198
3. Transposition of the SpermaticCord ....................... 199
4. Transfer of Fascia Lataor Skin ................ccovvvia... 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 ............ooiiiiniiieninnnnnnn. 201
(1) Preparation of the Prosthesis ..............coovinun. 201
(2) Critical Comments .........c.coviiiiineinennnnnnnn. 204
b) The Lichtenstein Open Tension-free Hernioplasty ........ 204
(1) Techniques of Anesthesia .................cooiuuet. 204
(2) Technique of Operation ...........ccooviivininnnn. 205

(3) Outcome Measures ...........oeeieeeiieenneennnnnn 207



Table of Contents XXIII

(4) Prevention of ReCUITeNnces .....ovvvereeennevnnnnnn. 207
(5) Isolated Femoral Hernia and Recurrent
Inguinal Hernia: Concept of the Plug Repair ......... 208
(6) DISCUSSION . .vvvveveie et e eee s 208
¢) The Gilbert Operation . ............ e 210
(1) Technique ........cooiii i 211
(2)Results ......oiiiiii 21
(3) Complications .. ..vvvveitieieiie e iiieenn 213
(4) Conclusion .......cuvviiiiiiiiiiiiiiiaann, 214
d)The Plugs ... oovi e e e e 214
(1) A Short History of the Concept ......................214
(2) Technique .........oiiiiiiiiii i, 214
(3) Personal Experience ..........ovuveiinienannnnn ... 215
(4) DiSCUSSION .« .o ettt ittt eeennn 216
(3)Conclusion ........ouiiiiiiii e 216
2. Prosthetic Repair via the Open Abdomen ................... 216
a) The Rives Operation: Unilateral Prosthesis by
the Preperitoneal Route . .............coooieiiiin.... 216
b) The Stoppa Operation ............cvvviieenenainennnn.. 217
c) The Wantz operation (G.E. Wantz) ...................... 221
3. Prosthetic Repair via the Laparoscopic Route . ............... 223
a) The Extraperitoneal Route (TEP) ................covv.... 223
(1) Technique .........ciiiiiiiiiiii i i 223
(2) Variations . ......ovviii ittt 223
(3) Complications ............coiiiiieiiiiininenninnn.. 227
(4)Indications ..........oviiitiie s 228
b) The Trans-Abdominal Preperitoneal Route (TAPP)
(G Meyer) oot e et 228
(1) Technique ........ ... i 228
(2) Special Cases .....ovvviiiiii i e 229
(3) Advantages and Disadvantages ...................... 229
(4YResults . ..o e 229
(5) Personal Series ..........c.ccuvriiiiiiiinneiinnnnnnn. 231
(6) DISCUSSION .+ .\ v vt ettt i it 231
(7) Conclusion ......cuviniiiiii it 232
E. Intraoperative Complications of the Classical Surgical Repairs ... 233
LHemorrhage ....... ... i i i 233
2. Spermatic Cord LeSions ..........ouviiiiiinnennennnnnnnn. 233
3.Nervelnjury ...o.ooniiiii i 234
4. Injury to the Vas Deferens ...............c.coiiiiiiin.... 234
S.BladderInjury ........o.iiiiiiiiiiiii e 234
6. Injury to an Abdominal Organ .....................cooenn. 234
G. The Postoperative Period ..............cooiiiiiiiiia., 234
1. Postoperative Analgesia ............ ... 0o, 235
2. Prevention of Thromboembolism ..........cccvvvevvennn.... 235
3. ANEDIOHCS ..o 235
4. Ambulation and Length of Hospital Stay .................... 235
5. Resumption of Activities and Work ........................ 236
6. Early Postoperative Complications .................oovvu.n.. 236
a)Hematomas . ...ttt 236
b) Wound Infection ..........covnueieineennninennnnnn.. 236

S Hydrocele...... ... 237



XXIV Table of Contents

d) Ischemic Orchitis « . oo vvn et et et et 237
e) Urinary Complications ..............ooviiiiiiiinnn.. 237
f) Thromboembolism ......ovvietiee e, 238
g) Respiratory Complications ...............oooiiiienn. 238
h) Gastrointestinal Complications ......................... 238
i) General Complications and Mortality .................... 238
H. Late complications ........couuirieiiieienennninnneennans 238
LoSequelae ... .uu it e 238
a) Testicular Atrophy ..........coiiiiiiiiii i 238
b) Chronic Postoperative Pain ............covevvienniann.. 239
¢) Painful Ejaculation ......... ..o 240
d) Migration of the Prosthesis ...............ccccviiiuin.. 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
I Special Problems . ........ooiiiiiii i 242
LIrreducibility .....ooiii e 242
2. Bruising around the Hernial Site .................... ... .. 242
3. Problems with Trusses ...........coiiiiiniiinninnn. 242
g.5trangulation ... ol i 242
s.Femoral Hernias .......o.oiiiiiiiiii it iieennnn 244
a) An Umbrella for Femoral Hernias . ..........cooovvinnn.. 246
(1) The Source of the Problem ..........ccovviviivan... 246
(2) The Femoral Umbrella ........... ..., 247
(BY RESUIES .\ttt i i i it e 248
(4) DISCUSSION 'ttt vttt ittt eieinennnnenennennennenns 248
(53)ConClUSION ..o itii it i i e e 248
b) Strangulated Femoral HErnia «.oovvenen e 249
6. RIChter’s Hernia .o.vvvvnvn ettt i ittt eieenannnns 249
7-Bulky Hernias . ....ovvnneiii e 249
8. Adherent Hernias. Sliding Hernias ..............cooviinn. 251
9.Bilateral Hernias .........cvviiviiiiiineiniinenanennnnns 252
10. Hernial Lipomas . ... ... 253
11. Associated Lesions . ...vueeriiine it iiiiin e 253
a) Patent Processus Vaginalis ............... ..ot 253
b) Hernias with Ectopic Testis .............ccoviiiniinn.. 253
c) Hernia and Hydrocele ......... ..o, 253
d) Hernia with Varicoeele .........ooiiiiiiiiiinneinnn.. 253
e) Hernias with Malformation of the Processus Vaginalis ..... 253
12. Inguinal Hernias in Women ..........cooviiiiiiniinne., 254
13. Herniasinthe Elderly ......... ...t 254
14. “Incidental” Hernias .........covieriiieernnnrernnnanennns 255
15. Recurrent Hernias .......vuniininiieniinrienveneenenns 255
a)Frequency ....... ... o i 255
b) Delay in Presentation ........oovviiiiiiiniieiinnennnn. 255
c) Anatomical Types ..o 255
d)Mechanism ......coiiiiiiiint it ittt iiiieneeenn, 256
@) Treatment . .vvvin ittt ettt ittt eieeeeneenns 256

