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Laparoscopic inguinal anatomy 
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Summary: Irrespective of the merits of laparoscopic herniorrhaphy, the ana- 
tomy of this surgical approach is poorly understood by most surgeons. To 
describe and document the normal anatomy and its variations, the inguinal 
region was dissected from peri toneum outward by the open method in 70 
cadaveric sides and by the closed laparoscopic method in 28 cadaveric sides. 
In our  resul ts  we descr ibe the var ious  layers,  fossae,  spaces and their  
contents. The data presented include variations of nerves in the inguinal area 
and measurements  of bony landmarks from important  neurovascular ele- 
ments. In 74%, the distance from anterior superior iliac spine (ASIS) to pubic 
tubercle (PT) was 11 cm (10.o-14.o); in 56% ASIS to external iliac vessels was 
6 cm (4.5 - 7.5 cm); ASIS to femoral nerve in 64% was 5 cm (3.0 - 7.5). The 
lateral femoral cutaneous nerve was found 1 - 4.5 cm medial to ASIS in 15%, 
increasing the possibility of nerve injury. In z5.5% the ilioinguinal nerve ran 
through the iliac fossa, in some cases passing through the iliopubic tract. In 
18% the lateral femoral cutaneous and ilioinguinal nerves were combined, 
and in 7.7% the ilioinguinal and genitofemoral nerves were combined. It is 
critical for laparoscopic surgeons to be aware of the normal inguinal anatomy 
and its variants to avoid unnecessary injury and pain. It is impor tant  to 
remember that in approximately 30% of cases, the laparoscopic anatomy of 
one side will not be a mirror image of the other side. 
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"Of herniae: But it is most worthy of 
o b s e r v a t i o n ,  and  a d m i r a t i o n ,  tha t  
Nature but a little helped by Art, heale- 
th diseases that are thought incurable" 
A m b r o i s e  Par4, 1585, Apology and 
Treatise 

The anatomy of the inguinal region as 
seen with the laparoscope,  f rom the 
peri toneum to the posterior surface of 

the myopectineal orifice of Fruchaud, 
has been presented  by a number  of  
d i f f e r en t  a u t h o r s  in r e cen t  years .  
Among these reports are some works 
of beauty and others that lack anato- 
mic precision. For all practical pur-  
poses,  exp lo ra t ion  of this area was 
spurred, and even dictated by necessi- 
ty, by the entrance upon the surgical 
scene of the laparoscopic approach to 
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h e r n i o r r h a p h y .  To mos t  su rgeons ,  
this  area  was t e r ra  incogni ta .  This  
study is based upon the dissection of 
70 c a d a v e r i c  s ides  by  the  o p e n  
method and 28 cadaveric sides by the 
closed laparoscopic  method.  In our  
r e su l t s  we e m p h a s i z e  the  v a r i o u s  
l aye r s ,  f o s sae ,  s p a c e s  and  t h e i r  
c o n t e n t s ,  p lus  o the r  m o r p h o l o g i c  
details in a way that we hope will help 
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the reader understand the enigmatic 
and peculiar anatomy in this area. 
The data presented include variations 
of nerves in the inguinal area and 
measurements of bony landmarks 
from important neurovascular ele- 
ments.  Unin ten t iona l  damage to 
nerves and vessels is rather unusual 
in the performance of inguinal hernia 
repairs using the "classic" anterior 
approach because this is the anatomy 
with which surgeons are generally 
familiar. Far fewer surgeons are fami- 
liar with the inguinal anatomy from 
the poster ior  or ex t raper i toneal  
(internal) approach. Several internal 
features effectively conceal the pre- 
sence of regional nerves and vessels. 
These include the peritoneum, the 
internal fasciae of the transversus 
abdominis and the iliopsoas mm. and, 
significantly, varying quantities of 
adipose and membranous connective 
tissue. Table ~ and Figs. ~ - 5 will 
guide us in the step-by-step dissec- 
tion of the layers, "walking" through 
the spaces, and studying the anatomic 
entities within. 

First layer: 
peritoneum and peritoneal fossae 

Peritoneum 

The peritoneum, this primitive lining 
of the early fetal celomic cavity, is the 
innermost layer of the internal abdo- 
minal wall. In the pelvis and, to be 
more specific, in the inguinal area, it 
has several characteristics related to 
the several anatomic entities with 
which it is associated. If one operates 
by the transperitoneal laparoscopic 
approach, that is, by beginning the 
herniorrhaphy from within the per- 
itoneal cavity, knowledge of the cha- 
racteristic features of the peritoneum 
lining the lower part of the anterior 
abdominal wall is of cardinal impor- 
tance in initial orientation for subse- 
quent operative procedures. 

The parietal peri toneum lining 
the anterior abdominal wall is eleva- 
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Fig. I 
Highly diagrammatic presentation of 
laparoscopic anatomy of the inguinal 
area demonstrating layers, fossae, 
spaces, and other anatomic entities 
between. (Used with permission from 
Problems in General Surgery 12:13,1995) 

Fig. 2 
Diagram of the fossae of the anterior abdominal wall and 
their relation to the sites of groin hernias: A, Umbilicus; 
/7, median umbilical lig. (obliterated urachus); C, medial 
umbilical lig. (obliterated umbilical aa.); D, lateral 
umbilical lig. containing inferior (deep) epigastric aa.; and 
E, falciform lig. Sites of possible hernias: 1 = lateral fossa 
(indirect inguinal hernia); 2 = medial fossa (direct inguinal 
hernia); 3 = supravesical fossa (supravesical hernia); and 
4 = femoral ring (femoral hernia). (From Rowe JS Jr, 
Skandalakis JE, Gray SW. Multiple bilateral inguinal 
hernias. Am Surg 39:269,1973; with permission) 

