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   Pref ace     

 Hernia repair remains one of the most common surgical procedures per-
formed, but there is little consensus as to the best surgical technique, pros-
thetic material of choice, or most appropriate strategies to repair abdominal 
wall hernias.  Hernia Surgery: Current Principles  will serve as a state-of-the-art 
reference in the rapidly changing fi eld of hernia surgery. With contributions 
by key opinion leaders in the fi eld, this book will describe the latest trends 
and detailed technical nuances to approach both routine and complex of her-
nia scenarios. The reader will gain unique insights into a wide spectrum of 
hernia issues, including clinical anatomy and physiology of the abdominal 
wall, mesh selection, patient optimization, robotic and laparoscopic repairs, 
anterior and posterior component separations, parastomal, fl ank, suprapubic 
and other diffi cult hernia repairs, as well as reconstructions in the setting of 
contamination, enterocutaneous fi stulas, and loss of abdominal domain. 
Furthermore, important issues in inguinal repairs, including open, laparo-
scopic and robotic repairs, postoperative groin pain, and treatment of sports 
hernias are extensively covered. Finally, important contributions from key 
reconstructive plastic surgeons will detail modern trends on how to deal with 
complex skin and soft tissue challenges, including concurrent panniculecto-
mies, tissue expanders, and myofascial fl aps. The textbook will provide 
unparalleled step-by-step instructions to perform both routine and complex 
repairs by using vivid illustrations and by highlighting operative details 
through intra-operative color photographs and a unique video collection of 
procedures performed and narrated by today’s top hernia surgeons. 

 As a comprehensive and most up-to-date reference to modern trends in 
mesh science and technique selections,  Hernia Surgery: Current Principles  
will be an invaluable resource to all residents and practicing general, plastic, 
and trauma surgeons to help them succeed in the fi eld of Hernia surgery.

Cleveland, OH, USA Yuri W. Novitsky   
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          Introduction 

 The modern fi eld of abdominal wall surgery 
relies on a thorough understanding of all compo-
nents of the abdominal wall as well as their func-
tion and physiology. Advancements in technology 
have provided surgeons with a wide variety of 
mesh prosthetics along with novel tools to assist 
in hernia repair. As a result, improvements in 
recurrence rates and patient outcomes have been 
well documented [ 1 ,  2 ]. However, it is the steady 
progress in the understanding of the abdominal 
wall itself that has enabled the creation of more 
complex procedures including myofascial and 
musculocutaneous advancement fl aps via com-
ponent separation and muscle release [ 3 – 9 ]. Such 
advancements have allowed surgeons the techni-
cal ability to deploy prosthetics in novel manners 
and allow for closure of abdominal defects that 
were in the past considered impossible. 
Consequently, a comprehensive grasp of techni-
cal options should occur in tandem with a com-
plete and systematic understanding of abdominal 
wall anatomy and physiology. 

 This chapter serves to provide a framework 
for understanding the clinical anatomy of the 
abdominal wall as well as the relevant physiol-

ogy and critical relationships that arise during 
surgery. A fundamental grasp of surface and deep 
anatomy is assumed with focus given to more 
subtle clinical fi ndings based on these founda-
tions. The chapter is framed to emphasize the 
importance in restoration of the linea alba during 
these repairs.  

     Boundaries   

 The anterior abdominal wall is a hexagonal area 
bounded by the xiphoid process superiorly with 
delineation of the superolateral edges by the cos-
tal margins. Inferiorly it extends along the iliac 
crests and narrows to the superior edge of the 
pubic bone of the pelvis in the midline. The infer-
olateral margins are defi ned by the inguinal liga-
ments bilaterally. Lateral extension occurs 
posteriorly to the erector spinae and quadratus 
lumborum muscles adjacent to the lumbar spine 
as these muscles contribute to the thoracolumbar 
fascia along with transversus abdominis [ 10 ] 
(Fig.  1.1 ).

   The dynamic group of muscles contained in 
these boundaries is unique in that they are void of 
any bony structures aside from their attachments. 
However, given their broad area, the muscular 
groups serve a variety of purposes in coordination 
with other body systems. Integral roles include 
assistance with defecation and urination as well as 
respiration and coughing via an increase or 
decrease in intra-abdominal and  intra- thoracic 
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pressures. Additionally, in concert with muscles 
of the back the abdominal wall serves to fl ex, 
extend, and rotate the torso from the hips. Tension 
generated in the thoracolumbar fascia along with 
muscles of the back provides stabilization for the 
lumbosacral spine and pelvis, both playing a criti-
cal role in posture [ 11 ]. Finally, the robust overlap 
of the muscular girdle also provides physical pro-
tection for the underlying viscera when con-
tracted. Given the large variety of roles of the 
abdominal wall, a critical understanding of each 
component and its function is paramount, with the 
ultimate goal of restoration or maintenance of 
these functions following surgery.  

    Components 

 The abdominal wall can be divided into midline 
and anterolateral  groups   of muscles comprising 
four main paired muscle groups and a variably 
present paired fi fth muscle group. The muscular 
groups are covered by subcutaneous fat and skin 
along with superfi cial neurovascular structures 
which overlay the fascia. The rectus abdominis 
and the pyramidalis muscles comprise the mid-
line group, although the presence of the pyrami-

dalis is not consistent among the population [ 12 , 
 13 ] (Fig.  1.2 ). The bilateral anterolateral groups 
are composed of a trilaminar structure consisting 
of the external oblique muscles (EOMs), internal 
oblique muscles (IOMs), and transversus abdom-
inis muscles (TAMs) (Fig.  1.3 ). In addition to the 
muscular groups and their associated neurovas-
cular supply, there are a number of key tendinous 
structures and delineations including the linea 
alba, linea semilunaris, linea semicircularis 
(arcuate line of Douglas) as well as the anatomic 
spaces of Retzius and Bogros, formed from the 
interaction of these muscle groups, that are 
equally as important to understand.

         Linea Alba   

 While the muscular components of abdominal 
wall are of crucial importance, the restoration of 
linea alba remains the goal of defi nitive abdomi-
nal wall reconstruction. This chapter begins with 
attention given to this oft-overlooked, but ulti-
mately vital structure. 

 Literally translated as  the white line , the linea 
alba is a completely fi brous structure composed 
of collagen and elastin traversing from the 
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  Fig. 1.1    Boundaries of the abdominal wall 
shown as a hexagonal area anteriorly with 
lateral extension around the fl anks toward 
the muscles of the back       
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  Fig. 1.2    Muscles of the abdominal wall with the antero-
lateral group comprising the external and internal oblique 
along with the transversus abdominis extending medial to 

the linea semilunaris. The midline group is comprised of 
the rectus abdominis and pyramidalis muscles. Cross sec-
tions are illustrated above and below the arcuate line       
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xiphoid process to the pubis symphysis. The 
linea alba varies in width among the population 
but generally is accepted as being approximately 
15–22 mm along its course, widest at or just 
above the umbilicus and narrowing at superior 
and inferior extremes [ 14 ,  15 ]. It is formed as the 
aponeurosis of the EOMs, IOMs, and TAMs 
merge terminally in the midline, thus bisecting 
the paired rectus abdominis muscles. Given its 
completely avascular nature, it is a preferred 
location for incision and intra-abdominal access. 
However, the completely fi brous nature of this 
structure with implied lack of muscular coverage 
leads to weakness and the formation of the major-
ity of de novo ventral hernias [ 16 ]. Additionally, 
as most intra-abdominal access occurs via a mid-
line laparotomy, the linea alba is the location of 
most iatrogenic hernias as well. 

 Ultimately, the goal of abdominal wall recon-
struction remains to restore linea alba by bring-
ing the paired rectus muscles back to the midline. 
For patients with massive hernias and loss of 
domain, this is accomplished with various myo-
fascial or musculocutaneous advancement tech-
niques. Once complete, restoration of linea alba 
has been shown to improve isokinetic and iso-
metric function of the abdominal wall and ulti-

mately quality of life [ 17 ]. In the modern era of 
abdominal wall reconstruction, this functional 
restoration is critical for not only a complete 
repair but one that maintains the integrity and 
actions of the whole abdominal wall unit.  

      Rectus  Abdominis   

 The  rectus abdominus muscles (RA)   are the pre-
dominant component of the midline group, fl ank-
ing the linea alba on each side. Occurring as 
paired strap-like muscles, they are distinctly 
unlike the broad muscles of the anterolateral 
group. The recti originate from the pubic crest 
and ligamentous portion of the pubic symphysis, 
the fi bers course superiorly to insert onto the 
xiphoid process and anterior surface of the 5th–
7th costal cartilages bilaterally. The linea alba 
bisects the two recti, where the aponeuroses of 
the anterolateral group decussate and fuse to 
form the tendinous line. There also exist approxi-
mately 3–4 separate tendinous bands that occur 
at variable points along the rectus in a transverse 
manner. These bands are irregular in nature and 
do not necessarily occur along regular intervals, 
but function as transverse anchor points along the 

5th

6th

7th

8th

9th

10th

11th
12th

Rectus sheath
(with cut muscle)

Thoracolumbar
fascia

Transversus
abdominis

Iliac crest

Rectus
abdominis

Linea alba

Linea
semilunaris

  Fig. 1.3    Transversus 
abdominis shown with 
relation to the rectus sheath, 
notably the fi bers extend 
medial to the linea 
semilunaris superiorly with a 
more aponeurotic component 
inferiorly       
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muscle body allowing for fl exion of the trunk. A 
strong attachment of the rectus is found to the 
anterior rectus sheath with posterior sheath 
attachment occurring more variably [ 18 ]. 

 Vascular supply to the rectus muscles is dis-
tinctly different from the anterolateral group, with 
blood supply originating from paired  superior epi-
gastric arteries (SEAs)   and  deep inferior epigastric 
arteries (DIEAs),   which run along the deep surface 
of the rectus after perforating the posterior sheath. 
Anastomotic connection between these two sys-
tems is generally found just above the umbilical 
area. The SEA vessels originate as terminal 
branches of the internal mammary artery around 
the level of the sixth costal cartilage. The SEAs 
enter the rectus sheath at the midpoint of the 
xiphoid process. The DIEAs arise as branches 
from the external iliac arteries just proximal to 
their course through the femoral ring where the 
external iliac arteries become the femoral arteries. 
The DIEAs serve as the pedicles for perforator 
techniques such as the TRAM (transverse rectus 
abdominis myocutaneous) and DIEP (deep infe-
rior epigastric perforator) fl aps seen in plastic sur-
gery. Innervation, unlike vascular supply, is similar 
to that of the anterolateral group with the ventral 
rami of T6/7–L1 traveling in the transversus 
abdominis plane (TAP) to perforate the rectus 
sheath laterally. Sacrifi ce of these neurovascular 
perforating bundles during surgery can lead to 
atrophy of the rectus complex and should be 
avoided whenever possible. Ultimately, preserva-
tion of the neurovascular supply leads to mainte-
nance of native rectus function and thus a more 
robust and functional repair. 

 The rectus abdominis is responsible primarily 
for fl exion of the abdominal wall as well as assis-
tance with increasing intra-abdominal pressure. 
Flexion of the abdominal wall can be the move-
ment of the ribcage toward the pelvis, the pelvis 
toward the rib cage or both if neither point of fl ex-
ion is fi xed. The increase in abdominal pressure 
has contributions to various bodily functions 
including exhalation, defecation, and micturition. 
While the rectus is not necessarily engaged in any 
signifi cant capacity during normal effort, it comes 
into play when these functions are forceful. 

 Clinically, it is important to return the rectus 
muscles back to the midline to recreate linea alba 

in order to allow for restoration of function. 
Without the central anchor point in the linea alba, 
the forces exerted by both the rectus muscles and 
the lateral abdominal wall are unlikely to trans-
late to physiologic action that constitutes a truly 
functional repair.    

    Pyramidalis 

 The  pyramidalis muscles      are the second and most 
variable component of the midline group, with 
reported absence in 10–70% of the population on 
one or both sides [ 13 ]. The paired triangular mus-
cles lie between the anterior surface of the rectus 
abdominis and associated anterior sheath caudal 
to the arcuate line. The fi bers course superomedi-
ally, originating from the pubic crest and liga-
mentous portion of the pubic symphysis, inserting 
onto the linea alba. The function of the pyramida-
lis is not well understood, however it is thought 
to play a supplementary role in tensing the linea 
alba and increasing intra-abdominal pressure 
thus providing local compression of the bladder 
during micturition [ 12 ]. Given the variability in 
its occurrence in the population, the clinical sig-
nifi cance of this muscle is essentially negligible.  

      Transversus Abdominis  Muscle   

 The innermost muscle in the anterolateral group 
is  the   TAM. It lies directly under (dorsal to) 
the IOM and above (ventral to) the transver-
salis fascia. The muscle fi bers originate from 
the inner surfaces of the 7th–12th costal carti-
lages, anterior leafl et of the thoracolumbar fas-
cia, iliac crest, and lateral third of the inguinal 
ligament. These fi bers course medially from 
their posterolateral origins in a largely horizon-
tal manner until they insert onto the linea alba, 
pubic crest, and pectineal line. Superiorly, the 
fi bers  interdigitate with those of the diaphragm 
and travel in a more superior-medial manner. 
Moving inferiorly, there is a signifi cant aponeu-
rotic component to the muscle, which occurs 
closer to the midline at the inferior extreme, 
though clinically there is signifi cant variation 
to the extension of the fi bers toward the recti. 

1 Clinical Anatomy and Physiology of the Abdominal Wall
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Generally, around the level of the umbilicus the 
aponeurotic component begins lateral to the rec-
tus abdominis muscle. Clinically, however it is 
not uncommon to encounter muscle fi bers them-
selves medial to the linea semilunaris when 
performing transversus abdominis release after 
reincision of the ventral portion of the posterior 
rectus sheath. Travelling inferiorly (caudad) the 
aponeurotic component occurs further medially, 
past linea semilunaris until the arctuate line.

   Crucially, a major distinction occurs in the 
aponeurotic component of the TAM above and 
below the arcuate line. Above the arcuate line of 
Douglas, the transversus abdominis aponeurosis 
merges with the posterior lamella of the internal 
oblique aponeurosis forming the posterior rectus 
sheath, which then continues its path medially as 
it contributes to the linea alba. Below the arcuate 
line, the aponeurosis of the transversus is respon-
sible for merging with the internal oblique, as it 
passes anterior to the rectus complex with even-
tual formation of the conjoint tendon as it reaches 
the pubic tubercle. 

 Blood supply and innervation is shared 
amongst the anterolateral group with a signifi cant 
overlap in contributions to the trilaminar struc-
ture. Posteriorly the vascular supply arises as mir-
rored contributions from the aorto-subclavian and 

aorto-iliac system superiorly and inferiorly, 
respectively. Intercostal and lumbar arteries aris-
ing laterally anastomose to form a network run-
ning deep to the transversus muscle surface. This 
network pierces the transversus laterally to then 
run in the so-called TAP plane, between the TAM 
and the IOM. Extensions of this posterior network 
travel medially along the TAP as parallel neuro-
vascular bundles medially until they perforate the 
posterior lamina of the internal oblique aponeuro-
sis to innervate the rectus (Fig.  1.4 ). The vascular 
network arising posteriorly forms anastomotic 
connections with the anterior vascular supply, 
which is derived from descending branches of the 
intercostal and subcostal arteries. Medially, the 
SEAs and inferior epigastric arteries, which sup-
ply the rectus, also provide anastomotic connec-
tions to the posterolateral system creating a dense 
network with extensive collateralization.

   Innervation to the TAM is also shared amongst 
the trilaminar group with nerves that arise from the 
ventral rami of T6/7–L1; traveling in parallel to 
the vascular supply in the TAP. During retrorectus 
ventral hernia repair, it is important to identify and 
spare these neurovascular branches as they perfo-
rate the posterior lamella of the internal oblique 
fascia and enter the rectus muscle. When the neu-
rovascular bundles are encountered, dissection 

Rectus
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Transversus
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to rectus abdominis

  Fig. 1.4    Cross section of 
the anterior abdominal wall 
with posterior rectus sheath 
dissected away from the 
rectus abdominis revealing 
the perforating 
neurovascular bundles 
which pierce the posterior 
lamina of the internal 
oblique       
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should occur medial to the location of perforation 
to allow continued supply to the rectus abdominis, 
thus preventing atrophy. Although retrorectus dis-
section is traditionally thought of as limited by the 
linea semilunaris, in reality, it is just medial to this 
perimeter, as defi ned by the perforating vessels. 
These vessels may be dissected off the posterior 
sheath to be kept with the overlying muscle. If the 
neurovascular bundles are transected inadvertently 
and dissection is carried laterally past this thresh-
old, one may fi nd themselves transitioning from 
the posterior rectus sheath to the anterior one given 
enough tension. 

 TAM has signifi cant functional role in the 
abdominal wall. Its main function occurs in con-
cert with the internal oblique, acting as a “corset” 
around the visceral sac. The circumferential 
“hoop tension” created by this action is mainly 
through the synergistic action of the transversus 
and the posterior fi bers of the IOMs [ 6 ]. The con-
traction not only provides rigidity to the anterior 
abdominal wall, it also serves to produce tension 
throughout the thoracolumbar fascia. The trans-
versus exerts force primarily on the anterior (most 
ventrally positioned) leafl et of the thoracolumbar 
fascia. This occurs in concert with the quadratus 
lumborum on the middle leafl et and the sacrospi-
nalis muscles on the posterior leafl et. This fascial 
tension serves to provide posterior support to the 
visceral sac and retroperitoneal organs as well as 
stabilization of the lumbosacral spine and pelvis 
with effects on posture.  

         Internal Oblique  Muscle   

  IOM   lies interleaved between the other compo-
nents of the anterolateral group, above (ventral 
to) the TAM and just underneath (dorsal to) the 
EOM. It originates from the anterior leafl et of the 
thoracolumbar fascia, anterior two-thirds of the 
iliac crest, and lateral half of the inguinal liga-
ment. Its fi bers course in a superomedial manner 
to insert along the inferior border of ribs 10–12 as 
well as the linea alba. Just superior to the inguinal 
ligament, the lower most fi bers of the internal 
oblique arch around the spermatic cord to give 
rise to the cremasteric fi bers of the scrotum. In 

females, these fi bers are attenuated and arch 
around the round ligament. Additionally, the 
aponeurotic component inferiorly merges with 
that of the transversus to insert onto the pectineal 
line as the conjoint tendon. The aponeurotic com-
ponent of internal oblique also carries a crucial 
distinction occurring above and below the arcu-
ate line similar to that of the transversus abdomi-
nis. Above the arcuate line, the aponeurosis splits 
to form two lamellae that encompass the rectus 
abdominis muscle, contributing to both the ante-
rior and posterior sheaths. Inferior to the arcuate 
line however, the aponeurosis is only found 
above the rectus muscle where it fuses with that 
of the external oblique and TAM to contribute to 
the anterior sheath. Inferiorly, the posterior 
aspect of the rectus is only covered by the trans-
versalis fascia (Fig.  1.5 ).

   Neurovascular supply of the internal oblique 
is largely identical to that described for the trans-
versus with posterior contributions traveling in 
the TAP and medial contributions from intercos-
tal, subcostal, and epigastric arteries. As men-
tioned previously, the vessels of the posterolateral 
network perforate the posterior lamella of the 
internal oblique rather than the merged transver-
sus and internal oblique sheaths. This anatomic 
distinction is crucial with attention given to 
ensure dissection occurs medial to the perforators 
during retrorectus plane development. Distinct to 
the internal oblique, the ilioinguinal and a branch 
of iliohypogastric nerve both pierce the muscle as 
they travel to their destinations. The ilioinguinal 
nerve perforates medially to travel with the sper-
matic cord as it traverses the inguinal canal. 
Laterally, the anterior cutaneous branch of the 
iliohypogastric, which travels in the TAP, transi-
tions to a location between the internal and exter-
nal oblique at the level of the anterior superior 
iliac spine (ASIS) on its way to the rectus 
muscle. 

 Functionally, the internal oblique serves a 
number of roles. As stated previously, it has a 
synergistic relationship with TAM, assisting with 
creation of circumferential hoop tension for the 
abdomen. It also works in tandem with the exter-
nal oblique on the contralateral side to create 
ipsilateral rotation and torsion of the trunk. 

1 Clinical Anatomy and Physiology of the Abdominal Wall



8

Lumbosacral stabilization occurs as a result of 
tension in the thoracolumbar fascia, once again a 
concerted effort from the IOM and TAM, 
although proportionally it is more so from the lat-
ter. Finally, the contraction of the IOM opposes 
that of the diaphragm assisting with exhalation 
by increasing intra-abdominal pressure. 

 Clinically, the fi bers of internal oblique are 
seldom manipulated given their location between 
the external oblique and transversus abdominis. 
However, as mentioned previously, above the 
arcuate line the aponeurosis splits to form two 
lamellae encompassing the rectus muscles. The 
posterior lamella which merges with the trans-
versus aponeurosis to form the posterior sheath 
is the location of the second incision made, albeit 
on the ventral aspect as one transitions from ret-

rorectus dissection to posterior component sepa-
ration. While the two aponeuroses do eventually 
merge without distinction medially as they con-
tribute to the linea alba, the area covering the 
lateral portion of the rectus abdominis muscle 
medial to linea semilunaris still occurs as two 
distinct fascial planes. This is again dependent 
on the degree to which the transversus fi bers 
course medially past the lateral edge of the rec-
tus. This variability is important to recognize 
during posterior component separation because 
if dissection is not carefully done to separate the 
two layers, whether fascia from fascia or fascia 
from muscle fi ber, fenestrations are created in 
the posterior sheath which subsequently need to 
be repaired to exclude the viscera from mesh 
placed as a sublay.    
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  Fig. 1.5    Sections of the abdominal wall from above and below the arcuate line, importantly the posterior layer below 
the arcuate line consists only of the transversalis fascia       
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      External Oblique 

 The  EOM   is the  most   superfi cial of the antero-
lateral group of muscles, located directly on top 
of the IOM. Originating from the external sur-
face of the 5th–12th ribs, the muscle fi bers 
course inferomedially to insert along the linea 
alba, the pubic tubercle, and anteriorly along the 
iliac crest. The linea semilunaris is ultimately 
formed by the aponeurotic component of the 
muscle as it passes vertically downward from 
the ninth costal cartilage to the pubic tubercle 
along with the merger of the internal oblique 
and transversus abdominis aponeuroses lateral 
to the rectus abdominis muscles. The aponeu-
rotic component of the EOM itself contributes 
heavily to the anterior rectus sheath along with 
the anterior lamella of the IOM above the arcu-
ate line. Below this line, the transversus aponeu-
rosis merges as well, leaving only the 
transversalis fascia and peritoneum between the 
rectus and the viscera. Inferior to the level of the 
ASIS, the muscle is completely aponeurotic in 
nature. This portion has clinical signifi cance as 
it gives rise to the inguinal ligament between the 
ASIS and the pubic tubercle. A small triangular 
aperture approximately 1–1.5 cm superior and 
lateral to the pubic tubercle occurs as the super-
fi cial inguinal ring, allowing passage of the 
spermatic cord in males and round ligament in 
females. The external oblique aponeurosis also 
forms the regionally termed lacunar ligament as 
it inserts on the pectineal line as well as the 
refl ected portion of the inguinal ligament termed 
the shelving edge. 

 Vascular supply of the EOM originates from 
the lower 6 or 7 intercostal arteries cranially and 
deep muscular branches of the deep circumfl ex 
iliac arteries caudally. Again, vascular arcades 
form with the deep epigastric system supplying 
the rectus abdominis. Innervation arises from the 
ventral rami of T7–T12 and L1 as with the 
remainder of the anterolateral group. 

 The EOM functions in conjunction with the 
remaining anterolateral group to provide com-
pression for the visceral sac as well assisting with 
fl exion and rotation of the trunk. By contracting 
the chest wall toward the abdomen, it is primarily 

responsible for lateral fl exion as well as contra-
lateral rotation. The EOM is distinct in that it 
does not function in tandem with the TAM to 
nearly the degree of the IOM in creating circum-
ferential tension. 

 Traditional anterior component separation, as 
originally described by Ramirez [ 3 ,  19 ], involves 
the release of the EOM. Although there is mor-
bidity associated with raising cutaneous fl aps, 
this remains a widely used technique for myofas-
cial advancement [ 5 ,  20 ]. Ultimately, while 
release of the EOM does reduce some circumfer-
ential tension, the TAM remains the primary con-
tributor to generation of this force.    

    Arcuate Line 

 The  arcuate line   of Douglas or linea semicircu-
laris is a critical landmark in abdominal wall 
anatomy which carries with it a number of clin-
ical pearls. Located halfway between the umbi-
licus and pubic symphysis, the arcuate line 
represents the lower limit of the posterior rec-
tus sheath. Inferior to this landmark, the poste-
rior lamina of the internal oblique aponeurosis 
and that of the transversus pass anterior to the 
rectus muscle. While the arcuate line is gener-
ally regarded as a sharp cutoff to the posterior 
rectus sheath, in actuality it may occur as a 
much more gradual shift of the posterior sheath 
fi bers toward the anterior sheath in a majority 
of the population [ 21 ]. Below the arcuate line 
only the transversalis fascia remains between 
the rectus abdominis and peritoneum, repre-
senting a layer with minimal strength (Fig. 
 1.5 ). Here, both Spigelian and exceedingly rare 
arcuate line hernias may occur [ 22 ]. Finally, the 
arcuate line also serves as a landmark where the 
inferior epigastric vessels perforate the rectus 
abdominis; care must be taken to identify these 
vessels while performing the retrorectus dis-
section. The arcuate line must be incised at its 
lateral-most point in order to enter the space of 
Retzius and Bogros from within the rectus 
sheath to carry out the caudal portion of the dis-
section during retrorectus repair and transversus 
abdominis release.  

1 Clinical Anatomy and Physiology of the Abdominal Wall
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    Extraperitoneal Spaces 

 The space of Retzius is defi ned as the  extraperi-
toneal space   between the pubic symphysis and 
the bladder. This area is separated from the 
abdominal wall by the transversalis fascia and 
contains loose connective tissue and fat. 
Additionally, it may contain normal or aberrant 
variants of obturator vessels along with acces-
sory pudendal vessels in 10% of patients. 
Appropriate dissection of this space is critical 
for the visualization of the pectineal ligament 
used for inferior mesh fi xation in ventral and 
inguinal hernia repair (Fig.  1.6 ).

   The space of Bogros is a similarly extraperi-
toneal space lying laterally to the space of 
Retzius and deep to the inguinal ligament. It is 
bound anteriorly by the transversalis fascia and 
posteriorly by the peritoneum. The space can be 
split into medial and lateral compartments with 
the medial compartment housing the femoral 
artery and vein while the lateral component 
allowing passage of the iliopsoas muscle and 
femoral nerve (Fig.  1.6 ).  

     Vascular Supply   

 The blood supply to the abdominal wall was pre-
viously described in a regional manner by Huger, 
consisting of three anatomically distinct zones 
[ 23 ] (Fig.  1.7 ). Zone I refers to the upper anterior 
midline of the abdominal wall with the SEAs 
and DIEAs as they supply the rectus abdominis 
and overlying subcutaneous tissue and skin. 
Zone II comprises the entirety of the caudal por-
tion of the anterior abdominal wall. The blood 
supply in this region arises from four main arte-
rial conduits with contributions from the femoral 
and iliac arteries. The superfi cial inferior epigas-
tric and superfi cial external pudendal arteries 
originate from the femoral artery to supply the 
superfi cial fascia and skin in this area. The 
DIEAs and deep circumfl ex iliac arteries supply 
the musculature in this lower area. Zone III is 
located laterally past linea semilunaris with lum-
bar and intercostal arteries which arise from the 
aortic system. These arcades supply the lateral 
abdominal wall and eventually anastomose with 
the midline vascular structures.  

Bladder

Space of
retzius

Transversalis fascia

Reflected peritoneum

Femoral nerve

Femoral vein

Lateral compartment

Medial compartment

Femoral artery

Iliopsoas muscle

Space of Bogros

  Fig. 1.6    Space of Retzius ( purple ) and Space of Bogros ( teal ) which is split into medial and lateral compartments with 
passing anatomic structures       

 

A. Majumder



11

     Nerve Supply   

 As described before, the innervation to the 
abdominal wall is primarily derived from the 
ventral rami of T6/7–T12 and L1. Sensory inner-
vation occurs from anterior branches of intercos-
tal and subcostal nerves from the aforementioned 
spinal levels. Levels T6–9 are responsible for 

innervation of the area above the umbilicus while 
T10 innervates the umbilicus itself. The remain-
der including T11–L1 is responsible for the area 
below the umbilicus. Innervation to the overlying 
skin of the lateral abdominal wall arises as direct 
branches from the intercostal nerves. Motor 
innervation to the trilaminar and midline groups 
is provided by the intercostal branches as above 
along with named contributions from L1 as the 

Internal thoracic artery

Musculophrenic artery

Deep superior epigastric
artery

Femoral artery

Deep inferior epigastric 
artery

Zone I

Zone II

Zone III Zone III

Zone I   − Superomedial

Zone II  − Caudal

Zone III − Lateral

  Fig. 1.7    Vascular supply to the abdominal wall with delineated Huger Zones I–III       
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ilioinguinal and iliohypogastric nerves. The latter 
pair of nerves has isolated contributions to the 
IOMs and transversus muscles. 

 The lateral neurovascular structures travel in 
the TAP between the TAM and IOM (Fig  1.8 ). 
The so-called TAP block has gained favor in the 
surgical world as an adjunct for post-operative 
analgesia. Delivery of local anesthetic into this 
plane provides blockade to the sensory nerves that 
innervate the anterolateral group with reported 
improvements in post-operative pain scores, 
opioid use, and hospital stay [ 24 – 27 ].     
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      Classifi cation of Hernias                     

     Clayton     C.     Petro      and     Yuri     W.     Novitsky     

          Introduction 

 Ventral hernia repair is often culmination of a 
complex decision-making process by the sur-
geon. Defect size, location, patient comorbidi-
ties, the presence of contamination, acuity of the 
patient’s presentation, necessity for an ostomy, 
and history of prior repairs with or without a 
prosthetic all weigh into the ultimate repair 
approach. The repertoire of operations available 
does nothing to simplify the matter. Laparoscopic 
and open approaches are complicated by innu-
merable prosthetic choices, and the choice of 
mesh is next met with a judgment regarding the 
location of its placement relative to the abdomi-
nal wall. Underlay, onlay, inlay, and sublay rein-
forcement are all viable options that typically 
compliment the approach. Finally, measurements 
of success can be equally ambiguous. Defi nitions 
for wound morbidity have only recently been 
defi ned and begun to penetrate the literature. 
Recurrence, which many would classify as a fail-
ure, can be convoluted by bulging or “pseudo 

recurrence” in the absence of a true fascial defect, 
while a true recurrence in an asymptomatic 
patient with signifi cant improvement in quality- 
of- life can be a clinical achievement in the eyes 
of the surgeon. 

 Needless to say, the number of moving parts 
makes controlled clinical study challenging. 
Touted superiority of a particular technique can 
be met with skepticism regarding patient selec-
tion and hernia characteristics. The advantages 
of a prosthetic may only be applicable in the 
context of a particular technique, and expense 
cannot be ignored in an era of cost-awareness. 
The need for evidence-based guidance has never 
been more apparent. Conversely, evidence-
based study necessitates a basic requirement 
that is noticeably absent in the fi eld of ventral 
hernia repair: standardization. The absence of a 
uniform hernia classifi cation scheme to describe 
a patient’s preoperative state (Fig.  2.1a ) has 
severely limited meaningful discussions regard-
ing repair technique and prosthetic choice 
(Fig  2.1b ). Fortunately, progress has been made 
in standardizing outcome measures (Fig  2.1c ), 
creating a foundation on which to build. In order 
to adequately assess technique in a controlled 
fashion, the hernia, patient, and wound charac-
teristics must be summarized in an organized 
way to allow standard inclusion and exclusion 
criterion. Here, we review and summarize previ-
ous attempts to address this disparity. We also 
present our approach to hernia classifi cation 
generated from our data and experience.
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         Wound Morbidity and Outcomes   

 The most effective efforts to standardize clinical 
study have come in the classifi cation of wound 
morbidity. The designation  surgical site occur-
rence (SSO)—  originally coined by the Ventral 
Hernia Working Group (VHWG)—has been 
used as an umbrella term to encompass all peri-
operative wound events [ 1 ] (Fig 2.2). SSOs con-
sist of infection, sterile fl uid collections, wound 
dehiscence, and enterocutaneous fi stulae. 
Infections are further subclassifi ed by the CDC’s 
defi nitions for surgical site infection (SSI) as 
superfi cial (skin/soft tissue), deep (adjacent to 
muscle, fascia, or a prosthetic), or organ space 
(intraperitoneal) [ 2 ].  Wound cellulitis  —
described as wound erythema treated with antibi-
otics but not requiring manipulation or opening 
of the incision—is not classifi ed as an SSI by the 
CDC, and therefore would be itemized as an 
SSO. Sterile fl uid collections are subclassifi ed as 
seromas or hematomas based on the character of 
the fl uid. Our practice is to further defi ne collec-
tions or infections whether they require proce-
dural interventions, such as bed-side drainage, 
interventional radiology drainage, or reoperation. 
Finally, the presence of an enterocutaneous fi s-
tula can be characterized by the nature of the fi s-
tula output or may be found to be an 
enteroprosthetic fi stula as the underlying cause of 
a chronic mesh infection. Although the term SSO 

being increasingly mentioned, the clinical signif-
icance of the “occurrences” is unclear and is 
likely less relevant than SSIs. As a result, we 
have been using and advocating a term SSE - sur-
gical site events - the notion that includes all SSIs 
and clinically relevant SSOs. This term, we 
believe, is a more accurate refl ector of true post- 
operative wound morbidity.

   Efforts to identify predictors of  SSO   and SSI 
have naturally followed. In 2010, the VHWG 
generated an expert-based consensus statement 
that assigned risk of developing an SSO based on 
patient and wound characteristics [ 1 ]. This grad-
ing system is summarized in Table  2.1 .

   In 2012, our group attempted to validate the 
 VHWG system   using data from 299 hernia 
repairs, leading to several important fi ndings. 
One was that immunosuppression was not statis-
tically associated with development of an SSO 
and should therefore not be included in comorbid 
conditions under Grade 2. Next, while no statisti-
cal difference was demonstrated in our data 
between Grades 2–3 and 3–4, a statistical differ-
ence between Grades 2 and 4 was present when 
those patients with a history of wound infection 
were grouped with Grade 2, and those patients 
with stomas or GI tract violations included with 
other contaminated fi elds in Grade 4. As such, we 
proposed modifying the grading scheme into a 
3-tiered system (Table  2.2 ). This simplifi cation 
puts patients without comorbidities or wound 

Hernia Dimensions

Patient
Comorbidities

Wound Class

A B C

Operative
Approach

Prosthetic Choice

Wound Morbidity

Recurrence

Quality-of-life

  Fig. 2.1    Hernia, technique, and outcomes clinical inves-
tigation of any pillar theoretically requires standardized 
control of the remaining pillars (i.e., operative approach 

( b ) cannot be properly studied  (c)  without controlling for 
the patient’s preoperative state ( a ))       
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contamination at low risk, comorbid patients in 
clean surgical fi elds at moderate risk, and con-
taminated cases at the highest risk. Grade 3 could 
be further stratifi ed based on CDC wound class 

[ 3 ]. The important distinction is that Grade 3C 
includes chronic and/or active sinuses as well as 
frankly dirty wounds (CDC Wound Class IV) 
which makes that group quite heterogeneous. 

   Table 2.1    VHWG grading system   

 Grade 1  Grade 2  Grade 3  Grade 4 

  Low risk    Comorbid    Potentially contaminated    Infected  

 • Low risk of 
complications 

 • Smoking  • Previous wound infection  • Grossly Infected mesh 

 • No history of wound 
infection 

 • Obesity  • Presence of ostomy 

 • Diabetes  • Violation of the GI tract  • Septic dehiscence 

 • Immunosuppression 

   Table 2.2    Modifi ed ventral hernia working group grading system   

 Grade 1  Grade 2  Grade 3 

  Low risk    Comorbid    Contaminated  

 • Low risk of complications  • Smoking  • A. Clean-contaminated 

 • No history of wound infection  • Obesity  • B. Contaminated 

 • Diabetes  • C. Active infection 

 • Immunosuppression 

 • Previous wound infection 

SSO

Infection
Sterile Fluid
Collection

Wound
Dehiscence

Enterocutaneous
Fistula

Wound Cellulitis SSI Seroma

Superficial Hematoma

Deep

Organ Space

  Fig. 2.2    Classifi cation of surgical site occurrences       

 

2 Classifi cation of Hernias



18

In fact, one of the limitations of the  Modifi ed 
Grading System   is that the studied cohort did not 
include suffi cient number of Wound Class IV 
patients, limiting its accuracy.

   While the aim was to validate the model pro-
posed by the  VHWG  , some have appropriately 
pointed out that both systems exclude important 
hernia and operative characteristics. The pres-
ence of incarceration, concomitant surgery, acute 
presentation, and surgery-related factors, such as 
operative time, use of drains, and extent of tissue 
dissection, is not included in the aforementioned 
models. In an attempt to propose a more com-
plete risk stratifi cation system, Berger and col-
leagues proposed the  Ventral Hernia Risk Score 
(VHRS)   specifi cally for open ventral hernia 
repair using data from 888 patients. Odds ratios 
for those variables most closely associated with 
SSO and SSI were converted to a point system to 
stratify patient risk (Fig.  2.3 ) [ 4 ].

   The use of operative characteristics in the 
 VHRS system   such as mesh implantation, con-
comitant procedure, or raising of skin fl aps as 
variables for risk stratifi cation becomes problem-
atic, and underscores the diffi culty in the creation 
of such systems. Ideally, if operative technique, 
mesh choice, and other surgical characteristics 
are to become dependent variables of study, then 
they should not be included in a  preoperative  
risk-stratifi cation system. While it is important 
to identify certain technique-dependent risk fac-
tors for wound morbidity, such as the association 
of skin fl aps with SSE/SSI, this variable is not 
inherent to the presenting patient’s preoperative 
state. Certainly, an area of study might be the 
need to raise skin fl aps or not. However, inclu-

sion criterion that would generate patient cohorts 
with similar preoperative states would need to 
be defi ned fi rst using standardized preoperative 
criteria. Paradoxically, if the preoperative cri-
teria are identifi ed using  no  control for tech-
nique—such as in the modifi ed  VHWG grading 
system  —then one may incorrectly assume that 
identifi ed risk factors for wound morbidity are 
independent of technique. Finally, while the 
VHWG Grading scheme, our proposed modi-
fi cation, and the VHRS effectively incorporate 
patient  comorbidities and wound characteristics, 
any portrayal of the hernia itself is noticeably 
absent.   

    Hernia Characteristics 

 Classifi cation of the hernia based on its dimen-
sions and location has most effectively been done 
by European Hernia Society (EHS). In 2009, a 
group of international experts met to generate a 
consensus on hernia classifi cation for future 
study [ 5 ]. For primary hernias, a cross-table was 
generated based on size and location (Fig.  2.4 ). 
As primary ventral hernias—not affi liated with a 
previous incision/operation—are typically con-
centric and in a limited number of locations, clas-
sifi cation was able to be limited to two variables: 
diameter and location.

    Incisional hernia   classifi cation is inherently 
more complex as defects can essentially take any 
theoretical confi guration. While standard defi ni-
tions for length and width were determined 
(Figs.  2.5  and  2.6 ), no single dimension could be 
agreed upon to generate a cross-table akin to pri-

Variable
VHRS for SSO VHRS for SSI

Skin flaps created
ASA score ≥3

BMI ≥40

Wound class 4

Mesh implant 1.9 1.4–2.7 – – –

2
2
2

3
7

1.5–3.4

1.6–3.1

3.7–24.1

–

–

2.2

8.7

ASA, American Society of Anesthesiologists; BMI, body mass index; OR, odds ratio; SSO, surgical site occurrence; SSI, surgical site infection;
VHRS, Ventral Hernia Risk Score.

–

–

2.2

2

2

9

–

–

2 2.1 1.4–3.3

1.4–3.2
1.6–3.4

1.7–5.9
3.2–15.4

2.1

3.2
6.8

2.3
Concomitant hemia repair

95% CI 95% CIPoints PointsOROR

  Fig. 2.3    Ventral hernia risk score for SSO and SSI       
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mary ventral hernia system. As such, the fi nal 
system incorporates both length and width, with 
arbitrary cutoffs (<4, 4–10, >10 cm). The suppo-
sition was that data would ultimately be used to 
make more meaningful designations and poten-
tially validate and/or simplify this system.

    Reciprocally, while these  EHS classifi cation 
schemes   were an important step in the develop-
ment of standardized descriptions of hernia 
dimensions, this does nothing to incorporate 
patient comorbidities and wound class. Certainly, 
one could conceive a comprehensive model that 
would incorporate any and every mentioned vari-
able to accurately incorporate hernia, patient, and 
wound characteristics. Unfortunately, the result 
would likely generate a system so complex that it 
would not be easy to remember, and thus would 
not be embraced by the surgical community. 

Other proposed systems have unfortunately met 
this fate [ 6 ,  7 ]. A classifi cation scheme capable of 
accurately describing the patient’s preoperative 
state, while not becoming hindered by its own 
completeness, is an ideal we sought to achieve.  

     Hernia, Patient, Wound: A  TNM-Like 
Classifi cation   

 We recently developed a hernia classifi cation sys-
tem akin to that of the TNM system for cancer 
staging. The TNM-model is enviable in its ability 
to amass large amounts of data with multiple vari-
ables and group permutations by prognosis. The 
outcomes of local recurrence and survival could 
be likened to wound morbidity and hernia recur-
rence. We therefore sought to generate such a sys-
tem. The modifi ed VHWG grading scale already 
stratifi es patients’ risk of developing wound mor-
bidity using preoperative patient comorbidities 
and wound class. We next sought to identify her-
nia dimensions within the EHS classifi cation sys-
tem most closely associated with outcomes. The 
EHS classifi cation system for incisional hernias 
includes nine potential locations on the abdominal 
wall, as well as length, width, and recurrent 
nature. In an attempt to validate these classifi ca-
tion variables, we initially characterized patients 
by preoperative CT scan using this system. 
Crucially, with regards to both hernia recurrence 
and wound morbidity, we found no association 

E H S

Primary Abdominal Wall Hernia

Classification

Midline

Lateral

Epigastric

Umbilical

Spigelian

Lumbar

Diameter

cm

Small Medium Large

≥2-4cm ≥4cm<2cm

  Fig. 2.4    EHS classifi cation of primary ventral hernias       
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with hernia length, location, or recurrent nature. 
These fi ndings are corroborated by data from 
Chevrel et al. [ 7 ]. Width cutoffs of 4 and 10 cm—
as proposed by the EHS system—generate an 
intermediary group of 4–10 cm that is clinically 
indistinguishable from the smaller and larger 
counterparts. Interestingly, with width cutoffs of 
<10, 10–20, and ≥20 cm, we identifi ed stepwise 
associations with hernia wound morbidity  and  
recurrence. Therefore, width appears to be the 
incisional hernia dimension with the most mean-
ingful ties to short- and long-term morbidity. Not 
only are these 10 and 20 cm cutoffs easy to 
remember, but they are clinically meaningful to 
us, as 10 cm represents the upper limit of what 
most would consider for laparoscopic repair. The 
second cutoff of 20 cm also triggers the potential 
need for myofascial release. As such, we charac-
terize hernias (H) by width alone (H1 < 10 cm, 
H2 = 10–20 cm, H3 ≥ 20 cm), and patient (P) 
comorbidities (P0 = no comorbidities; P1 = pres-
ence of at least one of the following: morbid 
obesity, diabetes, smoking, and/or immunosup-
pression) and wound (W) status (W0 = clean, 
W1 = contaminated). This allows three important 
variables (Hernia, Patient, Wound) to be incorpo-
rated into a cross-table (Fig.  2.7 ). Permutations 

  Fig. 2.7    HPW—A “TNM- 
like” classifi cation system       
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  Fig. 2.6    EHS incisional hernia classifi cation       
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with similar complication profi les are grouped 
accordingly. The result is a Hernia, Patient, Wound 
(HPW) Staging system that ordinally ranks stages 
(I–IV) by risk of developing an SSE and hernia 
recurrence. This system is comprehensive, gener-
ated from evidence, easy to remember, and pre-
dicts both short- term wound morbidity (SSE) and 
long-term effi cacy (recurrence). Two principles 
we hoped to convey in this effort were:

     1.    The INCLUSION of variables from all three 
important preoperative states—the hernia, the 
patient, and the wound class.   

   2.    The EXCLUSION of intraoperative 
characteristics.    

  Our hernia–patient–wound model appears to 
accurately stratify outcomes using these three 
“TNM”-like variables (Table  2.3 ). Ultimately, 
we hope that all clinical trials involving hernia 
repair will include a hernia stage. In the future, 
the proposed system would be amendable to 
modifi cation as more data are amassed, just as 
the TNM Classifi cation is currently in its 7th 
edition. For instance, Grade 3 hernias might be 
further stratifi ed into “a,” “b,” and “c” sub-
groups based on degree of contamination to 
make the system more precise (i.e., perhaps 
clean-contaminated hernias act more like clean 
cases than contaminated). While the fi rst pro-
posal may not be perfect, this model uniquely 
places key prognostic indicators on a platform 
that can be easily adjusted and, in our view is a 
necessary foundation to build upon. We antici-
pate as this classifi cation is applied to other 
cohorts of patients, sub-staging like IIA and IIB 
and IIIA and IIIB will emerge. As a historical 
analogy, variations of the TNM cancer classifi -
cation that arose in the 1940s were not unifi ed 
on an international level until 1987. Seven 
years later, prognostic indicators were fi nally 
identifi ed and published. The scope of this 
effort is daunting, and emphasizes that our pro-
posal is merely a fi rst step. As more investiga-

tors utilize this system on their  practice/
investigations, a more robust system may 
emerge using the current HPW system as a 
foundation.

   In summary, a uniform classifi cation system 
will provide the platform for inclusion/exclusion 
criteria in future investigations regarding tech-
nique, prosthetic choice, and perioperative opti-
mization. The importance of defi ning our patients 
in a thoughtful and consistent manner will pro-
vide meaningful outcome research that is both 
widely accepted and widely applicable .     
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   Table 2.3    Outcomes of our cohort of patients based on 
HPW characteristics   

 SSE rate (%)  Recurrence rate (%) 

 Stage I   5.8   4.7 

 Stage II  12.6   9.2 

 Stage III  20.2  13.2 

 Stage IV  38.9  31.1 
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      Preoperative Imaging in Hernia 
Surgery                     

     Richard     A.     Pierce       and     Benjamin     K.     Poulose    

          Basics of  Diagnostic Testing   

 In addition to a focused history and physical 
exam, several imaging modalities are useful for 
the detection and characterization of hernia 
defects, and frequently, more than a single study 
will be required. Ultrasound (US) has the advan-
tages of being dynamic, in that the patient can be 
positioned either upright or supine, and that 
images can be obtained both while at rest and 
while performing a Valsalva maneuver [ 3 ]. It also 
avoids exposure to ionizing radiation, and can 
potentially be performed in the surgeon’s offi ce. 
However, ultrasound is very operator-dependent 
and can be limited by patient body habitus. 
Computed tomography (CT) is commonly used 
in the identifi cation and characterization of ven-
tral hernias, and somewhat less frequently in 
identifying inguinal hernias. It is rapid, and most 
surgeons are comfortable with interpreting the 
images obtained. CT is limited, in that the patient 
must be positioned either supine, or occasionally 
prone, which may lead to spontaneous reduction 
and lack of detection of small or easily reducible 
hernias. Exposure to ionizing radiation may also 

be of concern in patients undergoing repeated 
evaluations. Magnetic resonance imaging (MRI) 
avoids the use of such radiation and gives excel-
lent delineation of subtle tissue planes. Functional 
MRI also has the advantage of being dynamic in 
terms of allowing patients to perform a Valsalva 
maneuver. Similarly to CT, however, the patient 
must be either supine or prone, and the high cost 
of this imaging modality is often restrictive. 
Furthermore, most surgeons are generally not 
comfortable with image interpretation. Although 
not widely utilized in the United States, herniog-
raphy can be benefi cial in the diagnosis of ingui-
nal hernias. The images are usually easily 
interpreted and the radiation exposure is signifi -
cantly less than that of CT. Unfortunately, the 
procedure does carry with it the risks of visceral 
puncture and potential reaction to the intraperito-
neal dye injection [ 3 ]. 

 The metrics of diagnostic testing are usually 
described in terms of sensitivity, specifi city, and 
predictive values (negative and positive). 
Sensitivity and specifi city describe characteris-
tics about the test itself. Given that the patient has 
the disease, the probability the test is positive 
describes sensitivity. Given that the patient does 
not have the disease, the probability the test is 
negative describes specifi city. Predictive values 
refl ect real-world performance and take into con-
sideration the prevalence of the disease. When a 
test is positive, the probability that the patient 
actually has the disease in question is the positive 
predictive value (PPV). Conversely, when a test 
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is negative, the probability that the patient does not 
have the disease is the negative predictive value.  

    Inguinal Hernia 

 Patients who present with a complaint of groin 
pain and an easily palpable bulge generally do 
not present a diagnostic dilemma to surgeons. 
The patient without a palpable bulge or impulse 
with Valsalva presents a more challenging clini-
cal scenario. In cases of inguinal strain, osteitis 
pubis, athletic pubalgia, nerve entrapment, and 
even femoroacetabular joint disorders, no defect 
exists, and appropriate management will be dif-
ferent than a standard inguinal hernia repair. 
However, small yet symptomatic hernias, and 
even moderate-sized hernias in the obese can be 
diffi cult to detect clinically. It is these “occult 
hernias” that presented diagnostic challenges can 
benefi t from the use of diagnostic imaging [ 4 ]. 

    Ultrasound 

  Ultrasound      is often considered the fi rst-line diag-
nostic test for the occult inguinal hernia. Although 
quick, inexpensive, and noninvasive, US is sub-
ject to operator variability and may be limited by 
an obese patient’s body habitus. A recent meta- 
analysis by Robinson et al. demonstrated US to 
have a sensitivity of 96.6%, specifi city of 84.8%, 
and a PPV of 92.6% [ 5 ]. However, these values 
encompassed studies that included patients both 
with and without palpable groin bulges, and the 
authors note that both the sensitivity and PPV are 
signifi cantly lower when only occult groin her-
nias were included [ 5 ]. In contrast, the specifi city 
and negative predictive value were increased 
when evaluating occult, as opposed to clinically 
obvious, hernias. One such report from the 
United Kingdom (UK) examined 52 patients 
with a history suggestive of inguinal hernia, but 
with a normal or inconclusive clinical exam. 
When correlated with surgical fi ndings, US 
showed a sensitivity of only 33%, and a specifi c-
ity of 100% [ 6 ]. Thus, we advocate that, if an 
occult hernia is detected by US, then the diagno-

sis is confi rmed, but if no hernia is seen, the sur-
geon should consider other imaging modalities 
before ruling out a true defect.  

    Computed Tomography 

 Despite its extremely widespread use in the 
United States and Europe, there are relatively few 
studies evaluating the use of  CT      in the diagnosis 
of occult inguinal hernias [ 7 – 9 ]. A systematic 
review and meta-analysis by Robinson and col-
leagues describe the overall sensitivity of CT as 
being approximately 80%, and the specifi city 
being approximately 65% [ 4 ]. This was actually 
found to be inferior to both ultrasound and her-
niography in the same analysis. Additionally, CT 
performed after intraperitoneal injection of con-
trast did not give any signifi cant improvement in 
the sensitivity or specifi city versus standard her-
niography [ 5 ]. Nevertheless, despite its higher 
cost, CT has the distinct advantage of evaluating 
the entire abdomen, and thus may help identify 
other sources of pain such as soft tissue and/or 
skeletal abnormalities that might not be seen with 
US or herniography. CT is also useful in evalua-
tion of the multiply recurrent inguinal hernia 
to assess potential involvement of adjacent 
structures and displaced mesh prostheses. 
Similarly, CT can be very helpful in delineating 
inguinal defects that do not contain a true hernia 
sac, but contain only herniated preperitoneal fat 
that can be a cause of signifi cant pain if incarcer-
ated (Fig.  3.1 ).

   Thus, while US is the preferred fi rst-line 
evaluation for the occult inguinal hernia, it is rea-
sonable to proceed next to CT of the pelvis in the 
setting of a compelling history for inguinal her-
nia but a negative clinical exam and negative or 
equivocal ultrasound study.  

    Magnetic Resonance Imaging 

 Similarly to CT, there are few reports describing 
 MRI      in the diagnosis of occult inguinal hernias. 
Although noninvasive and safe, the modality is 
expensive and may be uncomfortable for patients 
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with claustrophobia. Surgeons are typically not as 
comfortable with image interpretation as they are 
with those obtained by CT. In a study by Leander 
et al., MRI following herniography did not appear 
to be superior to herniography alone with respect 
to hernia detection. In the setting of a normal her-
niogram, however, MRI was able to identify other 
potential sources of groin pain in a limited number 
of patients [ 10 ]. A recent report by Miller et al. 
actually showed MRI (sensitivity = 91%) to be 
superior to both US (sensitivity = 33%) and CT 
(sensitivity = 54%) in the diagnosis of occult 
inguinal hernias [ 11 ] (Fig.  3.2 ). All patients 
underwent an operation, used as the gold stan-
dard reference, and the authors state that MRI 
correctly identifi ed an occult hernia in 10 out of 

11 cases where the hernia was not detected by 
CT. The single patient with a false positive MRI 
actually had a surgically correctable fascial tear 
of the external oblique but no true hernia [ 11 ]. 
Thus, although not a fi rst- or second-line study, 
MRI can play a valuable role in patients with sig-
nifi cant groin pain but an otherwise negative 
workup. In fact, MRI is likely the preferred 
modality in this setting, as it can not only rule out 
an occult hernia, but also elucidate other causes 
of groin pain such as osteitis pubis, femoral ace-
tabular impingement (FAI) syndrome, and subtle 
abnormalities of the musculoskeletal attachments 
in the pelvis [ 3 ].   

    Herniography 

 First described in 1967 in Canada,  herniography      
is a technique that uses intraperitoneal injection 
of radiopaque contrast followed by plain abdomi-
nal X-rays in the upright position to detect occult 
inguinal hernias (Fig.  3.3 ).

   Although somewhat more commonly utilized 
in Scandinavia and the UK, it does not appear to 
have been widely adopted in the United States 
[ 4 ]. Nevertheless, herniography has been shown 
to be highly sensitive and specifi c in several 
reports [ 12 ,  13 ]. A recent systematic review out 
of the UK showed herniography to be superior to 
both CT and US, with a sensitivity of 91% and 

  Fig. 3.1    Axial CT image of bilateral fat-containing ingui-
nal hernias ( arrows ) without obvious hernia sac protru-
sion. Original image       

  Fig. 3.2    MRI appearance of a small, fat-containing right inguinal hernia ( arrows ). ( a ) Axial, and ( b ) Coronal views. 
From Leander (2000), with permission       
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specifi city of 83% [ 4 ]. Despite these excellent 
results, this invasive procedure carries with it the 
risk of injection site hematoma, visceral punc-
ture, and vasovagal reaction to the intraperitoneal 
dye, which may explain its lack of widespread 
use in the United States [ 13 ].   

    Femoral and Obturator Hernias 

 Although only about 1/10 the incidence of ingui-
nal hernias,  femoral hernias      are more prone to 
strangulation (20% vs. 3% at 3 months after diag-
nosis) [ 14 ,  15 ]. Thus, accurate diagnosis and 
prompt surgical correction are extremely impor-
tant to prevent bowel ischemia and necrosis in an 
incarcerated femoral hernia. Clinical presenta-
tion is generally a mildly painful, nonreducible 
groin bulge below the inguinal ligament, how-
ever, differentiation of a femoral from an ingui-
nal hernia on physical exam is not entirely 
reliable, regardless of the examining surgeon’s 
experience [ 14 ]. Similarly to inguinal hernias, 
ultrasound should be the initial imaging study if 
there is ambiguity, with reported sensitivities and 
specifi cities of approximately 100% in two sepa-
rate studies [ 16 ,  17 ]. As ultrasound does carry the 
variable of being operator-dependent, any equiv-
ocal study should be followed by a CT in order to 
confi rm or rule out the diagnosis. On careful 
inspection, CT images will often display a subtle 
indentation of the ipsilateral femoral vein with 

preservation of the inguinal canal and its contents 
[ 15 ]. In one retrospective study, CT correctly 
identifi ed 74 out of 75 hernias (47 inguinal and 
28 femoral) which were later confi rmed at sur-
gery [ 14 ]. In the setting of an acute abdomen with 
bowel obstruction, CT should be the fi rst mode of 
imaging in order to evaluate for all possible 
sources of obstruction, even if a femoral hernia is 
the suspected culprit (Fig.  3.4 ).

   Despite being the most frequently encoun-
tered pelvic fl oor hernias,  obturator hernias      are 
even less common than femoral hernias, with an 
incidence of 0.05–1.4% of all hernias [ 18 ,  19 ]. 
However, rapid and accurate diagnosis is again 
critical, as mortality can be as high as 70% when 
obturator hernias become acutely incarcerated 
[ 19 ]. Obturator hernias most commonly present 
as unexplained intestinal obstruction in an 
elderly, emaciated female patient without prior 
abdominal operations. Small bowel obstruction 
is the presenting complaint in nearly 90% of 
cases, with variable physical fi ndings seen in the 
“classic triad” of obturator hernia (obturator neu-
ralgia, Howship-Romberg sign, Hannington-Kiff 
sign). A palpable groin mass is a very uncommon 
fi nding [ 18 ,  19 ]. Ultrasound can occasionally be 
useful in the diagnosis, as it can display the level 
of bowel obstruction and distention. However, it 
can also be fraught with inaccuracy due to the 
relative depth of the obturator foramen within the 
pelvis. Therefore, CT is considered the initial 
imaging modality of choice, and several studies 
have shown a near 100% accuracy in diagnosing 

  Fig. 3.3    Right inguinal hernia as seen on herniogram. 
From Alam (2005), with permission       

  Fig. 3.4    Axial CT image of a small left femoral hernia 
( arrow ). Modifi ed from Burkhardt (2011), with 
permission       
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obturator hernia [ 19 ]. Again, CT has the added 
advantage of assessing the entire abdomen and 
pelvis, and can thus rule out other possible 
sources of obstruction, especially when oral con-
trast is used (Fig.  3.5 ).

       Ventral Hernia 

 Similar to the occult groin hernia, detection of 
smaller, yet symptomatic ventral and incisional 
hernias can often be challenging, especially in 
the obese patient. In contrast, incisional and 
recurrent hernias of the ventral abdominal wall 
often have the propensity to be highly complex, 

involving signifi cant adhesions to both omentum 
and abdominal viscera, abdominal muscle atro-
phy, and even loss of abdominal wall domain in 
the setting of a very large defect. Consequently, 
thorough evaluation and treatment of the ventral 
hernia can require both rapid and inexpensive 
modalities for detecting small defects, as well as 
high-resolution studies capable of predicting 
repair complexity in large recurrent defects. 

     Ultrasound      

 For detecting ventral abdominal hernias, US again 
has the advantage of being inexpensive, dynamic, 
and noninvasive. In the past, however, its utility has 
been limited by lack of standardize technique and 
operator variability, resulting in a sensitivity of only 
71% [ 20 ]. Recently, Beck et al. have described a 
straightforward, standardized, and surgeon per-
formed approach to using US and the detection of 
midline and lateral abdominal hernia defects [ 21 ]. 
Termed Dynamic Abdominal Sonography for 
Hernia (DASH), the technique uses a 12-MHz lin-
ear ultrasound probe in fi ve sequential cranial-to-
caudal passes of the ventral abdominal wall to 
detect even small fascial defects (Fig.  3.6 ).

  Fig. 3.5    Axial CT image of a left obturator hernia 
( arrow ). Modifi ed from Petrie (2011), with permission       

  Fig. 3.6    Dynamic Abdominal Sonography for Hernia 
(DASH) schematic ( left panel ) and representative ultra-
sound images from the ( a ) midline epigastrium, ( b ) umbi-

licus, ( c ) midline below the arcuate line, ( d ,  f ) left and 
right linea semilunaris, ( e ,  g ) left and right oblique muscu-
lature ( right panel ). From Beck (2013), with permission       
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   DASH has resulted in a highly sensitive (98%) 
and specifi c (88%) method for hernia detection, 
even exceeding that of CT, costing signifi cantly 
less and avoiding a dedicated trip to the radiology 
suite [ 21 ]. Ultrasound evaluation can still be lim-
ited in the severely obese with a very thick layer 
of subcutaneous fat obscuring the fi ne detail of 
the underlying abdominal wall. Additionally, 
comprehensive evaluation of large defects by 
ultrasound can be challenging due to small probe 
size and the inability to perform three-dimen-
sional reconstruction of the hernia sac. Both of 
these limitations can potentially be overcome by 
the use of an Automated Breast Volume Scanner 
(ABVS) as described in the recent report from 
Diao et al. [ 22 ]. At our institution, we typically 
rely on the use of DASH to assess for small pri-
mary defects or recurrences in patients present-
ing with new pain or bulge. We then standardly 
proceed to CT scanning for larger or more com-
plex defects requiring further delineation of ana-
tomic detail.  

    Computed Tomography 

 Due to its rapid image acquisition, demonstra-
tion of fi ne morphologic detail, 3-D reconstruc-
tability, and reproducibility,  CT      is generally the 
most popular imaging modality for the evalua-
tion of known ventral abdominal hernias [ 3 ]. 
Although a non-contrasted study is suffi cient in 
most situations, IV contrast should be used if 
there is a suspicion of infection or malignancy 
and the patient has satisfactory renal function. 
Perhaps most important is the ability to use CT 
imaging to preoperatively predict the surgeons 
ability to close a given hernia defect in an 
abdominal wall reconstruction scenario. Several 
algorithms are currently being developed for this 
purpose, such as the one described by Allen and 
colleagues. Their protocol allows for highly 
accurate length and volume calculations of the 
critical abdominal wall structures and compart-
ments from otherwise standard axial and sagittal 
CT images [ 23 ] (Fig.  3.7 ).

  Fig. 3.7    Axial CT images showing abdominal wall seg-
mentation and labeling.  Top panel : ( a ) rectus abdominis/
pyramidalis musculature, ( b ) oblique musculature, ( c ) 
psoas muscles, ( d ) linea alba, ( e ) linea semilunaris, ( f ) 

umbilicus, ( g ) xiphoid process, ( h ) anterior superior iliac 
spines, ( i ) pubic symphysis.  Bottom panel : ( a ) outer 
abdominal wall, ( b ) inner abdominal wall, ( c ) posterior 
abdominal cavity. From Allen (2013), with permission       
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   In a recent report, Franklin et al. retrospec-
tively analyzed CT images from patients who 
underwent abdominal wall reconstruction with 
component separation over a 5-year period. 
Signifi cant differences were seen with regard to 
transverse defect size, defect area, and the per-
centage of the total abdominal wall occupied by 
the defect in patients in whom fascial reapproxi-
mation was achieved as opposed to those two 
required a bridged repair [ 24 ]. Having such 
knowledge preoperatively can signifi cantly infl u-
ence surgical decision making in terms of an 
open versus laparoscopic approach, the type of 
mesh prosthetic used, and ultimately the place-
ment of prosthetics. This is especially applicable 
in the setting of a recurrent hernia and a planned 
reoperation for abdominal wall reconstruction. 
Thus, it is commonplace to obtain preoperative 
CT scans on patients with large, complex, or 
recurrent defects. This allows for optimal opera-
tive planning and it maximizes the surgeon’s 
chances of achieving fascial closure in these 
challenging patients.  

    Magnetic Resonance Imaging 

 Given the high degree of accuracy with which 
CT is able to characterize most ventral hernia 
defects, the use of MRI for this purpose is signifi -
cantly limited. Although it does avoid radiation 
exposure of CT, additional cost of MRI is not 
typically justifi ed to use as a routine imaging 
modality [ 3 ]. The one advantage that  MRI      can 
have over CT in the setting of recurrent hernia is 
an enhanced ability to visualize prosthetic mesh 
and its potential for dynamic assessment of the 
abdominal wall and visceral motion when using 
functional “cine” MRI. Namely, images can be 
obtained with the patient both at rest and during 
performance of a Valsalva maneuver. The motion 
of the abdominal viscera relative to that of the 
abdominal wall (“visceral slide”) can then be 
ascertained and used to predict the degree of 
adhesion formation in a postoperative patient 
[ 25 ]. In May 2009 report by Kirchhoff et al., 
functional cine MRI was used to locate and quan-
tify intra-abdominal adhesions in 43 patients who 

had undergone prior ventral hernia repair by 
either an open or laparoscopic approach. Twenty- 
fi ve patients subsequently underwent reopera-
tion, and after quantifying adhesions 
intraoperatively, the accuracy of MRI for predict-
ing these adhesions was found to be approxi-
mately 86% [ 26 ]. The routine use of MRI for 
ventral hernia evaluation is not currently advo-
cated outside the setting of a clinical trial. 
However, the imaging modality does show prom-
inence for adhesion identifi cation and could 
infl uence surgical decision making in patients 
without a detectable recurrence, but with signifi -
cant abdominal pain after prior ventral hernia 
repair with mesh placement.   

    Conclusion 

 In terms of inguinal hernia detection, the initial use 
of US, possibly followed by CT, represents a sensi-
tive and cost-effective progression for the evalua-
tion of the patient with a clinical history suggestive 
of a hernia, but without evidence of a hernia on 
exam. Herniography is not widely utilized, but it 
does represent a sensitive and specifi c test in the 
hands of an experienced radiologist. MRI may be 
used to further evaluate other causes of groin pain in 
a patient with a negative US or CT study. 

 For ventral hernias, the use of DASH in the 
clinic is highly sensitive and specifi c if the diag-
nosis of a new or recurrent defect is in doubt. 
While MRI may be used in a research setting at 
this time, it should not supplant the use of CT. The 
use of CT is recommended in patients with large, 
recurrent, or complex ventral hernias in order to 
optimize preoperative planning and maximize 
the chance of obtaining abdominal wall defect 
closure.     
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      Preoperative Preparation 
of the Patient Undergoing 
Incisional Hernia Repair: 
Optimizing Chances for Success                     

     Robert     G.     Martindale      and     Clifford     W.     Deveney    

          Introduction 

 The recurrence rate following a seemingly suc-
cessful incisional hernia repair is reported to be 
between 10 and 60%. Although the majority of 
recurrences occur within 2 years of repair, these 
hernias can recur for up to 20 or 30 years follow-
ing the index procedure [ 1 ]. Repairs of recurrent 
hernias have an even higher recurrence rate [ 1 ]. 
Although some causes of hernia recurrence are 
related to surgical technique, several patient fac-
tors contribute profoundly to hernia recurrence 
by delaying wound healing, or actually causing 
necrosis or absorption of connective tissue. It is 
also well-reported that perioperative surgical site 
occurrence (SSO), defi ned as infection, seroma, 
wound ischemia, and dehiscence increases the 
risk of recurrent hernia by at least threefold, if not 
more [ 2 ]. 

 Because the success of hernia repair is often 
measured by the absence of recurrence, the focus 
of preoperative optimization aims at eliminating 
factors that inhibit wound healing. Well- 
documented factors of adverse effects on wound 
healing include smoking, obesity, hyperglyce-
mia, nutritional defi ciencies, and infection. 

Modifi able factors should be addressed and 
corrected before elective repair, if possible. By 
correcting, eliminating, or reducing them if they 
are abnormal, one optimizes a patient’s chance of 
undergoing successful hernia repair without 
recurrence, post-op infectious complications, or 
delayed wound healing [ 3 ].  

    Smoking 

 There are numerous studies that have docu-
mented the deleterious effects of smoking on 
wound healing and the role cessation has in the 
prevention of wound infections [ 4 ,  5 ]. Cigarette 
 smoke      contains myriad of compounds, such as 
nicotine, carbon monoxide, hydrogen cyanide, 
nitrogen oxides, nitrosamines, aldehydes, and 
polyaromatic hydrocarbons, all or some of which 
affect every aspect of wound healing. The adverse 
effects of smoking are well-summarized in two 
recent reviews [ 6 ,  7 ]. 

 One of the principle effects of smoking is 
decreased tissue oxygenation. Low oxygen ten-
sion leads to tissue ischemia and necrosis in mar-
ginally perfused tissue, and is reversed within an 
hour of smoke inhalation. There are many other 
additional detrimental effects on the infl amma-
tory and reparative processes of wound healing 
that predispose a patient to complications such as 
infection, dehiscence, and recurrent hernia. 

 Several clinical studies have demonstrated a 
maximal response to smoking cessation 3–4 
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weeks post-operatively [ 8 ,  9 ]. After 4 weeks, the 
infl ammatory components of wound healing nor-
malize, but the proliferative phase of wound 
healing is still blunted. Nicotine attenuates the 
infl ammatory phase of wound healing, but 
enhances the proliferative phase. In clinical tri-
als, the effects of nicotine replacement therapy 
used in aiding smoking cessation do not seem to 
have detrimental signifi cance [ 10 ]. 

 With the abundance of information regarding 
the negative effects of smoking on wound heal-
ing, we require that all patients who will be 
undergoing elective herniorrhaphy cease smok-
ing for at least 1 month before surgery. It is cur-
rently unclear whether or not nicotine patches 
alter wound healing or have adverse infl uence on 
post-operative physiology; as such, the use of 
nicotine patches as an aid to stop smoking is 
allowed. If the patient wears the patch, however, 
the physician will be unable to confi rm absti-
nence from smoking with serum or urine nicotine 
levels. At our institution, we therefore reserve its 
use for those patients who seem most reliable, 
and have cohabitants that can corroborate their 
abstinence from smoking. It is also important to 
advise the patient that it will be necessary to 
abstain from smoking for at least 1 month follow-
ing surgery, though permanent cessation is pref-
erable because  smoking      will affect tissue healing, 
even after 1 month.  

     Obesity      

 Smoking cessation, glycemic control, and nutri-
tional and metabolic support can all be achieved 
over a relatively short time (1–5 weeks), but obe-
sity is a much weightier problem and unfortu-
nately takes months to resolve in the best setting. It 
is probably the greatest concomitant factor infl u-
encing the development of incisional hernias and 
their recurrence. The effect of obesity on hernia 
formation is particularly pertinent in this era, 
where obesity rates have been increasing by epi-
demic proportions worldwide. With increasing 
weight, the probability of recurrence also increases 
almost exponentially. Presently, literature supports 
not performing routine elective hernia repairs in 

patients with a BMI ≥ 50. In our prospective data-
base (2300 patients), the recurrence rate following 
hernia repair in those patients with a BMI ≥ 50 
approaches 100%. It takes months for a patient to 
lose signifi cant weight, even following a bariatric 
operation. If the surgeon has the luxury to delay 
(e.g., in the case of minimally or non-symptomatic 
reducible hernia), he or she should do so until the 
patient has lost a considerable amount of weight. 
Unfortunately, for those hernias which are symp-
tomatic or incarcerated, the surgeon does not have 
this advantage. 

 Although it would be ideal for obese patients 
to lose weight perioperatively, in the majority of 
cases they do not. In the morbidly obese patient 
with an epigastric hernia who is to undergo a 
laparoscopic bariatric  procedure     , the hernia may 
or may not be repaired at the time of that proce-
dure. If the bariatric procedure is an open one, it 
may be necessary to repair the hernia to safely 
close the abdomen. If the bariatric procedure can 
be done laparoscopically, the hernia may also be 
repaired laparoscopically [ 11 ]. If the hernia is 
symptomatic, or presents a threat of strangula-
tion, the priority would be to repair the hernia and 
perform the bariatric procedure only if it can be 
done safely [ 12 ].  

     Glucose Control      

 It has been established that post-operative hyper-
glycemia is associated with an increase in surgi-
cal site infections (SSI). In a study of patients 
undergoing surgery in the Veterans 
Administration hospitals, an increased rate of SSI 
was seen in patients with HbA1c > 7%. The 
authors of this article recommended that, when 
possible, glycemic control should be used until 
the HbA1C is 7% or lower [ 13 ]. In another study, 
it was found that the rate of SSI increased in 
increments of 30% when the glucose level 
increased by 40 mg/dL, over a normal level of 
110 mg/dL [ 14 ,  15 ]. The control of post-op glu-
cose levels in the prevention of SSI seems to be 
most critical in the fi rst 24 hours, because 
 hyperglycemia impairs the ability of neutrophils 
to kill any bacteria in a wound. 
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 Our policy is to reduce the Hb1C to less than 
7.5% preoperatively, and to maintain blood glu-
cose at 140 mg/dL or less in the post-op period.  

    Nutritional Intervention 

 In the current era of evidence-based surgical prac-
tice, recommendations for  nutritional intervention      
in elective and emergent surgical practice are sup-
ported by a signifi cant number of randomized clini-
cal trials, observational studies, abundant 
meta-analyses, and systematic reviews [ 16 ]. The 
metabolic response to surgical insult is highly vari-
able, and can now be manipulated to optimize fuel 
utilization and preserve lean body tissue [ 16 ]. 
Elective or semi-elective surgical procedures in the 
face of ongoing suboptimal nutritional status will 
result in poor outcome. This was convincingly 
demonstrated in the large Preoperative Risk 
Assessment Study conducted by the 
U.S. Department of Veterans Affairs. This prospec-
tive trial included >87,000 patients from 44 sepa-
rate medical centers, where investigators collected 
67 variables on each patient. It reported that the 
single most valuable predictor of poor outcome and 
increased morbidity was a serum albumin of less 
than 3.0 g/dL [ 17 ]. This large study plus several 
others support the concept of addressing nutrition 
prior to major surgical intervention. 

 The majority of patients undergoing major 
abdominal wall reconstruction (AWR) with an 
expected extended stay in the hospital and inten-
sive care unit (ICU) at moderate to severe nutri-
tional risk will gain signifi cant outcome benefi ts 
from early attention to nutrition. While this has 
not been defi nitively shown in hernia surgery, it 
has been well-demonstrated for major visceral 
surgical procedures [ 18 ]. Patients with malnutri-
tion going into AWR resulting from obstruction 
or infection, or an urgent or emergent major her-
nia repair will benefi t from meticulous attention 
to nutritional issues even more [ 19 ]. Several fac-
tors will alter the realized benefi t a patient 
receives from nutritional intervention, including 
route and timing of delivery, content of nutrient 
substrate, and efforts to promote patient mobility 
[ 16 ]. Recent data would support a preoperative 

assessment and nutritional intervention if the 
patient meets high-risk criteria [ 19 ]. Several 
nutritional scoring systems or risk assessment 
methods have been proposed, with only one 
being validated in surgical population [ 20 ]. If the 
patient requires an ICU stay, the NUTRIC Score 
has been validated as an excellent predictor of 
nutritional risk [ 21 ].  

    Preoperative Metabolic Preparation 
for Surgical Intervention 

 The concept of  metabolic manipulation   in the 
preoperative time frame was popularized by 
now classic studies by Braga and Gianotti [ 22 –
 24 ]. These investigators, using specifi c nutri-
ents known to have metabolically active effects, 
demonstrated lowered perioperative complica-
tions by adding the amino acid arginine and 
omega-3 fatty acids, docohexanoic acid (DHA), 
and eicospentanoic acid (EPA) for 5 days pre-
operatively [ 22 – 24 ]. They reported major mor-
bidity could be reduced by approximately 50% 
in patients undergoing major foregut surgery, 
including esophageal, stomach, or pancreas 
procedures. Surprisingly, the benefi t was noted 
in both the well-nourished and malnourished 
patient populations [ 25 ,  26 ]. The fi nding that 
benefi ts were noted in well-nourished patients 
undergoing major GI oncologic surgery was 
new, and changed the concept of “metabolic 
manipulation” [ 26 ]. In these studies, the 
patients consumed approximately 750 mL per 
day of the metabolic- modulating formula, con-
taining fi sh oils (EPA and DHA), arginine, and 
nucleic acids in addition to their regular diet. 
As noted above, this formula resulted in signifi -
cant decreases in infectious morbidity, length 
of hospital stay (LOS), and hospital-related 
expenses [ 22 – 24 ]. In a contemporary meta-
analysis and systematic review of the evidence 
including 35 strictly reviewed articles, Drover 
et al. reported that these metabolic manipulat-
ing supplements yielded a signifi cant benefi t in 
lowering infectious morbidity across several 
surgical specialties, and reported a decrease in 
hospital LOS [ 27 ]. 
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 It is believed that the arginine and fi sh oils are 
the largest contributors to the noted benefi ts. Fish 
oils, 20 carbon EPA, and 22 carbon DHA have 
many described mechanisms, including the atten-
uation of the metabolic  response   to stress, altera-
tion of gene expression to minimize the 
proinfl ammatory cytokine production, benefi cial 
modifi cation of the Th1 to Th2 lymphocyte pop-
ulation to lower the infl ammatory response, and 
an increase in the production of the lipid deriva-
tives of EPA and DHA, which actively resolves 
tissues infl ammation [ 28 ]. These compounds can 
allow apoptosis of macrophages and propagate 
macrophage class switches from the infl amma-
tory M1 class to the less infl ammatory M2 class 
[ 28 – 30 ]. Arginine was reported to have been of 
benefi t in the enhancement of wound healing in 
the 1970s; since that time, additional benefi ts 
have been reported, including optimization of 
lymphocyte proliferation and enhancement of 
blood  fl ow   via nitric oxide vasodilation effects 
[ 31 ,  32 ]. The infl uence of the ribonucleic acid 
(RNA) found in these immune and metabolic for-
mulations has theoretical benefi ts that have yet to 
be well-elucidated in mammalian trials [ 32 ]. 

 Another area of importance in metabolic prep-
aration is the concept of preoperative 
carbohydrate- loading of muscle, myocardium, 
and the liver to allow for immediate energy sup-
ply during a planned procedure [ 33 ]. This meta-
bolic strategy employs an isotonic carbohydrate 
solution, containing approximately 150 g of car-
bohydrate to be given at midnight the night before 
surgery, with another 50 g to be given 3 hours 
preoperatively to “load” the muscle and liver 
with glycogen prior to the onset of surgical 
trauma [ 34 ]. In most Western surgical settings, 
“routine” management the night before surgery is 
for the patient to remain NPO after the evening 
meal until surgery. By following this “routine,” 
glycogen stores are nearly depleted prior to the 
surgical insult. Soop et al. [ 35 ], Fearon et al. [ 36 ], 
and more recently, Awad et al. [ 37 ,  38 ] have dem-
onstrated the benefi cial metabolic effects of 
carbo-loading, primarily in reducing insulin 
resistance. Large multicenter randomized clinical 
trials in humans, however, are still required to 
solidify these concepts. It is diffi cult to make spe-

cifi c conclusions about preoperative carbohy-
drate loading because most of the supporting 
studies have been done as part of a bundle of 
items done as preoperative preparation in proto-
cols. The  Early Recovery After Surgery (ERAS) 
protocol   is an example of how multiple issues are 
simultaneously evaluated, such as early mobili-
zation, no use of nasogastric tubes, minimizing 
narcotics, avoidance of drains, tightly controlled 
perioperative fl uid management, local, regional, 
and epidural anesthesia when possible, etc. [ 35 ]. 
In the studies currently published, carbohydrate 
loading has consistently demonstrated several 
metabolic benefi ts, including signifi cantly 
reduced insulin resistance, decreased post- 
operative nitrogen loss, and better retention of 
muscle function, while reporting little to no 
increase in morbidity [ 35 ,  36 ]. 

 Over the past 15 years, various nutritional 
agents, either alone or in combination, have been 
reported to improve outcomes in surgical prac-
tice. The reports of attenuating metabolic 
 response   to stress, enhancing lean body tissue, or 
preserving antioxidant capacity have proven too 
inconsistent, and have inadequate support from 
prospective randomized trials for its routine use 
[ 16 ]. The use of anabolic agents, such as oxan-
drolone and human recombinant growth hor-
mone, has essentially no prospective data to 
support their use in anything other than experi-
mental protocols [ 39 ].  

    Imaging 

 Virtually all of our patients with complex ventral 
(incisional) abdominal hernias get a preoperative 
CT scan.  Cross-sectional imaging   will accurately 
defi ne the extent of the hernia, and reveal any 
hernias undiagnosed upon physical exam. The 
CT scan is essential in defi ning the hernia in 
obese patients, since physical exam is often not 
accurate for assessment of the presence of a her-
nia, amount and makeup of visceral content in 
the hernia sac, size of the hernia, or the width of 
the hernia sac [ 40 ]. In addition, the CT is very 
helpful in planning an approach to large hernias 
and, if necessary, other advanced techniques 
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such as component separation [ 41 ]. The CT scan 
is particularly valuable in complex, infected, or 
recurrent hernias. It is also essential in defi ning 
the anatomy of enterocutaneous fi stulas, when 
present. If there is a question of renal compro-
mise with the use of contrast agents, the exam 
can be done without contrast to provide the 
majority of the information required. If the sur-
geon is planning a laparoscopic repair, it is essen-
tial to know the boundaries of the hernia sac, so 
that a trocar is not mistakenly placed through it 
and inserted within it.  

    Antibiotic Prophylaxis 

  Antibiotic prophylaxis      is recommended for 
abdominal wall hernia repairs. The recommenda-
tions given in the Surgical Infection Society 
Guidelines are cost-effective and safe, while lim-
iting excessive prophylaxis [ 42 ]. Antibiotics 
should be given 30–60 min before the incision is 
made, and should be re-dosed if the procedure 
lasts longer than their half-life. Achieving ade-
quate tissue levels in obese patients requires 
larger doses of the antibiotic in most cases. When 
Ancef® is used in obese patients (BMI > 30), 2 g 
should be administered, and if BMI > 50, some 
have suggested dosing up to 3 g to reach the MIC 
at the tissue level prior to incision. 

 Wound infection following incisional hernia 
repair is associated with a signifi cant increased 
incidence of hernia recurrence [ 43 ,  44 ]. Whether 
or not the infection rate is greater in patients who 
have had previously infected wounds is unknown. 
Nevertheless, when the patient has a previously 
infected wound, it is important that the surgeon 
try to determine the organisms involved, and 
include prophylactic antibodies that would be 
effective against them. Specifi cally, if the patient 
has previously had a wound infected with methi-
cillin resistant  Staph aureus  (MRSA), vancomy-
cin should be added along with cefazolin as 
prophylaxis. 

 For those patients with ongoing wound infec-
tions, infected mesh, or intestinal fi stulas, staging 
of repairs is becoming more common. In these 
cases, extensive debridement of infected soft tis-

sue, removal of mesh, and subsequent treatment 
of open abdomen followed in days, weeks, or 
even months for more extensive infections is 
indicated. These cases would be closed in a tem-
porary manner, and then a formal AWR would be 
done on a subsequent date.  

      Preoperative Skin Preparation 
and Decolonization Protocols   

 The data on choice of skin preps for surgery con-
tinue to evolve. Two major trials have recently 
been published. Swenson et al. reported in a pro-
spective trial in over >3200 patients, iodine skin 
preps were superior to chlorhexidine preps [ 45 ]. 
Within a year of the Swenson manuscript, a pro-
spective randomized clinical trial with intention 
to treat analysis in over 800 patients was pub-
lished, reporting that chlorhexidine was superior 
to iodine preps [ 46 ]. When these two papers were 
more intensely analyzed, it revealed the key to 
lower infections appeared to be the alcohol in the 
preps, that Duraprep ®  and Cloraprep ®  had nearly 
equivalent surgical infection risk, and that the 
iodine prep without alcohol was most commonly 
associated with infections [ 47 ]. 

 Although shaving or removal of hair from the 
surgical site does not necessarily lower infection 
risk, it has been the standard of care for several 
years that clippers, rather than razors, be used to 
clear the surgical site hair that would interfere 
with the wound closure [ 48 ]. Surgical site barri-
ers, such as adhesive skin covers and skin seal-
ants, have not been prospectively studied in 
ventral hernia repair. The information available 
on these applications is inconsistent, with reports 
varying from benefi cial to potentially detrimen-
tal. The data on skin sealants and surgical site 
barriers are far too inconsistent to make any 
data- driven recommendation for use. That being 
said, the concept of allowing mesh to be in con-
tact with skin during placement could potentially 
contaminate the mesh. The use of preoperative 
showers with antiseptic soaps in hopes of 
decreasing SSI has not been well-supported by 
large randomized trials [ 49 ]. Showering with 
antiseptic agents, such as chlorhexidine or 
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Betadine, when compared to showering with 
standard soaps has not been proven to have a 
consistent benefi t [ 50 ]. Most studies are under-
powered, or were studied in a widely heteroge-
neous population, which makes consistent 
results near impossible. Many of the early stud-
ies do report a decrease in skin bacterial coloni-
zation at time of surgery, but have not shown a 
consistent decrease in SSI. A few [ 51 ,  52 ] of the 
smaller studies have shown the benefi t of preop-
erative chlorhexidine shower in reducing SSI, 
but they are in the minority [ 53 ]. This inconsis-
tency in the literature led the Cochrane analysis 
in 2012 to conclude preoperative showers with 
antiseptics have no signifi cant benefi t [ 50 ,  54 ]. 
Preoperative clearance of MRSA and methicil-
lin-sensitive S.  aureus  (MSSA) in the preopera-
tive has gained signifi cant popularity in the last 4 
years, following a landmark paper published by 
Bode et al. in the  New England Journal of 
Medicine , 2010 [ 55 ]. The Bode manuscript was 
then supported by several other reports with sim-
ilar outcomes [ 56 ]. In the Bode study, 6771 
patients were screened on admission, with 
almost 20% being positive for S.  aureus . The S. 
 aureus  patients were then prospectively random-
ized, with an intention to treat analysis, and 
mupirocin was applied twice daily to the nostrils 
with a chlorhexidine shower once daily vs pla-
cebo. They reported a 42% decrease in S.  aureus  
post-operative infections in the treated group. 
The logistics of screening, then treating those 
patients that tested positive, has been reported to 
be diffi cult, and aggressive follow- up on positive 
screening cultures is required. Several recent 
studies have advocated just treating patients that 
are at high risk for MRSA colonization [ 57 ].   

    Miscellaneous Techniques 
and Treatments to Reduce Risk 

 Additional measures reported to decrease post-
op infectious complications include antibiotic- 
impregnated suture, perioperative patient 
warming, as well as intraoperative and post-oper-
ative hyperoxygenation.  Antibiotic-impregnated 
sutures  , however, have very limited support in 

the literature [ 58 ]. Several moderately powered 
prospective randomized trials have now reported 
using Triclosan-impregnated sutures for reduced 
infection risk in a routine midline closure. 
Although results from the early reports are prom-
ising, more trials will be required before use of 
antibiotic-impregnated sutures becomes a stan-
dard of care [ 59 ,  60 ]. 