f) Results of Repair of Recurrent Hernias ................... 258



Table of Contents XXV

IL Other HErMIAs . ..vvvtneren et e e et et 264
A.EpigastricHernias ... 264
LFrequency ... 264

2. Pathological Anatomy ................ ... cieiiiiii., 264
3.Clinical Picture ..ottt 265
4.Treatment . ...t e 266

5. RESUIES L oot e e 266

B. Diastasis of the Rectus Muscles ..............coviiiieninnn.. 267
C. Spigelian Hernias ... .....ovvvuviiiiiiiiiiiiiiii i 267
LErequency ...t e 267

2. Pathological Anatomy .........oooviiiii i 267

3. Clinical Picture .....covvinii it i et i i et 268
D.Lumbar Hernias ........eevuiieeruneeernnneeernnenennaeenns 269
1. Pathological Anatomy .........oooviiiiiiiii i 269

2. Clinical Picture ......c.vvviiiineiiiin it eiiienennnn, 269

3. Treatment ...t e e e e e e 270

E. Pelvic Hernias oo ov ettt ittt et et ittt e et ie i 272
1. Obturator Hernias . .......coviiiiiein i iinennernnnnnns 272
a)Frequency ....... .o e 272

b) Clinical Picture ........vviiiiiiii it ie e 272

C) Treatment . ....vituieteie et iiie et iiie e enir s 273

(1) ROULE Of ACCESS .+ vt v ittt et ettt et e e ie e 273

(2) ReSUltS & ivvt i e 274

2. Sciatic Hernias .....ovviuiin ittt it eiiie e 274
a)Frequency ... 274

b) Pathological Anatomy ............cooviiiiiiiiiinen.. 275
C)Clinical Picture .....oviiin it ittt iie i 275

d) Treatment . ..vvrtee ittt e e e 275

3. Perineal Hernias .........oovuriiiiiinneenrineennnnennnns 276
a)Clinical Picture . ...ttt i ir it et 276

b) Treatment . .....couuiriitiiin e iiiiee i 277

Chapter 10. Pathology of the Umbilicus

G.Champault ....... ..o ittt aaaieeaannnes 279
L. Umbilical Hernia ......oouviruuiiinteetieiiinnninnns. 280
A. Pathological Anatomy ...t 280
B. Anatomicoclinical Forms ............ ..o, 280
LSmallHernia....oooeuu e 280
2.LargeHernia ........... ... i i 280

3. In Patients with Cirrhosis ............ ..ottt 281

II. Tumors of the Umbilicus ...........coiiiiieiiiniiiiiinnnnn, 282
A Primary TUIMOLS ...ttt ieiiieen e 282
B. Secondary TUIMOLS . ... ovv vttt eei it rieeieeiineannenns 282
C.False TUMOIS o oottt ii ittt eeeeennnnnns 282
I1I. Fistula and Suppurative Lesions ..........c.covveviiunvnnrnn., 282
A Fistula .o e e 282
LUrinaryFistula ... 282
2.Fistulaofthe Urachus ............coviiiiiiniiiiiin., 283

3. Fistula of the Digestive Tract ..............covieeiinennn., 283



XXVI Table of Contents

4. Treatment . ..oovvuiet i 283

B. Suppurative LEeSIONS .« ..o vviett ittt 283

1. Secondary Suppuration .......... ... i 283

2. Primary Suppuration ..............ci.eiiiiiiiiiiiiaa., 283

IV. Conclusion . ..vvviiiie i e e 284

Chapter 11. Abdominoplasty

Do Marchac ... 285
L. Consultation Prior to Abdominoplasty .......................... 287
IL Therapy ....oneiitii it et e 288
A.Low Transverse INCision ..........coiiiiintiiiiinennnnn.. 288
B. Combined Low Transverse and Vertical Incision ............... 290
C. Indications, Resulting Scar, and Complications ................ 290