Fig.4 
Anatomic features of the inguinal region. Drawing from 
an open dissection of the left inguinal region and pelvic 
features. (Adapted from, and used with permission, 
Problems in General Surgery 12:13,1995) 
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Table 1. Laparoscopic peripatos of the inguinal area 

I. 3 Layers 
A. Peritoneum and fossae - -  supravesical, medial, and lateral fossae 
B. Cooper's posterior lamina of the transversalis fascia 
C. Transversus abdominis m., aponeurosis, and anterior lamina of the transversalis fascia 

II. z Spaces 

A. Space of Bogros 
B. Vascular space 

III. Myopectineal orifice of Fruchaud 

IV. Dangerous eye 
A. Arch (above) 
B. Iliopubic tract (below) 

V. Potential triangles and circle 
A. Triangle of doom 
B. Triangle of pain 
C. Circle of death 

Transv 
abdo 

apone 

(Third layer) 

(Second space) 
l 

(First layer) 

(First space) 

d layer) 

Fig. s 
Highly diagrammatic representation 
of the layers of the inguinal area. 
I = external oblique fascia (of Gallaudet); 
2 = external oblique aponeurosis; 
3 = internal oblique m.; 
4 = transversus abdominis m. and its 
aponeurosis; 
5 = transversalis fascia anterior; 
6 = internal spermatic fascia; 
7 = Cooper's lig.; 8 = pubic bone; 
9 = pectineus m.; 10 = transversalis 
fascia; 11 = transversalis fascia posterior 
lamina; 12 = vessels; 13 = peritoneum; 
14 = home (space) of the prosthesis, 
space of Bogros; 15 = preperitoneal fat; 
16 = transversus abdominis aponeurosis 
and anterior lamina of transversalis 
fascia; 17 = external iliac a.; 
18 = external iliac v. (Modification by 
Skandalakis JE and Read RC from Lampe 
EW. Special Comment: Transversalis 
Fascia. In Nyhus LM, Harkins HN (eds). 
Hernia. Philadelphia: JB Lippincott, 1964, 
Fig. 2-20) 

ted by underlying structures passing 
to the wall, thereby forming folds, or 
ligaments. Between these folds of the 
peri toneum (Figs. 2, 3) three fossae 
are formed bilaterally. The midline 
fold of peritoneum is caused by the 
urachus (whether obliterated or not) 
passing from the apex of the urinary 
bladder  to the abdominal  wall, en 
route to the umbilicus. This fold is 

called the median, or middle, umbili- 
cal lig. More laterally, a fold is for- 
med by peritoneum over the umbili- 
cal a.; this fold is named the medial 
umbilical lig. Further laterally, a very 
slightly (if at all) elevated fold of per- 
itoneum may be raised by the under- 
lying infer ior  epigastric a. and v.; 
this is the lateral umbilical fold or 
ligament. 
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Peritoneal fossae 

The fossae from the midline to the per- 
iphery are (a) the supravesical fossa, 
between the median umbilical lig. or 
fold and the medial umbilical lig. or 
fold (the obliterated segment of the 
umbilical a.); this is the home of the 
external supravesical hernia (Fig. 4); 
(b) the media l  fossa, be tween the 
medial umbilical lig. or fold and the 
lateral umbilical lig. or fold (inferior or 
deep epigastric a. and v.); this is the 
area in which the direct hernia deve- 
lops; and (c) the lateral fossa, lateral to 
the lateral umbilical lig.; within this 
fossa is the deep inguinal ring, through 
which the indirect  hernia develops 
[Colborn 1995]. In many cases, with 
the peritoneum in place, the laparo- 
scopist will also observe two under- 
lying anatomic entities in the male: the 
gonadal vessels (bluish cordlike struc- 
tures) and the ductus deferens (like a 
silver cord) (Fig. 6). In the female the 
round lig. will be seen. 

After reflection of the peritoneum 
and extraperitoneal connective tissue, 
the cord elements can be clearly seen, 
passing through the deep (internal) 
inguinal ring, just lateral to the infe- 
rior epigastric vessels (Figs. 3, 7). Indi- 
rect inguinal hernias exit the abdomen 
by way of the deep inguinal ring; direct 
inguinal hernias are forced through a 
weakened area of the posterior wall of 
the inguinal canal, medial to the infe- 
rior epigastric vessels (Figs. 8 - 9). 

Extrapefitoneal connective tissue: 
some controversies 

The extraperitoneal (preperitoneal,  
properitoneal) connective tissue bet- 
ween the parietal peritoneum and the 
t ransversa l i s  fascia - -  in m o d e r n  
terms, the poster ior  lamina  of the 
transversalis fascia - -  is separable, in 
some individuals, into a predomina- 
tely adipose layer adjacent to the per- 
i toneum and a fibrous or membra-  
nous layer in contact with the trans- 
versalis fascia, the inner fascial lining 
of the transversus abdominis m. In 
other cases, there appear to be mul- 
tiple, more or less distinct laminae of 
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Anterior femoral External iliac artery 
cutaneous nerve 

Fig. 7 
Laparoscopic topographic anatomy of the inguinal region (of the male) - semischematic. The spermatic vessels join the vas 
deferens to form the spermatic cord. The presence ofa fascial defect lateral or medial to the inferior epigastric vessels 
defines an indirect or a direct hernia, respectively. (Used with permission, Problems in General Surgery 12:20,1995) 
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Fig. 11 
The deep inguinal vasculature within the space of Bogros. Variations in the venous drainage. (From Bendavid R. The space 
of Bogros and the deep inguinal venous circulation. Surg Gynecol Obstet 174:356, 357 1992; with permission) 

membranous tissue or tough fibrous 
tissue, between which variably thick 
l ocu l a t i ons  of ad ipose  t i ssue  are 
in terposed.  [It may  be no ted  here 
that we have elected to use the term 
" e x t r a p e r i t o n e a l "  to refer  to the 
connective tissue just external to the 
parietal peritoneum. This word hope- 

fully seems best to us for it can be 
used preferentially in place of either 
"preperitoneal" or "retroperitoneal" 
and seems more readily understan- 
dable than the other  alternatives.]  