  Intraoperative wound protectors   are designed 
to protect from desiccation, contamination, and 
mechanical trauma. They have also been said to 
decrease wound infections. No hernia surgery- 
specifi c data on wound protectors are currently 
available. To date, at least six randomized clinical 
trials have been conducted, four of which reported 
no benefi t in lowering SSI, and two of which 
showed a benefi t. When weighing the quality of 
the studies, and using the Grade system to evaluate 
them, the review trends toward no benefi t [ 61 ,  62 ]. 

 The concept of  perioperative warming  , the 
use of forced air circulation to reduce SSI, has 
received signifi cant attention in the past 10 
years, with most operating rooms now using it 
as part of their quality improvement programs 
and protocols. Several observational studies in 
the early 2000s reported a signifi cant correla-
tion between hypothermia and SSI, which led 
to now numerous, well-controlled trials with 
very mixed results. The theoretical belief is that 
euthermia helps maintain better perfusion to 
skin, and that better oxygen tension at the skin 
level will decrease SSI [ 63 ].  Hypothermia   has 
also been associated with adverse infl uence on 
the immune function, including T-cell-mediated 
antibody production, and a decrease in both 
oxidative and non-oxidative killing of bacteria 
by neutrophils [ 64 ]. These warming concepts 
were supported by two moderate-sized, ran-
domized controlled trials, both showing relative 
hypothermia being signifi cantly associated 
with increased SSI. A large nested, case-con-
trolled study, using the  NSQIP (National 
Surgery Quality Improvement Program) data-
base  , as well as several other trials specifi cally 
done on ventral hernias, appear to have not con-
fi rmed these earlier fi ndings [ 65 ]. 

 Supplemental  perioperative oxygenation   
(hyperoxia) has been well investigated, primarily 
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for colorectal surgery, but unfortunately not for 
complex ventral hernia surgery. The concept that 
adequate oxygenation is required for neutrophil 
and macrophage killing of bacteria, and the 
understanding that the tissue of surgical wounds 
has a much lower partial pressure of oxygen than 
that normal tissue makes this an attractive 
hypothesis for lowering SSI [ 66 ]. Two studies 
involving colorectal surgery patients reported 
benefi t in reducing SSI led to multiple periopera-
tive protocols that incorporated the use of supple-
mental oxygenation [ 67 ,  68 ]. These early results 
stimulated a large governmental-funded study of 
over 1400 patients that reported no signifi cant 
benefi t in perioperative hyperoxia [ 69 ]. A more 
recent meta-analysis of several large and small 
trials favors supplemental oxygen protocols in 
high-risk visceral surgical populations, such as 
colorectal surgery patients [ 70 ]. Although no 
studies have been conducted primarily for AWR 
and complex ventral hernia repair, this popula-
tion has a risk of SSI almost identical to that of 
colorectal surgery patients, so it appears reason-
able to extrapolate the colorectal data to ventral 
and incisional hernias. 

 Perioperative antibiotic use results in 
antibiotic- associated diarrhea (AAD) in an esti-
mated 20% of patients [ 71 ]. Perioperative use of 
antibiotics is a major source for AAD and 
Clostridium  diffi cile  diarrhea [ 72 ,  73 ]. Numerous 
recent prospective trials have shown that appro-
priate selection and supplementation of probiot-
ics (live viable bacteria, when given in adequate 
amounts show benefi t in the host) are safe, and 
can signifi cantly decrease both AAD and C.  dif-
fi cile  diarrhea [ 72 – 74 ]. 

 Over the past several years, many other tech-
niques and/or trials have shown promise in the 
pre and intraoperative arena to optimize out-
comes. Reviewing all of them is beyond the 
scope of this chapter. One concept that is rapidly 
gaining traction in major surgery, however, is the 
idea that a routinely scheduled preoperative 
physical activity program, or “prehabilitation” 
can both decrease length of stay and total compli-
cations associated with major surgery [ 75 ].  

    Conclusion 

 Each portion of the patient’s surgical journey 
should be addressed and optimized when possi-
ble. This is especially true for major factors 
including smoking, obesity, and diabetes man-
agement. Other preoperative and perioperative 
interventions described above may be relatively 
minor, but have been shown to be safe and even 
cost-effective in most cases. The interventions 
performed in the immediate perioperative period, 
like the appropriate choosing and timing of pro-
phylactic antibiotics, metabolic preparation with 
specifi c nutrients and/or carbohydrate-loading, 
choice of alcohol-containing skin preps, and pre-
operative decolonization of MRSA and MSSA 
from the nostrils and skin, are reasonable inter-
ventions, which, when implemented, should min-
imize perioperative morbidity.     
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           Introduction 

 Incisional hernia and abdominal wound dehiscence 
are common complications after laparotomy. 
 Incidences   of incisional hernia are 20% in the 
general population, increasing up to 50% in high-
risk groups [ 1 ,  2 ]. Abdominal wound dehiscence, 
which can be considered as acute postoperative 
hernia, is less common than incisional hernia 
with incidences reported in the literature varying 
between 1 and 3.5% [ 3 ,  4 ]. These conditions are 
highly correlated as up to 69% of patients with 
abdominal wound dehiscence develop incisional 
hernia at long-term follow-up [ 5 – 8 ]. Numerous 
studies searched for risk factors for postoperative 
hernia and abdominal wound dehiscence. Old 
age, pulmonary disease, surgical site infection, 
and emergency surgery have been identifi ed to be 
independent risk factors [ 9 – 12 ]. 

 Patients who are prone to develop incisional 
hernia are also those who undergo open aortic 
 abdominal aneurysms repair   (AAA). This is 
often explained by the fact that these patients 

 suffer from underlying connective tissue disorders 
[ 9 ]. The quality of  connective tissue   is mainly 
determined by the amount and ratio of collagen 
type I and type III, which is the central protein of 
extra  cell  ular matrix. Collagen type I, which is 
larger in diameter than collagen type III, is 
responsible for maintaining tensile strength. 
Collagen type III, which is an immature collagen, is 
found in early wound healing. A reduced type I/III 
collagen ratio indicates reduced mechanical sta-
bility of connective tissue, and it is associated with 
impaired wound healing [ 14 – 17 ]. An impaired 
scarring process can lead to decreased scar tissue 
quality and altered collagen synthesis. Other 
reported risk factors for incisional hernia include 
diabetes, pulmonary disease, malignancy, smok-
ing, steroid use, surgical site infection, malnutri-
tion, and midline abdominal incisions [ 10 – 13 ]. 

 Assessment of risks of burst abdomen, inci-
sional hernia, recurrence, or mortality can be used 
for patient counseling. It can also be used for pre-
operative patient optimization and selection of 
appropriate surgical technique and mesh choice. 
Veljkovic et al. developed a risk model for inci-
sional hernia after identifi cation of four variables 
with predictive value for  development   of inci-
sional hernia: a suture length to wound length ratio 
<4.2, deep or organ/space surgical site infection, 
time to suture removal or complete epitheliali-
zation over 16 days, and body mass index 
over 24.4 kg/m 2  [ 14 ]. A study on data from the 
Danish Ventral Hernia Database reported risk fac-
tors for readmission, reoperation, and recurrence. 
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A previous vertical incision and large defect size 
were independent risk factors for readmission. 

 Considering all the risk associated with fascial 
dehiscence and incisional hernia, prevention 
remains of primary interest. Consequently, sev-
eral methods of wound closure and hernia pre-
vention strategies have been investigated. These 
include different suture techniques and suture 
materials, as well as preventive mesh repair. 
These various methods will be outlined in this 
chapter.  

    Surgical Risk Factors 

 In many studies midline incisions have been eval-
uated and compared to transverse incisions. In 
the majority of high-quality studies, including 
the Cochrane Review by Brown et al., the mid-
line incision was identifi ed as a  risk factor   for 
incisional hernia compared to the transverse inci-
sion [ 15 – 19 ]. It has previously been suggested 
that midline incisions should be reserved for 
emergency surgery and other surgical procedures 
for which the entire abdominal cavity should be 
accessible [ 3 ]. Due to the relatively low inci-
dence of abdominal wound dehiscence, few stud-
ies were adequately designed to detect a 
statistically signifi cant risk associated with type 
of incision [ 7 ,  15 ,  20 – 24 ]. In conclusion, it 
appears it might be preferable to avoid midline 
incisions when possible to lower the incidence of 
postoperative hernia.  

    Suture Materials 

  Suture materials   can be compared based on vari-
ous characteristics such as method of production 
(monofi lament vs. multifi lament) and duration 
of resorption (slowly vs. rapidly absorbable and 
non-absorbable). Various suture materials and 
techniques were compared for incidence of post-
operative hernia in randomized trials performed 
in the 1980s and 1990s. Van’t Riet et al. pub-
lished a meta-analysis which demonstrated that 
slowly absorbable and non-absorbable suture 
materials resulted in fewer incisional hernias 

than quickly absorbable suture material. 
 Non- absorbable suture materials, however, were 
associated with increased wound pain and sinus 
formation [ 25 ].  

    Suture Technique 

 One of the other technical factors that may infl u-
ence the development of an incisional hernia is 
the suture technique used. The technique of an 
optimal wound closure is most important, since 
the technique can strengthen the wound and, 
thereby, prevent incisional hernia [ 26 ]. Ideally, 
tensile strength should be maintained during the 
healing process of the wound. The method of 
suture application (mass closure vs. layered 
 closure; continuous vs. interrupted sutures) and 
amount of suture material used for fascia closure 
(suture length to wound length ratio) are of clini-
cal importance with regard to formation of post-
operative hernia. 

    Mass Closure vs. Layered Closure 

 Layered closure of the rectus sheath  has   been 
compared with mass closure, which comprises 
closure of all abdominal layers except the skin, in 
a number of studies. It has been shown in meta- 
analyses that layered closure results into higher 
hernia and dehiscence rates [ 27 ,  28 ]. Therefore, 
mass closure is preferred over layered closure.  

    Continuous vs. Interrupted Sutures 

 In a multicenter randomized trial by Wissing 
et al., interrupted and continuous closure with 
quickly absorbable and non-absorbable  suture 
  materials were compared. Although no statisti-
cally signifi cant differences were found for 
wound dehiscence, the incidence of incisional 
hernia was signifi cantly lower in the group with 
continuously used nylon compared to continuous 
polyglactin 910 (10.3% vs. 20.6%) [ 29 ]. These 
effects could not be reproduced in some other 
studies [ 30 ,  31 ]. However, the continuous method 
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is preferred based on the fact that this method is 
faster, easier, and can, thus, save operating time 
[ 25 ,  32 ,  33 ].   

    Suture Length to Wound 
Length Ratio  

  The  suture length to wound length ratio   has been 
an underestimated variable of abdominal wall 
closure. It comprises the length of the suture 
material in relation to the length of the wound and 
it relates the size of the stitches and the interval 
between them [ 34 ]. In general, many surgeons 
have been trained to use large stitches (tissue 
bites) for abdominal wall closure. Large stitches 
have been described as sutures placed at 10 mm 
distance from the wound edge and at intervals of 
10 mm. Small stitches, on the other hand, are 
placed at 5–8 mm distance from the wound edge 
and stitch intervals of less than 5 mm [ 34 ]. 

 It has been shown in several animal experi-
ments that high suture tension is associated 
with impaired collagen synthesis, wound weak-
ness, and increased tissue necrosis and infec-

tion. There is strong  evidence that a suture 
length to wound length ratio of at least 4:1 
should be used for closure of the abdominal 
wall to minimize the risk of incisional hernia 
[ 34 ,  35 ]. A suture to wound length ratio of less 
than 4:1 has been associated with a threefold 
increased risk of developing incisional hernia 
[ 35 ]. Millbourn et al. also described that a lin-
ear correlation exists between the stitch length 
and the risk of developing wound infection. In 
order to achieve a suture length to wound length 
ratio of at least 4:1, it has been recommended to 
measure and document the achieved ratio for 
each patient [ 36 ]. 

 This ratio can be achieved by placing many 
bites at close intervals, or by placing fewer bites 
at greater intervals. As a simple rule, the length 
between stitches must not exceed the distance 
between the fascia edge and the stitch (Fig.  5.1 ). 
An experimental study in animals by Cengiz 
et al. showed higher wound tensile strength after 
4 days when small stitches were used [ 37 ]. Other 
clinical studies performed on this topic by 
Israelsson, Millbourn, and the STITCH study 
group also supported that wound closure should 

  Fig. 5.1    Examples of 
small bites and large 
bites techniques       
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be performed with small stitches [ 34 ,  35 ,  38 ,  39 ]. 
A clinical example of the small stitches technique 
is shown in Figs.  5.2  and  5.3 . Small stitches have 
been associated with a decre ased risk of inci-
sional hernia and surgical site infections. In the 
Swedish randomized trial by Millbourn et al., 
incisional hernia was found in 49/272 patients 
(18.0%) in the large stitch group and in 14/250 
patients (5.6%) in the small stitch group 
( p  < 0.001). Also, 1/381 patients with large bites 
developed abdominal wound  dehiscence com-
pared to none of the 356 allocated to the small 
bites technique (0.3% vs. 0%,  p  > 0.99) [ 34 ].

     The STITCH trial (Suture Techniques to 
reduce the Incidence of The incisional Hernia) 
was a randomized controlled trial, in which the 
large bites technique was compared with the 
small bites technique. In the large bite technique 
the bite width was 1.5 cm and the intersuture 
space 1 cm. In the small bites technique, bite 

widths and inter suture spacing of 0.5 cm were 
applied. The primary endpoint of the study was 
incisional hernia after 1 year postoperatively. The 
study showed that the incidence of incisional her-
nia at 1 year was statistically signifi cantly lower 
(13% vs. 21%) in the small bites group. In addi-
tion, 2/284 patients in the large bites group devel-
oped abdominal wound dehiscence vs. 4/276 
patients in the small bites group (0.7% vs. 1.4%, 
 p  = 0.392) [ 38 ]. In the Swedish study, multivari-
ate analysis showed that patients treated with 
large stitches were exposed to a relative risk of 2 
for infection and 4 for incisional hernia. In the 
STITCH trial, small stitches were not associated 
with decreased rate of surgical site infection and 
neither study was adequately powered for detec-
tion of a statistically signifi cant difference in the 
incidence of abdominal wound dehiscence. 
However, the STITCH trial confi rmed that the 
small bites technique is superior compared to 

  Fig. 5.2    Median laparotomy wound in obese patient, clo-
sure of aponeurosis with small stitches using PDS ®  Plus 
antibacterial (polydioxanone) 2-0 suture (Courtesy of Dr. 
A.G. Menon, surgeon, Havenziekenhuis Rotterdam, 
Rotterdam, the Netherlands)       

  Fig. 5.3    Result after closure of median laparotomy 
wound with small bites; a SL:WL ratio of 6:1 was 
achieved (Courtesy of Dr. A.G. Menon, surgeon, 
Havenziekenhuis Rotterdam, Rotterdam, the Netherlands)       
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the large bites technique in the prevention of 
 incisional hernia after closure of abdominal 
 midline wounds. 

 The positive effects of small stitches on wound 
healing can be explained as follows: the aponeu-
rosis has limited possibilities for regeneration and 
cannot bridge over a large defect [ 6 ]. With a large 
stitch, not only aponeurosis tissue is included, but 
also fat and muscle. In combination with increased 
intra-abdominal pressure, soft tissue can be com-
pressed and damaged. This can result into slack-
ening and separation of wound edges, tissue 
devitalization, and infection. A separation of 
wound edges of more than 12 mm  during the fi rst 
postoperative period has been strongly associated 
with development of incisional hernia [ 3 ]. Closing 
patients with the use of small stitches has been 
associated with longer operation time of 4–5 min 
[ 34 ,  36 ]. However, if the reduced incidence of 
incisional hernia (repairs) is taken into account, 
using small stitches should be considered a safe, 
easy, and cost-effective method [ 39 ]. In conclu-
sion, the ideal suture technique for closing of the 
fascia should be with performed with a continu-
ous mass technique, using slowly absorbable 
suture material and suture to wound length ratio 
of 4 to 1  [ 40 ].  

    Preventive Abdominal Binders 

 Prevention of abdominal wound dehiscence and/
or incisional hernia by using preventive  abdomi-
nal binders   is highly surgeon-dependent. In 
some countries, abdominal binders and/or cor-
sets are widely used in spite of the fact that the 
effects of these medical aids have been disputed 
[ 41 ]. The prescription of these binders is moti-
vated by the conception that externally applied 
pressure may help in diminishing chances of 
developing postoperative seroma and dehiscence 
of fascial edges, thereby preventing abdominal 
wound dehiscence and incisional hernia. In mid-
line laparotomy, fascial edges are tended toward 
separation instead of approximation by the 
forces exerted by contractions of the oblique and 
transverse abdominal muscles. In theory, it 
seems unlikely that lateral forces separating fas-
cia edges will be diminis hed by externally 

applied forces exercised by  abdominal binders. 
Clinical studies on the use of abdominal binders 
are scarce, but in one study patients reported to 
have abandoned wearing supportive corsets and/
or binders due to  perceived discomfort, whereas 
another study reported increased patient comfort 
[ 42 ,  43 ]. Moreover, it is imaginable that dimin-
ished elasticity of the abdominal wall could 
result in lower abdominal—and thereby, thoracic 
volume, with less possibility for lung expansion. 
The use of abdominal binders should, therefore, 
be considered carefully and weighed against 
potential risks of lung atelectasis and possible 
pneumonia.  

    Primary Mesh Augmentation 

  Placement of mesh to prevent incisional hernia has 
been investigated in several studies since the mid-
1990s of the previous century. Its use  has   primarily 
been investigated in high-risk patient groups, such 
as patients with abdominal aortic aneurysms and 
obesity. In these patient groups, incidences of inci-
sional hernia of up to 38% and 50% have been 
found, respectively [ 2 ,  9 ,  12 ,  44 ,  45 ]. Different 
mesh positions are possible in primary mesh aug-
mentation. In the onlay position, mesh is placed on 
the anterior rectus fascia. The sublay technique 
comprises the positioning of the mesh on the pos-
terior rectus fascia and peritoneum (Figs.  5.4 ,  5.5  
and  5.6 ). In the preperitoneal technique, mesh is 
placed directly on the peri toneum.    

 Bhangu et al. published a systematic review 
in which randomized controlled trials and pro-
spective cohort studies were included [ 46 ]. 
Recently, Timmermans et al. conducted a meta- 
analysis which included randomized controlled 
trials only [ 47 ].   All studies featured in the 
review by Bhangu et al. were high-risk patients 
for incisional  hernia, such as patients with con-
nective tissue disorders (including abdominal 
aortic aneurysm), obesity, or other relevant 
comorbidity. Bhangu et al. concluded that the 
rate of incisional hernia was  signifi cantly 
reduced (OR 0.15,  p  < 0.001) after primary mesh 
placement (3.9%, 9/238), compared with pri-
mary suture repair (22%, 67/305). There was, 
however, an increased rate of  postoperative 
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seroma formation in the mesh group (12.9%, 
26/201 vs. 6.9%, 18/262 in the suture group), 
with a borderline signifi cant  p -value of 0.050. 
With a random effect model, no signifi cant 
increase in seroma rate was found (OR 1.86, 
 p  = 0.210). Incidences of surgical site infections 
and hematomas were comparable for both 
groups. There was an increased rate in chronic 
pain for the mesh group, although this increase 
was non-signifi cant [ 46 ]. 

 In the meta-analysis by Timmermans et al., 
fi ve randomized controlled trials were included. 
In one of these trials, primary (polypropylene) 
mesh augmentation was compared to primary 
suture repair. The outcome data were pooled, and 
the authors also concluded that incisional hernia 
occurred signifi cantly less in the group with pri-
mary mesh augmentation (RR 0.25, 95% CI 
0.12–0.52,  p  < 0.001). There were no statistically 
signifi cant differences between the groups of pri-
mary mesh augmentation and primary suture 
repair with regard to wound infection, seroma 
formation, and chronic pain. However, a trend 
was found of more chronic pain in the primary 
mesh augmentation group. Some important out-
come measurements, such as hematoma, operation 

  Fig. 5.4    Preparation of closure of median laparotomy 
with prophylactic mesh: continuously sutured posterior 
rectus fascia using PDS ®  (polydiaxonone) 0 suture 
(Courtesy of Dr. I. Dawson, surgeon, Ijsselland Ziekenhuis, 
Capelle aan den Ijssel, the Netherlands)       

  Fig. 5.5    Prophylactic 
Progrip™ mesh in 
retrorectus position. The 
mesh is fi xated using 
interrupted polyglactin 
910 3-0 sutures 
(Courtesy of Dr. 
I. Dawson, surgeon, 
Ijsselland Ziekenhuis, 
Capelle aan den Ijssel, 
the Netherlands)       
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time, quality of life, and cost-effectiveness, were 
not reported in all of the included studies [ 47 ]. 

 Not included in the aforementioned meta- 
analyses was a randomized clinical study by Caro 
Tarrago et al. This study included (mainly) onco-
logical patients with elective midline laparoto-
mies. In this RCT, published in March 2014, it 
was shown that placement of prophylactic mesh 
in supra-aponeurotic position was associated 
with a reduction of incisional hernia. The likeli-
hood of incisional hernia at 12 months for patients 
with mesh placement was 1.5%, compared to 
35.9% in the group without mesh ( p  < 0.0001) 
[ 12 ]. Signifi cantly, more seromas were found in 
the mesh group (29% vs. 11%,  p  < 0.01). 

 There are no studies available in which differ-
ent mesh types have been compared. In one study, 
biological mesh was used (Alloderm, Lifecell, 
Branchburg, NJ, USA), whereas in all other stud-
ies polypropylene mesh was used. In the study by 
Caro-Tarrago et al., a large pore/lightweight 
polypropylene mesh was used (Biomesh Light, 
Cousin), but in all other studies small pore, 
heavyweight meshes were used. Different meth-

ods of mesh position and mesh fi xation were 
used. In none of the studies different mesh posi-
tioning techniques were compared. The onlay 
technique is, in general, the easiest and quickest 
way, but has been associated with increased 
seroma formation and wound infections. 

 With regard to primary mesh augmentation, 
limited data are available concerning secondary 
outcomes such as quality of life or cost- effectiveness 
of mesh placement. Placement of a preventive 
mesh could potentially lead to complications or 
 re-operations with adverse effects on quality of life. 
Long-term follow-up results of these studies will 
provide the surgical community with more evi-
dence regarding the possible benefi ts of primary 
mesh augmentation in selected patient group s.  

    Future Perspectives 

 Several trials are currently in progress, and the 
results of these studies are expected to infl uence 
daily practice in hernia surgery. The  Dutch 
PRIMA trial   will be the fi rst trial to be published 

  Fig. 5.6    Closure of 
anterior rectus fascia 
over Progrip™ mesh 
in retrorectus 
position using PDS ®  
(polydiaxonone) 0 
suture (Courtesy of 
Dr. I. Dawson, surgeon, 
Ijsselland Ziekenhuis, 
Capelle aan den Ijssel, 
the Netherlands)       
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comparing different mesh positioning tech-
niques: primary mesh augmentation in onlay 
or sublay position, compared to primary suture. 
Other upcoming trials include the PRIMAAT 
trial from Belgium, the results of which are 
expected shortly as well. The ProphMesh group 
from Switzerland compares Dynamesh IPOM 
with primary suture in high-risk patients. The 
Austrian Hernia Study group set up another 
RCT, comparing onlay mesh with primary 
suture, and the fi ndings of this study are expected 
in 2016. 

 The use of preventive mesh with abdominal 
wound dehiscence as primary end point has not 
been studied extensively. The methods reported 
in older literature include intraperitoneal poly-
glactin 910 mesh compared to either polyamide 
mesh glued to the skin or extraperitoneal reten-
tion sutures. Three studies published on this 
topic were of poor quality, including small or 
incomparable patient groups or had non-ran-
domized designs [ 48 – 50 ]. Recently, an interna-
tional multicenter study was ended prematurely 
mainly due to low patient enrollment. Patients 
with  fascial dehiscence   were randomized 
between Strattice ®  Reconstructive Tissue 
Matrix (Lifecell) placed either as an intraperi-
toneal underlay or as  retro-rectus sublay, or 
standard repair by re-approximating wound 
edges using sutures with or without absorbable 
(polyglactin) mesh. The endpoints of the study 
were occurrence of incisional hernia, fascial 
redehiscence, and other adverse events. 
Eventually, 18 patients were treated with 
Strattice ®  and 19 patients with standard repair. 
The incidence of  fascial redehiscence   was sig-
nifi cantly lower after Strattice ®  repair (5.6% 
vs. 36.8%,  p  = 0.015), whereas no increase in 
adverse events was found. In spite of low 
patient numbers, the results of this study plead 
for use of biological mesh in patients with fas-
cial dehiscence, in spite of the  implicated high 

costs (Jeekel J, presented at congress of 
European Hernia Society 2014 in Edinburgh).  

    Personal Thought on Patient, 
Technique and Mesh Selections 

 On principle,  minimally invasive techniques   should 
be considered in every patient undergoing abdomi-
nal surgery. If minimally invasive techniques can-
not be used, a transverse or paramedian incision 
should be considered. If a midline laparotomy is 
chosen, the abdominal fascia should be closed in a 
continuous fashion using slowly absorbably suture 
material with small bites and a suture length to 
wound length ratio of 4:1. In high-risk patients, 
such as patients with abdominal aortic aneurysms 
or obesity, primary mesh augmentation should be 
considered.  Poly propylene mesh   in  sublay position 
might be preferred over onlay position based on a 
lower risk of wound morbidity. Figure  5.7  shows a 
fl ow chart which can be followed for patients 
undergoing abdominal surgery.

       Personal Tips and Tricks: Small Bites 
and Prophylactic Mesh Placement 

 All patients diagnosed with an aneurysm of the 
abdominal aorta, undergoing a midline laparot-
omy, should receive a mesh to prevent an inci-
sional hernia. For the  small bites technique  , a 
slowly absorbable 2–0 single suture with a 
36-mm needle should be chosen. It should be 
recommended to have sterile rulers included in 
all  laparotomy instrument sets to facilitate sterile 
measuring of the wound length and length of 
suture remnants. Standard measurement and doc-
umentation of the achieved suture length to 
wound length ratio could contribute to shorten-
ing of the learning curve and to the process of 
quality monitoring.     
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           Background   

 In 1951, Benjamin Pease fi led a patent titled, 
“Nonmetallic Mesh Surgical Insert for Hernia 
Repair.” The patent was awarded in 1954 
(Fig.  6.1 ). In 1958, Usher described the use of 
this patented material in the form of polypro-
pylene mesh for hernia repair [ 1 ]. It was later 
popularized by the technique outlined by 
Lichtenstein et al. in 1989 [ 2 ]. Today, a mesh 
hernia repair is the most common technique to 
repair inguinal and ventral hernias, although 
there are many technique and mesh variations 
to choose from. Several studies have demon-
strated lower recurrence rates for mesh repair 
of abdominal wall defects. A meta-analysis of 
13 randomized trials comparing open hernia 
repair with mesh versus without mesh showed a 
signifi cantly lower incidence of recurrent her-
nia when mesh was used [ 3 ]. The EU Hernia 
Trialist Collaboration looked at 58 randomized 
controlled trials and found the use of synthetic 
mesh was superior with respect to recurrence in 

both open and laparoscopic hernia operations 
[ 4 ,  5 ]. Mesh, therefore, potentially results in a 
more durable hernia repair. At fi rst, the thought 
process employed by surgeons was that a 
heavyweight polypropylene material that can 
withstand maximum intra-abdominal pressure 
of 170–200 mmHg and that induced signifi cant 
fi brosis and scar tissue formation was best to 
buttress a weakened fascia. However, the use of 
such a mesh and the subsequent fi brotic reac-
tion were later found to be associated with 
chronic post-hernia repair neuralgia, mesh 
migration and contraction as well as potential 
functional restrictions for some patients. The 
next step in the evolution of polypropylene syn-
thetic mesh was the introduction of mid and 
lightweight material that had less density of 
material and wider pores which potentially led 
to less fi brotic reaction while still providing 
enough tensile strength to withstand maximum 
intra-abdominal pressures [ 6 ]. Despite the 
advantage of a less aggressive foreign body 
response, these newer mesh products continued 
to have various complications including loss of 
tensile integrity, erosion, intra- abdominal adhe-
sions, bowel obstruction, and fi stula/abscess 
formation in some patients. Consequently, vari-
ous medical device companies have joined the 
quest for the development of the single “ideal” 
mesh. Other material such as polyester, polytet-
rafl uoroethylene (PTFE), absorbable com-
pounds, and biological meshes have been 
introduced. While numerous patients have ben-
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efi tted from each of these materials, none has 
yielded a superior outcome for all patients with 

all types of hernias in all hernia repair tech-
niques all the time. Today, there are hundreds of 
different meshes manufactured with the above 
materials. Each addresses some of the concerns 
related to biocompatibility of synthetic prosthe-
ses while posing potential disadvantages. This 
has created a challenge for many surgeons, par-
ticularly in the setting of increasing complexity 
of hernias seen in everyday practice. Selecting 
the right mesh for the right patient requires the 
surgeon to have a relatively thorough under-
standing of the potential benefi ts and defi cien-
cies for all types of hernia mesh and the 
requirements for each specifi c clinical scenario. 
With that knowledge, the surgeon is still left 
with numerous choices and uncertainty in pre-
dicting the outcomes for each patient.

       Defi ning Hernia Mesh 

 Table  6.1  describes types of hernia mesh avail-
able in the US market by the plastic polymer used 
and divided be those which are macroporous (not 
used in the abdominal cavity) and those that have 
microporous surfaces (potentially used in the 
abdominal cavity).

     Polypropylene    (Figs.  6.2 ,  6.3 ,  6.4 ,  6.5 , and  6.6 ) 
is synthesized from the monomer propylene via 
addition reaction. It is a hydrophobic compound 
and theoretically resistant to many chemical 

  Fig. 6.1    The original plastic hernia mesh patent       

   Table 6.1    Description of available hernia meshes based on type of polymer, pore size and location for use   

 Basic polymer  Macroporous (used in abdominal wall) 
 Microporous (potential for use in 
abdominal cavity) 

 Polypropylene  Lightweight 
 Mid-weight 
 Heavyweight 
   Coated polypropylene 

 Polypropylene with absorbable 
microporous barrier 
 Polypropylene with permanent 
microporous barrier 
 Microporous PTFE and 
Polypropylene composite 

 Polyester  Multifi lamented polyester 
 Monofi lamented polyester 

 Polyester with absorbable 
microporous barrier 

 PTFE  Macroporous PTFE  Microporous PTFE 
 Dual-sided PTFE (smooth and 
textured) 
 Microporous PTFE and 
Polypropylene composite 

 Absorbable synthetic  Macroporous absorbable synthetic  Microporous absorbable synthetic 
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solvents, bases, and acids. It is, however, thermo-
plastic and can be remelted and reformed. Hernia 
mesh is made with semicrystalline polypropylene 
fi bers extruded and then woven into monofi la-
ment or multifi lament structures. Recently, non-
woven and coated polypropylene fi bers have also 
been made available to the growing list of hernia 
mesh choices. In vivo, polypropylene mesh has 
been shown to degrade by undergoing oxidation. 
It occurs when C–H bonds are compromised, 
creating free radicals that will bind oxygen. If 
chain scission or cross-linking occurs, the mesh 
may change its property and become stiff and/or 
contract. Heavy-weight polypropylene mesh, 
defi ned as having greater than 90 g/m 2  area of 
material and pore size <3–5 mm, has been shown, 

  Fig. 6.2    Lightweight Polypropylene (macroporous)       

  Fig. 6.3    Polyurethane-coated polypropylene 
(macroporous)       

  Fig. 6.4    Omega-3 fatty acid-coated polypropylene 
(macroporous)       

  Fig. 6.6    Non-woven polypropylene       

  Fig. 6.5    Polypropylene with a microporous absorbable 
cellulose surface       
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in some patients and animal studies, to induce 
an intense foreign body reaction. Examples of 
polypropylene mesh are in Figs.  6.2 ,  6.3 ,  6.4 ,  6.5 , 
and  6.6 .

        Polyethylene Terephthalate  ( PET     ) is a mem-
ber of the polyester family (Figs.  6.7  and  6.8 ). It 
is synthesized from the monomer bis-β- 
hydroxyterephthalate via condensation reaction 
by either esterifi cation (water as a by-product) or 
transesterifi cation (methanol as a by-product). It 
is less hydrophobic than polypropylene. Yet its 
thermoplastic property is similar to polypropyl-
ene. The degradation mechanism of concern is 
hydrolysis. The physiochemical changes that 
occur during degradation of PET include discol-
oration, chain scissions resulting in reduced 

molecular weight, formation of acetaldehyde, 
and formation of cross-links. Because of its 
macroporous design, a signifi cant infl ammatory 
reaction with tissue ingrowth occurs that results 
in variable degree of scar formation. Polyester 
mesh can be constructed in monofi lament or mul-
tifi lament forms. Recent data, however, suggest 
that monofi lament polyester may be too fragile 
with resultant frequent central mesh failures.

      Polytetrafl uoroethylene  (PTFE)   (Fig.  6.9 ) is a 
fl uorocarbon-based polymer that is synthesized 
via a free-radical polymerization of tetrafl uoroeth-
ylene.  PTFE   is highly crystalline, signifi cantly 
hydrophobic, and one of the most chemically inert 
polymers in the market. The high strength of the 
fl uoro-carbon bind is mostly responsible for the 
inertness of this polymer. Expanded PTFE 
(ePTFE), commonly used in hernia mesh, is pro-
duced when PTFE is heated and then stretched, 
creating micropores. The hydrophobic, micropo-
rous nature of this material can lead to fi brous 
encapsulation and mesh contraction in some 
patients. There have also been rare reports of 
chronic, active seromas. This material was used in 
one of the fi rst meshes designed for placement 
against the viscera (primarily using a laparoscopic 
approach for ventral/incisional hernia repair). In 
this type of PTFE product, one side of the material 
is rough to induce tissue ingrowth, while the other 
side is smooth to reduce tissue ingrowth from the 
viscera. Monofi lament PTFE mesh with an open 
macroporous design is another PTFE-based prod-
uct that may allow better tissue integration.

  Fig. 6.7    Multifi lamented polyester (macroporous)       

  Fig. 6.9    Dual-sided PTFE mesh (microporous)       
  Fig. 6.8    Multifi lamented polyester with a microporous 
absorbable collagen barrier       
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    Mesh    design    is an important factor that needs 
to be taken into consideration before selecting a 
mesh. Unfortunately, despite recent advances, all 
meshes incite variable degrees of foreign body 
response. In order to improve this response, the 
mesh design could be better optimized. The 
parameters infl uencing the mesh design are 
weight, pore size, and the weave. Heavy-weight 
meshes with small pores were initially thought to 
be the best to withstand maximum intra- 
abdominal pressure of 170–200 mmHg. However, 
they were later found to be over-engineered for 
most people. In addition, they formed a rigid scar 
plate and granuloma bridging in many patients 
due to their small pores. The introduction of mid 
and lightweight meshes with larger pores 
(>1 mm) reduced the foreign body response and 
granuloma bridging [ 7 ] Despite this reduction, 
the foreign body response has not been elimi-
nated and lower ratio of type I/III collagen con-
tinues to occur, highlighting the need for 
additional research. The weave design will dic-
tate the overall mechanical properties, pore size, 
and the foreign body response. Isotropic and 
anisotropic qualities of the mesh are also deter-
mined by the weave design. Isotropic mesh 
design displays equal mechanical properties in 
any direction of applied force, while anisotropic 
mesh exhibits different mechanical properties 
depending on the direction of the force.  

    Hernia Mesh for Specifi c Clinical 
Scenarios 

  Direct  viscus exposure    to the synthetic hernia 
mesh can lead to adhesions or the ingrowth of 
bowel and other visceral organs causing erosion, 
fi stula, abscess, and/or obstruction. A variety of 
mesh options for intra-abdominal placement have 
been designed to address this issue. A solid per-
manent (PTFE or silicone) or absorbable (many 
types) barrier is used on a variety of polypropyl-
ene or polyester meshes. This combination is 
referred to as “composite” mesh (Fig.  6.10 ). There 
are also PTFE meshes with a rough surface that is 
intended to promote ingrowth into the abdominal 
wall and a smooth surface that faces the intra-

abdominal visceral organs and is designed to pre-
vent ingrowth. (More recent mesh options include 
non-woven microfi bers of polypropylene.)

   The use of synthetic hernia mesh in a  con-
taminated or potentially contaminated    field    
has been controversial. Contamination has 
long been regarded as a relative contraindica-
tion to the use of permanent synthetic mesh. 
As a result, in such a setting, a multi-stage 
operation with delayed definitive hernia repair 
has been advocated [ 8 ,  9 ] More recently, a 
single-stage repair with the use of biologic 
mesh has become widely popular in the 
USA. Despite its relatively safe profile, higher 
wound complications and higher 3-year recur-

  Fig. 6.10    Microporous PTFE and macroporous 
Polypropylene composite mesh       

  Fig. 6.11    Macroporous long-term resorbable synthetic 
mesh       
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rence (about 50%) have been associated with 
this technique [ 10 ]. Furthermore, a systematic 
review of 32 studies comparing the use of bio-
logic mesh to synthetic non-absorbable mesh 
in contaminated fields during single-stage 
repairs did not find any advantage favoring the 
use of biologic material. While wound infec-
tion rates were similar, the recurrent hernia 
rate was significantly higher with biologic 
mesh [ 11 ]. The value of biologic mesh and 
other options will need to be measured. The 
use of long-term absorbable synthetic material 
has also been documented for both multi-
staged and single-stage hernia repairs in con-
taminated fields (Fig.  6.11 ).

       New Concepts in Improving Mesh 
Biocompatibility 

 Animal studies have demonstrated that  ran-
domly generated fi bers , or non-woven  material  , 
such as non-woven polypropylene, may be ben-
efi cial for biocompatibility when compared to 
woven or knitted fi bers [ 12 ]. Based on this prin-
ciple, hernia meshes made with non-woven 
fi bers have been introduced. Long-term out-
comes have yet to be demonstrated. 

 Another relatively new concept in mesh 
design, aimed at minimizing fi brotic tissue, 
ingrowth, and/or scar tissue formation, are 
 coated polypropylene or polyester    prostheses   . 
Most coated products are designed to prevent 
ingrowth to the viscera by coating the visceral 
side of the mesh with a microporous coating. 
Different types of coatings that are currently 
available in the market for this purpose include 
collagen, omega 3 fatty acid, hyaluronic acid, 
and other degradable polymers. Coatings can 
also be applied to individual mesh fi bers to mask 
the bodies’ foreign body response to polypro-
pylene. Coatings available for this purpose 
include titanium and polyurethane. Because 
these mesh products are macroporous, they are 
not designed to prevent ingrowth and may not 
be the best choice for placement against the vis-
cera. However, they may be benefi cial in 
decreasing the foreign body response.  

    The  Medical and Legal Aspects   
of Synthetic Mesh Manufacturing 
and Marketing 

 Most hernia meshes fall in the class II medical 
device category of FDA and enter the market 
with a 510K application process. Class II devices 
are subject to general controls and special con-
trols. Special controls include safety measures 
such as postmarket surveillance and premarket 
data requirements. However, no clinical study or 
premarket approval is generally necessary as 
long as a predicate device is identifi ed. Therefore, 
biocompatibility defi ned as “the ability of a mate-
rial to perform with an appropriate host response 
in a specifi c application” [ 13 ] is not typically 
tested in humans prior to use in patients. With 
respect to postmarket surveillance, there are cur-
rently two mechanisms in place. The Safe medi-
cal Devices Act of 1990 requires user facilities to 
report device-related deaths to the FDA and the 
manufacturer and report serious injuries to the 
manufacturer, who then reports to the FDA. This 
law does not address whether or not the device 
responsible for death or serious injury needs to be 
returned to the manufacturer and/or studied [ 14 ]. 
The second mechanism for postmarket surveil-
lance is a voluntary web-based program known 
as MedWatch. This program allows health care 
professionals and consumers to report adverse 
events directly to the FDA [ 15 ].  

    Is There an “Ideal” Mesh? 

 Since the introduction of the synthetic material 
to the hernia world, there has been a quest to 
fi nd the  “ideal” mesh  . Various attempts have 
been made to either manufacture or describe 
the qualities of an “ideal” prosthesis. Clinical 
studies have not yet found a single hernia mesh 
that has ideal tensile strength which also 
behaves as the most biocompatible in all 
patients with all types of hernias all the time. 
While the “ideal” mesh may not exist when 
looking at the hernia patient population as a 
whole, there are individuals whose hernias 
have been repaired with what they would con-
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sider “ideal” mesh for that particular patient, 
or a sub-population of patients. Unfortunately, 
traditional clinical research tools, such as pro-
spective randomized controlled trials, are inad-
equate to help us identify those individuals and 
sub-populations. Identifying sub-populations 
of patients that would do best, or worst, with 
various mesh options is a future challenge for 
hernia researchers.  

    Shared  Decision-Making Process   

 The general public awareness about hernia 
mesh is on the rise. Whether it is due to 
increased conversation on social media or the 
negative advertisements by various legal fi rms, 
or both, more and more patients today expect 
to play an active role in the technique and mesh 
selection process. Surgeons are often able to 
narrow down the options based on the under-
standing of the potential benefi ts and defi cien-
cies of different hernia mesh choices and their 
application to any specifi c clinical scenario. 
But, for a growing number of patients, a 
shared-decision process for the choice of mesh 
and technique for hernia repair is preferred.  

    Applying Complexity Science 
and Nonlinear Data Analytics: 
A Novel Approach 

 As mentioned earlier, traditional research meth-
odologies are insuffi cient to best identify the sub- 
population of patients who may benefi t from or 
be harmed by a certain type of mesh. This is due 
to the fact that hernia disease (as with other medi-
cal phenomenon) is a complex entity while tradi-
tional clinical research tools are designed for 
simple (or isolated) systems. Recently, the prin-
ciples of complexity science have been intro-
duced into the health care.  Complexity science 
tools   can potentially categorize patients into sub- 
populations that are more likely to demonstrate 
biocompatibility with one type of hernia mesh 

versus others. One tool that can be used to better 
determine appropriate mesh choice is the use of 
 clinical quality improvement (CQI) principles  . 
CQI includes defi ning a dynamic care process, 
preferably based on the entire cycle of care, for 
patients with hernia disease. It also involves 
defi ning outcome measures that ultimately deter-
mine the value of care. The data can be gathered 
from multiple sources during real patient care, 
including from the patient. Many institutions that 
have begun CQI projects have also introduced 
disease-specifi c multidisciplinary teams. These 
teams tend to maintain a better contact with the 
patient throughout the entire cycle of care and, 
therefore, collect a great deal of information per-
taining to the process and outcome measures. As 
more data are collected, certain patterns begin to 
emerge. These patterns can potentially be quanti-
fi ed using  nonlinear data analytics  . Identifying 
the factors (variables) that matter in determining 
outcomes can generate predictive algorithms that 
can assist surgeons and patients in determining 
the appropriate mesh (and technique) choice for 
each patient group [ 16 ]. Although the application 
of complexity science to patient care is in its 
infancy, the potential to improve outcomes 
through predictive analytics using data generated 
by real-world patient care is signifi cant.  

    Summary 

 Mesh selection for patients undergoing hernia 
repair can be a challenging process. Due to the 
complexity of the hernia patient population and 
the vast choices of hernia mesh, traditional 
research mechanisms to determine the best, and 
worst, mesh for each technique, patient, and 
patient sub-populations are inadequate. 
Currently, a shared decision process allows the 
surgeon and patient to make choices that 
include each perspective. In the future, the use 
of complexity science tools such as CQI will 
facilitate predictive analytics that will allow for 
more informed choices that will benefi t both 
the surgeon and the patient.     
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and Evidence-Based Critical 
Appraisal                     

     Corey     R.     Deeken     

          Current State of the Art 

 At least thirty types of biologic meshes exist for 
soft tissue repair applications such as hernia 
repair/abdominal wall reconstruction, breast 
reconstruction, wound healing, urogenital/pelvic 
fl oor reconstruction, and musculoskeletal recon-
struction [ 1 – 6 ]. Of these, fi fteen are commonly 
utilized for  hernia repair applications   and are 
fully described in Table  7.1 . Biologic meshes are 
touted to possess many advantages over perma-
nent synthetic meshes. Since biologic meshes are 
derived from biological tissues, these materials 
are eventually degraded and remodeled by the 
host, providing the benefi t of a temporary scaf-
fold at the repair site with low risk of long-term 
infl ammation and fi brosis. In addition, biologic 
meshes can be utilized in clean-contaminated or 
contaminated settings where synthetic meshes 
may be contraindicated. It is believed that revas-
cularization of these materials during the remod-
eling process effectively clears pathogens from 
the mesh. Despite these potential advantages, 
there are also some disadvantages associated 
with biologic mesh use, namely the high cost of 
these materials compared to synthetic meshes, 
variability in biologic mesh properties due to 
donor characteristics, and production of these 

materials in limited sizes and geometries. 
Furthermore, biologic meshes may be problem-
atic for patients with religious or ethical concerns 
surrounding the use of human or animal tissue- 
derived products [ 7 ].

   In the future, biologic mesh designs may 
expand to include antibacterial coatings to reduce 
or inhibit microbial colonization. This could be 
particularly useful in clean-contaminated or con-
taminated settings. One such mesh,  XenMatrix™ 
AB Surgical Graft   (C.R. Bard/Davol, Inc., 
Warwick, RI), has recently received 510 k 
approval from the FDA. This mesh is comprised 
of acellular porcine dermis, coated with a resorb-
able polymer ( l -tyrosine succinate) that serves as 
a carrier for two antimicrobial agents, derivatives 
of rifamycinB and tetracycline (180 μg/cm 2  
each). According to the Instructions for Use 
(IFU), preclinical studies have demonstrated that 
these antimicrobial agents reduce or inhibit 
microbial colonization of the mesh when com-
pared to a control mesh. However, data have not 
yet been acquired in human subjects.  

    Classifi cation of Biologic Mesh 

 Biologic meshes are typically classifi ed accord-
ing to three major categories as shown in Table 
 7.1 : (1) species of origin, (2) tissue type, and (3) 
processing conditions. These materials are 
derived from a variety of species (i.e., human, 
bovine, porcine, and equine) and tissue types 
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(i.e., dermis, pericardium, and small intestine 
submucosa). The  species and type of tissue   from 
which a biologic mesh is derived determine the 
structure, composition, and mechanical proper-
ties of the resulting biologic mesh and can have 
important implications when implanted in 
human subjects. However, more attention has 
historically been paid to the method by which 
the original tissue is processed to become a bio-
logic mesh, particularly the crosslinking 
process. 

 At a minimum, all biologic meshes undergo a 
 decellularization process      to remove cells and cel-
lular debris, leaving behind the extracellular 
matrix (ECM) component of the original. This is 
an extremely important aspect of biologic mesh 
development since the recipient’s immune 
response is directly infl uenced by the effi cacy of 
the decellularization process. Residual cellular 
debris can lead to an infl ammatory response and 
should be eliminated to the extent possible with-
out damaging the structure or composition of the 
ECM. Numerous decellularization techniques 
exist such as treatments with enzymes [ 8 ,  9 ], sol-
vents [ 10 – 12 ], acids/bases, detergents [ 11 – 13 ], 
hypertonic/hypotonic solutions [ 14 ,  15 ], chelat-
ing agents [ 16 ,  17 ], and toxins [ 4 ]. The decellu-
larization technique must be optimized for the 
species and tissue type from which the mesh is 
derived, and the details of the decellularization 
process are often withheld by the manufacturer 
as proprietary. 

 In addition to decellularization, some biologic 
meshes are also  intentionally  crosslinked through 
chemical treatments or dehydration. Crosslinking 
is typically done to improve the strength of the 
mesh and/or to prevent rapid degradation of the 
mesh in vivo. Crosslinking can be accomplished 
through a variety of chemicals such as carbodi-
imides [ 18 – 21 ], glutaraldehyde [ 22 – 24 ], or hexa-
methylene diisocyanate [ 22 ].  Variables   such as 
crosslinking agent, concentration, temperature, 
pH, and exposure time all contribute to the num-
ber and type of new bonds that are introduced 
into the tissue [ 18 ,  22 ,  25 ]. 

  Xenogeneic meshes   are terminally sterilized 
using gamma irradiation, ethylene oxide, or 

e-beam treatments, while allogeneic meshes are 
subjected only to a fi nal disinfection process such 
as ethanol or peracetic acid treatment. Inadvertent 
crosslinking may occur during the sterilization 
process, which can have unfavorable conse-
quences, such as reducing cellular infi ltration and 
scaffold degradation. 

 Preservation of the tissue for  long-term pack-
aging and storage   is the fi nal step in the process-
ing of biologic meshes. Some are dehydrated, 
while others are stored in a hydrated state or even 
submerged in a preservation fl uid. These condi-
tions can lead to unintended disruption of the 
structure and composition of the ECM, which 
may infl uence the remodeling process in vivo. 

 In summary, there are a tremendous number 
of variables due to the number of species, tissue 
types, and processing conditions involved in the 
production of biologic mesh materials. 
Furthermore, the details of many of the process-
ing techniques are withheld by the manufacturers 
as proprietary, making it even more challenging 
to directly compare biologic mesh products and 
scientifi cally determine the effect of a single 
variable. Human tissue-derived biologic meshes 
are also plagued by the added variables of donor 
age, sex, comorbidities, and anatomical location 
from which the tissue is procured.  

    Evidence-Based Critical Appraisal 

     Characterization   of Biologic Meshes 

 The physical, thermal, and mechanical character-
istics of twelve biologic meshes were evaluated 
in a recent study via laser micrometry, differen-
tial scanning calorimetry, suture retention 
strength testing, tear resistance testing, and ball 
burst testing [ 26 ]. The results were compared 
based on species, tissue type, and processing 
conditions, namely crosslinking. These tests 
were designed to fully characterize the pre- 
implantation properties of biologic meshes and to 
test the hypothesis that  crosslinked materials 
possess greater pre - implantation strength than 
non - crosslinked materials . 
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 The results of this study revealed a wide vari-
ety of pre-implantation characteristics between 
different types of biologic meshes. In contrast to 
the hypothesis, crosslinked meshes exhibited 
lower mechanical strengths than non-crosslinked 
meshes in all three mechanical tests performed 
(i.e., suture retention strength testing, tear resis-
tance testing, and ball burst testing). This was 
especially true of the porcine dermis-derived 
meshes. The bovine pericardium-derived meshes 
exhibited similar mechanical strengths between 
the crosslinked and non-crosslinked meshes, 
indicating little effect of crosslinking on the 
mechanical characteristics of bovine pericardium 
tissue. It was expected that the human dermis- 
derived meshes would exhibit similar mechanical 
strengths since all are derived from the same spe-
cies/type of tissue and none are crosslinked. 
However, the three human dermis-derived 
meshes exhibited a wide range of mechanical 
strengths. These results indicate that other factors 
such as donor variables (i.e., age, sex, tissue pro-
curement site, comorbidities, etc.) or conditions 
during the  decellularization and decontamination 
processes   signifi cantly infl uenced the resulting 
properties of the human dermis-derived meshes.  

    Repetitive Loading 

 A subset of biologic meshes was further evalu-
ated in another study involving  repetitive loading   
experiments [ 27 ]. Nine types of biologic meshes 
were subjected to cycles of uniaxial tensile load-
ing, and series of 10, 100, and 1000 cycles were 
completed for each mesh type. It was hypothe-
sized that  crosslinked materials resist damage 
during repetitive loading and maintain baseline 
strength while non - crosslinked materials sustain 
damage during repetitive loading and exhibit a 
signifi cant reduction in strength . 

 Consistent with this hypothesis, one of the 
crosslinked porcine dermis meshes ( Permacol™  ) 
was signifi cantly stronger than the non- crosslinked 
porcine dermis meshes ( Strattice™   and 
 XenMatrix™  ) at baseline and after 10, 100, or 
1000 cycles of loading. However, the other 
crosslinked porcine dermis mesh ( CollaMend™  ) 

exhibited similar results as the non-crosslinked 
porcine dermis meshes at baseline and after 10, 
100, or 1000 cycles, indicating that the particular 
crosslinking agent or conditions utilized to achieve 
decellularization, crosslinking, and/or sterilization 
signifi cantly infl uenced the properties of this mate-
rial. Additionally, both crosslinked porcine dermis 
meshes ( Permacol™   and  CollaMend™  ) and one 
of the non-crosslinked porcine dermis meshes 
(XenMatrix™) maintained their baseline tensile 
strength even after exposure to repetitive loading 
conditions, while the other non-crosslinked por-
cine dermis ( Strattice™  ) exhibited a signifi cant 
decrease in tensile strength with increasing num-
ber of cycles. As expected, the crosslinked bovine 
pericardium mesh (PeriGuard ® ) was signifi cantly 
stronger than the non-crosslinked bovine pericar-
dium mesh (Veritas ® ) at baseline and after 10, 100, 
or 1000 cycles of loading. However, both bovine 
pericardium meshes maintained their baseline ten-
sile strength even after 1000 cycles of loading, 
regardless of the presence of crosslinking. These 
results contrast those of porcine dermis-derived 
meshes, indicating that variables such as species, 
tissue type, and processing conditions may all play 
a role in determining the fi nal properties of these 
materials. As in the previous study, wide variation 
was observed between the human dermis- derived 
meshes, pointing to donor variables, in addition to 
processing conditions, as particularly problematic 
for human tissue- derived meshes. 

 In general, crosslinked meshes resisted damage 
during  repetitive loading   and maintained baseline 
tensile strength, while non-crosslinked meshes sus-
tained damage during repetitive loading and exhib-
ited signifi cant reduction in tensile strength. 
However, widespread generalizations should not 
be made, as this study demonstrated exceptions, 
particularly for porcine-dermis- derived products.  

    Resistance to Enzymatic Degradation 

 In another study, the same subset of biologic 
meshes was also exposed to collagenase enzymes 
in vitro in order to assess the impact of  enzymatic 
degradation   on the uniaxial tensile strength of 
these materials [ 28 ]. It was hypothesized that 
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 crosslinked materials resist enzymatic degrada-
tion and maintain baseline strength while non - 
 crosslinked materials undergo enzymatic 
degradation and exhibit a signifi cant reduction in 
strength . 

 Nine types of biologic mesh materials were 
exposed to collagenase solution at 37 °C. After 
30 hours of exposure, both crosslinked and non- 
crosslinked porcine dermis meshes exhibited sig-
nifi cantly reduced tensile strength compared to 
their respective baseline tensile strengths, indi-
cating signifi cant enzymatic degradation. This 
result was observed regardless of crosslinking. 
Even so, one of the crosslinked porcine dermis 
meshes (Permacol™) maintained signifi cantly 
greater tensile strength than the two non- 
crosslinked porcine dermis meshes (Strattice™ 
and XenMatrix™) and the other crosslinked por-
cine dermis mesh (CollaMend™) throughout the 
exposure period. On the other hand, one of the 
non-crosslinked porcine dermis meshes 
(XenMatrix™) was so signifi cantly degraded 
that it was diffi cult to measure the tensile strength 
of the specimens beyond 12 hours of exposure to 
collagenase solution. 

 Similarly, the non-crosslinked bovine pericar-
dium  mesh   (Veritas ® ) exhibited signifi cantly 
reduced tensile strength compared to its baseline 
tensile strength after just 6 hours of exposure to 
collagenase solution, indicating signifi cant and 
rapid in vitro degradation of this particular mate-
rial. However, the crosslinked bovine pericar-
dium mesh (PeriGuard ® ) maintained its baseline 
tensile strength and did not show any evidence of 
degradation even after 30 hours of exposure to 
collagenase. The crosslinked bovine pericardium 
mesh (PeriGuard ® ) also maintained signifi cantly 
greater tensile strength than its non-crosslinked 
counterpart (Veritas ® ) throughout the exposure 
period, as expected. 

 The human dermis-derived meshes displayed 
wide variation in baseline properties and in their 
ability to resist enzymatic degradation. Although 
the baseline tensile strength of FlexHD ®  was 
lower than that of AlloMax™, FlexHD ®  resisted 
 enzymatic degradation   more effectively. 
AlloMax™ was so signifi cantly degraded after 

just 12 hours of exposure that tensile strength 
could not be reliably measured beyond that point. 

 The results of this study demonstrated that in 
general, crosslinking did not improve the resis-
tance of porcine dermis-derived meshes to enzy-
matic degradation. However, crosslinking did 
signifi cantly improve the resistance of bovine 
pericardium-derived meshes to  enzymatic degra-
dation  . These results suggest that the effects of 
crosslinking may be species/tissue dependent or 
related to the specifi c chemical compounds uti-
lized to achieve crosslinking and the number of 
additional bonds ultimately introduced into these 
tissues. Additionally, differences were observed 
between non-crosslinked materials, suggesting 
that widespread generalizations of all non- 
crosslinked materials should not be made. 
Differences due to species, tissue type, and other 
processing conditions appear to be extremely 
infl uential.  

    Porcine Model of Ventral Hernia 
Repair 

 The mechanical strength of a hernia repair site 
and the host tissue response to six types of bio-
logic meshes were evaluated in several recent 
studies using a well-established  porcine model   of 
 ventral hernia repair   [ 29 – 31 ]. This model was 
designed to fully characterize the post- 
implantation properties of biologic meshes and to 
test the hypotheses that (1)  crosslinked materials 
augment the strength of native tissue ,  leading to 
a stronger hernia repair and that  (2)  crosslinked 
materials resist degradation ,  thereby reducing 
cellular infi ltration and overall tissue remodeling 
compared to non - crosslinked materials . 

 In this study, a total of four hernia defects 
(5 cm each) were surgically created in each ani-
mal, one in each abdominal quadrant. The 
 musculature and fascia of the abdominal  wall   
were incised and left open, creating the abdomi-
nal wall defects. The subcutaneous fat, areolar 
tissue, and skin were closed in separate layers to 
prevent wound dehiscence. The defects were 
allowed to mature for 21 days and were then 
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repaired with biologic mesh positioned in the ret-
romuscular/preperitoneal space. Animals were 
subsequently survived for 1, 6, or 12 months. 
Mesh-tissue composites were procured at the end 
of the survival period and subjected to uniaxial 
tensile testing to provide a measure of the biome-
chanics of the repair site. Specimens were also 
stained with hematoxylin and eosin (H&E) and 
semi- quantitatively assessed for six characteris-
tics of tissue response: cellular infi ltration, cell 
types, scaffold degradation, ECM deposition, 
neovascularization, and fi brosis. Possible scores 
in each category ranged from 0 to 3, with higher 
scores representing more favorable characteris-
tics of tissue response. A composite score was 
also generated from the mean of the six compo-
nent scores and was utilized as an overall mea-
sure of tissue remodeling. 

 Mechanical testing of the mesh-tissue com-
posites revealed that all repair sites exhibited 
similar tensile strengths at all time points regard-
less of biologic mesh type or presence/absence of 
crosslinking. Furthermore, the strength of the 
native tissue of the  porcine   abdominal wall was 
not signifi cantly augmented by any of the bio-
logic meshes, including crosslinked materials. 

 Histological analysis revealed that in the short-
term, crosslinking of biologic meshes impacted 
characteristics of tissue remodeling such as cel-
lular infi ltration and neovascularization. As 
shown in Fig.  7.1 , non-crosslinked  meshes   exhib-
ited higher scores at earlier time points than cross-
linked meshes. However, at later time points, 
scores for crosslinked materials tended to reach 
levels similar to non-crosslinked materials. Thus, 
crosslinking did not appear to signifi cantly infl u-
ence cellular infi ltration over the long-term as 
anticipated. Other processing conditions such as 
differences in decellularization and sterilization 
techniques may have impacted tissue remodeling 
characteristics more substantially and should be 
evaluated in future studies.

       Biologic Meshes Explanted 
from Human Subjects 

 The remodeling characteristics of biologic 
meshes after  implantation   in human subjects for 

abdominal wall reconstruction are not well 
understood. Thus, two recent studies have evalu-
ated biopsies of biologic meshes procured from 
human subjects during abdominal re-exploration 
[ 32 ,  33 ]. 

 In the study by Cavallo et al., biopsies were 
obtained from forty human subjects [ 32 ]. Mesh 
type was identifi ed in 37 out of 40 biopsies and 
included 23 human dermis-derived biologic 
meshes, 11 porcine dermis-derived biologic 
meshes, and 3 bovine dermis-derived biologic 
meshes. After procurement, the specimens were 
stained with hematoxylin and eosin (H&E) and 
semi-quantitatively assessed for six characteris-
tics of tissue response: cellular infi ltration, cell 
types, scaffold degradation, ECM deposition, 
neovascularization, and fi brosis. Possible scores 
in each category ranged from 0 to 3, with higher 
scores representing more favorable characteris-
tics of tissue response. A composite score was 
also generated from the mean of the six compo-
nent scores and was utilized as an overall mea-
sure of tissue remodeling. 

 Cellular infi ltration, ECM deposition, and 
neovascularization scores were 2 for 80%, 64%, 
and 64% of the specimens, respectively, indicat-
ing that the majority of cells, host ECM deposi-
tion, and vasculature infi ltrated beyond the 
periphery and began to penetrate deeper into the 
mesh, even reaching the center of the biopsy in 
some cases. Cell types scores were <3 in 57% of 
the specimens, indicating that the majority of 
meshes showed evidence of infl ammatory infi l-
trate. Only 43% of the specimens scored ≥3 for 
cell types, indicating the presence of fi broblasts 
only without any infl ammatory cells. Scaffold 
degradation and fi brosis scores were ≥2 in 56% 
and 70% of cases, respectively, indicating that 
the majority of the meshes were signifi cantly 
degraded with mild fi brous encapsulation of less 
than 25% of the mesh periphery. In general, the 
biologic mesh biopsies indicated favorable 
host remodeling scores with cells (primarily 
fi broblasts), host ECM deposition, and new vas-
culature beginning to reach the center of the 
biopsies, which were almost fully degraded with 
minimal infl ammatory or fi brous reaction. 

 When the meshes were subdivided by mesh 
type, it was revealed that human dermis-derived 
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  Fig. 7.1    Semi-quantitative histological scores representing the tissue remodeling characteristics of biologic meshes 
explanted from a porcine hernia model (H&E stained slides)       
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meshes exhibited signifi cantly improved cellular 
infi ltration, ECM deposition, scaffold degradation, 
and neovascularization scores compared to por-
cine dermis-derived meshes and trended toward 
improved scores compared to bovine dermis- 
derived meshes. Thus, the species of origin appears 
to signifi cantly impact remodeling of biologic 
meshes when  implanted   in human subjects. 

 In the study by De Silva et al., biopsies were 
obtained from fourteen ( n  = 14) human subjects 
who underwent biologic mesh repairs placed as 
an intraperitoneal underlay [ 33 ]. Mesh type was 
identifi ed in all biopsies with  n  = 7 crosslinked 
porcine dermis (Permacol™) and  n  = 7 non- 
crosslinked porcine dermis (Strattice™). After 
procurement, the specimens were stained with 
hematoxylin and eosin (H&E) and Masson’s tri-
chrome and evaluated for acute and chronic 
infl ammatory response, foreign body reaction, 
fi brous capsule formation, cellular infi ltration, 
neovascularization, and degradation/remodeling. 
Possible scores in each category were 0 (none), 1 
(minimal), 2 (mild), 3 (moderate), or 4 
(extensive). 

 The crosslinked porcine dermis specimens 
exhibited mild foreign body reaction, moderate 
fi brous capsule formation, no neovascularization, 
no cellular infi ltration, and no quantifi able new 
collagen deposition. The non-crosslinked porcine 
dermis specimens exhibited similar characteris-
tics with mild to moderate foreign body reaction, 
mild to moderate fi brous encapsulation, no neo-
vascularization. However, non-crosslinked grafts 
did demonstrate some neo-cellularization at the 
 periphery   of the mesh, albeit without any quanti-
fi able new collagen deposition. Regardless of 
crosslinking, the porcine dermis-based biopsies 
showed no evidence of signifi cant remodeling at 
the time of explantation. Although the fi ndings of 
the study questioned the concept of biologic 
mesh remodeling, this fi nding might be a factor 
of the underlay mesh positioning.   

    Conclusions 

 A large number of biologic meshes are cur-
rently available. Those meshes are touted to 
possess many advantages over permanent 

synthetic meshes. It is believed that revascu-
larization of these materials during the remod-
eling process effectively clears pathogens 
from the mesh. Mesh remodeling has proven 
to be inconsistent. Crosslinking is not the only 
factor that determines the properties or perfor-
mance of biologic meshes. Other aspects of 
the tissue treatment process (i.e., decellular-
ization method, crosslinking technique, extent 
of crosslinking, sterilization process, and 
packaging conditions) or species/tissue from 
which these meshes are derived all contribute 
and should be explored in more detail in future 
studies. Overall, biologic mesh use appears to 
have peaked several years ago and recent dis-
appointing clinical data and high cost have 
begun to limit its utilization.     

   References 

    1.    Cornwell KG, Landsman A, James KS. Extracellular 
matrix biomaterials for soft tissue repair. Clin Podiatr 
Med Surg. 2009;26:507–23.  

   2.    Badylak SF. Xenogeneic extracellular matrix as a 
scaffold for tissue reconstruction. Transpl Immunol. 
2004;12:367–77.  

   3.    Badylak SF. The extracellular matrix as a biologic 
scaffold material. Biomaterials. 2007;28:3587–93.  

    4.    Badylak SF. Decellularized allogeneic and xenoge-
neic tissue as a bioscaffold for regenerative medicine: 
factors that infl uence the host response. Ann Biomed 
Eng. 2014;42:1517–27.  

   5.    Zienowicz RJ, Karacaoglu E. Implant-based breast 
reconstruction with allograft. Plast Reconstr Surg. 
2007;120:373–81.  

    6.    Cook JL, Fox DB, Kuroki K, Jayo M, De Deyne 
PG. In vitro and in vivo comparison of fi ve biomateri-
als used for orthopedic soft tissue augmentation. Am 
J Vet Res. 2008;69:148–56.  

    7.    Jenkins ED, Yip M, Melman L, Frisella MM, 
Matthews BD. Informed consent: cultural and reli-
gious issues associated with the use of allogeneic and 
xenogeneic mesh products. J Am Coll Surg. 
2010;210:402–10.  

    8.    Meyer SR, Chiu B, Churchill TA, Zhu L, Lakey JR, 
Ross DB. Comparison of aortic valve allograft decel-
lularization techniques in the rat. J Biomed Mater Res 
Part A. 2006;79:254–62.  

    9.    Lynch AP, Ahearne M. Strategies for developing 
decellularized corneal scaffolds. Exp Eye Res. 
2013;108:42–7.  

    10.    Horowitz B, Bonomo R, Prince AM, Chin SN, 
Brotman B, Shulman RW. Solvent/detergent-treated 
plasma: a virus-inactivated substitute for fresh frozen 
plasma. Blood. 1992;79:826–31.  

C.R. Deeken



69

    11.    Cartmell JS, Dunn MG. Effect of chemical treatments 
on tendon cellularity and mechanical properties. 
J Biomed Mater Res. 2000;49:134–40.  

    12.    Woods T, Gratzer PF. Effectiveness of three extraction 
techniques in the development of a decellularized 
bone-anterior cruciate ligament-bone graft. 
Biomaterials. 2005;26:7339–49.  

    13.    Deeken CR, White AK, Bachman SL, Ramshaw BJ, 
Cleveland DS, Loy TS, et al. Method of preparing a 
decellularized porcine tendon using tributyl phos-
phate. J Biomed Mater Res B Appl Biomater. 
2011;96:199–206.  

    14.    Gillies AR, Smith LR, Lieber RL, Varghese S. Method 
for decellularizing skeletal muscle without detergents 
or proteolytic enzymes. Tissue Eng Part C Methods. 
2011;17:383–9.  

    15.    Gratzer PF, Harrison RD, Woods T. Matrix alteration 
and not residual sodium dodecyl sulfate cytotoxicity 
affects the cellular repopulation of a decellularized 
matrix. Tissue Eng. 2006;12:2975–83.  

    16.    Zhang AY, Bates SJ, Morrow E, Pham H, Pham B, 
Chang J. Tissue-engineered intrasynovial tendons: 
optimization of acellularization and seeding. J Rehabil 
Res Dev. 2009;46:489–98.  

    17.    Rieder E, Kasimir MT, Silberhumer G, Seebacher G, 
Wolner E, Simon P, et al. Decellularization protocols 
of porcine heart valves differ importantly in effi ciency 
of cell removal and susceptibility of the matrix to 
recellularization with human vascular cells. J Thorac 
Cardiovasc Surg. 2004;127:399–405.  

     18.    Damink LHHO, Dijkstra PJ, vanLuyn MJA, van-
Wachem PB, Nieuwenhuis P, Feijen J. Cross-linking 
of dermal sheep collagen using a water-soluble car-
bodiimide. Biomaterials. 1996;17:765–73.  

   19.    Abraham GA, Murray J, Billiar K, Sullivan 
SJ. Evaluation of the porcine intestinal collagen layer as 
a biomaterial. J Biomed Mater Res. 2000;51:442–52.  

   20.    Billiar K, Murray J, Laude D, Abraham G, Bachrach 
N. Effects of carbodiimide crosslinking conditions on 
the physical properties of laminated intestinal submu-
cosa. J Biomed Mater Res. 2001;56:101–8.  

    21.    Olde Damink LH, Dijkstra PJ, van Luyn MJ, van 
Wachem PB, Nieuwenhuis P, Feijen J. In vitro degrada-
tion of dermal sheep collagen cross-linked using a water-
soluble carbodiimide. Biomaterials. 1996;17:679–84.  

      22.    Khor E. Methods for the treatment of collagenous tis-
sues for bioprostheses. Biomaterials. 1997;18:95–105.  

   23.    Courtman DW, Errett BF, Wilson GJ. The role of 
crosslinking in modifi cation of the immune response 
elicited against xenogenic vascular acellular matrices. 
J Biomed Mater Res. 2001;55:576–86.  

    24.    HardinYoung J, Carr RM, Downing GJ, Condon KD, 
Termin PL. Modifi cation of native collagen reduces 
antigenicity but preserves cell compatibility. 
Biotechnol Bioeng. 1996;49:675–82.  

    25.    Gratzer PF, Lee JM. Control of pH alters the type of 
cross-linking produced by 1-ethyl-3-(3- 
dimethylaminopropyl)-carbodiimide (EDC) treat-
ment of acellular matrix vascular grafts. J Biomed 
Mater Res. 2001;58:172–9.  

    26.    Deeken CR, Eliason BJ, Pichert MD, Grant SA, 
Frisella MM, Matthews BD. Differentiation of bio-
logic scaffold materials through physiomechanical, 
thermal, and enzymatic degradation techniques. Ann 
Surg. 2012;255:595.  

    27.    Pui CL, Tang ME, Annor AH, Ebersole GC, Frisella 
MM, Matthews BD, et al. Effect of repetitive loading 
on the mechanical properties of biological scaffold 
materials. J Am Coll Surg. 2012;215:216–28.  

    28.    Annor AH, Tang ME, Pui CL, Ebersole GC, Frisella 
MM, Matthews BD, et al. Effect of enzymatic deg-
radation on the mechanical properties of biological 
scaffold materials. Surg Endosc. 
2012;26:2767–78.  

    29.    Deeken CR, Melman L, Jenkins ED, Greco SC, 
Frisella MM, Matthews BD. Histologic and biome-
chanical evaluation of crosslinked and non- 
crosslinked biologic meshes in a porcine model of 
ventral incisional hernia repair. J Am Coll Surg. 
2011;212:880–8.  

   30.    Jenkins ED, Melman L, Deeken CR, Greco SC, 
Frisella MM, Matthews BD. Biomechanical and his-
tologic evaluation of fenestrated and nonfenestrated 
biologic mesh in a porcine model of ventral hernia 
repair. J Am Coll Surg. 2011;212:327–39.  

    31.    Cavallo JA, Greco SC, Liu J, Frisella MM, Deeken CR, 
Matthews BD. Remodeling characteristics and biome-
chanical properties of a crosslinked versus a non-cross-
linked porcine dermis scaffolds in a porcine model of 
ventral hernia repair. Hernia. 2013;19(2):207–18.  

     32.   Cavallo JA, Roma AA, Jasielec MS, Ousley J, 
Creamer J, Pichert MD, et al. Remodeling character-
istics and collagen distribution in biological scaffold 
materials explanted from human subjects after 
abdominal soft tissue reconstruction: an analysis of 
scaffold remodeling characteristics by patient risk 
factors and surgical site classifi cations. Ann Surg. 
2013.  

     33.    De Silva GS, Krpata DM, Gao Y, Criss CN, Anderson 
JM, Soltanian HT, et al. Lack of identifi able biologic 
behavior in a series of porcine mesh explants. Surgery. 
2014;156:183–9.      

7 Biologic Mesh: Classifi cation and Evidence-Based Critical Appraisal



71© Springer International Publishing Switzerland 2016 
Y.W. Novitsky (ed.), Hernia Surgery, DOI 10.1007/978-3-319-27470-6_8

      Biodegradable Meshes 
in Abdominal Wall Surgery                     

     Garth     Jacobsen       and     Christopher     DuCoin     

          Introduction 

 Tension-free hernia repair with reinforcement by 
synthetic, nonresorbable mesh has led to a drastic 
reduction in the rate of hernia recurrence. 
However, these permanent foreign materials 
have been implicated in causing the development 
of chronic infl ammation and fi brosis, which have 
been attributed to post-operative issues such as 
chronic pain and abdominal wall stiffness [ 1 – 3 ]. 
Most surgeons fear their use in contaminated 
environments due to the high risk of mesh infec-
tion and subsequent required explant [ 4 ]. Thus 
acellular, biological meshes of both human and 
animal origin have been suggested as the alterna-
tive to the synthetics in contaminated fi elds [ 5 , 
 6 ]. However, the high cost of biological meshes, 
at roughly $25–30 per cm 2 , has been shown to 
result in a median net fi nancial loss of $8370 per 
hospital admission for large abdominal wall her-
nias [ 7 ]. Recently, the use of reduced-weight 
polypropylene synthetic mesh in clean-contami-
nated and contaminated fi elds was studied and 
found to have both similar surgical site occur-
rences and mesh removal rates when compared to 
biologics [ 8 ]. However, no mesh to this point has 
been FDA approved for the use in contaminated 

surgical fi elds. This leaves us in a state of confu-
sion. The dogma remains that synthetic mesh 
provides radically lower rates of hernia recur-
rence and that biologics are supreme when used 
in dirty surgical fi elds. There may be more lure to 
these assumptions than evidence based under-
standing, and thus these teachings should no lon-
ger be taken as defi nitive rule. So where does this 
leave us, is there a happy medium between syn-
thetic and biologic? Yes, the benefi ts of both syn-
thetics and biologics can be found in the synthetic 
bioabsorbable meshes.  

    Types of Bioabsorbables 

 Bioabsorbables are composed of synthetic 
resorbable monofi lament polymers, either in a 
single or double layer that is gradually degraded 
over time. Yet, as the mesh is being degraded it is 
also providing the structural framework for the 
host tissue to incorporate with, and allows for the 
remodeling of the abdominal wall with native tis-
sue. The end result is that the abdominal wall 
strength is provided by the host’s own tissue. 
Thus, as there is no permanent foreign body, the 
likelihood of infection is drastically reduced. 
Currently there are four major types of bioab-
sorbable mesh. These meshes include  Ethicon 
Vicryl Mesh   (Ethicon Inc., Somerville, NJ), 
 Phasix Mesh   (C. R. Bard, Inc./Davol Inc., 
Warwick, RI),  Tigr Matrix   (Novus Scientifi c, 
Uppsala, Sweden), and  Gore Bio-A   (W.L. Gore 
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and Associates, Inc., Flagstaff, AZ) which will be 
reviewed in greater detail (Table  8.1 ). 
Fundamentally these meshes have very different 
structural patterns as can be seen with electron- 
microscopy (Fig.  8.1 ).

     Vicryl (polyglactin 910) woven mesh      is pre-
pared from a synthetic absorbable co-polymer of 
glycolide and lactide. This tightly woven mesh is 
prepared from uncoated, undyed fi ber identical in 
composition to that used in Vicryl synthetic 

   Table 8.1    Inventory of Bioabsorbable meshes   

 Collagen deposit  Majority of strength lost  Full resorption (months)  Studies 

 VICYRL  Low  75% of strength lost in 14 days  2–3  Animal 

 Human 

 PHASIX  Not reported  4–8 months  12–18  Animal 

 TIGR  Mixed ratio over 36 
months 

 8–9 months  36  Animal 

 Human 

 BIO-A  100% Type 1 at 30 
days 

 3–4 months  6  Animal 

 Human 

  Fig. 8.1    Electron microscopy of synthetic bioabsorbable 
mesh at twenty times magnifi cation. The images delineate 
the intricate woven matrix styles and size, along with the 
caliber of porosity. Vicryl mesh is a tightly woven single 
layer mesh with a symmetrical pattern. Phasix mesh has a 

greater caliber matrix with more porosity. TIGR Matrix is 
composed to two polymers that are degraded at different 
rates, with differed caliber size and vast porosity. Bio-A 
mesh is also composed of copolymers but possesses a 
unique non-woven matrix       
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absorbable suture. This material has been found 
to be inert, nonantigenic, nonpyrogenic and to 
elicit only a mild tissue reaction during absorp-
tion. Vicryl woven mesh is intended for use as a 
buttress to provide temporary support during the 
healing process. However, Vicryl loses 77% of its 
strength in the fi rst 14 days (0.5 month) in rat 
models, and it is fully resorbed in approximately 
60–90 days (2–3 months). Thus, Vicryl mesh is 
absorbed the fastest of all the synthetic bioabsorb-
ables. Vicryl degrades in vivo through hydrolysis 
and is known to decrease the pH in the local tis-
sues [ 9 ]. When compared to other biologics, 
Vicryl was found to have lower collagen deposi-
tion and neovascularization, which has been 
attributed to this decrease in pH [ 9 ,  10 ]. There is 
also an increase in infl ammation at the wound site 
as Vicryl mesh degrades [ 9 ,  10 ]. Overall, Vicryl 
mesh is resorbed quickly, losing its mechanical 
strength too fast, making it less than ideal for her-
nia repair [ 11 ]. A mesh that provides greater 
structural support of the hernia site for a longer 
period of time will be required to allow for ade-
quate completion of tissue remodeling [ 11 ]. 

 Thus, more recent absorbable scaffold designs 
have been developed which utilize long lasting 
polymers that degrade slower.  Bard’s Phasix 
Mesh      is constructed of monofi lament poly-4- 
hydroxybutyrate (P4HB), a resorbable polymer. 
P4HB is a naturally derived, fully absorbable 
polymer produced by  Escherichia coli  K12 bac-
teria via transgenic fermentation techniques [ 12 ]. 
P4HB degrades in vivo through both hydrolysis 
and a hydrolytic enzymatic digestive process and 
is fully resorbed in approximately 365–545 days 
(12–18 months) [ 12 ]. The resulting by-products 
(carbon dioxide and water) are metabolized 
quickly via the Krebs Cycle and beta-oxidation, 
with minimal effect on the local wound environ-
ment [ 12 ]. Unlike absorbable scaffolds such as 
Vicryl, whose by-products decrease the local pH, 
degradation of P4HB is not as acidic, which may 
reduce the infl ammatory response associated 
with these materials [ 12 ]. An animal study evalu-
ated Phasix Mesh and P4HB Plug repair sites 
over a 52 week period and showed a signifi cantly 
greater burst strength and relative stiffness with 
the mesh when compared to the native abdominal 

wall at all-time intervals [ 11 ]. In addition, 
histological assessment revealed a comparable 
and mild infl ammatory response, and mild to 
moderate granulation tissue/vascularization asso-
ciated with the P4HB material regardless of its 
confi guration as a mesh or a plug [ 11 ]. Studies 
thus far have all been completed in animal mod-
els and additional human models will hopefully 
show the same benefi ts. 

  Tigr Matrix      is knitted from two fi bers having 
different resorption rates. The fi rst fi ber makes up 
approximately 40% of the overall mesh by weight 
and is a copolymer of polyglycolide, polylactide, 
and polytrimethylene carbonate. This fi ber 
degrades in vivo through hydrolysis, loses sub-
stantial mechanical strength in the fi rst 14 days 
(0.5 month), and is fully resorbed in approxi-
mately 120 days (4 months). The second fi ber 
makes up approximately 60% of the overall mesh 
by weight and is a copolymer of polylactide and 
polytrimethylene carbonate. This fi ber also 
degrades in vivo through hydrolysis, but it retains 
its mechanical strength longer than the fi rst fi ber. 
It begins to demonstrate loss of mechanical 
strength after approximately 270 days (9 months) 
and is fully resorbed in approximately 1095 days 
(36 months). Tigr Matrix has been evaluated in a 
long-term animal model, and a clinical trial is 
currently underway. In the animal study, Tigr 
Matrix was compared to permanent polypropyl-
ene mesh in sheep with full thickness abdominal 
wall defects over the course of 4, 9, 15, 24, and 
36 months [ 13 ]. The results showed the typical 
long-term infl ammatory response found with the 
permanent polypropylene mesh. However, Tigr 
Matrix demonstrated a medium-term infl amma-
tory response similar to that of polypropylene, 
with the important difference being that infl am-
mation declined after 24 months and was practi-
cally absent after 36 months once the mesh had 
been completely resorbed [ 13 ]. Tigr Matrix also 
exhibited collagen deposition at the repair site 
that increased over time and eventually resem-
bled native connective tissue [ 13 ]. In the study no 
defect recurrences were noted in either the test or 
control group. Since Tigr Matrix loses the bulk of 
its mechanical strength after 6 months, it can be 
assumed that the restored tissue is evidently 
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strong enough to carry the abdominal loads found 
in these sheep models [ 13 ]. In the clinical trial, 
40 subjects were enrolled and followed for 1 year 
after placement of  Tigr Matrix   to repair a primary 
inguinal hernia [ 14 ]. Pain and recurrence were 
evaluated at 0.5, 1, 3, 6, and 12 months, and pain 
scores were reduced from an average of 17.4 
before surgery to 0.3 after just 6 months post 
operatively [ 14 ]. In conclusion, Tigr Matrix is 
fully resorbed in 3 years, shows an infl ammatory 
response that reduces over time, and is associated 
with a reduction in post-operative pain. 

  Gore Bio-A      is a copolymer composed of 
polyglycolic acid and trimethylene carbonate 
(PGA- TMC) that degrades in vivo through both 
hydrolytic and enzymatic mechanisms. Bio-A is 
fully resorbed within approximately 180 days (6 
months). Published studies to date are mainly in 
animal models with an international multi-cen-
ter human clinical trial having just been com-
pleted. In an animal study, Bio-A showed higher 
degree of cellular and vascular ingrowth, and 
collagen deposition than three commonly used 
biologic meshes in a sterile fi eld [ 15 ]. In regard 
to vascular ingrowth, Bio-A showed a statisti-
cally signifi cant increase in blood vessel 
ingrowth when compared to biologics 
( p  < 0.0001) [ 15 ]. The vascular ingrowth for 
Bio-A was greatest between days 7–14, while 
the biologics had no signifi cant change after 7 
days [ 15 ]. Samples of Bio-A demonstrated that 
at 30 days the collagen was 100% Type 1 [ 15 ]. 
This is signifi cantly earlier than the biologics 
( p  = 0.006) [ 15 ]. Bio-A also exhibited the least 
infl ammatory infi ltrate over time [ 15 ]. The out-
comes thus far have been promising with low 
rates of recurrence, infection, and pain. 

 A recently completed international multi- 
center prospective human study evaluated Bio-A 
in clean contaminated and contaminated ventral 
hernia repairs with outcome measures of hernia 
recurrence, surgical site events (SSE), and quality 
of life. Of the 104 patients enrolled the mean fol-
low-up time was 16 months. Findings at that time 
of evaluation showed a hernia recurrence rate of 
14% and a SSE rate of 28%, with a  surgical site 
infection rate (SSI)   of 18% ( n  = 21). When the 
group analyzed the risk factors for hernia recurrence 

they found that body mass index (BMI), previous 
infected mesh, position of mesh, and post-opera-
tive SSI were statistically signifi cant contributors 
to risk of recurrence. It was also found that the 
average BMI for no midline recurrence was 27 
kg/m 2  while the BMI for recurrence of midline 
hernia was 34 kg/m 2  ( p -value 0.004), and that pre-
vious mesh infection had a  p -value of 0.031. 
Position of mesh was also important in that there 
was a signifi cantly lower recurrence rate when the 
mesh was placed into the retro- rectus position. 
When the mesh was placed in an intrapertioneal 
position the recurrence rate was 30%, yet when 
placed retro-rectus the recurrence rate dropped to 
5% ( p -value 0.028). Also, with a post-operative 
SSI the recurrence rate was 21% while in those 
without post-operative SSI the recurrence rate 
was 5% ( p -value 0.035). In regard to SSI, 18% 
had infections post-operatively, but since all 
Bio-A mesh was placed into contaminated fi elds 
in this study, it can be argued that 82% of patients 
were cured of their previous infection. Of the 
SSI’s, nine were superfi cial and responded to 
antibiotic treatment only, while ten were deep 
requiring drain placement with antibiotics. 
However, no mesh required explant. When look-
ing at risk factors for SSI, diabetes mellitus 
( p  = 0.042), fi stula take down ( p  = 0.001), and pre-
vious mesh ( p  = 0.019) were found to be signifi -
cant risk factors. When evaluating for quality of 
life scores, the data showed an initial drop. 
However, over time there was a signifi cant 
improvement. The authors concluded that the her-
nia recurrence rate was acceptable and improved 
with retro-rectus placement, that mesh infection 
could be managed conservatively, and patients 
benefi ted from an improved quality of life.  

     Placement into Infected Surgical 
Fields 

 The  infected surgical fi eld   remains the most chal-
lenging area of mesh placement as mesh infec-
tion can be a catastrophic and mortal event to the 
patient. As mentioned above, synthetic bioab-
sorbable mesh has been used successfully in this 
setting. The study above showed that Bio-A used 
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in clean contaminated and contaminated ventral 
hernia repairs had a post operative surgical site 
infection rate (SSI) of 18%. The astonishing fi nd-
ing in this study is that no mesh required removal 
and that all infections, both superfi cial and deep, 
could be treated with conservative measures. An 
animal study found that Bio-A was safe to use in 
a contaminated surgical fi eld [ 16 ]. In a rat model, 
that used methicillin resistant  Staphylococcus 
aureus  (MRSA) as contaminate, bacteria were 
cleared from the Bio-A mesh more effectively 
than either Vicryl or Tigr Matrix at an inoculum 
greater than 106 [ 16 ]. However, at an inoculum 
of 104 or less, all three scaffolds performed 
equally. All three of the scaffolds exhibited 
reduced tensile strength and increased rate of 
mesh failure regardless of composition if there 
was any inoculum present [ 16 ]. A similar study 
recently completed by Dr. Voeller et al. com-
pared Phasix Mesh to various other mesh types. 
In this study, a rabbit dorsal model using one of 
the mesh types was inoculated with MRSA 
1 × 10 8  colony forming unites (CFU)/mL. On 
post operative day number seven the mesh was 
explanted then examined for number of CFU/
mL. All mesh types showed a decrease in CFU/
mL, however Phasix and Tigr Mesh showed the 
greatest reduction (Fig.  8.2 ). As the data of these 
two studies can be somewhat confusing, each 

study showing a different mesh with better bacte-
rial clearance, it is still evident that synthetic bio-
absorbable mesh can not only tolerate placement 
into an infected fi eld, but can also clear the bacte-
ria present.