L. Hematoma ........couiiiiiiii i i i i i 291

2. Lymph Effusion ....... ... i 291

3. CUtaneous NeCIOSIS v\ vvvit e it ittt it ie et it iaennennn 291

4. Thromboembolism ......covviiriir i, 291

D. Special Cases ... ..vvuet ittt 291

1. Localized or MInOTr Cases ...o..vvvvvvvvneinnnnnnnenennnns 201

2. Major Cases or Those Accompanying Old Scars ............. 292

3. Associated Lipolysis ... 293

4. Endoscopic COrrection .......o.o.vuivinnevinnnnennnnonnne, 293

5. Umbilicoplasty ...t 293

Chapter 12. The Abdominal Wall in Infants and Children

S. Juskiewenski and Ph. Galinier ............couuiiiiiinennanann.. 299

I. Omphalocele, Cord Hernia, Laparoschisis ....................... 301

A. Incidence and Etiological Factors .............covvvuinninnn.. 301

B. Anatomicoclinical Aspects ........ ... i 302

1.Omphaloceles ...... ..o 302

2.Cord Hernias ....vuiviriiiiiiiiiiiii i 305

3. Laparoschisis ... i 305

C. Embryological Facts ...........coiiiiiiiiiiiiiiiiiinninan, 306

D. DIaGROSIS ettt ettt et i s 307

E. Management at the Time of Birth ............................ 308

FETreatment ......oiuuuneiunine ittt 308

LPrimary Closure ...t 308

2. Progressive Replacement ............... ...l 310

3.Deferred Reduction ............cciiiiiiiiiininininn... 311

4. Conservative Treatment ...........cooveiriniieinnneeennnn. 312

5. Special Problems Resulting from GI Tract Abnormalities ...... 312

6. Postoperative Management ...............c..cevuiiiniiinnian 312

G RESUIES ottt e 313
I1. Pathology of the Umbilicus Due to Defective Involution

of the Omphalomesenteric Duct and Urachus ........... 319

A. Defective Involution of the Omphalomesenteric Duct . .......... 319

1. Total Persistence of the Omphalomesenteric Duct ............ 319

2. Entero-umbilical Fistula ... .. 322



Table of Contents XXVII

3. Umbilical Remnants ........ccoiiiiiiiniiiieeinineennnnnnn 322

B. Defective Involution of the Urachus .......................... 322

L. Urachal Fistula ...t 323

2. 0rachal Sinus . oovvv it e 324
3.Urachal Cyst . oovviiii i i e 324

III. Groin Herniasin Children ...........iiiiiiiniiininnn... 325
A. The Processus Vaginalis ...........ccoviiiiiiiiiiiiiiine.n. 325
B.InCIdence . ..oovt ittt et 326
C.DIagnosiS . o oot e 327
Do Treatment . ...v.ueenetneeiee e ineeanenneeeanenaeonnones 328

1. Uncomplicated Hernias . . .....ovvvineennnieeninnennnns 328

2. Obstructed and Strangulated Hernia ....................... 330

3. Inguinal Hernia with Undescended Testis ................... 330
4.Inguinal Herniain Girls ....... ..., 330

E. Particular Problems . .........ooiiiiiiii i 330

1. Hernial Appendix ...t 330

2. Meckel’s Diverticulum ........ooiiiiiiiin i iiiineen, 331

3. Splenogonadal Fusion and Aberrant Splenic Nodules ......... 331
4.Adrenal Nodules . .....coviiiiiiin i it 331

5. Anomalies of Testicle and Vas Deferens ............ccouv.... 332

6. Mullerian Structuresin Boys ..., 332

7. Herniation of the Bladder ........... ..., 332

8. Cystic Hygroma .........cooiiiiiiiiiiiiienennnnnnnnns 332

9. Hernias and General Congenital Abnormalities .............. 332

F Direct Inguinal Hernias ............oooiiiiiiiiiiiin... 332
G.Recurrences ... ... i i e e 332
H.Femoral Hernia ..........oiiiiiiiineeiinrennnneennnennnns 332
IV. Umbilical Hernias in Children ........cooviiviiieiiiinnnnn... 336
A INCIAENCE . ottt e e e 336
B.DIagnosis .. ovvtt i e e e e e e e 337
C.Treatment ... ottt ittt reenrnnaneennnaanenn 337
V. Epigastric Hernias in Children ................. ... ..ot 338
VI. Divarication of the Rectiin Children .................cooon.... 338