Davies [1935] likened the arrange- 
ment of peritoneum and extraperito- 
neaI connective tissue to the disposi- 

tion of the skin and superficial fascial 
layers of the body  wall in reverse 
order. We would agree in principle 
with this interesting line of thought, 
wherein, beneath the skin, Camper's 
fatty layer is succeeded by Scarpa's 
membranous fascia; this, in turn, by 
the outer muscular fascia of the body 
wall - to which it may cling delicately 
by a little connective tissue or more 
firmly by tough, septae-like intercon- 
nections. Similarly, after one divides 
the p e r i t o n e u m ,  one m a y  f i rs t  
encounter a fatty layer (thin or thick) 
of extraperitoneal connective tissue, 
then a more membranous layer of tis- 
sue ( the p o s t e r i o r  l a mi na  of  the 
transversalis fascia), followed by the 
inner lining of the transversus abdo- 
minis, the anterior lamina of trans- 
versalis fascia (Fig. 1). As shown in 
Fig. lo, the extraperitoneal layer adja- 
cent to the peritoneum can be a very 
distinct, transparent, and fairly tough 
membrane. 

Just as multiple,  tough lamina- 
t ions  of  the superf ic ia l  fascia are 
often present on the lower part of the 
anterior abdominal wall, predictable 
c o n d e n s a t i o n s  of  ex t r ape r i tonea l  
connective tissue are present in the 
body cavity, such as the perirenal fas- 
ciae of  Gero ta ,  the  s u p p o r t i n g  
"pillars" of the rectum and the uroge- 
nital organs of the pelvis [Uhlenhuth 
1948 ] . In the inguinal region we have 
observed the frequently significant 
contr ibution of the extraperitoneal 
connective tissues in the formation of 
the iliopubic tract and the vesicoum- 
bilical fascia, to be described later. In 
the vicinity of the deep inguinal ring, 
several condensations of extraperito- 
neal connective tissue meet in com- 
plex fashion: (1) Laminae of tissues 
lateral to the deep inguinal ring; (z) 
endopelvic extraperitoneal connecti- 
ve tissue associated with the ductus 
deferens or round lig. and the umbili- 
cal aa.; (3) condensations of connec- 
tive tissue borne along with the exter- 
nal iliac vessels; (4) variably heavy 
cont r ibut ions  of connect ive tissue 
associated with the iliac fossae. It is 
in part due to the complexity of blen- 
ding and separation of these tissues 
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Fig. 3 
Drawing from laparoscopic dissection photograph. Laparoscopic view of the umbilical lig. and 
the associated peritoneal fossae. The nerves, vessels and other important anatomic elements 
of the left inguinofemoral region are also seen here. (Adapted from, and used with 
permission, Problems in General Surgery 12:13,199.5) 

Fig. 9 
Laparoscopic appearance of a left-sided direct inguinal hernia and its relations following 
removal of peritoneum and extraperitoneal connective tissues. (Used, with permission, 
from Surgical Rounds, June, 1995, p. 236) 

Fig. 6 
The ductus deferens and gonadal vessels of the right side as seen with the laparoscope in the 
transperitoneal herniorrhaphy. (Used with permission from Surgical Rounds, May, 1995, p. 195) 

Fig. 10 
Extraperitoneal covering of spermatk cord elements of the left side. The peritoneum has 
been refiected, revealing transparent extraperitoneal connective tissue covering the 
gonadal vessels and ductus deferens. A pin has been placed just lateral to the external 
iliac a., after determination of its distance from the anterior superior iliac spine. (Modified 
and used with permission from Surgical Rounds, May, 1995, p. 191) 

Fig. 8 
Laparoscopic appearance of a left-sided direct inguinal hernia and its relations with the 
peritoneum intact. The dissection instrument has passed into the scrotum. (Used, with 
permission, from Surgical Rounds, June, 1995, p. 230) 
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Fig. 13 
The venous vessels of the medial inguinal region, including 
the "rectusial vv." of Bendavid. (Used, with permission, 
from Surgical Rounds, May, 1995, p. 197) 

Fig. 16 
Hesselbach's triangle of the left side of the body, indicating 
the borders provided by the lateral border of the rectus 
abdominis, inferior epigastric vessels and the iliopubic 
tract (unlabeled here), with an indication of its dimensions. 
The base of the triangle is formed by the iliopubic tract 
(previously defined as the inguinal lig.) in modern 
interpretation, separating the sites of inguinal hernias 
from femoral hernias 

Fig. 12 
Variations in the deep inguinal venous 
drainage within the space of Bogros. 
(From Bendavid R. The space of Bogros 
and the deep inguinal venous 
circulation. Surg Gynecol Obstet 
174:356, 357 1992; with permission) 

Fig. 14 
Semi-schematic drawing of the 
inguinal region, depicting the relations 
of direct inguinal hernia to the 
posterior wall of the inguinal canal. 
(From Gray SW, Skandalakis JE: Atlas of 
Surgical Anatomy for General 
Surgeons. Baltimore; Williams and 
Wilkins, 1985, p. 307. With permission) 

Fig. 20 
Relations of important elements of the left inguinofemoral 
region, showing an aberrant obturator a. and aberrant v. 
crossing the femoral ring (unlabelled) and the pectineal 
fig. medial to the ductus deferens (unlabelled). (Used with 
permission from Surgical Rounds, May, 1995, p. 192) 

Fig. 21 
The "Triangle of Doom" of the left inguinal region, 
bounded by the gonadal vessels and the ductus deferens. 
Exposed by the reflection of peritoneum and removal of 
extraperitoneal connective tissue 

Fig. 22 
The "triangle of pain" of the left inguinal region, bounded 
by the gonadal vessels medially and the iliopubic tract 
inferolaterally. Staples or sutures placed into the iliopubic 
tract lateral to the deep inguinal ring can result in nerve 
injury, with pain or paralysis resulting postoperatively. 
(Modified from Surgical Rounds, p. 227, June, 1995, and 
used with permission) 

Fig. 23 
The "circle of death," formed by anastomosis of an 
aberrant obturator a. (or v.), arising from the external iliac 
or inferior epigastric, with a normal obturator vessel 
arising from the internal iliac 

tha t  the a n a t o m y  of  the i ngu ina l  
region yet defies total explication in a 
form agreeable to all. 