   Another animal study examined the infection 
rates when the mesh was impregnated with anti-
biotics, specifi cally cefazolin [ 17 ]. In this study 
90 white rats were divided into four groups where 
Bio-A was placed in an intraperitoneal position. 
Group 1 consisted of mesh only (control group), 
in group 2 the mesh was infected at 1 week post 
operative with 1 × 10 8  CFU of  S. aureus , in group 
3 antibiotic-impregnated mesh used and then 
infected at 1 week’s time, and in group 4 the anti-
biotic quantity was double that of group 3 and 
subsequently infected at 1 weeks time. The 
groups were then examined at 1 week post infec-
tion, or post-op week 2 for bacterial colonization. 
Evident decrease of bacterial colonization was 
observed in groups 3 and 4, the ones impregnated 
with cefazolin, in comparison with the group 2, 
infected without previous antibiotic impregna-
tion, with statistically signifi cant results 
( p  < 0.001). Thus, the authors suggest that 
impregnation of an absorbable hydrophilic pros-
thesis, such as Bio-A, with cefazolin will help 
reduce the rate of mesh infection when placed in 
a contaminated fi eld.   
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  Fig. 8.2    Bacterial clearance       
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    Which Mesh to Use and When to Use 
It and Where to Put It 

 It has been our practice to base the type of mesh 
selection on a case-by-case basis, as truly every 
patient is unique in regard to abdominal wall 
reconstruction. When using synthetic mesh we 
prefer lightweight macro-porous mesh. We have 
moved away from the classic biologic mesh as 
empirically little benefi t was found at an 
extremely elevated cost when compared to the 
synthetic bioabsorbables. Synthetic bioabsorb-
able mesh is roughly 1/3–1/10 the cost of a 
matched piece of biologic mesh. Over the last 5 
years when treating complex abdominal wall her-
nias with the possibility of either a clean- 
contaminated or contaminated fi eld we have 
opted to use a bioabsorbable mesh. Our outcomes 
have been so positive that we no longer stock 
biologic mesh at our center. 

 When looking at our data in regard to bioab-
sorbable mesh for complex abdominal wall her-
nias we found that over the last 5 years 147 
patients have been treated with either Bio-A or 
Tigr Matrix. These hernia defects have consisted 
of extremely large areas with the average hernia 
defect being 130.8 cm 2 . Of these 147 patients, 52 
of them (35.4%) presented with a recurrent hernia 
that had undergone previous attempted repair, 
with a cumulative of 83 previous attempted hernia 
repairs. A  CDC wound classifi cation   was found to 
be Class II or greater in 41 patients (27.9%). The 
average follow-up duration for this study popula-
tion was 582 days. There was a total number of 27 
(18.3%) wound complications, consisting of 
seroma ( N  = 13), wound infection ( N  = 7), retro-
rectus hematoma ( N  = 4), and fl ap necrosis ( N  = 3). 
In the study population there were four recur-
rences (2.7%), and a single explant. Though the 
average follow-up for this study group is less than 
2 years, we feel the wound complication rate and 
the drastically lower recurrence rate when com-
pared to biologic mesh warrants the use of syn-
thetic bioabsorbables in large complex abdominal 
wall hernia reconstruction where there is risk of 
contamination. 

 In regard to placement of mesh, we use a 
very straight forward  algorithm   (Fig.  8.3 ). Our 

goal is to always place the mesh in a sublay 
fashion, in an attempt to reduce wound compli-
cations and infections, in the belief that it is a 
more appropriate physiological placement. For 
any defect less than 25 cm 2  we will attempt to 
place our mesh in a retro-rectus position. We 
have found that for defects larger than 25 cm 2  an 
alternate fascial release is required. In determin-
ing which type of release to use, we use resec-
tion of panniculectomy as the determinant. If a 
panniculectomy is to be performed usually the 
morbidity of creating skin fl aps has already 
taken place. Thus, we will use a standard com-
ponent separation with an onlay mesh place-
ment that is sutured to the lateral edge of the 
released external oblique fascia under moderate 
tension. If a panniculectomy is not part of the 
abdominal wall hernia repair, then we will con-
tinue with our retro-rectus dissection and extend 
it to a Transversus abdominis muscle release 
(TAR), detailed in Chapter   13    . In this fashion 
the midline can be brought back together and 
the mesh placed behind the transversus abdomi-
nis and the rectus muscles, cut to fi t and not 
affi xed. Multiple drains are placed to combat 
seroma formation and allow for good tissue 
approximation and mesh ingrowth.

       Conclusion 

 Synthetic bioabsorbable meshes provide the ini-
tial rigidity found in synthetic mesh while 
degrading over time, much like a biologic, reduc-
ing the risk of infection and need for mesh 
removal. Our data supports that they have a lower 
recurrence rate when compared to biologics 
while maintaining the same complication risk 
when used in contaminated fi elds. They do this at 
a drastically reduced cost. Excluding Vicryl 
mesh, bioabsorbable meshes have been shown to 
have collagen deposition that resembles native 
connective tissue. When compared to synthetics 
they have a lower inflammatory response 
which facilitates greater tissue ingrowth. Thus, 
in large complex abdominal wall hernias where 
there is a possibility of clean contaminated or 
contaminated wounds, we have chosen synthetic 
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bioabsorbable mesh over biologics. Both, a large 
multi-center international study along with our 
data supports this decision, that there is a lower 
hernia recurrence rate with similar wound com-
plications when compared to biologics at a 
reduced cost.     
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      Abdominal Wall Spaces for Mesh 
Placement: Onlay, Sublay, 
Underlay                     

     Gina     L.     Adrales     

          Introduction 

 Ventral hernia remains a vexing problem for the 
surgeon and the public alike. Laparotomy is asso-
ciated with an incisional hernia rate of 3–23% [ 1 , 
 2 ]. Despite contemporary efforts to understand 
and implement best practice techniques in fascial 
closure, the rate of ventral herniorrhaphy contin-
ues to rise. In the United States, where this health 
problem is compounded by an obesity epidemic, 
384,000 ventral hernia repairs were performed in 
2006 at a staggering cost of 3.2 billion dollars 
[ 3 ]. Hernia recurrence rates also remain unac-
ceptably high, particularly considering the 
healthcare and societal costs. Mesh repair has 
decreased the longterm rate of recurrence from 
63% for primary repair to 32% [ 4 ], but questions 
remain as to the optimal positioning of the pros-
thetic for reduction in hernia recurrence and other 
complications (Fig.  9.1 ).

   Herein, onlay, sublay, and underlay mesh 
placement are explored and an algorithm based 
on the available evidence is proposed. Uniformity 
in the defi nition of the positions of mesh is 
imperative and the European proposed guideline 
is employed [ 5 ]. Inlay (interposition) mesh place-
ment by which the mesh fi lls the defect and is 

attached to the fascial edges of the defect is 
discouraged due to the prohibitive risk of hernia 
recurrence and is not discussed further [ 6 – 8 ].  

    Technique 

     Onlay Mesh Placement 

  Onlay   repair involves placement of the mesh on 
the anterior rectus fascia below the subcutaneous 
layer after approximation of the anterior rectus 
fascia. The advantage of this technique is its ease 
of application. Depending on the degree of bowel 
adhesions and the chronicity and thickness of the 
hernia sac, limited subfascial and intraabdominal 
dissection may be possible. For small hernias 
where the fascia is more easily approximated, 
this is an attractive option. Onlay mesh place-
ment is associated with a shorter operative time 
compared to sublay positioning [ 9 ]. Additionally, 
the mesh is not directly in contact with the 
intraabdominal contents limiting the risk for 
bowel adherence and erosion. In contrast, there is 
at least a theoretical increased risk for infection 
from skin fl ora related to contact of the mesh 
with the skin during placement or potential for 
dissemination of infection from a superfi cial site 
infection to this anteriorly placed mesh. Because 
this technique involves subcutaneous dissection 
to develop the space for mesh placement, it is 
suspected that the risk for seroma is elevated 
compared to deeper mesh placement. However, 
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the clinical signifi cance of sterile seroma forma-
tion is questionable. 

 In onlay repair, the hernia sac is dissected free 
and reduced. The hernia sac may be left intact 
though the necessity of inspection of the herni-
ated contents may warrant opening of the sac. 
The anterior, subcutaneous space is developed 
through blunt and sharp dissection typically 
aided by cautery just above the anterior fascia. 
The anterior fascia is reapproximated in the mid-
line. When this is not possible due to tension on 
the closure, components separation is employed. 
The optimal mesh size for this technique relative 
to the hernia size is not well established. The 
mesh is affi xed widely with transfascial sutures. 
Self-adhering mesh or fi xation with adhesives are 
alternative options. Drain placement, with care-
ful handling and prompt removal as permitted, is 
recommended to address the expected seroma in 
the dissected subcutaneous space.   

     Sublay Mesh Placement 

  Sublay repair   refers to placement of the pros-
thetic in the retromuscular space posterior to the 
rectus abdominis and anterior to the posterior 
rectus fascia. The retrorectus repair, popularized 

by Rives and later Stoppa and Wantz, revolution-
ized hernia repair by offering a robust treatment 
of complicated incisional hernias with a low 
recurrence rate [ 10 ,  11 ]. Contemporary series of 
the Rives-Stoppa repair have reaffi rmed the value 
of the repair with reports of a low hernia recur-
rence rate of 5% while demonstrating an 
improved wound infection rate of 4% [ 12 ]. 

 The retrorectus repair addresses the attenua-
tion and lateralization of the rectus abdominis 
muscles and recreates the natural tension of the 
lateral obliques on the abdominal wall. The retro-
rectus space is well vascularized offering a favor-
able environment for tissue incorporation of the 
mesh. As with the onlay repair, the mesh is not in 
direct contact with the viscera if the posterior fas-
cial closure is complete; however, the dissection 
associated with the retrorectus repair is decidedly 
more challenging than the onlay repair, particu-
larly for recurrent hernias. 

 In the retrorectus Rives-Stoppa repair 
(Chapter   12    ), the midline skin is opened and the 
hernia sac is exposed and dissected free from the 
fascial edges as with the onlay repair. The sac 
may be adherent to overlying thin and sometimes 
ulcerated skin and may require excision of both. 
After opening of the sac, the bowel in inspected 
and adhesiolysis is performed to free the intestinal  

  Fig. 9.1    Diagram of ventral hernia and mesh positioning ( a ) Onlay mesh ( b ) Inlay mesh ( c ) Retrorectus sublay mesh 
( d ) Underlay preperitoneal ( e ) Underlay intraperitoneal       
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loops from the abdominal wall. The abdominal 
wall is inspected for additional fascial defects. 
After completion of the intraabdominal dissec-
tion and irrigation, the posterior rectus fascia is 
opened at its medial edge on each side sharply 
with or without cautery and the space between 
the posterior rectus sheath and the rectus abdomi-
nis is developed in this avascular plane primarily 
with blunt dissection. The dissection is continued 
laterally to the margin of the rectus muscle where 
the landmark of the neurovascular bundles marks 
the extent of the dissection. Of note, below the 
arcuate line, the dissection is performed in the 
preperitoneal space of Retzius and of Bogros lat-
erally, and thus the prosthetic mesh will only be 
separated from the peritoneal cavity by the peri-
toneum inferior to the arcuate line. The posterior 
layers are reapproximated in the midline and the 
mesh is placed in the retrorectus space. The ante-
rior fascia is then reapproximated in the midline. 
For large defects where midline fascial approxi-
mation is not possible, separation of components 
may be needed either with external oblique 
release or transversus abdominis muscle release. 
Drains are placed at the surgeon’s discretion. 
While frequently placed in the subcutaneous 
space, drain placement in the retrorectus space 
adjacent to the mesh should be done only after 
weighing the benefi t of tissue apposition versus 
the risk of infection. An advantage of the retro-
rectus repair, compared to the onlay approach, is 
that the subcutaneous dissection is limited, made 
possible by the suture passing devices for the lat-
eral transfascial mesh fi xation sutures.   

     Underlay Mesh Placement 

  Underlay   mesh placement describes mesh posi-
tioning in the preperitoneal subfascial space or 
the intraperitoneal space deep to the fascia and 
peritoneum. The intraperitoneal repair may be 
performed with either an open or laparoscopic 
approach, the latter associated with a lower infec-
tion risk [ 13 ,  14 ]. Compared to suture repair, 
both laparoscopic and open underlay mesh place-
ment decreased recurrence risk without increas-
ing the risk of serious mesh infection or fi stula 

formation [ 7 ]. Underlay repair spares the perforating 
vessels compared to a wide onlay repair and 
avoids skin and musculofascial fl aps potentially 
lessening the risk for ischemia and wound com-
plications. In contrast to overlay repair, underlay 
may be more diffi cult and lengthy but more 
straightforward than sublay mesh positioning. 
Underlay mesh repair for incisional hernias may 
require extensive dissection and adhesiolysis to 
allow a clear space for a widely overlapping 
mesh repair. Additionally, if the overlying fascia 
cannot be reapproximated, a bridging mesh repair 
will not restore the midline. For some active 
patients, the functionality of such a repair is not 
optimal. Careful selection of the prosthetic mesh 
is critical to the longterm success of intraperito-
neal underlay repair due to the exposure of the 
intestines to the mesh and potential for adhesions 
or erosion. 

 Similar to the other described techniques, 
underlay mesh placement involves freeing the 
hernia sac from the fascial edges and adhesioly-
sis of any adherent bowel or omentum. For pre-
peritoneal underlay repair, the hernia sac is left 
intact if possible and the preperitoneal space is 
widely developed to allow adequate overlap of 
the mesh repair. Because preservation of the peri-
toneum can be diffi cult due to its thin nature, this 
technique is utilized primarily for smaller ventral 
defects such as umbilical or epigastric hernia 
repairs. These preperitoneal repairs are typically 
performed with open technique though laparo-
scopic repair has been reported [ 15 ]. 

 Open intraperitoneal mesh placement is con-
ducted in similar fashion but extensive adhesioly-
sis may be needed to identify all ventral hernia 
defects and to clear a wide berth for placement of 
the prosthetic with wide overlap of the hernia(s). 
Close abdominal wall inspection is essential for 
avoidance of the early hernia recurrence which 
may actually be a missed hernia defect. The 
intestine must be protected from the synthetic 
mesh with use of an adhesion-barrier coated 
polyester or polypropylene mesh or an expanded 
polytetrafl uoroethylene mesh. Alternatively, in 
cases of contamination, biologic mesh is favored 
although its longterm durability is limited due to 
eventual eventration and  reherniation, especially 
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in cases of where the overlying fascia cannot be 
closed. [ 16 ] The mesh is secured with transfas-
cial mattress sutures and may be supplemented 
by absorbable or permanent tacks in between 
sutures to reduce the risk of bowel slippage ante-
rior to the mesh in between the transabdominal 
sutures. Another common example of an intra-
peritoneal underlay mesh use is the Laparoscopic 
ventral hernia repair [ 17 ], described in detail in 
Chapters   21    –  22    .    

    Evidence-based Surgery: The Best 
Position for Mesh Placement 
in Ventral Hernia Repair 

 Review of the available evidence does not yield a 
superior positioning technique for all aspects of 
ventral hernia repair. Much of the published lit-
erature is restricted to single-center retrospective 
series. However, some themes have emerged 
from the literature and are highlighted.  

    Mesh Position, Recurrence, 
and Seroma 

 Laparoscopic intraperitoneal repairs and retrorec-
tus sublay repairs have the lowest reported hernia 
recurrence rates. A 2013 systematic review of 62 
articles of ventral hernia repair and mesh posi-
tioning and over 5800 patients determined that the 
rate of hernia recurrence was highest for onlay 
(17%) or interposition (17%) compared to retro-
rectus (5%) or underlay mesh implantation (7.5%) 
[ 18 ]. In this systematic review, bridging interposi-
tion mesh repair was associated with the highest 
rate of overall complications, such as seromas. Of 
note, there were many more underlay repairs 
( N  = 3641) than retrorectus repairs ( N  = 743) in 
this review. Additionally, the underlay group was 
heterogeneous in that it included both open and 
laparoscopic repairs and intraperitoneal and sub-
fascial repairs. 

 The  retrorectus repair      may be the safest option 
in contaminated hernia cases. Rosen et al evaluated 

the surgical outcomes for biologic mesh repairs 
in contaminated fi elds [ 19 ]. In this post hoc anal-
ysis of a retrospective multicenter trial with short 
term follow up (1 year), the recurrence risk 
favored retrorectus repair despite larger defects 
in the intraperitoneal mesh repairs. A multicenter 
group also reported a low recurrence rate of 7% 
in contaminated ventral hernia repairs with mac-
roporous lightweight polypropylene, with over 
half of the recurrences involving recurrent para-
stomal hernias [ 20 ]. The repairs in this study 
were heterogeneous but mesh was placed in the 
retrorectus space in 94% of the patients. 

  Laparoscopic repair      compares favorably 
with open mesh repair in uncontrolled series. 
Helgstrand reported that laparoscopic repair 
decreased the risk of recurrence compared to 
open (15 versus 21%) [ 21 ]. Open repair, hernia 
defects larger than 7 cm, and open repair with 
onlay or intraperitoneal mesh were found to be 
risk factors for poor late outcomes. In another 
study, 50 unselected laparoscopic repair 
patients were compared to those with Rives-
Stoppa herniorraphy [ 22 ]. The laparoscopic 
group had larger hernia defects, shorter hospi-
tal stay, fewer complications (24% versus 
30%) and a lower rate of hernia recurrence (2% 
versus 10%) over a mean follow up of almost 
21 months. 

 In contrast, a Cochrane review highlighted 
the limited conclusions that can be drawn from 
available  randomized trials   due to the short-
term follow- up [ 23 ]. This review included ten 
randomized control trials with 880 patients and 
found that the hernia recurrence rate was the 
same for laparoscopic and open repair of vari-
ous mesh positioning but half of the trials had 
less than two-year follow up. An earlier 
Cochrane review of eight trials concluded that 
open repair was superior to suture repair in 
terms of recurrence but insuffi cient evidence as 
to which mesh position or type was best [ 24 ]. 
Another metaanalysis of eight randomized con-
trolled trials comparing laparoscopic and open 
incisional or ventral hernia repair found no dif-
ference in recurrence [ 14 ].  
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    Mesh Position and Subsequent 
Surgery 

 The  positioning of   the mesh in ventral herniorra-
phy holds implications for future surgery. The 
best operative repair should be performed for the 
problem at hand without undue infl uence of the 
mere possibility of future surgery. However, 
there are subgroups of patients, such has Crohn’s 
patients who have required prior surgery, for 
whom the possibility of future intraabdominal 
surgery and implications of intraperitoneal mesh 
should enter into the preoperative discussion 
with the patient while considering the options for 
repair and prosthetic type. Abdominal surgery 
after ventral hernia repair is not uncommon. In 
the United States, the Veterans Affairs National 
Surgical Quality Improvement Program data 
demonstrated that 25% of patients required sub-
sequent abdominal surgery after ventral inci-
sional hernia repair, with almost two-thirds of 
these involving recurrent repair [ 25 ]. Underlay or 
inlay polypropylene mesh repair was associated 
with increased operative time in subsequent 
abdominal surgery but without increased risk of 
inadvertent enterotomy. 

 In the Netherlands, Halm et al found that 
intraperitoneal polypropylene mesh repair com-
plicated subsequent laparotomy in 76% com-
pared to 29% with preperitoneal mesh and led to 
small bowel resection in 26% compared to 4% 
[ 26 ]. This learned group of European hernia 
experts recommended that intraperitoneal poly-
propylene mesh should be avoided.  

    Infection 

 Laparoscopic repair appears to be favored in 
terms of  surgical site infection  . While the sys-
tematic review by Albino et al concluded that 
surgical site infection was lowest for sublay ret-

rorectus repair at 4%, the underlay group was 
heterogeneous including both open and laparo-
scopic repairs [ 18 ]. Another metaanalysis of 15 
observational studies found that laparoscopic 
repair resulted in shorter length of stay, operative 
time, and a signifi cant reduction in wound 
abscess and superfi cial site infection with a trend 
towards reduced hernia recurrence rate [ 13 ]. 
Systematic reviews of randomized controlled tri-
als comparing laparoscopic and open ventral her-
nia repairs supported a decreased risk of wound 
infection in the laparoscopic group with a relative 
risk of 0.22–0.26 [ 14 ,  23 ].  

    Summary 

 The lack of a defi nitive solution to ventral herni-
orraphy in terms of the ideal mesh positioning 
underscores the complexity of this problem. No 
hernia patient or hernia defect is the same. 
Additional evidence is needed. Collaborative 
evaluation of the outcomes of various repairs 
and prosthetics is imperative. On an individual 
basis, the types of repairs within a given sur-
geon’s armamentarium should be matched to 
the goals of the patient tempered by the charac-
teristics of the hernia defect and the co-morbid-
ities of the patient which might affect the 
surgical outcome. The shortcomings and bene-
fi ts of the myriad of mesh products, both bio-
logic and permanent synthetic, must be 
considered. This is an ever- changing environ-
ment in which the hernia surgeon must be vigi-
lant and knowledgeable. The author’s personal 
algorithm is outlined in the accompanying table 
and fl owchart (Table  9.1  and Fig.  9.2 ). While 
such algorithms are based on available evidence, 
the decision ultimately is made between the 
patient and surgeon through thoughtful discus-
sion and examination of the value of hernia 
repair for that individual patient.
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          Introduction 

 Ventral hernias represent an incredibly varied 
clinical entity with a wide spectrum of disease. 
It is important for the surgeon to be comfortable 
with several techniques as specifi c interventions 
may prove more or less favorable for a given 
hernia. Consequently, the reconstructive options 
for hernia repair are diverse and must be tailored 
to a given clinical situation. Patient comorbidi-
ties, hernia characteristics, and skin/soft tissue 
factors will each impact the technique chosen 
for the repair. In addition, intra-operative fi nd-
ings should guide the reconstructive approach to 
optimize outcomes. It is critical to perform the 
fi rst hernia repair with the proper approach, tech-
nique, and mesh selection to avoid even higher 
failure rates with subsequent repairs [ 1 ]. This 
chapter will outline the authors’ approach and 
management of the common small fascial defects 

encountered in umbilical, epigastric, and small 
incisional hernias.  

     Patient Selection   

 Results following AWR are variable. Differences 
in surgical outcomes are partially attributed to 
differences in patient demographic. Age, gender, 
obesity, smoking, and medical comorbidities 
each independently impact outcomes following 
ventral hernia repair. (Table  10.1 ) Age is an inde-
pendent risk factor for hernia recurrence, 30-day 
major morbidity, and mortality.

   Postoperative morbidity following VHR is 
increased for each decade after 50 (OR 1.63), 
preoperative (partial or total) functional depen-
dence (2.34), presence of ascites (9.71), pulmo-
nary compromise (2.47), acute renal failure 
(11.45), and hyponatremia (3.34). The risk of 
hernia recurrence increases proportionately with 
the number of prior failed repairs; patients pre-
senting for an initial hernia repair are much less 
likely to develop a postoperative complication. 
The success of surgical repair is inversely related 
to the number of prior surgical attempts at 
VHR. Functional status is another critical ele-
ment to consider as patients who are not func-
tionally independent are signifi cantly more likely 
to develop complications following hernia repair. 
Inactive and sedentary patients may not require 
surgical repair if there is no involvement of bowel 

mailto:Parag.Bhanot@medstar.net
mailto:rpt2@gunet.georgetown.edu
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within the hernia sac. It is critical to optimize the 
medical management of patient’s comorbid con-
ditions prior to surgery through a multi- 
disciplinary approach for preoperative risk 
reduction, select patients for hernia repair with a 
baseline functional capacity warranting surgery, 
and determine the safest surgical procedure to 
ensure a successful repair [ 2 ].  

    Approach (Open or Laparoscopic) 

 In addition to patient demographics, hernia 
morphology affects outcomes and should also 
dictate treatment. It is critical that the surgeon 
personally review the imaging study, if avail-
able, to determine the extent of the structural 
involvement to formulate the surgical plan. 
However, the authors do not advocate the rou-
tine use of imaging for small noncomplicated 
hernias. The  factors   that need to be considered 
include: (1) defect size (2) number of defects, 
and (3) location of the defect(s). 

 In general, repairs can be classifi ed as static or 
 functional   (Fig.  10.1 ). Open repairs that do not 
re-approximate muscle and fascia and most lapa-
roscopic repairs are considered static repairs 
because they do not restore the inherit anatomy 
of the abdominal wall. Small defects may be 
amenable to closure with a laparoscopic approach 
as well and possibly offer additional advantage 
over traditional repair.

   The following represents the authors’ algo-
rithm based on personal clinical experience and a 
review of the literature. A primary, single defect 
<3 cm in a non-obese patient may be repaired 
with suture repair alone (Fig.  10.2 ). This situa-
tion represents a compromise between a slightly 

higher recurrence rate and the avoidance of mesh 
related complications. It is critical to assess the 
quality of the fascia if mesh is excluded from the 
repair. The approximation of poor quality tissue, 
regardless of the fascia defect size, will lead to an 
unacceptable recurrence rate. In addition, a rec-
tus diastasis should be addressed as well [ 3 ].

   All other patients, in the optimal setting, 
should have a mesh reinforcement of the repair. 
The decision to proceed with a laparoscopic ver-
sus open approach is dependent not only on the 
size of the defect, but also on the quality of the 
skin and soft tissue coverage (Fig.  10.3 ).

       Adequate Skin/Soft Tissue Coverage   

 In these patients, the decision to proceed with a 
laparoscopic or open approach is dependent on 
the size of the defect. Recurrent hernias, single 
defects between 3–10 cm, several midline defects 
(“swiss-cheese type”), or primary defects less 
than 3 cm in a morbidly obese individual are 
ideal for a laparoscopic approach with synthetic 
mesh (Fig.  10.4 ). The presence of a signifi cant 
rectus diastasis may prompt an open approach.

        Inadequate Skin/Soft Tissue 
Coverage   

 Regardless of the size of the defect, if there is a 
potential for exposure of the synthetic mesh or 
the repair is performed in the setting of contami-
nation, we would favor the open approach with 
the use of a biological mesh. There is currently 
no data to support the use of a biological product 
via a laparoscopic approach.   

   Table 10.1    Demographic variables associated with inferior surgical outcomes (30-day major morbidity, 30-day mor-
tality, and/or hernia recurrence)   

 Age  Ascites  Coronary artery disease 

 Functional 
dependence 

 Pulmonary 
compromise 

 Hypoalbuminemia 

 Obesity  Acute renal failure  Chronic steroid dependence 

 Nicotine consumption  Hyponatremia  Immunosupression 

 COPD  Anemia  Reactive airway disease 
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    Location of Mesh  Placement   

 After selecting the ideal mesh product to rein-
force a given VHR, the material may be placed 
in a number of different locations within the 
abdominal wall for reinforcement [ 4 ]. Mesh may 
be sutured superfi cial to the primarily closed fas-
cia (onlay), directly to the fascial edges as a 
bridged repair (interposition), posterior to the 
rectus abdominis muscle (sublay), or deep to the 
peritoneum (underlay). Each of these has dis-

tinct advantages given a particular clinical situa-
tion. In general, underlay or retrorectus mesh 
placement results in the lowest complication 
rates including less infection, seroma, and hernia 
recurrence as compared to onlay or interposition 
mesh placement. Within the context of biologic 
mesh, interposition mesh placement when pri-
mary fascial approximation is not feasible will 
result in the highest rate of hernia recurrence, 
approaching 100%.  

    Specifi c Hernias 

     Umbilical Hernias   

 Hernias involving the umbilicus can be congeni-
tal or occur spontaneously. Many congenital 
umbilical hernias will spontaneously close by 
2–3 years of age. The repair of the pediatric her-
nia is not the focus of the following discussion. In 
adults, multiparity, obesity, ascites, as well as any 
other pathology that elevates intra-abdominal 
pressure, increase the risk of a fascial defect. 
Though umbilical hernias are common, the dif-
ferential diagnosis should include soft tissue 
tumors and urachal cysts. The contents of an 

  Fig. 10.1    There are a myriad of techniques available for 
AWR. Small defects are amenable to both an open and 
laparoscopic approach. Larger defects may require a more 

complex operation for adequate repair. With increasing 
complexity of technique, the surgeon should expect a 
higher morbidity rate       

  Fig. 10.2    CT scan image of small fascial defect (<3 cm)       
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umbilical hernia may include pre-peritoneal fat, 
mesenteric fat, and/or bowel. 

 As discussed, the size of the defect, comor-
bidities, and the skin factors should be consid-
ered in the choice of surgical technique. With 
our established algorithm, most of the umbilical 
hernias repaired in our practice in the non-obese 
population are a primary suture repair without 
mesh reinforcement. This does represent a com-
promise between recurrence rates and mesh 
related complications. A randomized study by 
Arroyo et al. showed that umbilical hernia repair 
with prosthetic mesh had a recurrence rate of 1% 

at 64 months compared to 11% with direct suture 
repair alone. Complications in both groups were 
similar [ 5 ]. 

 Given the same small defect size in an obese 
individual, mesh reinforcement is necessary. The 
protocol for synthetic versus biological mesh has 
been previously discussed. In the setting of appro-
priate skin coverage, a laparoscopic approach is 
recommended with synthetic mesh [ 6 ]. Typically, 
these cases are short and can be performed as a 
same day operation. With less than ideal skin 
coverage, absent or attenuated skin, a laparo-
scopic approach is not recommended. An open 
repair with reduced-weight polypropylene mesh 
or biological mesh is appropriate.  

    Epigastric Hernias 

  Epigastric hernias   are another common fascial 
defect encountered by general surgeons and 
may be present in up to 2% of the population. 
They mostly occur spontaneously as a function 
of the anatomy of the linea alba which becomes 
thinner and wider cephalad from the umbilicus. 
These hernias have a male prevalence and can 
have multiple defects in upto 20% of patients. 
Given the small defect size which often has a 
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  Fig. 10.3    Algorithm for AWR for small to moderate size defects       

  Fig. 10.4    CT scan image of moderate fascial defect 
(3–8 cm)       
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small piece of incarcerated preperitoneal fat, 
the level of discomfort can be more than 
expected. The diagnosis is usually made with 
the clinical exam confi rming a palpable bulge. 
Imaging is not necessary, but can be obtained if 
the exam is equivocal. 

 The algorithm for repair has been described in 
the preceding section [ 7 ]. As with umbilical her-
nias, the authors recommend repair of any associ-
ated rectus diastasis to minimize recurrence or 
development of metachronous defects.  

    Incisional Hernias 

 Incisional hernias develop in up to 20% of patients. 
The associated pathology is quite variable and thus 
so is the technique utilized for repair. A recent 
Cochrane database review of open surgical tech-
niques for incisional hernias has shown that even 
in small defects, the use of suture repair was asso-
ciated with less surgical site infection and seroma 
but an increased rate of recurrence [ 8 ]. Therefore, 
mesh reinforcement is advocated for in all inci-
sional hernias, regardless of defect size [ 9 ]. 

 There are multiple randomized controlled tri-
als evaluating laparoscopic versus open repair of 
abdominal wall hernias. The laparoscopic 
approach provides for lower overall complication 
rates, decreased wound complications, decreased 
length of stay, and decreased recurrence rates. 

However, there is a higher rate of bowel injury 
with inexperienced surgeons [ 10 ]. 

    Technique for  Open Repair With/
Without Mesh Reinforcement      
     1.    An incision is made over the fascial defect to 

provide proper exposure in either a vertical or 
horizon fashion. For umbilical hernias, the 
umbilical stalk is dissected free from the hernia 
sac. It is important not to button-hole the skin.   

   2.    The hernia sac/ contents      are dissected away 
from the edges of the fascia. Without the 
involvement of omentum or bowel, violation 
of the peritoneal cavity should be avoided. 
Especially important are individuals with the 
presence of ascites.   

   3.       
  (a)     The fascial edges are clearly delineated. 

With a less than 2 cm defect, a primary 
repair is carried out using absorbable 
suture such as 0-PDS fi gure of eight 
sutures transversely. We typically place 
our corner sutures beyond the defect 
(Fig.  10.5a, b ).

       (b)     With a defect larger than 2 cm and/or 
accounting for patient risk factors, mesh 
can be utilized. The authors recommend 
underlay mesh (intraperitoneal or sub-
lay) rather than an onlay technique. The 
size of the mesh should allow for at 
least 3–4 cm support circumferential. 

  Fig. 10.5    ( a ) The small defect size is clearly delineated after the fascial edge is cleared circumferentially. ( b ) A pri-
mary suture repair is performed in a transverse fashion with fi gure-of-8 PDS sutures starting beyond the actual defect       
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The mesh is secured with at least 0-PDS 
sutures transfascial. The fascia is then 
re-approximated over the mesh. 
(Fig.  10.6a–c ).

           4.    Closure of the  incision     . For umbilical hernias, 
the umbilicus is tacked back down to the linea 
alba with absorbable suture.      

    Technique for  Laparoscopic Repair 
with Mesh Reinforcement      
     1.    The authors prefer to gain access to the perito-

neal cavity via a Veress needle at the anterior 
axillary line, but is based on surgical history.   

   2.    Trocar placement is based upon surgical his-
tory. 3 (5 mm) and 1 (12 mm) trocars are 

required. It is important to place the trocars at 
ample distance from the actual defect to allow 
appropriate overlap with the mesh.   

   3.    A lysis of adhesions is usually not required in 
the absence of previous surgery. However, we 
prefer to take down the falciform ligament 
from the posterior sheath with ultrasonic 
shears to allow adequate penetration by tack-
ing device (Fig.  10.7a–f ).

       4.    The hernia contents should be fully reduced. 
If possible, the hernia sac can be excised.   

   5.    The fascial defect is measured by a standard 
technique previously described using a spinal 
needle. It is up to the surgeon’s preference 
whether to close the small defect or not.   

  Fig. 10.6    ( a ) A 5 cm fascial defect is exposed at site of 
prior incision. ( b ) Mesh reinforcement is utilized given 
the defect size and association with prior incision. 
Location is intraperitoneal. The mesh is parachuted in 

after placement of #1-PDS sutures transfascial. ( c ) After 
securing the mesh, the fascia is then re-approximated with 
additional #1-PDS sutures, providing autologous tissue 
coverage       
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  Fig. 10.7    ( a ) Adhesions from prior surgery will need to 
be addressed to expose the small fascial defect. ( b ) A 
single small fascial defect is visualized measuring 
5 × 5cm. ( c ) Given the small defect size and compliance of 
the abdominal wall, closure of the defect is performed 
prior to mesh placement. A suture passer device is utilized 
to place several fi gure-of-8 sutures. ( d ) Depicted are the 

sutures placed prior to tying them down. ( e ) The small 
defect has been re-approximated without exceeding phys-
iological tension. ( f ) The mesh is then placed in a standard 
laparoscopic fashion. With the small defect re- 
approximated, less mesh material is needed to provide the 
proper overlap       

 

10 Reconstructive Options for Small Abdominal Wall Defects



96

  Fig. 10.8    ( a ) A 2 cm fascial defect is isolated after reduc-
tion of omentum. The fascia is attenuated with a 3 cm 
wide thin linea alba. ( b ) The defect is closed in a trans-
verse fashion with fi gure-of-8 0-PDS sutures. Mesh is not 

utilized given the defect size. ( c ) An additional suture line 
is placed in a vertical fashion to plicate the rectus muscles 
over the fi rst suture line to provide additional support       
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   6.    The mesh is selected and measured to allow 
for at least 5 cm overlap.   

   7.    The mesh is fi xated with both transfascial 
sutures as well as circumferential tacks. The 
authors prefer an absorbable tacker given the 
intraperitoneal location of the mesh.      

    Technique for Repair of  Rectus 
Diastasis      
     1.    The incision is a vertical midline incision to 

provide proper exposure from the xiphoid pro-
cess infra-umbilical. The small fascial defect 
is repaired as described above with or without 
mesh reinforcement (Fig.  10.8a–c ).

       2.    The extent of the diastasis is delineated to 
allow for maximal plication.   

   3.    Either a single or double row of sutures can be 
utilized depending upon surgeon preference. 
The authors prefer either a single  row      of 
fi gure- of- 8 #1-PDS sutures or a double row 
consisting of fi gure-of-8 0-PDS sutures fol-
lowed by running #1-PDS. Additional onlay 
mesh reinforcement is not necessary.        

    Summary 

 Reconstructive options for AWR are vast and 
should start with optimizing patient selection. It is 
important to note that not all patients require 
repair and the decision to offer surgery should be 
based on reasonable expectations. The surgeon 
should have within his/her armamentarium a myr-
iad of options to perform the optimal surgery. An 
algorithm should be incorporated into clinical 
practice based on high level data that will allow 
the surgeon to defi ne which approach, technique, 
and mesh reinforcement should be utilized for 
each individual patient. The ultimate goals of ven-

tral hernia repair are (1) prevent complications 
from the hernia, (2) restore functional abdominal 
wall, (3) improve cosmesis, and (4) minimize 
future complications including recurrence.     
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11.1            Introduction 

 There are many ways to approach the repair of a 
ventral or incisional hernia (VIH). Varying tech-
niques are based on where the mesh is placed in 
relation to the abdominal wall. Furthermore, there 
is a relationship between the repairs and their his-
tories. Options include intraperitoneal placement 
of mesh, retrorectus or retromuscular placement 
(Rives 1973) and premuscular or onlay mesh 
placement (Chevrel 1979). The two major tech-
niques described by Rives and Chevrel occurred in 
the 1970s and essentially run parallel to each other. 
In their time, both techniques maintained popular-
ity and had similar outcomes. However, during the 
past 20 years retromuscular mesh placement as 
described by Rives has become the standard of 
care for ventral hernias while Chevrel’s onlay tech-
nique was forgotten. The lack of popularity of the 
onlay repair in the USA has a historical basis. The 
Rives retrorectus repair was brought to the United 

States in the 1980s by George Wantz, who was a 
hernia surgeon from New York. Dr Wantz trav-
elled to France to learn many of their hernia repair 
methods. One of our mentors, Eugene Mangiante, 
brought Dr. Wantz to our institution in the early 
1980s and taught the senior author the Rives’ sub-
lay repair. This repair became our repair of choice 
and is taught to our residents to this day. As we 
developed our laparoscopic repair we realized that 
suture fi xation would be critical to long term suc-
cess and we used pictures in the hernia atlas pro-
duced by Dr. Wantz of the Rives repair to show 
how the two repairs were similar. The main differ-
ence is that the mesh is behind the rectus muscles 
in the Rives repair and intraperitoneal in the lapa-
roscopic. The fi rst laparoscopic ventral hernia 
repair course ever taught was in Memphis, TN in 
the mid 1990s; at this course and many others that 
followed, American surgeons were introduced to 
the open Rives repair as the basis for laparoscopic 
ventral hernia repair. At this time, most V/I hernia 
repairs in the USA were done as an inlay with the 
mesh being sewed to the edges of the hernia defect. 
As more surgeons learned the laparoscopic repair 
and were exposed to the Rives open repair, the 
Rives repair became the standard for most herni-
ologists in the USA. In the process, Chevrel’s 
onlay technique, which was not known in the USA 
had been more or less forgotten except by its prac-
titioners in France. In 2003 we began using fi brin 
glue for mesh fi xation for our TEP inguinal hernia 
repairs and this stimulated our interest in Chevrel’s 
onlay method for V/I hernia repair.  
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11.2     Chevrel’s Logic 

  In the classic Chevrel repair, the primary goal is 
to recreate the linea alba. Chevrel based this on 
biomechanical studies which he and Rath con-
ducted to identify the strongest and weakest por-
tions of the abdominal wall. In these studies, they 
evaluated the abdominal wall above and below 
the arcuate line of Douglas as well as the anterior 
and posterior sheaths. When looking at breaking 
strain and deformability, the anterior sheaths and 
posterior sheaths were similar above and below 
the arcuate line. However, differences were found 
in bursting strength. The strongest area was the 
supraarcuate anterior sheath, which was signifi -
cantly stronger than the infraarcuate anterior 
sheath. The supraarcuate posterior sheath was 
stronger than the infraarcuate posterior sheath 
but was not statistically signifi cant. In all, the 
supraarcuate anterior sheath was stronger than 
the posterior sheath at all levels [ 1 ]. 

 Chevrel also studied the linea alba and found 
that the infraumbilical linea alba was stronger 
(linear traction) than the supraumbilical linea 
alba. He then compared this to the rectus sheath 
and found the anterior rectus sheath to have the 
most comparable values. The results of the poste-
rior sheath values are the most compelling in that 
the posterior sheath is weaker on all levels than 
the linea alba but especially the infraumbilical 
posterior sheath ( P  < 0.01) [ 2 ]. 

 These studies form Chevrel’s logic for a pre-
muscular prosthesis. First, the anterior rectus 
sheath is the strongest and best tissue to use for 
recreation of the linea alba. Second, a premuscu-
lar prosthesis placement is favorable to the retro-
rectus location due to the weakness of the 
posterior sheath. In reference to retrorectus pros-
thesis placement, Chevrel stated “The posterior 
sheath then becomes the layer which separates 
the prosthesis from the peritoneum and the vis-
cera, and the fi rst to sustain the action of the 
intraabdominal pressure.” He goes on to con-
clude: “this layer is thus weaker than the underly-
ing prosthesis and will give way under an increase 
in intraabdominal pressure, risking exposing the 
viscera to the prosthesis.” Chevrel also felt infec-
tions were easier to treat in a premuscular than a 

retromuscular prosthesis and the retromuscular 
mesh may have to be removed while that is rarely 
necessary when the mesh is premuscular [ 3 ]. In 
our  clinical   experience with onlay ventral hernia 
repair, we have found the management of wound 
infections to be straight forward with salvage of 
mesh in all cases .  

11.3     Chevrel’s Technique 

  As previously stated, the goal of Chevrel’s tech-
nique is to reconstruct the linea alba. After making 
skin fl aps, this is accomplished by creating a four 
layer reconstruction that includes three tissue layers 
and a premuscular prosthesis. The three tissue lay-
ers are accomplished by fi rst closing the midline 
fascia. Chevrel used Gibson or Clotteau-Premont 
type relaxing incisions if required to get the midline 
closed. Vertical incisions are then made along the 
rectus muscles bilaterally 2 cm from their medial 
borders and these fl aps are folded over each other 
and sutured. The lateral edges of each fl ap of rectus 
sheath are rolled toward the midline and sutured 
with two rows of interrupted “u” stitches. These 
fl aps create the second and third tissue layers. The 
prosthesis in the onlay position is the fourth layer 
(Fig.  11.1 ). The periphery of the mesh is fi xated 
with running absorbable suture and  the   middle por-
tion of the mesh is molded to the midline closure by 
spraying 2 mL of fi brin glue. Chevrel did this to fi x 
the mesh to the midline closure which took tension 
off of the midline closure immediately until granu-
lation tissue served that function. Two to four closed 
suction drains are then placed and the skin is closed 
in two layers. Chevrel left his drains until there was 
no drainage for 48 hours and he maintained an 
abdominal truss day and night for 2 months. He felt 
it took this long for adequate granulation tissue to 
grow through the mesh  [ 3 ].

11.4        Clinical Data 

  Looking at Chevrel’s original series, it is impor-
tant to note that he compiled other techniques 
with the technique just described and treated 426 
incisional hernias from 1979 to 1998. He used 
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the fi brin glue technique in 143 repairs and they 
followed up 93% of them for between 1 and 20 
years. His recurrence rate was 4.9% and no pros-
thesis was lost to mesh infection. He also found 
that seroma formation was greater when larger 
amounts of fi brin glue were used [ 3 ]. 

 Kingsnorth in 2007 published a series of ven-
tral hernia repairs using mesh onlay, components 
separation, and suture and fi brin glue. The tech-
nique included midline closure and selective use 
of Ramirez type component separation. The mesh 
was fi xated with running sutures on the periphery 
of the mesh. With regard to fi brin glue use, it was 
directed for treatment of the skin fl aps instead of 
mesh fi xation. The study population included 116 
patients with a median follow up of 15.2 months. 
Seroma rate was 9.5% and skin infection rate was 
8.6%. There were no mesh infections. The recur-
rence rate was 3.4% over the follow up period [ 4 ]. 

 Stoikes et al. published their initial series of 
50 patients of an onlay technique using fi brin 

glue alone for mesh fi xation. Our technique dif-
fers from the classic Chevrel in that it utilizes an 
onlay of the mesh prosthesis, however, it is posi-
tioned initially with skin staples and then fi xated 
to the entire anterior fascia with fi brin glue alone. 
The senior author noticed when he fi rst did this 
that there was immediate strong fi xation of the 
mesh over the entire abdominal wall and stress 
was immediately taken off of the midline suture 
closure. The technique includes tension free pri-
mary closure of the midline with selective use of 
myofascial advancement fl aps when required. 
   Mean follow up was 19.5 months with no known 
recurrences identifi ed. The seroma rate was 16% 
and skin infection rate was 6%. There were no 
mesh infections [ 5 ]. An update to the data is in 
process and now numbers over 100 patients. New 
data includes use of the technique in clean- 
contaminated and contaminated scenarios with 
no associated infectious complications or reop-
erations. Overall skin infection rate is 4 with 

  Fig. 11.1    Chevrel’s technique for recreation of the linea alba       
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100% salvage of mesh in all situations with infec-
tion. BMI is the only risk factor linked to infec-
tion and reoperation .  

11.5     Logic and Technique 
for Onlay Ventral Hernia 
Repair with Fibrin Glue 
Fixation 

  The key to a successful onlay ventral hernia 
repair is a tension free primary midline closure. 
Accomplishing this requires the use of advance-
ment fl aps in the form of external oblique releases 
and posterior rectus fascia releases in a selective 
manner as described by Ramirez. Independently, 
the mesh should be viewed as a buttress that inte-
grates into the abdominal wall for long-term 
strength and recurrence prevention. The addition 
of fi brin glue to fi xate the mesh is what provides 
immediate fi xation to all surfaces thereby allow-
ing immediate load sharing and reduced tension 
on the midline in the short-term. 

 Understanding the principles, one should 
select patients with defect sizes where the sur-
geon believes that the midline can be recreated 
with acceptable tension on the primary midline 
closure. This means that good quality fascia can 
be brought together or overlapped with accept-
able tension. In our practice, this generally 
applies to patients with defect widths of 15 cm or 
less.    Other applications for onlay include off- 
midline hernias such as fl ank hernias or parame-
dian defects where there may be insuffi cient 
space for appropriate sublay of mesh or fi xation 
of mesh . 

11.5.1     Technique Description 

 After a reduction of the hernia and lysis of adhe-
sions, the hernia defect is delineated and skin 
fl aps are made generally out past  the   semilunar 
line. Since the onlay technique requires creation 
of skin and subcutaneous fl aps, it should not be 
done in patients who have had the collateral cir-
culation to the skin compromised, i.e., those that 
have had aortic surgery where the lumbar collat-
erals have been sacrifi ced. In addition, we do not 

operate on smokers unless they stop for 2 months 
and this is especially true for the onlay method 
where the skin fl aps will be compromised. We 
also try to avoid operating on the morbidly obese 
hernia patient until they lose weight since these 
fl aps can be compromised. Generally speaking, 
we would like patient BMI to be optimized to 35 
or less, but in some cases that is not possible 
given the characteristics of the hernia or symp-
toms. Regardless, we exhaust all avenues for 
weight loss including diet, exercise, and bariatric 
referral coupled with offi ce follow up for weight 
monitoring. Unfortunately, there are cases where 
patients are noncompliant in which case they 
only receive a hernia repair in the emergency set-
ting. At each step  of   medialization of the fascial 
edges, the defect edges should be assessed for 
tension as they are brought together. While ten-
sion free midline advancement is important, any 
component release principally weakens the native 
abdominal wall in another region, so it should not 
be done dogmatically. Ramirez described a step- 
wise approach for myofascial advancement 
beginning  with   skin fl ap creation. If this is not 
enough, then the posterior rectus fascia is incised 
on one side, making sure to release each inscrip-
tion (one sees a “pop” of the fascia when these 
are cut). If necessary the other rectus fascia is 
released and then if required the external releases 
are done one at a time. Generally this will address 
elliptical defects up to 15 cm wide. A running or 
interrupted primary closure of #1 nonabsorble 
suture is then used to close the midline (Fig.  11.2 ). 

  Fig. 11.2    Closure of the midline after myofascial 
advancement       
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A macroporous, light weight (or microporous, 
heavier mesh if necessary)    polypropylene mesh 
is then placed in the onlay position such that it 
covers the entire area of exposed fascia and any 
external releases. Overlap of the midline closure 
should be a minimum of 8 cm. A simple skin sta-
pler is used as a placeholder for proper position-
ing of the mesh. Fibrin glue is then applied fi rst to 
the midline. The glue typically has a dual nozzle 
with an attachable common spout. We prefer to 
allow the glue to be applied through the dual noz-
zle and use our hands to mix and massage the 
glue components into the mesh and abdominal 
wall. In this way, the mesh is fi rst molded to the 
midline closure as Chevrel originally described. 
The remaining mesh is then completely covered 
with the fi brin glue to fi xate all aspects 

(Fig.  11.3a–d ). Staples are used at the periphery 
as well as the central area of the mesh. If external 
oblique releases have been done we use a running 
absorbable suture to sew the mesh to the lateral 
edge of the release on each side (Fig.  11.4 ). Two 
to four large bore drains are placed in the subcu-
taneous space and secured with nylon sutures. 
The skin and remaining hernia sack is then 
debrided and subsequently closed in two layers. 
Absorbable 3-0 sutures are used to close the der-
mal layer and then a running absorbable 4-0 
suture is used to close the skin or a combination 
of nylon sutures and skin staples. We use a 
BioPatch (Ethicon, Cincinnati, OH) around each 
drain with a Tegaderm (3M, St. Paul, MN) and 
change these weekly. Patients are sent home on 
minocycline as long as the drains are in place.

  Fig. 11.3    ( a )–( d ) Onlay ventral hernia repair with fi brin glue fi xation of mesh       
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      Post-operatively   the patients are kept NPO 
until bowel function resumes and the patient 
wears an abdominal binder at all times. We have 
no strict numbers as to when drains are removed. 
Since seromas are more common with skin fl ap 
creation we leave drains in until almost nothing is 
coming out from the drains. This will help limit 
seroma formation. As a general rule, drains 
should be kept in for 10–14 days at minimum.   

11.6     Discussion 

 When thinking about mesh fi xation in ventral 
hernias, one must keep in mind that risks factors 
and inherent genetics contribute to hernia forma-
tion. Whether a sublay or onlay is used, mesh has 
to be anchored and typically by mechanical fi xa-
tion. The problem with mechanical fi xation is 
that one relies on inherent tissue strength to sup-
port the mechanical anchoring that is being done, 
which in a way perpetuates the problem of recur-
rence in a patient who is already prone to hernia 
formation. This line of thought led our group to 
the use of adhesives, which has been shown by 
multiple investigators to be an excellent fi xation 
method for inguinal hernia repairs. 

 To better  understand   adhesive fi xation, Stoikes 
et al. compared fi brin glue fi xation of mesh to 
suture fi xation with an onlay model in Mongrel 
pigs. At 24 hours, 7 days, and 14 days, the two 

groups were evaluated with biomechanical shear 
testing and histology. Biomechanically, shear 
strengths were stronger at 24 hours for the sutured 
group but by 7 days the groups were equal. 
Specifi cally, by 7 days the lightweight macropo-
rous mesh was so integrated into the abdominal 
wall that the mesh/fascia interface was found to 
be stronger than the mesh or fascia itself. Coupled 
with similar histologies and no mesh migrations 
with glue, it was concluded that fi brin glue fi xa-
tion has excellent fi xation properties. Another 
interesting point studied was that the contraction 
rate of mesh was less with the glue group, though 
it did not reach statistical signifi cance. It was 
speculated that this was due to the advantage of 
having all surfaces of the mesh fi xated as opposed 
to point fi xation with sutures, which allows for 
mesh to ripple and fold as it scars into the abdom-
inal wall [ 6 ]. 

 Understanding  the      principles and application 
of adhesives for mesh fi xation allows for a differ-
ent perspective on ventral hernia repair:  suture 
fi xation is a function of suture strength and tissue 
strength; whereas adhesive fi xation is a function 
of surface area alone . One can see how adhesive 
use coupled with a broad premuscular prosthesis 
could have distinct advantages for ventral hernia 
repair. We have been impressed at the immediate 
strength one sees of the repair when the mesh is 
fi xated with fi brin glue. We have had cases where 
the muscle relaxant has worn off intraoperatively 
after the mesh has been glued, the patient “bucks” 
on the endotracheal tube and generates tremen-
dous intraabdominal pressure. The mesh will not 
budge and the suture closure of the midline shows 
no stress. There is no need to wait for tissue 
ingrowth for stress to be removed from the mid-
line suture closure and this is the key in our 
method of onlay repair. 

 Future directions of the adhesive advantage 
could include prevention of mesh contraction as 
it relates to chronic pain. An article recently pub-
lished by Bendavid et al. discussed mesh contrac-
tion and fi xation as a cause of chronic pain in 
inguinal hernia repairs. While the article focuses 
on inguinal hernia, the discoveries about mesh 
and how it potentially causes chronic pain, 
directly translates to ventral hernia as well. 

  Fig. 11.4    Onlay mesh placement fi xated with skin sta-
ples, fi brin glue, and running absorbable suture along the 
external oblique release       
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Bendavid concluded that part of the problem was 
deformation and contraction of mesh, which cre-
ated pockets and warped surface areas for poten-
tial nerve impingement or ingrowth [ 7 ]. Such 
fi ndings are consistent with point fi xation of 
mesh. Because adhesive fi xation results in com-
plete fi xation of all portions of the mesh, contrac-
tion and deformation may be preventable and 
needs further evaluation. 

 Clinically, we have  observed   anecdotal evi-
dence that patients have signifi cantly less postop-
erative pain and less narcotic requirement 
compared with intraperitoneal or retrorectus 
repairs. Intuitively, it makes sense for several rea-
sons including that there is no muscle and fascia 
penetration by sutures that strangulate tissues and 
entrap nerves. In addition, complete fi xation cre-
ates a better load sharing environment compared 
to point fi xation which may cause a patient to 
experience pulling and tugging at the various fi x-
ated locations. 

 Another advantage of onlay ventral hernia 
repair is that mesh is not located intraabdomi-
nally or separated from the viscera by the weak-
est layer of the abdominal wall where viscera and 
mesh can come into contact with one another as 
in the Rives repair. Reoperations for other pathol-
ogies are less technically demanding and also the 
risks of mesh complications are less. Most impor-
tantly, in situations of post-operative infection or 

intraoperative contamination we have had a 
100% salvage rate of the mesh and clearance of 
infection. The combination of the onlay location 
of mesh and selection of a macroporous confi gu-
ration allows for quick integration of the mesh 
with vacuum wound systems.     
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          Introduction 

 When Jean Rives and Rene Stoppa independently 
embarked on the development of the retromuscu-
lar and preperitoneal repair of incisional hernias, 
neither could have predicted the impact their 
eponymous operations would have on future gen-
erations of hernia surgeons. This sublay mesh 
technique is increasingly becoming the world’s 
standard approach to the complex repair of ven-
tral hernias, due to its durability and long term 
outcomes in addition to the fact that mesh is 
excluded from the visceral contents and thus 
does not pose a problem for future abdominal 
surgery.  

     History   

 In 1965, Rene Stoppa, a native of French Algiers, 
began to develop the preperitoneal space to place 
a large 16 × 24 cm sheet of polyester mesh for the 
repair of complex and multiply recurrent bilateral 
inguinal hernias. He called this operation the 

Giant Preperitoneal Prosthesis Repair (GPPR) 
[ 1 ]. The thought was that the intraabdominal pres-
sure, acting through Pascal’s principles of hydro-
statics, would instantly splint the prosthesis 
between the peritoneum and the abdominal wall. 
The mesh would then become incorporated into 
the surrounding tissue. The basis of his technique; 
the same stresses which act to form hernias are 
now harnessed to protect against recurrences. 

 Jean Rives, another French Algierian, and a 
friend of Rene Stoppa is credited with having 
introduced polyester mesh to France. In 1966, he 
revolutionized the technique of repairing inci-
sional hernias by placing the mesh directly behind 
the rectus muscle with the posterior rectus sheath 
dorsal to the mesh in an effort to protect the mesh 
from visceral exposure. Below the arcuate line, 
the transversalis fascia and peritoneum formed 
the protective layer over the visceral sac below 
[ 2 ]. This retromuscular, prefascial repair quickly 
became the preferred approach, and minor modi-
fi cations were made by Stoppa [ 3 ] who began to 
utilize this natural extension of his GPPR tech-
nique, more cranial, to repair incisional hernias. 

 George Wantz, who practiced at New York 
Hospital as Clinical Professor of Surgery at 
Cornell University Medical Center, developed 
his own version of Stoppa’s GPPR, but for unilat-
eral hernias, termed the Giant Prosthetic 
Reinforcement of the Visceral Sac (GPRVS). He 
is also credited with popularizing the 
 retromuscular prefascial repair of incisional her-
nias in the United States [ 4 ,  5 ].  
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      Biomechanical Principles   of Repair 

 It is unlikely that Rives, by completing the retro-
rectus dissection, was actually setting out to per-
form a myofascial release of the rectus muscle; 
however, this is exactly what occurred. Opening 
the rectus sheath and dissecting the posterior 
lamina away from the rectus muscle serves to lib-
erate the rectus muscle from its very encasement 
in the sheath. This release allows the rectus mus-
cle to widen and further medializes the linea alba, 
offsetting the tension at the suture line during 
midline abdominal wall reconstruction. 

 Oscar Ramirez beautifully demonstrated this 
concept, albeit by happenstance. In the landmark 
paper describing his components separation tech-
nique, Ramirez performed an anatomic study on 
ten fresh cadavers. He found that each rectus 
muscle with the overlying rectus sheath could be 
advanced 3, 5, and 3 cm (Fig.  12.1 ), respectively, 
in the upper, middle, and lower thirds of the 
abdomen once the rectus muscle was removed 
from its encasement in the rectus sheath (essen-
tially, the Rives dissection). This one maneuver, 
which is integral to the Ramirez components 
separation, is often neglected when surgeons 
attempt to replicate it. Nevertheless it demon-
strates how developing the retrorectus plane 
alone, serves as a myofascial release and allows 
for the reapproximation of defects up to 10 cm 
wide at the mid abdomen.

   The retrorectus space serves as a well- 
vascularized position where mesh prostheses 
become incorporated. This sublay mesh position 
has benefi ts both at a molecular level, as well as a 
pure mechanical level. In an animal model, mesh 
placed in the retrorectus position is associated 
with a perifi lamentous collagen deposition with a 
much higher type I/III ratio compared to mesh in 
the onlay or premuscular condition [ 6 ]. The 
higher degree of type I, or mature collagen, results 
in a higher tensile strength of the wound. This was 
demonstrated clinically in a study of human mesh 
explants, where the highest ratio of type I/III col-
lagen was found in meshes explanted from the 

retrorectus space. Interestingly, in the patients in 
whom the mesh was explanted for recurrence, the 
ratio was much lower than those in whom the 
mesh was explanted for chronic pain [ 7 ]. This 
confi rms the importance of a high collagen type I/
III ratio for wound healing and mesh stabilization, 
however, it is not the only piece of the puzzle. 

 The mechanical advantage of the retrorectus 
space has been demonstrated utilizing a novel 
in vitro incisional hernia simulation. In this study, 
the onlay mesh position resulted in decreased sta-
bility of the mesh and increased extrudability 
compared to the sublay position [ 8 ]. This was 
borne out clinically in studies demonstrating a 
higher recurrence rate for onlay repairs compared 
to sublay. A large Swedish national database 
study by Israelsson et al. [ 9 ] demonstrated a 
recurrence rate of 19.3% with onlay and 7.3% 
with sublay repairs. Similarly, a nationwide study 
of the Danish Ventral Hernia Database demon-
strated the lowest cumulative risk of reoperation 
for recurrence in the sublay group (12.1%) versus 
the onlay (16.1%) and intraperitoneal (21.2%) 
mesh groups ( p  = 0.03) [ 10 ].   

    Operative Steps 

 The operation typically begins with a midline 
incision with or without excision of the prior scar. 
Alternatively, the retrorectus repair may be per-
formed at the same time as dermolipectomy. Once 
the skin fl ap has been raised of the abdominal wall 
and hernia sac, the operation may commence. 

    Hernia Sac 

 It is recommended that the  hernia sac   be pre-
served since it can be later used to make up for 
any defi ciency in either the posterior rectus 
sheath to reconstruct and close the visceral sac or 
the anterior sheath, so as to exclude the mesh 
from the subcutaneous tissues [ 11 ]. The hernia 
sac should thus be divided in the midline and the 
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  Fig. 12.1    ( a ) Distance of unilateral advancement of the rectus muscle to the midline after dissection of the retromus-
cular plane. ( b ) Axial illustration demonstrating the widening of the rectus muscle after dissection       
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peritoneum is entered. This allows for a full 
exploration of the visceral contents and any con-
comitant operations can be performed. A full 
lysis of adhesions from the anterior abdominal 
wall is recommended, as it will help with the 
mobility of closing the posterior rectus sheath 
and peritoneum in the midline.  

      Posterior Rectus Sheath Dissection   

 One side of the hernia sac is preserved and the 
dissection proceeds ventral to the hernia sac 
until the medial edge of the rectus sheath is 
encountered on the one side. Next, the rectus 
sheath is incised along the entire vertical 
length of the incision (Fig.  12.2 ). On the con-
tralateral side, the hernia sac may be left 
attached anteriorly, and the incision of the 
posterior rectus sheath can be made immedi-
ately lateral to the medial most edge of the 
hernia defect on that side.

   The dissection of the posterior rectus sheath 
is then continued cranial and caudal to the her-

nia defect for a minimum distance of 5–8 cm. 
This will provide ample space for mesh overlap 
across the vertical dimension of the hernia. The 
posterior rectus sheath is fused to the linea alba 
at its lateral most aspect. The linea alba may be 
of variable width. To create a space for mesh 
placement which crosses the midline behind the 
rectus muscles above and below the hernia 
defect, the posterior sheath must be divided off 
of the linea alba. Great care is taken in dividing 
the posterior sheath off of the lateral most por-
tion of the linea alba on both sides of the abdo-
men. This ensures preservation of the linea alba 
as it will be the midline thrust bearing portion of 
the abdominal wall ventral to the mesh in the 
areas both above and below the hernia. If possi-
ble, the layer of peritoneum dorsal to the linea 
alba can be preserved and dissected posteriorly, 
serving as a bridge between the cut edges of the 
posterior rectus sheaths above and below the 
hernia (Fig.  12.3 ).

   The dissection of the posterior sheath off of 
the overlying rectus muscle proceeds laterally, 
towards the edge of the rectus sheath envelope. 

  Fig. 12.2    With the hernia sac preserved, the edge of the rectus sheath is penetrated to begin the retromuscular 
dissection       
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The dissection can be performed bluntly with fi n-
ger or sponge dissection or with cautery. During 
this retrorectus dissection, care should be taken 
to preserve the inferior epigastric vessels as well 
as the segmental innervation of the rectus muscle 
emanating from the lateral most edge of the rec-
tus sheath and coursing anteriorly towards the 
rectus muscle. 

 Should the hernia defect extend into the 
upper abdomen, the surgeon may need to extend 
the dissection up to the costal margin and 
behind the xiphoid process. The posterior rec-
tus sheath is attached to the dorsal aspect of the 
xiphoid process. The posterior sheath can be 
divided off of the xiphoid process and dropped 
posteriorly and the dissection carried out in the 
preperitoneal plane dorsal to the xiphoid 
(Fig.  12.4 ).

   Below the arcuate line, the posterior rectus 
sheath ceases to exist and only transversalis fascia, 
preperitoneal fat and peritoneum remain. For her-
nias extending below the umbilicus, the surgeon 
will need to maintain these structures so as to have 
tissue to close the visceral sac. The dissection may 
extend into the preperitoneal spaces of Retzius and 
Bogros, exposing the pubic bone, Cooper’s liga-
ments, and the iliac vessels on both sides.   

    Visceral Sac Closure 

 Once the dissection is complete, the posterior rec-
tus sheath is approximated in the midline in a con-
tinuous fashion with a size 2-0, absorbable, 
polydioxanone suture. Closure of this layer should 
be aided by having preserved at least some portion 
of the hernia sac, which is still attached. Despite the 
relatively weak nature of the transversalis fascia/
peritoneal layer below the arcuate line, its elasticity 
easily allows for approximation and visceral sac 
closure. If the sutures appear to be tearing utilizing 
the standard running technique, the suture bites 
may be oriented in a horizontal mattress fashion, 
incorporating more tissue, thus adding strength. It 
is critical that the posterior sheath be closed com-
pletely, so as to prevent any bowel from slipping in 
between the mesh and the posterior sheath, which 
could result in a bowel obstruction. Additionally, 
 visceral sac closure   ensures the mesh will not come 
in contact with the viscera. Should there be diffi -
culty reapproximating the posterior sheaths in the 
midline due to excessive tension, two options arise. 
The fascial edges of the posterior sheaths can be 
sutured directly to the omentum, effectively clos-
ing the visceral sac. Alternatively, an absorbable 
mesh can be sewn as an interpositional graft to 
make up for any defect in the posterior sheath.  

  Fig. 12.3    The posterior rectus sheath has been discon-
nected from the linea alba, bilaterally, while preserving 
the peritoneum which was mobilized off the linea alba       

  Fig. 12.4    The posterior sheath divided off the xiphoid 
process and the retroxophoid preperitoneal fatty plane is 
exposed       
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    Mesh Fixation 

 The width of each rectus muscle and thus the 
entire retrorectus space is quite variable between 
patients. Ideally, the mesh should occupy this 
entire retrorectus space; ultimately the mesh 
width may vary from 10 cm to over 20 cm. The 
space may be measured and the mesh trimmed to 
size. Alternatively, the uncut mesh can be placed 
into the space and trimmed as it is being fi xated. 
The  mesh   should be fi xated circumferentially 
with spaced, full-thickness slowly absorbable 
sutures through the abdominal wall utilizing the 
Reverdin needle. If the mesh extends to the costal 
margin, the mesh may be placed below the ribs 
and suture fi xated to the costal cartilage. I have 
not found this fi xation to be fraught with the 
problems suggested by others. For hernias 
extending into the low abdomen, the mesh is fi x-
ated to the symphysis pubis and Cooper’s liga-
ments bilaterally, here with a permanent 
monofi lament suture. The mesh should lay taut in 
this space taking into consideration the fact that 
the space will become even smaller once the rec-
tus muscle is reapproximated overtop the mesh 
(Fig.  12.5 ). Ideally, the surgeon should avoid 
introducing wrinkles into the mesh as it decreases 
mesh-tissue area interface.

   There is no real consensus on the need for 
 mesh fi xation   in this retromuscular plane. Rives 
et al. [ 2 ] originally described permanent sutures, 
placed abundantly along the mesh perimeter. As 

the focus of hernia repair outcomes shifted from 
recurrence to postoperative pain and function, 
many groups modifi ed their fi xation approach. I 
have progressively been decreasing the amount 
of sutures that I place and use size 2-0, absorb-
able polydioxanone suture. Others have been 
using absorbable fi xation devices, and even fi brin 
sealants. For years, many Europeans have been 
fi xating the mesh with permanent suture directly 
to the posterior rectus sheath, albeit with the risk 
of intestinal injury with this blind suture tech-
nique. Although there has not been a clinical trial 
to assess fi xation methods in the retrorectus 
space, one animal study demonstrated no differ-
ence in fi xation strength between permanent and 
absorbable sutures, fi brin sealant, and no fi xation 
[ 12 ]. Fixation will remain a personal choice.  

     Midline Abdominal Wall 
Reconstruction   

 At the conclusion of mesh placement, two closed 
suction drains are placed, through separate stab 
incisions, into the retromuscular space. The 
drains will rest directly on top of the mesh. The 
midline abdomen is now reconstructed by suture 
reapproximating the edges of the linea alba in a 
continuous fashion with a size 0, absorbable, 
polydioxanone suture. Reconstructing the mid-
line serves three purposes. First, it restores the 
central tendon of the abdomen, thus producing a 
functional anatomic repair. Secondly, it provides 
an increased area of mesh/tissue interface, and a 
reliable backstop for the mesh to resist the pres-
sure of the abdominal cavity. Thirdly, closure of 
the fascia overtop the mesh has been demon-
strated to reduce the incidence of prosthetic mesh 
infection [ 13 ].   

    Special Considerations 

    Assessing Anterior  Tension   

 At the time of midline closure, the surgeon 
should decide whether the bilateral rectus myo-
fascial release performed will be suffi cient 

  Fig. 12.5    The mesh is being deployed in the retromuscu-
lar plane. The Reverdin needle facilitates suture passage       

 

A.M. Carbonell



113

enough to allow the anterior rectus sheaths to be 
approximated in the midline. This is done by 
placing clamps on the fascial edges and pulling 
in opposite directions. If the tension is minimal, 
then the surgeon may proceed with anterior fas-
cial closure. Should the tension be excessive, a 
decision should be made regarding the next step. 
Options are numerous, and include leaving the 
fascia open. The surgeon may perform the 
Ramirez component separation [ 14 ], which will 
allow further medialization of the rectus mus-
cles. A newer approach is to perform a posterior 
component separation where a myofascial 
release is effected by dissecting between the 
oblique muscle layers, lateral to the rectus 
sheath. From superfi cial to deep, Mathes et al. 
[ 15 ] described the space between the external 
and internal oblique muscle. Carbonell et al. [ 16 ] 
demonstrated the space between the internal 
oblique and transversus abdominis muscle. 
Novitsky described the transversus abdominis 
release (TAR) [ 17 ] where this muscle is divided, 
thus gaining access to the preperitoneal/pre-
transversalis plane lateral to the rectus muscle. 
Each of these myofascial releases affords further 
medialization of the rectus muscles and obviates 
the need for any subcutaneous fl ap elevation, 
which is required for the Ramirez, or anterior 
component separation. My preference is now the 
TAR for its ease and reproducibility. Of all the 
posterior releases, it allows the most medializa-
tion of the posterior rectus sheath as it is attached 
to the highly expansile peritoneum laterally.  

    Lateral Defect 

 Concomitant  lateral defects   such as a former 
stoma site hernia can be addressed at the same 
time as the Rives-Stoppa repair. These defects 
can be within the rectus muscle itself, but often 
lie at the semilunar line, or worse yet, within the 
oblique musculature. To extend the retrorectus 
dissection lateral enough to these defects, the sur-
geon will need to perform a posterior component 
separation as previously described. This will 
allow a wide dissection lateral to the off-midline 
defect. Once the dissection is complete, the 

defect within the posterior rectus sheath will 
need to be closed, as well as the defect anteriorly 
within the rectus muscle or oblique complex.  

     Parastomal Hernia   

 Similarly, when there is a current parastomal hernia 
of the colon, ileum, or urinary conduit, in addition 
to the midline defect being repaired, a posterior 
component separation will also be required. 
Options include, leaving the stoma in place, which 
will require working circumferentially around the 
stoma. In this scenario, the mesh will need to be 
keyhole split from one edge towards its mid-aspect. 
The mesh is then placed around the stoma, fi xated 
properly, and then the keyhole slit is reconstructed 
with a permanent suture. Alternatively, the stoma 
can be completely dismantled and re-sited through 
a circular trephination created in the mesh.   

     Limitations   

 Since the Rives-Stoppa repair is a technique 
described for midline hernias, it should not be 
used for defects that are solely lateral, without a 
midline component. Lateral defects can be best 
approached directly over the defect and the pre-
peritoneal space developed for mesh placement. 
Developing the retrorectus space will be exceed-
ingly diffi cult, if not untenable in patients who 
have undergone resection of one or both of the 
rectus muscles such as women who have under-
gone a transverse rectus abdominis myocutane-
ous (TRAM) reconstruction of the breast. These 
patients may be better suited for an intraperito-
neal or onlay placement of mesh.  

     Postoperative Care   

 Postoperatively, closed suction drains are left in 
position until they are draining less than 30 mL in a 
24 hour period. I routinely discharge patients home 
with drains and do not prescribe antibiotics during 
this period. An abdominal binder is placed for com-
fort and support during the convalescent period. 
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 It is not uncommon for patient to develop post-
operative ileus due to entering the peritoneal cav-
ity, particularly if an extensive lysis of  adhesions 
was performed. I do not routinely leave a nasogas-
tric tube in position after the operation; rather 
reserve its placement should the patient become 
increasingly symptomatic postoperatively. 

 The most common complications postopera-
tively are wound complications. Patients with 
multiple cicatrices of the abdomen may have dis-
rupted the normal vascular supply to the skin of 
the abdomen. These patients are best evaluated 
by a plastic surgeon preoperatively to determine 
the ideal placement of the incision for hernia 
repair. Wound complications include skin isch-
emia, skin dehiscence, seroma, hematoma, and 
surgical site infection. 

 The incidence of surgical site infection is 
directly proportional to the degree of bacterial con-
tamination or wound classifi cation during the her-
nia repair. Mesh in the retromuscular space is quite 
resistant to infection, particularly the newer variet-
ies of wide-pore meshes. Multiple investigators 
have shown that they can often be easily salvaged 
with negative pressure wound therapy, should a 
deep space surgical site infection occur [ 18 – 20 ]. 

 A particularly under reported complication is 
that of a postoperative interparietal hernia. This 
can manifest as a small bowel obstruction due to 
the small bowel becoming trapped within the 
space between the posterior rectus sheath and the 
mesh. This occurs only if there is a breakdown in 
the posterior fascial closure, which likely occurs 
more than we believe. A high-index of suspicion 
for this entity should arise if a patient fails to 
progress postoperatively as expected. A com-
puted tomographic exam will demonstrate the 
defect in the posterior sheath closure with bowel 
in the interparietal space [ 21 ]. 

 Overall, the recurrence rate of the Rives- 
Stoppa incisional hernia repair has been shown, 
in multiple large series, to be less than 10% [ 9 , 
 10 ,  13 ,  22 – 25 ]. 

 In summary, the Rives-Stoppa technique for 
the repair of incisional hernias continues to stand 
the test of time since its inception close to 50 
years ago. It should be the standard by which all 
other techniques are compared.     
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Posterior Component Separation 
Via Transversus Abdominis Muscle 
Release: The TAR Procedure

Yuri W. Novitsky

�Introduction

Evolution of hernia surgery has led to populariza-
tion of reconstructive techniques. I believe that the 
goal of most, if not all, herniorrhaphies should be 
restoration of a functional abdominal wall with 
autologous tissue repair strengthened by mesh 
reinforcement. Anterior component separation 
techniques described in Chapters 14–16 typically 
involve release of the external oblique muscle and 
fascia. The traditional approach described by 
Ramirez involves creation of large skin flaps and 
associated significant wound morbidity in up to 
63% of cases [1–3]. Minimally invasive modifica-
tions are known to reduce skin flaps and wound 
complications, but limit mesh placement to intra-
peritoneal underlay in the vast majority of cases. In 
an effort to reduce wound morbidity, I prefer to uti-
lize retromuscular sublay techniques. For moder-
ate-sized defects, classic Rives-Stoppa retrorectus 
repairs, described in Chapter 12, provide durable 
outcomes with low morbidity [4–7]. However, the 
major limitations of the classic retrorectus repair 

include limited medial myofascial advancement 
and lack of sufficient sublay space for wide overlap 
of the visceral sac in many hernias. Although tech-
niques to overcome the limitations of the rectus 
sheath by utilizing pre-peritoneal or intra-muscular 
repairs have been described [7, 8], both are fraught 
with disadvantages of limited myofascial medial-
ization and/or neurovascular bundle damage.

To address the shortfalls of the traditional ret-
romuscular repairs, I have recently developed 
another novel technique of posterior component 
separation using transversus abdominis muscle 
release (TAR) [9]. This modification allows for 
significant posterior rectus fascia advancement, 
wide lateral dissection, preservation of the neuro-
vascular supply of the rectus abdominis muscle, 
and provides a large space for mesh sublay. Most 
importantly, this technique allows for medializa-
tion of the abdominal wall components without 
raising lipocutaneous flaps. In this chapter, I will 
describe the history of this technique, its ana-
tomic and physiologic basis, indications/limita-
tions, detailed technical considerations of TAR as 
well as a variety of clinical outcomes.

�History of TAR

The first TAR was performed in the late 2006. 
Prior to that, an aforementioned Rives-Stoppa 
with the pre-peritoneal extension was my proce-
dure of choice. As I happened to be involved in 
the cadaveric dissections during normal anatomy 
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classes, I serendipitously noted a significant 
medial extension of the transversus abdominis 
muscle (TA) past linea semilunaris as well as its 
dorsal relationship with the costal margin 
(Fig. 13.1). The initial series of my TAR patients 
was first presented at the 2009 World Hernia 
Congress and received mixed reviews, with skep-
ticism about its efficacy, reproducibility, and 
potential deleterious effects of TA transection on 
the stability of the abdominal wall. However, fol-
lowing publication of the technical details [10] of 
the first 42 patients with longer follow-up and 
further evidence of safety and efficacy of this 
approach, there has been a steady increase in the 
acceptance and utilization of TAR by the surgical 
community worldwide.

�Anatomic and Physiologic Basis 
of TAR

As mentioned above and described in detail in 
Chapter 1, the anatomy of the TA muscle makes 
it the ideal target for posterior component separa-
tion. In the upper third of the abdomen, it extends 

medially far beyond the semilunar line (and the 
lateral edge of the rectus muscle) (Fig. 13.1) and 
ultimately inserts into the edge of the costal mar-
gin (costal cartilages of 7–12th ribs) and xiphoid 
process. It also interdigitates with the diaphragm 
at its cephalad aspect. The medial extent of the 
TA muscle diminishes as one moves caudally. At 
the level of the umbilicus and below, only the 
transversus abdominis aponeurosis and almost no 
TA muscle fibers are present. In addition, the ori-
entation of the TA muscle fibers is in the direc-
tion of the desired (horizontal) advancement of 
the rectus complex, as opposed to the external 
and internal oblique muscles. This largely con-
tributes to successful medialization of all abdom-
inal components during TAR.

The physiologic function of TA is another 
key factor for its targeting during posterior com-
ponent separation. It is one of the principal mus-
cles in the maintenance of the intra-abdominal 
pressure and together with the internal oblique, 
but not external oblique, it provides hoop ten-
sion throughout the entire thoracolumbar fascia. 
In fact, it is widely viewed as the “corset” of the 
abdomen. Its release and subsequent mobiliza-

Linea
semilunaris

Transversus
abdominis
muscle

Internal
oblique
muscle

Rectus
abdominis

muscle

External
oblique
muscle

Fig. 13.1  Muscles of the abdominal wall. Notably, the transversus abdominis muscle extends medial to the semilunar 
line in the upper abdomen
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tion off the underlying fascia removes the mus-
cle's  contribution to the "tone" of the lateral 
abdominal wall. Logically, this leads to the larg-
est expansion of the abdominal girth and medial 
advancement of the entire rectus complex. 
These physiologic functions are central in the 
ability of TAR to provide medialization of not 
only posterior, but also anterior components of 
the abdominal wall, especially in cases of wide 
abdominal defects.

�Indications and Patient Selection

My personal algorithm for procedure selection 
for a given patient begins with considering 
the  suitability of the laparoscopic approach. 
Patients who have small to medium defects 
(<8  cm wide), without previous intraperitoneal 
mesh or skin changes/skin grafts/wound healed 
by secondary intention are generally approached 
laparoscopically. The remaining patients I will 
approach via an open technique. While some of 
the patients undergoing open repairs may be 
effectively treated using a traditional Rives-
Stoppa, most of those patients in my practice 
would have undergone a laparoscopic repair. 
Thus, I utilize TAR for the vast majority of my 
open repairs. Posterior component separation is 
particularly important for those patients who 
need myofascial release for their abdominal wall 
reconstruction, but are not candidates for the 
anterior component separations. Those may 
include patients with subcostal/Chevron incision 
hernias, patients with old appendectomy inci-
sions, and those with a history of abdominoplasty 
and previous anterior releases, among others. 
Furthermore, patients with large subxiphoid, 
parailiac, and suprapubic hernias do not usually 
enjoy the benefits of anterior component release, 
and therefore may be best suited for posterior 
release and TAR.  Finally, in my practice, most 
patients with parastomal herniations are also con-
sidered to be good candidates for reconstructions 
with TAR.

While there are no absolute contraindications 
to TAR, relative contraindications include previ-
ously pre-peritoneal and/or retromuscular repairs, 

need for panniculectomy/abdominoplasty, and 
history of severe necrotizing pancreatitis (given 
resultant scarring of the retroperitoneum). It is 
also important to point out that TAR should not 
be combined with the anterior component release. 
This practice would likely result in significant 
lateral laxity or lateral hernia formation from cre-
ating the environment where internal oblique 
muscle is a sole provider of lateral abdominal 
wall integrity. However, in patients who present 
with recurrences following anterior release, the 
TAR approach is useful and possibly the “last 
resort” approach, despite associated risks of lat-
eral bulging in those challenging patients. We 
have recently reported our experience in those 
challenging patients, with good short-term out-
comes [11]. Of note, in this unique cohort, I 
advocate the use of a heavy-weight polypropyl-
ene mesh to allow for more durable prosthetic 
reinforcement.

�Pre-operative Planning

Careful pre-operative imaging is paramount to a 
successful ventral hernia repair, especially when 
any degree of complexity is anticipated. I recom-
mend routine abdominal/pelvic CT imaging. No 
oral or intravenous contrast is generally neces-
sary. CT delineates all abdominal wall defects: 
this is of particular importance in obese patients 
where physical examination carries significant 
limitations. Furthermore, in addition to uncover-
ing occult intra-abdominal pathology contribut-
ing to patient’s symptoms, abdominal CT allows 
for detection of previous synthetic meshes and/or 
latent infections. I also mandate a screening colo-
noscopy in appropriate patients prior to undertak-
ing any major abdominal wall reconstructions.

Pre-operative optimization is one of the most 
important steps to maximize surgical outcomes. 
General principles of patient optimizations are 
already covered in Chapter 4. Our hernia center 
provides nutritional evaluation and counseling 
for all obese patients contemplating hernia repair. 
For those with non-obstructive symptoms, major 
abdominal wall reconstructions are delayed until 
commonly agreed weight loss criteria are 
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reached. Admittedly, I do not have established 
BMI criteria that preclude repairs and generally 
consider multiple factors to decide on appropri-
ate timing of the repair. It is important to point 
out that a fairly large proportion of obese patients 
with symptomatic hernias will progress to require 
urgent and emergent operations, which are sig-
nificantly more difficult and morbid. To assist 
with weight loss goals, our bariatric team evalu-
ates patients to select appropriate candidates for 
weight-loss surgery. Unfortunately, insurance 
limitations often preclude pre-operative weight-
loss surgery for hernia patients. While concomi-
tant bariatric/abdominal wall repairs may become 
routine in the future, their utility remains investi-
gational at the present time. We also emphasize 
strict blood glucose control and postpone any 
elective repairs until HgA1C is less than 8. 
Smoking cessation is mandatory prior to any 
elective repairs.

�Operative Technique

�Patient Positioning

The patient is placed in the supine position. The 
abdomen should be prepped from the nipples to 
mid-thigh. Laterally, the prepped field is extended 
to the posterior axillary lines. I routinely use an 
Ioban drape (3M, St. Paul, MN) to minimize the 
risks of mesh infection.

�Step 1: Incision/Adhesiolysis
A generous midline laparotomy is performed in 
the majority of cases. Elliptical or “tear-drop” inci-
sions are used to incorporate previous scars as well 
as all attenuated or ulcerated skin. For most 
patients, and especially the morbidly obese with 
large midline hernias, I recommend routine exci-
sion of the umbilicus to minimize post-operative 
wound morbidity. While some surgeons prefer to 
remain extra-peritoneal, I advocate a complete 
lysis of all intestinal adhesions to the anterior 
abdominal wall. This is essential for several impor-
tant reasons. First, undivided adhesions may con-
tribute to peritoneal/posterior sheath tears during 
myofascial release/advancement. Second, the 

adhered viscera may be vulnerable to inadvertent 
(and likely unrecognized) visceral injury during 
tissue releases. Lastly, dense intra-peritoneal adhe-
sions to the anterior abdominal wall may impede 
medialization of the posterior components. I typi-
cally abstain from lysing inter-loop adhesions 
unless there are pre-operative obstructive symp-
toms or any intestinal resections are undertaken. 
Following adhesiolysis, a countable towel is 
placed on top of the viscera with its edges “tucked” 
into the gutters, pelvis, above the liver, and toward 
the esophageal hiatus. This helps to protect the vis-
cera during subsequent myofascial releases.

�Step 2: Rectus Sheath Release/Retro-
Rectus Dissection
Following adhesiolysis, the posterior rectus sheath 
is incised. The precise location of this initial inci-
sion might be difficult, especially in patients with 
large defects where the rectus muscles are retracted 
laterally (Fig. 13.2). It is important to identify the 
junction of the rectus muscle and hernia sac. Only 
after that is done, the rectus sheath is incised about 
0.5–1 cm from its medial edge (Fig. 13.3a, b). It is 
critical that the fibers of rectus abdominis are 
clearly visualized (Fig. 13.4). If this is not done, 
one may erroneously divide the hernia sac and 
enter the subcutaneous plane. I typically aim to 
initiate this step either above or below the hernia 
neck, in order to access the retrorectus plane 
where the muscle is not lateralized. Another use-
ful maneuver is to palpate the rectus muscle to 
facilitate identification of its medial extent. The 
retromuscular plane is then developed toward the 
linea semilunaris. For this plane, I utilize bovie 
electrocautery to control/divide the fine areolar 
tissue and small perforating branches of the epi-
gastric artery. In addition, blunt instrument or fin-
ger dissection could be utilized. An important 
aspect of this dissection is the constant traction/
counter-traction applied by Richardson retractors 
under the rectus muscles and multiple Allis clamps 
placed on the medial edge of the incised posterior 
rectus sheath (Fig. 13.5). The lateral extent of this 
dissection is the perforators to the rectus muscle, 
which are the branches of the thoraco-abdominal 
nerves, penetrating the lateral edge of the posterior 
rectus sheath just medial to linea semilunaris 
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(Fig. 13.6). The plane is extended cephalad toward 
the costal margin. Importantly, the attachments of 
the falciform ligament to the undersurface of the 
right posterior rectus sheath need to be preserved 
during the cranial dissection of the right retro-rec-
tus space (Fig. 13.7). The cranial extent of this dis-
section depends on the extent of the hernia defect 
and may extend to the epigastric area or all the 
way to and above the xiphoid process (discussed 
below). The transition from the retromuscular 
plane within the rectus sheath into the pelvis 
involves the division of the medial attachments of 
the arcuate line of Douglas to the linea alba. 
Following that, it is imperative to enter and 
develop the pre-peritoneal plane. The inferior 
deep epigastric vessels, which run ventral to the 
transversalis fascia and along the posterolateral 
surface of the rectus abdominis muscles need to be 
identified and preserved. Dissection in the pre-
transversalis plane may lead to vascular injuries. 
Caudally, I typically will proceed to dissect into 
the space of Retzius, exposing the pubis symphy-
sis and Cooper’s ligaments (Fig. 13.8).