VIIL Spigelian Hernia in Children ............ ...t 338



Part 1. General




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

J.P.H. Neidhardt
I. The Anterolateral Abdominal Wall ................. .. ccovviinn. 4
A. Cutaneous and Subcutaneous Layer ....................c..o..... 4
B. Vascularization of the Cutaneous Layers of the Abdomen ........... 4
1. Arterial Vascularization ........... .ottt 4
2.Venous Drainage ........... ... . il 5
3.Lymphatic Drainage ........... ... i ittt 5
C.Myofascial Layer ..........oouiiiniiiiiiiniieinineiiineennnens 5
1L.Rectus Abdominis ....oviinii i e 5
2. Oblique and Transversus Muscles ...............vvevinninnnn.. 6
3.Rectus Sheath ...... ... ... i i i 8
4.Linea Alba (J.P.Chevrel) .......coiiiiiiiii i, 9
5. Semilunar Line (Spigelius Line) ........... ..., 10
D. Vascularization of the Muscle Layers
of the Anterolateral Abdominal Wall ......................... 10
1. Arterial Vascularization ........... ... ..ot 10
2.Venous Drainage ...........coiiiiiiiiiiiiii i 11
3.Lymphatic Drainage ............ ..ottt 11
E. Innervation of the Anterolateral Abdominal Wall ................. 11
1 Superficial Layers ..........c.uiiiiiiiiiii e 12
2. Deep Layers: Motor Innervation of the Parietal Muscles .......... 13
3. Neural Anastomoses and Metamerization .............eovvnn.. 14
I1. Weak Points of the Anterolateral Abdominal Wall .................. 14
A UMDICUS .« ottt e e e e 14
LOUter ASPect ..o e 14
1 6 916 (od 10 5 ¢S 14
3. Vascularization and Innervation of the Umbilical Region ......... 16
B.Inguinal Region ............ ... o i i 17
LOuterLayer ........ . e e e 17
2. Aponeurosis of the External Oblique Muscle of the Abdomen ..... 17
3. Deep Myofascial Layer: The Myopectineal Orifice ............... 17
C. Other Weak Points of the Anterior Abdominal Wall ............... 22
LLineaAlba ..... ... o i 22
2.8emilunar Line . .....vvnirin ittt e e 23
II1. The Posterior Abdominal Wall ................ ... iiiiniinn.n. 24
A.Deep Layer ... ... i i e 24
1. Median Spinal Axis ........... ... i i 24
2. Lateral Spinal Muscles ........... ... . i it 25
3. Vascularization and Innervation of the Deep Muscle Layer ....... 26
4. Site of Emergence of the Terminal Branches of the Lumbar Plexus
in Relation to the Iliopsoas Muscle .......................... 27
5. Action of the Deep Muscles ..........ciuiiiinnniennnnnn... 27

B. Superficial Layer of the Posterior Abdominal Wall ................ 27



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-
ficial layers (skin and areolar subcutaneous tissue);
the myofascial layers 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 midaxillary 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
subumbilical 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 subumbilical skin from the underlying
myofascial layer 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. Myofascial 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 inguinal liga-
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.

¢) 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 inguinal liga-
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 inguinal liga-
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
1940].

(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 steplike
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
1974]. 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 externus abdominis; 4 m. obliquus internus abdominis; 5 m. transversus
abdominis; 6 fascia transversalis; 7 fascia propria; 8 peritoneum; 9 lig. 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-

gastrica 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
subumbilical 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. o

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. Innervation 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 C8-T8 Left upper limb
Stomach T6-To Epigastric region
Small bowel T7-T10 Umbilicus
Kidney T1u1-L1 Lumbar and inguino-
hypogastric regions
Pelvic organs T10-T12 Hypogastric region
Rectum S$2-S4 Perineum, external

genital organs

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. ilichypogastricus; 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 wall 1, 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. 1.5. 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 11th 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 of longitudi-
nal or oblique flank incisions, rather than in cases of
subcostal incision. The ilichypogastric 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.

1. 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 44/100 and superior 56/100 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. umbilicalis; 6 subumbilical 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.

¢) 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. 1.7).

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-layer 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

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.

¢) 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 11th 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. Inguinal 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 inguinal lig-
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).



18 J.P.H. Neidhardt

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-
ficial layer 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 profonda; 8 lig. inguinale;
9 lig.lacunare; 10 a. obturatoria; 11 lig. pectineale; 12 a. iliaca externa; 13 n. femoralis; 24 m. psoas major; 15 m. iliacus; 16 n. cutane-

us femoris lateralis

Fig. 1.11. Composition of Cooper’s ligament (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 lateralis ; 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. ilichypogastricus; 11 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 interna; 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 supraumbilical level.
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 4s5th 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: < 45 years: 5-6 mm
2 45 years: 12-14 mm

At the level of the umbilicus: 19-23 mm

Below the umbilicus: < 45 years: 5-6 mm
>

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/cm? 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/cm? 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/mm? (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/mm? and 1.151 kgf/mm? 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 semilunaris (Spigelian hernia). 1 M.
obliquus externus abdominis; 2 m. obliquus internus abdomi-
nis; 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 inguinal liga-
ment, below.

1. 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 §-2-§-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 steplike 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 anteromedial lip of the bony
crest.

2. Lateral Spinal Muscles

a) Iliopsoas Muscles

The psoas major is a voluminous muscle extending
from the 12th 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.
1Lig. 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 lig. 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
12th thoracic vertebra can thus travel downward along
the fascia.

The psoas minor arises from vertical fascicles
inserted on the 12th 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.
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4. Site of Emergence of the Terminal Branches
of the Lumbar Plexus
in Relation to the Iliopsoas Muscle

The iliohypogastric and ilicinguinal 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-s intervertebral disk). It then descends parallel
to the fibers of the psoas major just behind the ingui-
nal ligament 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-
nal ligament.