First space: space of Bogros 
The layers of extraperitoneal fat and 
other connective tissues, either thick 
or thin, lie within a space between the 
peritoneum and the anterior lamina of 
the transversalis fascia (Fig. 1). This is 
the "space of Bogros." Fibrous bands 
are present here, and lipomata similar 
to those in the spermatic cord occasio- 
nally are found. The extraperitoneal 
space is exposed by the division and 
reflection of the parietal peri toneum 
toward the iliac fossa before it reaches 

the pubic bone [McVay 1984] or by 
d i rec t  e n t r y  in to  the space us ing 
methods such as those of Nyhus [1959, 
196o], S toppa  [1989], and  o thers .  

According to Stoppa [personal com- 
munication, 1992], Bogros was a French 
anatomist  and surgeon who wrote a 
thesis in 1823 about the surgical anato- 
my of the iliac region. He described a 
t r iangular  space with the following 
boundaries: lateral -- iliac fascia; ante- 
rior -- transversalis fascia; and medial - 
- parietal peritoneum. Bogros demons- 
trated that an incision in the inguinal 
region could allow access to a space 
within which the inferior epigastric or 
external iliac vessels could be ligated 
wi thou t  d iv id ing  the p e r i t o n e u m .  

Stoppa [personal communication, 
1992 ] stated that this cleavable interpa- 
rietoperitoneal space is considered to 
be the lower prolongation of the great 
posterior paraurinary space. Hureau 
[1991], after radiologic and anatomic 
studies of  this area, considered the 
posterior paraurinary area as follows: 
(1) Gerota's fat anteriorly and (2) a cel- 
lular space posteriorly that most likely 
incorporates the space of Bogros of the 
iliac fossa. 

According to Bendavid [1992], the 
space of Bogros is a lateral extension 
of  the r e t ropub ic  space of Retzius 
and can be explored by incising the 
transversalis fascia from the internal 
ring to the pubic crest. He also repor- 
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ted that a venous network is located 
at the lower anterior part of the space 
of Bogros with f ixat ion of the net-  
work to the anterior wall. The Benda- 
r id  "venous circle" of  veins, located 
at the subinguinal space of Bogros, is 
a venous network composed  of the 
deep inferior epigastric v., the supra- 

pubic v., the rectusial v., the retropu- 
bic v., and the communicating rectu- 
sioepigastric v., which form a venous 
circular  ne twork  that,  again accor-  
ding to Bendavid, is variable (Figs. 
11-13). He advises familiarity with this 
venous circle, par t icular ly  by those 
surgeons using prosthet ic  material .  

In our dissections we have found the 
suprapub ic  and r e t ropub ic  venous  
tributaries highly variable in size; in 
one case a suprapubic v. was approxi- 
mately I cm in diameter and received 
tributaries from the urinary bladder. 

Read has noted that the space of 
Retzius is continuous with the space 
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of Bogros [1997], allowing easy pre- 
per i toneal  access to the inguinal  
region by an infraumbilical portal, 
and cited the work of others who 
concur with this understanding, in 
addition to those who believe the two 
spaces to be separate. In the majority 
of our dissections, whether perfor- 
med laparoscopically or by the open 
method, the space of Bogros does not 
directly open into the space of Ret- 
zius unless extraperitoneal connecti- 
ve tissues near the internal (deep) 
inguinal ring are dissected, whether 
bluntly or sharply. 

Read has demonst ra ted  [1997] 
that the space of Bogros can be ente- 
red by an infrainguinal incision, with 
introduction of the laparoscope and 
the prosthetic mesh by way of the 
femoral canal. There were no recur- 
rences of hernia, either femoral or 
inguinal, in followup after 18 months 
on the 1o patients of the preliminary 
study. In a proposal reminiscent of 
Bogros' original studies, Read sug- 
gested that  the femoral approach 
might lend itself to bypass proce- 
dures for Leriche syndrome. 

Because the space of Bogros is 
related to the retropubic space of Ret- 
zius, a description of the space of Ret- 
zius is appropriate here. According to 
Retzius [1858], the inferior portion of 
the posterior lamina of the rectus 
sheath is relatively deficient of apo- 
neurotic tissue, presumably allowing 
the urinary bladder to expand upward 
into the abdomen in an extraperito- 
neal position against a less resistant 
portion of the abdominal wall. The 
space between the transversalis fascia 
of the posterior rectus sheath lamina 
and pubic bone anteriorly and the 
bladder, together with the connective 
tissue enclosing it is a potential space 
to which has been given the name, the 
"space of Retzius." This space extends 
from the umbil icus above to the 
muscle fascia and pubovesical ligg. of 
the pelvic floor below. 