�Step 3: Exposure and Division 
of the Transversus Abdominis Muscle
Once the retromuscular plane is developed to the 
linea semilunaris, the limit of the traditional 

Rives-Stoppa approach has been reached. 
Posterior component separation and TAR, if nec-
essary, is then undertaken. Starting in the upper 
third of the abdomen (or at the cephalad-most 
part of the retro-rectus dissection), the posterior 
rectus sheath is incised again and the underlying 
fibers of the transversus abdominis muscle are 
identified (Fig. 13.9a, b). It is important to make 
the incision just medial to the perforating neuro-
vascular bundles to minimize their damage and 
subsequent chance of denervating the rectus mus-
cle (Fig. 13.10). As mentioned above (Fig. 13.1), 
the medial extension of TA is significantly medial 
to the linea semilunaris, the key anatomic feature 
that allows the TAR procedure. If this incision is 
undertaken too medially, the muscle fibers may 
be difficult to visualize and peritoneum may be 
cut. Similarly, if this step is undertaken in the mid 
or lower abdomen, the muscular portion of the 
TA is more lateral in those areas and, as a result, 
more difficult to identify properly. In fact, at the 
level of the umbilicus, almost no muscle fibers of 
TA extend to linea semilunaris. Further caudally, 
only the transversus abdominis aponeurosis per-
sists. The posterior rectus sheath is then incised 
in the cranial-caudal direction. The lateral aspect 
of the arcuate line is divided at its junction with 
the semilunar line (Fig. 13.11).

Fig. 13.2  Countable towel covers the entire visceral sac and rectus muscle edge is defined
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Fig. 13.3  Incision of the posterior sheath just lateral to the linea alba (a) is a drawing and (b) is an intra-op pic demon-
staring the same concept

Fig. 13.4  The fibers of the rectus muscle must be visualized to ensure the correct location of the initial incision in the 
posterior rectus sheath, just lateral to the edge of the hernia sac



Fig. 13.5  Retro-rectus dissection toward the linea semilunaris

Fig. 13.6  Completed retro-rectus dissection. Note that neurovascular bundles to the rectus muscles that perforate the 
posterior sheath just medial to the linea semilunaris are preserved

Fig. 13.7  Falciform ligament is kept attached to the right posterior rectus sheath
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I then turn my attention to the TA muscle 
itself. One must avoid dissecting in the plane 
ventral to the muscle, as this would lead to the 
intramuscular plane and damage the previously 
identified perforating nerves. The TA muscle is 
divided along its entire medial edge using elec-
trocautery. This step is initiated in the upper third 
of the abdomen where medial fibers of the trans-
versus abdominis muscle are easiest to identify 
and separate from the underlying fascia (Fig. 
13.12a, b). The use of right-angled dissector sig-
nificantly facilitates this release and minimizes 
injury to the underlying transversalis fascia and 
peritoneum. Muscle release allows entrance to 
the space between the transversalis fascia and the 
divided transversus abdominis muscle. This is 
my preferred plane in the upper abdomen. 
Furthermore, I prefer to perform a limited finger 
dissection just underneath the costal margin to 
verify the correct plane of dissection dorsal to the 
ribs. Being ventral to the costal margin is incor-
rect; lateral progression should be stopped, TA 
muscle should be re-identified and divided 
properly. It is important to understand that the 
only path from the rectus sheath into the pre-
peritoneal plane cranial to the costal margin is via 
the described division of the TA fibers.

�Step 4: Lateral/Retroperitoneal 
Dissection
Once the TA muscle is divided, the plane deep to 
it is developed in the medial to lateral direction. 
To minimize tears of the posterior layers, careful 
blunt dissection is necessary. I place a right-
angled dissector on the cut edge of the TA to pro-
vide anterior retraction. The Kittner dissector is 
then used for blunt dissection between the muscle 
and underlying transversalis fascia (Fig. 13.13). 
The Allis clamps on the cut edge of the posterior 
rectus sheath are used to provide counter-traction. 
This plane is bloodless and any difficulties/bleed-
ing at this point should alert to the possibility of 
erroneous entry into the intramuscular plane. 
Occasionally, the transversalis fascia is difficult 
to distinguish and it is divided creating entry into 
the pre-peritoneal plane. One must be careful not 
to damage the very thin peritoneal layer. If fenes-
trations do occur, they can be sutured primarily. I 

utilize running or figure-of-eight 2-0 Vicryl 
sutures to close those fenestrations in the trans-
verse (but not vertical) direction, in order to mini-
mize tension on this suture line.

The pre-transversalis/pre-peritoneal plane is 
contiguous with the retroperitoneum and the 
transition to it is often marked with retroperito-
neal fatty tissue. Subsequent blunt dissection will 
expose the lateral edge of the psoas muscle, if 
necessary. The lateral edge of the psoas is my 
“safety” landmark and I use it to guide me during 
my caudal dissection toward the space of Bogros 
and myopectineal orifice. At the completion of 
this step, significant medialization of the poste-
rior rectus fascia and extensive retromuscular 
pocket is developed (Fig. 13.14).

�Step 5: Inferior Dissection
After exposing both Cooper’s ligaments and the 
pubis (described above), the dissection is 
extended laterally across the entire myopectineal 
orifice. It is important to follow the direction of 
the iliopubic tract in order to avoid inadvertent 
neurovascular injuries. In women, the round lig-
ament is divided routinely. In men, the spermatic 
cord is identified and carefully de-parietalized 
(similarly to cord dissection during laparoscopic 
inguinal hernia repair). All direct and indirect 
inguinal hernia should be reduced. In fact, if 
inguinal/femoral hernias are a major concern 
pre-operatively, this dissection is extended to 
expose at least 5 cm of the distal psoas muscle 
with subsequent mesh placement overlapping 
the inferior edge of the myopectineal orifice, 
similar to laparoscopic inguinal hernia repairs. 
The urinary bladder may be filled with saline to 
facilitate its identification and dissection. This is 
particularly prudent in patients with previous 
history of pelvic surgery, such as prostatectomy, 
cystectomy, etc.

Alternatively, this plane could be dissected 
from the lateral to medial direction. Starting cra-
nially, after the TA release and dissection into the 
retroperitoneum is performed (discussed above), 
one can move caudally along the lateral edge of 
the psoas muscle to approach the inferior-lateral 
edge of the myopectineal orifice. At that point, 
one can begin to bluntly sweep medially to get 
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dorsal to the transversus aponeurosis (but ventral 
to the peritoneum) and transition to the space of 
Retzius. I prefer to dissect both myopectineal ori-
fices and Cooper’s ligaments prior to connecting 
the planes underneath the intact caudal portion of 
the linea alba.

�Step 6: Superior Dissection
Depending on the location of the hernia, the 
superior dissection may extend to the upper epi-
gastrium or above the xiphoid process to the 
retrosternal space. The maneuvers utilized for 
each of those scenarios are different and will be 
described in detail separately.

Fig 13.8  Dissection of the space of Retzius and Cooper’s 
ligaments

Fig. 13.9  Incision of the lateral aspect of the posterior rectus sheath. This step is best started as cephalad in the rectus 
sheath as possible (a) is a drawing and (b) is an intra-op picture demonstaring the same concept

13  Posterior Component Separation Via Transversus Abdominis Muscle Release: The TAR Procedure
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	(a)	 Transition in the epigastrium
For midline hernias with cephalad extension 
at least 6–8 cm below the xiphoid process, a 
plane needs to be established to connect 
bilateral retro–rectus spaces across the mid-
line. Typically, the linea alba prevents the 
continuity of those two planes. To prevent 
recurrent herniations off the superior edge of 
the dissection/mesh, the linea alba is main-
tained in continuity ventral to the mesh for at 
least 5  cm by dividing the insertion of the 
posterior rectus sheaths into the linea alba 

(Fig. 13.15). This is accomplished by cutting 
the insertion of each posterior sheath in the 
cranial direction about 0.5 cm lateral to the 
linea alba on the respective sides. The poste-
rior sheaths will subsequently be re-
connected, and the mesh will be placed 
dorsal to the intact linea alba. To facilitate 
this step, I usually delay this transition until 
the rest of the dissection/releases are accom-
plished on both sides.

	(b)	 Transition at or cranial to xiphoid process
For the vast majority of mid and upper abdomi-
nal defects, I believe cephalad dissection to 
the retrosternal space is critical to minimize 
superior/subxiphoid recurrences. First, the 
linea alba is divided to the xiphoid process. 
Then, posterior insertion of the posterior rec-
tus sheath into the xiphoid process is incised 
as well. This provides access to a fatty trian-
gle that is extended cephalad in a substernal 
plane. Finally, the continuity of this space 
with the retromuscular dissection is created. 
The incision line at the lateral aspect of the 
posterior rectus sheath is extended to and 
slightly above the costal margin. This is then 
followed by complete division of the upper-
most fibers of the transversus abdominis 
muscle just off the lateral edge of the xiphoid. 

Fig. 13.10  Lateral (second) incision of the posterior rectus sheath just medial to the preserved neurovascular perforat-
ing bundles to the rectus muscles

Fig. 13.11  Division of the lateral aspect of the arcuate 
line, as it joins linea semilunaris
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Care must be taken not to transect the fibers 
of the anterior diaphragm that are interdigi-
tated with the transversus abdominis in its 
cranial-medial aspect. Failure to do so may 
result in an iatrogenic Morgagni hernia. The 
retromuscular dissection plane can be 
extended dorsal to the sternum by sweeping 
the peritoneum/transversalis fascia off of the 
diaphragm laterally. For the hernia defects in 
the upper abdomen, further retrosternal dis-
section to expose the upper aspect of the cen-
tral tendon of the diaphragm (Fig. 13.16) is 
necessary for adequate mesh overlap. Once 

again, this is best accomplished as the last 
step, once both retromuscular planes have 
been completely established.

�Step 7: Closure of the Posterior Layers
Once similar release is performed on both sides 
(as is often needed in most complex repairs), the 
posterior rectus sheaths are re-approximated in 
the midline with a running 2-0 Vicryl or PDS 
suture (Fig. 13.17a, b). In rare instances when 
posterior fascial edges cannot be brought together 
the gap(s) in that layer are buttressed with native 
tissue (i.e., omentum), patched with polyglycolic 

Fig. 13.12  Incision of the transversus abdominis muscle (a) is a drawing and (b) is an intra-op pic demonstaring the 
same concept
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Fig. 13.13  Posterior component separation by dissecting deep to the divided transversus abdominis muscle

Fig. 13.14  Medialization of 
the posterior layers and 
retromuscular dissection into 
the lateral retroperitoneum
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Fig. 13.15  Connecting dissection planes in the epigastric 
region. The retro-rectus dissection extends for at least 5-cm 
cranial to the intact linea alba. The advanced posterior rectus 

sheaths are then reconnected, allowing for sufficient mesh 
overlap below the intact linea alba, minimizing risks of 
recurrence of the cranial edge of the mesh

Fig. 13.16  Connecting 
dissection planes in the 
subxiphoid/retro-sternal 
region. The plane may be 
extended to expose the central 
tendon of the diaphragm
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acid (Vicryl) mesh (Fig. 13.18a), or biologic 
mesh (Fig. 13.18b). There are several reasons 
why closure of the posterior sheaths is needed: 
first, it avoids herniation of the intra-abdominal 
viscera between the mesh and the abdominal wall 
layers. Second, it negates the need for costly 
composite meshes, since there is no exposure of 
the abdominal viscera to mesh that is placed pre-
peritoneally. Finally, I believe this step might 
provide some minor  additional strength to the 
reconstruction of the abdominal wall.

�Step 8: Irrigation of the Extraperitoneal 
Space and TAP Block
Once the posterior layers are reconnected, a com-
pletely extraperitoneal pocket has been created. 
In clean contaminated and contaminated cases, I 
use antibiotic pressurized pulse lavage of the 
space prior to mesh placement. We have discov-
ered that this strategy results in a significant 
reduction of the bioburden of contaminated 
wounds. Following the lavage, a transversus 
abdominis plane bock can be performed. Since 
the intramuscular plane that contains the nerves 
can be easily visualized, I place 80–100 cm3 of 
dilute liposomal bupivacaine in both TA planes 
under direct vision (Fig. 13.19).

�Step 9: Mesh Placement/Fixation
The mesh is placed as a sublay in the retromuscu-
lar space. Adhering to the principle of “giant pros-
thetic reinforcement of the visceral sac” is critical 
to ensure durability of the repair. I aim to place the 
mesh to at least the anterior axillary line in the 
vast majority of my TAR cases. Choosing the size 
of the mesh is not proportional to the size of the 
original defect, as is commonly done in other type 
of repairs. This strategy essentially eliminates 
possibilities of lateral recurrences. For defects 
that extend to the umbilicus, I dissect the entire 
space of Retzius and extend/fixate the mesh to the 
Cooper’s ligaments. I typically first place two 
interrupted sutures, one in each of the Cooper’s 
ligament, (Fig. 13.20a) and then pass the tail 
through the mesh so that the knots will be tied at 
the dorsal surface of the mesh (Fig. 13.20b). This 
strategy not only facilitates mesh placement, but 

allows us to ensure mesh overlap in the retropubic 
space. One must be careful to pass the suture tails 
from each stitch at a distance similar to the dis-
tance between the stitches in the Cooper’s liga-
ments. Inferior fixation is essential to counteract 
the vectors of the intra-abdominal forces that are 
directed inferiorly, so as to reduce the odds of the 
suprapubic recurrences. Superiorly, the mesh 
extends to the epigastric area or to the retrosternal 
plane (as described above).

Mesh fixation is accomplished by placing a #1 
absorbable monofilament suture into the mesh 
and then pass the tails of the mesh (about 1 cm 
apart through the abdominal wall) out of the 
same skin incision using a Carter-Thomason 
suture passer (Cooper Surgical, Trumbull, CT, 
USA) (Fig. 13.21). In the past, I have used 10–14 
of such full-thickness, trans-abdominal points of 
fixation. Over the years, however, I found that 
this was not necessary, especially laterally. If I 
am able to achieve a desired overlap of the vis-
ceral sac and I am able to reconstruct the linea 
alba in the midline without undue tension, I have 
evolved to minimize or almost completely forego 
lateral mesh fixation. However, I still almost uni-
formly employ inferior fixation to both Cooper’s 
ligament using two interrupted monofilament 
sutures (as shown above). Superiorly, the mesh 
could be positioned cephalad to the costal margin 
and in the retro-xiphoid space. It is secured with 
interrupted sutures around the xiphoid process. 
Those sutures are placed 4–5 cm off the edge of 
the mesh to allow for large overlap, especially for 
upper abdominal defects.

Mesh selection remains to be a controversial 
topic. My preferred material is a macroporous 
mid-weight polypropylene. In patients where linea 
alba reconstruction is impossible or under exces-
sive tension, a heavy-weight polypropylene mesh 
is used. In addition, patients with flank defects and 
those after previous failed anterior component 
separation are best treated with a heavier weight 
polypropylene material. I am strongly against uti-
lization of polyester-based meshes during major 
open abdominal wall reconstructions. The role of 
bioabsorbable and newer biologic meshes for 
retro-muscular repairs is evolving.
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�Step 10: Anterior Fascia and Skin 
Closure
Large closed suction drains are placed on top of 
the mesh. Given the medial advancement of both 
rectus muscles, the linea alba is then recon-
structed with a running monofilament suture ven-
tral to the mesh (Fig. 13.22). Occasionally, 
interrupted figure-of-8 stitches can be placed, 
especially when restoration of the entire linea 
alba is uncertain or difficult. The soft tissue is 
closed in layers. All redundant and attenuated 
skin and soft tissue should be excised to mini-
mize wound complications. If subcutaneous 

pockets cannot be eliminated, additional subcuta-
neous drain(s) are utilized. The skin is closed 
with a running suture or staples. Areas of tension 
are reinforced with vertical mattress 000 Nylon 
sutures.

�Post-operative Care

Intra-operative hemodynamics and airway pres-
sures affect post-operative care. Pulmonary pla-
teau pressure has become my most important 
guide. In patients undergoing complex abdominal 

Fig. 13.17  Posterior layers are closed; visceral sac is restored (a) is a drawing and (b) is an intra-op picture demonstar-
ing the same concept
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wall reconstructions, increase of pulmonary pla-
teau pressure above 6 mmHg necessitates keeping 
the patient intubated, at least overnight. Provided 
that myofascial releases are performed, abdomi-
nal compliance improves within 12–24  hours  
post-operatively and pulmonary physiology 
returns to baseline allowing for safe extubation. In 
addition, those patients with increase in plateau 
airway pressures >11 mmHg are kept paralyzed 

for 24  hours post-operatively [12]. Please note, 
we have found that bladder pressure measure-
ments are not as useful in this setting. The closed 
suction drains are kept in place until the output is 
<30–50 cm3 per day. However, for patients with 
synthetic mesh repairs, I usually remove the 
drains prior to discharge, even in the setting of 
higher drain output. This is due to fears of intro-
ducing mesh infection (via a drain’s direct contact 

Fig. 13.18  Posterior layer/visceral sac may be patched with an absorbable (a) or biologic mesh (b)

Fig. 13.19  Transversus abdominis plane (TAP) block
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Fig. 13.20  Inferior mesh fixation to Cooper’s ligaments. 
An interrupted monofilament stitch is placed in each of 
the Cooper’s ligaments (a) and the tails are passed through 

the mesh so that the knots are on the dorsal aspect of the 
mesh (b), facilitating mesh overlap in the retro-pubic 
space

Fig. 13.21  Lateral mesh fixation utilizing a suture-passer. The knots are tied in the subcutaneous space

Fig. 13.22  Linea alba is reconstructed ventral to the mesh
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with mesh) in the outpatient setting. Alternatively, 
when a biologic graft is used, the drains are left in 
place for at least 2 weeks, regardless of the output. 
The drains are kept longer in the setting of biolog-
ics because I found that with increased ambula-
tion after discharge, the drain output increases. 
Antibiotics are continued for up to 24 hours, 
unless otherwise indicated. Aggressive deep vein 
thrombosis prophylaxis is mandatory. I do not use 
systemic anticoagulation and/or caval filters, 
unless specifically indicated. Aggressive ambula-
tion is avoided until the second post-operative 
day. Abdominal binders are used in the early post-
operative period. Beyond the first week, their use 
is liberalized at the patients’ discretion. Routine 
nasogastric tube decompression is avoided. Diet 
advancement is per our Enhanced Recovery after 
Surgery (ERAS) protocol [13].

Typical post-operative follow-up consists of a 
physical exam at 3–4 weeks, 3 months, 6 months, 
1 year, and then annually. Abdominal Computed 
Tomography (CT) scans are obtained routinely at 
1 year or earlier to investigate any abdominal dis-
comfort. In addition, we have developed a tele-
phone survey, which is administered to those who 
miss or are unable to come for a follow-up visit 

(Table 13.1). We have internally validated this 
survey to be 100% sensitive, in that no one has 
ever had a documented recurrence in the setting of 
all negative responses. Alternatively, any positive 
answer is considered a recurrence until proven 
otherwise by a physical exam and/or imaging.

�Outcomes

The most effective operative approach to com-
plex ventral hernia repairs remains debatable. 
The TAR procedure allows for safe and reliable 

medial fascia/rectus muscle advancement and 
large retromuscular space dissection in patients 
undergoing major abdominal wall reconstruc-
tion. In 2012, I published my first series of 42 
patients with massive ventral defects undergoing 
posterior component release using TAR [9]. Ten 
(23.8%) patients developed wound complica-
tions; requiring re-operation/debridement in 
three patients. At a median follow up of 26 
months, there have been only two (4.7%) recur-
rences [9]. My recent data on over 400 patients 
undergoing TAR with synthetic mesh reinforce-
ment revealed 3.7% rate of recurrence at a mean 
follow up of over 30 months.

The potential deleterious effects of TAR on 
the lateral abdominal wall and spine stabilization 
were a matter of early skepticism and concern. 
However, our recent investigations have allevi-
ated some of those fears. First, we demonstrated 
rectus muscle hypertrophy following linea alba 
restoration as well as, very importantly, a com-
pensatory hypertrophy of the external and 
internal oblique muscles [14]. Furthermore, a 
dynamometry study revealed an improvement in 
core abdominal wall functionality post-TAR 
reconstruction [15]. While the power of the 
aforementioned results about improvements of 
the abdominal wall hypertrophy and functionality 
is insufficient to claim any superiority of TAR, 
the data clearly support the safety of the division 
of the transversus abdominis muscle during 
abdominal wall reconstructions.

�Conclusion

Transversus abdominis release is rapidly becom-
ing one of the common approaches to major 
abdominal wall reconstructions. There are three 
main advantages to this approach. First, transver-
sus abdominis muscle release results in signifi-
cant medial mobilization of the posterior rectus 
sheath and creation of the extraperitoneal pocket. 
Second, it allows for extensive lateral dissection 
between the transversus muscle and the underly-
ing transversalis fascia/peritoneum that allows 
for sublay placement of mesh, reinforcing the 
entire visceral sac. Finally, it provides for 
medialization of rectus muscles and linea alba 

Table 13.1  Our validated ventral hernia repair phone 
survey (VHR-PS)

1.  Do you feel that your hernia is back?

2. � Has any physician told you that your hernia is 
back?

3. � Do you have a bulge/lump where your hernia used 
to be?

4. � Do you have any painful areas on your abdominal 
wall?
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reconstruction in vast majority of complex hernia 
patients. We found its usefulness in complex sce-
narios including parastomal, flank, and subxi-
phoid defects. Furthermore, TAR might be the 
only reliable approach for patients with failures 
after open component separation. Overall, the 
TAR procedure allows not only for a relatively 
tension-free repair with a large sublay mesh, but 
also myofascial reconstruction ventral to the mesh, 
thus markedly minimizing risks of prosthetic 
infections. Finally, this reconstruction not only 
provides for a durable repair, but may also facili-
tate restoration of physiologic properties of the 
repaired abdominal wall.
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      Open Anterior Component 
Separation                     

     Peter     Thompson       and     Albert     Losken     

          Introduction 

 The method of anterior “components separation” 
was fi rst described by Ramirez et al. in 1990 [ 1 ]. 
In this elegant anatomic study, the authors 
described a technique whereby the muscular lay-
ers of the anterior abdominal wall could be sepa-
rated and then medially mobilized in order to 
achieve closure of large ventral defects, restoring 
the anatomic relationship of the rectus muscles at 
the midline. 

 Though the use of  external oblique relaxing 
incisions   was originally described as early as 
1916 [ 2 ], Ramirez and colleagues are credited 
with important technical refi nements and devel-
opment of the surgery in common use today. In 
dissections of ten cadavers, Ramirez et al .  
described development of the avascular plane 
between the external and internal oblique muscu-
lar layers through relaxing incisions lateral to the 
rectus sheath. Combined with freeing the rectus 
from its attachments to the posterior sheath, this 
technique created myofascial advancement fl aps 
with potential for signifi cant medialization: 5 cm 
at the epigastrium, 10 cm at the waist, and 3 cm 
in the suprapubic region per side, allowing clo-

sure of defects up to 20 cm in diameter at the 
waist. They went on to describe a series of eleven 
patients with abdominal wall hernias of various 
etiologies including trauma, infected prostheses, 
and TRAM defects. 

 Prior to popularization of component separa-
tion and the availability of acellular dermal matrix, 
ventral defects which could not be closed by en 
bloc mobilization of the abdominal wall required 
placement of bridging synthetic mesh to prevent 
loss of abdominal domain, a technique which 
exposed patients to the potential of mesh infection, 
extrusion, fi stulization, and high hernia recurrence 
rates [ 3 – 5 ]. Defects with inadequate fascial or soft 
tissue coverage were addressed with the inventive 
use of autologous tissue transfers such as the free 
or pedicled tensor fascia lata fl ap [ 6 ,  7 ], also with 
signifi cant associated morbidity and hernia recur-
rence. The development of component separation 
therefore represented an important advance with 
major implications for the care of patients with 
this diffi cult surgical problem. 

 The goal of component separation in abdomi-
nal wall reconstruction is a tension-free re- 
approximation of the linea alba, thereby restoring 
the normal anatomic relationship of the abdomi-
nal wall muscles and off-loading the constant lat-
eral pull of the oblique and transverse muscular 
system. Anterior component separation is indi-
cated for the repair of large abdominal wall 
defects of any etiology; two of the most common 
indications include the multiply recurrent ventral 
hernia resulting in a hostile abdomen in which 
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laparoscopic repair would be contraindicated, 
and abdominal trauma managed with damage 
control laparotomy resulting in “planned” ventral 
hernia. Both etiologies may be complicated by 
loss of abdominal domain and often occur in the 
setting of a contaminated fi eld (such as infection 
of previously placed mesh or enterocutaneous 
fi stula). In such situations, component separation 
is an indispensible tool to restore normal abdomi-
nal wall physiology and provide a durable repair.  

     Outcomes   

 Despite widespread acceptance and application 
of the technique, anterior component separation 
remains an operation plagued by high surgical 
morbidity. This is likely a function of both the 
surgery itself and the general poor state of health 
of many of the candidates for abdominal wall 
reconstruction. Common complications are the 
logical sequelae of large myofascial and subcuta-
neous fl ap elevation and include seroma, hema-
toma, infection, skin edge necrosis, wound 
breakdown, and hernia recurrence. Recurrence 
rates following anterior components separation 
range from 5 to 32% in major series; rates of 
wound complications range from 7.5 to 48%. 
These outcomes are summarized in Table  14.1 .

       Current Trends 

 Since the original description by Ramirez et al . , 
various modifi cations of the components separa-
tion technique have been proposed in order to 
reduce surgical morbidity. Several of these innova-
tions, including the type and position of mesh to be 
used in reinforcement of repair and the use of mini-
mally invasive techniques for component release, 
continue to be topics of discussion and debate. 

     Minimal Dissection Technique   

 As originally described by Ramirez, separation 
of the abdominal wall components involves sig-
nifi cant subcutaneous undermining from the mid-
line to the level of the semilunar line in order to 

achieve exposure of the external oblique. The 
large potential space created after raising this fl ap 
predisposes to postoperative fl uid collection, 
with rates up to 11.6% for hematoma [ 8 ] and 
10% for seroma [ 9 ]. In addition, undermining of 
the skin and subcutaneous tissues necessitates 
division of lipocutaneous perforators, particu-
larly in the periumbilical region, resulting in a 
relatively devascularized fl ap. This can increase 
the rate of skin necrosis and ischemia, which can 
complicate up to 20% of anterior component sep-
aration repairs [ 9 ]. Modifi cations of the tradi-
tional open anterior components separation have 
been suggested which provide exposure of the 
external oblique without the need for aggressive 
subcutaneous undermining. These include use of 
either longitudinal [ 10 ] or transverse [ 11 ] para-
median incisions to access the external oblique 
aponeurosis lateral to the semilunar line. 
Endoscopic- assisted minimally invasive release 
of the external oblique has also been described 
[ 12 ]. Despite differences in technique, the com-
mon goal of each of these modifi cations is preser-
vation of the periumbilical perforators, an 
important blood supply to the midline abdominal 
skin. Periumbilical perforator-sparing techniques 
have been associated with decreased rates of 
wound healing complications, including skin 
necrosis and infection [ 13 ]. While minimal 
undermining and skin fl ap dissection may be 
preferable, there are clearly clinical scenarios in 
which preservation of periumbilical perforators 
is not possible. In very large hernias with loss of 
abdominal domain, retracted skin edges may 
tether the abdominal wall, and fascial approxima-
tion at the midline may not be possible without 
full release of the skin and subcutaneous tissue 
from the underlying layers. Also, in the setting of 
multiple previous abdominal operations, previ-
ous mesh onlay or previous component release, 
periumbilical perforators may have already been 
divided or no clear dissection plane may exist.  

    Type of Mesh:  Synthetic vs. Biologic   

 In the original description of the components 
separation technique by Ramirez et al., fascial 
layers were reapproximated primarily in the mid-
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line without mesh reinforcement. This resulted in 
a hernia recurrence rate of up to 53% at 7 months 
[ 14 ]. In agreement with widely accepted princi-
ples for repair of incisional hernias [ 15 ,  16 ], 
mesh reinforcement of components separation 
appears to decrease hernia recurrence to as low as 
5% [ 17 ]. Various types of synthetic and biologic 
mesh have been used as adjuncts to component 
separation, each with distinct advantages and dis-
advantages. Synthetic materials such as polypro-
pylene have been available for use for decades. 
While the strength of this material may provide 
long-lasting protection from recurrence com-

pared to biologic materials [ 11 ,  18 ], synthetic 
permanent mesh is often contraindicated in the 
contaminated fi eld. It creates a dense infl amma-
tory reaction that can predispose to infection, 
adhesion formation, and enterocutaneous fi stula 
formation [ 3 ]. In contrast, biologic materials 
such as human or porcine acellular dermal matrix 
are generally considered safe to use in the con-
taminated fi eld. These materials incorporate, 
revascularize, and remodel with host tissue after 
implantation, with minimal host infl ammatory 
response. Biologics have been used in situations 
where permanent synthetic mesh is contraindi-

   Table 14.1    Outcomes following anterior component separation   

 Author (year) 

 Number of 
patients 
undergoing ACS 

 Mean 
follow-up 
(months) 

 Number of 
recurrences (%) 

 Number of wound 
complications (%)  Comments 

 Girotto et al. 
(1999) [ 8 ] 

 37  21  2 (6.1)  11 (30)  ACS without mesh 

 Saulis et al. 
(2002) [ 9 ] 

 66  12  5 (7.6)  9 (14)  ACS with or without 
PUP-sparing 

 DeVries 
Reilingh et al. 
(2003) [ 10 ] 

 43  15.6  12 (32)  15 (35)  ACS without mesh 

 Girotto et al. 
(2003) [ 11 ] 

 96  26  22 (23)  25 (26)  ACS with mesh 
onlay “when 
necessary” 

 Jernigan et al. 
(2003) [ 12 ] 

 73  24  4 (5.5)  –  ACS after open 
abdomen, most 
without mesh 

 Lowe et al. 
(2003) [ 13 ] 

 30  9.5  3 (10)  35 (?)  ACS mostly without 
mesh 

 Gonzales et al. 
(2005) [ 14 ] 

 42  16  3 (7)  14 (33)  LR vs. ACS; with 
and without mesh 

 Espinosa-de-los- 
Monteros et al. 
(2007) [ 15 ] 

 37  13  2 (5)  10 (26)  ACS with ADM 
onlay 

 Ko et al. (2009) 
[ 16 ] 

 200  10.3  43 (21)  38–86 (19–43)  ACS via lateral 
access incisions; no 
mesh, ADM or soft 
synthetic mesh as 
underlay 

 Sailes et al. 
(2010) [ 17 ] 

 545  –  100 (18)  41 (7.5)  ACS with various 
mesh types over 10 
years 

 Ghazi et al. 
(2011) [ 18 ] 

 75  34  10 (13)  9 (12)  ACS with and 
without mesh 

 Krpata et al. 
(2012) [ 19 ] 

 56  9.1  8 (14)  27 (48)  PCS vs. ACS with 
mesh underlay 

   ACS  anterior component separation,  PUP  periumbilical perforator,  LR  laparoscopic repair,  ADM  acellular dermal 
matrix,  PCS  posterior component separation  
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cated but appears to have a tendency to stretch 
over time [ 19 ], resulting in recurrence rates that 
in some series were higher than that observed 
with no mesh at all [ 11 ]. The type of mesh 
selected for reinforcement of a components sepa-
ration repair depends on numerous variables 
including patient comorbidities, the presence of 
contamination, or infection in the surgical fi eld 
and the size of the hernia defect. When used cor-
rectly, the biologic mesh can provide the benefi ts 
of synthetic mesh closure through reinforcement 
and tension reduction, without the infection risks 
often associated with synthetic mesh.  

    Mesh Position 

 The position for mesh placement is also a source 
of debate. Investigators have described reinforce-
ment of component separation-based abdominal 
wall reconstructions using mesh placed in onlay 
[ 20 ], underlay [ 11 ], bridging [ 9 ], or sublay (retro-
rectus) [ 21 ] positions. Other authors have 
described using a combination of these approaches 
for a so-called  “sandwich” repair   [ 21 ]. There are 
clearly advantages and disadvantages to each tech-
nique. For example, by placing a layer of tissue 
between bowel and mesh, the onlay technique 
theoretically decreases risk of bowel-to-mesh 
adhesion and enteric fi stula formation. This tech-
nique also avoids the need for more extensive 
intraperitoneal dissection and adhesiolysis, mak-
ing it a preferable option in the setting of the hos-
tile abdomen. However, a recent review of the 
available literature regarding mesh position sug-
gests that compared to the underlay position, mesh 
placed in the onlay position had a higher incidence 
of overall complications and hernia recurrence 
regardless of the type of mesh used [ 22 ].   

    Personal Algorithms and Technique 

      Preoperative Evaluation   

 Patients with large abdominal wall defects often 
experience signifi cant deformity, pain, and 
decreased energy due to loss of normal abdomi-

nal wall mechanics, severely impacting their 
quality of life; however, it is important to remem-
ber that abdominal wall reconstruction is always 
an elective procedure, and one with potential for 
signifi cant morbidity. Therefore, candidates 
should be chosen based on their overall likeli-
hood of a successful repair balanced against their 
risk of surgical or medical complication. Patient 
selection for abdominal wall reconstruction with 
components separation begins with a thorough 
history and physical exam. 

 Careful attention should be paid to patients’ 
medical comorbidities, in particular diabetes, 
smoking, and morbid obesity, all of which increase 
the risk of wound complications and hernia recur-
rence. The importance of preoperative counseling 
cannot be over-stressed, and patients should be 
encouraged to correct modifi able risk factors with 
tight blood glucose control, smoking cessation and 
weight loss as possible. For an elective surgery 
which will usually require considerable operative 
risk, complicated postoperative care and consider-
able use of hospital resources, it is reasonable to 
request that patients make an effort to stack the 
odds in their favor by losing weight and stopping 
smoking prior to being scheduled for surgery. 
Preexisting cardiac and pulmonary comorbidities 
necessitate preoperative consultation with the 
appropriate specialist in order to ensure medical 
optimization and fi tness to undergo major surgery. 
Malnutrition is an equally prevalent problem in 
patients who may be chronically debilitated from 
multiple previous operations and prolonged hospi-
tal stays. Every effort should be made to optimize 
nutritional status as determined by trends in weight 
and laboratory markers such as albumin, prealbu-
min, and transferrin. 

 Likewise, a detailed knowledge of the patient’s 
surgical history is essential for success. For 
patients with multiply recurrent ventral hernias, 
careful attention to the number and technique of 
previous hernia repairs, the location and type of 
any previously placed mesh, and the location of 
any scars on the anterior abdominal wall will 
help shape the intraoperative plan and guide tech-
nique and mesh selection (Fig.  14.1 ).

   Preoperative imaging with CT or MRI of the 
abdomen can provide essential information about 
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the anatomy of the anterior abdominal muscula-
ture, position of previously placed mesh, and loca-
tion of any stomas or enterocutaneous fi stulas 
(Fig.  14.2 ). Most importantly for large midline 
defects, preoperative imaging can precisely mea-
sure the distance between the true fascial edges. In 
general, a full separation of anterior components 
can be expected to produce a unilateral rectus 
sheath advancement of 10–15 cm at the waistline; 
therefore, fascial approximation of midline defects 

up to 30 cm can be obtained with a full bilateral 
release. Less advancement is expected in the epi-
gastric and suprapubic regions, around 5–8 cm and 
3–6 cm respectively per side. The presence of a 
stoma, history of previous component release, or 
large defects in the upper or lower thirds of the 
abdomen may therefore preclude repair with ante-
rior components separation alone. Preoperative 
imaging can help make this important determina-
tion before entering the operating room. In our 
practice, all patients being considered for abdomi-
nal wall reconstruction undergo some form of pre-
operative cross- sectional imaging. Other 
preoperative evaluation includes laboratory assess-
ment of hematologic indices, serum chemistry, 
and nutritional markers as well as EKG and plain 
fi lm chest X-ray for high-risk patients.

   Timing of abdominal wall reconstruction is 
critical. As mentioned previously, the most com-
mon indications for components separation repair 
at our institution include the open abdomen after 
trauma with loss of abdominal domain and the 
multiply recurrent incisional hernia. Both of 
these conditions often occur in association with 
enterocutaneous fi stulae, infected mesh, or an 
otherwise contaminated fi eld. The posttraumatic 
open abdomen is often managed at our institution 
using a staged approach as previously described 
[ 23 ]; patients become candidates for defi nitive 
abdominal wall reconstruction 6–12 months after 
creation of the “planned” hernia defect by place-
ment of split thickness skin graft on top of 
exposed viscera. After this period of time, infl am-
mation and dense adhesions generally resolve 
and the skin graft can usually be dissected easily 
from the underlying bowel. A simple test to 
determine a patient’s readiness for defi nitive 
reconstruction is the “pinch test.” If the grafted 
skin can be easily picked up with the thumb and 
index fi nger and pinched with no intervening 
bowel, then surgery may safely proceed. 
Similarly, in the setting of recurrent ventral inci-
sional hernias, a waiting period of at least 6 
months is advisable following the most recent 
attempt at hernia repair; component separation or 
any other defi nitive reconstruction attempted in 
the setting of acute infl ammation will be more 
likely to fail secondary to poor tissue strength.   

  Fig. 14.1    ( a ) Anterior ( b ) oblique and ( c ) lateral preop-
erative photos of a patient scheduled for component sepa-
ration. This middle-aged male had a history of multiple 
previous failed hernia repairs secondary to mesh infec-
tions, resulting in a large ventral hernia with relative loss 
of domain       
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      Surgical Technique   

 At our institution, most abdominal wall recon-
structions are performed in careful coordination 
with a general surgery team. Patients are main-
tained NPO after midnight on the eve of surgery. 
Bowel preparation is performed at the discretion 
of the general surgeon. In the operative suite, 
patients are positioned supine with arms out. 
Appropriate monitoring devices are placed by the 
anesthesia team. Hair is removed from the opera-
tive site with clippers and the skin is prepped 
with chlorhexidene solution. The fi eld is widely 
prepped and draped from nipples to upper thigh 

and to the level of the bed over each fl ank. Thin 
strips of Ioban (3M; St. Paul, MN) are often use-
ful to secure drapes in place during these long 
procedures.  Thromboembolic prophylaxis   with 
sequential compression devices on the lower 
extremities is essential. 

 The operation begins usually with a full mid-
line laparotomy followed by extensive lysis of 
adhesions performed by the general surgery 
team. The general surgery portion of the proce-
dure also includes excision of any previously 
placed or infected prosthetic material, take down 
and repair of enterocutaneous fi stulae, and bowel 
resections as indicated. 

  Fig. 14.2    Preoperative 
cross-sectional imaging with 
computed tomography (CT) 
demonstrating ( a ) thin, 
attenuated fascia over 
previously placed mesh 
( yellow arrow ) and ( b ) 
signifi cant rectus muscle 
diastasis/hernia recurrence 
( yellow arrows )       
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 The plastic surgery team begins the reconstruc-
tive portion of the procedure with assessment of 
the resultant defect. The edges of the rectus sheath 
are grasped with Kocher clamps and pulled bilat-
erally toward the midline in order to determine 
how much advancement is necessary to recreate 
the linea alba (Fig.  14.3a ). Identifi cation of the true 
fascial edge is often diffi cult in the presence of 
dense scar, and careful dissection is often needed 
to locate the rectus sheath. This is an essential step 
as misidentifi cation and subsequent approxima-
tion of scar tissue instead of fascia will almost cer-
tainly result in hernia recurrence.

   The next step is determined by the size of the 
defect to be reconstructed. Often, after lysis of 
adhesions and freeing attachments of viscera to 
the overlying abdominal wall, primary approxi-
mation of fascial edges may be possible without 
any component release. In this instance, a mesh- 
reinforced primary repair is performed, with a 
components release added if needed to reduce 
midline tension. Most commonly for defects 
10–30 cm in width, recreation of the linea alba 
will not be possible without component release. 
An anterior component separation is performed 
in the following fashion, originally described by 
Ramirez [ 1 ]. The fascial edge of the side to be 
released is grasped with a Kocher and retracted 
toward the midline. Counter-traction is applied 
by the assistant who retracts the skin edge with 
either a toothed forcep or handheld retractor. 

Dissection proceeds in a subcutaneous plane just 
above the rectus fascia to a point 1–2 cm lateral to 
the linea semilunaris, from the costal margin 
superiorly to the anterior superior iliac spine 
(ASIS) inferiorly. The external oblique aponeuro-
sis is incised at this lateral point along the entire 
length of the dissection (Fig.  14.3b ). Confi rmation 
of position lateral to the linea semilunaris can be 
obtained by manually palpating the rectus muscle 
or by making a small nick in the fascia and exam-
ining the orientation of the underlying muscle 
fi bers. Obliquely oriented fi bers of the internal 
oblique muscle should be visible. Dissection then 
proceeds in the avascular plane between the inter-
nal and external oblique laterally to the mid-axil-
lary line. Following  completion of unilateral 
release, the bilateral fascial edges are again 
grasped and pulled together to check midline 
approximation. If a tension-free recreation of the 
linea alba is now possible, contralateral compo-
nent release is not necessary. Avoiding contralat-
eral dissection preserves this plane for future 
reconstructive procedures in the event of recur-
rence, and decreases the likelihood of abdominal 
wall necrosis, seroma formation and a lateral 
bulge. If tension-free approximation is not possi-
ble with unilateral external oblique release, a 
bilateral release is performed. If following bilat-
eral external oblique release approximation is 
still inadequate, a posterior rectus sheath relaxing 
incision may be made as described by Ramirez 

  Fig. 14.3    Intraoperative photos. ( a ) After lysis of adhe-
sions, the fascial edges are grasped with Kocher clamps 
and a lipocutaneous fl ap raised. ( b ) The external oblique 

aponeurosis is then incised lateral to the rectus muscle 
bundle. The medial cut edge of external oblique aponeu-
rosis is designated by the  yellow arrow        

 

14 Open Anterior Component Separation



144

[ 1 ], however in our experience this maneuver will 
add only 1–2 cm of advancement at most. 

 Our experience [ 24 ] and that of others [ 17 ,  25 ] 
has demonstrated that an abdominal components 
separation repair reinforced with mesh has a 
lower rate of recurrence than a non-reinforced 
repair; for this reason, we consider mesh rein-
forcement an essential step in an anterior compo-
nent separation repair. Our preference in clean 
and some clean-contaminated situations such as 
bowel resection or presence of a stoma is to use 
synthetic mesh such as lightweight polypropyl-
ene (Prolene ® , Ethicon) or a composite mesh of 
polyester and non-adherent collagen fi lm 
(Parietex™, Covidien) given superior strength 
and lower risk of recurrence of synthetics. In con-
taminated cases, such as removal of infected 
mesh or gross spillage of enteric contents, our 
preference is to use a porcine acellular dermal 
matrix. Whenever possible, mesh is placed in an 
intraperitoneal underlay position in order to 
decrease the risk of mesh contamination and 
seroma. It is our feeling that an underlay provides 
a stronger repair than mesh placed in an onlay 
position. The mesh is fashioned into the shape of 
a diamond and secured in position with transfas-
cial U-stitches of #1 Prolene (Fig.  14.4a ). The 
fi rst stitches are placed at the four corners of the 
diamond, left untied and secured with hemostats 
in order to set the appropriate tension on the 
mesh. Additional stitches are then placed at inter-
vals of 2–3 cm around one lateral border of the 
mesh (Fig.  14.4b ). All sutures are controlled with 
hemostats and tied after all are in place, taking 
care that no viscera are entrapped during tying. 
The repair should then be probed with a fi nger to 
ensure that no gaps remain between sutures 
through which a loop of bowel might slip. 
Additional sutures are placed as needed to fi ll in 
these gaps. This process is repeated on the con-
tralateral border of the mesh. The mesh should 
overlap the rectus to the external oblique for a 
distance of at least 4 cm and should tension the 
myofascial fl aps in such a way as to offl oad the 
midline approximation. When the mesh is in 
place, the medial edges of the rectus sheath may 
be sutured together over the mesh using a #1 PDS 
in an interrupted or running fashion (Fig.  14.4c ). 

Subcutaneous closed suction drains are placed 
and brought out through the inferior skin lateral 
to the laparotomy incision. The skin is closed 
with staples.

  Fig. 14.4    A mesh underlay is performed with a large piece 
of acellular dermal matrix. ( a ) Widely spaced, interrupted 
#1 Prolene transfascial sutures are used to set the appropri-
ate mesh tension. ( b ) The mesh is then secured circumfer-
entially with additional transfascial sutures. ( c ) The 
overlying fascia is primarily reapproximated in the midline 
and sutured with interrupted or running #1 PDS suture       
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   Several unique situations deserve mention. As 
described previously, several authors have 
endorsed a periumbilical perforator-sparing 
approach during elevation of skin fl aps [ 13 ] in 
order to decrease rates of seroma, skin edge necro-
sis, and subsequent wound healing complications. 
This technique is particularly useful in patients at 
risk for poor soft tissue perfusion such as those 
with peripheral vascular disease, smoking history, 
diabetes, and the super-obese. In our practice, we 
attempt to preserve perfusion of the abdominal 
wall in this population as much as possible through 
use of minimal skin fl ap elevation and avoidance 
of dissection in the periumbilical region (Fig. 
 14.5 ); however, there are two situations in which 
this approach is less useful. In the patient with 
multiple previous hernia repairs or a previous 
component release, the periumbilical blood supply 
may have already been divided. In addition, some 
patients (i.e., the skin-grafted trauma patient) may 
not have adequate skin coverage of fascia without 
full elevation of the skin laterally to the anterior 
axillary line, creating an additional sliding fl ap of 
soft tissue that can then be approximated at the 
midline. Other options if soft tissue coverage is 
inadequate include pedicled fl aps such as a tensor 
fascia lata (TFL) or anterolateral thigh (ALT) fl ap, 
or if inadequate skin is suspected preoperatively 
abdominal wall tissue expanders may be used. 

        Postoperative Management   

 Postoperatively, patients are often left intubated 
and monitored in the ICU. Drains are placed to 
wall suction for anywhere from 24 hours to 5 
days postoperatively depending on the extent 
of dissection and the surgeon’s preference, and 
then placed to bulb suction. Perioperative antibi-
otics are continued for 24 hours after surgery. 
Some surgeons prefer continuation of antibiotics 
throughout the recovery period for as long as 
drains are in place. Postoperative imaging is often 
obtained at the surgeon’s discretion to provide a 
baseline for future follow-up (Fig.  14.6 ).

        Conclusion 

 Separation of abdominal components has become 
an essential and powerful weapon in the arma-
mentarium of surgeons across specialties, gain-
ing widespread popularity for the closure of 
abdominal wall defects resulting from trauma, 
infection, and previous surgery. This technique 
has been utilized for a variety of problems with 
reproducible, consistent outcomes. Further 
refi nements by surgical innovators continue to 
reduce morbidity and hernia recurrence.     
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      Endoscopic Anterior Component 
Separation                     

     David     Earle     

           Introduction 

 The term component separation has no single 
meaning. It currently refers to some sort of tis-
sue rearrangement of the trunk for the purposes 
of restoration of linea alba, usually for hernia 
repair. In this chapter, I will discuss the separa-
tion of the internal and external oblique mus-
cles, and the separation, or division, of the 
insertion of the external oblique along its apo-
neurosis lateral to the rectus muscle. This was 
fi rst described for hernia repair by Dr. Young in 
1961, but without the separation of the oblique 
muscles [ 1 ]. It wasn’t until 1990 when Dr. 
Ramirez described the modern day technique 
that also separated the oblique muscles [ 2 ]. 
They coined the term “component separation” 
to describe their technique. Finally, in 2000, Dr. 
Lowe and colleagues described an endoscopi-

cally assisted technique for the external oblique 
separation, which dramatically reduced wound 
complications [ 3 ].  

     Indications   

 The purpose of component separation is usually 
aimed at medialization of the rectus muscles and 
reduction of the intra-operative tension on the 
closure of midline hernia defects. To this day, this 
rationale for performing this technique is con-
sistently discussed. The determination of intra-
operative tension, however, is subjective, typically 
determined by the surgeon pulling the medial 
borders of the rectus muscles toward the midline, 
and making a tension estimate. In my opinion, 
the appropriate tension estimated by the surgeon 
in the operating room with the patient supine, and 
under general anesthesia, is inaccurate as it does 
not take into account postoperative tension. In 
my practice, endoscopic component separation 
(ECS) technique is used for patients who have 
midline larger midline hernias, with the goal of 
hernia repair  and  restoration of a normal abdomi-
nal wall contour. Distance between the rectus 
muscles should be at least 5 cm in width. For 
defect widths in the 5–10 cm, there will be sig-
nifi cant variability in abdominal wall contour 
abnormalities and goals of repair; thus, the com-
ponent separation technique is used less fre-
quently than it would be for defects greater than 
10 cm in width [ 4 ].  
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    Technique 

 The decision about whether or not to perform an 
ECS is made preoperatively, based on patient goals, 
history, abdominal wall contour, midline location, 
and the distance between rectus muscles. 

     Patient Position   

 The patient is positioned supine, with the arms 
tucked at the sides. Occasionally, we will simply 
swing the arm boards to the patient’s side, then 
swing it back out for the open portion of the pro-
cedure. This is more helpful with obese patients. 
All appropriate precautions should be taken to 
avoid inadvertent injury to the upper extremity.  

     Access and Muscle Separation   

 We usually perform the ECS as the fi rst part of the 
procedure to reduce the time the laparotomy inci-
sion is open. If there is a transverse/oblique inci-
sion, or ostomy on one side, we will do the side 
without incisions fi rst. The initial 2–4 cm incision 
is made transversely, near the costal margin, near 
the tip of the 11th rib. This is more lateral than 
you would anticipate, and we often tilt the table 
away from us to improve exposure and ergonom-
ics. The monopolar pencil with a protected elec-
trode is used to divide the subcutaneous fascia, 
and three “S” shaped retractors are used. The 
external oblique muscle fi bers (not aponeurosis) 
are then positively identifi ed, and bluntly sepa-
rated until the most posterior fi bers are sliding 
free from the underlying internal oblique. The 
internal oblique fascia will appear white, although 
it is quite thin (Fig  15.1a, b ). While it is possible 
to start on the external oblique aponeurosis, this 
area carries a higher risk to divide all the way 
through common junction of the oblique muscles, 
and is more diffi cult to use as an effective port site 
because it is near the insertion of the external 
oblique, which is divided as part of the release. 
We also start on the muscle belly when perform-
ing open external oblique release.

   Once the space between the oblique muscles 
has been accessed, one of the “S” shaped retrac-

tors is placed under the external oblique to lift it 
off the internal oblique. A round balloon dissector 
(Covidien; North Haven, CT; USA) is introduced 
and pushed blindly toward the ipsilateral groin 
along a trajectory that takes it 2–3 cm medial of 
the anterior superior iliac spine. It is important to 
note that while the balloon is being pushed toward 
the inguinal ligament, the tip should be angled 
anteriorly to avoid going through the internal 
oblique. Once the tip of the balloon is near the 
inguinal ligament, it is infl ated and defl ated 3–4 
times, beginning distally and moving proximally. 
While there is no specifi c amount of air intro-
duced, or number of pumps of the infl ator, there is 
both visual inspection and palpation of the size of 
the balloon as it is being distended. If there is any 
doubt, under distention is better than over disten-
tion, which can tear the muscle fi bers of the inter-
nal oblique (Fig.  15.2a, b ). The balloon is then 
removed, the introducer reinserted, and after ele-
vating the external oblique with an “S” retractor, 
is redirected above the costal margin. I initially 
use the uninfl ated balloon in a back-and-forth 
motion above the costal margin before infl ation, 
and infl ate the balloon less than inferiorly. 
Usually, only one to two infl ation sequences are 
required here (Fig.  15.3a, b ).

         Port Placement   

 After separating the oblique muscles with balloon 
dissector, I place a 12 mm blunt-tipped AirSeal™ 
port (Surgiquest; Orange, CT; USA) through the 
incision, and insuffl ate to 12 mmHg with CO 2 . 
I used to use a round balloon-tipped port 
(Covidien; North Haven, CT; USA), but the bal-
loon often impeded the view of the external 
oblique insertion, and is easily damaged by energy 
sources. With the  AirSeal™ port   and  insuffl ation 
system  , impedance of the external oblique inser-
tion, smoke evacuation, or loss of insuffl ation 
with a gas leak are rare. Once the space is insuf-
fl ated, visual inspection confi rms whether the 
correct plane was dissected, and whether or not 
there has been any injury to the muscle belly of 
the internal oblique. We then place two 5 mm 
ports under direct visualization—one medial, and 
inferior to the anterior superior iliac spine, and 
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  Fig. 15.1    The location of the initial incision is near the 
tip of the 11th rib, and its size will be dependent on the 
amount of subcutaneous fat (2–4 cm). The blunt tipped 
clamp will spread the external oblique fi bers and allow 
visualization of the whitish fascia over the internal 

oblique. The “S” retractor can be used to start the dissec-
tion between the obliques and lift the external oblique to 
allow introduction of the dissection balloon. ( a ) Access is 
illustrated in the  left upper quadrant . ( b ) Photo depicts 
access in the  right upper quadrant        
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one in between, at the same lateral margin as 
the 12 mm port. The superior and inferior ports 
are for the scope, and the middle port is used for 
the instruments used to divide the external oblique 
insertion (Fig.  15.4a, b ).

        Troubleshooting   

 If the initial inspection reveals an injury to the 
internal oblique muscle, an assessment must be 
made about the severity. If just the fascia is torn, 

ASIS

Pubic symphysis

Insertion of
balloon dissector

Balloon dissector
with balloon up

a

b

  Fig. 15.2    Lift the external 
oblique anteriorly and insert 
the balloon dissector toward 
the inguinal ligament, 
passing just medial to the 
anterior superior iliac spine 
(ASIS). It is important to 
keep the tip pressure 
anteriorly and lateral to avoid 
inadvertent penetration 
through the internal oblique 
or common junction. The tip 
should be inserted all the way 
to, but not through the 
inguinal ligament. The 
balloon is then serially 
infl ated and defl ated 
beginning distally and 
moving proximally to the 
area under the initial 
insertion site. Then remove 
the dissector and reassemble. 
There is no specifi c amount 
that the balloon should be 
distended; however, 
under-infl ation is generally 
less risky than over-infl ation. 
( a ) Placing the balloon 
dissector on the  left side . ( b ) 
Placing the balloon dissector 
on  right side        

  Fig. 15.3    After beginning the superior dissection over 
the costal margin with the index fi nger, the balloon dissec-
tor is then reinserted superiorly, also over the costal mar-
gin, again keeping the pressure on the tip anterior and 
slightly lateral. It generally only takes one to two infl ation- 

defl ation sequences with less distention than inferiorly. 
Generally, under-infl ation is less risky than over-infl ation. 
( a ) Placing balloon dissector on  left side . ( b ) Placing the 
balloon dissector on  right side . ( c ) Infl ating the balloon 
dissector on the  right side          
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but the muscle belly is largely intact, nothing 
needs to be done. If there is signifi cant disrup-
tion of the muscle belly, it should be repaired 
with long acting absorbable suture, and consid-
eration for covering the defect with a prosthetic 
in this space, or as part of the hernia repair 

should be undertaken. If there is an injury to the 
external oblique, nothing needs to be done as 
this muscle is being divided anyway. If there is 
an injury to the common junction medially, 
either during the balloon dissection or during the 
division of the external oblique, this must be 

ASIS

Pubic symphysis

a

b

10mm port (scope)

5mm port (scissors
/energy source)

5mm port (scope) 

Area of space between
internal and external
oblique muscles 

  Fig. 15.4    The ports are all placed laterally, with the superior 
and inferior ports being used for the scope and the middle 
port used for the dissection and cutting instruments. With no 
specimen extraction, all 5 mm ports could be used. We use a 
10–12 mm port superiorly to take advantage of a unique 
AirSeal™ insuffl ation system or blunt, balloon tipped port. 

As smaller ports with these features become available, the 
size could be scaled down. ( a )  Left sided  port set-up. ( b ) 
 Right sided  port set-up. Note the slight medial placement of 
the inferior port. This allows for less interference of the fi eld 
of view by the instrument in the working port. An angled 
rigid or fl exible tip scope can also help avoid this       
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  Fig. 15.5    Initial view of the 
 right side  (looking distally) 
after creating the space 
between the oblique muscles. 
Note the fascia of the internal 
oblique has been stripped from 
the muscle belly by the initial 
insertion of the balloon 
dissector or slight over 
distension of the balloon. 
Because there is no defect in 
the muscle, no repair is 
required. The common 
junction is marked by the 
white dashed line, and the 
anterior superior iliac spine 
(ASIS) is seen laterally       

repaired. We repair these with long acting 
absorbable, barbed suture material. Placement of 
a prosthetic of any type should be done if there 
is doubt that the suture repair was adequate. The 
prosthetic can be placed in this space, or as part 
of the hernia repair if an intra-peritoneal mesh is 
being used. It is also possible to place the bal-
loon dissector too superfi cially and dissect the 
subcutaneous space rather than the space 
between the oblique muscles. This requires noth-
ing be done other than acknowledging the cor-
rect plane, and reinserting the balloon between 
the oblique muscles while holding the space 
open with an “S” shaped retractor, thus insuring 
the balloon enters the correct plane.  

    External Oblique and Subcutaneous 
Fascial  Division      

 Once the muscles have been separated, the space 
insuffl ated with CO 2 , and the ports have been 
placed, you will see the initial view of the space 
between the oblique muscles (Fig.  15.5 ). Now 
it’s time to divide the external oblique insertion. 
With the scope in the upper (12 mm) port and the 
scissors in the middle (5 mm) port, any remaining 
fi bro-areolar connective tissue not separated by 
the balloon is divided to complete the separation. 
A small opening is then made directly perpen-
dicular to the port and lateral to the common 

junction. You should see yellow, subcutaneous 
fat (Fig.  15.6a ). If you see muscle fi bers, you are 
in the wrong plane, and need to reassess the anat-
omy. This may require restarting more laterally. 
This can be done by extending the initial incision, 
and rotating the table away from the surgeon. 
Once the initial incision is made, and subcutane-
ous fat is seen, the jaws of the scissors can be 
opened, and one blade inserted above the fascia. 
The shaft can then be slightly rotated downward, 
and this will help avoid cutting into the subcuta-
neous tissue too deeply, which has a risk of 
excess bleeding. This incision is then carried 
down to just above the inguinal ligament. When 
dividing the external oblique insertion, it is 
important to stay parallel and lateral to the com-
mon junction of the oblique muscle complex and 
the lateral border of the rectus muscle. This can 
be diffi cult with the small working space, oblique 
instrument angles that change as you move along, 
and a visual horizon that may rotate (Fig.  15.6b ). 
Once the insertion has been divided along the 
majority of its length, the subcutaneous fascia is 
divided, which gives the majority of the medial 
mobilization that can easily be seen as the fascia 
is released. An energy device is very helpful here 
to control bleeding. When dividing the subcuta-
neous fascia, it is important to stay in a line per-
pendicular to the external oblique division, and 
avoid straying too medial (Fig.  15.6c ). If this part 
of the dissection deviates too medial, there can be 
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an injury to the hernia sac or bowel. Additionally, 
if there is an ostomy present, subcutaneous 
redundancy of the bowel is common, and the vis-
cera are at increased risk of injury during this 
portion of the procedure.

    After the inferior portion of the external 
oblique insertion and subcutaneous fascia has 
been divided, the scope position is changed to the 
inferior (5 mm) port. The superior portion is then 
accomplished in the same way. Near the costal 
margin, however, the external oblique insertion 
will become more muscular, and is usually 
divided with an energy source only. It will remain 
this way the entire distance above the costal mar-
gin (Fig.  15.7 ).

       Limits of Dissection 

 The limits of the  muscle separation   are the ingui-
nal ligament, the common junction of the oblique 
muscle complex and rectus muscle, the superior 
attachment of the external oblique about 5–7 cm 
above the costal margin, and the lateral neurovas-
cular bundles between the internal and external 
oblique muscles. For more inferior defects, the 
superior portion is less important and vice versa. 
For smaller defects, the lateral separation is less 
important. The limits of the  external oblique divi-
sion   are typically just above the inguinal liga-
ment to about 5–7 cm above the costal margin. 
As with the muscle separation, these limits can 

  Fig. 15.6    ( a ) Initial division of external oblique ( View : 
right side, looking distally). The scope is currently in the 
most superior port. The initial incision ( arrow ) in the 
external oblique is made medial to the common junction 
( dashed line ) and perpendicular to the middle port through 
which the scissors have been placed. Note the subcutane-
ous fat, confi rming complete division of the external 
oblique aponeurosis. ( b ) Distal external oblique division. 
( View : right side, looking distally) The incision ( arrow ) is 
made medial and parallel to the common junction ( dashed 
line ) all the way to, but not including the inguinal liga-

ment. Note the narrowing where an old ostomy site was. 
( c ) Subcutaneous tissue division. ( View : right side, look-
ing distally) Staying parallel to the common junction, the 
subcutaneous fascia is divided with an energy source. We 
utilize an ultrasonic device, but many utilize a monopolar 
device. The cut edges of the external oblique ( dashed line ) 
can be seen, and are much further apart after division of 
the subcutaneous tissue. Note the aponeurotic portion of 
Scarpa’s fascia ( arrow ) superfi cially. This is inconsis-
tently seen. The grasper can be used to estimate the 
amount of separation       
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be adjusted depending on the size and location of 
the defect. This is the same for the limits of the 
subcutaneous dissection.  

    Troubleshooting 

 If the initial incision through the perceived exter-
nal oblique aponeurosis reveals muscle fi bers, the 
wrong plane has been entered. You will need to 
reassess the anatomy by critically analyzing the 
direction of the muscle fi bers and fascia to con-
fi rm that you are in the space between the internal 
and external oblique muscles. If you are not in 
the right plane, or can’t tell, then start over by 
identifying the external oblique muscles fi bers, 
not aponeurosis. This may require extending the 
initial incision laterally. If you are in the right 
plane, it’s possible that you are too far laterally 
on the external oblique. If this is the case, it is 
acceptable to continue by dividing these muscle 
fi bers parallel to the common junction. You may 
however be working too close to the ports, and 
can thus carry the incision line slightly more 
medial. If the muscle fi bers are oriented in the 
craniocaudal plane, it is probably the rectus mus-

cle, and you will need to start over by positively 
identifying the external oblique fi bers, which will 
require lateral extension of the initial incision. 

 When dividing the subcutaneous tissue, it is 
possible to enter the hernia sac. If this happens, 
make sure to open the sac enough to assess for 
evidence of a bowel injury, as any part of the GI 
tract can be densely adherent to the sac from 
adhesions. If this is not possible, the area must be 
assessed during the hernia repair phase of the 
operation. If planning on this, Consider marking 
the area with a suture to positively identify the 
area later. If there is an ostomy present, it is com-
mon for redundant bowel to be present in the 
subcutaneous space, or for there it be a parasto-
mal hernia containing adjacent loops of bowel. 
A slower and more meticulous subcutaneous 
dissection is warranted in this situation. If a 
bowel injury occurs, appropriate action for repair 
is in order. 

    Exiting the Space 
 Like any laparoscopic procedure, the ports are all 
removed under direct vision, and the CO 2  is 
allowed to escape. We do not place drains in this 
space, except when management of the overlying 

  Fig. 15.7    Proximal division of external oblique. ( View : right 
side, looking proximally). Although there is no common 
junction of the oblique muscles above the costal margin 
( dashed line ), the line of division of the external oblique and 
subcutaneous tissue remains parallel to the common junction 
( arrow ). Note the aponeurosis does not extend above the cos-
tal margin at this position, and the muscle belly of the exter-

nal oblique can be seen near the costal margin. We utilize an 
ultrasonic device, but an alternative energy source can be 
used. It is also important to note the lateral placement of the 
12 mm port in the right upper quadrant. If this is placed too 
medially, it may impede instrument manipulation. Also, if a 
balloon-tipped port is used here, care must be taken to avoid 
contact with the balloon with the energy source       
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soft tissue envelope requires excision of excess 
tissue and opens this  space  . The drains are then 
placed in an open fashion. If drains are placed, 
we prefer drains with metal spikes that are placed 
from the inside, as we believe it creates a better 
seal at the skin. The fascia of the external oblique 
at the port sites obviously does not need to be 
closed, and the skin is closed according to sur-
geon’s preference.  

    Completing the  Hernia Repair   
 We then typically perform an open scar excision 
and retro-rectus sublay with a variety of prosthet-
ics and fi xation methods depending on the clini-
cal situation and goals of the operation. I utilize 
long-acting absorbable, barbed suture material 
with a short stitch technique for both the poste-
rior and anterior sheath closure. During the ante-
rior sheath closure, the fascial edges are freed of 
excess scar tissue, hernia sac, and fat. Care is 
taken to avoid cutting too far back where the 
anterior sheath is thin. We also take signifi cant 
precautions to avoid suturing any muscle fi bers.   

     Limitations   

 Use of an endoscopic approach to external oblique 
release is primarily for midline hernia defects only. 
Its use is limited for hernias that extend beyond the 
semilunar line, such as fl ank and subcostal her-
nias. If there is an associated parastomal or inci-
sional hernia at an old stoma site, these can usually 
be repaired transversely with long acting absorb-
able suture and covered with the sublay mesh. One 
example where an open perforator sparing tech-
nique may be more appropriate is during a con-
comitant panniculectomy for a lower midline 
hernia. A long, low transverse incision will expose 
the lateral abdominal wall, and tunneling cephalad 
to avoid the perforators will give ample operative 
exposure to the external oblique for a release.  

    Complications and Outcomes 

  Complications      of ECS are few and infrequent, 
but can be serious. This is particularly true of if 
the common junction of the oblique muscle com-
plex and rectus muscles are inadvertently divided. 
The sublay mesh placed over the rectus sheath 
will not cover the iatrogenic defect laterally, and 
a postoperative fl ank hernia will develop. We 
have had one case early on in our series where 
this occurred, and a laparoscopic hernia repair 
was successfully performed utilizing a barrier 
coated, intra-peritoneal prosthetic. Additionally, 
long-term seromas requiring operative drainage 
procedures occur about 5% of the time in our 
patients. Reoperation is performed if the seroma 
has been persistent for more than 6 months, and 
is accomplished with local/sedation or general 
anesthesia. The old port sites are used, and the 
seroma is drained and the majority of the lining 
excised endoscopically. A drain is placed and 
removed when the output is less than 30 cm 3  per 
24 hours for at least two consecutive days. Short-
term seromas in the ECS site occur in about 30% 
of our patients and are evenly distributed between 
unilateral and bilateral.      
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           Introduction 

 As surgeons, we can all agree that blood fl ow to 
tissues is associated with healing, while ischemia 
is associated with tissue loss and complications. 
In regard to hernia repair, a technique called “per-
forator preservation” serves to maintain pulsatile 
skin blood fl ow while still performing a compo-
nents separation hernia repair by avoiding the 
undermining of skin fl aps. This style of ventral 
hernia repair is more than simply avoiding the 
division of blood vessels to the skin; it also 
requires an understanding of abdominal skin 
blood fl ow, an appreciation of the forces at the 
suture/tissue interface (STI), a means to achieve 
primary fascial closure with mesh using concepts 
of force distribution, and excision of redundant 
midline skin. In the following chapter, a brief 
introduction of laminar versus pulsatile blood 
fl ow and the angiosome theory of perfusion will 
be presented. The history of perforator preserva-
tion as an adjunct to the components separation 
technique will be recounted. The value of compo-

nents separation as a means to reduce suture pull-
through will then be introduced. The technique of 
perforator preservation at the time of components 
separation and use of a narrow mesh will be 
presented in a video demonstrating this repair in 
a 76 year old gentleman with heart disease, a one 
pack per day current smoker, four previous 
attempts at repair including prior mesh, and with 
a 16 cm in transverse dimension hernia by CT.  

     Laminar Versus Pulsatile Blood 
Flow/Blood  Flow   
of the Abdominal Wall 

 Vascular surgeons have extensive studies correlat-
ing the quality of tissue perfusion with the healing 
of surgical incisions. In the early 1970s, lower 
extremity blood fl ow was analyzed using a com-
bination of pulse-volume recordings and blood 
pressures [ 1 ]. A tiny blood pressure cuff placed 
on a toe or across the instep of the foot would 
have a small incremental change in pressure due 
to the stroke volume of blood introduced into the 
aorta by the heart during systole. Normal blood 
fl ow is pulsatile, correlating to each heartbeat. 
Laminar fl ow, in contradistinction, does not expe-
rience the repeated episodic increases in pressure. 
Laminar fl ow is associated with numerous condi-
tions familiar to surgeons including prior scar, 
radiation, proximal vascular obstruction, and 
division of native vascularity. It has been shown 
experimentally and clinically that primary healing 

        G.  A.   Dumanian ,  M.D.    (*) 
  Northwestern Feinberg School of Medicine , 
 Northwestern Memorial Hospital ,   Chicago ,  IL ,  USA   
 e-mail: gdumania@nm.org  

 Electronic supplementary material:   The online version 
of this chapter (doi:  10.1007/978-3-319-27470-6_16    ) 
contains supplementary material, which is available to 
authorized users. 

mailto:gdumania@nm.org
http://dx.doi.org/10.1007/978-3-319-27470-6_16


160

occurs more predictably when tissue is vascular-
ized with pulsatile blood fl ow [ 2 – 4 ]. 

 An angiosome is defi ned as a  three- dimensional 
block of tissue supplied by a single named blood 
vessel. The size of a particular angiosome varies 
depending on the fl ow in the vessel and has pat-
terns based on locations in the body. At the bor-
ders of the angiosome exist choke vessels that are 
normally without fl ow, but that can open and pro-
vide fl ow when a border area becomes ischemic. 
Over time, choke vessels can reestablish pulsatile 
blood fl ow in an area that has lost its original vas-
cularity. The opening of choke vessels occurs 
more slowly with advancing age, when the adja-
cent angiosome is itself not well perfused, when 
the tissues have been radiated, and in smokers. In 
a typical patient, choke vessels between skin 
angiosomes do not open robustly for 2–3 weeks. 

 The blood fl ow of the abdominal wall comes 
from numerous sources. The central tissue is pre-
dominantly supplied from  periumbilical perfora-
tors  traveling through the rectus abdominis 
muscle from the deep inferior and the superior 
epigastric arteries. The tendinous inscription of 
the rectus muscles that exists typically 1 cm 
above the umbilicus is the inexact boundary 
between these two arterial territories. 
Inferolaterally, perfusion is from the superfi cial 
inferior epigastrics, commonly coagulated during 
inguinal hernia repair. The superfi cial and deep 
inferior epigastrics have overlapping territories 
for the abdominal skin, with one vessel being 
able to supply the other’s territory when neces-
sary. Congenitally large deep systems usually 
coexist with small superfi cial systems, and vice 
versa. Superiorly and laterally, the segmental 
intercostal vessels and lumbar arteries give off 
perforators through the external oblique muscle 
at the level of the mid-axillary line. Connections 
exist between the periumbilical perforators and 
these lateral segmental vessels in imaginary der-
matomal lines traveling between the umbilicus 
and the tip of the scapula. 

 Plastic surgery and fl aps require a basic under-
standing of the limits of tissue undermining. In 
general, tissue elevation during the creation of 
skin fl aps requires that an adjacent angiosome 
supply the newly elevated skin. Rather than hav-
ing pulsatile blood fl ow, the newly elevated skin 

is maintained with laminar blood fl ow, and 
 healing may be somewhat compromised. 
Common skin fl ap elevations where history and 
experience teaches that the quality of laminar 
blood fl ow is suffi cient for healing include the 
standard abdominoplasty skin elevation from the 
symphysis pubis to the xiphoid, and the oblique 
rectus abdominis myocutaneous fl ap (ORAM) 
[ 5 ]. As these fl aps require the immediate opening 
of choke vessels to allow perfusion, these fl aps 
are not performed when perpendicular scars are 
present, or in smokers. Judgment is involved in 
what can be elevated safely and what would be 
considered unreliable. The importance of what 
lies underneath the skin is also critical. In an 
abdominoplasty, there is intact well-vascularized 
abdominal wall, while in a spanning mesh hernia 
repair; there would be exposed prosthetic mesh if 
the skin were to become nonviable. While in the 
former, one may rely on skin with a large laminar 
component, a spanning prosthetic mesh would 
almost demand skin with pulsatile fl ow to 
increase the odds for healing.   

     History   of Perforator Preservation 

 The concept of perforator preservation [ 6 ] can be 
traced to a morbidity and mortality conference at 
the University of Pittsburgh in 1994. Advances in 
treatment of the abdominal wall came from this 
institution, both due to the huge demands placed 
on the abdominal wall for liver transplantation, 
and due to the fact that Dr. Oscar Ramirez had 
been a plastic surgery resident at the University of 
Pittsburgh soon after performing his cadaveric 
abdominal wall muscle dissections in Baltimore, 
MD. The morbidity and mortality conference pre-
sented a patient who had undergone a compo-
nents release hernia repair for a massive hernia 
that developed after placement of a tube graft for 
an abdominal aortic aneurysm. Large skin fl aps 
were elevated as was the standard, dividing the 
periumbilical perforators in order to access the 
semilunar lines for division of the external oblique 
muscle and fascia. The skin lost its primary blood 
fl ow with division of the periumbilical perfora-
tors, and the adjacent angiosomes fed by the lum-
bar perforators were unable to  compensate due to 
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a prior division of segmental  vessels off of the 
aorta at the time of the tube graft. This patient, 
therefore, had a near total loss of blood fl ow to the 
skin, and therefore lost all of the skin of the 
abdominal wall that had been elevated. Dr. 
Kenneth Shestak, during the discussion, ques-
tioned if it would be possible to go around the 
periumbilical perforators and still perform a com-
ponents release. Dr. Jaime Garza was the chief 
resident sitting next to me during this conference 
and later he took a position at the University of 
Texas in Austen. There, he helped to perform 
seven components separation hernia repairs 
where a laparoscope was used to access the semi-
lunar lines. These patients were presented at a 
regional meeting in 1997, and Dr. Garza pub-
lished the account in 2000 [ 7 ]. Across the Atlantic 
nearly simultaneously, Maas in 1999 used a lat-
eral incision to perform an external oblique 
release in four patients to avoid an enterostomy 
[ 8 ]. At Northwestern several years later, I was 
having an unacceptable wound complication rate 
after components separation hernia repairs with 
standard skin undermining. Remembering Dr. 
Shestak’s comments, I started to go around the 
periumbilical perforators either through subcuta-
neous tunnels or later through lateral incisions. 
Our report in 2002 was the fi rst to directly com-
pare wound complication rates in components 
procedures with and without perforator preserva-
tion [ 9 ]. An addtitional publication directly com-
paring the hernia repairs complications of 
standard open components with perforator pres-
ervation was written by Butler in 2011 [ 10 ].  

    Decrease Forces at the STI 
with Components Releases 

 A central question is why are releases of the 
abdominal wall musculature benefi cial during 
the performance of ventral hernia repairs. It is 
well established that suture repairs of abdominal 
wall hernias fail at alarming rates. Even the lap-
aroscopy incision closure in some patient groups 
will develop hernias over 30% of the time [ 11 ]. 
The central question remains as to why divided 

tissues approximated by sutures go on to fail 
and not demonstrate a lasting union. There are 
three types of suture failures.  Acute failure  , as in 
catastrophic evisceration after a laparotomy, 
results from tearing of sutures through intact tis-
sue [ 12 – 14 ].  Subacute failures   of laparotomy 
suture lines were demonstrated by Pollock [ 15 , 
 16 ] and later confi rmed by Burger [ 17 ]. Early 
separation of metal clips placed on either side of 
a laparotomy closure can be seen radiographi-
cally within the fi rst month after surgery in 
patients who will later develop an incisional her-
nia. The gapping of newly opposed tissues sewn 
under tension has recently been shown in labo-
ratory animals [ 18 ].  Chronic failures   are rep-
resented by hernia formation late after 
laparotomy [ 19 ] and occur when scar contained 
within the suture loop remodels and thins over 
time [ 20 ]. Surgeons refer to this chronic remod-
eling of scar tissue as “cheesewiring”, and it is 
the result of chronic suture migration through 
tissue. A problem central to sutures is that the 
forces required to achieve tissue apposition can 
cause local damage at the STI from pressure- 
induced ischemia and overtightening [ 21 ]. 
The greater the force, such as in laparotomy clo-
sure, the greater the potential for tissue damage. 
After laparotomy closure, episodic waves of 
force directed at the new suture line from 
coughs, movement, lifting, and stairs further 
stress the STI. A stiff abdominal wall will trans-
mit those energy waves more than would com-
pliant musculature. While many surgeons view 
components releases as moving the rectus mus-
cles to the midline, I view components releases 
as a means to improve lateral abdominal wall 
compliance and to protect the new suture line 
from tearing. A second means to ensure lower 
forces at the STI is to better distribute the forces 
with mesh, as will be discussed. The trick is to 
have a means to fi xate the mesh while at the 
same time performing a components release and 
to maintain skin pulsatile blood fl ow. This surgi-
cal problem is addressed by using a narrow mesh 
to minimize the necessary skin elevation, and 
lateral incisions to avoid devascularization of 
the skin for the components release.  
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     Patient Preoperative Evaluation   

 The evaluation of a patient with a midline ventral 
hernia is rather straightforward, as many old oper-
ative reports are collected as possible. A CT scan 
both delineates the transverse separation of the rec-
tus muscles and rules out unexpected intra-abdom-
inal pathology. An assessment needs to be made as 
to abdominal wall compliance. The patient should 
be placed fl at for examination, and pressure is 
applied onto the abdominal wall to assess compli-
ance. Weight loss, a history of large pregnancies, 
and a history of treated ascites all favorably infl u-
ence compliance. Being at one’s maximum weight, 
prior lateral incisions, a history of intra-abdominal 
sepsis, COPD, and multiple prior abdominal wall 
procedures negatively infl uence compliance. The 
amount of bowel found within the hernia sac is 
important in terms of concepts of loss of domain, 
but this only rises in importance in a patient with 
low muscle compliance. 

 The wider the separation of the rectus muscles 
in a transverse plane, and the less compliant the 
abdominal wall, the more a components release 
will be necessary to prevent tearing at the midline 
suture line. For patients with normal compliance, 
rectus separations of 6 cm or less rarely need a 
components release. Over 10 cm, separations are 
almost always required. Patients in the middle 
ground have an intra-operative decision as to the 
need for a release or not. 

 Weight loss for patients prior to surgery is ben-
efi cial and is encouraged but is not a requirement 
for the majority of patients with body mass indi-
ces under 35. Cessation of tobacco is clearly sup-
ported in the medical and hernia literature, but has 
not been overly problematic for the procedure to 
be described. Immunosuppression (in the absence 
of steroids) for transplantation has not been an 
issue with healing, and likewise for a diabetic in 
reasonable control. The patient is cleared for 
surgery for major cardiopulmonary issues, and a 
bowel prep of clear liquids, a half bottle of mag-
nesium citrate, and two dulcolax tablets suffi ce to 
clear the majority of particulate matter within 
the bowel. The bowel preparation is performed to 
minimize the controllable intra- abdominal vol-
ume to minimize the forces at the STI.  

      Surgery Technique   

 This procedure as well as mesh choice has 
remained essentially unchanged for the last 
decade. The goals of the procedure are to 
approximate the rectus complexes in the mid-
line, to fi x a narrow mesh fl at and tight with 
numerous sutures coursing through the rectus 
muscles to distribute the forces across the 
repair, and to maintain pulsatile blood fl ow for 
closure.

    1.    The patient is prepped and draped widely 
under general anesthesia. The room should 
be kept warm during induction to maintain 
patient normothermia.   

   2.    The midline incision is widely opened. In 
general, the length of the incision will be 
 far longer  than the length of the hernia 
because above and below the actual hernia 
rectus diastasis exists that will also need to 
be repaired. Repair of the rectus diastasis 
will actually take tension off of the repair at 
its widest point by “working out the dog 
ear” [ 22 ].   

   3.    The posterior aspect of the hernia sac and the 
posterior aspect of the abdominal wall are 
cleared of any attachments to the viscera so 
that eventual medial movement of the rectus 
muscles will not pull bowel with it. The pro-
cedure is kept as two-dimensional as possi-
ble, and so individual bowel loops are not 
separated. The preoperative CT scan suffi ces 
to rule out bowel pathology. If facile, the 
omentum is mobilized for eventual coverage 
of the bowel in the midline.   

   4.    The anterior rectus fascia is cleared of soft 
tissue for 4 cm along its width for the length 
of the muscle to be repaired.  Perforator pres-
ervation, therefore, is of the perforators more 
than 4 cm from the medial edge of the 
rectus .   

   5.    Tension is applied to the rectus muscles to 
see if their medial aspects can be brought 
together to the midline. In general, if this can 
be achieved with fi nger tension only, a com-
ponents release does not need to be 
performed.   
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   6.    A decision at this point is made if the mesh 
will be placed intra-abdominally or in the 
retro-rectus position. Both are acceptable 
with advantages and disadvantages. As mesh 
incorporation will occur from both sides 
when in the retro-rectus position, this is pre-
ferred. The widest hernia defects are repaired 
with the mesh intra-abdominally placed.   

   7.    In the video supplement, the retro- rectus 
space is created with care taken to maintain 
the patency of the inferior epigastric arteries.   

   8.    Through a 6-cm transverse incision at the 
inferior aspect of the rib cage (Fig.  16.1 ), 
dissection is performed through Scarpa’s 
fascia to reach the abdominal wall. With 
spreading, the semilunar line is reached, and 
the anterior-most fi bers of the external 
oblique are visualized. A small perforator 
often requires coagulation. Spreading with a 
Mayo scissor or equivalent vertically along 
the semilunar line begins the visualization of 
the semilunar line, and the exposure is com-
pleted using a 1 in. Deaver retractor bluntly 
aimed superiorly and a bit medially. The 
external oblique muscle is held and elevated 
with forceps to confi rm it is not the anterior 
rectus fascia, and then it is incised under 
direct vision with a cautery. Yellow fat is 
typically seen immediately deep to the exter-
nal oblique fascia. A dissecting fi nger 
sweeps laterally to confi rm the space 
between the external and internal oblique 
muscles, and this dissecting fi nger continues 
to sweep the space now on top of the ribs. 
With the external oblique extension into the 
anterior rectus fascia completely visualized 
on top of the rib cage, cautery divides the 
external muscle and fascia. A fascia layer 
deep to the external oblique but still above 
the internal oblique needs to be identifi ed 
and divided for best movement. The Deaver 
retractor is now replaced to aim toward the 
anterior superior iliac spine, and again blunt 
force opens the tissues without bleeding or 
excessive force. The same dissecting fi nger 
between the external and internal obliques 
now develops the plane inferiorly to be 
divided by cautery.

   One trick is required to complete the divi-
sion of the external oblique toward the sym-
physis pubis. From the midline incision and 
low on the abdominal wall, a tunnel is created 
from the midline to the lateral semilunar line 
dissection (Fig.  16.2 ). The end of the divided 
external oblique muscle is captured by feeling 
for the cut end of the fascia, and it feels like 
the inner vertex of the letter “V”. This fascia is 
pulled into the midline wound where cautery 
serves to complete the release. Alternatively, 
especially for very obese patients where the 
lower midline tissue is not incised, the com-
pletion of the external oblique release can be 
performed through a second transverse skin 
incision located near the ASIS.

   Finally, the space between the external 
and internal oblique muscles is widely 
undermined with digital pressure from the 
upper transverse incision. The entire external 
oblique release can be performed while still 
maintaining pulsatile blood fl ow to the skin 
and takes 4–5 min to perform without special 
lighting or equipment.   

   9.    A 7.5 cm wide mesh is cut that will extend 
the length of the hernia and any associated 

  Fig. 16.1    Semilunar lines exposed through 6 cm trans-
verse incisions located at the inferior aspect of the rib cage       
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rectus diastasis. The mesh is quilted to the 
undersurface of the rectus muscles with 
through-and-through full-thickness bites of 
0- polypropylene suture introduced through 
the anterior rectus fascia, through the mus-
cle, grabbing a small bite of mesh, and back 
through muscle and fascia. When two rows 
of sutures are placed 4 cm from the medial 
aspect of the rectus muscles and with a 
7.5 cm wide mesh, the medial aspect of the 
rectus muscles will be brought together in 
the midline when the sutures are tied. By 
geometry, the mesh will be fl at and tight, and 
the tension on the mesh will fi ght wrinkles. 
Chronic pain has not been an issue for these 

patients, as the segmental nerves of the rec-
tus muscles are relatively small so close to 
the midline. The medial aspect of the rectus 
muscles is approximated over the mesh to 
achieve a direct supported repair (Fig.  16.3 ). 
Sutures are located 2–3 cm from each other 
to distribute the forces, and approximately 
40 sutures are used for the three vertical lines 
for a full midline repair. Done in this manner, 
while the total tension on the midline may 
initially seem too tight, the tension experi-
enced by each suture is below the point for 
suture pull-through. The added compliance 
achieved with the lateral releases will also be 
protective of the repair.

       10.    Medialization of the rectus muscles and the 
attached overlying skin produces redundant 
skin in the midline. Excess skin is excised in 
the midline as a vertical panniculectomy—
an important issue both to remove the most 
undermined skin and to leave a smaller 
potential space where fl uid collections can 
exist. Two or three subcutaneous drains are 
used for the time in the hospital. On occa-
sion, “pumpkin- teeth” skin fl aps are fash-
ioned to create a neo-umbilicus. Not only 
cosmetically important, these skin fl aps can 
be tacked down to the abdominal wall for 
improved soft tissue healing. Figures  16.4 , 
 16.5 , and  16.6  demonstrate an older gentle-
man who smokes with a large 16 cm hernia 
treated with this technique.

               Outcomes   

 Components separation hernia repairs are associ-
ated with increased numbers of wound complica-
tions, and perforator preservation is one technical 
modifi cation to decrease the rate of these prob-
lems. In Dumanian’s 2002 series of 66 patients, 
wound complications dropped from 20% down to 
2% when skin vascularity was maintained. 
Performing this procedure with lateral incisions 
for 12 years, there has been uniform acceptance 
of the transverse scars, and they heal quite well 
being located along the natural crease lines of the 
abdominal wall. Butler’s 2012 series of 107 

  Fig. 16.2    The inferior aspect of the divided external 
oblique is captured by the index fi nger through a suprapu-
bic tunnel to effect the completion of the release       
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patients mirrored these results when comparing 
open vs perforator preserving techniques during 
components separation. Despite a more challeng-
ing patient population in the perforator-sparing 
group, all wound-healing complications dropped 
from 32% down to 14%. In both series, the inci-
dence of long-term hernia recurrences was the 
same or lower with perforator preservation. The 
soft tissue complication rates with these perfora-
tor sparing procedures are similar to that reported 
in a recent meta-analysis of laparoscopic releases 
of the external oblique [ 23 ].  