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).1 M.
latissimus dorsi; 2 m. obliquus 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.

l. 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]

Types of muscle fibers

Type I or S (slow)

Type Il or F (fast)

25%-40%

rich in mitochondria
(red muscle, slow)

rich in myofibrils
(white muscle, fast)

Enzymatic apparatus

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

Presence of ATPase and glycolytic enzymes - ++ ++
Presence of oxidative enzymes ++ + -
Glycogen - ++ +++
Estimated number of fibers per motor unit Very few Few Many
Physiological properties

Sensitivity to fatigue Very resistant Moderately res. Sensitive

Contraction time

58/110 ms (long)

30/55 ms 20/47 ms
(intermediate) (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
treatment and preparation for microscopic examina-
tion, the fibers containing ATPase appear dark, those
containing oxidative enzymes appear light, and a third
category of fibers shows an intermediate degree of
contrast (Fig. 2.1).

B. Results

In the long locomotor muscles of the limbs, one-third
of the fibers are of the type I variety and two-thirds
are of the type II variety [Dubowitz & Pearse 1960].
The abdominal wall muscles, on the other hand, dis-
play a clear predominance of type I fibers, as shown in
table 2.2.

Several observations can be made regarding the
results shown in this table: (a) type I (slow) fibers pre-
dominate over type II (fast) fibers in a proportion of
2/3-1/3 in all of the parietal muscles, except the exter-

Table 2.2. Mean percentages of type I and type II fibers in the
muscles of the abdominal wall

Fiber type

I I TA 1B
(%) (%) (%) (%)

Rectus 69 31 28 3 ATPase
abdominis 63 37 Glycerophosphate
dehydrogenase
External 52 48 ATPase
oblique 54 46 40.9 5.1 Glycerophosphate
dehydrogenase
Internal 64 36 ATPase
oblique 59 41 37.3 3.7 Glycerophosphate
dehydrogenase
Transverse 68 32 ATPase
60 40 37 3 Glycerophosphate
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
(%) 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 I1
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 I.

C. Functional Deductions

The muscles of the abdominal wall have a special
enzymatic apparatus with a predominance of type I
(slow) and type IT 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.

Il. 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 | 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 15. 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:

32 Hz — g 8 Hz

8 Hz —m8 ——» 16 Hz
16 Hz —m» 32 Hz
32 Hz——————» 80 Hz
80 Hz —— » 160 Hz
160 Hz —————» 320 Hz
320 Hz —— —» 800 Hz

800 H ——m8M 1,6 kHz
1,6 kHz — 3,2 kHz
32kHz—— » 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 m t and is
inversely proportional to the frequency:

f(frequencyinHz)=1/T=1/2n1
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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 1973]. 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-long
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

Fig. 2.4. Comparison of muscle activity in 51 subjects. MD m.
rectus abdominis; ML flat abdominal muscles
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Fig. 2.5. Comparison of muscle activity in men and in women

Fig. 2.6. Comparison of muscle activity in athletic and nonathle-
tic subjects

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).

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.

lll. 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 8o 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



Functional Anatomy of the Muscles of the Anterolateral Abdominal Wall 39

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 Clément (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 fully expan-

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 the 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. 2.10). 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 8o 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

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

e e i A e e

C

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
echographic 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 echographic 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 & Melliére
1970] - more correctly its echographic representation
- is highly variable [Morley & Barnett 1978], depen-
ding on the echographic 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
echostructure 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.3.1a,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 (v) 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
extraperitoneal subparietal areolar tissue (¥) near the tip of the
xiphoid process (A) should not be mistaken for a pathological
collection of fluid. This subparietal tissue is limited anteriorly by
the linea alba (¥) and posteriorly by the anterior surface of the
left part of the liver (a)

parallel lines of greater echoreflection. 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
echogenic 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 (v) are connected to the recti abdomini (A)
by Spigelius’ semilunar aponeurosis (v). b Longitudinal imaging
of the right loin region. The three flat abdominal muscles (v)
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).
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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 (<) sepa-
rated from one another by fine echogenic lines (aponeuroses).
Spigelius’ aponeurosis (¥) connects these muscles to the recti
abdomini (A). 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 (A), is clearly visible deep to the recti abdomini (v) and linea alba (V). b Transverse image of the right
paraumbilical region. The jejunum, containing water, can be seen deep to the abdominal wall (). 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 (A) is
visible beneath the recti abdomini (v) and the linea alba (V)



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, echogenic band (Figs. 3.2 &
3.15d). 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-
cial layers.

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
echographic 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 (¥). b Transverse imaging showing the hematoma
(¥) facing the linea semilunaris (v) joining together the flat
abdominal and recti muscles (v a)

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 extraperitoneal hematoma. The infected hematoma (V) is clearly visible
beneath the abdominal wall. a Median longitudinal image made along the cicatrix (V). b Median transverse image showing the lesion
(A) deep to the abdominal wall. Note the well defined acoustic shadow of the cicatrix. ¢ and d Normal cicatrix of the abdominal wall
after spontaneous evacuation of the hematoma. ¢ 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 ].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-
rience.

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).