As the urachus and the umbilical 
aa. ascend toward the umbilicus from 
the level of the bladder apex they are 
incorpora ted  into a thick mat of 
extraperi toneal  connective tissue 
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Fig. 17 
Myopectineal orifice of Fruchaud. A, anterior view; B, posterior view 

which is continuous from the bladder 
to the umbilicus, although this lamina 
of fatty tissue becomes thinner as the 
umbilicus is approached. This layer of 
tissue is called the vesicoumbilical 
fascia. The more or less triangular 
mat of fatty tissue is bordered lateral- 
ly by the medial umbilical ligg. as they 
pass to, and attain, the anterior abdo- 
minal wall. It should be remembered 

Fig. 15 
A, Highly diagrammatic drawing 
of the transversalis fascia and 
femoral sheath (old concept); 
B, Highly diagrammatic drawing of 
the transversalis fascia and femoral 
sheath (new concept), emphasizing 
the bilaminar nature of the 
transversalis fascia in the inguinal 
area. (From Surgical Clinics of North 
America 73:817, 1993, With 
permission) 

that the lateral edge of the bladder 
can lie just  medial  to the medial  
umbilical lig., near which point the 
patent part of the umbilical a. pro- 
vides origin for the superior vesical 
branches to the bladder. If the medial 
umbilical lig. appears more lateral 
than usual, one should guard against 
an unexpected encounter with, and 
injury to, the urinary bladder. Exces- 
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Fig. 18 
The changing parameters of the triangle of Hesselbach. From a laparoscopic point of view, the iliopubic tract forms the base 
of the modern triangle of Hesselbach, because the inguinal lig. cannot be seen from within the body unless the iliopubic 
tract has been dissected away. (From Gray SW, Skandalakis JE: Supravesical hernia, in Hernia, 3rd edition. Nyhus LM, 
Condon RE (eds). Lippincott, Phila. 1989, p. 389. Used with permission) 
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Fig. 19 
Highly diagrammatic representation of the "Dangerous Eye" and its relationships to vessels and nerves 

sive amounts of adipose tissue can 
further disguise the proximity of the 
bladder to the deep inguinal ring. 

The space of Retzius is sealed more 
tightly by extraperitoneal connective 
tissue (or, the posterior lamina of the 
transversalis fascia?) which seems to 
divide just lateral to the inferior epi- 
gastric vessels. One lamina of this tis- 
sue is often distinctly visible as it 
passes to the posterior lamina of the 
rectus sheath. The other lamina passes 
toward the lateral aspect of the blad- 

der, incorporates the umbilical a. and 
then, becoming increasingly thickened 
by fatty tissue, reaches the bladder. 
The internal aspect of the vesicoumbi- 
lical fascia is covered with peritoneum. 
Over the abdominal surface of the 
bladder, the vesicoumbilical fascia is 
very thin; so thin, in fact, that the per- 
itoneum cannot be reflected bluntly 
from the bladder, thus preventing 
complete extraperitoneal mobilization 
of the bladder unless sharp dissection 
is performed. 

It can be said, then, that the space 
of Retzius is a triangular potential 
space bordered posterolaterally in the 
pelvis by the lateral pillar of the blad- 
der. Above this, it is closed by the 
umbilical and inferior epigastric ves- 
sels with their investments of fibroa- 
reolar tissue. Studies based upon com- 
puterized axial tomography by Korob- 
kin, et al. [1992] have demonstrated 
that the prevesical space of Retzius is 
continuous with the retroperitoneal 
spaces surrounding the kidney. 

I Second layer: Cooper's posterior 
lamina of transversalis fascia 

Transversalis fascia in the inguinal area 

The inguinal canal is similar to a cleft 
between two major musculoaponeu- 
rotic layers. The anterior layer is for- 
med by the external oblique aponeu- 
rosis and the innominate (Gallaudet's) 
fascia. The posterior layer is formed 
by the transversus abdominis apo- 
neurosis, the internal oblique apo- 
neurosis, and the transversalis fascia 
(Figs. 5, 14-15). This latter layer is of 
primary importance to the surgeon 
repairing the floor of the inguinal 
canal. 

Sir Astley Cooper [18o4] described 
the transversalis fascia as follows: 
"When the lower portions of the inter- 
nal oblique and transversalis mm. are 
raised from their subjacent attach- 
ments, a layer of fascia is found to be 
interposed between them and the per- 
itoneum, through which the spermatic 
vessels emerge from the abdomen. 
This fascia, which I have ventured to 
name fascia transversalis, varies in 
density, being strong and unyielding 
towards the ilium, but weak and more 
cellular towards the pubes". 

The term "transversalis fascia" 
was once applied only to the deep 
fascia covering the internal surface of 
the transversus abdominis m., but it 
can now be employed in a very gene- 
ral way to the entire connective tissue 
sheet lining the musculature of the 
abdominal cavity. Alternatively, in 
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some areas this fascial layer is named 
specifically for the muscle covered by 
it, such  as " i l i a c u s " ,  " p s o a s " ,  or  
"transversalis fascia" where it covers 
those specific muscles. The transver- 
salis fascia varies in nature. It is thin 
and closely adherent  in the por t ion 
covering the transversus abdominis 
aponeurosis,  but in other areas it is 
thick and discrete [Cooper 18o4]. By 
itself, however, the transversalis fas- 
cia is a weak layer that is useless for 
hernia repair. Yet, when fused with 
the transversus abdominis aponeuro- 
sis, it forms "good s tuff '  for repair. 