    Discussion 

 Hernia repairs are a balancing act, and the goal of 
the procedure is to approximate the abdominal 
wall under tension without the sutures tearing the 
tissue. It is clear that neither sutures alone [ 24 ] 
nor sutures with components alone [ 25 ] suffi ce to 
completely avoid the development of hernias. 
Therefore, a midweight macroporous uncoated 
polypropylene mesh is added to the procedure to 
distribute forces, but then fi xation of the mesh 
becomes an issue. What may be unique to the 

  Fig. 16.3    Geometry of narrow 
mesh placement with three 
rows of sutures in this direct 
supported repair       

  Fig. 16.4    Preoperative and postoperative anterior views of an older gentleman with a large midline hernia       
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hernia repair described in this chapter is the use 
of a narrow mesh fi rmly fi xed to the rectus com-
plex. It is a plastic surgery principle that a well- 
fi xed implant does not become infected. A recent 
series of mesh placed in this fashion documented 
no mesh infections, a surgical site infection inci-
dence rate of 3%, and a surgical site occurrence 
rate of 10% in 100 consecutive cases [ 26 ]. The 
few complications were sporadic and were not 
predicted by the Ventral Hernia Working Group 

classifi cation scheme. Chronic pain is not an 
issue with this procedure as the nerves are smaller 
closer to the midline. The narrow mesh requires 
less skin elevation from the anterior rectus sheath 
for placement of the sutures. Mesh placed in this 
fashion can be loaded with a fair degree of ten-
sion to avoid bridging. I believe it is the combina-
tion of a narrow mesh, achievement of a direct 
supported repair, and lateral incisions/perforator 
preservation to perform the external oblique 

  Fig. 16.5    Separation of the 
rectus muscles is 16 cm by CT 
scan       

  Fig. 16.6    Preoperative and postoperative oblique views. Final closure achieved after placement of a narrow well fi xed 
retrorectus mesh, vertical panniculectomy, and umbilicus recreation       
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releases, that is the optimal balance between a 
secure closure and minimizing abdominal wall 
dissection. These procedures are routinely now 
performed in under 2½ hours. 

 In comparison, larger meshes require greater 
elevation of tissue planes, more foreign material, 
and greater diffi culty with fi xation. Surgeons 
who advocate no suture fi xation with giant 
meshes open large tissue planes permitting fl uid 
to collect, and large meshes may have wrinkling 
at the outer edges when trying to fi t a fl at mesh to 
a curved surface. The large mesh and soft tissue 
dissection probably can cause uncomfortable 
stiffening in the lateral abdominal wall compli-
ance over time that the patient may notice. A 
middle ground with large (not giant) meshes and 
transcutaneous fi xation risks the capturing of 
larger segmental nerves. It may not be surprising 
that Rives-Stoppa hernia repairs with large 
meshes have a 27% chronic pain rate [ 27 ]. 

 Perforator preservation alone is not a magic 
bullet to avoid all complications in components 
separation hernia repairs. In combination with a 
focus of the forces at the STI, force distribution 
with a narrow mesh, long repairs that address rec-
tus diastasis, and excess vertical skin excision, 
wide hernia repairs in these components patients 
can be performed safely and with low morbidity.     
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      Open Parastomal Hernia Repair       

     Matthew     Z     Wilson     ,     Joshua     S     Winder     , 
and     Eric     M     Pauli     

  17

17.1            Introduction 

 Parastomal hernia  formation  , the presence of vis-
ceral contents protruding through an abdominal 
wall defect adjacent to an ostomy, represents a 
complex problem for the hernia surgeon. When 
compared to other types of ventral hernias, they 
occur at a higher rate, they are technically more 
diffi cult to repair, and they are associated with 
higher rates of surgical site occurrences and her-
nia recurrences. Recent reviews suggest that her-
nia formation complicates up to 50% of stoma 
formation [ 1 – 6 ]. The presence of a parastomal 
hernia also increases the likelihood of a concomi-
tant incisional hernia formation, which further 
complicates the repair of both hernias [ 7 ,  8 ]. 
Parastomal hernias have additional morbidity not 

associated with other hernias, including poorly 
fi tting stoma appliances, parastomal skin break-
down, stoma level obstruction and pain, which 
results in an overall negative impact on quality of 
life [ 9 ]. This chapter will provide an overview of 
the various types of open repair of parastomal 
hernias.  

17.2     Risk Factors and Prevention 

 Multiple factors predispose patients to parasto-
mal hernia formation. Initial stoma placement is 
perhaps the most critical. Maturation of the stoma 
through  the      rectus muscle and above the arcuate 
line is of primary importance [ 3 ,  10 ,  11 ]. Stomas 
that are inadvertently created near or through the 
linea semilunaris are predisposed to hernia for-
mation due to the thinness of the abdominal wall 
at this location (Fig.  17.1 ). Patient factors, such 
as waist circumference, may play an important 
role as well. Reports suggest that a waist circum-
ference exceeding 100 cm confers a 75% proba-
bility of hernia formation [ 12 ]. Pre-operative 
stoma marking has also been shown to signifi -
cantly reduce hernia occurrence [ 13 ]. The type of 
stoma being formed also infl uences the rate of 
hernia formation, with lower rates of hernias for 
ileostomy and higher rates for colostomy [ 14 ].

   Recent literature suggests that staple or mesh 
reinforcement of the stoma site at the time of cre-
ation reduces the risk of hernia formation [ 15 – 23 ]. 
This topic is further covered in Chapter   23    .  
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17.3     Current Repair Strategies 

17.3.1     Surgical Technique: Open vs. 
Laparoscopic 

 Please see Chapter   23     for  an   overview of the 
advantages and disadvantages of each of these 
techniques in the repair of parastomal hernias.  

17.3.2     Surgical Method: Primary 
Repair vs. Mesh Repair 

 Primary fascial approximation  with   sutures alone 
has a low morbidity and mortality and can be 
conducted through a peristomal incision alone 
without the need for a midline laparotomy or 
laparoscopic access to the abdominal cavity. 
While technically simple, suture repair of para-
stomal hernias is discouraged as it has been 
shown to have a 46–100% recurrence rate, nine-
fold higher than mesh techniques [ 24 – 26 ]. Given 
the low overall risk of mesh-related complica-
tions, prosthetic reinforcement during parastomal 
hernia repair is recommended. Suture repair, 
however, still remains a viable option for repairs 

being conducted in circumstances where the sur-
geon wishes to avoid the morbidity associated 
with mesh implantation.  

17.3.3     Mesh Confi guration: 
Sugarbaker, Keyhole, 
and Cruciate 

 Three primary mesh confi gurations for parasto-
mal hernia repair have been described. The 
 Sugarbaker   repair utilizes a large piece of uncut 
prosthetic mesh placed over the stoma defect and 
proximal bowel intraperitoneally (underlay) and 
sutured into position [ 27 ,  28 ]. This approach was 
initially described using open weave mesh but is 
modifi ed using polytetrafl uoroethylene (PTFE) 
in order to minimize clinically signifi cant inter-
action with the bowel (adhesions or erosions) 
during both open and laparoscopic repairs [ 29 ]. 
This modifi ed  Sugarbaker technique   is techni-
cally simpler and has fewer recurrences com-
pared to the keyhole approach when performed 
laparoscopically [ 1 ,  24 ,  30 ]. The major advan-
tage is an uncut piece of mesh which widely 
overlaps the original stoma and fascial defect 
(Fig.  17.2a ).

    Keyhole      repairs utilize mesh wrapped circum-
ferentially around the stoma in order to reduce 
the fascial aperture [ 31 ]. The mesh is cut from a 
free edge toward a central defect giving it the 
appearance of a keyhole (Fig.  17.2b ). This tech-
nique is advantageous because it does not require 
the stoma to be relocated, but does require divi-
sion of the mesh which predisposes it to retrac-
tion and hernia recurrence. Mesh can be placed in 
an underlay, sublay, or onlay position with this 
confi guration. 

 Cruciate repairs  involve   relocation of the 
stoma within the abdominal wall. The cut end of 
the bowel is delivered through intersecting linear 
cuts within the mesh, generally forming an 
X-shape (Fig.  17.2c ) [ 32 ]. While this method 
requires stoma relocation, it permits a very small 
defect to be made in the mesh to reduce the likeli-
hood of mesh retraction during mesh incorpora-
tion. Mesh can also be placed in an underlay, 
sublay, or onlay position with this confi guration.  

  Fig. 17.1    Computed Tomography of a parastomal hernia 
with loss of domain. The patient’s main risk factor for her-
nia formation was the formation of his end ileostomy 
through the linea semilunaris. The ostomy disconnected 
the rectus abdominis (R) from the external oblique (E), 
internal oblique (I), and the transversus abdominis (T) 
muscles. The thin contralateral linea semilunaris can also 
be appreciated (arrowhead)       
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17.3.4     Mesh Selection: Synthetic vs. 
Biologic Mesh 

 Biologic mesh has been  widely   used in clinical 
practice in locations susceptible to contamination 
and is considered in repairs when contamination 
is present. Evidence does not support the use of 
biologic mesh over carefully chosen synthetic 
mesh, even in contaminated fi elds [ 33 – 37 ]. Data 
suggests that placement of large pore synthetic 
mesh (generally light or mid weight polypropyl-
ene) in parastomal hernia repairs is safe, effec-
tive, and inexpensive [ 36 ,  38 – 41 ].  

17.3.5     Stoma Options: Closure, 
Relocation, or In Situ Position 

 Some patients are candidates for ostomy take-
down but have not been offered defi nitive  closure   
because of the complexity of their parastomal 
hernia (Fig.  17.3 ). Consideration should be given 
to closing the ostomy at the time of hernia repair. 
If a two-staged procedure is indicated (primary 
stoma takedown with creation of a protecting 
proximal ileostomy), a bridged hernia repair may 
be considered at the initial operation followed by 
defi nitive abdominal wall reconstruction with 
ostomy takedown at the second operation.

   Many advocate leaving the  stoma   in situ during 
parastomal hernia repair [ 42 ]. This approach is 
advantageous because it avoids: the need to tran-
sect the bowel, the need to free adhesions to trans-
pose the ostomy to another location, and the 
additional wound to manage. Disadvantages 
include: diffi culty with primary fascial re-approxi-
mation, seroma formation around the ostomy, and 
the need to use a keyhole mesh confi guration 
which has a higher risk of hernia recurrence than 
other confi gurations [ 1 ,  30 ,  33 ]. 

 Stoma  relocation   is best performed with the 
assistance of an enterostomal therapist performing 
pre-operative marking. As with primary ostomy 
site localization, a transrectus position is the pre-
ferred location. Examination of the patient in 
standing, sitting, and recumbent positions further 
facilitates localization by avoiding skin folds or a 
large pannus. Often, in the case of a large 

  Fig. 17.2    Mesh confi gurations for open parastomal her-
nia repair ( a ) Sugarbaker confi guration with a large uncut 
sheet of mesh widely overlapping the hernia defect ( trans-
parent circle ) ( b ) Keyhole confi guration mesh is cut, 
placed around the bowel, and then sewn back together 
once positioned ( c ) Cruciate mesh confi guration permits 
the bowel to be drawn through a small aperture in the 
mesh       

 

17 Open Parastomal Hernia Repair



172

 parastomal hernia or herniorraphy involving a 
simultaneous ventral hernia, the pre-operative 
stoma marking is inadvertently placed away from  
the rectus abdominis muscle due to lateralization of 
the rectus muscles from the hernia. In these cases 
we respect the original cranio-caudal marking, but 
move the stoma site medial or lateral as necessary 
to achieve a mid-rectus position following hernia 
repair with midline re-approximation. Relocation 
has the advantage of permitting the stoma to be cre-
ated through a small fascial opening, with a cruci-
ate (not keyhole) mesh confi guration in an ideal 
location for the patient. However, this creates two 
additional abdominal wounds (old and new stoma 
sites) and requires transection of the bowel with 
mobilization of the intestine to reach the new loca-
tion. Often, especially with a urostomy, there is 
insuffi cient bowel length to permit relocation.  

17.3.6     Operative Approach: One 
Team vs. Two Teams 

 Our group utilizes  a   two-team approach to parasto-
mal hernia repair. The abdominal wall reconstruc-
tion is undertaken by the primary team while a 
secondary team, typically from the colorectal sur-

gery division, is responsible for intestinal mobiliza-
tion and reconstruction (as necessary). The patient 
is seen pre-operatively and the appropriate studies 
are undertaken to determine the feasibility of stoma 
takedown. If the patient is a candidate for stoma clo-
sure, then the secondary team will perform the 
reduction of the stoma, anastomosis, and any neces-
sary resections after the lysis of intra-abdominal 
adhesions by the secondary team. If the patient is 
not a candidate for stoma closure, the primary team 
will reduce the stoma after the lysis of adhesions, 
determine the appropriate placement for a new 
stoma, and then return to mature the new stoma 
after the abdominal wall reconstruction is fi nished. 
Coordination of two teams can be somewhat diffi -
cult. Performing stoma takedown or re-siting can 
certainly be performed by one team; however, the 
fatigue factors associated with lengthy reconstruc-
tive procedures should not be underestimated.   

17.4     Patient Selection 

 Absolute indications for surgery include obstruc-
tion caused by the herniation and incarceration 
with strangulation. Relative indications  for   sur-
gery include incarceration, prolapse, stenosis, dif-

  Fig. 17.3    54-year-old male with Crohn’s disease who 
received an emergency end ileostomy and developed a 
large symptomatic parastomal hernia. The patient was 

never offered stoma reversal due to his loss of domain, 
obesity, infl ammatory bowel disease, and concomitant 
midline hernias       
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fi culty with appliance management, intractable 
dermatitis, large size, pain, and cosmesis [ 43 ]. 
Contraindications to surgical repair include future 
reversal of the stoma, short life expectancy such 
as in the case of widely metastatic disease, and 
other life-threatening diseases such as cardiopul-
monary distress that would preclude patients from 
surgery. A BMI great than 45 is a relative contra-
indication to elective surgical repair. 

 When determining the approach to repair (lapa-
roscopic or open) we consider multiple factors. 
Older patients, those with smaller defects (<6 cm), 
those with parastomal hernias who are anticipated 
to have suffi cient bowel length to permit a 
Sugarbaker repair are offered a laparoscopic para-
stomal repair. Younger patients, those with need for 
a functional abdominal wall (e.g., patients who per-
form manual labor), those with defects above 6 cm, 
those with parastomal defects through or including 
the linea semilunaris, those with loss of domain 
hernias, those with simultaneous midline (or other 
location) hernia, those with a need for additional 
GI tract procedure, urostomy patients, those who 
failed prior laparoscopic repair, and those patients 
in whom laparoscopic repair cannot be performed 
are offered an open retromuscular repair. 

 As with other hernia repairs, medical comor-
bidities must be optimized prior to surgery: man-
agement of blood glucose levels, obesity, and 
pulmonary function should all be addressed in 
the pre-operative period. Smoking cessation is an 
absolute. 

 Because many parastomal hernias occur in the 
setting of a simultaneous ventral hernia, our pre-
ferred method of herniorraphy is open posterior 
 com  ponent separation with  transversus abdomi-
nis release (TAR)   [ 40 ,  41 ].  

17.5     Surgical Techniques of Open 
Parastomal Hernia Repair 

 All patients are marked for new stomas by an 
enterostomal therapy nurse prior to the proce-
dure. The patient is positioned supine with arms 
out. A  Foley catheter   as well as an orogastric 
tube is placed. All previous scars are marked 
and gastrointestinal stomas are oversewn and 
excluded via an iodophor adhesive drape. 

Urostomies are sterilely intubated with a Foley 
catheter for drainage and as an adjunct to iden-
tify the conduit intra- operatively. 

17.5.1     Sugarbaker Technique 

 The procedure begins with an exploratory lapa-
rotomy and full lysis of adhesions. The stoma is 
identifi ed and any incarcerated loops of bowel 
are reduced.  The   hernia sac is dissected free from 
the defect and removed. Mesh (typically PTFE-
based) is brought to the fi eld and sized such that 
a minimum of 4 cm of defect overlap is achieved 
in all directions. The bowel proximal to the stoma 
is lateralized on the abdominal wall, which may 
require additional mobilization to prevent kink-
ing of the bowel at the lateral aspect where it 
arches over the mesh. Transfascial sutures or 
tacks are placed around the periphery of the mesh 
at 1 cm intervals to secure it in place (Fig.  17.4 ).

17.5.2        Anterior Component 
Separation (External Oblique 
Release) 

 A full midline laparotomy is made  in  corporating 
the old scar, all visceral adhesions are lysed, and 
all previous mesh or other foreign bodies are 
removed. The stoma is then reduced in prepara-

  Fig. 17.4    Mesh placement following the Sugarbaker 
technique with tacks placed at 1 cm intervals around the 
periphery of the mesh to secure it in place on the abdomi-
nal wall       
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tion for re-siting or anastomosed for restoring 
continuity and the fascial defect closed with 
monofi lament absorbable suture. At this point, 
any mobilization of bowel loops in preparation 
for the new stoma is performed. 

 The linea alba is identifi ed and lipocutaneous 
fl aps are raised by dissecting the subcutaneous tis-
sue free from the anterior rectus fascia on the side 
of the parastomal hernia. The fl aps are carried lat-
erally to at least 2 cm beyond the linea semiluna-
ris, inferiorly to the inguinal ligament, and 
superiorly to the coastal margin.  Peri- umbilical 
perforator sparing (PUPS)   and endoscopic meth-
ods of anterior component separation have been 
described and are reviewed in Chapters   15    –  16    . 

 The  external oblique aponeurosis   is divided 
1–2 cm lateral to the linea semilunaris from the 
costal margin to a point just superior to the ingui-
nal ligament. Care must be taken to not injure the 
linea semilunaris itself as this can result in the 
development of a hernia lateral to the rectus mus-
cle. Assessment of the ability to re-approximate 
the linea alba is made; if the sides can be approxi-
mated with no tension, the mesh placement and 
closure can begin. If tension remains, then the 
contralateral external oblique aponeurosis can be 
divided. 

 The stoma is created through the rectus mus-
cle in a new position and the fascia is closed with 
a running absorbable monofi lament suture. Mesh 
is placed using an  onlay technique  , where a 
closely sized cruciate aperture is made where the 
stoma will penetrate the mesh. The mesh is 
secured to the lateral cut edges of the external 
oblique fascia using monofi lament absorbable 
suture.    Several interrupted sutures are placed 
evenly into the anterior rectus fascia to eliminate 
dead space. The stoma is now matured and the 
cutaneous fl aps closed in layers over closed suc-
tion drains.  

17.5.3     Posterior Component 
Separation (Transversus 
Abdominis Release) 

   The initial procedure for a  posterior component 
separation   begins identically to that of the ante-

rior component separation. The old scar is 
removed and an exploratory laparotomy is per-
formed with full lysis of adhesions. The stoma is 
then reduced in preparation for re-siting or anas-
tomosed for restoring intestinal continuity. 

 Posterior component separation with  TAR   is 
described in detail in Chapter   13    . Briefl y, using  elec-
trocautery  , the posterior rectus sheath is incised 
approximately 5 mm from the medial border and 
opened superiorly and inferiorly along the entire 
length of the rectus. Using a combination of blunt 
dissection and electrocautery, the plane is developed 
laterally to the linea semilunaris taking care not to 
injure the neurovascular bundles that penetrate the 
lateral aspect of the rectus or the epigastric vessels 
which should remain on the back of the muscle belly. 
The plane is then developed superiorly into the 
retrosternal space and interiorly into the space of 
Retzius. Here  blunt dissection   can expose the sym-
physis pubis and Cooper’s ligaments bilaterally. 
There will be a defect in the posterior layer in the 
location of the  previous   stoma (Fig.  17.5 ).

   Retrorectus dissection alone is generally 
insuffi cient to permit wide mesh overlap lateral 
to the stoma defect as the rectus sheath ends at 
the lateral boarder of the rectus muscle. To pro-
vide wider lateral overlap, transversus abdominis 
release is performed. Using cautery, the anterior 

  Fig. 17.5    Posterior rectus sheath taken down from the 
rectus muscles lateral to the linea semilunaris as identifi ed 
by the traversing neurovascular bundles. There is a defect 
in the posterior sheath at the location of the old ostomy       

 

M.Z. Wilson et al.

http://dx.doi.org/10.1007/978-3-319-27470-6_15
http://dx.doi.org/10.1007/978-3-319-27470-6_16
http://dx.doi.org/10.1007/978-3-319-27470-6_13


175

aspect of the posterior sheath is incised at a point 
approximately 5 mm medial to the linea semilu-
naris, preferably in a more cephalad location 
where the muscle is better defi ned and more 
medial (Fig.  17.6 ). Using a right angle clamp for 
assistance,  cautery   is used to transect the anterior 
layer of transversalis fascia and the transversus 
muscle belly, taking care to avoid injury to the 
peritoneum/posterior transversalis fascia deep to 
the muscle. Release of the transversus continues 
inferiorly through the level of the arcuate line. 
Once the muscle has been divided, blunt dissec-
tion can be undertaken laterally to the psoas mus-
cle, superiorly under the costal margin and 
inferiorly to the myopectineal orifi ce providing a 
large sublay space for mesh to be positioned.

    Retrorectus dissection   on the contralateral 
side is then undertaken. This is necessary to per-
mit the posterior layers from both sides to be 
closed together to recreate the visceral sac. The 
retromuscular space created will permit the mesh 
to cover the old stoma site and reinforce the mid-
line incision and the new stoma site on the con-
tralateral rectus muscle. If the midline fascia 
cannot be easily approximated, contralateral 
release of the transversus abdominis can be 
accomplished at this juncture. This may be nec-

essary in the case of large parastomal hernias 
with loss of domain or with simultaneous para-
stomal and midline ventral hernia repairs. 

 The posterior layer is then approximated in 
the midline using running 2-0 absorbable suture. 
All defects in this layer must be closed to prevent 
bowel from contacting the mesh or herniating 
into the space between the posterior layer and the 
mesh (intra-parietal hernia). Larger holes not 
amenable to primary suture repair may be patched 
with vicryl mesh and secured with a running 
absorbable suture. This may be necessary in the 
location of the old stoma as the defect here can be 
quite substantial. Primary closure of the parasto-
mal hernia fascial defect is then performed using 
0 monofi lament absorbable sutures. Occasionally, 
the stoma cannot be repositioned to a new loca-
tion. In these cases, the posterior component 
separation and transversus abdominis release are 
still completed with the stoma in situ. The mesh 
is key-holed around the stoma and then sewn 
back together laterally in a running fashion. 

 The aperture for the new stoma is created one 
layer at a time through closely sized cruciate inci-
sions orienting the stoma properly to avoid kink-
ing. A defect is created in the closed posterior 
layer and the bowel is delivered into the retro-
muscular plane taking care to properly orient the 
mesentery (Fig.  17.7 ).

   The mesh is placed in a diamond confi gura-
tion and anchored transfascially with absorbable 
0 monofi lament sutures (Figs.  17.8  and  17.9 ). We 
preferentially use medium-weight polypropylene 
mesh when performing posterior component sep-
aration parastomal hernia repairs. This mesh is 
tightened to a physiologic tension by using a 
Kocher clamp to pull the linea alba medially 
toward the midline as the transfascial sutures are 
placed. This will later allow close approximation 
of the linea alba without tension. After securing 
the mesh, a cruciate incision is made at the loca-
tion of the new stoma and the bowel is delivered 
through the mesh (Fig.  17.9 ). A defect is then 
created in the skin, subcutaneous tissues, anterior 
rectus sheath and rectus muscle and the bowel 
delivered through. Drains are placed in the retro 
muscular space and the dead space of the hernia 
sac(s) as desired. The linea alba is recreated in 

  Fig. 17.6    Identifi cation of the transversus abdominis 
muscle within the posterior rectus sheath is best per-
formed in the upper abdomen, below the costal margin       
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the midline using 0 monofi lament absorbable 
sutures taking only bites of fascia. The subcuta-
neous tissues are closed in layers with absorbable 
suture and the skin stapled  .

17.5.4         Pauli Parastomal Hernia 
Repair (PPHR) 

   This novel method of open parastomal hernia repair 
avoids ostomy relocation, obviates the need to alter 

the mesh with either a cruciate or keyhole incision, 
and permits simultaneous coverage of parastomal 
and midline defects. This is achieved by combining 
posterior component separation and TAR with a 
modifi ed Sugarbaker mesh confi guration (essen-
tially a retro-muscular Sugarbaker herniorraphy). 

 The initial steps of the  PPHR    are   completed as 
outlined above in the “Posterior Component 
Separation” section. Here, however, the TAR is 
carefully completed while maintaining the stoma 
in situ (Fig.  17.10 ). With the  retromuscular dissec-

  Fig. 17.7    Transversus 
abdominis release is 
accomplished by dividing the 
anterior portion of the 
transversalis fascia and the 
transversus muscle belly but 
leaving the posterior layer of 
transversalis fascia and the 
peritoneum intact deep to the 
muscle       

  Fig. 17.8    Mesh is placed in a 
diamond confi guration and 
positioned in the retromuscular 
space. This covers the old 
stoma site and the entire 
midline (and any midline 
defects) and reinforces the new 
stoma location       
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New stoma site
with bowel pulled
through cruciate

cut in mesh

Mesh repair of
midline hernia defect

Diamond shaped mesh
placed in retromuscular
space under appropriate
tension

Old stoma site
with mesh support

Eight mesh fixation points

a

b

Anterior rectus
sheath

Posterior layer
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Subcutaneous
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New ostomy
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Mesh

  Fig. 17.9    The posterior layer of transversalis fascia/peritoneum is closed to recreate the visceral sac. A defect is created 
at the new ostomy location to deliver the bowel through       
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  Fig. 17.10    Posterior component separation with TAR 
completed during PPHR with stoma left in-situ       

  Fig. 17.11    Defect in posterior layer extended laterally       

  Fig. 17.12    Proximal bowel is delivered through defect 
into retromuscular plane. The defect is then closed from 
medial to lateral       

  Fig. 17.13    Transfacial sutures are placed on either side 
of the lateralized bowel to fi xate the mesh and create a 
sling for the stoma       

tion extended well beyond the boundaries of the 
parastomal hernia in all directions, the defect in the 
posterior layer (through which the stoma exits the 
abdominal cavity) is intentionally extended later-
ally (Fig.  17.11 ). On the contralateral site, retrorec-
tus dissection (or TAR, if needed) is completed. 
The bowel proximal to the stoma is then delivered 
into the retromuscular space. The posterior layer is 
subsequently closed with running absorbable 
suture simultaneously recreating the visceral sac 
and lateralizing the location where the proximal 
bowel enters the retromuscular space (Fig.  17.12 ).

     Mesh is placed in a sublay position within the 
retromuscular plane with a lateral confi guration 
resembling a Sugarbaker repair. Transfacial 
sutures are placed in all cardinal directions and 
on either side of the stoma to create a sling of 
mesh around the bowel proximal to the stoma 
(Fig.  17.13 ). Placing mesh in this fashion 
 provides wide overlap of any additional midline 
defects while creating a modifi ed Sugarbaker 
confi guration around the stoma that was left in 
situ (Fig.  17.14 ). Parastomal and midline defects 
are primarily closed as described above  .
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17.6          Post-operative Care 

  Parastomal hernia repair patients follow routine 
post-operative pathways similar to other abdomi-
nal wall reconstructive procedures. Antibiotics 
are routinely stopped at 24 hours and diet is 
advanced when bowel function has returned. The 
stoma is observed for  any   complication and the 
patient is monitored for signs of infection. 
Routine venous thromboembolic prophylaxis is 
mandatory. Abdominal binders are routinely 
used in the immediate post-operative period. 
Drains are monitored and typically removed prior 
to discharge, unless biologic mesh was used, in 
which case they are maintained for 2 weeks 
post-op. 

17.6.1     Incisional Negative Pressure 
Wound Therapy 

 It has been our practice to place negative pressure 
dressing on the closed midline wound in the 
operating room when performing open parasto-
mal hernia repair. While this has not been shown 
to be of benefi t for high risk abdominal wall 
reconstruction incisions, there is support for this 
practice when performing open colorectal proce-
dures [ 44 ,  45 ]. A narrow strip of petroleum jelly- 

impregnated gauze is applied to the midline 
wound and loosely closed old stoma site in a 
T-shaped confi guration (Fig.  17.15 ). This is fol-
lowed by a similar sized strip of open cell foam. 
A plastic dressing is applied over top. The suc-
tion adaptor is placed over the old stoma site such 
that the suction will draw to the old ostomy (the-
oretically the most contaminated wound) and not 
away from it to the midline wound. Pressure is 
placed to −75 mmHg suction. This dressing 
remains in place for 7 days or until discharge. 
While the exact mechanism of action is not 
known, one likely benefi t is the exclusion of the 
midline wound from any stoma effl uent that may 
leak around the ostomy appliance and saturate 
dressings or fl ow onto the incision.

17.6.2        Mechanical Ventilation 

 In patients with loss of domain hernias, care must 
be paid to respiratory mechanics following recon-
struction. If plateau airway pressure increases 
more than 6 mmHg above the baseline level, then 
intubation is maintained for 24 hours [ 46 ]. 
Neuromuscular blockade is added if  plateau 

  Fig. 17.14    Retromuscular placement of mesh provides 
wide mesh overlap of any abdominal wall defects and cre-
ates a modifi ed Sugarbaker confi guration of mesh around 
the stoma       

  Fig. 17.15    Negative pressure wound dressing applied to 
the closed midline wound and the loosely closed old 
stoma site in a T-shaped confi guration. Suction is applied 
over the old stoma site and is set to −75 mmHg       
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   airway pressure increases more than 10–11 mmHg 
after re-approximation of the linea alba [ 46 ]. 
Maintaining urinary and gastric decompression is 
benefi cial in these circumstances to reduce the 
elevated intra-abdominal pressures that occur fol-
lowing primary fascial re-approximation .   

17.7     Results of Open Parastomal 
Hernia Repair 

 Results of various  types   of open parastomal her-
nia repair are summarized in Table  17.1 .

17.8        Complications of Open 
Parastomal Hernia Repair 

 General complications of open hernia repair are 
covered in Chapter   20    . Open parastomal hernia 
repair has some inherent complications not appli-
cable to general open repairs and these will be 
reviewed here. 

17.8.1     Wound Infection 

    Wound infections      following gastrointestinal 
stoma takedown or relocation remain one of the 
most common post-operative complications, with 
rates as high as 41% [ 47 – 50 ]. This is of particular 
concern in complex parastomal hernia repair, as 
wound infections can lead to mesh infection and 
hernia recurrence (Fig.  17.16 ). There are a variety 

of options available for managing the old stoma 
site, including primary closure (with or without a 
subcutaneous drain), delayed primary closure, 
closure by secondary intention and negative 
pressure wound therapy. The method of closure is 
partially dependent on the details of the 
herniorraphy: how large is the subcutaneous dead 
space, where is the mesh located within the 
abdominal wall, was the fascia fully closed over 
the mesh, what type of mesh was used, does the 
patient have any additional risks for developing a 
wound infection (immunosuppression, diabetes, 
malnutrition). Our preference is to close all 
wounds primarily and place a negative pressure 
dressing on the closed midline wound and the old 
stoma site. If there is a large subcutaneous dead 
space under either of these wounds, a separate 
closed suction drain may be placed subcutaneously  .

17.8.2        Stoma Complications 

 Complications related directly  t  o the ostomy are 
unique to parastomal repairs. Rates of these com-
plications are fortunately low, but they can have 
signifi cant morbidity when they do occur. Stoma 
ischemia, necrosis, or retractions are often tech-
nical complications from tension on the ostomy, 
twisting of to the mesentery during stoma deliv-
ery through the abdominal wall or a tight stoma 
aperture in the rectus muscle or the mesh 
(Fig.  17.16 ). Patient-related factors such as obe-
sity, atherosclerosis, and post-op hypotension can 
contribute to these complications. 

   Table 17.1    Results of  multiple   types of open parastomal hernia repair techniques   

 Type of repair 
 Number of 
patients 

 Infection% 
(95% CI) 

 Mesh 
infection% 
(95% CI) 

 Other 
complication% 
(95% CI) 

 Mortality% 
(95% CI) 

 Recurrence% 
(95% CI) 

 Mean 
follow-up 
(months) 

 Primary 
fascial repair 2  

 141  9.4 
(4.9–15.8) 

 na  14.1 (8.6–21.3)  2.8 
(0.8–7.1) 

 57.6 
(48.4–66.4) 

 30 

 Mesh onlay 2   216  1.9 
(0.5–4.7) 

 1.9 
(0.5–4.7) 

 11.1 (7.3–16.1)  0 (0–1.7)  14.8 
(10.2–20.4) 

 40 

 Mesh sublay 2   76  3.9 
(0.8–11.1) 

 0 (0–4.7)  14.5 (7.5–24.4)  0 (0–4.7)  7.9 (3–16.4)  24 

 Mesh 
underlay 2  

 65  3.1 
(0.4–10.7) 

 1.5 
(0–8.3) 

 15.4 (7.6–24.4)  0 (0–5.5)  9.2 (3.5–19)  38 

 Mesh 
sublay 34  

 48  31.3  0  25  0  11  13 
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 Kinking of the ostomy can result in delayed 
stoma function or obstruction. This complication 
can happen with any type of parastomal repair, 
but is commonly associated with the bowel bend-
ing over the lateral edge of the mesh when per-
forming a Sugarbaker repair. It can also occur 
during posterior component separation with 
transversus abdominis release if care is not taken 
to properly align the three individually made 
holes in the abdominal wall (peritoneum/trans-
versalis layer, mesh layer, rectus muscle/anterior 
rectus sheath/subcutaneous tissue layer). 

  Mesh erosion   is a rare complication of parasto-
mal hernia repair, but may require stoma takedown 
and mesh excision. As noted above, placement of 
synthetic mesh in the vicinity of the stoma is con-
sidered safe during both stoma creation and para-
stomal hernia repair. However, mesh may erode 
into the bowel if there is signifi cant kinking of the 
bowel over the edge of the mesh or tension of the 
 bowe  l over the cut edge of the mesh (Fig.  17.17 ).
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           Overview 

 Flank hernias represent an interesting challenge 
to the general surgeon. These are relatively rare, 
but they are rising in frequency as traumatic 
avulsions and post-surgical fl ank complications 
become more common. Because the location of 
the costal margin and pelvic brim limits the fi xa-
tion options available in the repair of fl ank her-
nias, surgeons have been forced to evaluate other 
techniques of mesh overlap in the treatment of 
these diffi cult hernias. An understanding of the 
basic anatomy and tenants of operative repair of 
these hernias is important for the general surgeon 
in today’s practice. Smaller defects can be 
addressed laparoscopically, but for larger fl ank 
defects or those associated with denervation inju-
ries, the open approach to fl ank hernia repair 
offers the surgeon the ability to obtain a mesh 

fi xation with the appropriate overlap to confi -
dently repair these unique hernia defects.  

    Current Trends in Flank Hernia 
Repair 

 Current trends in fl ank hernia repairs have paral-
leled the midline incisional hernia repairs for 
many years. The original repairs involved primary 
fascial re-approximation closed by suture without 
reinforcement. With this repair lacking reinforce-
ment, recurrence rates have been particularly high, 
leading to the trend away from this technique. 
With the introduction of tension-free mesh repairs, 
which were introduced as being superior in the 
inguinal region, open repair of fl ank hernias was 
attempted with placement of mesh over the hernia 
defect, sewing the mesh circumferentially to the 
fascial edges. This result on the fl ank as compared 
to the midline has shown increased diastasis and 
bulging which has led to this also becoming an 
unfavorable technique for repair. Additionally, 
laparoscopic repairs have been attempted, which 
work well in patients with small fascial defects 
and no loss of intra- abdominal domain, but are not 
applicable to a large majority of patients with a 
fl ank hernia. Because of this, the “perfect” tech-
nique for fl ank hernia repair remains unclear. 
Tenants of this ideal open fl ank hernia repair 
would include:
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•     Durable repair   of the fascial defect that would 
prevent strangulation  

•   Minimization of  patient morbidity and wound 
complications    

•   Preservation of  native blood supply   of the area  
•    Reconstruction   of a functional, innervated 

abdominal wall     

     Anatomy   Surrounding the Flank 
Hernia 

 Flank hernias are broadly divided into those that 
are congenital and those that are acquired. 
Congenital hernias are then subclassifi ed into 
defects involving the superior lumbar triangle 
(Grynfeltt) versus those involving the inferior lum-
bar triangle (Petit). More common than the con-
genital defects are the acquired fl ank hernias, 
occurring after many types of surgical interven-
tions including aortic surgery, nephrectomies, ret-
roperitoneal spine exposure cases, orthopedic bone 
harvest sites, and trauma. Because of the specifi c 
details of the original surgery or trauma, the vari-
ability in these acquired hernias has made it a dif-
fi cult task for the general surgeon to fi nd a single 
technique that applies well to all defects. Because 
of the location of the fascial defects between the 
bony prominences of the costal margin and the 
iliac crest, fl ank hernias present a  challenge in 
repair because of the lack of options for mesh fi xa-
tion as well as limited areas available for mesh 
overlap in this region. Additionally, neurovascular 
structures contained in the retroperitoneum and 
pelvic brim provide an increased risk for nerve 
injury, chronic pain, or numbness related to sur-
gery. The combinations of these anatomic limita-
tions and variety of previous surgical interventions 
have made it diffi cult for the general surgeon to 
fi nd a single “perfect” repair for the fl ank hernia.  

    Preoperative Planning 

    Distinguish Pseudoherniation 

 The fi rst goal of preoperative patient evaluation 
is to distinguish a true fl ank hernia from a pseu-
dohernia of the abdominal wall.  Pseudoherniation     , 

also known as  diastasis   or  abdominal wall even-
tration  , comes from a neuromuscular injury to 
the fl ank that results in stretching and bulging of 
the fl ank without a true fascial defect, as seen in 
Fig.  18.1 . This can be seen in patients with spi-
nal cord injury, previous subcostal incisions cut-
ting through the nerves of the abdominal wall, 
and after traumatic injury to the ribs/lower tho-
rax. Because this condition is a physiologic 
bulging rather than a surgically correctable 
cause, it is important to distinguish this from a 
true defect because surgical intervention is not 
needed. CT scan is an effective way of imaging 
the abdominal wall to make this distinction. 
Physical therapy can improve but is unlikely to 
resolve completely pseudoherniation symptoms. 
Additionally, it is important to make the diagno-
sis of pseudoherniation in combination with a 
true fascial defect for preoperative counseling of 
outcomes. Patients with this combination will 
often continue to report a bulge of the fl ank 
despite adequate repair of the fascial defect fol-
lowing repair and, making it important to address 
this expectation preoperatively.

       Role for Preoperative Imaging 

 Because of the anatomic limitations detailed 
above, all patients with a true fl ank hernia should 
undergo imaging of the abdominal wall prior to 
undergoing surgical repair. Detailing the defect 
size and location is important to planning and 
appropriate repair. Smaller fascial defects with-
out loss of domain can be addressed laparoscopi-
cally [ 1 ]. This chapter specifi cally addresses the 
open repair of fl ank hernia which applies well to 
the following subsets of patients:

•     Small fascial defects   with large amounts of 
hernia contents (loss of domain)  

•    Large fascial defects    
•   Patients with desire for return of abdominal 

wall function by muscular re-approximation    

 Figure  18.2     shows an example of a patient who 
underwent previous renal transplantation result-
ing in a lateral fascial defect. As the patient had 
multiple confounding factors to early hernia repair, 
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including postoperative complications and immu-
nosuppression, this fascial defect has remained 
small but the volume of herniated contents has dra-
matically increased. An open repair of the fl ank 

hernia (with component separation on the contra-
lateral side) is essential in this patient scenario to 
allow for reduction of the extra- abdominal contents 
while addressing the fascial defect on the fl ank.

  Fig. 18.1    CT scan showing pseudohernia with lateral abdominal wall laxity       

  Fig. 18.2    CT scan showing small lateral fascial defect with loss of intra-abdominal domain       
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   Figure  18.3  is an example of a patient with a 
 large fascial defect   through a previous surgical 
incision. Laparoscopic approach to this repair 
would lead to a large area of mesh without abdom-
inal wall function and, because of that eventra-
tion, would lead to a poor cosmetic result for the 
patient. In assessing patients with this degree of 
fl ank hernia, many report problems with balance 
and walking because of the signifi cant asymmetry 
of the abdominal contents. Fortunately,  this is 
often corrected with surgical repair.

        Patient Optimization   

 Contradictory to the pressures placed on the 
surgeon for a quick and expedited repair, the 
benefi t of preoperative optimization of patients 

will improve both surgical outcomes and patient 
satisfaction with surgery. With the increasing 
use of online calculators for surgical risk, a 
patient’s individualized risk profi le can be 
assessed. Time should be spent discussing with 
patients their risks of undergoing surgery, with 
specifi c attention spent on the modifi able risk 
factors. These modifi able risk factors are not 
different for fl ank hernias versus other abdomi-
nal hernias and include body mass index, smok-
ing status, diabetic control, immunosuppression, 
nutritional optimization, infection control, and 
preoperative exercise status. As has been evi-
denced in the  literature,  smoking cession, 
weight loss, and strict diabetic control can 
reduce complication rates signifi cantly as well 
as increase patient participation in his/her med-
ical care. 

  Fig. 18.3    CT scan showing large fl ank fascial defect after previous orthopedic surgery       

 

M.P. LaPinska and A. Lewis



187

 Specifi cally with regard to the discussion of 
infectious risk, depending on the characteristics of 
the hernia, bony fi xation may be required for 
securement of mesh despite good overlap. Because 
of the use of bone anchors, patients in this cate-
gory must be counseled preoperatively about the 
risks of infection, including osteomyelitis.   

    Operative Technique 

     Patient Positioning   

 Patients with an isolated moderate or large fl ank 
defects are best approached from a lateral fl ank 
incision [ 2 ]. Patients with smaller defects, such as 
those similar to Fig.  18.2 , can be approached 
through a midline incision with a transversus 
abdominis release (TAR), as detailed in Chapter   13    . 
Additionally, patients who have a midline defect in 
combination with a fl ank defect are often best 
approached through a midline incision using the 
TAR procedure so that both areas of fascial defect 
can be addressed simultaneously. 

 Patient positioning, as seen in Fig.  18.4 , is an 
important aspect to the open fl ank repair. Patients 
must be in the full lateral position and centered 
on an OR bed that is capable of fl exing the patient 
to optimize the space between the iliac crest and 
the lower edge of the costal margin. Because of 
the length of the operation and the movement 

needed for exposure during the surgery, patients 
should be well padded, often utilizing a bean bag 
for support, to prevent injury and secured in mul-
tiple locations to reduce the risk of positioning 
injury. Landmarks that should be included in the 
operative fi eld include the umbilicus and linea 
alba anteriorly, spine posteriorly, the costal mar-
gin with xiphoid process superiorly, and the pel-
vic brim with pubic bone inferiorly. These areas 
will be the edges of mesh placement for larger 
fl ank hernias and, thus, the sites of the transfas-
cial fi xation sutures.

   A transverse incision is made parallel and 
preferably 3 cm above the superior edge of the 
iliac crest. If the patient has undergone previous 
incisions at that location, it is recommended that 
the old scar be excised to allow for healthier skin 
edges for postoperative healing. Electrocautery is 
used to dissect down to the level of the hernia sac, 
separating the hernia sac as it protrudes through 
the native fascia. It is important to identify the 
separate muscular layers of the abdominal wall as 
these will be closed in layers ventral to the mesh 
at the completion of the hernia repair. If the 
patient does not have any reasons for intra- 
abdominal exploration, such as a history of small 
bowel obstruction from presumed adhesions, 
entry into the hernia sac is not needed. If there is 
a need for intra-abdominal exploration, the hernia 
sac can be opened and a complete adhesiolysis 
performed. It is often easier to dissect the hernia 

  Fig. 18.4    Patient positioning 
for open fl ank hernia repair       
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sac down from the fascial edges and use this plane 
of dissection to enter into the preperitoneal plane 
after division of the transversus abdominis with-
out entering into the abdomen. In patients with 
chronic or dense scarring around the hernia sac, it 
may be impossible to do this without creating a 
defect through the sac/peritoneum. If a defect is 
made, the dissection should be continued and the 
defect will be closed with a #2-0 absorbable, 
braided suture prior to mesh placement.  

    Dissection of the Preperitoneal  Space   

 Dissection toward the spine as seen in Fig.  18.5 , 
into the retroperitoneal space, is usually the easi-
est direction to establish the correct plane. This is 
a familiar space to many surgeons as it is the same 
one used for spine exposure or aortic exposure. 
The intra-abdominal viscera as well as the kidney 
and adrenal gland are rotated anterior- medially 
and the psoas muscle is identifi ed. The lateral 
edge of the psoas muscle should be used as a 
safety landmark. Along the medial aspect of the 
psoas muscle are iliac vessels, gonadal vessels, 
and the ureter. Also present in this area are the 
genitofemoral, ilioinguinal, iliohypogastric, and 
lateral femoral cutaneous nerves which must be 
identifi ed and preserved. Proper identifi cation of 
these structures during the dissection will also 
help to avoid injury during transfascial suture 
placement.

   Continuing in the same plane, the dissection is 
extended toward the pelvis, down into the space 
of Retzius, mobilizing the bladder and identifying 
the pubic tubercle. Again, this space is commonly 
familiar to surgeons from laparoscopic inguinal 
hernia repair operations. Care should be taken to 
preserve the inferior epigastric vessels associated 
with the anterior abdominal wall as well as the 
vas deferens and gonadal vessels in males. The 
round ligament in females should be divided to 
facilitate dissection and subsequent mesh place-
ment. The dissection of the viscera off of the pel-
vic brim while leaving the neurovascular 
structures intact on the bony prominence is one of 
the most important steps in the open repair of a 
fl ank hernia. As discussed in the “Anatomic 
Limitations” section of this chapter, the mesh 

overlap beyond the bony structures is really the 
mainstay of mesh placement as the fascial fi xa-
tion options are limited. Surgeons should take the 
time to make sure that this dissection is performed 
fully; otherwise, the overlap of mesh will not be 
adequate and the risk of recurrence will be 
increased. 

 At this time, rather than proceeding with the 
more challenging anterior/medial dissection, 
working on the superior aspect of the dissection 
next has the advantage of defi ning the planes. 
The dissection is carried up to the retroperito-
neum with a transition into the preperitoneal 
plane at the level of the costal margin. The perito-
neum can then be removed from the inner aspect 
of the costal margin and subsequently off the dia-
phragm. The extent of this dissection up under 
the costal margin is extremely important in ensur-
ing adequate overlap as shown in Fig.  18.6 . All 
fi xation of the upper margin of mesh will be per-
formed below the bony portion of the costal mar-
gin and, thus, the attachment of the mesh at this 
location will be largely dependent on the overlap 
under the ribs [ 3 ]. This dissection in the preperi-
toneal plane can easily extend 7–10 cm cephalad 
to the lower edge of the costal margin.

   Once these planes have been established, the 
dissection proceeds medially toward the anterior 
abdomen. The medial dissection is often the most 
diffi cult secondary to the attachment of the perito-
neum to the linea alba. If a tear occurs, it is impor-
tant to recognize this and close the peritoneal 
defect. Dissection can be carried in this plane to 
the level of the linea alba. Some authors describe a 
transition from the preperitoneal space into the 
retro rectus space after medially crossing the linea 
semilunaris, performing a reverse transversus 
abdominis release and entering into the retrorectus 
position at midline rather than just the preperito-
neal space. The “reverse TAR” is diffi cult techni-
cally and should only be used by those trained in 
advanced abdominal wall surgery. Division of the 
transversus abdominis too laterally carries with it 
the risk for injury to the nerves of the abdominal 
wall, which would result in a diastasis/denervation 
injury. Additionally, if the landmarks are misiden-
tifi ed and the linea semilunaris is cut during the 
dissection rather than the transversus abdominis, a 
full thickness fascial defect is created.  
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     Mesh Selection and Insertion   

 Once the dissection has been completed, any 
potential rents in the peritoneum or hernia sac 
should be closed with a #2-0 braided, absorbable 
suture. This dissected peritoneal layer is not a 
strength layer but is more intended to prevent 
contact of the viscera with the mesh and thus must 
be closed completely. Measurement of the extent 
of dissection is performed, taking care to appreci-

ate that the mesh will be placed into the area in the 
shape of a “taco,” with folding both anteriorly and 
posteriorly to the viscera and extending from 
above the costal margin into the pelvic brim to the 
pubic tubercle as you can see in the cross section 
of Fig.  18.7 . Similar to the trends in most open 
hernia repairs, including component separations, 
mesh used for this repair must be strong enough 
to hold the strength of the abdominal wall while 
minimizing the foreign body response. The 
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  Fig. 18.5    Posterior dissection of the preperitoneal space       
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authors prefer to use a large (often 30 cm × 30 cm) 
midweight, macroporous, monofi lament mesh. 
There is no need for an anti- adhesive barrier as is 

used for intraperitoneal mesh since the perito-
neum provides a natural covering to protect the 
viscera from the mesh. Caution should be given to 
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  Fig. 18.6    Superior dissection of the preperitoneal space       
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  Fig. 18.7    Cross-sectional placement of mesh insertion       

 

 

M.P. LaPinska and A. Lewis



191

the use of the lightweight mesh due to risks of 
excessive bulging and central mesh failures. Some 
hernia experts even support the use of heavy 
weight mesh in this situation for this reason. A 
total of eight transfascial fi xation sutures using a 
#1 absorbable monofi lament stitch are placed cir-
cumferentially around the mesh as shown in 
Fig.  18.8 . These sutures can be offset up to 10 cm 
from the edges of the mesh to avoid placement of 
these sutures around the neurovascular structures 
near the costal margin and pelvic brim while 
allowing for additional overlap within these bony 
structures. Each stitch is passed through a stab 
incision using a no. 11 blade using a suture passer, 
securing a 1 cm bite of fascia between each arm 
of the transfascial suture.

    Consideration must be given to the hernia 
characteristics in determining where to begin 
with the fi xation of the mesh. For a lower fl ank 
hernia, it is recommended to begin fi xation at the 
pubic tubercle as this area has the most limitation 
due to bony structures, and lack of overlap at the 
inferior side would be the highest risk for recur-
rence. Additionally, for low fl ank hernias, one 
must evaluate the quality of the fascia at the supe-
rior edge of the iliac crest when considering the 
use of bone anchors as illustrated in Fig.  18.9 . 
These devices have been borrowed from the 
orthopedic surgeons to provide a sturdy fi xation 
point into the anterior superior iliac spine in 
patients who do not have adequate fascia for 
mesh securement at this location [ 4 ,  5 ]. A surgi-
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  Fig. 18.8    Transfascial fi xation during mesh insertion       
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cal drill is used to preplace a designated hole at 
the anterior aspect of the iliac crest. The bone 
anchor, such as Arthrex Corkscrew® (Arthrex, 
Naples, FL), which contains a titanium anchor 
with two attached non-absorbable sutures, is then 
placed into the predrilled tract. The sutures are 
then passed through the mesh to secure it to this 
location at the iliac crest while the mesh drapes 
down into the pelvis, allowing good overlap with 
the bony structures. For higher fl ank hernias, 
mesh placement should begin at the upper aspect 
of the defect, securing the mesh to the fascia just 
below the costal margin while allowing the mesh 
above the suture to “drape” under the costal mar-
gin between the diaphragm and the peritoneum 
for good overlap in that area.

   During the passage of the sutures, it is impor-
tant to hold tension on each suture directly next 
to the suture of interest to ensure the location of 
the stab incision provides correct tension and re- 
approximation of the mesh to the abdominal 
wall. After all eight transfascial sutures have 
been passed, the sutures are tied and cut, allow-
ing the stitch to retract back under the skin.  

    Closure of the Abdominal  Wall   

 A 15-French drain is placed above the level of the 
mesh but underneath the primary fascial closure. 
Fascial closure for recurrent hernias is still a 
topic of ongoing research, especially with regard 
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  Fig. 18.9    Placement of bone anchors to aid in complex fl ank hernia mesh placement       
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to the ratio of suture to incision length. The 
approach of the authors is to close the fl ank in a 
two-layered closure with the transversus and 
internal oblique in the deep layer and the external 
oblique through the anterior rectus fascia in the 
more superfi cial layer with a #1 absorbable, 
monofi lament suture. In most cases, the fascia 
can be re-approximated primarily using this tech-
nique. It is important to stress the resection of any 
devitalized tissue, be it subcutaneous fat or excess 
skin from the previous hernia. A layered closure 
of the abdominal wall is performed. Although 
unsupported by literature in the complex hernia 
population [ 6 ], we routinely use a negative pres-
sure dressing (e.g., wound vac) over the closed 
incision as it has been shown to decrease surgical 
site infections in other populations following 
surgery.  

     Postoperative Care   

 Surgical drains are left in place until the output is 
less than 25 ml per day for two consecutive days 
at which point they are removed in the offi ce. 
Abdominal distention should be avoided to reduce 
unnecessary stress on the fascial repair. Abdominal 
binders are a routine part of recovery following 
this procedure and are often used for up to 6 
weeks. Patients are given lifting restrictions with 
a maximum of 25 lb for 6 weeks following the 
surgery, but are encouraged to walk and perform 
other cardiovascular activities during this time.   

    Unplanned Challenges 

     Multiple Fenestrations   in the 
Peritoneal Layer 

 Rather than a true complication, multiple holes in 
the peritoneum caused during dissection are a 
common occurrence in patients with multiple pre-
vious operations or with dense adhesions. It is 
important to recognize and address the presence 
of the peritoneal defect because the risk of vis-
ceral herniation through the peritoneum can lead 
to direct contact between the bowel and the unpro-

tected mesh, predisposing to intestinal obstruc-
tions. Any patient with an early small bowel 
obstruction, particularly in the setting of a transi-
tion point, should be considered for this rare com-
plication. As is true for many situations, prevention 
is the key. All peritoneal defects should be closed 
with either a running or an interrupted absorbable 
suture prior to mesh placement.  

    Inability to Primarily Close the Fascia 

 Most large fascial defects using this surgical 
approach can be closed primarily. Two main fac-
tors infl uence the ability to obtain  fascial closure  : 
extent of dissection and tension distribution over 
the mesh to offl oad the fascial tension. As detailed 
above in “Dissection of the Preperitoneal Space,” 
the dissection can extend from 10 cm above the 
costal margin down to the level of the pubic 
tubercle and from the spine posteriorly to the 
linea alba anteriorly. Larger defects will require 
increased amounts of dissection to distribute the 
tension of closure over a larger area while smaller 
defects may not require the entire area to be dis-
sected to allow for adequate closure. After dis-
section, but before transfascial mesh fi xation, 
Kocher forceps can be placed on the primary fas-
cia and the tension of closure assessed. With 
regard to the mesh aiding in primary fascial clo-
sure, the mesh can help distribute the physiologic 
tension of the abdominal wall. By using Kocher 
forceps on the fascia to show re-approximation, 
an appropriate location for the transfascial stitch 
can be selected that allows for the correct tension 
distribution.  

    Enterotomy with Planned Bony 
Fixation 

 This specifi c situation presents a balancing act 
between hernia recurrence and the risk for post-
operative infection-related complications. In the 
setting where there has been gross spillage from 
an  enterotomy     , the fascia around the iliac crest 
should be closely evaluated. In some settings, the 
small fascial rim can be mobilized off the bony 
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prominence. If there is at least 1 cm of intact fas-
cia, we recommend using transfascial fi xation 
sutures through this area rather than placing the 
bone anchors because of the risk of osteomyelitis 
of the pelvis.  

    Pseudohernia with True Fascial 
 Defect      

 The most important step with this complication 
is the identifi cation preoperatively on CT imag-
ing. Previous fl ank incisions are often associ-
ated with a neurovascular injury that has resulted 
in a denervation injury to that portion of the 
abdominal wall as well as an incisional hernia. 
Patients who have this combination will often 
be dissatisfi ed with the persistent diastasis that 
is present, even after a technically perfect repair. 
Patients in this group should be counseled ahead 
of time to ensure that they appreciate the com-
plexities of this repair and understand that some 
abdominal wall asymmetry may persist follow-
ing surgery.   

   Summary 

 Flank hernias present an interesting challenge to 
the general surgeon when compared to the stan-
dard midline incisional hernia. The approxima-

tion to bony landmarks makes overlap, rather 
than fi xation, the keys to this open surgical repair. 
Preperitoneal dissection allows for a wide plane 
of overlap and protects the intra-abdominal con-
tents from mesh contact. Mesh placement with 
transfascial fi xation reinforces the hernia defect 
and distributes tension over the abdominal wall, 
allowing for primary fascial closure. This tech-
nique gives a durable repair for the treatment of 
this challenging type of hernia.     
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          Introduction 

 Umbilical hernias are among the more common 
abdominal wall hernias, accounting for 10% of 
primary hernias in the adult patient population, 
with over 270,000 repairs per year in the United 
States. In children, most are  congenital  , while 
umbilical hernias are typically acquired fascial 
defects in  adults   and can occur either spontane-
ously or at the site of prior surgical access, such 
as those which may develop following  laparo-
scopic port placement   at the umbilicus. For the 
purposes of discussion in this chapter, these two 
types of umbilical hernias will be classifi ed as 
either primary or  recurrent  , with recurrent her-
nias including small incisional hernias localized 
to the umbilicus. 

 While most surgeons generally think of an 
umbilical hernia as a simple, single primary fas-
cial defect, the repair of which represents one of 
the more straightforward technical exercises in 
surgery, there is a wide spectrum of disease and 
hence a number of surgical options for repair. As 
a result, a careful analysis of the potential clinical 
presentations and current options for manage-
ment reveals a much more challenging clinical 
dilemma than might be initially recognized. 

Variables that may play a role in management 
include defect size, etiology (primary vs. recur-
rent), body habitus (BMI), fascial integrity (tis-
sue strength and thickness), and patient factors 
such as steroid use, chronic cough, smoking, 
ascites, previous surgical site infection, and even 
vocation. Each of these factors will be addressed 
in the various  management algorithms   described 
in this chapter.  

    Current Trends 

 At this point, it is clear that  tension-free repair of 
incisional and inguinal hernias   reduces recurrence 
rates. The impact of mesh for umbilical hernia 
repair remains a subject of debate. To date, four 
prospective randomized controlled trials have 
addressed this question. Three of these studies 
found lower recurrence rates after mesh (0–2.7%) 
vs. primary suture repair (11–19%), with the great-
est differences identifi ed in  cirrhotic patients   and 
those undergoing emergent repair for incarcerated 
hernias. A number of other observational series 
have provided similar results (Table  19.1 ) [ 1 – 7 ]. 
Pooled data from these studies including one meta-
analysis indicate that recurrence rates are lower 
after mesh, with no signifi cant increased risk for 
wound or infectious  complications  .

   That being said, most authors agree that the 
repair of umbilical hernias should be tailored to 
the individual patient and there remains some 
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skepticism that every umbilical hernia requires 
mesh. To date, no study has fi rmly identifi ed a 
method to stratify patients effectively, though 
some trends do exist [ 8 – 10 ]. Identifi ed risk fac-
tors for recurrence include obesity, cirrhosis, 
defects >3 cm, and recurrent hernias. In lower 
risk patients, the potential disadvantages of mesh 
(infection, foreign body sensation, and adhe-
sions) should be carefully weighed against the 
potential benefi ts. Since there is no one perfect 
repair for umbilical hernias, a number of options 
are presented below and should be included in 
the surgeon’s armamentarium for managing this 
diverse group of patients.  

    Options for Surgical Repair 
of Umbilical Hernias 

    Primary Repair 

  Primary repair   (using sutures alone)    has been 
the standard method for treating umbilical her-
nias for many decades. Initially described in 
1901, the Mayo repair involved a “vest over 
pants” fascial closure using two rows of hori-
zontal mattress sutures placed in a transverse 
orientation (Fig.  19.1 ) [ 11 ]. While popular for 
many years, recurrence rates of up to 54% have 
been reported during long-term follow-up. 
Today, suture repair typically involves closure 
of the defect with simple interrupted or fi gure-
of-eight permanent sutures used to approximate 
the fascia in a horizontal fashion.

   My personal technique for primary repair is as 
follows: After induction of general anesthesia, 

the abdomen is widely prepped and draped in the 
usual sterile fashion (Fig.  19.2 ). Intravenous anti-
biotics are administered [fi rst generation cepha-
losporin or Vancomycin (if penicillin allergic)]. 
A small, curvilinear incision is made along the 
infra-umbilical fold. The hernia sack is circum-
ferentially dissected using Metzenbaum scissors. 
Dissection from both sides of the umbilicus is 
critical to achieving complete isolation of the 
hernia sack such that both sides of the dissection 
can be connected and the scissors can be easily 
passed across the midline. Use of a forceps or 
hemostat can assist in guiding the tips of the scis-
sors around the hernia sack and out of the skin 
incision on the opposite side. The hernia sack is 
then divided with either a scalpel or cautery, tak-
ing care to avoid a “button hole” in the umbilical 
skin. Sounding out the depth of the umbilicus 
with a hemostat prior to hernia sack division can 
help to prevent this complication. Incarcerated 
fat within the hernia defect can be reduced or 
excised as necessary (Fig.  19.3 ).

    The fascial defect should now be easily visu-
alized. The superior and inferior fascial edges 
are elevated with either Kocher clamps or a 
hemostat. With judicious use of electrocautery, 
the anterior fascia is circumferentially cleared 
of subcutaneous tissue over a distance of 
1–2 cm. If the fascia is of good integrity and can 
easily be approximated without signifi cant ten-
sion, three to four fi gure-of-eight #1 woven non-
absorbable sutures are placed, taking bites of 
fascia at least 1-cm from edge of the defect 
(Fig.  19.4 ). After all sutures are placed, Kocher 
clamps are removed and sutures are tied down 
(Fig.  19.5 ). The wound is irrigated and the 

   Table 19.1    Summary of  selected   umbilical hernia repair studies   

 Author  Study   n   Recurrence (%)  Surgical site infection (%) 

 Total  Suture  Mesh  Suture  Mesh   p   Suture  Mesh   p  

 Aorroyo  PRCT  200  100  100  11  1  0.0015  3  2  ns 

 Abdel-Baki   P  RCT  42  21  21  19  0  <0.05  14.3  9.5  ns 

 Ammar  PRCT  72  35  37  14.2  2.7  <0.05  8.5  16.2  ns 

 Polat  PRCT  50  18  32  11  0  ns  5.6  6.3  ns 

 Asolati  RCS  229  97  132  7.7  3  ns  NR  NR  – 

 Sanjay  RCS  100  61  39  11.5  0  0.0007  11.5  0  0.007 

 Berger  RCS  392  266  126  7.5  5.6  ns  7.9  19.8  <0.01 
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  Fig. 19.1    Mayo repair       

  Fig. 19.2    Sterile prep for primary umbilical hernia repair       

  Fig. 19.3    Chronically incarcerated pre-peritoneal fat 
within umbilical hernia defect       

  Fig. 19.4    Primary repair with permanent suture       

  Fig. 19.5    Defect closure       
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umbilicus tacked down using 3-0 absorbable 
suture and the skin closed with 4-0 absorbable 
subcuticular sutures. Skin  adhesive is applied 
and a sterile occlusive  pressure   dressing is 
placed (Figs.  19.6  and  19.7 ). The patient  is   dis-
charged to home from the  reco  very room.

          Mesh Repair 

  Open mesh repair   generally utilizes a fl at sheet 
of mesh or possibly a mesh plug, though newer 
mesh patch devices have been designed specifi -
cally for treatment of umbilical hernias utilizing 
a common design that allows for mesh deploy-
ment deep to the fascia. As with other mesh- 
based repairs of abdominal wall defects, there 

are a number of options for mesh placement 
location. These include mesh onlay (over a pri-
mary fascial closure), mesh inlay (mesh plug fi x-
ated to the fascial ring), and mesh underlay 
(either in the intra-peritoneal, pre-peritoneal, or 
retro- muscular space). Two fi nal options for 
mesh repair are the purely laparoscopic and the 
laparoscopic-assisted approaches, both of which 
involve placement of an intra-peritoneal tissue-
separating mesh with variable degrees of mesh 
fi xation and varying numbers of laparoscopic 
ports, with or without primary closure of the her-
nia defect over the mesh. 

    Open Techniques 
 For open mesh repair of umbilical hernias, I pre-
fer a mesh underlay which utilizes one of the 
three available umbilical hernia patches currently 
on the market. These include the Proceed Ventral 
Patch (Ethicon, Inc), the CQur V-Patch (Atrium, 
Inc.), and the Ventralex-ST Patch (Bard, Inc.). 
While each of these meshes is equipped with an 
absorbable tissue-separating layer designed to 
allow for  intra-peritoneal mesh placement  , my 
personal preference is for pre-peritoneal mesh 
deployment. Preparation of the patient and loca-
tion of skin incision are identical to that described 
for the open primary repair. If possible, opening 
of the hernia sack is avoided during the initial 
phases of  dissection and tissue division   
(Fig.  19.8 ). Once the hernia sack is delineated, it 
is carefully dissected away from the edges of the 

  Fig. 19.6    Subcuticular skin closure       

  Fig. 19.7    Occlusive pressure dressing       

  Fig. 19.8    Circumferential dissection and isolation of her-
nia sack       
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fascial defect. Fascial edges are again elevated 
with Kocher clamps, and meticulous dissection is 
used to enter the pre-peritoneal space using elec-
trocautery. The easiest location to enter the pre- 
peritoneal space is inferiorly at the interface 
between the hernia sack and the caudal edge of 
the fascial defect. Once entered, the pre- peritoneal 
space is circumferentially developed with a com-
bination of blunt dissection and judicious use of 
cautery. Care must be taken to elevate the fascia 
and to divide only the tissue between the fascia 
and the peritoneum in order to avoid potential 
injury to the underlying viscera.

   After a wide pre-peritoneal pocket has been 
developed,  hemostasis   is confi rmed. Oozing 
along the medial umbilical ligaments (at the 5 
and 7 o’clock positions) is the most common area 
of minor but nuisance bleeding. Any holes in the 
hernia sack are closed with absorbable suture to 
exclude the viscera from the pre-peritoneal space. 
Depending upon the size of the hernia defect and 
width of the pre-peritoneal space achieved, an 
appropriate mesh size is selected. When possible, 
my preference is to develop a wide pre-peritoneal 
pocket that will accommodate an 8-cm hernia 
patch (Figs.  19.9  and  19.10 ). The mesh is then 
deployed into the pre-peritoneal space deep to the 
muscular layers of the abdominal wall and the 
anchoring straps are brought out through the her-
nia defect. The fascia is closed with #1 woven 
non-absorbable suture using two fi gure-of-eight 
sutures on each side and one or two horizontal 

mattress  sutures   in the center, incorporating the 
tails of the mesh with the closure. Fascial sutures 
are tied down and the tails of the mesh cut just 
above the fascia. Adjacent scar and fascia are 
closed over the cut tails of the mesh, the umbili-
cus is tacked down, and the skin closed with sub-
cuticular suture (Figs.  19.11 ,  19.12  and  19.13 ).

       If the pre-peritoneal space cannot be devel-
oped, then the mesh patch can be deployed 
deep to the fascial defect into the intra-perito-
neal space (Figs.  19.14 ,  19.15  and  19.16 ). The 
anchoring straps on the mesh are again brought 
out through the hernia defect, allowing the 
mesh to be pulled up into apposition with the 
peritoneum (Figs.  19.17 ,  19.18 ,  19.19 ,  19.20  
and  19.21 ). Non-absorbable sutures are utilized 

  Fig. 19.9    Elevation of fascial edges assists in develop-
ment of pre-peritoneal space for mesh deployment       

  Fig. 19.10    Umbilical hernia patch folded to allow for 
mesh insertion into pre-peritoneal pocket       

  Fig. 19.11    Fascial sutures incorporate mesh tails during 
defect closure       
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to secure the anchoring straps to the fascia. 
Whether or not to close the defect is at the sur-
geon’s discretion. Some surgeons prefer to 
separate and fixate the tails of the mesh to the 
edges of the fascial defect (Fig.  19.22 ), allow-
ing for a tension-free repair. My personal pref-
erence is to close the fascial defect, while 
incorporating both mesh tails into the fascial 
closure (as demonstrated in Figs.  19.11  and 
 19.12 ). In all cases, the redundant tails of the 

  Fig. 19.13    Umbilical skin tacked down and closed       

  Fig. 19.14    Umbilical hernia sack is circumferentially 
dissected from the fascia, opened, and resected       

  Fig. 19.15    The intra-peritoneal space is cleared of 
adhesions       

  Fig. 19.16    Mesh is deployed into the intra-peritoneal 
space, just deep to the fascia       

  Fig. 19.12    Hernia defect closed over mesh patch       
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mesh are trimmed down to the level of the fas-
cia and the wound is closed in layers. Care is 
taken to close the scar and the subcutaneous 
tissue over the cut tails of the mesh in order to 
exclude the mesh tails from the skin closure 
(Fig.  19.23 ).

            Although the currently available umbilical 
hernia patches are designed with a tissue- 
separating layer to allow for safe insertion into 
the abdominal cavity, there is the potential for 
bowel adhesions to the mesh, particularly if the 
mesh is not well seated against the peritoneal 

  Fig. 19.17    Anchoring straps (mesh tails) are pulled up to 
bring the mesh patch into direct contact with the abdomi-
nal wall       

  Fig. 19.18    Mesh patch provides wide overlap of the her-
nia defect       

  Fig. 19.19    Complete circumferential deployment of the 
mesh is confi rmed       

  Fig. 19.20    Using the surgeon’s fi nger to circumferentially 
sweep around the edges of the mesh, the prosthetic is con-
fi rmed to lie fl at against the parietal side of the abdominal wall       
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surface deep to the abdominal wall muscula-
ture. For this reason, many surgeons will take 
additional steps to fi xate the mesh to the perito-
neum, either with sutures placed through the 
hernia defect or by tacking the periphery of the 
mesh using a laparoscopic- assisted approach. 
With this technique, the mesh is deployed into 

the peritoneal cavity through the umbilical her-
nia defect in a standard “open” fashion, but 
two additional 5-mm laparoscopic ports and a 
laparoscopic tacker are utilized to fi xate the 
edges of the mesh under  pneumoperitoneum   
using laparoscopic guidance (Fig.  19.24 ).

       Laparoscopic  Techniqu  es 
 While laparoscopic repair of midline incisional/
ventral hernias is a standard practice, the 
 laparoscopic approach to umbilical hernias is 
 generally   limited to larger defects (>3–5 cm), 
recurrent umbilical hernias, or fascial defects 
occurring at the site of prior umbilical surgery, 
such as the site of a prior laparoscopic access, 
and would technically be considered small inci-
sional hernias. For these larger, more challenging 
umbilical hernias, two primary approaches can 
be considered: laparoscopic- assisted repair with 
mesh and primary defect closure (as described 
above) or a standard (purely) laparoscopic repair 
with mesh. 

 While strategies vary based upon personal 
preference, my approach for laparoscopic 
umbilical hernia repair typically involves a 
4-port technique that allows for adhesiolysis 
and intra-peritoneal mesh deployment with 
wide overlap of  at   least 5 cm beyond the edges 
of the hernia defect. A tissue-separating perma-
nent synthetic mesh is used and is deployed 
intra- peritoneal as an underlay. Defect closure 

  Fig. 19.22    The tails of the mesh are secured to the edges 
of the defect with permanent suture       

  Fig. 19.23    The wound is closed in layers       

  Fig. 19.21    Mesh tails are gently elevated to bring the 
mesh into apposition with the abdominal wall. Pulling up 
too aggressively on the anchoring straps is discouraged, as 
excessive traction can deform the mesh       
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is optional. Four trans-fascial sutures are used 
to suspend and secure the mesh in the laparo-
scopic environment and are reinforced by a 
double crown of tacks for mesh fi xation 
(Figs.  19.25 ,  19.26 ,  19.27 ,  19.28 ,  19.29 ,  19.30  
and  19.31 ).

               Algorithms for the  Management   
of Umbilical Hernias 

 As with any surgical intervention, the specifi c tech-
nique utilized in any given patient must be indi-
vidualized. Ultimately, decisions are based upon 

  Fig. 19.24    Intra-peritoneal view of umbilical hernia patch and laparoscopic fi xation sites       

  Fig. 19.25    Large chronically incarcerated umbilical her-
nia prior to repair       

  Fig. 19.26    Demonstration of 3–5 cm fascial defect       

  Fig. 19.27    Patient positing for laparoscopic repair with 
arms padded and tucked       
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the clinical scenario and the surgeon’s own skill set 
and experience. There are a number of factors to 
consider in individualizing the treatment of umbili-
cal hernias. These include the etiology of the hernia 
(primary vs. recurrent/incisional), defect size, body 
habitus, fascial quality, tension, patient age, voca-
tion, and co- morbidities as well as the risk for 
wound and or mesh complications. 

 My general approach to umbilical hernias is as 
follows: For thin, healthy patients presenting 
with a small primary umbilical hernia that can be 
easily approximated without tension, a primary   Fig. 19.29    Four-port trocar strategy for laparoscopic 

umbilical hernia repair       

  Fig. 19.30    Laparoscopic view of wide intra-peritoneal mesh reinforcement       

  Fig. 19.28    Mesh preparation with four cardinal sutures       
  Fig. 19.31    Laparoscopic port and suture fi xation sites at 
conclusion of case       
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repair with non-absorbable suture is used. In 
heavier patients with larger defects  and   particu-
larly in those who regularly perform strenuous 
physical labor, I generally recommend mesh 
 reinforcement  , utilizing an umbilical hernia patch 
placed in the pre-peritoneal space. In the mor-
bidly obese patient or in those with large, recur-
rent hernia defects, a laparoscopic approach often 
provides for greater mesh overlap and the poten-
tial advantage of fewer wound complications. 
While I believe that it is appropriate to consent 
every patient for a potential change in operative 
strategy during the procedure, the algorithms 
below can guide pre-operative decision-making.

  Indications for Primary Repair 
 –   Primary hernia  
 –   “Finger-tip” defect (<1 cm)  
 –   Thin female  
 –   Good fascia  
 –   Minimal tension   

  Indications for Open Mesh Repair 
 –   Medium-sized defect (2–3 cm)  
 –   Recurrent hernia  
 –   Incisional hernia  
 –   Overweight—mildly obese  
 –   Male  
 –   Laborer  
 –   Thin fascia  
 –   Tension  
 –   Chronic cough   

  Indications for Laparoscopic Repair with 
Mesh 
 –   Morbid obesity  
 –   Large defect (>3 cm)  
 –   High risk for wound complications (steroids, 

diabetes, ascites, smoking)  
 –   Recurrent hernia     

    Summary 

 A wide variety of options are available for the 
repair of umbilical hernias. These surgical tech-
niques range from primary suture repair to rein-

forcement with mesh and can be performed 
through open and laparoscopic approaches. At 
present, there is no accepted gold standard for 
umbilical hernia repair. Recent studies have 
shown lower rates of recurrence after mesh repair 
when compared with sutures alone, although 
confl icting data exist. The potential disadvan-
tages of synthetic mesh placement (including 
infection, seroma, foreign body sensation, and 
adhesions to underlying viscera) must be recog-
nized and considered; however, pooled data dem-
onstrate no signifi cant differences in complication 
rates when comparing mesh to suture repair. 
Based upon current evidence, primary repair 
remains reasonable and appropriate for small pri-
mary umbilical hernias. Mesh reinforcement 
should be considered in patients deemed high 
risk for recurrence. As always, the specifi c tech-
nique for repair should be tailored to the individ-
ual patient.     
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          Introduction 

  Abdominal wall hernias   are becoming increas-
ingly prevalent as the population ages, surgical 
management of intra-abdominal pathology 
increases, and medical comorbidities such as obe-
sity, diabetes, and smoking continue to occur with 
relatively high frequency in surgical populations 
[ 1 – 5 ]. Ventral hernia repairs occur at a rate of 
350,000 cases per year in the United States and are 
increasing at a rate of 1–2% annually [ 6 ,  7 ]. As 
such, open ventral hernia repair is one of the most 
common elective general surgical procedures per-
formed in the United States every year [ 8 ]. 

 Despite numerous technical advances and 
increased awareness of complications of hernior-
raphy,  morbidity   following open ventral hernia 
repair remains common. Managing these compli-
cations is an essential skill of the abdominal wall 
surgeon. For component separation herniorraphy 
in particular, where 25–50% of patients can be 

expected to have at least one post-operative 
occurrence, complication diagnosis and manage-
ment is a routine part of post-operative care. High 
complication rates have led to vast research on 
the topic, including the description of novel man-
agement strategies, and the establishment of 
working groups and risk stratifi cation scores to 
guide patient selection and better predict compli-
cation rates [ 9 – 11 ]. With reimbursement being 
increasingly tied to outcomes, optimizing patient 
care in the pre- and post-operative intervals is 
now as important as the operative care the patient 
receives. 

 As a group, complications following open 
ventral hernia repair are a more common occur-
rence compared to laparoscopic herniorraphy. 
This chapter will review the spectrum of com-
mon complications following open ventral hernia 
repair with an emphasis on prevention, diagnosis, 
and management options.  

    Risk Factors of  Complicatio  n 

 Multiple studies have investigated  patient   comor-
bidities and their risk for developing post- 
operative complication following open hernia 
 repair  . The majority of these studies have focused 
on the development of surgical site infection, as it 
is well established that wound infection signifi -
cantly increases the risk of hernia recurrence [ 12 ]. 
Comorbidities shown to increase  post- operative 

        E.  M.   Pauli ,  M.D.    (*) 
  Division of Minimally Invasive and Bariatric Surgery, 
Department of Surgery ,  Penn State Hershey Medical 
Center ,   Hershey ,  PA ,  USA     
 e-mail: epauli@hmc.psu.edu  

    R.  M.   Juza ,  M.D.    
  Department of Surgery ,  Penn State Milton S. Hershey 
Medical Center ,   Hershey ,  PA ,  USA    

mailto:epauli@hmc.psu.edu


208

complication rates in ventral hernia repair 
include smoking, diabetes, chronic pulmonary 
disease, poor nutritional status (low serum 
albumin), immunosuppression (including steroid 
use), morbid obesity, coronary artery disease, and 
advanced age [ 3 ,  13 ,  14 ]. 

 Our “prehabilitation” strategy for elective open 
ventral hernia  repairs   focuses on aggressively 
managing these comorbidities. Smoking, tobacco 
and nicotine cessation (including patches and 
electronic cigarettes) is mandatory, and we rou-
tinely check blood and urine for nicotine metabo-
lites prior to scheduling and performing complex 
open hernia repairs. Long-term control of diabe-
tes is assessed with glycosylated hemoglobin lev-
els (HbA1C), and referrals are made to primary 
care physicians or endocrinologists as needed to 
achieve an HbA1C ≤ 7.0. Chronic pulmonary dis-
ease (in particular home oxygen use or signifi cant 
dyspnea on exertion) may preclude herniorraphy. 
Pulmonary function testing and referral to  pulmo-
nary medicine   are appropriate for risk modifi ca-
tion. Nutritional supplementation and 
multivitamin administration may be necessary to 
increase albumen and correct micronutrient defi -
ciencies. The degree to which obesity contributes 
to hernia recurrence and post- operative wound 
and pulmonary complications has not been well 
established and no strict guidelines for a body 
mass index (BMI) cutoff exist. Our preference is 
to perform elective repairs on patients with a 
BMI ≤ 40 kg/m 2 . Referral for medically super-
vised or surgical weight loss procedure (typi-
cally  laparoscopic sleeve gastrectomy  ) may be 
necessary. Coronary artery disease should be 
investigated and managed as before any major 
surgical procedure; cardiology referral, stress 
testing, and angiography may be necessary.  

    Complications and Their 
Management 

    Surgical Site  Occurrenc  es 

  Wound-related complications   such as erythema, 
infection, seroma, hematoma, dehiscence, and 
fi stula formation occurring within 30 days of the 

principle operation are included in the defi nition 
of surgical site occurrences (SSO) as outlined by 
the Ventral Hernia Working Group [ 11 ]. The 
term surgical site occurrence was established 
because of a recognized need for standardization 
in the reporting of wound complications follow-
ing hernia repair. Reports before 2010 had non- 
standardized methodology of reporting these 
complications and as such, interpretation of the 
true rates of SSO is often unreliable. Ideally, 
standardized defi nitions and reporting will 
improve the reliability of data as future studies 
present outcomes in a common language. 
Unfortunately, there is still a spectrum of compli-
cation severity within each of these categories; a 
minor wound separation and a complete wound 
separation would both be categorized as a wound 
dehiscence within this nomenclature, making it 
diffi cult to determine major and minor SSO rates. 
Surgical site occurrences complicate 14% of low 
risk open hernia repairs, 27% of repairs in 
patients with comorbid conditions, and 46% of 
contaminated hernia repairs [ 10 ]. The higher 
rates of SSO in contaminated repairs are largely 
attributable to infections. 

    Surgical Site Infection 
  Surgical site infection (SSI)   is one of the most 
common surgical site occurrences complicating 
open ventral hernia repair and is the most signifi -
cant predictor of hernia recurrence (Fig.  20.1 ) 
[ 3 ]. It is also the most common reason for hospi-
tal readmission following open ventral hernia 
surgery [ 9 ,  12 ,  15 ]. Open repairs have a signifi -
cantly higher rate of surgical site infections than 
laparoscopic repairs [ 16 – 18 ]. SSIs complicate 
19% of open ventral hernia repairs, but the inci-
dence varies widely depending on the pre- 
operative hernia grade and method of repair 
(Table  20.1 ) [ 9 – 11 ,  16 – 22 ].

    Surgical site infections are divided into super-
fi cial and deep incisional and organ space infec-
tions as defi ned by the Centers for Disease 
Control [ 23 ]. Superfi cial incisional infections 
affect the skin and subcutaneous tissue and are 
diagnosed by local erythema, swelling, pain, or 
purulent drainage. Deep incisional infections 
reach the fascial or muscle layers and may be 
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associated with abscess formation, or wound sep-
aration exposing the deeper tissue layers. Organ 
space infections involve non-incisional parts of 
the operative fi eld; in the case of open ventral 
hernia repair,    this is generally the peritoneal or 
retroperitoneal spaces. 

 Management of SSIs follows standard surgi-
cal principles. Minor superfi cial infections can be 
managed with empiric antibiotics alone, with 
special consideration given to patients known to 
carry resistant organisms (e.g. methicillin- 
resistant  Staphylococcus aureus  (MRSA)). More 
serious infections may require incision, drainage, 
packing, and targeted antibiotic therapy based on 
wound cultures. Deep incisional infections gen-
erally require drainage (which may be surgical or 

percutaneous) and targeted antibiotic therapy. 
Non-viable muscle, fascia, and subcutaneous tis-
sue may need to be aggressively debrided to 
eliminate ongoing sources of infection. Organ 
space infections are generally treated with percu-
taneous drainage; however, non-focal infections 
may require laparotomy to clear the infection and 
permit peritoneal lavage. Special consideration 
should be given to a missed enterotomy or leak 
from intestinal reconstructive work (anastomosis, 
enterotomy repair) done during the course of her-
niorraphy as the source of an organ space 
infection. 

 Development of an SSI is dictated by a multi-
tude of patient-related and surgical variables sim-
ilar to other general surgical procedures. For 
open mesh repairs, a prior wound infection is 
notably not predictive of an SSI [ 24 ,  25 ]. 
Maneuvers to improve microvascular blood fl ow 
and optimize native immunity (e.g. smoking ces-
sation) allow better mesh incorporation. When 
considering where to place mesh, it therefore 
makes sense to place it adjacent to well vascular-
ized tissue to provide a robust interface to allow 
immune recognition and reaction to the foreign 
body. For incisional infections (both superfi cial 
and deep), mesh location within the abdominal 
wall must be considered in the management 
 strategy. Underlay and sublay mesh may not be 
involved with the infectious process of incisional 
infections,    whereas onlay mesh is more likely to 
be (Fig.  20.2 ). Surgical management of these 
infections may require mesh removal (see Mesh 
Infection below).

  Fig. 20.1    Wound ischemia and deep surgical site infec-
tion following anterior component separation with exter-
nal oblique release (Photo courtesy of Dr. Luis J. Garcia, 
University of Iowa)       

     Table 20.1    Surgical site occurrence,    rates following open ventral hernia repair   

 Anterior component 
separation  Rectrorectus 

 Posterior component 
separation  Bridged 

 Total wound 
complications 

 43% Jensen [ 17 ]  26% Krpata [ 78 ]  51% Basta [ 21 ] 

 49% Krpata [ 78 ]  24% Novitsky [ 20 ]  19% Albino [ 19 ] 

 16% Albino [ 19 ]  6% Albino [ 19 ] 

 Seroma  13% Jensen [ 17 ]  9% Paajanen [ 22 ]  5% Albino [ 19 ]  8% Basta [ 21 ] 

 3% Albino [ 19 ]  3% Albino [ 19 ]  12% Albino [ 19 ] 

 Surgical site 
infection 

 13% Jensen [ 17 ]  6% Paajanen [ 22 ]  7% Novitsky [ 20 ]  22% Basta [ 21 ] 

 15% Albino [ 19 ]  7% Albino [ 19 ]  7% Albino [ 19 ]  12% Albino [ 19 ] 

 Skin dehiscence     0% Jensen [ 17 ]  35% Basta [ 21 ] 

 Chronic pain  4% Paajanen [ 22 ] 

 Skin necrosis  6% Jensen [ 17 ] 
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       Seroma 
  Seroma formation  , the accumulation of sterile 
serous fl uid within the spaces created during her-
niorraphy, frequently complicates open ventral 
hernia repair (Fig.  20.3 ). Seromas occur as a con-
sequence of the extent of tissue mobilization and 
local infl ammatory reactions to mesh and suture 
material [ 26 ,  27 ]. Surgical dissection creates 
dead space between anatomic  planes   which func-
tion as a space for transudative fl uid to collect. 
Fluid may collect at a greater rate if the peritone-
alized hernia sack is left in situ within subcutane-
ous tissues.

   Seroma formation rates vary between 0 and 
36% depending on the surgical technique and 
type of the mesh employed for repair [ 22 ,  28 – 35 ]. 
For open ventral hernia repair, the incidence of 
seroma formation is directly dependent on the 
surgical technique employed. Placing mesh in the 
sublay position is superior to onlay mesh place-
ment based on numerous published studies 

(Table  20.2 ). It has been postulated that the supe-
rior vascularity in the retrorectus plane reduces 
the incidence of seroma formation over the poorly 
vascularized lipocutaneous fl aps created in open 
ventral hernia repairs when the mesh is placed in 
the onlay position. This theory is supported by 
studies evaluating the outcomes of endoscopic 
component separation which avoids creating 
large devascularized fl aps by endoscopically 
releasing the external oblique.  This signifi cantly 
decreases the wound complications associated 
with onlay mesh placement [ 17 ,  29 ,  31 ].