Procedures for Investigation of the Abdominal Wall 51

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. ¢ 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 (¥). b Transverse
image of the hernia (¥) surrounded on each side by the recti
abdomini (a). c Transverse image above the hernia. The linea
alba (¥) is intact between the recti abdomini (a V).
d Echographic study during muscle contraction. Median longi-
tudinal image. Note part of the subparietal extraperitoneal
areolar tissue (¥) escaping through the hernial defect (a).
e Enlargement



Procedures for Investigation of the Abdominal Wall 53

Fig.3.10a,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 (< ).
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. 3.11), 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. 3.11a, b. Parietal metastases. a Primary carcinoma of the
breast (V). b Primary adenocarcinoma of the colon (A); the
metastasis lies along the linea alba between the recti abdomini
(va)
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Fig.3.12a-d. Hematoma of the rectus sheath on the right side (the patient was under anticoagulant therapy). a Right paramedian
longitudinal image; note the spindle-like hematoma (4) extending from the xiphoid process (x) to the pubic symphysis ().
b Subumbilical transverse image; hematoma (¥), midline (), normal left rectus abdominis (va). ¢ 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 subumbilical 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 echogenic 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 echogenic 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 (¥) 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 (¥) 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.3.15a-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 () can be seen deep to the abdominal wall along the medial margin of the
right rectus abdominis. ¢ 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 (A)

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 echographic 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. 1997].

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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Il. 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 myofascial layers
[Fisch & Brodey 1981].

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 myofascial layer, 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 myofascial layers. 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. 1994]. Linear streaks which
were hypointense on T1-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. 1995]. 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. 1995]. 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.

References

Fisch AE, Brodey PA (1981) Computed tomography of the
anterior abdominal wall. ] Comput Assist Tomogr s5:
128-133

Harrison LA, Keesling CA, Martin NL, Lee KR, Wetzel LH
(1995) Abdominal wall hernias: review of herniogra-
phy and correlation with cross-sectional imaging.
Radiographics 15: 315-332

Kux M (1993) Etude échographique et TDM des grandes
éventrations traitées par prothese de Mersilene pré-
péritonéale. Monographie GREPA 15: 70-71

Miller PA, Mezwa DG, Feczko PJ, Jafri ZH, Madrazo BL
(1995) Imaging of abdominal hernias. Radiographics
15: 333-347

Rahmouni A, Chosidow O, Mathieu D, Gueorguieva E,
Jazaerli N, Radier C et al (1994) MR imaging in acute
infectious cellulitis. Radiology 192: 493-496



Part 2. Surgical Techniques




4 Surgical Approaches to the Abdomen

J. P. Chevrel
with the collaboration of
G. Champault
I Anterior INCISIONS .« v vv ettt ittt e e e teae e nneeennenns 67
A.Longitudinal ........ ... 67
1. Supraumbilical Midline Laparotomy ........................ 67
2. Subumbilical Midline Laparotomy .............ccovviiin... 68
3. Combined Supra- and Subumbilical Midline Laparotomy ...... 68
4. Paramedian Laparotomy ..........cooiiiiiiiiiiiii, 68
B. Transverse ...ttt ittt e e e e e e 69
1. Right Transverse Subcostal ............... ... ..t 69
2. Left Transverse Subcostal ............ .o i, 69
3. Bilateral Transverse Supraumbilical ........................ 70
4.Right Paraumbilical ......... ... i il 70
5. Left Transverse Paraumbilical ............................. 70
6. Transverse Incision of Right Iliac Fossa ..................... 70
7. Pfannenstiel’s Transverse Suprapubic .................oouu.. 71
C.ObBLQUE ..\ttt e 73
LSubcostal ... e e 73
2. Bilateral Subcostal ....... ... i 73
3.MCBUIDEY'S .« oottt ittt 73
4. Inguinal ... 74
II. Lateral and Posterior Incisions .............ccceiienninenenennn 74
A.Lumbar ROUte ..ottt i e e e 74
B. Anterolateral Approaches ........... ... o ool 74
1. Oblique Anterolateral Incision .............. ..ot 75
2. Other Horizontal IncisSions .. ..o et iein i i e, 75
3. 1HaC INCISION vttt i e e e e 75
III. Thoracoabdominal INCIiSIONS .+ vt vt vv v ettt i ii et eiiiienens 75
A. Midline Abdominal Incision with Sternotomy ................. 75
B. Midline Abdominal Incision with Extension
to Thoracophrenolaparotomy ........................... 76
C. Oblique Abdominal Incision with Extension
to Thoracophrenolaparotomy .................covvnn... 76
IV.Selection of an INCISION ... vvi ittt it ii i e it ieeeennn 77
A. Operative EXposure ...........ooviiiiiiiiininneneniiinnn.. 77
B. Disadvantages of Laparotomy ................coooiiiiiaa.... 77
1. Parietal Complications .............c.ccoiiiiiiiiiiiiiinnn.. 77
2. Pulmonary Complications ................. ... ... ..., 79
V. Procedures for Closure . ........c.oiieiriinnenenneenenennnnns 79
A.Layerstobe Sutured .......... ... i 79
L. Peritoneal Layer ..........coiiiiiiiiiiiiiii i 80
2.Fascial Layer ...........oi ittt 8o
3.Muscle Layer ... 81
4.Subcutaneous Layer ......... i 81
s.Cutaneous Layer ..........oiiiiiiiiii i 82

B.Special Cases ..........oiiiiiiiii e 82



VI. Laparoscopic surgery (G. Champault) ....................c..0 84

A.The Pneumoperitonium .............iiiiiiiiiinnnne.e. 84
LInsufflation ......... . 84
2.TheTrocars ....... ... 85

B. General Principles of the Laparoscopic Approach ............... 85
LOrentation . .....oviiuri ittt i 85
2.DISPOSItION ...t e 85
3.Adaptation ... e 85
4.0pen Laparoscopy ... e 85
5.“Laparo-assisted” Surgery ............. it 86
6. Advantages of Laparoscopy ...........ooiiiiinieiiiiiia.ns 86