In spite of our familiarity with the 
publications of Cooper [18o4, 18o7], 
we never thought about the possibly 
bilaminar formation of the transver- 
salis fascia at the inguinal area until 
the work of Read [1992]. According 
to him [Read 1992], the transversalis 
fasc ia  b i f u r c a t e s ,  p r o d u c i n g  two 
laminae: the posterior lamina which 
is the second layer and the anterior  
lamina which is the third layer (Figs. 
5, 15 A, B). In our innumerable dis- 
sections, fresh and old, as well as in 
the operating room, we found a thin 
membrane that covered the preperi- 
toneal fat. We paid little attention to 
this because  the presence  of  more  
adipose preper i tonea l  fat led us to 
think this was simply a tissue-paper- 
like membrane covering the fat. We 
never thought of this as the posterior 
Cooperian lamina of the transversa- 
lis fascia. We observed "the transver- 
salis fascia", now described by Read 
as the  a n t e r i o r  l a m i n a ,  b u t  we 
thought  this nothing more than the 
transversalis fascia. As to the cove- 
r ing  o f  the p r e p e r i t o n e a l  fat ,  we 
never investigated the beginning and 
end of  this preper i tonea l  covering. 
We noticed the presence of the infe- 
r i o r  e p i g a s t r i c  vesse l s  u n d e r  a 
" t r a n s v e r s a l i s "  fasc ia l  l ayer ,  bu t  
again we did not pay any attention to 
their  f ixation anter ior ly  or to their  
deeper occurrence in relation to the 
p reper i tonea l  fat. Occasional ly the 
p o s t e r i o r  l amina  is ve ry  th in  and  
unrecognizable .  In this event,  it is 
said that the space of Bogros extends 
to the anterior lamina. 

It cannot yet be said that this mild 
debate is over, as to whether the trans- 
versalis fascia is bilaminar or whether 
the "pos t e r io r  lamina"  is s imply a 
significant regional condensat ion of 
extraperitoneal connective tissue. Per- 
haps it is not a matter which should 
really concern us in practical terms. 
Nonetheless, the disagreement is remi- 
niscent of that which surrounds the 
issue of the nature of the perirenal fas- 
cia of Gerota. Thorek, for example, has 
long maintained that the perirenal fas- 
cial envelope of the kidney is derived 
from transversalis fascia [1962 , 1997]. 
Fowler  [1975], Anson  and McVay 
[1984], and others have stated that this 
fascia is derived from extraperitoneal 
connective tissue. 

Second space: vascular 
Accepting the concept of a bilaminar 
transversalis fascia, it is to be noted 
that a second potential space (vascu- 
lar) is located between the two anterior 
and posterior laminae of the transver- 
salis fascia which envelop the inferior 
epigastric vessels, their branches and 
tributaries. Therefore,  the "anter ior  
lamina" of the transversalis fascia is 
the third layer (Figs. 5, 15). 

Third layer: 
the transversus abdominis m., 
aponeurosis, and the anterior lamina 
of the transversalis fascia 
(Figs. 5, 15) 

The transversus abdominis m., its apo- 
neurosis, and the anterior lamina of 
the transversalis fascia form the third 
layer of the anterior abdominal wail in 
the inguina l  area. These e lements  
become attenuated at the deep (inter- 
nal) inguinal ring, the site of passage 
for the gonadal  vessels and ductus  
deferens or the round lig. to enter the 
inguinal canal. The anterior lamina of 
the transversalis fascia is fused with 
the aponeuros is  of the t ransversus  
abdominis m. Both of these anatomic 
entities belong to the "good stuff '  to 
be used for hernioplasty. In 3/4 of indi- 

viduals the posterior wall of the ingui- 
nal canal is composed of transversalis 
fascia, r e in fo rced  by a subs tan t ia l  
r e p r e s e n t a t i o n  of  the t r ansve r sus  
abdomin is  aponeuros i s .  In 1/4 the 
transversus abdominis aponeurosis is 
not present, or is quite diminished in 
its contribution to the wall. Perhaps 
this is one of the chief factors in the 
etiology of inguinal hernias. 

That part of the transversus above 
the position of the deep ring is usually 
m o s t l y  muscu la r ;  tha t  be low it is 
composed of aponeurosis and trans- 
versalis fascia. The lower part of the 
transversus abdominis  takes origin 
laterally from the fascia of the iliop- 
soas m., usually referred to as the fas- 
cia i l iaca.  Pass ing  f rom or ig in  to 
insertion, the transversus arches over 
the ex te rna l  iliac vessels to inser t  
upon the pectineal lig. Those fibers 
which form the arching,  muscu la r  
lower border of the transversus abdo- 
minis arise especially from a thicke- 
ned por t ion of the fascia iliaca, the 
i l i o p e c t i n e a l  a rch ,  which  i n s e r t s  
medial to the iliopsoas m. upon the 
i l iopectineal eminence,  deep to the 
external iliac a. and v. The muscular 
lower border of the transversus abdo- 
minis arches over the position of the 
deep inguinal ring, its aponeurosis  
inserting medially upon the pectineal 
lig. of Cooper and the fascia of the 
pectineus m., where it is joined by the 
most inferior segment of the aponeu- 
rosis of the transversus abdominis,  
the il iopubic tract  (Figs. 3, 9). Bet- 
ween the " touchdown" of the trans- 
versus adominis upon the pectineal 
lig. and the ex te rna l  iliac v. is the 
ovoid opening of the femoral canal, 
wherein  areolar  tissue, fat and the 
lymph node of Cloquet (or Rosenmul- 
ler) are usually clearly visible with the 
laparoscope, with minimal dissection 
(Figs. 3, 6, 16). As the iliopubic tract 
crosses the external  iliac vessels, it 
contr ibutes  to the format ion  of the 
femoral sheath, being joined external- 
ly at the lower border of the inguinal 
lig. by  the inves t ing  fascia of  the 
external oblique aponeurosis.  From 
our observations, we believe that that 
the iliopubic tract in most individuals 
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consists  of more  than aponeuro t i c  
fibers of the transversus abdominis 
and transversalis fascia. In our dissec- 
tions extraperitoneal connective tis- 
sue also contributes to the formation 
of the iliopubic tract, increasing the 
brightness of reflection of the light 
from the laparoscope. A rather dense, 
falciform band of fascia seems often 
to span laterally from the psoas m., 
contributing also to the density of the 
iliopubic tract. The deep circumflex 
iliac a. and v. and several  nerves ,  
including the femoral n., pass deep to 
the iliopubic tract and are concealed 
by it; other nerves pass through the 
tract [Brick 1995, Colborn 1995]. Any 
of these elements can be in jeopardy 
from staples or sutures applied to the 
iliopubic tract, resulting variably in 
postoperative pain, muscle weakness 
or paralysis, or hematomata. 