   Seroma prevention is based on two main prin-
ciples: reducing dead space volume and minimiz-
ing devascularized tissue. Preoperative patient 
factors including obesity, smoking, and diabetes 
have all been shown to increase the rate of seroma 
formation [ 25 ,  33 ]. Postoperatively, the use of 
closed suction drains to prevent fl uid accumula-
tion is widely practiced during open ventral her-
nia repair to reduce dead space volume, but 
management of drains is by no means standard-
ized. Our preference is to leave the drains in place 
until daily output is less than 30 cc per day for 
two consecutive days. A recent review of the lit-
erature was unable to demonstrate a direct benefi t 
of drains versus no drains; however, this more 
likely highlights the paucity of high-quality stud-
ies directly related to seroma management [ 36 ]. 

 Abdominal binders are also a modality widely 
used to decrease seroma formation by decreasing 
dead space volume and therefore decreasing fl uid 
accumulation. Effective duration of therapy nec-
essary to prevent seroma formation is not well 
described and is often limited by patient toler-
ance. Additionally, less widely practiced meth-
ods such as the use of quilting stitches and the 
application of fi brin sealant to dissected planes 
theoretically assist physiologic closure of the 
dead space; however,    the literature is mixed 
regarding the effi cacy of these methods and there 
is no clear evidence to support the use of either 
regularly [ 37 ,  38 ]. 

 Despite the frequency of seroma formation, 
this low acuity complication has limited high- 
level research. Management is largely  directed   by 
small studies, case reports, and empiricism. 
Diagnosis occurs clinically or radiographically. 

  Fig. 20.2    Deep surgical site infection following opera-
tive debridement and several days of negative pressure 
wound therapy. Note the exposed onlay biologic mesh at 
the base of the wound       

 

E.M. Pauli and R.M. Juza



211

When sterile and asymptomatic, the majority can 
be observed for spontaneous, albeit potentially 
protracted resolution over the course of weeks to 
months. Intervention is indicated when the 
seroma becomes infected or symptomatic 
(Fig.  20.4 ). Although some advocate needle aspi-
rating these collections, this risks inoculating an 
otherwise sterile collection [ 39 ]. Evidence of an 
infected seroma includes localized and/or sys-
temic reactions. When treatment is required, per-
cutaneous closed suction drainage is the preferred 
method of management. Open drainage and neg-

ative pressure therapy are additional management 
strategies for infected seromas not amendable to 
or failing percutaneous drainage and targeted 
antibiotic therapy.

       Hematoma 
  Hematomas   following open ventral hernia repair 
are uncommonly reported, but can occur from 
several sources. Bleeding from named vessels 
(typically the epigastric vessels) generally occurs 
as a direct injury not recognized during retrorec-
tus dissection or during transfascial suture place-

  Fig. 20.3    Benign, asymptomatic seromas ( arrows ) ( a ) Seroma surrounding biologic mesh in the retrorectus space. 
( b ) Seroma within the subcutaneous dead space created following hernia reduction       

   Table 20.2    Seroma  rates   following open ventral hernia repair   

  n  =  Method of repair  Mesh location  Seroma (%) 

 Harth et al. [ 29 ]  22  Anterior component 
separation 

 Onlay  5 

 Albright et al. [ 30 ]  14  Anterior component 
separation 

 Onlay  36 

 Giurgius et al. [ 31 ]  15  Anterior component 
separation 

 Onlay  33 

 Fox et al. [ 32 ]  26  Anterior component 
separation 

 Onlay  0 

 Satterwhite et al. [ 33 ]  106  Anterior component 
separation 

 Onlay  18 

 Paajanen et al. [ 22 ]  84  Retrorectus  Sublay  9 

 Rosen et al. [ 34 ]  49  Retrorectus  Sublay  0 

 McLanahan [ 35 ]  104  Retrorectus  Sublay  1 

 Peterson et al. [ 28 ]     175  Retrorectus  Sublay  6 

 Iqbal [ 12 ]  254  Retrorectus  Sublay  4 
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ment. Component separation hernia repairs 
involve transection of myofascial barriers, and 
bleeding from cut edges of muscles can occur 
(Fig.  20.5a ). Subcutaneous bleeding can also 
occur into the space created by raising large lipo-
cutaneous fl aps during anterior component sepa-
ration (Fig.  20.5b ). Patients with bleeding 
diathesis, thrombocytopenia, or the need for early 
post-operative anticoagulation (e.g. mechanical 
valve patients) are at a higher risk for post- 
herniorraphy hematoma.

    Hematomas   are managed conservatively 
unless bleeding is ongoing or there is hemody-
namic instability. Correction of coagulopathy, 
withholding prophylactic anticoagulation, and 
pressure dressings may all have benefi t. 
Transfusion may be required for large hemato-
mas. Like seromas, the majority of hematomas 
can be observed for spontaneous resolution and 
should only  be   drained for clinically relevant 
symptoms or infection.  

    Wound Dehiscence 
  Wound dehiscence   involves separation of the skin 
edges in the absence of surgical site infection. 
Contributing factors include poor blood supply to 
the skin edges, poor suturing technique or damage 
to suture material, and radial tension on the wound 
edges due to tissue loss or body habitus. As with 

many other post-operative complications, wound 
dehiscence is poorly reported in the literature 
(Table  20.1 ). There is a clear spectrum of compli-
cation that can be classifi ed as wound dehiscence 
ranging from minor separation requiring no dedi-
cated therapy to complete wound disruption and 
mesh exposure (Fig.  20.6 ). Wound dehiscence is 
generally managed with local wound therapy 
including dressing changes. Mesh exposure from 
wound dehiscence may warrant mesh removal.

       Enterocutaneous Fistulae Formation 
  Enterocutaneous fi stula (ECF) formation   has been 
reported in cases of intraperitoneally placed pros-
thesis as a consequence of mesh eroding into bowel 
(Fig.  20.7 ) [ 40 ,  41 ]. By moving the mesh into the 
more protected onlay or sublay positions, entero-
cutaneous fi stula formation is a rare complication. 
Other causative factors in ECF formation include 
delayed leak from an enteroenterostomy performed 
during the course of the herniorraphy and underly-
ing patient disease (e.g. Crohn’s Disease). Many 
cases of fi stula formation reported in the literature 
have occurred in contaminated fi elds where fi stula 
or perforation was already present prior to repair 
[ 33 ,  41 – 43 ]. When an ECF develops, management 
is similar to other ECF in other post-operative set-
tings; sepsis must be controlled, nutrition aug-
mented parenterally (depending on fi stula output), 
and skin cared for aggressively. Extirpation of the 
mesh is essential to gain control of and excise the 
involved segment of bowel [ 41 – 43 ].

       Other SSOs: Erythema, Ischemia, 
Granulation Tissue 
 There are a variety of other minor wound-related 
issues that fall under the SSO umbrella including 
 wound erythema,    wound ischemia  , and  granula-
tion tissue formation  . Erythema may signal an 
early SSI or may be related to reactions to tape, 
suture material, or tension from an abdominal 
binder. No treatment strategies exist, but those 
potentially related to infection are generally 
treated with  empiric antibiotics  . Wound ischemia 
is not widely reported in the literature, and can 
take a variety of forms including wound edge 
ischemia leading to dehiscence (Table  20.1 , 
Fig.  20.6a ) or severe full thickness ischemia of a 

  Fig. 20.4    Infected subcutaneous seroma ( arrow ) with 
loculation, septation, and an air fl uid level       
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lipocutaneous fl ap (Fig.  20.1 ). Management 
depends on the degree of ischemia and any con-
cerns for an underlying SSI, but wound debride-
ment and dressing changes are typical  management 
strategies  . Granulation tissue can take a variety of 
forms from minor wound edge areas of non-heal-
ing, to suture sinus tracts (Fig.  20.8 ), to large open 
wounds with  chronic mesh infections   (Fig.  20.9 ). 
Granulation at wound edges can be  managed   with 
chemical cautery ablation. Granulation associated 

with suture sinuses is best treated with local 
exploration and suture removal.  La  rge areas of 
granulation tissue associated with mesh exposure 
are best managed by mesh excision.

         Pulmonary Complication 

 Pulmonary complications following abdominal 
wall reconstruction are a common and morbid 

  Fig. 20.5    Acute post-operative hematomas ( arrows ) ( a ) retroperitoneal hematoma following posterior component 
separation with transversus abdominis release. ( b ) Subcutaneous hematoma following retrorectus hernia repair       

  Fig. 20.6    Various degrees of wound dehiscence ( a ) 
Multiple areas of minor wound dehiscence following 
component separation hernia repair in a patient with com-
plex intersecting incisions. ( b ) Large area of wound dehis-

cence following primary (suture) hernia repair performed 
under tension. ( c ) Complete wound dehiscence and bio-
logic mesh exposure following a bridged repair in a patient 
with signifi cant wound tension due to morbid obesity       
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complication. Pneumonia, respiratory distress 
requiring upgrade in care, or intubation and pro-
longed ventilator dependence are considered 
serious complications of hernia repair. Such com-
plications are reported in as many as 15–20% of 
patients undergoing component separation hernia 
repairs [ 44 – 47 ]. Contributing factors to pulmo-
nary complications include chronic obstructive 
pulmonary disease, baseline dyspnea, prolonged 
operative time, and elevated intra- operative air-
way  pres  sures [ 44 – 47 ]. 

 Patients experiencing postoperative respira-
tory failure have longer hospital admissions 

(21.0 ± 18.5 vs. 5.9 ± 5.5 days,  p  < 0.001), a higher 
mortality rate (14.7% vs. 0.1%,  p  < 0.001), and an 
added cost of $60,933 per patient [ 45 ,  47 ]. 
Pulmonary complications are managed with 
aggressive pulmonary toilet, non-invasive venti-
lation, and endotracheal ventilator assistance as 
necessary. Rarely, tracheostomy is necessary 
after open hernia repair for prolonged ventilator- 
dependent respiratory failure. 

 Predictive models and  preven  tative strategies 
for pulmonary complications have been described 
[ 44 ,  45 ]. The greater the change in plateau airway 
pressure, the greater the risk of developing a 
respiratory complication with an odds ratio of 
8.67 for a change in plateau pressure ≥6 cm H 2 O 
and an odds ratio of 11.5 for a change in plateau 
pressure ≥9 cm H 2 O [ 44 ]. As such, the fi nding of 
an elevation in plateau pressure of >6 mmHg fol-
lowing open ventral hernia repair should prompt 
overnight ventilator support to permit normaliza-
tion of plateau pressure.  

    Ileus 

 Delay in the resumption of intestinal function, or 
 ileus  , is a normal physiologic response to open 
abdominal surgery. For hernia surgery, where 

  Fig. 20.7    ( a ) Enterocutaneous fi stula that developed 5 
years following a multiply recurrent incisional hernia 
repair. At exploration, the fi stula was associated with 

underlay mesh erosion into the jejunum that was noted on 
pre-operative CT scan ( b )       

  Fig. 20.8    Granulation tissue associated with permanent 
suture sinuses       
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there may be signifi cant bowel manipulation as 
well as a need for higher dose post-operative nar-
cotics, paralytic ileus is an anticipated part of the 
normal post-operative recovery that resolves 
spontaneously. Prolonged ileus may be clinically 
signifi cant, leading to abdominal pain, vomiting, 
a need for imaging studies (to differentiate from 
mechanical bowel obstruction or other post-oper-
ative complication such as a missed bowel 
injury), and results in patient dissatisfaction and a 
prolonged hospital stay. Ileus is more likely fol-
lowing open ventral hernia surgery than laparo-
scopic hernia repair and may relate to more 
signifi cant shifts in fl uids and electrolytes, greater 
degrees of bowel manipulation, and higher post-
operative narcotic use. 

 Ileus is managed conservatively with electrolyte 
replacement, nasogastric decompression, and 
patience. Imaging studies help differentiate ileus 
from small bowel obstruction (Fig.  20.10 ). Prolonged 
ileus may necessitate the institution of parenteral 
nutrition until full bowel recovery is made.

       Acute Kidney Injury 

  Acute kidney injury (AKI),   diagnosed as an 
increase in serum creatinine of ≥0.3 within 

48 hours or increase in serum creatinine to ≥1.5 
times baseline within 7 days, is an uncommon, but 
likely under-reported, complication of abdominal 
wall reconstruction [ 48 ]. Contributing factors to 
AKI include baseline chronic kidney disease, myo-
globinuria (from prolonged operative times and 
muscle trauma during hernia repair), dehydration 
and volume shifts associated with open surgery, 
nephrotoxic drugs administered in the peri-opera-
tive period. Despite this, complex abdominal wall 
reconstruction can be safely conducted even in 
patients at high risk for AKI [ 49 ]. AKI should be 
managed with supportive therapy including vol-
ume resuscitation, withdrawal of nephrotoxic 
drugs, and renal replacement therapy if indicated.  

    Intra- Abdominal   Hypertension 

 Heightened awareness of intra-abdominal hyper-
tension (intra-abdominal pressure ≥12 mmHg) 
and abdominal compartment syndrome (intra- 
abdominal pressure ≥20 mmHg) has led to grow-
ing attention to the severity of this clinical entity 
in the context of an acute abdomen from abdomi-
nal trauma, pancreatitis, or perforated viscus 
[ 50 – 53 ]. This entity is increasingly recognized as 
a common but transient occurrence following 

  Fig. 20.9    ( a ) Chronic non-healing midline wound resulting from exposure and infection of PTFE mesh that was 
removed in clinic ( b ) and in the operating room ( c )       
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complex open ventral hernia repair and its 
 contribution to the post-operative renal and pul-
monary complications noted above has been 
questioned [ 54 ]. Intra-abdominal hypertension 
should likely be viewed as a “permissive” conse-
quence of the procedure that resolves with con-
servative measures.  

    Mesh Complications 

    Mesh Infection 
 Mesh  infection   complicates as many as 8% of 
open ventral hernia repairs, a rate almost ten 
times higher than laparoscopic repairs [ 55 – 57 ]. 
There are clear differences between the rates of 
 mesh infections   between different methods of 
herniorraphy and between different locations for 
mesh placement (underlay vs. sublay vs. onlay). 
Albino et al. evaluated cases requiring mesh 
explantation when surgical site infection com-
plicated hernia repair and found signifi cant dif-
ferences between onlay mesh position (5%) and 
sublay (retrorectus) position (0.5%) [ 19 ]. This is 
attributable to  the   large lipocutaneous fl aps cre-
ated for onlay repairs which complicate bacterial 
clearance when mesh contacts the poorly 

 vascularized anterior fat layer (Fig.  20.2 ). 
Strengthening this argument, Petersen et al. 
evaluated the effect of placing mesh in a well 
vascularized space by comparing complete ver-
sus incomplete rectus sheath closure when the 
mesh was placed in the retrorectus plane. 
Incomplete closure resulted in direct mesh con-
tact with the lipocutaneous layer directly beneath 
the midline wound. They found a ninefold 
decrease (2% vs. 18%) in mesh infection when 
the anterior fascia could be closed over mesh 
placed in the retrorectus plane [ 28 ]. 

 Mesh type  also   contributes to the rate of 
infection with multifi lament, microporous, and 
heavy- weight meshes having higher associated 
rates of infection [ 58 ,  59 ]. Light-weight, macro-
porous, monofi lament meshes elicit a decreased 
foreign body reaction, permit improved bacte-
rial clearance and better integrate into tissue 
[ 60 – 67 ]. 

 Mesh infections present in a variety of ways: 
they can be acute or delayed following the repair; 
they may present with typical signs of systemic 
infection or with more subtle signs such as chronic 
pain or skin changes; they may be associated with 
a superfi cial or deep SSI; or they can occur inde-
pendent of these (Fig.  20.11 ) [ 68 ]. When a mesh-
related infection occurs, a synergistic medical and 
surgical approach of targeted antibiotic therapy 
and removal of the mesh is the traditional manage-
ment strategy [ 39 ]. This strategy has been modi-
fi ed in recent years, as monofi lament, macroporous 
mesh (polyester, polypropylene) may respond to 
antibiotics and drainage alone, whereas PTFE 
infection generally requires complete mesh 
removal (Figs.  20.9  and  20.12 ).

        Mesh Erosion 
 Mesh erosion into the GI tract is a well- 
documented and  likely   underreported late com-
plication of mesh placement (Fig.  20.7 ). 
Intra-peritoneal mesh (especially uncoated mesh) 
has been associated with erosion and the devel-
opment of late entero- or colo-cutaneous fi stulae 
(Fig.  20.13 ) [ 35 ,  40 ,  69 – 71 ]. Such fi stulae gener-
ally do not resolve with conservative measures as 
the mesh acts as a foreign body responsible for 
keeping the fi stulae open. Partial mesh resection 
is necessary when managing these fi stulae, but 

  Fig. 20.10    Ileus following parastomal hernia repair with 
posterior component separation and transversus abdomi-
nis release. Contrast administered via the catheter in the 
stoma (RUQ) traverses the length of the GI tract, fi lling 
multiple, dilated loops with no clear transition zone. This 
resolved spontaneously       
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complete excision of well incorporated mesh  is 
  not mandatory.

      Mesh Fracture 
 The  recognition   that light-weight, macroporous, 
monofi lament meshes generate improved tissue 
integration, improved bacterial clearance, 
decreased foreign body reaction, and cause less 
chronic pain has resulted in a migration away 
from the use of their heavy-weight counterparts. 
This migration, however, has led to an increasing 
recognition of central mesh failure (CMF) as a 
mechanism of  hernia recurrence   (Fig.  20.14 ). 

Initial reports of CMF occurred in cases of 
light- weight polypropylene use with incomplete 
closure of the anterior fascial layers [ 72 ]. 
Subsequently, Petro et al. reported a 19% recur-
rence rate due to CMF when mid-weight mono-
fi lament polyester mesh was placed in a sublay 
position with complete anterior fascial closure 
[ 73 ]. They emphasized cautious use of light- 
weight meshes, particularly when there is inade-
quate fascial closure to support the mesh.

   Mesh fracture has also been well documented 
with other devices, most notably the Kugel ven-
tral hernia mesh device which contained a periph-

  Fig. 20.11    Skin changes resulting from underlying mesh 
infections. ( a ) Cellulitis, skin ischemia from an acute deep 
surgical site, and polypropylene mesh infection. ( b ) 

Erythematous petechial, pruritic rash associated with 
smoldering PTFE infection       

  Fig. 20.12    Three-month healing process ( left  to  right ) of 
exposed, infected light-weight polyprolyene mesh follow-
ing parastomal hernia repair with component separation. 

Following initial washout, the mesh was permitted to 
granulate without the need for systemic antibiotics or 
mesh removal       
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eral memory ring composed of polyester held 
between layers of polypropylene. This device 
was recalled by the Food and Drug Administration 
in 2005, due to reports of ring fracture leading to 
bowel perforation and obstruction. The exact 
mechanism of polyester ring fracture has not 
been elucidated. 

 Mesh fracture typically presents as a hernia 
recurrence or a complication thereof (such as bowel 
obstruction) and should be managed as such.   

     Thromboembolic   Complications 

 There are few studies directly addressing the risk 
of venous thromboembolism (VTE) following 
open ventral hernia repair. The risk of VTE fol-
lowing an abdominal wall procedure is quoted at 

0.1–0.6%, but this data refl ects minor abdominal 
 wall   procedures [ 74 ]. Complex open abdominal 
wall reconstructions likely have a higher VTE rate 
of 0.8–1.7% associated with major general surgery 
[ 75 ]. With higher BMI being a major risk factor 
for hernia development and recurrence, one must 
also consider the higher risk classifi cation for VTE 
that is associated with obesity [ 76 ]. VTE preven-
tion, diagnosis, and treatment follow standard pro-
tocols and little special consideration needs to be 
given to the nature of the herniorraphy itself.  

     Iatrogenic Hernia Formation   

 As component separation herniorraphy has 
become increasingly utilized to address complex 
ventral hernias, there has been greater recognition 
of the risk of creating iatrogenic hernias with these 
types of repairs. While uncommon, such iatrogenic 
hernias can be diffi cult to address and require mas-
tery of a variety of hernia repair techniques. 

   Injury to the  Linea Semilunaris   
 Full thickness injury to the semilunar line can 
occur during anterior component separation with 

  Fig. 20.13    Endoscopic view of polypropylene mesh eroded 
into the colon following an open parastomal hernia repair       

  Fig. 20.14    Laparoscopic view of a recurrent incisional 
hernia as a consequence of central mesh failure (Photo 
courtesy of Dr. Yuri W. Novitsky, Case Western Reserve 
University)       

  Fig. 20.15    Lateral hernia resulting from a full thickness 
injury to the linea semilunaris during an anterior compo-
nent separation with external oblique release. The lateral 
musculature (Transversus Abdominis (T), Internal 
Oblique (I) and External Oblique (E)) have been discon-
nected from the rectus abdominis muscle (R)       
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external oblique release (Fig.  20.15 ) or during 
posterior component separation (Fig.  20.16 ) if 
care is not taken to respect correct myofascial 
boundaries. Such defects can span the entire 
length of the rectus muscle, from costal margin to 
inguinal ligament. Recent reports suggest that 
posterior component separation utilizing trans-
versus abdominis release can successfully 
address this type of iatrogenic hernia [ 77 ].

       Posterior Layer Defects 
 Failure to adequately recreate a closed visceral 
sac during any of the  posterior component sepa-
ration herniorraphies   can result in defects that 
permit bowel to herniate between this layer and 
the mesh layer (Fig.  20.17 ). Such intra-parietal 
hernias can present acutely as an early small 

bowel obstruction requiring surgical re- 
intervention. A high index of suspicion must be 
maintained to correctly diagnose this complica-
tion. Fortunately, laparoscopy can often be used 
to reduce the bowel and to reinforce the posterior 
layer defect with mesh.    This avoids midline 
wound re-exploration, anterior fascial opening, 
and mesh transection or removal.
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          Introduction 

  Ventral herniorrhaphies   are among the most com-
monly performed operations by general surgeons 
throughout the world. Incisional hernias, with a 
reported incidence of up to 20%, have become an 
increasing problem due to the increasing number 
of laparotomies performed. In the United States, 
approximately 175,000 ventral abdominal her-
nias are repaired each year. Surgical approaches 
to ventral herniorrhaphy have been a subject of 
research and technical modifi cations for many 
years. Although the routine use of prosthetic 
reinforcement for the repair of herniations in 
adults has been contested, existing evidence 
strongly supports tension-free hernia repairs in 
most patients [ 1 ,  2 ]. With the development and 
popularization of  tension-free repairs   using pros-
thetic meshes, the recurrence rates are typically 
less than 20% [ 1 ,  2 ]. 

  Large abdominal incisions   and  wide tissue 
dissection   with the creation of large fl aps are 

needed for open placement of adequately sized 
mesh [ 3 ]; however, this dissection may result in 
high incidence of postoperative morbidity and 
wound complications. Not surprisingly, with the 
advent of minimally invasive surgery, the use of 
laparoscopy for ventral hernia repairs has become 
standard [ 4 – 7 ]. The mesh is placed as an intra- 
peritoneal underlay with wide coverage of the 
hernia defect. Avoidance of large incisions has 
substantially reduced wound complications [ 4 , 
 6 ]. Overall, the clinical benefi ts of laparoscopic 
ventral hernia repair (LVHR) include a faster 
convalescence, fewer complications and, impor-
tantly, a low recurrence rate [ 4 – 7 ]. Additionally, 
the laparoscopic approach can be employed for 
the management of more complex hernia loca-
tions, such as suprapubic ventral hernias. In this 
chapter, we will discuss the technical aspects of 
the traditional laparoscopic repairs and address 
potential pitfalls and contraindications.  

    Preoperative preparation 
and patient selection 

 The workup of a ventral hernia patient includes a 
thorough history and physical examinations. It is 
important to obtain all old operative reports. All 
pertinent comorbidities, including smoking, 
diabetes, and obesity, must be optimized. Bowel 
preparation is not given. Abdominal imaging 
(with Ultrasound or CT scan) is essentially uniform 
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except for small defects. Information gleaned 
from abdominal imaging may not only allow to 
delineate the defect(s), but may also affect a 
given patient’s suitability for a laparoscopic 
repair. In our practice, relative contraindications 
to a laparoscopic approach include hernias wider 
than 8–10 cm, signifi cant overlying skin changes, 
previous intra-peritoneal mesh, as well as repairs 
in clean-contaminated or contaminated settings.  

    Techniques of Laparoscopic VHR 

 After general anesthesia is induced, the patient is 
positioned supine with the arms adducted and 
“tucked” at the sides (Fig.  21.1 ). This allows for 
adequate space for both primary surgeon and an 
assistant on the same side of the patient. We use 
two monitors placed on each side of the patient. 
In most cases, the bladder and stomach are 
decompressed with catheters. An antibiotic, usu-
ally a  fi rst-generation cephalosporin  , is given 
prophylactically before the incision was made 
and repeated if the operation lasts longer than 
4 hours. We routinely use an Ioban™ drape (3M 
Company, St. Paul, MN) to minimize mesh con-
tact with the patient skin. Laparoscopic hernia 
repair is performed by using a 30° angled laparo-

scope, 5-mm bowel graspers, scissors, and clip 
appliers.

   Safe access to the  peritoneal cavity   is a key 
fi rst step in LVHR. The access is gained using 
either a cut-down technique, an optical trocar, or 
a Veress needle. Regardless of the method cho-
sen, access to the abdominal cavity must be per-
formed away from any previous incisions. A 
window of access is usually present, even in the 
multiply operated abdomen, at the costal margin 
between the mid-clavicular or anterior axillary 
lines. We prefer an optical trocar technique in the 
left upper quadrant just off the rib. Once access is 
established, it is imperative to confi rm that no 
inadvertent injuries to the abdominal organs or 
vessels occurred. Any uncertainties must be fol-
lowed by a laparoscopic exploration. One should 
have a very low threshold to convert to open if the 
safety of the initial access cannot be confi rmed. 

 After  pneumoperitoneum   is established, we 
typically place an additional 5-mm trocar under 
direct vision laterally along the anterior-to-mid- 
axillary line. If adhesions are extensive, a third 
5-mm trocar is placed to allow for two working 
ports and a camera on the same side. Furthermore, 
two additional 5-mm trocars are placed on the 
contralateral side to facilitate intra-abdominal 
mesh introduction and fi xation. This strategy 
involves utilization of fi ve 5-mm trocars 
(Fig.  21.2 ). For smaller defects, the number of the 
access ports could be reduced. However, fewer 
working ports result in poor triangulation, reduced 
effi ciency, and diffi culties with mesh positioning 
and tacking. Given a very low morbidity and scar-
ring associated with a 5-mm port, additional 
access sites are well worth it. We strongly advise 
to have at least two trocars on each side of the 
abdomen for most, if not all, cases.

   Following  trocar placement  , adhesiolysis is 
performed sharply with limited use of electrosur-
gery or ultrasonic coagulators. This is another 
critical step for a safe LVHR. Inadvertent and 
unrecognized bowel injuries can cause signifi -
cant morbidity and even mortality. Missed enter-
otomy during LVHR remains the most common 
reason for malpractice litigation. Reduction of 
the hernia contents is performed using blunt 
graspers and sharp dissection from the inside and 

  Fig. 21.1    Patient positioning. The arms should be 
“tucked” to allow for operating surgeon and assistant to 
stand on the same side and minimize potential interfer-
ence of the outstretched arms with instrument handles       
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is facilitated by manual compression from the 
outside. The hernia sac is usually left in situ. 

 Once the  adhesiolysis   is completed, the her-
nia defect is measured to determine an appropri-
ate size of a prosthetic mesh. The borders of the 
defect are delineated with a combination of lapa-
roscopic vision and external palpation. The 
edges of the defect are marked externally. We 
utilize trans-abdominal spinal needles to obtain 
precise dimensions of the hernia defect 
(Fig.  21.3 ). This maneuver is especially impor-
tant in obese patients with large defects as the 
externally measured defect size can be dramati-
cally overestimated. A ruler is placed through a 
5-mm port, and the dimensions of the hernia 
defect are measured directly. Additionally, defect 
closure could be performed and is addressed in 
detail in Chapter   22    .

   The mesh is then tailored to overlap all mar-
gins of the hernia by at least 5 cm. Our general 
rule of thumb is to obtain overlap of 25–30% of 
the defects size on each side. Once the mesh is 
cut to the desirable size, four size-0 permanent 
monofi lament or ePTFE sutures are placed at the 
mid-point of each side of the mesh. Points of 
reference on the mesh and corresponding points 

on the abdominal wall are marked to aid in 
orienting the mesh after its introduction into the 
abdomen. The mesh is rolled up and pushed or 
pulled into the abdomen through an additional 12 
or 15-mm trocar. This port is placed near the her-
nia defect so that the mesh covers the site, negat-
ing the need for fascial closure and minimizing 
the risks of trocar-site hernia (Fig.  21.4 ). 
Alternatively, (and less desirable in our opinion), 
any of the lateral trocars could be up-sized to 
allow for mesh introduction.

   The mesh is rolled from both edges to facili-
tate the unfolding step. If the defect size requires 
a very large prosthetic, it is usually introduced in 
the abdominal cavity by pulling with the grasper 
passed through the  contralateral trocar   
(Fig.  21.5 ). It is important to maintain the appro-
priate mesh orientation during the insertion and 
unfolding of the mesh. Modern positioning 
devices have signifi cantly facilitated this step, 
allowing for rapid and accurate mesh placement. 
After the mesh is oriented intra-corporeally, the 
sutures are pulled through the abdominal wall 
with a suture passer (Fig.  21.6 ). Adequate mesh/
defect overlap is once again confi rmed using spi-
nal needles, similarly to that described above. 

5 mm

5 mm

5 mm

5 mm

5 mm

  Fig. 21.2    Typical trocar strategy 
for our standard laparoscopic 
ventral hernia repair       
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The top or  bottom suture is pulled fi rst. We rec-
ommend beginning with the point closest to the 
bony margin (xiphoid, pubis, iliac crest, costal 
margin, etc.). We subsequently pull the suture 
that is opposite to the fi rst one. Once suffi cient 
overlap is confi rmed, we tie both sutures with the 
knots buried in the subcutaneous tissues. The 
other two lateral sutures are then pulled trans- 
abdominally and tied ensuring that the overlap is 
suffi cient. We recommend starting with the lat-
eral stitch ipsilateral to the camera (#3 in 
Fig.  21.6 ). To facilitate this step, we move the 

camera to the superior-most trocar. We routinely 
reduce pneumoperitoneum to 7–8 mmHg to 
ensure the mesh is taut and doesn’t wrinkle after 
desufl ation. Once again, having at least two tro-
cars on each side of the abdomen allows for easy 
and precise mesh positioning. After correct posi-
tioning is confi rmed, the fourth stitch is pulled 
through and all stitches are tied.

    The perimeter of the mesh is then attached to 
the peritoneum with tacks, at approximately 1 cm 
intervals to prevent intestinal herniation. Placing 
the tacks is facilitated by the external manual 

  Fig. 21.3    Intra-corporeal (direct) 
measurement of a hernia defect. 
Spinal needles allow for more 
precise identifi cation of the edges 
of the defect. Additional spinal 
needles may be used for defects 
larger than the length of a ruler       

5 mm

5 mm

5 mm

12 mm

5 mm

5 mm

  Fig. 21.4    Instead of enlarging a 5-mm 
lateral port, the additional 12-mm port, 
used for mesh introduction, is placed 
close to the edge of the hernia to allow 
for subsequent mesh coverage of the 
trocar site       
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  Fig. 21.5    The mesh could be introduced by “pulling” it in to the abdomen through a trocar       

  Fig. 21.6    Mesh fi xation. Inferior and superior sutures are pulled fi rst, followed by the lateral sutures       
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 palpation of the tacker’s tip (Fig.  21.7 ). Tactile 
feedback is particularly important for tacking the 
mesh in the lower abdomen to ensure that the 
tacks are placed superiorly to the inguinal 
 ligament. Similarly, for upper abdominal hernias, 
manual counter palpation is paramount to ensure 
that the tacks are placed below the costal margin. 
Failure to do so may lead to pulmonary and peri-
cardial injuries. If the mesh extends cephalad to 
the costal margin and xiphoid process, that por-
tion of the mesh should not be tacked and should 
be affi xed to the peritoneum with sutures or glue.

   Although some investigators have advocated a 
“double-crown” technique of mesh fi xation, we 
strongly believe additional  suture fi xation   is criti-
cal to ensure the long-term durability of the 
repair. Additional full-thickness stitches are 
placed circumferentially every 5–8 cm by using 
the suture passer (Fig.  21.8 ). This trans- 
abdominal fi xation is crucial to ensure that the 
mesh will not be displaced over time. The knots 
are tied in the subcutaneous tissues. The skin is 
released to avoid dimpling.

       Postoperative  Ca  re 

 While some patients may be suited for LVHR on 
an outpatient basis, most patients with moderate 
defects require at least a 1–2 day hospitalization. 

This is done to ensure adequate pain control and 
resolution of ileus. Factors infl uencing longer 
recovery include extensive adhesiolysis, large 
incarcerated defects, and multiple trans- 
abdominal sutures. We advocate a clear or soft 
diet for the fi rst 3–5 days following the repair to 
provide for adequate return of normal bowel 
function. The abdominal binders are encouraged, 
especially in the fi rst 2 weeks. Activities are not 
restricted and are guided by patients’ discomfort.  

    Complications and Outcomes 

 While LVHR has its benefi ts with relation to 
wound morbidity compared to open techniques, 
it is not without potential complications. In gen-
eral, these complications can be categorized into 
intra-operative, postoperative, and long-term. 
Some complications are associated with laparos-
copy and some with ventral hernia repair; the fol-
lowing discussion focuses on complications that 
are somewhat unique to LVHR. 

 Wound and mesh infections are known  com-
plications   of any hernia repair. Many investigators 
have shown that laparoscopy is associated with an 
extremely low rate of wound infections and very 
rare mesh infections [ 5 – 7 ]. Modern meshes with-
out an ePTFE component have reduced infectious 
complications of LVHR even further. However, 

  Fig. 21.7    Placement of tack is done circumferentially 
along the whole length of the mesh to avoid bowel incar-
ceration. External palpation of the abdominal wall facili-

tates placement of the tacks and helps to avoid tacking the 
mesh below the inguinal ligament and above costal 
margins       
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any persistent cellulitis and/or persistent fl uid col-
lection around the  intra- peritoneal mesh should be 
a point of concern for acute or chronic prosthetic 
infection, especially if ePTFE-based mesh was 
used. Open exploration, mesh removal, primary 
hernia repair, and delayed formal reconstruction 
are the best and safest ways to approach infected 
mesh after LVHR. 

 Intra-operative complications such as bleeding 
or injury to surrounding intra-abdominal structures 
are rare. Nonetheless, an enterotomy or missed 
enterotomy  will   signifi cantly impact the outcome 
of surgery. An enterotomy identifi ed during surgery 
with spillage of enteric content within the abdomen 
should cause the surgeon to re-evaluate the opera-
tive plan. The enterotomy can be repaired laparo-
scopically if it is well visualized and ports are 
optimally placed. If there is any question about the 
integrity of laparoscopic repair of the enterotomy, 
conversion to a laparotomy is mandatory. With 
gross spillage of enteric content, a formal hernia 
repair should be delayed. Missed enterotomy or a 
delayed bowel injury from electrocautery resulting 
in intra- abdominal sepsis and mesh infection would 
require laparotomy, repair of the bowel injury, and 
complete excision of the mesh. Failure to com-
pletely remove the mesh would almost certainly 
lead to persistent intra-abdominal infection. 

  Seroma formation   is one of the most common 
complications after LVHR [ 6 ]. Failure to obliter-
ate the potential space within the hernia sac fre-
quently leads to fl uid accumulation in the hernia 
sac. The seroma may present as a bulge which 
patients may commonly perceive as a hernia 
recurrence. Careful physical exam should easily 

differentiate between the two. If the diagnosis is 
in question, ultrasound or CT scan  evaluation   can 
be used to differentiate between diagnoses. 
Management of a seroma should follow a conser-
vative pathway as it will typically resolve with-
out intervention. For persistent seromas, sterile 
aspiration can be performed in the offi ce. 
However, fl uid may re-accumulate in the poten-
tial space after aspiration necessitating additional 
aspirations. It is important to realize that any 
aspiration and subsequent aspirations put a 
patient at risk for converting a sterile seroma into 
an abscess. Closing the defect during LVHR with 
the “shoelace” technique (Chapter   22    ) can sig-
nifi cantly reduce or even eliminate the risk of 
seroma formation. 

 In the early postoperative period, patients may 
complain of pain at the trans-abdominal suture 
sites. Conservative management with NSAIDs 
may resolve the patient’s pain; however, persis-
tent pain may require injection with local anes-
thetics. The use of slowly absorbable sutures for 
mesh fi xation could be associated with reduced 
postoperative pain, but that has not been proven 
in prospective trials. While the use of absorbable 
tacks has been proposed to reduce chronic pain, 
their utilization has been shown to have no effect 
on postoperative pain. 

 Arguably, the most important complication 
from an LVHR is a  hernia recurrence  , as this is 
the primary outcome measure of long-term suc-
cess of the surgery. Recurrence rates in the litera-
ture vary from 2 to 20% with the largest series 
demonstrating recurrence rates around 5% [ 6 ,  7 ]. 
Long-term, the best chance for a successful 

  Fig. 21.8    Trans-abdominal suture 
fi xation of the mesh       
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LVHR without recurrence, in our opinion, is to 
maximize coverage of the hernia defect and 
securely fi xate the mesh to the abdominal wall 
with both tacks and trans-abdominal sutures.  

    Conclusion 

 LVHR is associated with  decreased perioperative 
pain  ,  reduced hospital stay  , and faster recovery. 
 Minimal wound morbidity  , however, appears to 
be its biggest advantage over most open repairs. 
Overall, numerous studies demonstrate that lapa-
roscopic ventral hernia repair is an effective and 
safe approach to the abdominal wall hernia. It can 
be performed in complex surgical patients with a 
low rate of conversion to open surgery, a short 
hospital stay, and a low risk of recurrence. Modern 
modifi cations with mesh- positioning devices and 
laparoscopic defect closure have further advanced 
the results of LVHR. Appropriate patient selec-
tion, safe abdominal access, adhesiolysis, precise 
mesh positioning, and fi xation are key factors that 
ensure a safe and effective laparoscopic repair of 
most ventral defects.     

   References 

     1.    Burger JW, Luijendijk RW, Hop WC, Halm JA, 
Verdaasdonk EG, Jeekel J. Long-term follow-up of a 
randomized controlled trial of suture versus mesh 
repair of incisional hernia. Ann Surg. 2004;240
(4):578–83.  

     2.    Luijendijk RW, Hop WC, van den Tol MP, et al. A 
comparison of suture repair with mesh repair for inci-
sional hernia. N Engl J Med. 2000;343(6):392–8.  

    3.    Stoppa RE. The treatment of complicated groin and 
incisional hernias. World J Surg. 1989;13(5):
545–54.  

      4.    DeMaria EJ, Moss JM, Sugerman HJ. Laparoscopic 
intraperitoneal polytetrafl uoroethylene (PTFE) pros-
thetic patch repair of ventral hernia. Prospective com-
parison to open prefascial polypropylene mesh repair. 
Surg Endosc. 2000;14(4):326–9.  

    5.    Carbajo MA, Martin del Olmo JC, Blanco JI, et al. 
Laparoscopic treatment vs open surgery in the 
solution of major incisional and abdominal wall 
hernias with mesh. Surg Endosc. 1999;
13(3):250–2.  

      6.    Heniford BT, Park A, Ramshaw BJ, Voeller 
G. Laparoscopic repair of ventral hernias: nine years’ 
experience with 850 consecutive hernias. Ann Surg. 
2003;238(3):391–9.  

       7.    Novitsky YW, Cobb WS, Kercher KW, Matthews BD, 
Sing RF, Heniford BT. Laparoscopic ventral hernia 
repair in obese patients: a new standard of care. Arch 
Surg. 2006;141(1):57–61.      

D.M. Krpata and Y.W. Novitsky



231© Springer International Publishing Switzerland 2016 
Y.W. Novitsky (ed.), Hernia Surgery, DOI 10.1007/978-3-319-27470-6_22

      Laparoscopic Ventral Hernia 
Repair with Defect Closure                     

     Sean     B.     Orenstein       and     Yuri     W.     Novitsky     

           Introduction 

 Both open and laparoscopic techniques are effi ca-
cious for repairing a variety of ventral defects; how-
ever, laparoscopic ventral hernia repair (LVHR) 
offers the advantages of reduced wound morbidity 
including infection, quicker return of bowel func-
tion, reduced length of stay, and improved cosmesis 
[ 1 – 6 ]. While restoration of the abdominal wall by 
reapproximating the midline is thought to be a 
mainstay of open VHR, this philosophy has not 
become standard practice for laparoscopic repairs. 
Instead, LVHR commonly results in mesh placed as 
an underlay, essentially bridging one or multiple 
defects. In an effort to provide a more durable repair, 
laparoscopic defect closure was introduced to create 
a more functional repair by combining primary 
fascial closure with mesh reinforcement (as with 
open repairs), while still preserving the benefi ts of 
minimally invasive surgery.  

    Abdominal Wall  Mechanic  s 

 While bridging may be successful for some 
repairs, it is not uncommon to see postoperative 
CT images demonstrating a mesh-lined hernia 
sac. One way to reduce mesh “eventration” from 
occurring is to ensure adequate mesh fi xation 
with multiple trans-abdominal sutures. Still, even 
with wide mesh overlap and suture fi xation, the 
Law of LaPlace ( T  =  P  ×  R / W ) dictates that there 
will be increased tension on the mesh directly 
underneath unclosed defect(s) [ 7 – 10 ] (Fig.  22.1 ). 
While the Law of LaPlace and Pascal’s Principle 
(pressure equalization within a closed vessel) are 
advantageous for hernia repairs utilizing under-
lay and sublay mesh placement by keeping the 
mesh pressed up against the abdominal wall or 
preperitoneal inguinal sites, this negatively 
affects sites directly under hernia defects. The 
only way to equalize the tension on the abdomi-
nal wall is to close the areas with greater radius, 
that is, the hernia defects. This concept may be 
more important now given the severe rise in obe-
sity, with ultimate ramifi cations for 
LVHR. Increased abdominal girth and intra- 
abdominal mass may lead to increased intra- 
abdominal pressure. Abdominal wall thickness 
affects tension, with a thinner-walled region 
above the hernia defect resulting in increased ten-
sion at that site. Additionally, differing abdomi-
nal wall thickness adjacent to hernia defects may 
lead to shear stress transmitted to the mesh as a 
result of abrupt tension changes within the vicin-
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ity of defects. Thus, the increased width (radius), 
wall thickness, and pressure will bode unfavor-
ably at sites of abdominal wall defects, possibly 
leading to worse outcomes following traditional 
LVHR with bridging as our population continues 
to increase in size.

       Concept of  Defect Closure   

    Functional, Dynamic Repair 

 Restoring a patient’s displaced musculature and 
fasciae to near-native anatomy to improve func-
tionality are important goals for most  abdominal   
wall reconstructions (AWR).    One of the key fac-
ets of AWR is medialization of the rectus abdom-
inis muscles by restoring the linea alba, the 
major insertion point of abdominal wall muscu-
lature [ 11 ,  12 ]. By restoring to near-native anat-
omy, a more functional and dynamic abdominal 
wall is likely to be created. While this is rou-
tinely discussed for open repairs, there is limited 
conversation for laparoscopic repairs. If it makes 
sense to restore the abdominal wall to a more 
native and functional level in open repairs, then 
why not use the same philosophy for laparo-
scopic repairs? Instead, traditional LVHR solely 

relies on the support of a bridged defect with 
mesh prosthetic, which may be detrimental to 
the patient. Mesh bridging may result in regions 
of friction and shear force at the edges of the 
defect with excessive pressure centrally, leading 
to mesh instability, stretching of the sutures 
causing increased postoperative pain, as well as 
bulging [ 13 ]. Additionally, without direct con-
tact between the anterior abdominal wall and the 
mesh, there can be no ingrowth at sites of hernia 
defects. Closing the defect not only leads to 
equalization of pressure and tension along the 
mesh and abdominal wall but also allows com-
plete incorporation of the mesh prosthetic for a 
more durable repair. 

 Laparoscopic defect closure combines the ten-
ants of primary fascial closure along with pros-
thetic mesh reinforcement. Primary closure alone 
for open hernia repairs carries a very high recur-
rence rate, with recurrences seen in 18–63% of 
repairs in the long term. The use of mesh has 
markedly reduced recurrence rates down to 
2–32% [ 14 – 18 ], thus making mesh reinforce-
ment a necessary component of successful 
repairs. However, even with mesh placement and 
routine trans-abdominal fi xation, signifi cant ten-
sion may still exist along the primary fascial clo-
sure site. As discussed in our initial experience 

Wall thickness (W) Radius (R)

Wall tension (T)

Internal pressure (P)

  Fig. 22.1    Law of LaPlace. A simplifi ed equation for 
LaPlace’s Law is  T  =  P  ×  R / W , whereby  T  is the tension 
exerted on the abdominal wall;  P  is the intra-abdominal 

pressure, which, according to Pascal’s principle, is equal 
throughout the abdominal cylinder or sphere;  R  is the 
radius;  W  is the wall thickness       
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with defect “shoelacing,” because of the increased 
tension on the fascial closure, additional trans-
abdominal sutures are placed to off-load some of 
that tension [ 19 ]. By placing interrupted buttress-
ing sutures on either side of the shoelace closure, 
tension is transferred from the shoelace repair to 
the mesh itself. Of note, while some surgeons 
argue for double-crown tacking as the sole source 
of fi xation during LVHR, this certainly would not 
apply to laparoscopic defect closure, as trans- 
abdominal fi xation remains an essential  compo-
nent   for defect closure repairs.  

    Patient  Selectio  n 

 Among other factors such as comorbidities, her-
nia grade and wound class, the size, quality, and 
location of the defect greatly determine whether 
laparoscopic repair with or without shoelace clo-
sure is feasible. In general, if the defect is too 
large or complex for shoelace repair, then other 
means of repair, including traditional (non- 
shoelace) LVHR or open repair, should be 
strongly considered. While there is no strict cut-
off for width of defect able to be closed, we rou-
tinely close defects up to 6 cm in width and 
selectively for defects 6–8 cm. Large or multiple 
“Swiss-cheese” type of defects or those with 
poor skin/tissue integrity should be considered 
for open repair or traditional LVHR without 
defect closure. 

 Hernia location is another determination for 
defect closure. Flank hernias may be amenable to 
defect closure; however, care must be taken to 
secure the mesh appropriately with adequate 
overlap which may require bone anchors for 
secure fi xation. Parastomal hernias can be 
repaired utilizing a Sugarbaker technique, using 
defect closure as an adjunct with LVHR. In this 
setting, the defect size is reduced enough to allow 
adequate room for bowel prior to placement of 
mesh. On the other hand, subxiphoid defects are 
often not amenable to defect closure due to their 
proximity to the costal margin, resulting in an 
inability to adequately reapproximate the fascial 
edges as well as risk of injury to subcostal neuro-
vascular structures.   

    Advantages and Drawbacks 

    Smaller  Mes  h 

 A frequent question of hernia defect closure is 
“Do you implant a mesh sized for the original 
defect or the newly closed defect?” While the 
vertical dimensions of the mesh will be same, 
shoelace closure does allow for somewhat 
smaller width meshes to be placed. A generous 
overlap of at least a 5 cm is still recommended; 
therefore defect closure still requires at least a 
10 cm wide mesh. For example, a 5 cm wide 
defect may be repaired using a 10–12 cm wide 
mesh following defect closure instead of 15 cm 
or larger mesh. Less foreign body theoretically 
reduces fi brotic reactions and ensuing scar plate 
formation on the lateral abdominal wall, thus 
improving patients’ symptoms and mobility. 
While it is unclear what the true clinical signifi -
cance in the long term is as there is limited  rigor-
ous   data thus far, we strive to use only what is 
necessary when it comes to implanted foreign 
bodies.  

    Recurrence 

 The benefi t of reduced recurrence rate has not 
been completely elucidated due to the lack of any 
randomized trials and only a  small   number of 
comparative studies; however, recent data is 
encouraging. In their review paper of the 11 stud-
ies involving LVHR with defect closure, Nguyen 
et al. describe recurrence rates of 0–7.7% [ 20 ]. 
Three of those studies retrospectively compared 
closure vs nonclosure and discovered signifi cant 
reductions in recurrence rates, with recurrence 
rates of 0–5.7% for defect closure, compared to a 
range of 4.8–16.7% for traditional bridged LVHR 
[ 21 – 23 ].  

    Dead Space Elimination 

 Additional benefi ts of laparoscopic defect clo-
sure are based on obliteration of the dead space 
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that is typically present in traditional bridged 
LVHRs. Reduction of the dead space results in 
decreased seromas and the potential infectious 
complications of seromas.    We previously 
described our cohort of 47 patients that under-
went laparoscopic shoelace closure, none of 
whom returned with seroma or hernia recurrence 
[ 19 ]. Likewise, all other studies, with the excep-
tion of one, demonstrate low seroma rates, rang-
ing from 0 to 11.4% [ 20 ]. However, one study 
demonstrated increased seroma formation fol-
lowing defect closure when compared to nonclo-
sure of the defect (11 vs. 4%) [ 23 ]. While it is 
unclear what the cause of this outlier value is, 
this study utilized braided suture for defect clo-
sure, as opposed to monofi lament. Comparatively, 
LVHR without defect closure results  in   seroma 
rates of up to 32% though many are not clini-
cally signifi cant [ 20 ,  24 ]. 

 Additionally, if wound infections should arise 
requiring wound opening or if the skin dehisces, 
defect closure provides an additional barrier of 
tissue above the mesh, thus limiting mesh expo-
sure and possible contamination or infection. 
Finally, shoelace defect closure may offer a cos-
metic advantage in the long term. While initial 
postoperative wounds tend to demonstrate 
bunched up tissue under the skin, the lax tissues 
anterior to the defect tend to tighten up as myofi -
broblast contraction takes place, resulting in a 
reduction in subjective bulging and a more cos-
metically appealing repair.   

    Laparoscopic Shoelace Closure 
Technique 

•       Setup   : Laparoscopic defect closure employs a 
combination of primary fascial closure of the 
hernia sites along with mesh prosthetic place-
ment for reinforcement. The case is initiated 
using standard LVHR technique, as discussed 
in Chapter   21    . Positioning the patient supine 
with arms tucked aids in adhesiolysis and 
tacking from various angles around the 
patient. Nasogastric tubes are typically 
reserved only for incarcerated bowel or proce-
dures requiring extensive lysis of adhesions. 

For suprapubic or low midline defects, we 
typically place a 3-way Foley catheter preop-
eratively for instillation of saline to assist in 
bladder identifi cation.  

•     Access : Access   is typically achieved using 
optical trocar entry via left upper subcostal 
entry. 5-mm accessory trocars are placed 
under direct visualization, with eventual bilat-
eral trocar placement after suffi cient adhe-
siolysis. Eventually, a 12- or 15-mm trocar 
will need to be placed for mesh insertion. We 
typically place this trocar as close to midline 
as possible without going directly through the 
hernia sac. This allows for subsequent mesh 
coverage of the port site, thus reducing the 
chance of a trocar site hernia.  

•    Shoelacing Supplies: 
 –    #11-blade scalpel  
 –   Spinal needles  
 –   Marking pen and ruler  
 –   Suture passer (e.g., Carter-Thomason, 

Cooper Surgical, Inc., Trumbull, CT, 
USA)–Disposable device recommended as 
reusable devices tend to have dull tips over 
time, and multiple passes are necessary.  

 –   Suture: Multiple #1 permanent monofi la-
ment sutures (e.g., Prolene) with needles 
cut off.  

 –   Hemostats  
 –   Laparoscopic grasper (e.g., Maryland 

dissector)     
•    Shoelacing Technique : (Fig.  22.2 )
 –     An external vertical line is drawn on the skin 

through the central portion of the defect(s). 
Using spinal needles, the superior and inferior 
edges are identifi ed and marked. Sites for 
fi gure- of-eight sutures are marked approxi-
mately every 3 cm on the vertical line.  

 –   Prepare each #1 Prolene suture by cutting the 
needle off, placing a hemostat on one end to 
prevent pull-through, and grasping the other 
end with the suture passer.  

 –   Starting at one end, a stab incision is made 
with the #11 blade. Under direct visualization, 
using the suture passer, the fi rst #1 Prolene 
suture is passed through the stab incision cen-
trally, then advanced through one fascial 
edge approximately 1 cm from the edge. 
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A  Maryland dissector is used to grasp the 
suture from the suture passer.  

 –   Using the same  stab incision  , advance the 
suture passer through the contralateral fascial 
edge, passing the suture from the Maryland 
dissector to the suture passer. Withdraw it 
externally leaving the suture within the suture 
passer so that it is ready for the next pass.  

 –   Again, using the same stab incision, advance 
the suture passer with suture into the ipsilat-
eral fascial edge, advancing approximately 
1 cm along the midline. After passing the 
suture to the Maryland dissector, replace the 
suture passer in the contralateral fascia, grasp-
ing the suture and withdrawing it externally. 
Grasp both ends of the suture with the pre- 

placed hemostat, thus completing placement 
of one fi gure-of-eight suture. Sutures will be 
tied after all have been placed.
    Tip : Instead of advancing the suture passer/

suture through the skin and fascia in one 
motion, advance it in two steps. Initially, 
pass the suture passer/suture through the 
skin centrally vertically through the hernia 
sac, down in the abdominal cavity without 
incorporating any fascia. Then, back the 
suture passer tip up into the hernia cavity 
before entering the fascial edge. This helps 
limit oblique passing of the suture through 
the sack and puckering the skin.     

 –   Continue placing additional fi gure-of-eight 
sutures along the length of the pre-marked line 

  Fig. 22.2    Shoelace closure technique (Please see text for details regarding steps)       
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every 3 cm in an identical manner. Take care 
to avoid locking subsequent sutures on previ-
ously placed fi gure-of-eights. Gentle outward 
traction of previously placed sutures may help 
by reducing excess suture within the hernia 
cavity.  

 –    Hernia defect closure   proceeds after place-
ment of all fi gure-of-eight sutures. In order to 
facilitate defect closure, ensure the patient has 
received adequate paralysis prior to tying 
sutures down. To reduce tension on the central 
aspect, knots are tied sequentially, starting at 
the superior and inferior ends and advancing 
centrally. Knots are buried in the subcutane-
ous tissue; after cutting the suture tails, the 
skin/dermis is released with the tip of a hemo-
stat or with tooth graspers to prevent dermal 
and skin puckering (see Fig.  22.3 ).

     Tip :  Pneumoperitoneum   should be released to 
reduce tension on the abdominal wall and 
facilitate closure. However, bowel or omen-
tum can entrap itself within your closure, 
causing visceral injury. One method of pre-
venting this is to maintain a very low pneumo-
peritoneum (e.g., 3–5 mmHg), and tie each 
knot down under direct laparoscopic 
visualization.        

•     Mesh Placement   : Defect closure allows place-
ment of smaller meshes, though at least a 5 cm 

overlap is still recommended. For mesh inser-
tion, the 12- or 15-mm trocar should be placed 
close to midline without disrupting the closed 
defect. The central location allows adequate 
mesh overlap of the large trocar site, thus pre-
venting trocar site herniation. Using the suture 
passer, the site is closed in a simple or fi gure- 
of- eight fashion with #1 resorbable monofi la-
ment suture (PDS or Maxon). This can be tied 
down at this time. Initially, the mesh is fi xated 
to the abdominal wall using standard LVHR 
technique with tacks and trans-abdominal 
sutures as discussed in Chapter   21    .  

•     Buttressing Sutures   : To relieve tension on the 
newly reapproximated midline, additional 
buttressing sutures are placed alongside the 
shoelace closure. Using permanent monofi la-
ment sutures (#1 Prolene), full-thickness 
trans-abdominal (including mesh) simple 
U-stitches are placed every 4–5 cm bilaterally, 
approximately 1–2 cm lateral to the midline 
(Fig.  22.4 ) Use caution when tying these 
sutures down–they should be snug but not so 
tight as to buckle the mesh. Figure  22.5  dem-
onstrates the completed closure and place-
ment of all sutures with mesh in situ.

 –       Tip : Passing both the suture passer with the 
suture in its grasping tip can create a wider 
hole in the mesh than if the suture passer was 

Skin puckering
after tying down

Mesh

a b
Before cutting the suture tails the skin/dermis
is released with the tip of a hemostat or with

tooth-graspers to prevent dermal
and skin puckering

  Fig. 22.3    Skin puckering and release of a dimple       
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not grasping suture. Therefore, the suture is 
initially placed intracorporeally through an 
accessory trocar with a laparoscopic grasper, 
then passed to the empty suture passer below 
the mesh and pulled from the inside out. The 
empty suture passer is then passed through 
same skin incision and through the mesh 
1–2 cm away from the previous pass, grasping 
the second end of the stitch to pull out.     

•    Case Completion and    Analgesia   :
 –    No drains are used.  
 –   All stab incision sites are closed with a 

topical adhesive.  
 –   Trocar sites are closed with absorbable 

subcuticular or deep dermal suture.  
 –   We infuse local anesthetic at all trans- 

abdominal suture sites, including the shoe-
lace closure. If available, 72-hour long-acting 
liposomal bupivacaine (EXPAREL, Pacira 
Pharmaceuticals, Parsippany, NJ, USA) is a 
useful adjunct for pain control. One vial of 
this long-active local analgesic can be 
diluted, allowing wide infusion at all trans- 
abdominal suture sites.     

•    Other Techniques for Defect Closure : 
Common themes of current literature describ-
ing defect closure favor the use of permanent 
suture for closure of the hernia defects as well 
as placement of multiple interrupted sutures. 

Additionally, most studies demonstrate extra-
corporeal suture placement using percutane-
ous suture-passer devices. However, other 
techniques have been described with similar 
rates of success. Instead of percutaneous 
interrupted closure, Palanivelu et al. describe 
closure by running a monofi lament nylon 
suture intracorporeally [ 25 ]. Zeichen et al. 
closed defects in three ways using braided 
polyester: percutaneously with a suture 
passer, intracorporeally using standard lapa-
roscopic needle drivers as well as intracorpo-
really using an  EndoStitch device   (Covidien, 
Dublin, Ireland) [ 23 ]. In two papers, Agarwal 
et al. described their unique “double-breasted” 
defect closure using two spinal needles as 
suture passers to force the medial edges of 
fascia and rectus muscles to overlap, with no 
recurrences reported at a mean of 34 and 58 
months [ 13 ,  26 ].    

    Drawbacks 

 Any technique that is novel or without random-
ized trials has its potential shortcomings, and not 
every patient is a candidate for laparoscopic 
defect closure. First, defect closure can result in 
signifi cant  fascial tension  . While trans- abdominal 

  Fig. 22.4    Buttressing sutures (Please 
see text for details regarding steps)       
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buttressing sutures are placed to offl oad tension 
onto the mesh, closure of large defects or abdomi-
nal walls without signifi cant laxity may result in 
excessive tension. This fascial strain may result in 
fascial dehiscence and possible hernia recurrence 
if insuffi cient mesh overlap exists. Also, because 
of the increased need for permanent trans-abdom-
inal sutures, there lies a greater risk for suture 
granuloma formation and possible suture abscess. 
It is, therefore, important to ensure all sutures are 
tied down appropriately and buried deeply within 
the subcutaneous tissue to reduce abscesses. 

Cosmetically, initial postoperative wounds may 
display signs of bunched up tissue over the repair. 
As discussed above, while this typically fl attens 
out over time, it should be noted cosmetic benefi ts 
might not be apparent for weeks to months fol-
lowing repair. Intraoperatively, there is an 
increased risk of bowel injury as viscera can 
become entrapped within the hernia sac and 
sutures. Astute attention is required to reduce vis-
ceral entrapment. One of the possible strategies is 
to tie the knots down under direct visualization 
using low  insuffl ation pressures. Finally, defect 

Trans-abdominal
fixation U-stitches

Outer crown of
tacks at edge

of mesh

Buttressing
trans-abdominal
U-stitches (bilateral)

Shoelaced-closed defect
with trans-abdominal
figure-of-8 stitches

Defect closure
components:

Traditional LVHR
components:

a

b

5-mm optical trocar
access site

5-mm accessory
trocar sites

(Internal) border
of mesh

Stab incisions for
trans-abdominal

fixation U-stitches

12-mm trocar site for
mesh insertion
(covered by mesh)

Stab incisions for
buttressing U-stitches

Stab incisions for
shoelace figure-of-8
stitches

  Fig. 22.5    Defect closure completion. (a) 
 Intracorporeal —Internal view following completion, 
demonstrating traditional LVHR and shoelace compo-

nents of repair. (b)  Extracorporeal —External view of tro-
car sites and multiple stab incisions for suture and mesh 
placement.       

 

S.B. Orenstein and Y.W. Novitsky



239

closure can result in signifi cant postoperative pain 
as a result of fascial tightening as well as addi-
tional trans- abdominal sutures. Therefore, ade-
quate  multimodal analgesia   is an essential part of 
postoperative management. Except for small 
defects, we routinely admit patients for at least 
1 night to ensure adequate pulmonary function 
and adequate pain control prior to discharge.   

    Summary 

 Laparoscopic ventral hernia repair with shoelace 
defect closure offers a more functional and 
dynamic repair, akin to open ventral hernia 
repairs, while preserving the benefi ts of mini-
mally invasive surgery. Compared to traditional 
“bridged” laparoscopic repairs, defect closure 
allows the use of somewhat smaller mesh pros-
thetics; it obliterates the dead space resulting in 
fewer seromas with less bulging, and early data 
demonstrate reduced recurrences. However, not 
every ventral hernia is destined for laparoscopic 
repair with defect closure. Hernias in the immedi-
ate subxiphoid location may be diffi cult to close 
during LVHR. Furthermore, complex defects that 
are large, made of multiple Swiss cheese-like 
defects with poor tissue integrity should be con-
sidered for open repair. While prospective ran-
domized trials are necessary to truly demonstrate 
long-term durability and clinical advantages, 
defect closure may be the next logical step in pro-
ducing benefi cial outcomes for our patients under-
going laparoscopic ventral hernia repair.     
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      Laparoscopic Parastomal Hernia 
Repair                     

     Erin     M.     Garvey       and     Kristi     L.     Harold     

           Overview 

  Stoma creation   is necessary for a number of elec-
tive and emergent gastrointestinal and urological 
procedures. Unfortunately, parastomal hernia 
(PH) can be a ubiquitous complication which 
poses a great challenge for general, colorectal, 
and urological surgeons. 

     Defi nition   and  Classifi catio  n 

 PH is often defi ned as a protrusion in proximity 
to a stoma or the abnormal protrusion of abdomi-
nal cavity contents through the abdominal wall 
defect resulting from colostomy, ileostomy, or 
ileal conduit creation [ 1 ,  2 ]. There are a number 
of PH classifi cation systems based on clinical, 
radiographic, or intraoperative criteria; however, 
no  classifi cation system   is  universally   agreed 
upon [ 3 – 6 ].  

    Risk Factors 

 A number of  risk factors   for PH development 
relating to patient, disease, and surgical factors 
have been proposed. Female gender is associated 
with a greater risk of PH [ 7 ,  8 ]. Increasing patient 
age, defi ned in some studies as age >60 years, is 
also a risk factor [ 7 – 12 ]. Body mass index (BMI) 
is a controversial risk factor as studies have 
shown a higher rate of PH in patients with a waist 
circumference >100 cm and a doubling in the rate 
of PH when comparing patients with a BMI ≥30 
versus <30, while another study showed no sig-
nifi cant risk when comparing PH development 
with waist circumference or BMI [ 8 ,  13 ,  14 ]. 
Other comorbidities including chronic obstruc-
tive pulmonary disease, hypertension, and ascites 
have been shown to be independent risk factors 
for PH development [ 7 ,  15 ]. Risk factors for sur-
gical site infection or wound dehiscence in gen-
eral, specifi cally smoking, diabetes mellitus, 
cardiovascular or pulmonary comorbidities, 
amount of blood loss, and type of surgery per-
formed, should also be kept in mind [ 16 ]. Patients 
with infl ammatory bowel disease commonly 
undergo stoma creation procedures, and those 
patients with Crohn’s disease have a higher rate 
of PH formation compared to those patients with 
ulcerative colitis [ 17 ]. The type of stoma created 
also has an impact on the rate of PH development 
with the highest rates occurring after colostomy 
creation and the lowest rates occurring after loop 
ileostomy creation [ 18 ,  19 ].  
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    Incidence 

 The  incidence   of PH can vary greatly (0–80%) 
based on the defi nition used, diagnostic tech-
nique, and surgical approach at the time of stoma 
creation [ 20 – 22 ]. The incidence of PH for end 
and loop colostomies is as high as 48% and 38%, 
respectively, while the rates of PH are notably 
lower for end and loop ileostomies at 1.8–28.3% 
and 0–6.2%, respectively [ 18 ].  

    Diagnosis 

 PH  diagnosis   is often made by a history and 
physical exam with various imaging modalities 
serving as an adjunct to clinical diagnosis. The 
median time between formation of the stoma and 
detection of PH was 44 months in one study 
while others believe that most PHs develop 
within the fi rst 2 years of stoma creation [ 5 ,  23 ]. 
A review of the French federation of ostomy 
patients determined 76% of patients with PH 
were symptomatic citing pain, diffi culty with 
appliance fi t, and leakage [ 12 ]. In another series, 
85% of patients with a clinically detectable PH 
were also symptomatic [ 5 ]. Physical examina-
tion may uncover a fascial defect or reveal para-
stomal bulging with a Valsalva maneuver [ 24 ]. 
Imaging can increase the rate of PH detection, 
however, some PH may not be detectable by CT 
scan [ 5 ,  8 ,  24 ,  25 ]. Intrastomal ultrasonography 
may also be utilized to evaluate for PH while 
magnetic resonance imaging is rarely used for 
this purpose [ 26 ,  27 ].  

    Complications 

 PH complications can range  from   mild abdomi-
nal discomfort to intestinal perforation requiring 
emergent laparotomy [ 24 ]. Repeat surgical inter-
vention is required in approximately 30% of 
patients with PH often due to bleeding, poor 
appliance fi t, obstruction, and/or strangulation 
[ 28 ,  29 ]. Less severe symptoms may be man-
aged nonoperatively. Expert consultation with a 
stoma nurse, if available, can often be helpful. It is 

recommended that the aperture size should be 
tailored to leave no more than a 2–3 mm rim 
around the stoma [ 30 ]. Flexible appliances can 
mold to uneven contours of the skin, and protec-
tive skin sealants may optimize appliance adher-
ence [ 30 – 32 ]. Stoma belts may also improve 
appliance security and abdominal binders may 
help to relieve abdominal discomfort [ 32 ].   

    Operative Management 

    Laparoscopic  Approac  h 

 One of the main benefi ts of laparoscopy is limit-
ing the potential sites for new hernia formation. 
Similar to the open intraperitoneal repairs, the 
modifi ed Sugarbaker and  keyhole techniques   are 
utilized in addition to the sandwich technique 
which is a combination of the two approaches. 
For the sandwich technique, one piece of mesh is 
placed in a keyhole confi guration while a second 
piece of mesh covers the fi rst piece and the 
remaining abdominal wall [ 33 ]. A 2012 review of 
laparoscopic PH repairs demonstrated a 2.7% 
mesh infection rate, 3.6% rate of conversion to 
open, 4.1% iatrogenic bowel injury, and an over-
all morbidity of 17.2% [ 34 ]. The recurrence rate 
was signifi cantly lower in the  Sugarbaker tech-
nique   at 11.6% versus 34.6% for the keyhole 
technique (Odds Ratio 2.3, 5% CI 1.2–4.6, 
 p  = 0.016) [ 34 ]. The recurrence  rate   for the  sand-
wich technique   was 2.1% but this was based 
solely on one series of 47 patients [ 34 ]. Table 
 23.1  details the  outcomes   of laparoscopic para-
stomal hernia repairs for studies with greater than 
15 patients.

        Our Approach 

    Operative Technique 

 It is our preference to perform the laparoscopic 
modifi ed  Sugarbaker technique   for PH and recur-
rent PH repairs. A fi rst generation cephalosporin 
is  given   within 1 hour of the incision. 
Laparoscopic monitors and surgeon position 
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are shown in Fig.  23.1 . After induction of gen-
eral anesthesia, the patient is placed in the supine 
position with both arms tucked. A Foley catheter 
is placed into the bladder, if the operation is 
expected to take longer than 1 hour. An additional 
Foley catheter (16 French) is placed directly into 
the ostomy and 10 mL of sterile water is placed in 
the Foley balloon (Fig.  23.2a ). This allows for 
easy identifi cation of the loop of intestine termi-
nating in the stoma which can be helpful in the 
case of dense adhesions. The abdomen, stoma, 
and additional Foley catheter are prepped and 
then covered by an Ioban drape (3M Company, 
St. Paul, MN) (Fig.  23.2b ). The peritoneal cavity 
is accessed with a Veress needle placed subcos-
tally in the left upper quadrant in the midclavicu-

lar line. Once adequate pneumoperitoneum is 
obtained (15 mmHg of carbon dioxide), a 5 mm 
Optiview port is used to enter the peritoneal cav-
ity laterally, on the side opposite to the stoma. 
Two additional 5 mm trocars are placed in the 
lateral position near the Optiview port (Fig.  23.3 ). 
External manipulation of the Foley catheter in the 
ostomy can help to identify the correct loop of 
bowel ending in the ostomy and can guide lysis 
of adhesions accordingly (Fig.  23.4 ). Once adhe-
siolysis is complete, the hernia contents, with the 
exception of the stoma, are reduced. The entire 
abdominal wall and the hernia defect, including 
any coexisting ventral or incisional hernia 
defects, can then be visualized and measured. 
Four spinal needles are used to mark the extent of 

Monitor
Monitor

Second assistant 
Surgeon

First
assistant 

Bed

  Fig. 23.1    Laparoscopic monitors are positioned on either 
side of the patient. The surgeon (S) and the fi rst assistant 
(FA) stand on the side opposite the stoma and the second 

assistant (SA) stands on the side of the stoma. The camera 
is placed in the most cephalad lateral port and is driven by 
the FA       
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the defect at the  superior, inferior, and lateral-
most aspects. A laparoscopic ruler is then inserted 
to measure the extent of the defect from the supe-
rior to inferior spinal needles for length and 
between lateral spinal needles for width (Fig. 
 23.5a ). The defect is also measured and marked 
on the patient’s abdominal skin to assist with cen-

tering the prosthesis later in the procedure (Fig. 
 23.5b ). The size of mesh is selected based on the 
defect measurements and allowing for a 5 cm 
 overlap   beyond all fascial edges. The mesh is 
then trimmed to the appropriate size. It is our 
preference to utilize ePTFE (Gore DUAL-
MESH; W.L. Gore, Flagstaff, AZ). The textured 

  Fig. 23.2    A 16 French foley is placed into the stoma so as to help with lysis of adhesions ( a ). The abdomen is prepped 
with an Ioban drape ( b )       

  Fig. 23.3    Trocar placement 
consists of three 5 mm trocars 
placed laterally on the side 
opposite of the stoma. Later, a 
fourth 5 mm port will be 
placed on the ipsilateral side of 
the stoma       
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surface of the mesh is marked to identify the 
superior and inferior portions of the mesh. A sin-
gle Gore-Tex transfascial suture (CV-0) is placed 
at the edge of the mesh on three of the four sides 
that are not associated with the stoma. Two Gore-
Tex transfascial sutures are placed on the fourth 
side on either side of where the stoma will lay 
creating a mesh fl ap valve. Two knots are tied at 
the time of each suture placement to secure each 
suture to the mesh. A 5 mm trocar is then placed 
in the lateral abdomen on the ipsilateral side of 

the stoma. A 12 mm trocar is placed through the 
hernia defect where it will later be covered by the 
mesh repair to minimize the risk of trocar site 
hernia. The Gore-Tex suture tails are arranged in 
the middle of the mesh, and the two marked 
edges of the mesh (superior and inferior) are 
rolled tightly toward one another. A grasper is 
placed through the ipsilateral trocar and is 
brought out through the 12 mm trocar to grasp 
the rolled mesh helping to guide it into the abdo-
men (Fig.  23.6a ). The 12 mm trocar may need to 

  Fig. 23.4    External manipulation of the intrastomal foley catheter helps to identify the loop of bowel terminating in the 
stoma and facilitates lysis of adhesions ( white arrow  marks the intrastomal foley balloon)       

  Fig. 23.5    Spinal needles are used to demarcate the supe-
rior, inferior, and lateral borders of the hernia defect. A 
laparoscopic ruler is used to measure the defect ( a ). Mesh 
size is selected based on the internal measurement allow-
ing for an overlap of 5 cm in all directions. The defect is 

also measured externally with the center of the defect 
marked ( black circle ) so as to allow for centering of the 
mesh by placing sutures on the  dashed lines  for the supe-
rior, inferior, and contralateral side to the stoma ( b )       
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be removed if the mesh size prohibits its passage 
through the trocar (Fig.  23.6b ). The mesh is 
unrolled utilizing two graspers and oriented 
according to the earlier markings. The open jaws 
of an atraumatic bowel grasper are used to mea-
sure a 5 cm overlap from the edge of each of the 
fascial defects and these areas are marked with 
new spinal needles. Following the direction of 
the spinal needle, a suture passer is used to pass 
the transfascial sutures through the sites marked 
by the spinal needles while being careful to avoid 
the stoma as it traverses the edge of the mesh 

(Fig.  23.7 ). The mesh fl ap valve is crafted such 
that the stoma crosses the lateral or inferior edge. 
The transfascial sutures are secured with hemo-
stats rather than tied until the most ideal mesh 
coverage and placement has been achieved. A 
laparoscopic tacker is used to secure the mesh in 
place circumferentially with the exception of the 
area around the stoma (Fig.  23.8a ). Additional 
Gore-Tex transfascial sutures are placed with a 
suture passer every 4 to 5 cm around the mesh 
(Fig.  23.8b ). The transfascial sutures are tied 
with ten knots in the subcutaneous tissues and the 

  Fig. 23.6    A locking grasper is inserted through a 12 mm 
port placed through the fascial defect to grasp the rolled 
mesh and guide it into the abdomen ( a ). The 12 mm port 

may need to be removed to allow for mesh entry pending 
size of the mesh ( b )       

  Fig. 23.7    A transfascial suture device is inserted into the 
abdomen (through the  dotted line  shown in Fig.  23.5b ) 
following the angle of the spinal needle to retrieve the 

tails of the Gore-Tex suture ( a ). A grasper is used to 
 identify and hand the correct tail to the suture passer, one 
at a time ( b )       
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skin is freed from the knot with a hemostat so 
as to prevent dimpling (Fig.  23.9a ). The trocar 
sites are closed with 4-0 monocryl suture and the 
stab incisions from the  suture   passer are closed 
with skin adhesive (Fig.  23.9b ).

               Recurrent Parastomal Hernia 

 Data on  recurrent PH   is limited, and repair of 
recurrent PH presents the same challenges as ini-
tial PH repair. Failure of primary fascial repair is 

  Fig. 23.8    Once all sutures are tied after achieving ideal 
mesh placement, a laparoscopic tacker is used to circum-
ferentially secure the mesh, with the exception of around 

the stoma ( a ). The secured mesh creates a fl ap valve 
allowing the stoma to pass through the lateral edge (b)       

  Fig. 23.9    A total of ten knots are tied with the knots 
located in the subcutaneous tissues ( a ). A hemostat clamp 
is used to release the skin from the knots to prevent unde-

sirable skin puckering at the incision sites ( b ). The skin is 
closed with suture and adhesive bandage. This patient also 
had an open left inguinal hernia repair ( c )       
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reported as high as 100% [ 3 ]. Stoma relocations 
fair only slightly better with a failure rate of 71% 
[ 3 ].  Prosthetic mesh repair failure   has a lower 
recurrence rate of 33%, however, in Sugarbaker’s 
original description, six of his seven patients had 
recurrent PHs and he reported 100% success rate 
[ 3 ,  35 ]. It is our preference to approach recurrent 
PH the same as for initial PH with a laparoscopic 
modifi ed  Sugarbaker technique   as described 
above.   

    Current Trends 

    Parastomal Hernia Prevention 

 Although not a new concept, the  prevention   of 
PH with prophylactic mesh has been the focus of 
recent and ongoing research. The idea was fi rst 
introduced by Bayer et al. in 1986 who reported 
no PH over a four-year follow-up period in 43 
patients who had Marlex mesh (Phillips 
Petroleum Company, Bartlesville, OK) placed at 
the time of colostomy creation [ 36 ]. Following 
Bayer’s initial success, there have since been 
many observational studies evaluating the effi -
cacy and safety of prophylactic mesh placement. 
Figel et al. demonstrated no mesh complications 
or PH recurrences in 16 patients who underwent 
placement of a bioprosthetic mesh with a median 
38-month follow-up [ 37 ]. Gogenur et al. demon-
strated no infectious complications, an 8% rate of 
minor complications, and an 8% rate of PH recur-
rence in 25 patients who had an onlay of polypro-
pylene mesh with a median follow-up of 12 
months [ 38 ]. A small series of intraperitoneal 
onlay of polyvinylidene mesh during laparo-
scopic abdomino-perineal resection (APR) 
showed no mesh-related complications, infec-
tions, or PH recurrence at a mean follow-up of 6 
months [ 39 ]. A study by Nagy et al. evaluated the 
polypropylene hernia system large device in 14 
cases after APR with sigmoid colostomy and 
noted no PH recurrence in the fi rst postoperative 
year [ 40 ]. Marimuthu et al. studied a polypropyl-
ene monofi lament mesh with a circle cut in it for 
the stoma placed in the preperitoneal space with-
out stitches in 18 patients and found no PH at a 

mean follow-up of 16 months. One patient did 
require revision for stoma necrosis on postopera-
tive day 1 and subsequently developed a wound 
infection, but no other complications were noted 
[ 41 ]. A prospective study of preperitoneal poly-
propylene mesh placed in 42 patients with a mean 
follow-up of 31 months demonstrated an inci-
dence of 10% for PH [ 42 ]. Cost-effectiveness of 
mesh prophylaxis has also been studied by Lee 
et al. They looked at mesh prophylaxis in 60 year 
olds who underwent APR with end colostomy for 
rectal cancer and found mesh prophylaxis to be 
less costly and more effective compared to no 
mesh for those patients with stage I-III rectal can-
cers [ 43 ]. Another RCT found signifi cantly 
decreased presence of radiological PH in patients 
who had a lightweight intraperitoneal/onlay 
mesh placed  for   laparoscopic APR compared to 
those without mesh (50% versus 94%,  p  = 0.008) 
[ 44 ]. 

 The three RCTs by Hammond, Janes, and 
Serra-Aracil are the most cited papers on the 
topic of PH prevention. In 2008, Hammond et al. 
published a RCT of 20 patients undergoing 
defunctioning stomas with a porcine-derived col-
lagen implant placed in the sublay position in 10 
patients. With a median follow up of 6.5 months, 
there were no complications and there were no 
PHs in the mesh group compared to 30% in the 
non-mesh group [ 45 ]. Janes et al. evaluated 54 
patients undergoing permanent colostomy cre-
ation (27 patients with a conventional stoma and 
27 with placement of a sublay large-pore light-
weight polypropylene and polyglactin mesh). 
They found a lower rate of PH in the mesh group 
compared to the non-mesh group at 12-month 
follow- up (4.8% vs 50%). There were no infec-
tious complications [ 46 ]. A fi ve-year follow-up 
study again revealed a lower rate of PH in the 
mesh group 13.3% versus 81%): ( p  < 0.001) [ 22 ]. 
The RCT by Serra-Aracil evaluated 54 patients 
undergoing end colostomy for distal rectal cancer 
and utilized a sublay lightweight mesh in 27 
patients. At a median 29-month follow-up, there 
were fewer PHs in the mesh group 14.8% (4/27) 
compared to 40.7% (11/27) in the non-mesh 
group ( p  = 0.03). Importantly, the morbidity 
between the two groups was similar [ 47 ]. In 
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2012, Sajid et al. and Shabbir et al. performed 
systematic reviews of the RCT literature. Sajid 
et al. analyzed the three RCTs by Janes, 
Hammond, and Serra-Aracil encompassing 128 
patients who underwent colorectal resections 
with stoma creation (64 patients in the mesh 
group versus 64 patients in the non-mesh group), 
and found signifi cantly decreased odds for devel-
oping a PH with the use of mesh without added 
morbidity [ 48 ]. Shabbir et al. reviewed 27 RCTs 
and excluded all but the same three RCTs as the 
Sajid paper. This review demonstrated an inci-
dence of PH in 13% in the mesh group compared 
to 53% in the control group ( p  < 0.0001). There 
were no differences in mesh-related complica-
tions between the two groups [ 49 ]. A similar sys-
tematic review that included the same three RCTs, 
but also three prospective observational studies 
and one retrospective study, found a lower rate of 
PH in the mesh group [ 50 ]. All three systematic 
reviews concluded the use of prophylactic mesh 
at the time of stoma creation can reduce the inci-
dence of PH. In contrast, a recently published 
prospective multicenter randomized controlled 
 trial   examined the utility of porcine-derived acel-
lular dermal matrix reinforcement at the time of 
end-stoma creation in 55 patients compared to 58 
control patients without mesh reinforcement. 
They found a similar incidence of PH for both 
groups at 12.2% for the mesh group and 13.2% 
for the control group [ 51 ]. The ideal technique 
including mesh selection and operative approach 
for PH prevention remains to be determined.   

    Conclusion 

 Parastomal hernias commonly develop after 
stoma creation, and the sequelae can range from 
mild to severe necessitating repeat operative 
intervention. Open and laparoscopic repairs with 
mesh are preferable to non-mesh repairs. For the 
open approach, a sublay or intraperitoneal place-
ment of mesh is favored, and for the laparoscopic 
approach, the  Sugarbaker technique   has been 
shown to have a lower recurrence rate. It is our 
preference to perform a laparoscopic modifi ed 
Sugarbaker technique. The use of prophylactic 

prosthetic mesh decreases the rate of PH devel-
opment and is not associated with increased 
infectious complications.     
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      Laparoscopic Subxiphoid 
and Suprapubic Hernia Repair                     

     William     S.     Cobb     

           Background 

 Subxiphoid defects can be congenital or  inci-
sional  , usually following coronary bypass proce-
dures or subcostal incisions for liver or foregut 
procedures (Fig.  24.1 ).  Congenital epigastric 
defects   can approach the xiphoid as well. 
Frequently, epigastric defects can be multiple 
and well suited for laparoscopy to avoid missed 
defects. Solitary defects can be addressed in an 
open fashion either with suture alone or mesh 
reinforcement. The  incidence   of subxiphoid her-
nias is unknown, as most authors do not routinely 
separate these types of defects in their reports.

   Suprapubic hernias are almost always inci-
sional in nature. Fascial defects that are within 
5 cm of the symphysis pubis are considered 
suprapubic (Fig.  24.2 ). These types of hernias are 
more common in females due to gynecologic 
procedures via a lower midline or Pfannenstiel 
approach. Additionally, colorectal procedures 
and urologic procedures through a lower midline 
incision can result in suprapubic-type defects. 
The true incidence of suprapubic hernias is not 

well reported, as the defi nition varies by author. 
In our database of 860 laparoscopic ventral 
repairs, 15% required bladder mobilization and 
were classifi ed as suprapubic [ 2 ].

   Many times the subxiphoid or suprapubic areas 
are approached during a routine incisional defect 
that involves the midline. For incisions that course 
from “stem to stern,” incisional hernias may result 
that are both subxiphoid and suprapubic. These are 
especially challenging when it comes to placing 
sutures for mesh fi xation. In this chapter, I will dis-
cuss the nuances of the laparoscopic approach to 
subxiphoid and suprapubic hernias.  

    Preoperative  Consideration  s 

 By defi nition, a subxiphoid or suprapubic hernia is 
one in which the extent of the fascial defect is 
within 5 cm of the bony prominence. Preoperative 
imaging of the abdomen and pelvis using computed 
tomography (CT) is critical to plan one’s approach. 
On CT imaging, it is important to measure the num-
ber of “cuts” from the xiphoid down to the superior 
aspect, or from the symphysis up to the inferior-
most point of the fascial defect. This determination 
is more important for suprapubic defects because 
preoperative knowledge will prompt the surgeon to 
plan for potential saline infusion of the bladder prior 
to draping. This technique will be described in fur-
ther detail in the “Technical Considerations” section. 

 Apart from imaging, all other preoperative 
concerns mimic those of any incisional hernia 
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patient that is being considered for a laparo-
scopic approach. The patient must be able to 
tolerate general anesthesia. Preoperative optimi-
zation should include tobacco cessation, man-
agement of blood glucose, and reasonable 
weight control. 

 Following laparoscopic repair of subxiphoid 
and suprapubic hernias, pain management is defi -
nitely an issue. The subxiphoid repair is espe-
cially uncomfortable due to placement of sutures 
and fi xation constructs along the sensitive costal 
margin. Proper preoperative consent should 
address this concern with patients. Non-narcotic 
measures for pre-emptive pain control should be 
considered and addressed preoperatively, not 
after the fact. The use of preoperative “pain cock-
tails” to include intravenous non-steroidal anal-
gesics, epidural catheters to assist with 
postoperative analgesia, and low-dose ketamine 
infusions can be utilized to improve patient satis-
faction and pain control postoperatively. A col-
laborative approach with anesthesiology can help 
to establish enhanced recovery pathways for a 
better patient experience.  

    Technical Considerations 

    Subxiphoid 

 For epigastric and subxiphoid hernias, it is not 
critical to tuck the patient’s arms. The surgeon 
will be positioned typically at the patient’s lower 
quadrant and working cephalad. We recommend 
always tucking the arms, however, to avoid any 
potential unexpected surprises like adhesions 
extending down to the inferior aspect of the mid-
line, or an unanticipated umbilical defect. 

 For  adhesiolysis   during a subxiphoid hernia, 
the transverse colon should always be identifi ed. 
Once its location is established and shown to be 
well away from the defect, takedown of adhe-
sions can proceed rather quickly. The liver and 
stomach can be involved in subxiphoid defects; 
however, they typically reduce easily and are 
much easier to deal with if injuries occur to them. 
Once the upper abdomen is cleared of adhesions, 
the falciform should be taken down. This maneu-
ver requires energy for hemostasis, which is why 
confi rmation of the location of the transverse 
colon is critical. Monopolar or ultrasonic energy 
can be used to mobilize the falciform ligament at 
its juncture with the abdominal wall. This dissec-

  Fig. 24.1    Upper midline hernia involving a subxiphoid 
region       

  Fig. 24.2    Intra-operative view of the suprapubic hernia       
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tion should extend to at least 5 cm superior to the 
edge of the defect to allow for fl ush mesh place-
ment. Not infrequently, the  falciform ligament   
may be involved in the hernia defect. It should be 
grasped and brought into the abdominal cavity to 
visualize its insertion point into the underside of 
the fascia.   