C. Complications of Laparoscopic Surgery .............cooovnnn 86
1. Complications of the Pneumoperitoneum ................... 86
2. Complications Related to the Trocars ....................... 86
3. Postoperative Complications .................ooiiivvi.... 86

D ConClUSION oottt e e e e e e 87



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. 5,11, 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 point1 cm
above the umbilicus, but the incision may be extended
downward to gain a few centimeters by skirting to the
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Fig.4.1. Longitudinal incisions of the abdominal wall. z Midline
supraumbilical; 2 midline subumbilical; 3 midline supra- and
subumbilical; 4 transrectus (medial pararectus); 5 lateral para-
rectus; 6 Jalaguier’s incision

left of the umbilicus. However, when possible it is
recommended that the incision stop 1 cm 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. Subumbilical 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.

¢) 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 transrectus 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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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. ¢ 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 [Sprengel 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. 4.2¢). 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.
4.2¢). 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 commanly 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.

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 lo Scudo 1964;
Bastien et al. 1965]. 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 he done through a
small incision of 10 cm 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 cm. 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; Chevrel 1983]. 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. 1983]. 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 11th and 12th ribs, the incision is
begun at a point lying at the level of the angle formed

Fig.4.6. Lumbar incision

by the inferior edge of the 12th 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 12th 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 taken 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 (Péan’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. Péan’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. Péan’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.

lIl. Thoracoabdominal Incisions

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-
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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 Abdominal Incision
with Extension to Thoracophrenolaparotomy

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 Abdominal Incision
with Extension to Thoracophrenolaparotomy

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 118), 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 1980]. 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. 1983].

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:
7%; 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 [Chevrel 1983].

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 clearly 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 s5.75 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 longitudinal laparo-
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 Bicétre 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 subumbilical laparotomy, and
a 70% reduction after midline supraumbilical laparo-
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]/VC) 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 [Chevrel 1981].

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

Biliary apparatus - right subcostal
Portal vein - enlarged right subcostal
Liver - enlarged right subcostal
Spleen - left subcostal
Adrenal gland - subcostal -
Stomach - midline or bilateral subcostal,
according to patient morphology
Pancreas - bilateral transverse supraumbilical
Right colon - right transverse paraumbilical
Left colon - left transverse paraumbilical
or oblique anterolateral
Rectum - 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 Ercédex).

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 1977]. 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 1983] 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 1983].
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-

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 1983].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 g10 (Vicryl) or braided polyglycolic acid
(Ercédex, 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 daysis a
simple measure to prevent the subcutaneous collec-
tion of serous or bloody fluid.

Fig. 4.11a, 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-

gely open
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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. 4.11b).
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. s, 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). ¢ 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. 5,11 B) and burst abdomen (Chap. 5,11
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 COz2 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 CO2 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
CO2 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 CO2, 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
CO2. Total curarisation is essential.



b) Suspension of 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 CO2
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 CO2, 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. 0Open 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-laporotomy 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 50% 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 CO2 pressure. This
requires immediate cessation of the insufflation, admi-
nistration of oxygen and prompt cardiac resuscitation.
Gaseous microemboli 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
67/100,000 [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 1995] 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. 1994]. 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 (271tr) and not its
diameter (7r2). 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 1996] 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. 1994] were first des-
cribed by F. Drouard after cholecystectomy for a gall-
bladder which contained an unsuspected carcinoma
[Drouard et al. 1991]. They were already known in
gynecological surgery, particularly following ovarian
cancers explored by laparoscopy. [Wexner & Cohen
1995]. Their incidence is not precisely known but
varies according to the authors from 0.1% to 3% or
more [Menducar 1994]. 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. 1994]. 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. 1983] 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. 8,11 B on
incisional hernia).

B. 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. 1984]. 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.

Il. Postoperative Care

A. Drainage
of the Abdominal Wall

At the end of surgery, drainage of the abdominal wall
is required 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 electroanalgesia
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 1979] 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. s5.1a).
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 1975]. The effects of transcuta-
neous electrical stimulation were judged on the follo-
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Fig.5.1a 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 cm 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 9o). 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. ¢ 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 o 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.

Il. 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 1981].

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.

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 (S)
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. 1977] (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



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-1 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-1
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.6.5. Transcutaneous electrical stimulation in the territory of
the genitofemoral nerve. The patient presented with intractable
neuralgia subsequent to surgical treatment of left 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. 1982]. 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 1982]. Certain
orthopedists treat digital neuroma by burying the
lesion in the bone marrow. This technique can be
applied to neuroma of the ilioinguinal or ilichypogas-
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. 1983].

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 1964].

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

¢) 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 1977].

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 1983] are given below.

Full relief was obtained in ten of the I8 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 of laparotomy, 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.

II1. 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
[Guérin 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,
micrograins 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
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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.

l. 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-
itoneal lavage 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 extraperitoneal 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.

Il. 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.

lil. 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 B-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 1982]. 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

1973].

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-Lavallée’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
1973]. The types of lesions 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. 1967] 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.
1973]. 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
].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 1884]. 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-



114  J.P. H.Neidhardt

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-1V ischemia accompanied by infected periphe-
ral lesions.