The rnyopectineal orifice of Fruchaud 
(Fig. 17 a, b) 

As described in the fascinating paper 
by Stoppa and Wantz [1995], Fruchaud 
attributed the occurrence of inguinofe- 
moral hernias to the weak area in the 
groin which he called the "myopecti- 
neal orifice," the site both of inguinal 
(indirect, direct, and external suprave- 
sical) and femoral hernias. This fun- 
nel-shaped outlet region is bounded 
below by the pubic bone, medially by 
the lateral border of the rectus abdo- 
minis m., laterally by the iliopsoas m., 
and superiorly by the arching lower 
borders  of the internal oblique and, 
chiefly, the t ransversus  abdominis .  
The area of weakness is bridged by the 
inguinal lig. which, in effect, separates 
the inguinal ring and canal above from 
the outlet for the femoral sheath and 
femoral canal below. 

The triangle of Hesselbach 

The inguina l  lig., as no ted  above,  
divides the myopectineal orifice into a 
superior portion and an inferior por- 
tion. The inferior epigastric vessels 
provide a topographical division of the 
myopectineal  orifice into the lateral 
inguinal fossa, character ized by the 

presence of the deep inguinal ring and 
the medial inguinal fossa, the region 
embodying the triangle of Hesselbach 
(Figs. 16, 18). The deep inguinal ring is 
the site of occurrence of indirect ingui- 
nal hernias. It is within the triangle of 
Hesselbach that direct inguinal hernias 
and femoral hernias take origin. The 
triangle of Hesselbach, then, is boun- 
ded laterally by the inferior epigastric 
a. and v. The lateral border of the rec- 
tus abdominis provides a medial bor- 
der. The superior ramus of the pubic 
bone, surmounted by the pectineal lig., 
forms a base for the triangle, as origi- 
nally defined. 

At the present time, the majority of 
textual sources state that the inguinal 
lig., ra ther  than the super ior  pubic 
ramus, forms the base of the triangle 
of Hesselbach. From the point of view 
of the laparoscopic surgeon this can- 
not  be the case, if one is def in ing  
visible boundaries, for the inguinal lig. 
cannot be seen from within the abdo- 
minal cavity unless the transveralis 
fascia and the transversus abdominis 
aponeurosis have been dissected away. 
What  one does see is the i l iopubic 
tract. Again, from a strictly practical 
point of view, one may see the validity 
of defining the base of the triangle as 
the iliopubic tract. From the laparo- 
scopic point of view, the iliopubic tract 
divides this extraperitoneal area into 
the inguina l  reg ion  above and the 
femoral area below, as observed earlier 
by Page [1996]. 

The dangerous eye 

The "dangerous eye" is nothing more 
than the area formed by the transver- 
sus arch and the iliopubic tract, and 
which sur rounds  the deep inguinal 
ring (Fig. 19). Characteristically, the 
nerves in this area are located lateral to 
the deep inguinal ring; the vessels are 
located below and medial to the ring. 

The most lateral nerve is the lateral 
femoral cutaneous nerve, in most cases 
leaving the iliac fossa just medial to the 
anterior superior iliac spine. Superfi- 
cial to the external iliac a. is the genital 
b ranch  of the geni tofemoral  nerve. 
Lateral to the external iliac a. is the 

femoral branch of the genitofemoral 
nerve; and further, but not far enough 
away to avoid injury, is the femoral  
nerve, which lies in the trough between 
the psoas and iliacus ram. (Fig. 7). 

Severa l  i m p o r t a n t  vessels  are 
medial to the ring: the venous circle, 
inferior epigastric a. and v., internal 
and external iliac a. and v., rectus ves- 
sels, suprapubic and retropubic ves- 
sels, and aberrant obturator a. and/or 
v. (p re sen t  in 30%-40% of  cases) .  

I Neurovascular topography 
and nerve variations 

To provide a baseline of potential ly 
useful data for the laparoscopic sur- 
geon, we measured various parameters 
in the inguinal region, relating several 
visible or palpable features to vessels 
and nerves of the region (Figs. 7, 16, 
20). In 41 of 74 measurable cases, or 
74%, the distance from the anter ior  
s u p e r i o r  i l iac sp ine  to the pub ic  
tubercle was 11 cm (+/- 0.5 cm) (Fig. 
2o). The range was from lo.o cm (lo 
cases) to 14 cm (2 cases). 

In our studies we found that the 
distance from the anter ior  superior  
iliac spine (ASIS) to the external iliac 
a. was about 6 cm (+/- o.5 cm) in 18 of 
32 instances,  or 56% (Fig. lO). The 
range was from 4.5 cm (1 case) to 7.5 
cm (9 cases). 

Nerves destined for distribution to 
the thigh usually pass deep to the deep 
circumflex iliac vessels and the iliopu- 
bic tract. Nerves passing to the abdo- 
minal wall and urogenital region pass 
superficial to the deep circumflex ves- 
sels and through the iliopubic tract; 
there they are in jeopardy when staples 
or sutures are placed lateral  to the 
internal inguinal ring [Colborn 1995]. 