    Mesh Orientation and  Fixatio  n 

 For atypical location hernias, placement of the mesh 
can be the most diffi cult step of the operation. Due 
to the bony structures and the vicinity of important 
structures like diaphragm, pericardium, iliac ves-
sels, etc., placement of sutures and orientation of the 
mesh can be tricky. Some additional time should be 
given to these steps to avoid improper overlap and 
potential recurrences long term. 

 Following safe  adhesiolysis  , the defect is pre-
pared for mesh placement. Spinal needles can be 
used to mark the edges of the defect in a lateral 
and cephalad-to-caudad orientation. Many tech-
niques to measure the size of the defect can be 
employed. We use an internal metric ruler to 
determine the distance between the edges of the 
defect. Umbilical tape or suture can be stretched 
between the two marks as well. Some measure 
while the abdomen is desuffl ated. The midpoints 
of the defect should be determined and marked 
externally on the patient. These marks will be 
important to position the mesh precisely. 

 Particular note should be made of the distance 
from the superior aspect of the defect and the tip 
of the  xiphoid process  . The determination of 
mesh size and location of the superior suture (if 
used) will be based on this measurement. If the 
superior aspect of the hernia defect is at the 
xiphoid, in order to achieve a 5-cm mesh overlap, 
the superior suture should be placed 5 cm off the 
mesh edge. For example, if the defect is 10 cm 
long, a mesh that is 20 cm in length will be 
selected. However, if the superior aspect of the 
defect is 3 cm from the xiphoid process, the over-
lap will be calculated to allow for 5 cm of overlap 
onto the ribs in addition to the distance from the 
xiphoid. So, for the same 10 cm long defect, a 
mesh that is 23 cm in length would be chosen. It 

is also important to note the distance from the lat-
eral edges of the defect and the costal margin. For 
patients with steeply sloped ribs, sutures at the 
lateral edge may have to be placed away from the 
mesh edge to avoid passing them through the 
chest wall. 

 Once the mesh is introduced into the abdomi-
nal cavity through a trocar, the mesh is unfurled. 
The fi rst suture to be retrieved is the superior 
suture at the level of the xiphoid. One of the lat-
eral sutures is then placed along the grid that was 
created earlier. The assistant pulls up on these 
two sutures and the mesh is stretched inferiorly to 
gauge the location of the inferior suture. The 
same technique is used to place the fi nal lateral 
suture. Once the sutures are secured, tacks are 
placed. The decision to use permanent versus 
absorbable tacks is surgeon  dependent  . However, 
the use of absorbable tacks does not change the 
fact that no fi xation constructs should be placed 
above the costal margin! A double-crown 
approach may be utilized as long as all tacks are 
caudal to the costal margin. The superior aspect 
of the mesh is left to be held in place by the liver, 
by holding the mesh in place during desuffl ation 
of the abdominal cavity. Frequently, suturing the 
edge of the mesh or utilization of the glue is 
needed to ensure that no bowel is trapped between 
the mesh and the diaphragm. No tacks should be 
used cephalad to the costal margin and xiphoid 
process in order to avoid devastating  cardio- 
pulmonary injuries   (Fig.  24.3 ).

      Suprapubic 

 Positioning of the patient is more critical in 
suprapubic hernia  repai  rs. The arms must be 
carefully padded and tucked at the side of the 
patient. Given that the  fascial defect   is inferior 
and the surgeon will be standing at the patient’s 
head, both arms should be tucked to prevent harm 
to the patient’s arm while leaning against the arm 
board. Tucking the arms will also prevent undue 
stress on the surgeon’s back that results from 
twisting and other gyrations used to avoid the 
outstretched arm. The patient should be secured 
to the bed with the waist strap and additional tape 
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around the thighs if necessary. During dissection, 
 steep Trendelenburg positioning   helps to assist 
with retraction of the intestinal contents. Pads 
that minimize sliding of the patient can be con-
sidered as well. 

  Intra-operative bladder infusion   is critical to 
facilitate its safe dissection. A three-way urinary 
catheter should be placed and the bladder infu-
sion should be set up prior to draping.  Standard 
intravenous infusion tubing   is attached to the 
infusion port using the luer-lock tip. When it is 
time for bladder infusion, the nurse should place 
a clamp on the tubing that drains the urinary 
catheter close to the catheter. This clamp should 
not be placed on the urinary catheter itself or the 
tubing. Experience has taught us to instruct the 
nurse prior to prepping and draping where to 
place the clamp to avoid any confusion during 
the case. We infuse 250–500 cm 3  of Normal 
saline into the bladder to identify its superior 
extent so that the peritoneal fl ap can be safely 
developed superior to this margin. Signs of 
injury to the bladder include visualization of the 
urinary catheter balloon, excessive bleeding, or a 
rush of fl uid. Once the peritoneal fl ap is raised, 
the remaining portion of the dissection to develop 
the space of Retzius is largely blunt. There may 
be small venous tributaries to the bladder, but 
these are easily controlled with light touches of 
the cautery. Even in multiply operated patients, 
keeping the dissection close to the abdominal 

wall when lowering the bladder fl ap will help to 
avoid injury. The bladder is much thicker than 
the peritoneum. If the dissection does not prog-
ress bluntly, or if the tissue that is being dis-
sected is very thick or bleeds a lot, the surgeon 
should reassess the plane. Once the pubic sym-
physis is visualized, dissection should continue 
for 1–2 cm inferior to symphysis to allow for 
subsequent mesh overlap. Cooper’s ligaments 
should be identifi ed bilaterally (Fig.  24.4 ). At 
the lateral edge of Cooper’s ligament, the 
entrance to the femoral canal and iliac vessels 
has to be identifi ed. Careful dissection of the 
medial aspect of the myopectineal orifi ce is 
essential for suffi cient mesh overlap, but extreme 
caution in that area is necessary to avoid devas-
tating injuries to major vascular structures.

    Bladder injuries   can occur. Usually, cystot-
omy results from impatience and not instilling 
the bladder with saline. Injuries should be 
repaired based on the comfort level of the sur-
geon. A two-layer repair with absorbable suture 
is ideal. Since the injury occurs at the dome of the 
bladder, large bites can be taken without concern 
for compromising the bladder lumen or injuring 
the ureters. The decision to proceed with the her-
nia repair is again the choice of the surgeon. 
Urine is technically sterile, and multiple reports 
describe repair of the bladder laparoscopically 
and completion of the hernia repair without any 
infectious complications. This approach is our 

  Fig. 24.3    Mesh placement for 
subxiphoid hernias. Note, no 
tacks are placed cephalad to 
the costal margin and xiphoid 
process       
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preference, but it is also acceptable to abandon 
the repair and bring the patient back to the 
 operating room in 3–5 days to complete the repair 
and place the mesh. This time frame is chosen 
because adhesions will not have formed and there 
will be enough time to clear any bacterial 
contamination. 

 Once  bladder mobilization   is complete, the 
defect size is assessed as described earlier. The 
distance from the symphysis to the inferior aspect 
of the fascial defect should be determined. In 
contrast to the subxiphoid hernia, the inferior 
suture in the suprapubic defect will need to be 
positioned at a distance from the mesh edge to 
allow for appropriate overlap onto the pubis. By 
leaving 5 cm of overlap beyond the symphysis, 
the mesh can be secured to Cooper’s ligaments 
bilaterally. The potential weak point of the repair 
of suprapubic defects is inferior. Recurrences are 
more likely inferior due to improper mesh over-
lap and/or fi xation. In our experience, those 
recurrences are due to failure to take down the 
bladder fl ap. The surgeon is then unable to pro-
vide adequate mesh overlap or fi xation due to 
fear of injury to the bladder. By identifying the 
bladder upfront, injuries from sutures and fi xa-
tion constructs can be avoided.   

    Mesh Orientation and  Fixatio  n 

 After introducing the mesh, the preplaced infe-
rior suture is retrieved fi rst just off the pubic sym-
physis (Fig.  24.5 ). The superior suture should be 
the next one to be pulled up. The site for suture 
placement is determined by stretching the mesh 
taut. An alternative method of mesh fi xation is to 
utilize a mesh-positioning system. For suprapu-
bic defects, placement of additional inferior 
sutures is critical. Once the sutures are secured, 
circumferential tacks are placed. Permanent, 
metallic tacks are preferred here as they more 
reliably penetrate the ligaments along the supe-
rior ramus. Absorbable tacks may be also used if 
placed just superior to the ramus and not into the 
bone directly. Tacks may be placed in a double 
crown confi guration with the inner row around 
the hernia orifi ce. One additional suture is then 
placed on either side of the inferior, cardinal 
suture for more secure fi xation inferiorly. It is 
important not to put any tacks below Cooper’s 
ligaments (Fig.  24.6 ). Also, the inferior-lateral 
aspect of the mesh could be in the “Triangles of 
Doom and Pain”. No tack fi xation should be done 
in that area. This is accomplished by identifying 

  Fig. 24.4    Laparoscopic suprapubic hernia repair. The urinary bladder needs to be mobilized to expose both Cooper’s 
ligaments and pubic symphysis to allow for subsequent adequate mesh overlap       
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the iliopubic tract and providing external palpa-
tion for EVERY tack in that area. Fibrin glue is a 
very helpful adjunct for fi xation of the inferior 
aspect of the mesh. Following mesh fi xation, the 
bladder is desuffl ated and the fl ap left in situ. 
There is no need to attempt to re- approximate the 
fl ap, since a barrier-coated mesh was used. 
Incomplete closure of the fl ap may actually cre-

ate potential openings that may result in internal 
hernias involving the small bowel.

    For large  defects   or recurrent defects in the 
suprapubic position, more secure fi xation can be 
provided by bone anchors [ 3 ]. A small, stab inci-
sion is made over the pubic symphysis. The bone 
guide is placed through the skin incision and 
rested against the symphysis. A pilot hole is 

  Fig. 24.5    Mesh coverage and fi xation of 
the suprapubic hernia. The inferior-most 
stitch should be placed fi rst, just off the 
pubic symphysis. Please note that the 
stitch should be preplaced 2–5 cm off the 
lower edge of the mesh       

  Fig. 24.6    Tacking the mesh. No tacks 
should be placed below the Cooper’s 
ligaments in the area of the neurovascular 
structures within myopectineal orifi ces       
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 created with the drill, and the bone anchor is 
inserted into the symphysis. The bone anchors 
contain a double-armed braided suture (Fig. 
 24.7 ). The needles are cut off and the tails of the 
suture are passed through the stab incision and 
into the mesh. Additional anchors may be placed 
along the superior ramus as well.

       Postoperative Concerns 

 For the most part, the postoperative management 
of the patient undergoing laparoscopic subxi-
phoid or suprapubic hernia repair is similar to 
standard laparoscopic ventral hernia repair. All 
patients are admitted predominantly for pain con-
trol. The concerns for ileus versus small bowel 
obstruction, seroma, and infection are the same 
as with all ventral  herni  a repairs. Early ambula-
tion and generous use of analgesics is encour-
aged. Urinary catheters are removed on the 
morning of postoperative day one unless there 
was a bladder injury that required repair. 

 Seromas frequently complicate suprapubic 
repairs. Attempts to close the defect laparoscopi-
cally at the time of repair may help mitigate some 
of this concern. The defect may be closed with a 

series of stab incisions and fi gure-of-eight sutures 
in a “shoelace” fashion (Chapter   22    ). Intracorporeal 
suturing of the defect has also been described, 
including recent modifi cation with the use of the 
robot. Fascial closure of the subxiphoid defects 
can be attempted as well, however, the benefi t is 
not as great and the trade-off is increased pain.  

    Conclusion 

 Laparoscopic approach to repair of subxiphoid 
and suprapubic defects represents an additional 
challenge. Familiarity and profi ciency with lapa-
roscopic repairs of routine to midline ventral 
defects is mandatory prior to embarking on the 
repair of the atypical defects. Understanding of 
anatomic nuances of both the upper and lower 
abdomen is paramount to avoid visceral and vas-
cular injuries as well as providing durable and 
lasting repairs. Understanding and implementa-
tion of strategies for safe urinary bladder identifi -
cation and mobilization is critical for suprapubic 
repairs. Mesh placement in both locations should 
be aimed to extend beyond the bony margins with 
fi xation performed off the edge of the mesh. 
Importantly, maintaining the xiphoid process and 

  Fig. 24.7    Bone anchors        
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costal margin as cranial safety margins for safe 
tacker/suture placement is absolutely necessary 
to avoid pulmonary/cardiac injuries. Defect clo-
sure may be of particular use for suprapubic 
defects to minimize postoperative seromas and 
bulging. Overall, suprapubic and subxiphoid 
defects can be effectively repaired laparoscopi-
cally, provided the important principles of safe 
dissection and mesh positioning described in this 
chapter are always maintained.     
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          Introduction and Background 

    Flank Hernia Defi nition and Anatomy 

  Flank hernias,   including lumbar and parailiac 
hernias, are hernias of the lateral abdominal wall 
which occur between the 12th rib and iliac crest. 
The lateral abdominal wall is constructed of sev-
eral large muscle groups from the back and abdo-
men including the latissimus dorsi, serratus 
posterior, external and internal oblique muscles, 
and transversus abdominis. Flank hernias occur 
within anatomic areas termed the “superior” and 
“inferior lumbar triangles.” The majority of 
spontaneous and incisional hernias occur in the 
superior triangle, while congenital hernias are 
usually found in the inferior triangle [ 1 ]. 

 The superior lumbar triangle (Fig.  25.1 ) is 
formed with a base as the 12th rib, posterior bor-

der formed by the erector spinae muscles and 
anterior border of the external oblique muscle. 
The triangle’s fl oor is formed by the transversus 
abdominis, and its apex touches the iliac crest. 
This triangle is found in 82% of humans; in a 
recent cadaver study, 18%    did not exhibit this tri-
angle, and instead, the natural space of the trian-
gle, which usually contains only the aponeurosis 
of the transversus abdominis, was covered by the 
external abdominal oblique and erector spinae 
muscles [ 2 ].

   The inferior lumbar triangle (Fig.  25.2 ) is 
formed with the iliac crest as its base, the medial 
border of the external oblique, posterior/lateral 
border of the latissimus dorsi, and a fl oor formed 
by the internal oblique.

   Hernias occurring within the superior and 
inferior triangles account for 95% of fl ank her-
nias; “diffuse” hernias, which occur on the fl ank 
without a specifi c relation to these anatomic tri-
angles, account for the remaining 5% [ 3 ,  4 ].  

    Related Anatomy 
of the Posterolateral Abdominal  Wal  l 

 Despite advances in laparoscopy and endovascu-
lar surgery, open access to the lateral abdominal 
wall for nephrectomies, adrenalectomies, back 
surgery, iliac graft harvests, retroperitoneal aortic 
surgery, advanced  abdominal wall reconstruction   
and component separation techniques, and repair 
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Erector
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  Fig. 25.1    Superior 
lumbar triangle: The 
superior lumbar triangle 
(Grynfeltt’s triangle) is 
formed by the erector 
spinae muscles, internal 
oblique muscles, and 
12th rib. Its fl oor is the 
transversus abdominis       

Latissimus dorsi

External oblique

Internal oblique

Inferior lumbar triangle
(Petit’s triangle)

Iliac crest

  Fig. 25.2    Inferior 
lumbar triangle: The 
inferior lumbar triangle 
(Petit’s triangle) is 
formed by the latissimus 
dorsi muscle, external 
oblique muscle, and iliac 
crest. Its fl oor is the 
internal oblique muscle       
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of retroperitoneal traumatic injuries is still com-
mon. Prevention and repair of fl ank hernias rely 
on good understanding of the anatomy. Avoiding 
injury to surrounding structures and careful fi xa-
tion of the mesh are key to good quality of life 
outcomes. 

 The fl ank is the intersection of the back and 
abdominal musculature, several of which fuse to 
form aponeuroses. The deep fascia of the back, 
also known as lumbodorsal or thoracolumbar fas-
cia, is formed by the fused aponeuroses of the 
latissimus dorsi, internal oblique, and transversus 
abdominis muscles [ 5 ]. The internal oblique 
muscles and transversus abdominis muscle join 
together at the lateral edge of the erector spinae 
muscles, and this aponeurosis extends to cover 
portions of the bony spine [ 5 ]. A surgeon can 
judge the depth of an incision here by the fact that 
the internal oblique muscle fi bers begin at the 
edge of the erector spinae muscles while the 
transversus abdominis muscle fi bers continue to 
be aponeurotic laterally [ 5 ]. 

 The quadratus  lumborum   muscle lies anterior 
to the deep fascia, and the subcostal, iliohypo-
gastric, and ilioinguinal nerves pass laterally and 
anterior to this muscle before entering the plane 
between the transversus abdominis and internal 
oblique muscles to course towards the anterior 
midline [ 5 ]. Superfi cial to the quadratus lumbo-
rum, contained within Gerota’s fascia, lays the 
kidney and adrenal glands with their attendant 
vascular structures. The ureter also starts proxi-
mally with the renal vessels before moving in a 
curvilinear path in the retroperitoneum to the 
ureteropelvic junction at approximately the level 
of L2, then moves anteriorly along the psoas 
muscle [ 6 ]. It crosses under the gonadal vein and 
crosses over the iliac vessels at the bifurcation of 
the common iliac into the external and internal 
iliac vessels [ 7 ]. The ureter is found medial to 
the sacroiliac joint before moving laterally into 
the pelvis [ 6 ]. 

 When  performing   a hernia repair, constant 
awareness of one’s dissection and proximity to 
pelvic nerves, vasculature, and the ureter is nec-
essary; moreover, lateral positioning can further 
distort anatomy leading to injury.  

    Brief History of Flank Hernias 

 The fl ank hernia was fi rst described in the litera-
ture in 1672 by the Dutch anatomist and surgeon 
Paul Barbette [ 8 ]. Physicians Dolée in 1703 and 
Budgeon in 1728 are also credited with early 
 descriptions  , and Garangeot (1731) described the 
fi rst report of a strangulated fl ank hernia, which 
was reduced after the patient’s death [ 9 ]. In 1750, 
the fi rst surgical reduction and repair was reported 
by Ravanton [ 9 ]. The anatomical boundaries of 
the inferior lumbar triangle were again described 
by the French physician Petit in 1783, and the 
hernia of that space now bears his eponym [ 10 ]. 
Hernias of the superior lumbar triangle are named 
by the surgeon Grynfeltt, who described the 
space in 1866 [ 11 ]. He was a contemporary with 
the German physician Lesshaft who defi ned the 
triangle independently in 1870, and the superior 
 lumbar   triangle hernia is sometimes referred to as 
a Grynfeltt–Lesshaft hernia [ 9 ]. 

 Flank hernias are rare with only an estimated 
300 cases reported in the literature [ 12 ]. 
Laparoscopic case series are similarly scarce. 
The fi rst laparoscopic repair of a traumatic fl ank 
hernia was reported by Burick et al. in 1996 [ 13 ] 
and the fi rst  laparoscopic   primary fl ank hernia 
repair by Heniford et al. in 1997 [ 14 ].  

    Epidemiology 

  Flank hernias   account for 1.5–2% of abdominal 
wall defects [ 4 ]. The majority (2/3) of fl ank her-
nias occur in men [ 14 ]. Incarceration risk is esti-
mated to be approximately 25%, with 8% chance 
of strangulation [ 3 ,  4 ]. Overall, 20–25% of fl ank 
hernias are congenital, and 55% are primary. 
Primary or spontaneous fl ank hernias are most 
common in the fi fth to seventh decades of life 
and are associated with states that promote her-
niation of the abdominal contents through the 
weakened superior lumbar triangle, such as 
 obesity, chronic illness, advanced age, polio, and 
local muscle weakness [ 3 ,  12 ]. There are reports 
of herpes zoster contributing to eventration lead-
ing to herniation [ 15 ]. 
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 Incisional or traumatic  hernias   have become 
more prevalent than in decades past and now 
account for 25–30% of fl ank hernias [ 3 ,  12 ]. Faro 
et al. reported that 7 out of 850 patients who 
received CT scan imaging for acute abdominal 
trauma were diagnosed with traumatic  lumbar 
hernia   [ 16 ]. CT scan has a 98% sensitivity for 
traumatic fl ank hernias which can be easily 
missed by physical exam on trauma survey but 
are commonly associated with intra-abdominal 
injuries (61%) [ 17 ]. Traumatic fl ank hernias are 
more often diffuse or located within the inferior 
lumbar triangle [ 17 ]. Seat belt injury via rapid 
deceleration and shearing of the iliac crest and 
associated muscles can be associated with trau-
matic fl ank herniation [ 17 ]. 

 Similar to ventral hernias, incidence of inci-
sional hernias in the fl ank is about 20–30% [ 12 ]. 
Eventration can occur as a result of iatrogenic 
injury of the 12th subcostal nerve, which runs 
anterior to the quadratus lumborum muscle, 
enters through the transversalis fascia, and runs 
under the internal oblique muscles before joining 
the iliohypogastric nerve [ 18 ]. When injured, the 
lateral abdominal wall muscles will weaken and 
eventrate. In one study of patients undergoing 
radical nephrectomy, 34 of 70 (49%) reported 
persistent fl ank bulging 1 year postoperatively; 
the authors did not differentiate between eventra-
tion and herniation in this study [ 18 ].   

    Surgical Approach 

    Preoperative  Worku  p 

 Patients with fl ank hernias often present with 
posterolateral bulges (Fig.  25.3 ) that are exacer-
bated by Valsalva maneuver and resolved with 
lying fl at. A history is taken with careful atten-
tion to precipitating factors such as illness, 
trauma, or surgery. Symptoms of small bowel 
obstruction, colon obstruction, and urinary 
obstruction are pertinent. Physical exam is per-
formed in standing and lateral laying positions, 
noting the presence of previous surgical scars in 
the region, the approximate size of the fl ank her-
nia defect, reducibility of hernia contents, and 

proximity to the iliac crest. Auscultation and 
palpation may reveal incarcerated colon, bowel, 
or even the kidney. Though ultrasound may be 
helpful because of the ability to recognize the 
presence of the hernia and any contents within 
the sac, CT scanning is routinely recommended 
[ 3 ,  12 ,  14 ]. A CT scan differentiates between 
muscle laxity and true fl ank herniation and pro-
vides preoperative identifi cation of the contents 
of the hernia sac, defect location, and which lay-
ers of muscle may be atrophied or contracted 
(Figs.  25.4  and  25.5 ). The size of the defect and 
the presence of a previous hernia repair can 
infl uence the decision to proceed with an open 
or laparoscopic approach (Table  25.1 ). Moreno-
Egea et al. published the fi rst prospective trial of 
laparoscopic versus open repair of 16 incisional 
 lumbar hernias  . They reported reduced mean 
operating time, postoperative complications, 
mean length of stay, quicker return to activities, 
and lower associated costs with the laparoscopic 
repair compared to open, though the laparo-

  Fig. 25.3    Flank hernia on exam: This patient with neuro-
fi bromatosis has a posterior bulge on Valsalva consistent 
with a primary fl ank hernia       
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scopic group had a smaller average defect size 
[ 19 ]. In a follow-up of this study in 2013, 
Moreno-Egea et al. confi rmed these fi ndings 
and recommended a laparoscopic approach for 
those with a hernia  defect   size of less than 15 
cm, especially if the hernia was located within 
one of the lumbar triangles [ 20 ]. However, pre-
operative evaluation and discussion with the 
patient regarding repair techniques are key in 
choosing the best approach for repair. Long- and 

short-term patient goals are important; data 
from large ventral hernia series indicates that 
laparoscopic repairs may have more initial pain 
but fewer wound complications compared to 
open repairs [ 21 ].

      Regardless of surgical approach, the 
patient’s risk of wound complications and her-
nia recurrence can be optimized by smoking 
cessation 4–6 weeks prior to surgery, weight 
loss depending on patient BMI, and improving 
glucose control in patients with diabetes [ 22 –
 24 ]. Cardiac and medical clearance may be 
appropriate for elderly or patients with signifi -
cant comorbidities [ 25 ]. Involving the trans-
plant team in the hernia operation for patients 
who have a kidney transplant can be very valu-
able in identifi cation and prevention of trans-
planted ureter or kidney injury. Consultation 
with an orthopedic surgeon for placement of 
 bone anchors   in cases where there is no fascia 
on the bone is recommended. 

 For patients with contracted muscles and large 
defects, preoperative injection of Botulinum 
toxin A (Botox) under CT or U/S guidance into 
the transversus abdominis, internal oblique, 
and/or external oblique muscles should be con-
sidered. The injection is done approximately 
1 month prior to surgery. In small non-random-

  Fig. 25.4    CT scan fl ank hernia—Axial view: This preop-
erative CT scan demonstrates a  right  sided fl ank hernia       

  Fig. 25.5    CT scan fl ank hernia—Coronal view: Another 
patient with a large,  right -sided fl ank hernia containing 
colon       

   Table 25.1     Factors infl uencing operative approach   to 
fl ank hernia repair   

 Operative approach to repair of fl ank hernias 

  Consider open approach  

 Very large defects where muscle approximation is 
desired 

 Numerous previous repairs ± mesh 

 Inability to tolerate pneumoperitoneum 

 Extensive intra-abdominal adhesions 

 Large unappealing scar with atrophic skin 

  Consider laparoscopic approach  

 Smaller defects where muscle approximation is less 
important 

 Morbidly obese patients 

 Diabetic patients 

 Tobacco users who necessitate repair 

 Immunocompromised patients 

 Patients with high risk of wound complications 
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ized  studies on ventral hernias, preoperative 
 injections of Botox have been shown to  paralyze 
lateral muscles, reduce transverse hernia defects, 
decrease intra-abdominal pressure and muscle 
tension, and allow easier surgical closure [ 26 ]. 
 This   method has been utilized by our group with 
good results for an open repair in a patient with 
recurrent fl ank hernia after partial nephrectomy 
(unpublished data, Heniford 2014). Muscles will 
retain laxity for approximately 3 months post-
operatively, which may give the appearance of 
persistent herniation.  

    Positioning and Trocar Placement 

  Patient positioning   is crucial to a successful oper-
ation. Before moving the patient from the supine 
position, the patient’s midline, hernia defect  and 
intended trocar sites should be marked with a 
marking pen, as the abdomen will be distorted 
with positioning. The patient is then placed in a 
semilateral position with 45° elevation of the side 
ipsilateral to the hernia with fl exion at the hip 
(Fig.  25.6 ) [ 27 ]. This position allows the patient 
to be rolled fl at or in full lateral position to opti-

Monitor, video
camera

Monitor,
insufflator

Anesthesiologist

Nurse

Surgeon

Assistant

  Fig. 25.6    Diagram of patient positioning. The patient is positioned in the semilateral position which allows the patient 
to be rolled fl at or in full lateral position to optimize exposure       
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mize exposure. In the semilateral position, the 
viscera fall away from hernia. Adding a kidney 
rest will further open the space between the iliac 
crest and costal margin. The patient should be 
adequately padded and secured to the operating 
table so that positioning can be changed during 
the operation safely and as needed.

    Trocar positioning   depends on the location and 
size of the defect, presence of other surgical scars, 
and patient body habitus [ 26 ]. One option is to 
place a 10 mm trocar at the umbilicus. Two addi-
tional 5 mm trocars can be placed anteriorly along 
the midline infraumbilically and supraumbili-
cally, 5–6 cm from the umbilical port (Fig.  25.7 ).

        Hernia Repair 

    Defi ning the Hernia Defect 

 After insuffl ation and brief survey of the abdo-
men,  adhesiolysis   with sharp and blunt dissection 
commences. Energy devices are used infrequently 

due to the risk of iatrogenic injury. Mobilization 
of the colon is generally required [ 14 ]. This is 
performed by incision of the peritoneum along 
the white line of Toldt with cautery or endoscopic 
scissors [ 14 ]. Occasionally, mobilization of the 
kidney is also needed [ 14 ]. Any incarcerated con-
tents are reduced laparoscopically. 

 With the takedown of adhesions and mobiliza-
tion of the colon, the retroperitoneum including 
the psoas and erector spinae muscles becomes 
accessible [ 28 ]. Superiorly, the dissection is car-
ried to allow  mesh fi xation   to the costal margin, 
but care must be taken to avoid violation of the 
thoracic cavity, diaphragm, or pericardium [ 28 ]. 
Similarly, inferior dissection to expose Cooper’s 
ligament and the iliopubic tract is necessary for 
larger defects [ 28 ]. As noted previously, meticu-
lous identifi cation of the ureter, iliac vessels, 
spermatic cord, and pelvic nerves is required 
[ 27 ,  28 ]. 

 After the hernia defect is visualized, it is mea-
sured intracorporeally to plan for appropriate 
mesh coverage. A disposable ruler can be intro-
duced via the 10 mm port or a laparoscopic 
instrument of known size (such as the open jaws 
of an endoscopic grasper) can be used for refer-
ence. Alternatively, spinal needles can be intro-
duced through the skin at cardinal directions 
surrounding the defect. A piece of suture is used 
to measure the distance between needles (as the 
defect size is reduced within the abdominal cav-
ity) and provides the dimensions of the hernia 
defect (Fig.  25.8 ). An adequate overlap generally 
requires 4–6 cm overlap at the hernia edge.

       Securing the Mesh 

 Mesh used for laparoscopic  intra-abdominal 
placement   should have an adhesion barrier and 
should be selected according to criteria similar 
for laparoscopic ventral hernia repairs. 
 Transfascial sutures and tacks   attach the mesh to 
the abdominal wall, and both absorbable and 
nonabsorbable materials may be used. 

 Adequate mesh coverage is paramount for 
successful repair of the fl ank hernia. The poste-
rior suture attaches the mesh far posteriorly to the 

5mm

10mm

5mm

  Fig. 25.7    Trocar placement. Three trocars are placed in 
the midline, depending on the patient’s body habitus, 
location of the hernia defect, and presence of previous 
surgical incisions       
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erector spinae fascia and muscles and the anterior 
suture will depend on the size and area of the 
defect. Superiorly, the mesh can be secured to the 
costal margin as needed but can extend beyond 
this and drape over liver or spleen for increased 
overlap. Inferiorly, the mesh is secured above the 
iliac crest or to the Cooper’s ligament. 

 The mesh is secured using tacks and sutures 
where the number depends on the size of mesh 
and defect as with ventral hernias. Making sure 
that the mesh is taut and in good contact with the 
abdominal wall is important to help with incor-
poration. Sutures are usually secured to the mesh 

extracorporeally and with the knots on the side 
that opposes the abdominal wall. The mesh is 
then rolled and inserted into the abdomen. It is 
laid out to overlap the defect adequately and then 
sutures are exteriorized using a suture passer 
(Figs.  25.9a, b  and  25.10 ). The mesh is secured 
superiorly by suture through the rib, avoiding 
fi xation to the diaphragm, and to the iliac crest 
inferiorly by passing the suture through the peri-
osteum of the bone. Use of  bone anchors   in the 
iliac crest to fi x the mesh inferiorly [ 27 ,  29 ] or 
fi xation of the mesh to Cooper’s ligament and the 
iliopubic tract with tacks [ 28 ] can be performed. 

  Fig. 25.8    Measuring the 
defect laparoscopically. 
The fi gure demonstrates 
one method for 
measuring the hernia 
defect. Spinal needles are 
placed through the skin 
to mark the edges of the 
defect. Two laparoscopic 
graspers span the 
distance from one spinal 
needle to the other using 
a piece of suture, then the 
suture length is measured 
extracorporeally       

  Fig. 25.9    Mesh positioning. The mesh is placed retro-
peritoneally, posterior to the kidney. Depending on the 
size of the defect, the mesh may cover from the abdominal 

 midline  to the psoas muscle, and from the iliac crest to the 
coastal region, behind the liver       
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  Fig. 25.10    Transfascial sutures. Using a suture passer, the surgeon secures the mesh with transfascial sutures         

Adhesive barrier
faces outward
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Regardless of which method is chosen, no tacks 
or sutures should be placed below the iliopubic 
tract to avoid injury to neurovascular structures.

    If a portion of the peritoneum is taken down, it 
may be used as long as there is no space left for 
internal herniation of bowel [ 20 ]. To secure the 
mesh, laparoscopic tacks are utilized approxi-
mately every 2 cm. Adequate posterior position-
ing of the mesh is critical. Edwards et al. suggest 
examining preoperative CT scans closely to 
ensure patients have adequate paraspinal muscles 
to allow for hernia repair [ 28 ]. Some authors are 
cautious about tacks along the psoas due to the 
nearby presence of the iliohypogastric, ilioingui-
nal, or genitofemoral nerves and prefer to utilize 
intracorporeal suturing to attach the mesh to the 
investing fascia in this region [ 30 ]. The lateral 
edge of the psoas muscle should be considered 
the border for safety in order to avoid critical 
nerves. Regardless of the method, generous over-
lap of the defect with mesh coverage into the ret-
roperitoneum should be the goal. Sutures do not 
have to be at the edges of the mesh, but can be 
closer to the center if needed to facilitate secure 
placement. 

 After fi xation of the mesh, the surgical fi eld is 
examined and then the trocars are removed under 
direct visualization. Trocar sites greater than 
5 mm are closed at the fascial level. Injecting 
suture sites with local anesthetic is strongly rec-
ommended intraoperatively.  

    Primary Closure 

 Though laparoscopic repair does not generally 
include primary fascial closure, this should be 
a consideration in repair. The surgeon should 
discuss options with the patient indicating the 
pros and cons of closing the defect [ 20 ]. Our 
preference is to  close   the defect when possible 
to establish better mesh overlap and restore 
abdominal wall functionality; researchers have 
demonstrated that in patients undergoing laparo-
scopic ventral hernia repair, there is no internal 
or external oblique muscle hypertrophy unless 
the midline fascia is closed [ 31 ]. If an incision 

over the defect is required to accomplish muscle 
and defect closure, the patient will lose some of 
the benefi ts of laparoscopy such as a lower rate 
of wound complications. However, hernia sac 
resection and primary myofascial reapproxi-
mation may not be feasible via a laparoscopic 
approach.  

    Postoperative Care and Quality 
of Life Considerations 

 In our practice,    preoperative epidurals are rou-
tinely performed especially in patients with 
large defects, and where an epidural is not 
possible or refused, a patient-controlled anal-
gesia (PCA) pump is used. The patient’s diet 
is advanced as tolerated postoperatively. Early 
mobilization, within 6–8 hours of surgery, is 
strongly encouraged. A single dose of preop-
erative antibiotics is administered, as well as 
a subcutaneous injection of heparin in the pre-
operative holding area for venous thromboem-
bolic (VTE) prophylaxis. Chemoprophylaxis 
and sequential compression devices (SCDs) 
are utilized from postoperative day 0 to prevent 
VTE events. Subfascial drains are removed 
prior to discharge, while prefascial drains are 
left in place until the output has decreased in 
quantity to less than 30 cc/day for 2 days. 

 In Edwards et al.’s series of laparoscopic fl ank 
hernia repairs ( n  = 27), patients stayed in the hos-
pital for an average of 3.1 days (range 0–6 days) 
and had no wound complications or recurrence at 
mean 3.6 month follow-up (range 1–10 months) 
[ 28 ]. However, three patients did report persis-
tent pain at their hernia site at follow-up. 

 Moreno-Egea et al. published long-term 
results on 55 patients who either underwent lapa-
roscopic ( n  = 35) or open ( n  = 20) fl ank hernia 
repair [ 20 ]. The patients in the laparoscopic 
group were more obese (mean BMI 31.2 vs. 28.2) 
but had smaller hernias (average defect 11.7 cm 2  
vs. 14.5 cm 2 ) than the open group. Overall, 2.9% 
of the laparoscopic repairs ( n  = 1) and 13% of 
open repairs ( n  = 3) developed recurrence (NS, 
 p  = 0.13). Compared to open repairs, the laparo-
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scopic group had more hematomas (11.4% vs. 
0%), but fewer seromas (20% vs. 40%). The lapa-
roscopic group returned to normal activities 
much faster (average 14 vs. 27 days). At 1 and 6 
months, via a visual analog scale, pain was lower 
in the laparoscopic group ( p  < 0.001). By 1 year, 
the groups were the same with 88.2% of the lapa-
roscopic and 90% of the open repair groups 
reporting no pain [ 20 ]. 

 Quality of life after fl ank hernia repair has 
been examined using the prospective International 
Hernia Mesh Registry. Of 62 patients  who   under-
went fl ank hernia repair—12 laparoscopic and 50 
open—the majority of patients reported pain, 
movement, and mesh sensation postoperatively 
(Unpublished data, Heniford 2014, see Table 
 25.2 ). Using the Carolinas Comfort Scale (CCS), 
a hernia-specifi c quality of life assessment tool, 
there was no signifi cant difference between oper-
ative approaches, but a trend towards more pain 
in laparoscopy (Unpublished data, Heniford 
2014). Between 11.2 and 33.3% of patients con-
tinue to report pain 1 year after laparoscopic 
fl ank hernia repair (Unpublished data, Heniford 
2014). This is an important element of preopera-
tive counseling, especially for patients who pres-
ent because of pain.

        Summary 

 Flank hernia is a rare entity but can be success-
fully treated laparoscopically. Careful  preopera-
tive preparation   and  patient counseling   are 
important. Intraoperatively, mesh should be 
placed with wide coverage of the hernia defect, 
often stretching from the costal margin to the 
iliac crest, and from the anterior abdomen to the 
erector spinae muscles and psoas muscles. A 
thorough anatomical awareness of the fl ank 
region is important to avoid damage to the sur-
rounding structures, such as the ureter, pelvic 
nerves, spermatic cord, and vascular structures.     
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           General Overview 

 In 2004, the American Hernia Society concluded 
in their consensus statement that the  Rives- 
Stoppa repair   of ventral hernias was the standard 
by which all open hernia repairs should be judged 
[ 1 ,  2 ]. While shown to be a durable repair, wound 
complications often times result in unacceptable 
patient morbidity. To defend against wound mor-
bidity, laparoscopic ventral hernia repair (LVHR) 
emerged. In fact, laparoscopic repair of incisional 
hernias, fi rst introduced in 1992 [ 3 ,  4 ], leads to 
markedly improved wound morbidity, shorter 
hospital stay, and lower overall complication 
rates. Published recurrence rates have been 
reduced, ranging from 0 to 9% [ 5 – 8 ]. These 
recurrences have been attributed primarily to 
improper positioning of the mesh (with <3 cm 
overlap of mesh and fascia) and to the use of 
tacking or stapling  devices   as sole fi xation with-
out permanent suture fi xation [ 8 ,  9 ]. 

 Although  laparoscopic repair   has been associ-
ated with improved outcomes compared to the 
open technique, there continues to be a signifi -
cant incidence of  postoperative pain  . Several 
authors [ 7 ,  10 – 13 ] have reported a 2% incidence 
of signifi cant postoperative pain lasting more 
than 2–8 weeks after repair. The pain is described 
by patients as a point of constant burning in a der-
matomal pattern at the points of transabdominal 
sutures or tackers and has been attributed to tis-
sue and nerve  entrapmen  t. 

 The da Vinci robot (Intuitive Surgical, 
Sunnyvale, CA, USA) offers numerous advan-
tages when compared to laparoscopy, including 
several degrees of motion, three-dimensional 
(3D) imaging, and superior ergonomics that 
enable easy and precise  intracorporeal suturing  . 
Other reports have demonstrated the ease of 
intracorporeal suturing of the mesh to the abdom-
inal wall [ 10 ]. Thus, this device is an ideal tool 
for intracorporeal suturing of mesh to the poste-
rior fascia of the anterior abdominal wall for ven-
tral hernia repair. Whereas previous reports have 
confi rmed the need to suture the mesh at 2 to 
5-cm intervals [ 7 – 9 ] as a means of reducing the 
recurrence rates associated with laparoscopic 
hernia repairs, we believe that continuous cir-
cumferential suturing applies those principles 
while evenly distributing the tension throughout 
the mesh. 

 Limitations of the robot-assisted technique 
are obvious. Large ventral hernias, as they 
approach the working ports and camera, make 
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this  technique   technically challenging for the 
robotic arms to be placed and to be able to work 
with the angulations needed or when the amount 
of redundant skin is large and removal of soft tis-
sue is indicated. 

 Traditionally, the steps of LVHR involve three 
primary steps: gaining safe access to the abdo-
men, adhesiolysis, and placement and fi xation 
of a tissue separating mesh. Adhesiolysis is the 
Achilles heel of this procedure due to its techni-
cal diffi culty, especially in recurrent hernia and 
in patients with previous intraperitoneal mesh 
placement. This diffi culty is accentuated by 
poor ergonomics and the demands of applying 
non-articulating instruments high on the ante-
rior abdominal wall. Secondly, bridging defects 
may predispose to migration or eventration of 
the mesh into the defect and seroma formation. 
Thirdly, the requirement for circumferential 
tacks and multiple full thickness transfascial 
sutures to adequately secure the intraperitoneal 
onlay mesh (IPOM), predispose to both acute 
and chronic pain [ 13 ,  14 ]. Lastly, in a certain 
group of patients, leaving mesh in the intraperi-
toneal area may complicate future surgical inter-
vention [ 15 ]. 

 Robotic ventral hernia repair (RVHR) may 
overcome these shortcomings by allowing the 
operator to offer traditional open repair tech-
niques through minimally invasive incisions. 
The robotic repair of ventral hernias was fi rst 
described in 2002 by Ballantyne [ 16 ]. Boasting 
the benefi ts of improved visualization, tremor- 
less precision, and superior ergonomics has 
stimulated the emergence of robotic techniques 
in the hernia fi eld. In this chapter, we will detail 
perioperative considerations and technical pearls 
of RVHRs. 

    Preoperative  Consideration  s 

 Obtaining a thorough history and physical is 
mandatory to coordinate an operative plan. 
Specifi cally, comorbidities such as diabetes, obe-
sity, smoking, and collagen vascular disease may 
critically affect the operative plan. A CT scan of 
the abdomen and pelvis is critical to preoperative 

planning and remains the gold standard imag-
ing test. This imaging modality can delineate the 
size and location of the hernia defect, the con-
tent of the hernia sac, and possibly the position 
of previously placed mesh. A complete medical 
history along with imaging offers the opportu-
nity for surgeons to construct a risk/benefi t ratio. 
This scale may then be presented to the patients 
so they can make an informed decision regard-
ing the repair that would be best to address their 
specifi c hernia.   

    Techniques 

 Hernia repair techniques amenable to the robotic 
approach include:

•    IPOM bridge  
•   IPOM after primary closure of the defect  
•   Preperitoneal placement of mesh  
•   Placement of retromuscular mesh with or 

without posterior components separation    

 These individual techniques are chosen based 
on location of the hernia defect, size of defect, 
and perhaps most importantly, surgeon experi-
ence. This chapter will provide a detailed instruc-
tion on each individual technique along with 
author insight, where applicable.  

     Intraperitoneal Onlay Mesh   
After Primary Closure of the Defect 

     Patient Positioning  ,  Trocar Placement  , 
and  Dockin  g 

 For the majority of patients with defects in the 
midline, supine positioning with the arms tucked 
is preferred, unless trocar access to the lateral 
abdomen is obscured by this position. In this situ-
ation, the arm is placed on a board set at 90° from 
the trunk. For mid-abdominal hernias, the trocars 
should be placed at the most extreme lateral, cra-
nial, and caudal positions possible. The most 
 lateral position of the camera and two instrument 
arms will allow for a full range of motion, which 
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facilitates dissection and suturing on the anterior 
abdominal wall. 

 Gaining safe  intra-abdominal access   remains 
the fi rst important step in minimally invasive sur-
gery. This can be diffi cult in the multiply oper-
ated abdomen. Sites of previous operative 
intervention will certainly infl uence the strategy 
to gain initial access. Optical entry with a 5 mm 
trocar with or without initial Veress needle insuf-
fl ation in the left upper quadrant is generally safe. 
A 12 or 8 mm trocar for the camera is placed as 
far lateral to the ipsilateral edge of the defect as 
possible. This, in most cases, obviates the need to 
place trocars on the contralateral abdomen when 
securing the mesh to the ipsilateral abdominal 
wall. An 8 mm dV trocar is placed in the lower 
lateral abdomen and the initial 5 mm optical tro-
car is then replaced with an 8 mm dV trocar or by 
the camera trocar (Fig.  26.1 ).

   Another consideration is the accessory port. 
The accessory port is used to aid with the mesh 
introduction and orientation, suture introduction 
and removal, and suture cutting. We found that 
using the accessory trocar for the larger mesh 
introduction under direct visualization was safer 
and more effi cient than introducing the mesh and 
sutures through the 12 mm camera port. The acces-
sory port is less useful for the repair of smaller ven-
tral hernias, where the orientation of the mesh and 
the retraction of the mesh for exposure during 
suture placement are less cumbersome. 

 The  accessory port location   must also be 
determined in relationship to the three da Vinci 
arms. The optimal positions are located opposite 
the defect between one instrument arm and the 
camera arm trocar and also at the subxiphoid or 
suprapubic area; that way it may serve for both 
sides if needed (Fig.  26.2 ). It is crucial to place 
the accessory port as far from the defect as pos-
sible to allow for increased range of motion and 
effectiveness (Fig.  26.3 ).

    Generally, for mid-abdominal hernias, a neu-
tral supine position is suffi cient. Any patient 
position manipulation, however, must be per-
formed prior to docking of the robot. The robotic 
cart is driven directly over the abdomen and in-
line with the trocar sites.  

  Fig. 26.1    Trocar position for midline abdominal wall 
hernias       

  Fig. 26.2    Subxiphoid accessory port       

  Fig. 26.3    Robot docking       
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    Instrumentation 

 For right-handed surgeons, a dV prograsp (or 
fenestrated bipolar) is placed in arm #2, 8 mm or 
12 mm 30° up camera in the camera port, and the 
dV  monopolar   scissors is placed in arm #1. 

 The dV SutureCut needle driver is used to pri-
marily close the hernia defect as well as fi xating 
the mesh to the abdominal wall. A fenestrated 
bipolar grasper instead of the prograsp might be 
used (Fig.  26.4 ).

       Essential Steps 

    Adhesiolysis 
 The essential steps of robotic hernia repair are 
analogous to that of conventional laparoscopic 
repair. Adhesiolysis of the abdominal wall to iso-
late the hernia defect must be performed meticu-
lously to avoid iatrogenic injury to the abdominal 
viscera. The dV platform facilitates adhesiolysis 
through its 3-D visualization, extended range 
of motion, tremor-less precision, and superior 
ergonomics. 

 One important distinction between conven-
tional laparoscopy and the robotic platform is 
that in the latter, the surgeon is stationed at a 
remote location from the patient. Therefore, it is 
mandatory for the surgeon to always have the 
instruments in view. Injudicious movements of 
instruments outside the visual fi eld may lead to 
serious iatrogenic injury. 

 For  direct bowel handling  , the dV fenestrated 
bipolar grasper is less traumatic to bowel serosa. 
It is important to emphasize the loss of haptic 
feedback when performing robotic surgery. This 
shortcoming is overcome by the improved ability 
to visualize individual stretch fi bers. Special 
attention is therefore required to prevent iatro-
genic bowel injury and excessive bleeding by 
way of atraumatic handling and judicious use of 
energy devices. Complete adhesiolysis is manda-
tory to ensure adequate evaluation of the abdomi-
nal wall. If necessary, the falciform ligament is 
taken down to allow for the fl ush placement of 
mesh against the abdominal wall. In the setting of 
dense adhesions, the robotic harmonic scalpel or 
dV vessel sealer may facilitate  hemostasis  .  

    Primary Closure of the Defect 
 Successful primary closure of the  defect   is facili-
tated by the use of the barbed V-loc suture 
(Covidien) or Stratafi x (Ethicon Inc). Preoperative 
studies including physical examination, evalua-
tion of abdominal wall compliance, and CT eval-
uation generally suffi ce in determining the 
feasibility of primary closure. The ability to pri-
marily close defects without component separa-
tion is based on the principles of Ramirez 
regarding width and location of the hernia defect 
[ 17 ]. However, this is clearly based on open tech-
nique and not while working against the forces of 
pneumoperitoneum. As a general rule, however, 
a defect less than 10 cm in the mid-abdomen is 
amenable to primary closure. It is important to 

  Fig. 26.4    Instrumentation       
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note that subxiphoidal and suprapubic defects are 
more diffi cult to close. Desuffl ating the abdomi-
nal cavity to 6–8 mmHg pneumoperitoneum may 
be necessary. The suture is introduced into the 
intra-abdominal cavity through the 8 mm dV tro-
car or the accessory port. It is recommended to 
straighten the needle to facilitate both introduc-
tion and subsequent removal through an 8 mm 
trocar.  

    Mesh Placement and Fixation 
 A tissue separating mesh is  utilized   when placed 
in the intraperitoneal underlay position. The siz-
ing of the mesh is similar to the principles of tra-
ditional laparoscopy, maintaining at least 5 cm 
overlap in all directions. For larger defects, where 
primarily closure may be under moderate ten-
sion, a wider mesh is employed. Depending on 
the size of the prosthetic, it can be introduced 
 through   the 8 mm dV trocar, camera port, or 
accessory 10–15 mm port. 

 There are a myriad of options to secure the 
mesh to the abdominal wall including reproduc-
ing  standard LVHR technique   with a combina-
tion of tacks and full thickness transfascial 
sutures versus intracorporeal partial thickness 
suture fi xation, or securing the mesh to the 
abdominal wall with circumferential suture fi xa-
tion. With the mesh positioned on the abdominal 
wall by using a scroll technique or using mesh 
equipped with a positioning device (Ventralight 
ECHO, CR Bard, Cranston, RI), a full length 
nonabsorbable 00 or 0 monofi lament suture is 
introduced into the intra-abdominal cavity 
through the same trocar as the needle holder. The 
external end of the suture situated outside the tro-
car is secured with a hemostat. This technique 
avoids excessive suture in the intra-abdominal 
cavity, thereby facilitating fi xation. In a running 
fashion, the suture is then placed around the cir-
cumference of the mesh. It may be necessary to 
use more than one suture for larger prosthetics. 
Upon completion of mesh fi xation, the robot is 
undocked. Only the 10–12 mm trocar fascial sites 
are closed with a suture passer under direct lapa-
roscopic vision.    

    Robotic TAPP Ventral Hernia Repair 

 Exploiting the layers of the abdominal wall is 
made possible by the precision the dV robot 
affords. While feasible using  conventional lapa-
roscopy  , working high on the anterior abdominal 
wall remains technically demanding and ergo-
nomically challenging. Placing mesh in the pre-
peritoneal space obviates the need for a more 
costly  tissue separating mesh  , allows the mesh to 
incorporate directly on fascia, and theoretically 
decreases the need for sutures or tack fi xation. 
This, in turn, should reduce postoperative pain, 
and likely minimize complications inherent with 
leaving mesh in the intraperitoneal position, e.g., 
bowel erosion, fi stula or severe  adhesions  . 

 The robotic transabdominal preperitoneal 
(TAPP) VHR was developed based on the TAPP 
inguinal hernia repair and involves dissection 
of the preperitoneal plane, reduction of the her-
nia sac, primary closure of the defect, place-
ment of mesh, and reperitonealization of the 
mesh (Fig.  26.5 ).

      Essential Steps 

 Patient positioning,  trocar placement  , docking, 
and  instrumentation   are analogous to that 
described above. 

  Fig. 26.5    Peritoneal incision       
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    Developing a Preperitoneal Plane 
 The peritoneum is incised at least 5 cm from the 
hernia defect on the side of the abdomen ipsilat-
eral to the trocar sites (Fig.  26.5 ). Peritoneal inci-
sion is best made in proximity of the  preperitoneal 
fat   underlying the rectus fascia. A preperitoneal 
plane is then developed widely with a combina-
tion of blunt and sharp technique. Care is taken to 
avoid disrupting the posterior fascia. In the event 
the posterior fascia is breached and the rectus 
muscle is visible, it is subsequently closed with 
suture. The hernia sac is reduced and dissection 
continues distal to the defect, thereby allowing 
for placement of an adequately sized mesh. Wide 
distal dissection allows for the creation of a large 
mobile fl ap to completely reperitonealize the 
mesh.    If the preperitoneal space is inaccessible, 
the approach is modifi ed to placement of an intra-
peritoneal mesh subsequent to primary closure of 
the defect.

       Primary Closure of the  Defec  t 
 The hernia defect is closed with 0 or 1 V-loc run-
ning barbed permanent or long-term absorbable 
suture. Desuffl ation of the abdominal cavity may 
need to be employed to facilitate closure of the 
hernia defect (Fig.  26.6 ).

        Mesh Placement  ,  Fixation  , 
and  Reperitonealizatio  n 
 The mesh is introduced into the intra-abdominal 
cavity and placed fl at on the abdominal wall. 
Large overlap of the closed defect (5 cm mini-

mum in all directions) is insured. The mesh is 
secured to the abdominal wall with four absorb-
able tacks placed at the cardinal points of the 
mesh or with sutures as per surgeon’s preference. 
Once adequate fi xation and hemostasis is 
achieved, the peritoneal fl ap is re-approximated 
to cover the mesh with a continuous 00 absorb-
able running suture or tacks (Fig.  26.8 ).

         Subxiphoid Hernias 

 Traditionally,  subxiphoidal hernias   have been 
diffi cult to repair laparoscopically because of the 
diffi culty in reliably securing the mesh to the 
lower thoracic outlet. The preperitoneal tech-
nique obviates the need for full thickness trans-
fascial sutures because the mesh is effectively   Fig. 26.6    Defect closure       

  Fig. 26.7    Mesh placement       

  Fig. 26.8    Reperitonealization of mesh       
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sandwiched between the abdominal wall and 
peritoneum which allows the mesh to incorporate 
on both faces. The technique itself is analogous 
to that of the TAPP ventral hernia for mid- 
abdominal defects which involves dissecting a 
large preperitoneal plane, reducing the hernia 
sac, primary closure of the defect, mesh place-
ment, and reperitonealization. Takedown of the 
falciform ligament and associated peritoneum 
assists in mobilizing a large fl ap for subsequent 
reperitonealization of the mesh. If the preperito-
neal space is inaccessible an IPOM can be easily 
achieved. The mesh is secured by suturing it to 
the abdominal wall and diaphragm, carefully 
avoiding the cardiac bare area. 

    Patient Positioning, Trocar Placement, 
and  Dockin  g 

 The patient is placed in a supine  position   with the 
arm tucked. The strategy again is to place the 
camera trocar at least 15–20 cm from the caudal 
aspect of the defect. Depending on  b  ody habitus 
and torso length, an infraumbilical incision for 
initial access generally works well. Two or three 
dV 8 mm trocars are placed in line with the 
12 mm trocar with at least 6–10 cm of space 
between trocars. Patient positioning must be 
completed prior to docking of the robot. The 
robot is then docked over the right or left 
shoulder.   

    Suprapubic Hernias 

 The challenges of laparoscopic suprapubic hernia 
repair include the requisite mobilization of the 
bladder, creating a pelvic dissection within the 
space of Retzius, and fi xating the mesh along the 
pelvic rim. Robotic preperitoneal repair facili-
tates  bladder mobilization  , visualization of the 
pelvic rim, and creation of a large preperitoneal 
space to accommodate overlapping mesh that is 
especially diffi cult in the setting of recurrent her-
nias or in patients with previous open prostatec-
tomy (Fig.  26.9 ).

      Patient Positioning, Trocar Placement, 
and  Dockin  g 

 The patient is placed in a supine lithotomy posi-
tion. A three-way Foley catheter is placed which 
is used to distend the bladder for proper identifi -
cation. The patient is positioned in a slight 
Trendelenburg position. A 12 mm camera trocar 
is placed in a supraumbilical location for initial 
access. The camera port must be at least 15–20 cm 
from the superior aspect of the hernia defect. 
Two or three dV 8 mm trocars are placed in line 
with the camera trocar and the robot is docked in 
between the legs.  

    Essential Steps 

 A preperitoneal plane is incised a minimum of 
5 cm cephalad to the superior aspect of the hernia 
defect. A wide plane of dissection is necessary to 
accommodate a large sheet of overlapping mesh. 
The hernia defect is reduced. The superior dome 
of the bladder may occupy the hernia sac and 
therefore, great care and meticulous dissection is 
performed to avoid bladder injury. This is facili-
tated by instilling 300 cc of sterile saline into the 
bladder for easy identifi cation. The  retroinguinal 
space (space of Bogros) is   developed bilaterally 
to expose Cooper’s ligament. Dorsal mobiliza-
tion of the bladder reveals the space of Retzius 
(Fig.  26.10 ). This space can be dissected inferi-
orly to ensure adequate overlap of mesh inferior 
to the caudal aspect of the hernia defect.

  Fig. 26.9    Suprapubic hernia       
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   The hernia defect is primarily closed with 0 or 
#1 V-loc barbed suture as described above. Partial 
desuffl ation of the abdominal  cavity   may be 
required to adequately close the defect. The dome 
of the defect may also be incorporated into the 
closure in order to obliterate the dead space, 
thereby reducing the risk of seroma formation. An 
adequately sized light or medium weight polypro-
pylene mesh is introduced into the abdominal 
cavity (Fig.  26.11 ). Absorbable tacks or  sutures   
are placed to secure the mesh to the abdominal 
wall. Then, 00 or 0 prolene suture is used to secure 
the mesh to Cooper’s ligament bilaterally as well 
as to the symphysis pubis. Upon completion of 
mesh fi xation, the mesh is reperitonealized with 
00 running absorbable suture or tacks.

        Parastomal Hernia 

 The trocar strategy relies on the same principles 
as described above. The trocars are placed as far 
lateral as possible opposite the ostomy to ensure 
suffi cient distance for medial mesh overlap dur-
ing Sugarbaker repair (Figs.  26.12  and  26.13 ). 
After adhesiolysis, exposing the defect, and iden-
tifying the bowel limb of the ostomy, the defect is 
closed with 0 or 1 barbed permanent or long-term 
absorbable V-loc suture. We then lateralize the 
segment of bowel to the wall with 00 absorbable 
monofi lament suture. The mesh is introduced 
through the 12–15 mm trocar depending on the 
size the mesh. Using mesh with a positioning 
device (ECHO, CR Bard) signifi cantly facilitates 

  Fig. 26.10    Dissection of suprapubic space (Emailed 
 fi gure 26.10)       

  Fig. 26.11    Suture fi xation to the pelvic rim       

  Fig. 26.12    Trocar placements in parastomal hernia repair       

  Fig. 26.13    Trocar placements in parastomal hernia repair       
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this step. The details of laparoscopic Sugarbaker 
technique are described in Chapter   23    .

         Robotic Rives-Stoppa Repair   
with Bilateral Transversus 
Abdominis Muscle Release 

 The retromuscular hernia repair as described by 
Rives is considered by many to be the standard 
by which all hernia repairs are judged [ 1 ,  2 ,  18 ]. 
The  posterior component separation (PCS) tech-
nique   allows for the closure of large hernia 
defects with wide prosthetic mesh overlap. These 
two techniques performed in tandem have tradi-
tionally been exclusive to open hernia repair. 

 The retromuscular repair, as described by 
Rives, uses the natural myofascial planes of the 
abdominal wall while preserving the integrity of 
the subcutaneous tissue [ 18 ]. In this technique, 
mesh is secured in the retrorectus position, sand-
wiched by closure of the anterior fascia above 
and by the posterior fascia below. With recur-
rence rates reported to be in the range of 0–4%, 
many consider this technique of open ventral her-
nia repair as the gold standard for all hernia 
repairs [ 1 ,  2 ]. The  limitation   of the Rives-Stoppa 
repair is that the maximal transverse diameter of 
the mesh is confi ned to the lateral edge (linea 
semilunaris) of the rectus muscles. 

 The transversus abdominis muscle release 
(TAR), as described by Novitsky, involves poste-
rior sheath mobilization off the rectus, incision of 
the lateral posterior sheath, identifi cation and divi-
sion of the transversus abdominis, and dissection 
of the preperitoneal space [ 2 ]. This technique is 
described in detail in Chapter   13    . TAR allows for 
wide release and advancement of the posterior rec-
tus sheath and peritoneum below the arcuate line, 
preservation of the neurovascular bundle serving 
the rectus abdominis, and wide lateral dissection 
to the level of the lateral border of the psoas mus-
cle. In the setting of large incisional hernias, this 
technique allows for reconstruction of the linea 
alba, re-approximation of the rectus to the midline, 
and placement of a large overlapping mesh beyond 
the confi nes of the linea semilunaris. 

 While considered an effective and durable 
technique associated with low recurrence rates, 
trauma to the abdominal wall via open hernia 
repair is associated with a high incidence of 
 wound complications   including mesh infection 
which may lead to unacceptable patient mor-
bidity [ 13 ,  14 ]. Utilization of the daVinci robot 
has enabled minimally invasive replication of 
this technique traditionally reserved for open 
repair. 

    General Considerations 

  Abdominal wall reconstruction   by way of PCS 
mandates dissection of individual layers of the 
abdominal wall intended to primarily close 
large hernia defects, create a large space for the 
placement of a reinforcing prosthetic mesh, 
and ultimately restore the anatomy and physi-
ology of the abdominal wall. Therefore, a thor-
ough knowledge of the anatomy of the 
abdominal wall is critical to optimizing patient 
outcome. Hernia repair by way of abdominal 
wall reconstruction and component separation 
should be highly regarded as the ultimate defi n-
itive repair for large hernias. Therefore, it is 
mandatory that surgeons performing robotic 
TAR are not only experienced in the open 
counterpart, but also deemed experts with the 
robotic platform. 

 It is also important to consider that robotic 
TAR is a technique that continues to evolve. 
Although larger defects have been closed in our 
early experience, general recommendations for 
hernia width remain between 10 and 16 cm. 
Candidates most amenable to robotic abdomi-
nal wall reconstruction are patients with large 
mid-abdominal wall defects. Factors which 
preclude robotic abdominal wall reconstruction 
include hernias with loss of domain, defects 
which extend from fl ank to fl ank or subxiphoid 
to pubis, and signifi cant overlying skin issues—
those patients would generally benefi t from tra-
ditional open repair. Inability to gain adequate 
 laparoscopic access   is another contraindication 
to the robotic repair.  
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     Patient Positioning  , Trocar Placement, 
and  Dockin  g 

 For the majority of patients with large defects 
in the midline, supine positioning with the arms 
tucked is preferred, unless trocar access to the 
lateral abdomen is obscured. In this setting, the 
arms are situated at a 90° angle relative to the 
trunk. Trocars are placed in the lateral abdo-
men similar to conventional laparoscopic repair. 
Optical trocar technique, preferably in a loca-
tion remote to previous surgical intervention is 
used to gain initial access. An 8–12 mm trocar 
is placed in the lateral abdomen and then two 
8 mm trocars follow on each side of this trocar 
(Fig.  26.14 ). It is also important to consider, if 
you are utilizing the da Vinci SI, that this pro-
cedure requires a double docking technique. 
All effort should be made to communicate with 
the anesthesiologist and surgical staff that the 
patient will require 180° rotation to access the 
contralateral abdomen.

       Essential Steps 

    Posterior  Sheath   Incision 
 The anterior abdominal wall is cleared of all 
adhesions to adequately defi ne and size the her-
nia defect. The retromuscular space is accessed 
by incision and subsequent mobilization of the 
posterior sheath. Below the arcuate line, the peri-
toneum and transversalis fascia are mobilized in 
a similar fashion. The degree of cranial-caudal 

dissection is based on the size of the defect, 
   assuring a bare minimum of 5 cm overlap 
(Fig.  26.15 ).

       Transversus Abdominis Release 
 The uniform  retraction   afforded by pneumoperi-
toneum allows dissection within an avascular 
plane to the level of the linea semilunaris. The 
neurovascular bundle serving the rectus is 
exposed and preserved. An incision is made in 
the lateral posterior sheath in the upper third of 
the abdomen where the medial fi bers of the trans-
versus abdominis muscle are most prominent. 
The muscle is exposed and divided along the 
extent of posterior sheath and peritoneal dissec-
tion (Figs.  26.16 ,  26.17 ,  26.18  and  26.19 ). This 
step allows entry and dissection into the preperi-
toneal space resulting in wide release of both the 
posterior and anterior fascial layers.

      Once suffi cient posterior sheath release has 
been achieved, the robot is undocked, mirror 
image trocars are placed on the contralateral 
abdomen, and the patient is rotated 180° and the 
robot is re-docked. This step is eliminated by the 
rotational capability of the daVinci Xi. The con-
tralateral posterior sheath is then dissected and 
the steps above are repeated.  

    Closure of the Anterior Sheath, Mesh 
Placement, and Posterior Sheath 
Closure 
 Closure of the anterior  sheath   is accomplished 
utilizing a 0 V-loc suture in a running fashion. 
The subcutaneous tissue and hernia sac are incor-

  Fig. 26.14    Double docking technique and port position         Fig. 26.15    Posterior sheath mobilization       
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porated into the closure to obliterate  the   anterior 
dead space. This step restores the linea alba and 
mobilizes the rectus abdominis muscle in its cor-
rect anatomical and physiologic position.

   The extent of dissection is then measured in 
cranial caudal and axial dimensions to choose an 
appropriately sized mesh. It is important that the 
 associated   length and width of the mesh com-
pletely covers the area of dissection. A single 
central transfascial suture is utilized to position 
the light or mid-weight polypropylene mesh in 
the retromuscular position (Fig.  26.20 ). 
Circumferential fi xation is accomplished with an 

  Fig. 26.16    Posterior sheath mobilization       

  Fig. 26.17    Division of the transversus abdominis muscle 
and preperitoneal plane       

  Fig. 26.18    Division of transversus abdominis and pre-
peritoneal plane       

  Fig. 26.19    Preperitoneal dissection       

  Fig. 26.20    Retromuscular mesh placement       
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absorbable tacker or suture. The posterior sheath 
is then re-approximated using 0 V-loc suture 
(Fig.  26.21 ). It is often helpful to incorporate a 
bite of mesh to elevate the two leaves of the pos-
terior sheath away from the intra-abdominal vis-
cera. The peritoneum is re-approximated below 
the arcuate line.

       Drain  Placement   
 Secondary to pneumoperitoneum, the retromus-
cular space represents a large potential space for 
seroma formation. Trocars are withdrawn from 
the intraperitoneal cavity and positioned into 
the retrorectus space under laparoscopic guid-
ance. In this position, adequate hemostasis can 
be confi rmed and two 19F drains are placed.
Alternatively, a sequence of fascial closure which 
more closely resembles the open technique may 
be employed. This involves re-approximation of 
the posterior sheath after bilateral TAR is accom-
plished. Mesh is then placed overlying the pos-
terior sheath along the extent of dissection. The 
anterior fascia is then re-approximated thereby 
restoring the linea alba.    

    Summary 

 The technique of robot-assisted laparoscopic 
incisional hernia repair with intracorporeal clo-
sure of the  fascial defect   and continuous circum-
ferential suturing for mesh fi xation is feasible 
and may reduce postoperative pain by eliminat-
ing transfascial sutures. The component separa-
tion techniques performed robotically may 
decrease the incidence of surgical site infection 

in this diffi cult group of patients. Long- term data 
is lacking to truly assess the benefi t to the patient 
and, therefore, further evaluations and studies are 
required.      
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          Introduction 

 Mesh fi xation during  ventral and inguinal hernia 
repair   is a critical step which should aim to secure 
the mesh in place, and prevent hernia recurrence 
while promoting rapid ingrowth and reducing 
associated pain, formation of adhesions, and 
mesh shrinkage [ 1 ]. Additional consideration 
should be given to the prevention of seroma, 
infection, and fi stula during this important step. 
Correctly selecting the appropriate mesh and 
fi xation device contributes signifi cantly towards 
these goals. For example, a macroporous mesh 
paired with a smaller  fi xation device   will inevita-
bly lead to an inadequate mesh/device interface 
and weak securing of the mesh. 

 At present, seventeen various devices may 
be used for mesh fi xation, which may be 
divided into four  categories  :  Nonabsorbable 
tacks  ,  absorbable tacks  , sutures, and  glues   [ 1 ]. 
There are also a variety of mesh products avail-
able on the market, including two with self-
adhering properties. Nevertheless, the focus of 
this chapter is on fi xation options, and a detailed 
discussion of mesh types is beyond the scope of 
this chapter.  

    Fixation Products 

    Nonabsorbable Tacks 

 Three products exist  u  nder this category and it is 
the most common technique for securing mesh in 
place during hernia repair due to strength and 
facility of use [ 1 ]. The ProTack™ (Covidien 
Corp., Mansfi eld, MA) is the most popular of the 
three and utilizes helical titanium tacks with a 
diameter of 5 mm and length of 3.8 mm. The 
EndoAnchor™ (Ethicon Endosurgery, Inc., 
Cincinnati, OH) uses a double-armed nickel tita-
nium tack with a length of 5.9 mm. Finally, the 
PermaFix™ (Bard Davol, Warwick, RI) uses hol-
low core tacks made of polymer blend with a 
6.8 mm penetration depth. 

 Current evidence, regarding both nonabsorbable 
and absorbable tacks, if used as an exclusive means 
of fi xation, supports application in a double row or 
“double crown” fashion (an outer row 0.5 cm from 
the mesh edge, and an inner row around the fascial 
defect) [ 2 ]. Tacks should not be spaced more than 
1–2 cm apart. Figure  27.1  illustrates the “double 
crown” technique with two rows  of   fi xation.

       Absorbable  Tack  s 

 Six products exist under this category [ 1 ]. 
Securestrap™ (Ethicon EndoSurgery, Inc., 
Cincinnati, OH) is designed to resemble a strap 
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with two points of fi xation that are 6.7 mm long. 
Its absorption time is 12 months. AbsorbaTack™ 
(Covidien Corp., Mansfi eld, MA) is designed 
like a screw with 4 mm of penetration and an 
absorption time of 6–12 months. Sorbafi x™ 
(Bard Davol, Warwick, RI) is designed with a 
hollow core and blunt edge, promising enhanced 
tissue integration. Its reach after deployment is 
6.8 mm and is absorbed after 1 year. I-Clip™ 
(Covidien Corp, Mansfi eld, MA) is 7.5 mm in 
length and also completes absorption in 1 year. 
PermaSorb™ (Bard Davol, Warwick, RI) utilizes 
a needle as an introducer to facilitate mesh and 
tissue entry, reaching 5 mm of depth with an 
absorption time of 16 months. Finally, the iMesh 
Tacker™ (Easy-Lap, Wrentham, MA) uses an 
articulating tip to deliver helical tacks that reach 
6.3 mm with an unknown absorption time.  

     Adhesive  s 

 Tissue sealants may be utilized as atraumatic 
fi xators of mesh products [ 1 ]. This category can 
be further divided into synthetic, biologic, and 
genetically engineered polymer protein glues. 
Under the synthetic products sub-category, cya-
noacrylate, marketed as Histoacryl™ (B. Braun 

Melsungen AG, Melsungen, Germany) and 
Glubran II™ (GEM, Viareggio, Italy), reacts 
with water to polymerize and join adjacent sur-
faces within 60 s. In time, the hardened glue will 
undergo hydrolysis and degradation allowing 
for tissue ingrowth. Thus, limited targeted use is 
recommended to prevent delays in tissue inte-
gration while adequately fi xing mesh. Under the 
biologic glue sub-category, fi brin sealant is mar-
keted as EVICEL® (Ethicon EndoSurgery, Inc., 
Cincinnati, OH), Tisseel™, Tissucol™, and 
Artiss™ (Baxter, Deerfi eld, IL) comprise a 
sealer protein solution and a thrombin solution. 
These are mixed at the time of fi xation to dupli-
cate the terminal coagulation reaction and gen-
erate polymerized fi brin. Applied to mesh, it can 
serve as a fi xator, with 3 min required for reac-
tion completion. Another product, Bioglue™ 
(CryoLife Inc., Kennesaw, GA), combines 
bovine serum albumin and glutaraldehyde to 
provide stable adhesion lasting 12 months prior 
to breakdown. Finally, genetically engineered 
polymer protein glues mainly have applications 
in the laboratory due to cost, but efforts persist 
to incorporate their use in the clinical settings in 
the near future. 

 Table  27.1  is a summary of various  fi xation 
devices   and their properties.

Mesh

Outer Row of Fixation
Inner Row of
Fixation

  Fig. 27.1    The “double crown” technique of mesh fi xation with two rows of tacks, an outer and an inner layer       
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       Sutures 

 Both absorbable and nonabsorbable sutures may 
be used to fi x mesh to the abdominal wall [ 1 ]. 
Generally, these are applied transfascially after 
reduction of intraperitoneal pressure (roughly 
8 mmHg down from 12 mmHg), incorporating 
the abdominal wall musculoaponeurotic layers. 
A suture passer is often utilized to guide sutures 
through the wall. Suture selection, quantity,    and 
placement are widely variable among surgeons 
with no favored evidence-supported technique.   

    Current Evidence 

    Laparoscopic Ventral/Incisional 
Hernia Repair 

 Currently, most  surgeons   secure the mesh to the 
abdominal wall using a combination of sutures 
and tacks [ 3 ]. Incidence of hernia recurrence 
after laparoscopic surgery is cited in the litera-
ture as ranging from 0 to 17.6% [ 4 – 9 ]. The inci-
dence of postoperative short-term pain (<4 
weeks) may range from 2.5 to 35% [ 10 – 13 ]. 
Chronic pain (>4 weeks) after surgery affects 
0.7–20% of patients depending on method of 
fi xation [ 10 ,  12 ,  14 – 24 ]. 

 Several randomized prospective studies have 
been conducted to determine the ideal mesh fi xa-
tion in laparoscopic ventral or incisional hernia 
repair. In 2013, the WoW trial (with or without 
sutures) analyzed “double crown” tack vs. suture 
and tack fi xation techniques in a randomized 
prospective clinical trial with 76 patients enrolled 
[ 25 ]. In this trial, hernia recurrence was deter-
mined to be 7.9% after 24 months of follow-up 
with no statistically signifi cant difference 
between the groups. Additionally, pain post her-
nia repair was compared as the primary outcome 
using the validated visual analog scale (VAS) 
[ 26 ,  27 ] at rest and with coughing at 4 hours, 1 
month, and 3 months. Pain was signifi cantly 
higher when sutures were used at 4 hours and at 
3 months compared to tacks alone. In another 
randomized prospective study, Eriksen and asso-
ciates followed 34 patients for 12 months after 

laparoscopic ventral/umbilical hernia repair with 
fi brin sealant vs. titanium tack fi xation [ 28 ]. 
Although the study was not adequately powered, 
the authors observed a high overall hernia recur-
rence rate of 17% with an increased trend in the 
fi brin sealant group.  Bansal et al.  compared 
suture to tack fi xation in two randomized pro-
spective studies [ 29 ,  30 ]. They found no differ-
ence in recurrence rates between the groups with 
up to 32.2 months of follow-up. Pain was signifi -
cantly higher with tacks up to 3 months post sur-
gery, but was not different between the groups at 
32 months of follow-up. A randomized clinical 
trial by Beldi et al., in 2011, analyzed nonabsorb-
able suture vs. tacks in 36 patients with 8 cm her-
nia defects over a 6-month period [ 31 ]. They 
found no difference in recurrence rates between 
the two groups. Pain was higher with sutures at 6 
weeks but no signifi cant difference at 6 months 
was detected. Finally, Wassenaar et al. prospec-
tively compared three groups (absorbable sutures 
with tacks, tacks alone, and nonabsorbable 
sutures with tacks) in a randomized fashion [ 32 ]. 
 They   concluded no difference in postoperative 
pain and complications between the three groups. 

 Studies analyzing various mesh fi xation meth-
ods include, most recently, a meta- analysis look-
ing at 25 retrospective and prospective trials 
comparing fi xation with tacks and sutures vs. 
tacks alone vs. nonabsorbable sutures alone 
determined an overall hernia recurrence rate of 
2.7% (95% CI [1.9–3.4%]) and no statistically 
signifi cant difference in recurrence rates between 
the compared groups [ 33 ]. Furthermore, while 
pain in both the early postoperative period (<4 
weeks) and long term (>1 month) were increased 
with any type of invasive mesh fi xation, sutures 
were associated with more pain compared to 
tacks. In a 2013 retrospective study, nonabsorb-
able titanium and absorbable tacks were com-
pared for mesh fi xation in 38 patients [ 34 ]. No 
difference in recurrence rates or pain at 30 days 
was found, with one patient having hernia recur-
rence in each group after mean follow-up of 
10.7–14.6 months. In a review of the literature, 
Turner and Brill determined that the superiority 
of suture fi xation in terms of recurrence or pro-
longed pain was not supported compared to tacks 
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and staples alone and infection rates rose with the 
use of sutures through the abdominal wall [ 35 ]. 

 While some studies have found increased 
infections [ 2 ,  35 ] and decreased mesh shrinkage 
[ 31 ] with transfascial sutures, no consistent dif-
ference has been found with respect to seroma 
formation [ 30 ,  36 ], fi xation strength [ 37 – 49 ], and 
 adhesion   formation [ 37 ,  38 ,  42 ,  50 – 54 ].  

    Laparoscopic  Inguinal   Hernia Repair 

 Both transabdominal (TAPP) or total extraperito-
neal (TEP) laparoscopic techniques have been 
used to address inguinal hernias beginning in the 
1990s [ 55 ]. While patients have benefi ted from 
diminished pain and faster recovery compared to 
the open approach, 22.5% of patients still develop 
chronic pain after laparoscopic inguinal hernia 
repair [ 56 ]. Pain may be neurogenic secondary to 
nerve impingement or nonneurogenic from peri-
osteal injury, both caused  by   fi xation device. 
Thus, there have been efforts to secure mesh less 
invasively during inguinal hernia repair. 

 Several randomized prospective studies have 
been conducted to analyze fi xation methods of 
mesh for laparoscopic inguinal hernia repair. 
Melissa et al. compared fi brin sealant to stapling 
in TEP repairs [ 57 ]. They studied postoperative 
acute and chronic pain, recurrence incidence, 
seroma formation, analgesic requirements, qual-
ity of life, and costs. They found that fi brin seal-
ant was associated with lower post operative day 
1 pain and hospitalization costs but was compa-
rable to staples in every other category with 6 
months of follow-up. Another study in 2012 
looked at fi brin sealant vs. staple mesh fi xation in 
TAPP repair with 1 year of follow-up [ 58 ]. This 
study found no difference in pain, quality of life, 
or recurrence between the study groups. In a 2007 
study, Lovisetto et al. compared fi brin glue to 
staples in TAPP repairs in 197 patients and found 
the fi brin sealant group had signifi cantly less 
pain, faster recovery, and better quality of life at 1 
month with no difference in recurrence rates after 
12 months of follow-up [ 59 ]. In a 2005 study, 93 
patients were randomized to either fi brin sealant 
or stapling for mesh fi xation [ 60 ]. The primary 

endpoints were pain, analgesic requirements, and 
seroma formation. Secondary endpoints included 
length of hospital stay, time to recovery, recur-
rences, and chronic pain. This study found that, in 
comparison to the staple group, the fi brin sealant 
group used signifi cantly less analgesics post sur-
gery, but also had signifi cantly higher rates of 
seroma formation (17.4% vs. 5.3%,  p  = 0.009). 
No other statistically signifi cant differences were 
found between the groups. 

 In 2011, Belyansky et al. reported on quality of 
life outcomes of 2086 patients who underwent 
inguinal hernia repair. This study demonstrated that 
use of more than ten tacks, recurrent hernia repairs, 
and bilateral hernia repairs were signifi cant predic-
tors of postoperative pain. The number of tacks 
used varied signifi cantly, where in 18.1% of TAPP 
and 2.3% of TEP cases surgeons used more than 
ten tacks ( P  = 0.005). The incidence of hernia recur-
rences was equivalent and the number or  type   of 
tacks utilized did not impact recurrence rates [ 61 ]. 

 In a 2012 meta-analysis study, 662 TEP repairs 
were analyzed comparing fi brin sealant to staple/
tack mesh fi xation [ 55 ]. This study found signifi -
cantly higher pain at 3 months post surgery in the 
staple/tack group compared to fi brin sealant with 
no difference in operating time, seroma develop-
ment, length of hospitalization, or time to recov-
ery between the groups.   

    Authors Practice 
and Recommendations 

 After laparoscopic repair of ventral/incisional 
hernias, patients’ postoperative pain is propor-
tional to the amount of invasive fi xation material 
(tacks or sutures) used, which has an impact on 
their recovery. Currently in our practice, smaller 
defects (<4 cm in greatest diameter) are addressed 
with primary closure using a transfascial suture 
 fi xation device   and then reinforced with mesh via 
the laparoscopic approach. In such cases, mesh is 
secured with tackers only. 

 For large abdominal defects (5–10 cm in great-
est diameter), we aim for at least 4–5 cm of defect 
overlap with a prosthetic device. Of note, an 
attempt is still made to close the defect primarily 
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with a transfascial suture fi xation device when 
possible. During mesh placement, the authors use 
at least four axis transfascial sutures at the 12, 3, 
6, and 9 o’clock points. After positioning, tackers 
are used in a double crown fashion to secure the 
periphery of the mesh to the anterior abdominal 
wall. Tackers are positioned approximately 1 cm 
away from each other. It should be noted that the 
need for axial sutures to position the mesh may 
soon be unnecessary with the recent advent of 
various laparoscopic devices to assist with mesh 
placement. 

 For cases with defects greater than 10 cm in 
diameter, the authors use transfascial sutures to 
prevent potential migration of the mesh. With 
older heavy weight prosthetic materials, mesh 
contraction is a real risk and extra suture fi xation 
may play an important role in the long run to pre-
vent mesh migration. With newer lightweight 
materials, we have observed higher rates of mesh 
eventration after repair of larger defects. 
Therefore, in our practice, we attempt laparo-
scopic vs. open approach for primary closure of 
all larger defects. In addition, primary closure of 
the large defects may improve abdominal wall 
functionality, although no current level one data 
exists to support this notion. When dealing with 
 incisional/ventral hernia defects  , adhesive seal-
ants are not used by the authors to secure the 
mesh as higher trends of hernia recurrence have 
been observed in such cases. 

 When performing laparoscopic  inguinal hernia 
repairs,   the authors typically secure the mesh with 
tacks ensuring that there is at least two points of 
fi xation to prevent mesh rotation or migration in 
the early postoperative period. Care is taken not to 
place tacks in the Triangles of Doom and/or Pain 
to avoid injuring iliac vessels and sensory nerve 
structures. Use of adhesive sealants is a good alter-
native to tackers in such cases without inadvertent 
increase in inguinal hernia recurrence rates.  

    Conclusions 

 Overall, the current literature does not consis-
tently support any particular fi xation technique 
over another for laparoscopic hernia repair. Even 

for well-conducted randomized prospective stud-
ies, there is limited long-term follow-up data. 
Therefore, any defi nitive conclusions regarding 
best fi xation technique are not possible. While 
there is some indication that sutures add addi-
tional stability to fi xation of mesh, they may also 
be associated with more acute and chronic pain. 
Tacks and staples may reduce pain compared to 
sutures, but may not prevent mesh shrinkage and 
migration and are more invasive than glue fi xa-
tion. Glue fi xation has not been defi nitively 
shown to be inferior to other fi xation modalities, 
although data indicates its trend towards higher 
recurrence rates.     
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           Introduction 

 The resection of a panniculus was fi rst described 
in 1890 by Demars and Marx who performed the 
operation in conjunction with large umbilical 
hernia repair [ 3 ]. It was later described in the 
USA, in 1892, by Kelly who performed the oper-
ation to facilitate not only hernia repair, but also 
gynecologic operations [ 4 ]. There are obvious 
 aesthetic and functional benefi ts   to performing 
panniculectomy (abdominal dermolipectomy), 
such as improved  ambulation and decreased 
rashing  . Another important benefi t relates to the 
potential increase in perfusion to the abdominal 
skin. Adipose tissue is known to be relatively 
ischemic as compared to skin and muscle; there-
fore the presence of abundant adipose tissue can 
lead to a microvascular “steal” phenomenon 
resulting in decreased perfusion to healing 

 midline incisions. While the addition of a trans-
verse  waistline   incision may at fi rst appear to 
increase the burden of healing, it is truly benefi -
cial to overall tissue perfusion, reduction in 
excess weight and tension, and possible decreases 
in deadspace and resultant seromas. There is now 
evidence in the plastic surgery literature that 
patients undergoing hernia repair with simultane-
ous panniculectomy suffer from fewer major 
wound and overall complications [ 5 – 8 ]. When 
used in conjunction with ventral hernia repair, 
concomitant panniculectomy is a powerful 
adjunctive procedure with the ability to reduce 
postoperative morbidity during abdominal wall 
 reconstructio  n. 

 There are conceptual overlaps between the 
panniculectomy operation  and abdominoplasty 
operation  , but there are important distinctions. 
The panniculectomy operation (abdominal der-
molipectomy), in the traditional sense involves 
simply performing a “wedge excision” of abdom-
inal skin and fat, without umbilicoplasty or fas-
cial plication, followed by primary closure. An 
abdominoplasty, on the other hand, involves not 
only removal of pannicular abdominal skin and 
fat, but also entails signifi cant undermining of the 
upper abdominal skin, transposition of the umbi-
licus, and fascial plication prior to closure. When 
performing concomitant panniculectomy at the 
time of ventral hernia repair, undermining is still 
often performed in order to access the fascial 
defect, particularly with onlay mesh placement. 
Further confusion may arise with respect to the 
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fascial closure. When performing panniculec-
tomy at the time of hernia repair there is closure 
of the fascial defect, however fascial plication is 
not performed. The decision to preserve the 
umbilicus is often based on surgeon preference 
and intraoperative viability of the umbilicus. 

     Indication  s 

 The decision to perform concurrent panniculec-
tomy with  ventral hernia repair   is based on the 
surgeon’s desire to improve the patient’s overall 
complication profi le and reduce the likelihood 
of postoperative complications resulting from a 
midline vertical incision placed within exces-
sive lipodystrophy at the surgical site. Other 
indications for performing panniculectomy 
relate to functional limitations resulting from 
the presence of a large abdominal pannus 
(Table  28.1 ). These include frequent rashes and 
intertrigo resistant to conservative management 
with medicated powder or cream. Severe cases 
may even affect activities of daily living such as 
bathing, functional mobility, and personal 
hygiene. However, performing a panniculec-
tomy cannot overcome medical and metabolic 
derangements that also affect wound healing 
and therefore patients must be appropriately 
selected and medically optimized prior to the 
operation.

       Contraindications 

 The presence of a large upper transverse scar 
(i.e.,  open cholecystectomy incision  ) is a contra-
indication to panniculectomy. Other relative con-
traindications to performing panniculectomy at 
the time of surgery include: active nicotine use 
and excess intraperitoneal truncal obesity. 

    Prior Incisions 
 There are several incisions used to perform oper-
ations of abdominal organs and viscera. These 
transverse upper abdominal incisions can  inter-
rupt   critical blood supply to the abdominal wall 
skin and may be a relative contraindication to 
performing panniculectomy. The incisions and 
the vascular zones of the abdominal wall will be 
discussed below.  

    Nicotine 
  Smoking tobacco   has a well- documented   impact 
on overall postoperative outcomes. Specifi cally 
relating to ventral hernia repair, Finan et al. 
reviewed 1505 ventral hernia repair cases and 
found that smoking is a statistically signifi cant pre-
dictor for postoperative wound infection [ 9 ,  10 ]. 
Furthermore, a smoker’s cough in the postopera-
tive period leads to large increases in intra- 
abdominal pressure that can weaken surgical 
repair and lead to recurrence of the hernia and 
dehiscence of the wound closure. Although smok-
ing cessation techniques are beyond the scope of 
this chapter, the senior author emphasizes the 
importance of smoking  cessation   for at least 4 
weeks prior to surgery and at least 4 weeks 
postoperatively.  