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.

¢) 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 B-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 autostatic 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 B-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
f3-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 perfectionistic attitude with res-
pect to reconstruction of the abdominal wall.

References

Boisbeunet T (1941) Contribution a ’étude de la gan-
gréne spontanée foudroyante des organes génitaux
externes. These de Médecine, Montpellier

Benmessaoud F (1983) Cellulites gangréneuses a strepto-
coque béta hémolytique (6 cas). Thése, Lyon Nord

Fournier FA (1884) Etude clinique de la gangréne fou-
droyante de la verge et des diabétides génitales.
France Médicale 1: 423

Meleney F (1929) Hemolytic streptococcus gangrene.
Importance of early diagnosis and early operation.
JAMA 92:2009-2012

Neidhardt JPH, Morin A, Cuche P, Chadenson O, Latarjet
], Bouletrot P, Petit P (1974) Gangréne de paroi apres
chirurgie abdomino-pelvienne. In: Larcan A (ed)
Problémes de réanimation, vol 1. Spei, Paris

Neidhardt JPH, Morin A, Kraft E, Charroux B, Roubin C
(1978) Remarques sur le drainage abdominal en chi-
rurgie d’urgence. Urg Chir Commentaria I: 23-25



118  ].P.Chevrel

Neidhardt JPH, Kraft F, Rousson B, Morin A, Roubin C,
Charroux B (1979) Actualité persistante de la gan-
gréne gazeuse. Lyon Chir 75: 281-288

Robin M, Himmich H, Rapin M (1976) Cellulites strepto-
cocciques fulminantes. Importance du choc hypovo-
lémique. Nouv Presse Med 5: 192-194

Sebald M, et al (1980) Symposium international sur les
anaérobies. Les anaérobies. Masson, Paris

Il. latrogenic Defects

A. Postoperative Burst Abdomen

]. 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; Chevrel 1979;
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.8.1a-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. ¢ 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

No. of cases of
burst abdomen

Organic disease

Chronic bronchitis 17 (31%)
Recent weight loss 11 (20%)
Plasma protein < 40 g/l 11 (20%)
Cirrhosis 12 (21%)
Cancer 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%) Subumbilical 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 948 208 283
Burst abdomens 15 (1.5%) 3 (1%) 4 (1.4%)
Transverse incisions 37 (3.5%) 88 (22.5%) 185 (39.5%)
Burst abdomens [ o o
Oblique incisions 20 o o
Burst abdomens 3 - -
Thoracophrenolaparotomies 50 5 o
Burst abdomens o -

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

[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.

¢) 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-layer 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 20 cases (36%)
Postoperative peritonitis 13 cases (23%)
Prolonged fever 9 cases (16%)
Positive blood cultures 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
protectors) 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-layer 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-long plates can be positioned along a midline
incision. In a series of 9o 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. 1974]. 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 inguinal liga-
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. 1979]. 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. 8.2a-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.
¢ 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.8.3a-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. ¢ 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 g10
(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. 8.4a-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. ¢ 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 and 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.8.5a-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. ¢ 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.

¢) 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 Incisional Hernia

].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 &
Chevrel 1983]. 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 1994]. 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. 1982].

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. 8.7a-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 (O2,
CO2).

(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/TC). 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 w/o herniation

Obesity plus herniation Significance

VvC 90.8% =+ 16.4%
TC 97.4% * 30.2%
RV/TC 38.1% * 5.8%

MIFR/VC
MEFR/VC

82.4% *10.9%
71.6% * 13.1%

116.1% £ 19.3% P <0.0000001
9.3

110.7% * 17.3% NS
30.2% + 7.9% P <0.00001
78.6% * 12.6% NS

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 1 o
(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.

¢) 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 1977] 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.8.10. 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 1981]. 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. 8.1 and 8.12) 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.8.11a-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 subchondral lapa-
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.8.12a-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 the costal margin. In some cases the 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 the 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 11th 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. ¢ 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.
8.14¢,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, ). 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. 8.15a), 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. 8.15a, 8.17). Such patients

<

Fig.8.16a, b. 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 Médicale]
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Fig.8.17a,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/VC). 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), CO2 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 PRi1, 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
\Y® 80% PaO2 95 Torr 40 years
RV 40% 80 Torr 50 years
RV/TC 30% 85 Torr 60 years
FEV/VC  75% Sa02 70%

PaCO2 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: Sept.14,1982  Dec.12,1982
theoretical values

vC 2,800 ml 2,700 ml 3,375 ml
FEV 2,160 ml 1,500 ml 2,850 ml
FEV/VC 77% 55.5% 84.5%

RV 1,950 ml 4,475 ml

TC 3,766 ml 4,650 ml 4,775 ml
RV/TC 42% 29.3%

Table 8.9. A 71-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

\Y® 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%
PaCO2 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 CO2, confirmed by the CO2 compliance test

Respiratory function: April17,1982  April 26,1982
theoretical values

vC 2,340 m] 1,200 ml 1,180 ml

FEV 1,600 ml 8oo ml 780 ml
FEV/VC 68.5% 66.7% 67%

RV 1,600 ml —

TC 3,460 ml 2,800 ml —

RV/TC 570/0 —
Pa02/5a02 56 Torr/96% 50 Torr/84%
PaCO2 55 Torr 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 play a 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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>