The distance from the ASIS to the 
femoral nerve was usually about 5 cm 
(36 of 56 cases - 64%). The range was 
from 3.0 (1 case) to 7-5 cm (2 cases). 
The femoral nerve lies deep to the edge 
of the iliopsoas m. to a point about 6 
cm above the iliopnbic tract, at which 
poin t  it is covered only  by a dense  
band of fascia which leaves the psoas 
m. and passes laterally deep to the ilio- 
pubic tract. 
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In most  cases (44 of 56 cases, or 
82%) the lateral  femora l  cu taneous  
nerve exits the pelvis o - 1 cm medial to 
the ASIS. The nerve was found 1 - 4.5 
cm medial to the ASIS in 12 specimens 
(15%), thus increasing the possibility 
of injury or ent rapment  from staples 
or sutures. 

In 2o of 78 specimens (25.5%) the 
ilioinguinal nerve ran through the iliac 
fossa in the t e rmina l  course  of  the 
nerve to reach the inguinal canal. In its 
typical course, the ilioinguinal nerve 
passes above the iliac crest, well out of 
harm's  way. In variations, the ilioin- 
guinal nerve passed through the ilio- 
pubic  tract  1 - 4.5 cm medial  to the 
ASIS. This path can obviously render 
the nerve more vulnerable to iatroge- 
nic injury. 

The ilioinguinal and lateral femoral 
c u t a n e o u s  ne rve s  were  c o m b i n e d  
(sometimes only part of the ilioingui- 
nal), or ran closely parallel in the iliac 
fossa (14 cases, or 18%). In 6 cases 
(7.7%) the ilioinguinal and genitofe- 
moral nerves were combined. 

In 8 cases (lO%) an anterior femo- 
ral cu taneous  or accessory  femora l  
nerve was present and visible anterior 
to, or slightly lateral to, the femoral  
nerve. 

Potential anatomic entities involved 
in laparoscopic herniorrhaphy 

The triangle of doom 

The so-called triangle of doom of the 
inguinal region (Fig. 21) is bounded 
medially by the ductus deferens, late- 
rally by the gonadal vessels and infe- 
riorly (in a transperitoneal laparosco- 
pic procedure) by the fold of perito- 
neum reflected downward  f rom the 
region wherein the prosthesis is to be 
placed. The external iliac a. and v. pass 

through this triangle and are the rea- 
son for the name of the area. The geni- 
tal branch of the genitofemoral nerve 
also passes distally upon the external 
iliac a., leaving it to traverse the deep 
inguinal ring. In one of our cases, whe- 
rein the genital branch appeared to be 
more than 2 m m  in diameter, it proved 
to be a combination of the ilioinguinal 
and genital nerves, which entered the 
inguinal canal medial and deep to the 
spermatic cord. 

The triangle of pain 

The identity, courses,  and distr ibu- 
tion of nerves in the inguinal region 
are highly unpredictable. Annibali, et 
al. coined the name "The triangle of  
pain" to describe the area bounded  
by the gonadal vessels inferomedially 
and the iliopubic tract superolaterally 
[1993] (Figs. 3, 7, 22). According to 
these authors,  staples placed in this 
" t r i a n g l e "  can in ju re  the f e m o r a l  
b ranch  of the gen i to femora l  nerve,  
the lateral femoral  cutaneous nerve, 
and even the femoral nerve. In every 
case we have thus far dissected, we 
have found one or more  addi t ional  
nerves of varying size superficial to, 
or between the fascial laminae over 
the iliacus m., between the femoral  
b ranch  of  the gen i to f emora l  nerve  
and the usual posit ion of the lateral 
femoral cutaneous nerve. The multi- 
l a m i n a r  na tu re  of  the fascia  i l iaca 
[Nobe l ,  198o] o f f e r s  e x c e l l e n t  
concealment  for the var ious nerves 
that cross the iliac fossa to pass deep 
to, or through, the iliopubic tract. It 
is clear that anatomical  and surgical 
atlases and texts overly simplify the 
anatomy of the nerves in the inguinal 
region, and do not provide the sur- 
geon adequate guidance in recogni- 
zing the potential hazards in the "tri- 
angle of pain." 

The circle of death 

The m n e m o n i c  te rm,  the "circle of  
death," refers to the hazards presented 
by an aberrant obturator  a. (Figs. 2o, 
23). The frequency of appearance of this 
artery may approximate 4o%, or even 
more in some populations (e.g., 69% 
[Missankov, 1996]). Gilroy [1997] found 
aberrant obturator aa. or vv. in 83% - 
90% of whole pelves. This vessel arises 
from the inferior epigastric or external 
iliac aa. and crosses the pectineal lig. in 
the v ic in i ty  of  the f emo ra l  
ring, there passing medial to the ring, 
lateral to the ring, or directly across the 
ring. In some cases the aberrant a. ana- 
stomoses in the pelvis at the obturator 
foramen with a normal  obturator  a., 
which takes origin from the internal 
iliac a., the reby  fo rming  an ar ter ial  
"circle" between the external iliac aa., 
obturator aa., and internal iliac a. If such 
an anastomosis is present, injury to the 
aberrant vessel will result in brisk blee- 
ding from both sides of the site of inju- 
ry, with combined contributions from 
both internal iliac and external iliac aa. 

Lymphatic elements of  the femoral 
canal are often continuous with retropu- 
bic aggregates of lymph nodes and ves- 
sels medial to the external iliac v.; these 
often totally obscure an aberrant obtu- 
rator a., aberrant obturator v., or both, 
even when they are of relatively large 
diameter. 

It should be realized that the fre- 
quency of appearance of an aberrant  
obturator v. is far greater than that of 
the aberrant a., and that such vessels can 
be quite large in diameter. The danger 
presented by a torn aberrant v. can be 
more subtle than that of an arterial inju- 
ry. Bleeding from the cut or torn veins 
may not be evident until the pressure of 
insufflation is released; in other words, 
postoperative bleeding may occur. The 
laparoscopist should, therefore, be very 
gentle and very observant. 
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