    Excess Abdominal Contents 
 Excess abdominal  content   can complicate hernia 
repair and pose an issue with abdominal wall pli-
cation at the time of panniculectomy. The 
increased intra-abdominal pressure resulting 
from midline plication may not only increase the 
likelihood of developing abdominal compart-
ment syndrome, but may also elevate the patient’s 
diaphragm leading to worsened pulmonary func-
tion, particularly in patients with chronic obstruc-
tive pulmonary disease (COPD). Furthermore, 

   Table 28.1    Indications/   Contraindications   

 Panniculectomy 

 Indications 

 • Excess skin and subcutaneous tissue 

 • Presence of rashes and ulcers 

 • Chronic infection and intertrigo 

 • Functional limitation (immobility, inadequate 
hygiene, massive localized lymphedema) 

 Relative contraindications 

 • Smoking 

 • Intraperitoneal truncal obesity 

 • Previous abdominal scars compromising blood 
fl ow 
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the increased intra-abdominal pressure decreases 
venous return via the common iliac veins and 
increases the risk of deep vein thrombosis (DVT) 
and pulmonary embolism. Patients with a history 
of thromboembolic events should undergo thor-
ough evaluation to determine the safety of under-
going the operation or the need for vena cava 
fi lter placement.    

    Preoperative Evaluation 

 A thorough patient  history   and physical exam is 
important prior to performing the operation. This 
includes a discussion about previous weight loss, 
symptoms related to the panniculus, prior pan-
niculectomy or abdominal incisions, and a thor-
ough understanding of the patient’s prior hernia 
repair history. On physical exam, observation of 
the abdominal wall and questioning the patient 
about scars on the abdomen assists in identifying 
the presence of incisions that can impair wound 
healing or lead to skin-fl ap necrosis if wide under-
mining is performed. These incisions include the 
chevron, or Kocher’s incision. The presence of 
infrapannicular rashes, ulceration, malodor, and 
intertrigo should be documented in the medical 
record, and adequately treated since the lower 
incision for panniculectomy is commonly through 
the area most commonly affected by intertrigo. 
Palpation of the abdominal wall will identify 
areas of abdominal wall laxity or presence of her-
nia that may require repair at the time of surgery. 
Lastly, the surgeon should review any available 
computed tomography (CT) imaging to assess the 
size of the abdominal  wall   defect.  

    Operative Approach 

    Soft Tissue and Muscular  Anatom  y 

 An understanding of the abdominal wall tissue 
layers is necessary to appreciate the complex anat-
omy of the region. From superfi cial to deep these 
include the skin and subcutaneous tissue, Scarpa’s 
fascia, deep investing fascia, muscles of the 
abdominal wall, and peritoneum [ 11 ]. The muscu-

lar anatomy of the abdominal wall is addressed in 
introductory chapters of the textbook, but is sum-
marized here as consisting of the paired midline 
rectus abdominis and the lateral tri-layered mus-
cular complex— external oblique, internal oblique  
and  transversus abdominis  (Fig.  28.1 ).

       Vascular Anatomy 

 In 1979, Huger defi ned  the   vascular zones of the 
abdominal skin [ 12 ]. This theory of superfi cial 
cutaneous blood supply was later supported by 
anatomic studies performed by Taylor [ 13 ]. In 
Huger’s classifi cation scheme, zone I is located 
medially and supplied by small perforating blood 
vessels from the deep inferior and superior epi-
gastric system. Zone II consists of the lower 
abdominal skin and is supplied by the common 
femoral system via the superfi cial inferior epi-
gastric artery, the superfi cial external pudendal 
artery, and the superfi cial circumfl ex iliac arter-
ies. Zone III is lateral and supplied by the inter-
costal and subcostal arteries [ 12 ] (Fig.  28.2 ). The 
three zones are interconnected through an arcade 
of anastomoses between the blood vessels and 
through the presence of choke vessels. The 
importance of understanding the vascular anat-
omy of the superfi cial abdominal skin to optimize 
would healing cannot be overstated.

   Often, after resection of the pannus and to 
facilitate closure of the wound or improve hernia 
repair exposure, the upper abdominal skin is 
undermined, thereby creating an abdominoplasty- 
type fl ap. The Zone I blood supply is divided 
when undermining the superior abdominal skin 
fl ap. The femoral blood supply (Zone II) is 
divided by the low transverse waistline incision. 
The result of dividing Zone I perforators and 
Zone II blood supply is that the superior fl ap is 
solely supplied by laterally based blood supply 
(Zone III). Therefore, if the zone III vessels were 
interrupted with a prior scar such as a subcostal 
open cholecystectomy incision then abdominal 
wall skin inferomedial to the scar is at risk for 
necrosis.    Limiting lateral dissection while 
 exposing the hernia defect is critical for protect-
ing the remaining lateral blood supply.  
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  Fig. 28.1    Abdominal wall: paired midline rectus abdominis and the lateral tri-layered muscular complex—external 
oblique, internal oblique and transversus abdominis       
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  Fig. 28.2    Huger’s vascular classifi cation scheme 
for skin perfusion in the abdomen: Zone I is located 
medially and supplied by small perforating blood 
vessels from the deep inferior and superior epigas-
tric system. Zone II consists of the lower abdominal 

skin and is supplied by the common femoral sys-
tem via the superfi cial inferior epigastric artery, the 
superfi cial external pudendal artery, and the super-
fi cial circumfl ex iliac arteries. Zone III is lateral and 
supplied by the intercostal and subcostal arteries       
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    Patient Markings 

 Markings include a midline symmetry mark from 
the sternal notch to the pubic symphysis. The 
inferior incision is marked with excess skin 
stretched upwards, as a line from one anterior 
superior iliac crest to the other with an exagger-
ated skin dart at the midpoint, which is a triangle 
with a height of 3 cm and a base of 10 cm 
(Fig.  28.3 ). With the patient in  the   diver’s pose, 
excess abdominal soft tissue is assessed and the 
superior margin is marked, again spanning from 
ASIS to ASIS and this marking is reassessed 
intraoperatively with the operating table fl exed.

   We have previously reported our results in 
 reducing   wound healing complications by employ-
ing the use of an expanded skin triangle (i.e., “Skin 
Dart”) upon closure of breast reduction sites in 
massively obese patients [ 14 ]. We also believe that 
similar benefi ts exist when employing the use of 
this skin triangle to off-load tension at the time of 
closure during panniculectomy. In the panniculec-
tomy patient, an exaggerated triangle of skin is 
made on the inferior fl ap to help reduce the unavoid-
able tension on the wound closure which may oth-
erwise lead to increased ischemia of the skin and 
result in skin and fat necrosis, or dehiscence.  

    Panniculectomy 

 The operation begins with intraoperative confi r-
mation of preoperative markings. Next, the oper-
ation proceeds with incising the superior mark of 

the proposed elliptical excision being careful not 
to undermine the superior skin fl ap. The inferior 
mark of the elliptical excision is then incised and 
dissection proceeds to the rectus fascia. Our pref-
erence is to leave the subscarpal inguinal fat 
down as an attempt to maintain the inguinal lym-
phatics in that region and potentially reduce 
seroma formation [ 15 ,  16 ]. The periumbilical 
dissection proceeds straight down to the level of 
the rectus fascia ensuring that adequate fat 
remains attached to the umbilicus to preserve 
blood supply. Details of umbilical management 
are discussed in a separate section below. 

 Although classic  descriptions   of panniculec-
tomy include excision of adipocutaneous tissue 
in a “wedge” fashion, with virtually no under-
mining, when combining panniculectomy with 
abdominal wall reconstruction undermining has 
advantages. Therefore, we encourage appropriate 
skin-fl ap undermining to provide improved expo-
sure to the hernia defect and aid in mesh place-
ment. For instance, if placing the mesh posteriorly, 
the use of undermining spares the need for trans-
cutaneous stab incisions to secure the mesh in 
place. Conversely, with anteriorly placed mesh, 
undermining is a requirement in order to place 
the mesh or to perform anterior component sepa-
ration. If performing upper abdominal skin 
undermining during panniculectomy, we strongly 
emphasize limited lateral undermining. Extended 
skin undermining in the lateral direction increases 
the risk of dividing the Huger Zone III blood sup-
ply which is the sole blood supply to the entire 
panniculectomy skin fl ap. This in turn can dra-

  Fig. 28.3    In the panniculectomy patient, an exaggerated 
triangle of skin is made on the inferior fl ap to help reduce 
the unavoidable tension on the wound closure which may 

otherwise lead to increased ischemia of the skin and result 
in skin and fat necrosis, or dehiscence       
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matically increase the risk of fl ap necrosis and 
wound breakdown. This simple modifi cation aids 
in reducing the likelihood of hypoperfusion to 
the fl ap. This effect can be seen intraoperatively 
with perfusion analysis techniques such as indo-
cyanine green (ICG) laser angiography (LA) 
which allows quantitative assessment of isch-
emic areas of the abdominal fl ap. 

 After the panniculectomy specimen is 
resected, the fascial defect is closed based on the 
appropriate technique selected for the size and 
type of defect. If component separation is 

selected, the panniculectomy is often advanta-
geous and allows excellent exposure to release 
the external oblique muscles. 

 Closure of the superior fl ap proceeds with 
placement of progressive tension sutures (PTS) 
which have two functions (1) obliterate dead-
space like quilting sutures and (2) advance the 
skin fl aps on the fascia resulting in a decreased 
tension at the waistline closure. The PTS are 
placed between the Scarpa’s fascia of the skin 
fl ap and the fascia of the abdominal wall (see 
Fig.  28.4  and Video 28.1). This is a technique 

Scarpa’s fasica

Progressive tension
sutures

a

b c

  Fig. 28.4    Closure of the superior fl ap proceeds with 
placement of progressive tension sutures (PTS) which 
have two functions (1) obliterate deadspace like quilting 
sutures and (2) advance the skin fl aps on the fascia result-

ing in a decreased tension at the waistline closure. The 
PTS are placed between the Scarpa’s fascia of the skin 
fl ap and the fascia of the abdominal wall       
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  Fig. 28.5    The technique of umbilicoplasty is surgeon dependent, but we fi nd that the “upside down Pac-man” tech-
nique is simple to learn, and has an excellent postoperative appearance. The presence of a small skin triangular dart 
inferiorly aids in reducing cicatricial scar contracture similar to a Z-plasty       

that facilitates closure and assists in obliteration 
of deadspace and reduction in seroma formation 
[ 17 ]. At this point, the umbilicus is clinically 
assessed for viability based on the presence or 
absence of dermal bleeding, and with or without 
the adjunctive use of ICG-laser angiography. In 
our practice we have a low threshold to resect the 
umbilicus, but when it is preserved  our   preferred 
method for umbilicoplasty is the “upside down 
Pac-man” (Fig.  28.5 ).

        Our Preferred Method 
of  Umbilicoplasty   

 The technique of umbilicoplasty is surgeon 
dependent, but we fi nd that the “upside down 
Pac-man” technique is simple to learn, and has an 
excellent postoperative appearance. The presence 
of a small skin triangular dart inferiorly aids in 
reducing cicatricial scar contracture similar to a 
Z-plasty. The marking is demonstrated in the 
associated video.  

     Closure of Abdominal Wound   

 Prior to closure of the wound, closed-suction 
drains are placed through the lateral aspects of 

the incision. Closed-suction drains are routinely 
placed because of the risk seroma from the dis-
section in various anatomic planes. Our practice 
is to maintain drains for at least a week and 
remove them based on the amount of output (less 
than 30 cc/day for 3 consecutive days). The 
abdominal wound closure is a multilayered clo-
sure beginning with the Scarpa’s layer. This layer 
provides strength to the closure, reduces tension, 
reduces the likelihood of an acute postoperative 
wound dehiscence, and improves scarring.  

    Techniques for Optimizing Results 

 Although it may appear counterintuitive that the 
addition of a large  transverse incision   will 
improve would healing, the removal of the hypo-
vascular adipose tissue can paradoxically lead to 
improved perfusion to the skin fl aps and conse-
quently improve healing. Obese patients often 
suffer from high rates of postoperative complica-
tions, such as seroma, surgical site infections, 
skin and fat necrosis, dehiscence, and hernia 
recurrence [ 18 ]. Management of these complica-
tions is challenging even for experienced sur-
geons and therefore achieving an optimal 
outcome is technique dependent and can be 
improved with the appropriate use of adjuncts 
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such as PTS, closed-suction drains, and the 
DART technique. Below, we will discuss two 
additional adjuncts that are also effective at opti-
mizing postoperative outcomes.  

    Indocyanine Green: Laser 
Angiography 

 Prior to closure, areas  concerning   for decreased 
perfusion are excised to maximize the chances of 
achieving wound closure with well-vascularized 
tissue. However the clinical criteria (color, 
warmth, dermal bleeding, capillary blanching, 
and refi ll) can be misleading or underestimate 
the true extent of hypovascularity. In high-risk 
patients, the authors elect to employ laser-
assisted near-infrared angiography with intrave-
nous indocyanine green (ICG) dye (SPY 
Intraoperative Imaging Systems; Novadaq 
Technologies, Inc., Mississauga, Ontario, 
Canada). ICG angiography provides real-time 
intraoperative information about soft-tissue per-
fusion through the detection of plasma protein-
bound ICG molecules that fl uoresce when 
illuminated by a low-energy laser [ 19 ]. The cor-
relation between tissue perfusion and necrosis 
has been demonstrated by several animal and 
clinical studies [ 20 ,  21 ]. Specifi c to hernia repair, 
we have previously published on the ability ICG 
angiography to reduce postoperative wound 
complications after complex ventral hernia 
repair using components separation [ 19 ]. 

    Incisional Negative Pressure Wound 
Therapy 
 Another important adjunctive  technique   to opti-
mize outcomes is the use of closed incision- 
negative pressure therapy (ci-NPT). The relatively 
novel use of negative pressure wound therapy 
(NPWT) over closed incisions to support primary 
healing differs from the traditional use of NPWT 
which commonly aids healing of open wounds by 
secondary intention. The benefi ts of closed inci-
sion negative pressure therapy for high-risk inci-
sions is well documented across multiple surgical 
disciplines including cardiac surgery, colorectal 

surgery, hernia surgery, orthopedics, and vascular 
surgery [ 20 ]. These benefi ts include overall 
decreased likelihood of surgical site infection and 
wound dehiscence. The proposed mechanism is 
likely related to increased blood fl ow [ 22 ,  23 ], 
reduction of edema [ 24 ], and a splinting effect of 
the wound [ 25 ,  26 ]. This splinting effect is likely 
the most important since the negative pressure 
reduces tension across high-risk incisions. 
Clinical experience with ci-NPT has demon-
strated that it can signifi cantly reduce the rate of 
overall wound complications and skin dehiscence 
after abdominal wall reconstruction [ 18 ]. In our 
practice we employ ci-NPT on most of our 
patients presenting with  large   complex abdomi-
nal hernia.   

    Postoperative  Car  e 

 Our standard abdominal binder protocol does not 
involve the use of an abdominal binder until post-
operative day (POD) #7 because the undermined 
skin is at risk from ischemia and tension from 
closure. When the ci-NPT dressing is removed 
on POD#7 and the incision is intact, we apply a 
loose fi tting abdominal binder. Over the next 2 
weeks, as the closed-suction drains are removed, 
we suggest progressively tightening the binder 
especially once the last drain is removed. At this 
point, the abdominal binder serves to prevent 
seroma formation by applying external pressure 
on the skin fl aps to the fascia. We understand that 
traditionally an abdominal binder may assist with 
pulmonary toilet, but in our experience we have 
had excellent patient recovery despite the lack of 
abdominal binder in the early postoperative 
period. 

 Early postoperative care involves DVT pro-
phylaxis by sequential compression stockings 
and early ambulation at the minimum but can 
also involve the use of chemoprophylaxis. It is 
our usual practice to administer a dose of prophy-
lactic antibiotics 30–60 min preoperatively and 
ensure adequate redosing based upon the phar-
macologic half-life of the antibiotic used. It is 
discouraged to routinely continue antibiotics 
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simply as prophylaxis for the duration that the 
drains remain in place. Instead, we use 
chlorhexidine- impregnated patches around the 
drain site and believe this may offer adequate 
prophylaxis against drain-related infection.   

    Managing Complications 

 Although careful  and   deliberate use of the vari-
ous techniques above such as protection of lateral 
(zone III) blood supply, obliteration of deadspace 
with closed-suction drains, on-table evaluation of 
skin-fl ap vascularity with ICG-LA, and applica-
tion of incisional NPWT to splint the wound, 
complications can still occur. 

    Wound Breakdown and Flap Necrosis 

 The medial aspect of the incision is most prone to 
ischemia because it is often under the greatest 
amount of tension at the time of closure and 
because it is furthest away from the remaining, 
laterally based zone III blood supply. Although 
careful redistribution of tension during closure, 
use of the expanded skin dart technique, PTS, 
and incisional NPWT can reduce the likelihood 
of fl ap  necrosis   it is still possible and requires 
adequate management. Skin breakdown may ini-
tially be managed with wet-to-dry gauze dress-
ings or NPWT. Early intervention with these 
moist dressings is especially important if there is 
exposed biologic matrix at the base of the wound 
since desiccation should be avoided. Other cases 
of wound breakdown may require operative 
debridement of devitalized wound margins, and 
reclosure. If cellulitis or frank purulent infection 
has developed, then patients should be admitted 
to the hospital for management, including possi-
ble initiation of appropriate intravenous antibiot-
ics. For full-thickness fl ap necrosis where 
biologic mesh is threatened, the authors encour-
age early operative debridement to healthy 
wound edges as dictated clinically, or with the 
use of indocyanine green laser angiography. This 
also may require mesh removal and placement of 
open NPWT.  

    Seroma 

  Seroma   may be managed with sterile and serial 
aspiration or percutaneous drain placement. If 
these approaches are unsuccessful then reopera-
tion may be required to excise the pseudobursa 
that may have formed. In cases where reopera-
tion is performed, one may elect to employ the 
use of quilting sutures or fi brin sealants.   

    Conclusion 

 Concomitant panniculectomy can safely be per-
formed during the hernia operation, can optimize 
surgical exposure during the hernia repair, and 
improve postoperative wound healing. Successful 
repair and good outcomes are highly technique-
sensitive and require appropriate patient selec-
tion, optimization of medical status and nutrition. 
Adjunctive techniques presented in this chapter 
may assist surgeons in optimizing their patient 
outcomes.      
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          Background 

 Abdominal wall defects are some of the most 
commonly encountered reconstructive challenges. 
Goals of abdominal wall reconstruction include 
providing stable soft-tissue coverage, restoring 
fascial integrity, preventing hernia, protecting 
abdominal viscera, and restoring function [ 1 ]. 
The fascia and the soft-tissue envelope of the 
abdominal wall should be considered as two 
 separate units. Each unit should be reconstructed 
using the “like with like” principle of reconstruc-
tive surgery. In general, dead space should be 
eliminated, skin undermining should be  minimized, 
and the reconstructive choice should reduce 
potential for bowel adhesions, fi stulization, and 
perforation [ 1 ]. It is important to distinguish 
whether the defect in the abdominal wall is due to 
skin, subcutaneous tissue, or musculofascial 
insuffi ciency. Musculofascial  defect  s are often 

repaired by reconstruction techniques such as 
component separation and mesh repair [ 2 ]. In 
cases of abdominal skin/subcutaneous tissue 
defi ciency, primary closure of the skin fl aps 
under tension will result in tissue ischemia, 
wound dehiscence, and possible exposure/ 
contamination of biomaterials used to reconstruct 
the musculofascial defects. Defi ciency in the 
skin/subcutaneous tissue can be repaired by a 
variety of methods: (1) primary closure, if there 
is minimal tension between the wound edges, (2) 
rearrangement of existing tissue such as skin 
grafts, local fl aps, regional fl aps, and free fl aps 
and (3) expanding the existing tissue with tissue 
expansion. 

 One of the earliest reports of the use of 
abdominal wall tissue expansion was described 
by Byrd et al. in 1989 for congenital defects of 
the lower abdominal  wall   [ 3 ]. For skin and 
subcutaneous tissue deficits, tissue expansion 
remains a powerful tool to increase the amount 
of abdominal skin/subcutaneous tissue with 
subsequent skin flaps closure without tension. 
It involves insertion of a silicone balloon 
under the skin and subcutaneous tissue. The 
balloon is  serially inflated by gradual injec-
tion of  sterile saline via a remote or integrated 
port to inflate the skin and subcutaneous 
 tissues over the expander. This can provide 
 well- vascularized, autologous skin, subcuta-
neous tissue, and abdominal fascia for the 
repair of large defects [ 1 ].  
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    Physiology of Expansion 

 The  physiology   of tissue expansion is based on 
the dynamic response of tissues to mechanical 
stresses placed on them [ 4 ]. The intrinsic visco-
elastic properties of skin on which the principle 
of tissue expansion is based are stress relaxation 
and creep. Stress relaxation is defi ned as the 
decrease in the amount of force necessary to 
maintain a fi xed amount of skin stretch over time. 
Creep is the gain in skin surface area that results 
when a constant load is applied [ 5 ]. The physio-
logic basis for these properties lies in the fact that 
as force is applied to a leading skin edge, tissue 
thickness decreases because of extrusion of fl uid 
and mucopolysaccharides, dermal collagen bun-
dles realign, elastic fi bers undergo microfrag-
mentation, and skin stretches mechanically [ 5 ]. 

 Tissue expansion can be achieved by the 
placement of internal or  external   expanders. 
Internal expanders are prosthetic devices placed 
in the subcutaneous plane that enlarge by volume 
expansion. This technique is generally performed 
over 3–6 months with infl ation performed at 
weekly intervals [ 6 ]. Expansion should be 
 continued until the expanded fl ap is approxi-
mately 20% larger than the size of the defect in 
order to account for tissue recoil after removal of 
the expander [ 5 ]. External tissue expansion 
involves placing continuous tension at the wound 
edge. The skin and the subcutaneous planes are 
expanded until the wound edges are close enough 
for primary closure. External expansion should 
also undergo a period of consolidation to account 
for tissue recoil. 

 Expanded tissues demonstrate predictable 
changes. An increase in epidermal thickness is 
noted during expansion, which tends to return to 
initial levels within 4–6 weeks, although some 
thickness persists for many months. Melanocyte 
activity is also increased during expansion, but 
returns to normal within several months after 
completion of reconstruction. Thinning of the 
dermis occurs within the fi rst several weeks of 
expansion and persists throughout the expansion 
process. This dermal thinning persists for at least 

9 months after completion of expansion [ 4 ]. 
Signifi cant muscle atrophy occurs during the 
expansion process, regardless of whether the 
expander is placed above or below a specifi c 
muscle. Expanded tissue demonstrates increased 
vascularity with a signifi cant number of new 
 vessels formed adjacent to the expander capsule. 
It is thought that the observed angiogenesis 
occurs secondary to the ischemia produced dur-
ing the expansion process [ 4 ] [Table  29.1 ].

   Tissue  expansion   can contribute to a variety of 
treatment options: full thickness skin grafts, local 
fl aps adjacent to the lesion, or expansion of a free 
fl ap. Advantages of tissue expansion include the 
ability to create and recruit tissue having similar 
esthetics of color, texture, thickness, and hair 
production [ 6 ]. Expansion can be associated with 
the risks of infection, fl ap ischemia, extrusion, 
implant failure, patient intolerance/pain, and scar 
widening. Each of these complications may 
necessitate prosthesis removal [ 6 ]. A representa-
tive defect that best suits repair by insertion of a 
tissue expander is one that is well-defi ned, healed, 
and stable. Areas that have undergone irradiation, 
burns, previous excision and skin grafting, scar 
contracture, or areas with open or chronically 
draining wounds are not appropriate for tissue 
expansion. 

 Technical points critical for successful expan-
sion include:

    1.    Adequate preoperative planning to permit 
ideal incision to facilitate suffi cient safe tissue 
expansion   

   2.    Proper choice of size and shape of the expander   
   3.    Correct positioning of the expander     

 Incisions are incorporated into tissue that will 
become one margin of the fl ap. They should be 

   Table 29.1     Effects   of tissue expansion   

 Tissue expansion 

 Epidermal 
thickening 

 Increased 
melanocytic activity 

 Thinning of 
dermis 

 Increased 
vascularity 

 Muscle atrophy 
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planned to minimize tension on the suture line 
and thus decrease the risk of extrusion. Tension 
from infl ation will be less when incisions are 
 perpendicular to the suture line, rather than  parallel 
[ 7 ]. Expanders are available in a variety of shapes 
and sizes (rectangular, circular, or elliptical) and 
can even be custom fabricated to any dimension 
(Fig.  29.1 ). They include remote or integrated 
ports. Integrated ports are composed of self- 
sealing silicone rubber backed by stainless steel 
and can be located through the skin by magnetic 
sensing devices. Ideally, the length of the expander 
should match the length of the wound and the 
height of the expander should match the width. 
Specifi c fi ll volume is not vital because expanders 
are designed to tolerate overfi lling. Placement of 
the expander is usually situated adjacent to the 
long access of the defect. They are usually placed 
beneath the skin and subcutaneous tissue above 
the fascia (Fig.  29.2 ). However, when the subcuta-
neous tissue is thin or the risk of extrusion is high, 
expanders may be placed below the muscle 
(Fig.  29.3 ). They should be placed away from sen-
sitive areas, bony prominences, and areas sub-
jected to pressure to minimize patient discomfort. 
In certain cases, the use of multiple small expand-
ers is better than the use of one large expander. 
Multiple expanders infl ate and expand the tissue 
more rapidly and complications are fewer [ 7 ].

         Indications for  Using TE   
for Abdominal Wall Reconstruction 

 Tissue expansion should be considered in abdom-
inal wall reconstruction when there is a defi -
ciency in abdominal skin and subcutaneous  t  issue 
and a clean wound. An inability to primarily 
close the abdominal wall skin and subcutaneous 
tissue can be due to a wide range of etiologies, 
such as large skin resection, serial debridements 
for infections (such as necrotizing fasciitis), 
 congenital absence of abdominal wall (such as 
omphalocele), massive distention of the bowels 
and/or retroperitoneal structures secondary to 
resuscitation, or may be a result of fl orid sepsis or 
active infection [ 8 ]. In order to replace the missing 
abdominal wall skin and subcutaneous tissue, the 
surgeon needs to either rearrange surrounding 
skin and subcutaneous tissue with local, regional, 
and free fl aps or increase the area of the remain-
ing abdominal wall skin and subcutaneous tissue 
with tissue expansion. 

 Tissue expanders are most commonly placed 
above the  abdominal wall fascia   and serially 
infl ated to increase the amount of abdominal skin 
available for primary closure. Tissue expanders 
can also be placed between the internal and exter-
nal oblique and used to expand the abdominal 

  Fig. 29.1    Various shapes and 
sizes of the implants are 
available with both external 
and internal fi ll ports. 
Accuspan ®  & Integra ®  Tissue 
Expanders (PMT Corporation: 
  http://www.pmtcorp.com/
tissue_expanders.html    , 
accessed 12/2014)       
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Expanded
skin
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  Fig. 29.2     Top panel : 
Placement of the tissue 
expander in the 
subcutaneous layer about 
the fascia and muscle layers. 
 Lower panel : Infl ated 
subcutaneous expander. 
Both the superfi cial skin and 
fat and the deep muscular 
layers are affected       

Hernia

Rectus
abdominis

Expander

External
oblique

Internal
oblique

Transversus
abdominis

  Fig. 29.3    Submuscular 
placement of the tissue 
expander deep to the external 
oblique layer and superfi cial to 
the internal oblique layer       
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wall fascia. In 1989, Byrd et al. described the fi rst 
interfascial expansion by placing the expander 
between the internal oblique and transversus 
 abdominis. However, this technique has been 
largely abandoned because the expander is not 
placed on a rigid platform and expansion will 
occur both outward as well as inward [ 9 ]. 
Bidirectional expansion will be less effective in 
expanding the desired tissue (abdominal wall 
 fascia/external oblique) and can increase the 
intraperitoneal pressure unnecessarily. As a result, 
defects in the abdominal wall fascia are treated 
with various abdominal hernia repair techniques 
such as component separation. Those techniques 
are discussed in other chapters. 

 In addition to increasing the volume of skin, 
tissue expanders can incite a fi brous reaction that 
interposes an additional connective tissue layer 
on the anterior abdominal wall. This vascularized 
capsule, combined with any existing anterior 
 rectus sheath can be used  to   reconstruct abdomi-
nal wall defects [ 3 ]. The use  of   prosthetic mesh in 
conjunction with tissue-expanded skin provides a 
durable abdominal closure and is technically 
simpler than fl ap closure methods [ 10 ]. Donor 
site morbidity is minimized relative to musculo-
fascial techniques. Tissue expansion even allows 
excision of unsightly scars and skin grafts while 
providing excellent color and texture match. It 
also provides well-vascularized skin and soft- 
tissue coverage over the prosthetic mesh [ 10 ].  

     Techniques   of TE for Abdominal 
Wall Reconstruction 

 There are wide varieties of expanders differing in 
shape, texture, and expansion mechanism. 
Selection of expanders and placement of 
expander should be tailored to the individual 
defect. Preoperatively, the surgeon must take into 
consideration previous scars, postoperative scars, 
fl ap movement in relation to the defect, and 
potential distortion of surrounding structures. 
Most abdominal wall expanders are used to 
expand abdominal skin and are placed under-
neath the skin and subcutaneous tissue, but above 
the fascia. 

 Preoperative considerations should include a 
physical exam assessing the patient’s general 
medical condition, abdominal wall integrity, 
extent and location of abdominal wall abnormali-
ties, and the presence of scars. Using these prin-
ciples, Livingston et al. described their technique 
for providing soft-tissue coverage for traumatic 
abdominal wall defects. The open abdomen 
wounds are fi rst temporized with a split thickness 
skin graft which forms a skin bridge. Once the 
skin graft demonstrates substantial mobility from 
the underlying viscera, the patients are deemed to 
be candidates for tissue expander placement, 
 usually at a minimum of 6 months [ 8 ]. The tissue 
expanders are inserted in the subcutaneous plane 
above anterior rectus fascia with retention of split 
thickness skin graft. Expansion is then carried 
out weekly or biweekly over approximately 6 
weeks. After adequate expansion, the tissue 
expander is removed and the split thickness skin 
graft is  de-epithelialized to form a “connective 
tissue bridge” (deep layer) over which the 
expanded subcutaneous tissue and skin is closed 
[ 8 ]. The expanded tissue may need to undergo 
capsulotomies or  capsulectomies   of the expander 
pocket for greater tissue movement [ 10 ]. It is 
important to note that this does not address the 
hernia itself, but only provides adequate skin and 
subcutaneous tissue coverage for the defect and/
or prosthetic. Potential disadvantages to abdomi-
nal wall reconstruction with mesh and tissue 
expansion includes a possibility of skin break-
down and resultant mesh exposure and infection 
[ 10 ]. However, increased vascularity in the 
expanded tissue may decrease the potential skin 
 fl ap   ischemia, necrosis, and subsequent wound 
 break  down and mesh infection [ 10 ]. 

 Another drawback of TE is that the typical 
expansion technique involves staged operations 
over a period of several weeks or months and 
 multiple postoperative visits. Tissue expanders 
have the potential to become infected or exposed 
during expansion. In fact, complications related to 
using tissue expanders have been reported to be 
about 15% [ 10 ]. Rates of complication vary in 
relation to the site of implantation. Expansion over 
bony prominences, burn scars, or previous incision 
sites tends to have the highest morbidity [ 10 ]. 
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 Unlike internal expanders, external expanders 
stretch the skin and subcutaneous tissue by pro-
viding constant dermatraction at the wound 
edges. This can be achieved by placing an elastic 
vessel loop at the wound edges and adjusting the 
tension of the vessel loop postoperatively. 
Commercially available external tissue expand-
ers, such as the Dermaclose™ (Wound Care 
Technologies Inc. Chanhassen, MN), provide 
constant and continuous tension at the wound 
edges. The wound edges should be adequately 
undermined prior to the application of the exter-
nal dermatraction device to allow for appropriate 
movement of the skin fl aps.  

    Conclusion 

 Tissue expansion can be a valuable tool in the 
reconstructive armamentarium. Its applications in 
abdominal wall reconstruction have been thor-
oughly reviewed in this chapter. Appropriate indi-
cations for expansion of the abdominal wall are 
when there is a defi ciency in abdominal skin 
and subcutaneous tissue and a clean wound. 
Advantages of tissue expansion include the ability 
to create and recruit tissue having similar 
 aesthetics of color, texture, thickness, and hair 
production. However, these advantages must be 
balanced with the downside that expansion 
requires staged operations over a period of  several 
weeks or months and multiple postoperative 
 visits. Additionally, expansion can be  associated 
with the risks of infection, fl ap  ischemia, extru-
sion, implant failure, patient  intolerance, pain, 

and scar widening. Each of these complications 
may necessitate prosthesis removal. For these 
 reasons, judicious use of tissue expanders is 
 recommended as just one of many tools for 
abdominal wall reconstruction.     
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          Introduction 

  Soft-tissue fl ap reconstruction   of the abdominal 
wall implies the inability to recruit local tissue 
to resurface the abdominal wall defect. Since the 
majority of abdominal wall defects can be recon-
structed with the surrounding redundant tissue 
from the torso, these defects represent a more 
complex subset of abdominal wall reconstruc-
tions. Indications for fl ap coverage vary by etiol-
ogy, defect characteristics, and timeline for closure. 
Multiple clinical scenarios can lead to a loss of 
abdominal wall soft-tissue requiring fl ap recon-
struction, including massive  ventral hernia   with 
 loss of domain  , traumatic injury, soft tissue infec-
tion, oncologic resection, and the open abdomen. 

 The surface area of soft-tissue loss and the 
amount of wound coverage able to be performed 
with local skin advancement must be factored 
into the reconstructive plan. Abdominal wall 
defects requiring soft-tissue fl ap coverage can be 
classifi ed as partial thickness defects involving 
the skin and subcutaneous tissue only or full- 
thickness composite defects which involve loss 
of the abdominal wall musculofascia in addition 
to the overlying skin and subcutaneous tissue. 

The indications for soft-tissue fl ap coverage in 
abdominal wall reconstruction also depend on 
the chronicity of the wound defect with some 
defects benefi ting from early fl ap coverage, oth-
ers best treated by delayed fl ap coverage. Certain 
other defects are more appropriately managed 
with chronic wound care and healing by second-
ary intention. 

 Historically, abdominal wounds were treated 
with wound care and allowed to heal over time by 
secondary intention or were reconstructed with a 
skin graft after the local wound environment was 
optimized. This resulted in a prolonged course of 
care and signifi cant morbidity. In time, the con-
cept of delayed-primary closure gained popularity 
allowing certain patients with favorable wound 
characteristics to undergo closure after a short 
period of wound care instead of being committed 
to weeks or months of open wound care. This 
enabled patients to achieve defi nitive wound clo-
sure without a skin-grafted surgical site and asso-
ciated donor site morbidity [ 1 ]. 

  Early soft-tissue fl ap reconstruction   offers sig-
nifi cant advantages over delayed-primary or 
 secondary healing wound closure. Flap recon-
struction is performed as a single stage procedure 
obviating the need for chronic wound manage-
ment. Flap reconstruction can often be performed 
at the same time as the musculofascial recon-
struction. Flap reconstruction offers immediate 
and defi nitive wound closure, effectively ending 
the local tissue injury and infl ammatory response 
seen in chronic open wounds. These two factors 
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are critical in reconstructions involving abdomi-
nal wall reinforcement with  bioprosthetic   mesh. 
When bioprosthetic mesh is interposed between 
two well-vascularized tissue planes (posterior 
abdominal wall/peritoneal cavity and a soft tissue 
fl ap superfi cially), bidirectional vascular 
ingrowth can be achieved accelerating the period 
of bioprosthetic mesh revascularization and 
incorporation. In addition, a closed wound envi-
ronment diminishes the pro-infl ammatory state 
of an open wound, which limits the degree of 
enzymatic degradation of the bioprosthetic mesh 
during the incorporation phase [ 2 ]. 

 Over the last 20 years, the role of negative- 
pressure wound therapy (NPWT) has revolution-
ized the approach to wound care, particularly in 
the management of abdominal wall defects. 
NPWT allows preservation of the wound envi-
ronment by managing fl uid and protein losses, 
decreasing bacterial contamination and acceler-
ating granulation tissue formation. In abdominal 
wall reconstruction, this translates in preserving 
the option for delayed-primary closure or delayed 
fl ap reconstruction [ 3 ]. 

 Composite, full-thickness loss of the 
 abdominal wall musculofascia   and overlying 
soft-tissue represent the most complicated abdom-
inal wall reconstructions, sometimes requir-
ing multiple staged reconstructive procedures. 
Re-establishment of musculofascial continuity 
is paramount to setting the stage for a durable 
abdominal wall reconstruction. Reconstituting 
the defi cient musculofascia with a mesh inlay 
converts the open abdomen to a more manageable 
abdominal wall wound. For midline defects, early 
abdominal closure with primary rectus musculo-
fascial re-approximation over bioprosthetic mesh 
provides superior outcomes to bridging the fascial 
defect with bioprosthetic mesh. The risk of devel-
oping a hernia increases sevenfold when bridging 
fascial repairs are performed instead of reinforced 
mesh repairs [ 4 ]. All attempts should be made to 
achieve fascial coaptation as bridging repairs are 
far more likely to develop hernias. When early 
fascial closure is not an option owing to ongoing 
debridement of the musculofascia or the need to 
perform a second- look laparotomy, a temporizing 
abdominal wall closure can be utilized such as the 

NPWT system. A static bridging wound dress-
ing protects and insulates the viscera while con-
trolling fl uid loss in the wound bed. NPWT also 
provides abdominal stability in the early postop-
erative period for patients undergoing mechani-
cal ventilation and later when they ambulate and 
undergo physical therapy. 

 When both the soft-tissue and musculofascia 
require reconstruction, it is preferred to recon-
struct these two components independently, rather 
than using the fascia of the fl ap for musculofascial 
reconstruction. Historically, before the introduc-
tion of mesh material for use in contaminated 
cases, fl aps such as the tensor fascia lata fl ap were 
used to reconstruct full-thickness abdominal wall 
defects, especially in the setting of wound con-
tamination [ 5 ]. Selecting a single fl ap to restore 
the musculofascial integrity and resurface the skin 
defect can compromise durability of the  hernia 
repair   as well as lead to a perfusion-related com-
plication (wound dehiscence, fl ap necrosis) at the 
skin level. The current approach to these defects 
includes mesh and often  component separation   
release to re-establish a physiologic tension bear-
ing musculofascial closure and then a soft-tissue 
fl ap is used for the cutaneous defect. The use of 
the fascial component of a fl ap for musculofascial 
reconstructions can result in increased bulge or 
hernia. In addition, insertion of the fascial compo-
nent can potentially compromise the vascularity 
of the soft-tissue component of the fl ap. Thus, for 
composite midline defects, myofascial recon-
struction is generally performed with either syn-
thetic or bioprosthetic mesh materials. Surgeon 
preference and the variables of any given clinical 
scenario will determine whether bioprosthetic 
mesh or synthetic mesh is used. Regardless of 
mesh type, the expectations are that the mesh will 
maintain the abdominal musculofascial structure, 
integrity, and contour, without development of a 
hernia or bulge. Mesh should be placed to avoid 
forming extensive adhesions to the intra-abdomi-
nal viscera that can lead to bowel obstruction or 
fi stulization.  Bioprosthetic and synthetic meshes   
can meet these expectations, and the decision to 
use either is based on patient comorbidities, 
degree of wound contamination, prior radiation, 
availability of greater omentum to interpose 
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between mesh and bowel, and the quality of the 
overlying soft-tissue. 

 The reconstructive algorithm for skin  cover-
age   of full-thickness abdominal wall defects 
begins with local skin advancement fl aps and 
expands to local perforator fl aps, regional  pedi-
cled fl ap  , and ultimately free-fl ap reconstruc-
tions. The overlapping angiosomes of the 
abdominal wall’s cutaneous blood supply allow 
for wide undermining and robust skin advance-
ment. In addition, tissue expansion (Chapter   29    ) 
can be performed in the trunk to increase the sur-
face area and availability of local fasciocutane-
ous fl aps as an alternative to a pedicled or 
free-fl ap donor site. In cases of prior radiation, 
extensive prior scars, or massive skin resection, a 
pedicled regional or free fl ap may be required to 
provide adequate soft-tissue coverage. Composite 

abdominal wall defects can involve signifi cant 
loss of innervated myofascia and overlying skin 
in a dimension that is greater than the surround-
ing tissue’s ability to be recruited and mobilized 
for closure. In such cases, regional or distant tis-
sue fl aps must be used for closure, and the resul-
tant repair will no longer be dynamic, contractile, 
and coordinated with the surrounding abdominal 
wall musculature.  

    Overview of Reconstruction 
by  Regio  n 

 The anterior abdominal wall can be divided into 
three anatomic regions: the epigastrium, the peri-
umbilical region and the hypogastrium. (Tables 
 30.1 ,  30.2  and  30.3 ) The relationship of defects 

   Table 30.1    Abdominal wall fl ap reconstruction algorithm epigastric defects   

 Local  Pedicled  Free 

 Epigastric  Transposition IM, IC, SE  Rectus  Thigh-based (ALT, AMT, VL, TFL, RF, STF) 

 Keystone  Omentum  Back-based LD, TAP, Scap/Para 

 Bipedicled Fasciocutaneous   

   IM  internal mammary artery perforator fl ap,  IC  intercostal artery perforator fl ap,  SE  superior epigastric artery perforator fl ap 
 Thigh-based:  ALT  anterolateral thigh fl ap,  AMT  anteromedial thigh fl ap,  VL  Vastus lateralis fl ap,  TFL  tensor fascia lata 
fl ap,  RF  rectus femoris fl ap,  STF  subtotal thigh fl ap 
 Back-based:  LD  latissimus dorsi fl ap,  TAP  thoracodorsal artery perforator fl ap,  Scap/Para  scapular/parascapular fl ap  

   Table 30.2    Abdominal wall fl ap reconstruction algorithm periumbilical defects   

 Local  Pedicled  Free 

 Periumbilical  Transposition DIEP, SIEP, TLP  Rectus  Thigh-based ALT, AMT, VL, TFL, RF, STF 

 Keystone  Omentum  Back-based LD, TAP, Scap/Para 

 Bipedicled fasciocutaneous  Thigh-based 

   DIEP  deep inferior artery perforator fl ap,  SIEP  superfi cial inferior epigastric artery perforator fl ap,  TLP  thoracolumbar 
perforator fl ap 
 Thigh-based:  ALT  anterolateral thigh fl ap,  AMT  anteromedial thigh fl ap,  VL  vastus lateralis fl ap,  TFL  tensor fascia lata 
fl ap,  RF  rectus femoris fl ap,  STF  subtotal thigh fl ap 
 Back-based:  LD  latissimus dorsi fl ap,  TAP  thoracodorsal artery perforator fl ap,  Scap/Para  scapular/parascapular fl ap  

   Table 30.3    Abdominal wall fl ap reconstruction  a  lgorithm hypogastric defects   

 Local  Pedicled  Free 

 Hypogastric  Transposition DIEP, SIEP, TLP  Rectus  Thigh-based ALT, AMT, VL, TFL, RF, STF 

 Keystone  Omentum  Back-based LD, TAP, Scap/Para 

 Bipedicled Fasciocutaneous  Thigh- Based   

   DIEP  deep inferior artery perforator fl ap,  SIEP  superfi cial inferior epigastric artery perforator fl ap,  TLP  thoracolumbar 
perforator fl ap 
 Thigh-based:  ALT  anterolateral thigh fl ap,  AMT  anteromedial thigh fl ap,  VL  vastus lateralis fl ap,  TFL  tensor fascia lata 
fl ap,  RF  rectus femoris fl ap,  STF  subtotal thigh fl ap 
 Back-based:  LD  latissimus dorsi fl ap,  TAP  thoracodorsal artery perforator fl ap,  Scap/Para  scapular/parascapular fl ap  
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to these anatomic regions guide decision-making 
when regional  p  edicled fl aps are planned for 
reconstruction. Options for pedicled fl aps in the 
upper abdomen include latissimus dorsi, and 
omental fl aps. Thigh-based fl aps such as antero-
lateral thigh, vastus lateralis, and tensor fascia 
lata fl aps are generally able to reach the hypogas-
trium and fl ank as pedicled fl aps. If a pedicled 
fl ap is not available or feasible, a thoracoepigas-
tric bipedicled fasciocutaneous fl ap may provide 
a local tissue alternative in patients who are not 
candidates for free tissue transfer.

     When the volume of tissue loss or the arc of 
rotation needed precludes a pedicled fl ap trans-
fer, a free fl ap is required for soft-tissue coverage. 
The thigh can serve as a source of fasciocutane-
ous fl aps and myocutaneous fl aps that provide 
large skin paddles and signifi cant muscle volume. 
Recipient vessels in the abdominal wall include 
the deep inferior epigastric, superior epigastric, 
internal mammary, intercostal artery, and perfo-
rating thoracolumbar. When no local recipient 
vessels are available, vein grafts to the internal 
mammary or femoral vessels may be required 
depending on defect location.  

    Local Flap Options 

  Local fl aps   involve recruiting tissue adjacent to 
the wound defect. Well-planned incisions are 
critical to preserve blood supply to the local fl ap 
and avoid wound-healing complications at the 
donor site used to resurface the wound defect. 
There are various fl ap transposition designs 
available including advancement, rotation/
advancement, interpolation, V-Y advancement, 
and bipedicled fl aps. These fl aps can be oriented 
in any dimension: vertically, obliquely, or hori-
zontally. Given these fl aps are perfused through 
random or axial blood supplies, understanding of 
the vascular anatomy in terms of abdominal wall 
angiosomes and perforator location is critical to 
designing robust local fl aps. 

 It is also important to consider the impact of 
preexisting incisions in the abdominal wall when 
planning a fl ap design. A midline laparotomy 
may preclude harvesting a local fl ap from the 

contralateral abdominal wall. However, a midline 
defect bisected by a laparotomy scar can be 
divided in half and reconstructed by two local 
fl aps, one from each hemi-abdomen. Another key 
factor in performing a local fl ap reconstruction is 
limiting tension across the wound closure both at 
the defect site and the donor site. The fl ap perfu-
sion, especially at the most distal part of the fl ap, 
can be compromised if the fl ap is placed on high 
tension either by pushing the limits of the fl ap 
design or by creating excessive bi-axial tension 
across the fl ap when the donor site is closed.  

 One strategy that can be employed to mitigate 
excessive  tension   across the fl ap is to transpose 
the fl ap to cover the defect and then skin graft the 
donor site. This concept is the mainstay of the 
bipedicled fl ap in trunk reconstruction. For mid-
line defects, a bipedicled fasciocutaneous fl ap is 
generally used for midline defects either unilater-
ally or bilaterally. The fl ap is oriented vertically 
with a maximum of a 3:1 length/width ratio and 
maintains a blood supply from both the superior 
and inferior aspects of the fl ap. The fl ap is then 
directly transposed to resurface the defect and by 
design the donor site cannot be closed without an 
undue degree of tension. To offl oad the tension, a 
skin graft can be used to resurface the donor site 
preserving blood supply to the distal fl ap to maxi-
mize wound healing. 

 Perforator fl aps are based on a dominant 
named vessel which perfuses the entire fl ap 
through an organized vascular network. 
Perforator fl aps present multiple options for fl ap 
design and rotation throughout the entire abdom-
inal wall. Flaps based on internal mammary, 
superior epigastric, deep inferior epigastric, 
superfi cial inferior epigastric, and superfi cial cir-
cumfl ex iliac perforators provide local fl ap 
options in all zones of the abdominal wall. The 
keystone fl ap  is   one strategy to reconstruct large 
trunk defects with perforator fl aps [ 6 ]. Keystone 
fl aps enable one stage resurfacing of both the 
defect and donor site. The fl ap is designed as a 
large 3:1 ellipse parallel to the long axis of the 
defect. The blood supply to the fl ap is based on 
cutaneous perforators that shift towards the 
defect when the fl ap is advanced. Once the lead-
ing edge of the keystone fl ap is inset, the donor 
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site is then closed on itself from the poles of the 
long axis of the fl ap to the side of the fl ap remote 
from the defect. The success of this fl ap is due to 
the transposition tension from the advancement 
and closure being distributed over the lengthy 
circumference of the fl ap skin island.  

     Regional Flap   Options 

 In cases where the defect size exceeds the avail-
ability of local soft-tissue for coverage, the next 
line option is to consider a regional  pedicled 
fl ap  . Use of regional fl aps is often limited as the 
defect is adjacent to the fl ap donor site, particu-
larly if the defect is a full-thickness, or compos-
ite defect. Regional pedicled fl aps are harvested 
from adjacent anatomic areas such as the chest, 
groin, thigh, or back. Pedicled fl aps can be 
designed as fasciocutaneous fl aps, myocutane-
ous fl aps, or muscle fl aps resurfaced with a skin 
graft. When selecting a pedicled fl ap it is impor-
tant to factor the donor morbidity incurred.    As 
an example, a contralateral vertical  rectus 
abdominis   myocutaneous fl ap can be used to 
reconstruct a lower lateral abdominal wall 
defect; however, the donor site closure may com-
promise the fl ap inset, increasing the risk of 
postoperative  complication  s. In addition, not 
only must the pedicled fl aps ability to “reach” 
the defect be considered, but also how the trans-
ferred fl ap will tolerate the rotational, fl exion/
extension forces placed on it in the trunk. As an 
example, a vastus lateralis thigh fl ap can be used 
to resurface a hypogastric defect however, as the 
fl ap’s pedicled vessels remain in their site of ori-
gin in the thigh, the fl ap pedicle can pivot and 
traverse the groin and have its blood fl ow com-
promised by compression or rotation during the 
postoperative period.  

     Free Flap   Options 

 Microsurgical free tissue transfer enables the 
reconstructive surgeon to provide soft-tissue cov-
erage for abdominal wall defects that are not 
amenable to either local or regional fl ap cover-

age. Flaps of essentially any size, volume, dimen-
sion, and composition can be transferred from 
donor sites remote from the abdominal wall. 
While much more technically demanding, the 
evolution of microsurgical techniques enables 
successful free-fl ap transfer in excess of 98% of 
cases [ 7 ]. 

 There is a multitude of free-fl ap donor site 
options available for abdominal wall reconstruc-
tion. The torso and thigh are the main areas of 
fl ap harvest for defects extending from the upper 
abdominal wall and epigastrium to the suprapu-
bic region. The posterior  c  hest wall donor site 
yields the latissimus dorsi myocutaneous fl ap, 
scapular/parascapular fasciocutaneous fl aps, tho-
racodorsal artery perforator fl aps, and serratus 
anterior muscle fl aps. (Fig.  30.1a–e ) In addition, 
these fl aps can be harvested together as a chime-
ric fl ap to increase the tissue volume for fl ap 
transfer. These fl aps can also be transposed to the 
upper epigastrium or lateral subcostal region as a 
pedicled fl ap. For defects beyond the reach of the 
thoracodorsal pedicle, the fl ap can be converted 
to a free fl ap and be  transposed   anywhere in the 
abdominal wall.

   In cases where a large skin paddle is required 
for the abdominal wall defect, a free scapular or 
parascapular fl ap can be designed on the circum-
fl ex scapular branch of the subscapular arterial 
system. If a latissimus or serratus fl ap is har-
vested, the functional donor site impact must be 
considered as it relates to the weakened abdomi-
nal wall. Patients who have decreased core mus-
cle strength will rely on upper extremity strength 
and range of motion to complete activities of 
daily living. The impact of impaired shoulder and 
upper extremity movement should be considered 
in these patients. In addition, in terms of logisti-
cal planning, the patient must undergo an intra-
operative position change to facilitate fl ap 
dissection in the posterior chest  wall  . This adds 
complexity and additional time to the procedure 
and extends fl ap ischemia time. 

 The thigh represents the  mainstay   for fl ap 
donor sites for the abdominal wall. Both pedicled 
fl aps for coverage of the infraumbilical abdomi-
nal wall and free fl aps can be designed in several 
of confi gurations: fasciocutaneous, myocutane-
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ous, muscle, and chimeric fl aps. The descending 
branch of the lateral circumfl ex femoral system 
provides blood supply to the vastus lateralis, rec-
tus femoris muscles, and anterolateral thigh skin. 
The transverse branch of the lateral circumfl ex 
femoral system provides blood supply to the ten-
sor fascia lata fl ap. These fl aps can be harvested 
as muscle-only fl aps or as myocutaneous fl aps 
with overlying skin paddles. The anterolateral 
thigh fl ap is designed by including a skin paddle 
overlying vastus lateralis muscle and can be 
designed as a myocutaneous or fasciocutaneous 
fl ap. The tensor fascia lata fl ap can be designed to 
include the distal fascia of the iliotibial tract and 
a smaller proximal skin paddle, if needed. The 

anteromedial thigh fl ap can be designed on 
medial perforators from the descending branch of 
the lateral circumfl ex femoral system. The rectus 
femoris muscle is more commonly designed as a 
muscle fl ap; however, a skin island can be 
included over the central muscle when appropri-
ate-sized cutaneous perforators are present. 

 These thigh-based fl aps can be designed in 
any combination as chimeric fl aps, i.e., ALT with 
AMT fl aps, ALT with TFL, vastus lateralis with 
TFL. For massive abdominal wall defects, the 
vastus lateralis, tensor fascia lata, and the rectus 
femoris can be harvested with all overlying skin 
territory as a subtotal thigh fl ap for increased 
volume and skin coverage [ 8 ].  

  Fig. 30.1    Free chimeric latissimus myocutaneous fl ap 
with serratus muscle fl ap reconstruction of epigastric 
defect. ( a ) Preoperative view of planned composite full- 
thickness resection of the abdominal wall including ante-
rior refl ection of diaphragm. ( b )  Bioprosthetic mesh   inlay 
bridging repair of the thoraco-abdominal defect. ( c ) Free 

chimeric latissimus myocutaneous fl ap with serratus mus-
cle fl ap. ( d ) Serratus muscle fl ap inset covering the bio-
prosthetic mesh with the latissimus myocutaneous fl ap 
providing skin coverage. Right internal mammary vessels 
used as recipient vessels. ( e ) Follow-up 6 months       
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    Recipient  Vessel  s 

 The success of any free tissue transfer relies on 
the availability of suitable recipient vessels pro-
viding arterial infl ow and venous outfl ow to the 
free fl ap. There are several recipient vessels 
available for abdominal wall reconstruction with 
free fl aps. The main vascular axis in the central 
abdominal wall is the internal mammary-superior 
epigastric-inferior epigastric system. The internal 
mammary and deep inferior epigastric vessels 
provide large caliber 2–3 mm diameter recipient 
vessels for microanastomosis. However, these 
vessels are present at the most cephalad and cau-
dal limits of the abdominal wall. The main chal-
lenge for identifying adequate internal mammary 
or epigastric recipient vessels in the periumbili-
cal region is that they are much smaller in caliber 
and present more technically challenging micro-
anastomoses. In cases where the internal 
mammary- epigastric vascular axis is unavailable, 
the  thoracodorsal   pedicle in the axilla can be 
reached by using vein grafts. 

 Recipient vessel options exist beyond the 
abdominal wall itself. There are a number of 
options in the groin based on the superfi cial fem-
oral system. The superfi cial inferior epigastric 
artery, the superfi cial circumfl ex iliac artery, and 
the deep circumfl ex iliac artery provide reason-
able caliber vessels for free fl ap transfer to the 
lower central and lateral abdominal wall. If pri-
mary anastomosis is not feasible then vein grafts 
or vein loops are required. Vein grafts are often 
harvested from the leg (greater or less saphenous 
vein) or arm (cephalic vein). In addition, in 
abdominal wall reconstructions with concurrent 
laparotomy intra-abdominal vessels can be used 
as recipients if there are no local options in the 
abdominal wall. The omental and gastroepiploic 
vessels can be mobilized to reach the undersur-
face of the abdominal wall. Care must be taken in 
insetting and supporting the fl ap pedicle so that 
there is no tension on the anastomoses when the 
visceral contents shift when the patient transi-
tions from supine to sitting/standing. In addition, 
the morbidity of re-entering the abdominal cavity 
must be considered if there is a vascular throm-
bosis requiring fl ap re-exploration. In addition, 

when mesh is used for the musculofascial recon-
struction as an adjunct to the fascia of the fl ap the 
pedicle must traverse an aperture in the abdomi-
nal wall mesh that increases the risk of pedicle 
kink and vascular compromise. Moreover, defects 
in abdominal wall integrity increase the risk of 
hernia. For these reasons, local recipient options 
should be explored before intra- abdominal ves-
sels are selected. 

 Vein grafts and arterialized vein loops can be 
designed to provide adequate recipient vessels in 
the central abdominal wall. Vein grafts can be 
harvested from either the upper or lower extrem-
ity as a cephalic vein graft or saphenous vein 
graft. For central and lower abdominal defects an 
arterialized saphenous vein loop can be designed. 
(Fig.  30.2a–e ) The saphenous vein is dissected 
and transected distally and then anastomosed to 
the superfi cial femoral artery or a side branch. 
This allows delivery of the loop to the fl aps recip-
ient site where the loop is divided providing an 
arterialized afferent limb and a venous drainage 
efferent limb. One advantage of this technique is 
that it only requires three vascular anastomoses 
instead of four as in the case with direct  individual 
arterial and venous vein grafts. The main recipi-
ent vessel sites for vein grafts or arterialized vein 
loops are the thoracodorsal vessels in the axilla, 
branches of the superfi cial  femoral   system on the 
groin, and the deep inferior epigastric vessels in 
the lateral abdominal wall, which can be used to 
extend the reach of vein grafts to the central 
abdominal wall.

       Abdominal Wall Transplantation 

  Abdominal wall transplantation   represents the 
zenith of abdominal wall fl ap reconstruction. It is 
generally reserved for patients undergoing single 
or multi-organ visceral transplants in which 
abdominal wall closure by autologous fl aps is not 
technically feasible or presents signifi cant donor 
morbidity. Abdominal wall closure after visceral 
organ transplantation is challenging in the setting 
of donor/recipient organ size mismatch and/or 
prior recipient abdominal surgery. Transplant 
patients can benefi t from vascularized composite 

30 Flap Reconstruction of the Abdominal Wall



320

abdominal wall allotransplants as an additional 
strategy to expand the domain of the abdominal 
cavity to account for either a graft/recipient size 
mismatch or inability for closure in the face of 
extreme intestinal edema. While the risks of life-
long immunosuppression potentially outweigh 
the potential benefi ts of abdominal wall trans-
plantation in healthy non-transplant patients, 
transplant patients are already bound to an immu-
nosuppressive regimen and can benefi t from the 
addition of allograft abdominal wall musculofas-

cial tissue to reduce abdominal wall wound com-
plication at the time of transplantation. 

 In the setting of transplant immunosuppres-
sion, the risk of an open abdominal wound, 
fascial dehiscence, septic evisceration or fi s-
tula carries signifi cant morbidity and potential 
mortality. When conventional abdominal wall 
closure techniques are insuffi cient allotransplan-
tation is performed. Extensive study of the vas-
cular supply of the abdominal wall has allowed 
design of musculofasciocutaneous fl aps based 

  Fig. 30.2    Free anterolateral thigh (ALT) fl ap reconstruction 
of abdominal wall. ( a ) Preoperative view of open abdomen 
treated with NPWT. ( b ,  c .) A right-sided ALT fl ap with vas-
tus lateralis muscle was harvested on the descending branch 

of the lateral femoral circumfl ex system. ( d ) A shapeno-fem-
oral A-V loop was delivered into the lower abdominal defect 
to serve as recipient vessels. ( e ) Patient at 12 weeks follow-
up. Flap reconstruction algorithm by region       
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on the deep inferior epigastric system (DIEP). 
These fl aps can be transferred based on either the 
DIEP vessels through microsurgical technique 
or the external iliac for a macrovascular anas-
tomosis. Cipriani et al. describe a series of 15 
abdominal wall transplants with three episodes 
of rejection salvage with modulating immuno-
suppression and two fl ap losses due to vascular 
thrombosis [ 9 ]. 

 Abdominal wall transplantation is a fi eld 
in its early stage. It has virtually eliminated 
the issue of donor site morbidity and future 
advances will likely focus on improved recipi-
ent site function. To this end, refi ning fl ap design 
even further to include dynamic neurotized fl ap 
transfers that can provide stable abdominal wall 
contour and preserved truncal core muscular sta-
bility will represent a new  era   in abdominal wall 
reconstruction.  

    Summary 

 Most abdominal wall defects do not require for-
mal fl ap reconstruction since there is often redun-
dancy in both the musculofascia and skin. When 
fl aps are required, it is generally best to fi rst con-
sider local, then regional, and fi nally distant fl aps. 
Regional pedicle fl aps are limited by their respec-
tive arc of rotation and may not reach the defect, 
this is particularly true for hypogastric defects. 
When free fl aps are required the thigh and back 
are generally the best donor locations. The loca-
tion of recipient vessels and fl ap pedicle length 
are important to consider for these complex 
reconstructions. Vein grafts are often required to 
“extend” the length of the free fl ap pedicle in 
order to reconstruct defects, particularly in the 
upper abdomen. Reconstruction of composite 
defects that include loss of musculofascia and 
overlying skin require special attention. In gen-
eral, we fi nd that the musculofascia is best recon-
structed with mesh and  component separation   

rather than with fascia from the fl ap. Flap recon-
struction of abdominal wall defects is often com-
plex and is best performed with a multidisciplinary 
approach including a plastic and reconstructive 
surgeon.     
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      Diagnosis and Management 
of Diastasis Recti                     

     Maurice     Y.     Nahabedian     

          Introduction 

 Contour abnormalities of the anterior abdominal 
wall can present in various forms based on the 
specifi c  structural anatomic deformity  . The most 
common and notable is the abdominal wall her-
nia that is the result in a fascial defect with pro-
trusion of abdominal viscera or omentum. 
However, contour abnormalities may also present 
without a fascial defect and are defi ned and clas-
sifi ed as a bulge due to laxity or attenuation of the 
supportive layers of the anterior abdominal wall. 
The location of the bulge can be along the ante-
rior rectus sheath or the linea alba. Bulges over 
the lateral abdominal wall or anterior rectus 
sheath may be due to denervation of the abdomi-
nal wall musculature or to a violation of the ante-
rior rectus sheath. Bulges over the midline 
abdominal wall without a fascial defect are usu-
ally the result of attenuation of the linea alba with 
a separation of the rectus abdominis muscles and 
is referred to as diastasis recti. This chapter will 
focus on the etiology, diagnosis, and manage-
ment of diastasis recti.  

    Anatomy 

 The aponeurotic layers of the  anterior abdominal 
wall   include the linea alba, anterior rectus sheath, 
posterior rectus sheath, and the external oblique 
fascia (Fig.  31.1 ). The anterior rectus sheath and 
the linea alba are composed of collagen fi bers 
arranged in an interwoven lattice. The width and 
thickness of these structures will vary along the 
surface and regions of the anterior abdominal wall 
[ 1 ]. The width of the linea alba ranges from 11 to 
21 mm between the xiphoid process and the 
umbilicus and decreases from 11 to 2 mm from 
the umbilicus to the pubic symphysis. The thick-
ness of the linea alba ranges from 900 to 1200 μm 
between the xiphoid and the umbilicus and 
increases from 1700 to 2400 μm from the umbili-
cus to the pubic symphysis. The  thickness of   the 
anterior rectus sheath ranges from 370 to 500 μm 
from the xiphoid to the umbilicus and increases to 
500–700 μm from the umbilicus to the pubic sym-
physis. The posterior rectus sheath is slightly 
thicker than the anterior rectus sheath above the 
umbilicus at 450–600 μm, but is thinner from the 
umbilicus to the arcuate line at 250–100 μm 
(Fig.  31.2 ). The vascularity of the anterior rectus 
sheath and linea alba is derived from the perforat-
ing branches of the deep and superior inferior epi-
gastric vessels as well as the superfi cial epigastric 
vessels. The loose areolar fascia over the surface 
of the anterior sheath and linea alba is highly vas-
cularized and important to preserve (Fig.  31.3 ).

        M.  Y.   Nahabedian ,  M.D., F.A.C.S.      (*) 
  Department of Plastic Surgery ,  Georgetown 
University Hospital ,   3800 Reservoir Rd NW , 
 Washington ,  DC   20007 ,  USA   
 e-mail: DrNahabedian@aol.com  

  31

mailto:DrNahabedian@aol.com


324

Pectoralis major muscle

Serratus anterior muscle

Costoxiphoid ligament

External oblique
abdominal muscle

Rectus sheath, anterior
layer

Anterior superior iliac
spine

Intercrural fibers

Medial crus of
superficial inguinal
ring
Cremaster muscle

Reflected inguinal
ligament

Suspensory ligament
of penis

Fundiform
ligament of penis

Spermatic
cord

Exterior oblique
abdominal muscle

aponeurosis

Superficial fascia
outer layer

(panniculus adiposus)

Anterior superior
iliac spine

Umbilicus

Exterior oblique
abdominal muscle

Linea alba

Pectoralis major
muscle

abdominal part

Latissimus dorsi
muscle

Serratus anterior
muscle

  Fig. 31.1    Illustration of the anterior abdominal wall demonstrating the anterior rectus sheath and the linea alba       

  Fig. 31.2    Photograph of the anterior abdominal wall 
demonstrating the posterior rectus sheath and linea alba 
following elevation of both rectus abdominis muscles       

  Fig. 31.3    The vascularized loose areolar fascia on the 
surface of the anterior rectus sheath is demonstrated       
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     The muscular layers of the anterior abdominal 
wall are equally important and comprised of the 
paired rectus abdominis muscles as well as the 
paired external, internal, and transverse oblique 
muscles (Fig.  31.4 ). The forces exerted by these 
muscles, as well as intra-abdominal pressure, can 
place tension on the midline linea alba and result 
in separation or attenuation resulting in a diasta-
sis recti.

       Etiology 

 The  etiology   of diastasis recti is typically the 
result of increased intra-abdominal pressure that 
usually occurs following pregnancy; however, 
obesity and prior abdominal operations can also 
be the cause (Fig.  31.5 ). It has been demonstrated 
that the intra-abdominal pressures associated 
with pregnancy will increase the distance between 
the rectus abdominis muscles [ 2 ] (Fig.  31.6 ). It 
has been observed that the myofascial laxity 
associated with diastasis recti is both vertical and 
horizontal and can involve the entire anterior 
abdominal wall and not just the linea alba [ 3 ]. 
Bauman has measured the inter-recti distance in 

92 women and demonstrated that stretching of 
the linea alba is limited to 5 cm in 82% of patients 
and can extend up to 6 cm in 2% [ 3 ].  Abdominal 
laxity   beyond that is usually due to attenuation of 
the anterior rectus sheath.

    Liaw has compared the inter-rectus distance 
between nulliparous women and  postpartum 
women   and demonstrated a doubling of the inter- 
rectus distance from approximately 0.5–1.0 cm 
to 1.2–2.3 cm using ultrasound-assisted measure-
ments [ 2 ]. In the postpartum group, there was a 
gradual decrease in the distance over time; how-
ever, baseline values were never achieved at 
6-month assessments. Pregnancy also has a nota-
ble effect on the strength of the abdominal mus-
culature with nulliparous women having 5/5 
strength of the trunk fl exors and rotators com-
pared to 4/5 in women that were 6 months 
postpartum.  

    Diagnosis 

 The  diagnosis   of diastasis recti is made on physi-
cal examination and presents as a midline bulge 
that can occur above or below the umbilicus 
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  Fig. 31.4    The muscles and fascial layers of the anterior abdominal wall       
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  Fig. 31.5    Separation of the 
paired rectus abdominis 
muscles associated with 
pregnancy is illustrated       
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  Fig. 31.6    Illustration demonstrating a normal and widened inter-rectus distance associated with a rectus diastasis       
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(Fig.  31.7 ). It is amplifi ed by having the patient 
lie fl at and perform a straight leg raise. 
Confi rmation of rectus diastasis can be made 
using CT, MRI, or ultrasound, but these tests are 
usually not necessary [ 4 – 6 ]. All imaging modali-
ties can be used to measure the inter-rectus 
 distance, however, they are more often obtained 
to assess the success of the repair.

       Classifi cation 

 There are three  classifi cation systems   that have 
been described for rectus diastasis. The Nahas 
classifi cation is based on the myofascial defor-
mity and the etiology [ 7 ] (Table  31.1 ). The Rath 
classifi cation is based on the level of the attenu-
ation relative to the umbilicus and the patient 
age [ 8 ] (Table  31.2 ). The Beer classifi cation is 
based on the normal width of the linea alba as 
determined from 150 nulliparous women [ 9 ] 
(Table  31.3 ).

         The Initial Consultation 

 During the  initial consultation  , it is important to 
obtain a thorough history and physical examina-
tion. Relevant information related to prior abdomi-
nal operations, previous pregnancies, and history 
of weight gain is obtained. On physical examina-
tion, abdominal scars, concomitant hernias, 
abdominal pannus, and extent of the diastasis are 

documented. Visualization of the midline diastasis 
is easily demonstrated with the patient supine per-
forming a straight leg raise. Ideal candidates for a 
diastasis repair include patients with an isolated 
diastasis, low BMI, and no prior abdominal opera-
tions. Less ideal candidates include obese patients, 
extensive comorbidities, desire to have more chil-
dren, and multiple abdominal procedures.  

    Indications for Surgery 

  Indications   for diastasis repair are based on symp-
toms and physical fi ndings [ 10 ]. Many patients 
with diastasis recti will have discomfort at the 
level of the defect. This is often exacerbated with 
movement. The appearance of the abdominal wall 
is often noticeably distorted in women with 

  Fig. 31.7    A woman with rectus diastasis is depicted 
demonstrating the midline bulge       

   Table 31.1    The Nahas classifi cation based on the myo-
fascial deformity   

 Deformity  Etiology  Correction 

 Type A  Pregnancy  Anterior sheath 
plication 

 Type B  Myoaponeurotic 
laxity 

 External oblique 
plication 

 Type C  Congenital  Rectus abdominis 
advancement 

 Type D  Obesity  Anterior sheath 
plication and 
rectus abdominis 
advancement 

   Table 31.2    The Rath classifi cation based on the level of 
the attenuation relative to the umbilicus and the patient age   

 Level  Age < 45 (mm)  Age > 45 (mm) 

 Above umbilicus  10  15 

 At umbilicus  27  27 

 Below umbilicus  9  14 

   Table 31.3    The  Beer classifi cation   based on the normal 
width of the linea alba   

 Normal width of the linea alba (mm) 

 Level  Width 

 At Xiphoid  15 

 3 cm above umbillicus  22 

 2 cm below umbillicus  16 
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 diastasis recti. The midline bulge is exacerbated 
with muscle contraction and is common in mul-
tiparous women. The pathophysiology of diasta-
sis recti often results in the development of an 
umbilical hernia as well. Correction of the umbili-
cal hernia alone without correction of the diastasis 
is often associated with recurrence due to the poor 
quality of surrounding tissue. 

 Not all patients will require surgery for cor-
rection. Time and conservative measures such as 
core strengthening are often useful. Surgery is 
usually indicated in women that have failed con-
servative measures and when the degree of rectus 
diastasis interferes with  activities   of daily living 
and is bothersome.  

    Treatment 

 There are several options for management of dias-
tasis recti ranging from exercise to simple plication 
of the linea alba and anterior rectus sheath to more 
advanced  excisional techniques   with or without the 
use of mesh. Endoscopic and laparoscopic tech-
niques can also be used  i  n select situations where a 
small midline hernia is present as well. In many 
cases, an abdominoplasty is also indicated. 

    Exercise 

 The benefi t of  exercise   to prevent or correct dias-
tasis recti is somewhat controversial and has been 
associated with mixed results [ 11 ]. Preventative 
exercise protocols include walking and abdomi-
nal core strengthening. Corrective exercise proto-
cols include core strengthening, aerobic activity, 
and neuromuscular re-education. Although mild 
benefi t was noted in terms of inter-rectus distance 
from some studies, there was insuffi cient evi-
dence to recommend exercise as a means of pre-
venting or treating rectus diastasis.  

    Abdominoplasty 

 In most women with mild-to-severe diastasis recti, 
the overlying adipocutaneous component of the 

anterior abdominal wall has also become stretched 
and fl accid. An  abdominoplasty   is typically per-
formed in these women to further improve the 
abdominal contour [ 12 – 14 ]. This is usually achieved 
using a low transverse incision incorporating the 
aesthetic subunits of the abdominal wall (Fig.  31.8 ). 
The anterior superior iliac crest is palpated and 
marked bilaterally. A curved low transverse line is 
drawn connecting the two points with the midpoint 
just above the pubic hairline. The incision extends 
to the anterior rectus sheath. The adipocutaneous 
tissues are elevated off the anterior rectus sheath 
preserving the vascularized loose areolar layer. The 
umbilicus is incised and preserved on its stalk. The 
undermining usually extends to the mid to upper 
abdomen and correlates to the length of the diasta-
sis. The diastasis repair is commenced at this junc-
ture utilizing a variety of techniques that will be 
described in the following sections. Following the 
repair, the patient is gently fl exed at the hip and the 
excess skin is redraped and then excised.  One   or 
two closed suction drains are placed and the skin is 
sutured with a 3-layer closure.

       Plication with or Without Excision 

 For mild-to-moderate diastasis recti,  midline pli-
cation   of the linea alba can be considered 
(Fig.  31.9 ). With this technique, the attenuated 
linea alba is delineated. Contraction of the atten-
uated fascia can be achieved using a low-set cau-
tery device to create thermal contraction. 
Following this, a 2-layer plication can be achieved 
using an absorbable or nonabsorbable suture. The 
triangular suture technique incorporating the lat-
eral edges of the fascia and the midline of the 
posterior rectus sheath is frequently used [ 15 ]. 
Excision of the midline fascia can also be consid-
ered when severely attenuated (Fig.  31.10 ).

    Studies evaluating absorbable and nonabsorb-
able sutures have demonstrated no signifi cant dif-
ference in the inter-recti distance as measured by 
CT scan 6 months following correction [ 16 ]. The 
fi rst layer of sutures was usually an interrupted 
fi gure-of-8 and the second layer of suture was run-
ning continuous to reinforce the repair and to bury 
to suture knots from the fi rst layer. In patients with 
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Separate
skin
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Incision

  Fig. 31.8    A schematic illustration of an abdominoplasty demonstrating the location of the scar and degree of 
undermining       

  Fig. 31.9    Midline plication of the rectus abdominis muscles       
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signifi cant laxity of the anterior rectus sheath, lat-
eral plication can also be performed on both sides 
to further improve and tighten the abdominal con-
tour. A 2-layer repair technique is usually per-
formed using an absorbable interrupted suture 
followed by a running continuous suture for further 
reinforcement. The length of this repair can extend 
from approximately 2 cm below the costal margin 
to approximately 2 cm above the pubic bone.  

    Plication and  Onlay   Mesh 

 The use of a mesh can be considered in cases of 
extensive laxity requiring a lengthy repair [ 12 ]. 
Typically a resorbable or non-resorbable  mesh   is 
selected and placed over the anterior rectus 
sheath. It is trimmed to fi t the dimensions of the 
anterior abdominal wall and extends from the 
costal margin superiorly to the pubic region infe-

riorly and also extends to the anterior axillary 
line bilaterally. Non-resorbable mesh is usually 
preferred in these cases because the patients are 
typically healthy with few, if any, comorbidities 
and are at low risk of infection or adverse out-
come. The edge of the mesh is typically anchored 
in an interrupted manner using an absorbable 
suture. The central portion of the mesh is secured 
in a quilting pattern also using an interrupted 
absorbable suture. A  sing  le closed suction drain 
is used. 

 Figures  31.11 ,  31.12 ,  31.13 ,  31.14 ,  31.15 , 
 31.16 ,  31.17 ,  31.18  and  31.19  illustrate a multipa-
rous woman with severe rectus diastasis and skin 
laxity. The preoperative photographs are illustrated 
(Figs.  31.11  and  31.12 ). The plan is to plicate, rein-
force with non-resorbable mesh and excise the 
redundant skin and fat. The lower abdominal skin 
is marked and incised extending from one anterior 
superior iliac crest to the other. Dissection proceeds 

  Fig. 31.10    Escision of redundant fascia and triangulation sutures to reapproximate the rectus abdominis muscles       
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to the anterior rectus sheath and then extends in a 
cephalad direction toward the xiphoid process pre-
serving the loose areolar layer (Fig.  31.13a ). The 
attenuated midline fascia is delineated and then pli-
cated using the 2-layer technique. Plication lateral 
to the midline on both sides can also be considered 
in severe cases (Fig.  31.13b ). The degree of abdom-
inal tightening is demonstrated on Fig.  31.14a, b . A 
synthetic mesh is trimmed to fi t the anterior abdom-
inal surface and then sutured at the periphery and 
centrally in an interrupted technique (Fig.  31.15 ). 
The abdominoplasty is performed by fi rst assessing 

the amount of skin redundancy and then dividing it 
along the midline (Fig.  31.16 ). The excess skin is 
excised and the remaining skin is closed in a 3-layer 
fashion (Fig.  31.17 ). Six- month follow-up demon-
strates a signifi cant improvement in abdominal 
contour without recurrence (Figs.  31.18  and  31.19 ).

               Retrorectus Repair with Mesh 

 In cases of moderate-to-severe diastasis recti, a 
retrorectus repair can be considered [ 17 ]. With this 
technique, an anterior paramedian incision is made 
adjacent to the lateral aspect of the linea alba 
extending from the xiphoid to the pubic bone. The 
medial aspect of the rectus abdominis muscle is 
appreciated and the muscle is undermined  preserv-
  ing the vascularity and laterally based innervation. 
The rectus abdominis muscle is completely 
released from the posterior rectus sheath. The 
degree of redundancy of the posterior rectus sheath 
is approximated and then plicated along its mid-
line using a resorbable suture in an interrupted 
manner (Fig.  31.20 ). The repair can then be rein-
forced using a resorbable or nonresorbable mesh. 
The mesh is placed on the surface of the posterior 
rectus sheath in the retrorectus space and anchored 
with interrupted absorbable sutures. The purpose 
of the mesh is to offl oad the pressure placed on the 
midline fascial repair. The umbilical stalk is passed 
through an opening created in the mesh. Following 
the repair, the released rectus abdominis muscles 
are aligned in their natural location with the medial 
edge of both muscles positioned along the midline. 
The anterior rectus sheath is repaired  using   inter-
rupted absorbable sutures.

        Endoscopic/Laparoscopic 

 Luque has described using a totally  endoscopic 
technique   for diastasis repair in patients with a 
concomitant midline hernia [ 10 ]. The most com-
mon midline hernia associated with a diastasis is 
the umbilical hernia (85%) [ 10 ]. The indications 
for total endoscopic repair include midline/
umbilical hernia measuring >2 cm, no prior her-
nia repair or laparotomy, and no need for abdomi-
noplasty. The technique involves placing a trocar 

  Fig. 31.11    Preoperative image of a multiparous woman 
with diastasis recti       

  Fig. 31.12    Lateral view demonstrating signifi cant 
abdominal laxity and bulge       
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  Fig. 31.13    ( a ) Intraoperative photograph demonstrating the midline bulge of the linea alba. ( b ) Intraoperative photo-
graph following plication of the midline and lateral fascia       

  Fig. 31.14    ( a ) Intraoperative lateral photograph demonstrating the degree of abdominal protrusion prior to repair. ( b ) 
Intraoperative lateral photograph demonstrating the degree of abdominal protrusion following the repair       

into the supra aponeurotic space and creating a 
dissection plane under direct vision exposing the 
linea alba and the anterior rectus sheath. The 
repair includes sheath plication and reinforce-
ment with a synthetic mesh. A nonabsorbable 
barbed suture is typically used. A drain is placed 
and a soft-compression garment is applied. 

  Laparoscopic reinforcement   of the anterior 
abdominal wall can be considered in some patients. 
In patients that have had plication of the attenuated 
linea alba and anterior rectus sheath, laparoscopic 

placement of an intraperitoneal mesh can be con-
sidered instead of onlay mesh placement. Huguier 
has applied this technique in 15 women with good-
to-excellent results in 13/15 (87%) [ 18 ].  

    Complications 

  Complications   following rectus diastasis repair 
are infrequent and include infection, mesh 
extrusion, recurrence, nerve injury, seroma, 
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complex scar, skin necrosis, contour abnormal-
ity, and visceral injury (bladder, bowel). As 
with most operations, caution must be exer-
cised when considering this procedure in 
women who are active smokers, because 
delayed healing and tissue necrosis are more 
common in this population of patients [ 17 ]. 

 Emanuelsson has performed a randomized 
controlled trial comparing outcomes and compli-
cations in women with rectus diastasis managed 

with layered closure of the anterior rectus sheath 
or retrorectus placement of synthetic mesh [ 19 ]. 
Superfi cial wound  infectio  n occurred in 14/57 
(24.5%) of which 5/57 (8.8%) were in the suture 
repair cohort and 9/57 (15.8%) were in the retro-
rectus mesh cohort. Postoperative pain was 
assessed using a visual analog scale demonstrat-
ing an improved reduction in pain in the retrorec-
tus cohort (6.9) compared to the sheath plication 
cohort (4.8).  

  Fig. 31.15    Intraoperative photograph following place-
ment of the non-resorbable mesh over the plicated anterior 
rectus sheath       

  Fig. 31.16    Intraoperative photograph of the redundant 
skin and fat constituting the abdominoplasty       

  Fig. 31.17    Intraoperative photograph following comple-
tion of the abdominoplasty       

  Fig. 31.18    Six-month postoperative anterior view fol-
lowing successful diastasis repair and abdominoplasty       
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    Outcomes 

    Sheath Plication 

 The outcomes following  sheath plication   for dias-
tasis recti have been mixed and primarily related 
to the type of suture used for the plication. 

Al-Quattan in a review of 20 women following 
vertical sheath plication alone using an  absorbable 
suture demonstrated 100% recurrence after 1 year 
[ 20 ]. Reasons included a repair that was localized 
to the defect only, a repair that addressed only the 
horizontal component of the diastasis, and suture-
related fraying of the anterior rectus sheath due to 
its fragile nature. Nahas using a nonabsorbable 
suture had positive outcomes utilizing a 2-layer 
plication repair [ 5 ]. Effi cacy of the repair was 
evaluated by postoperative CT scans in 12 women 
at 3 weeks, 6 months, and again at a mean of 81 
months postoperatively. The inter-rectus distance 
was measured 3 cm above and below the umbili-
cus. They demonstrated no recurrence of diastasis 
recti in any patient at all levels studied. Mestak 
performed a case-controlled study comparing 51 
women that had diastasis recti repair via plication 
with an interlocking continuous absorbable suture 
(0-PDS) to 10 nulliparous women without a dias-
tasis [ 4 ]. Postoperative assessment was performed 
via physical examination and ultrasound in all 
women at 12–41 months following the repair. 
Ultrasound measurements were obtained at the 
midpoint of the umbilicus and xiphoid, at the 
umbilicus, and at the midpoint of the umbilicus 
and the pubis. The mean inter-recti distance was 
essentially equal between the two cohorts. The 
authors advocated absorbable sutures because 
suture palpability is not a long-term issue. 

 The type and orientation of suture  material   
used for diastasis repairs has also been compara-
tively studied. Nahas has compared diastasis 
repair techniques using absorbable 
(0- polydiaxone) sutures to nonabsorbable (2-0 
nylon) sutures. CT scans obtains at 3 weeks and 6 
months demonstrated no signifi cant difference 
between the two suture techniques [ 16 ]. Ishida, in 
a cadaveric study, compared horizontal versus 
vertical suture repair. A dynamometer was used 
to determine  th  e amount of force required to dis-
rupt the suture repair [ 21 ]. There was signifi -
cantly higher difference in the strength required 
for rupture for the vertical suture placement, thus 
vertical orientation was recommended.  

  Fig. 31.19    Six-month postoperative lateral view       

  Fig. 31.20    Suture plication of the posterior rectus sheath       
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    Retrorectus Repair 

 Outcomes following the  retrorectus repair   have 
been demonstrated to be effective. Batchvarova 
et al. have utilized this technique in 52 women 
with up to 11 years of follow-up [ 17 ]. They con-
tend that posterior plication alone may not be suf-
fi cient in all cases and for that reason have 
decided to place a vicryl mesh into the retrorectus 
space. The benefi t of the mesh in that location 
was to redistribute the forces placed on the 
 posterior sheath repair, reducing the risk of recur-
rence. According to Batchvarova, a resorbable 
mesh such as vicryl is preferred because it effec-
tively relieves fascial tension, is resorbed by 6 
weeks, is placed in an extraperitoneal position, 
and does not increase the incidence of 
complications. 

 In the Emanuelsson study, SF-36 outcomes 
were compared following repair via anterior 
sheath plication versus retrorectus mesh place-
ment [ 19 ]. The results demonstrated improve-
ment in both cohorts following the repair with no 
technique demonstrating superiority over the 
other. Subjective improvement in muscle strength 
was improved more in the retrorectus cohort 
compared to the suture cohort (6.9 vs. 4.5, Likert 
scale, 0–10,  p  = 0.01).   

    Endoscopic/Laparoscopic 

 The most frequent adverse event with the 
 endoscopic technique   is seroma (23%) [ 10 ]. In 
the 21 patients from the Luque study, there 
were no hernia or diastasis recurrences at 
20-month follow- up [ 10 ]. The mean inter-rec-
tus distance was significantly improved 1 
month following the procedure with preopera-
tive measurements ranging from 24 to 39 mm 
and postoperative measurements ranging from 
2.1 to 2.8 mm. One- and 2-year follow-up did 
not change from the 1-month measurements 
(2.5–3.7 mm). Patient  satisfaction   was 
assessed on a visual analog scale and graded 
with a mean score of 8.7.  

    Summary 

 The etiology, diagnosis, and management of 
diastasis recti is now well understood and has 
demonstrated success in management. 
Multiparous women are at highest risk for devel-
oping diastasis recti. Diagnosis is easily made by 
clinical examination and symptomatology. 
Management options vary and will depend on the 
degree of separation between the rectus abdomi-
nis muscles. Simple plication has been effective 
for mild-to-moderate diastasis. The use of resorb-
able or non-resorbable mesh placed as an onlay 
or in the retrorectus space has been effective for 
moderate-to-severe diastasis.     
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          Introduction 

 Abdominal wall defects, whether spontaneous, 
traumatic or iatrogenic in origin, are a complex 
and heterogeneous problem and can challenge 
surgeons of all experience levels. One tool that 
that should be in the modern surgeon’s armamen-
tarium of useful adjuncts for complex  abdominal 
wall repair   is negative pressure wound therapy. 
Originally designed to expedite healing in 
chronic wounds such as diabetic foot ulcers, neg-
ative pressure wound therapy (NPWT) is a sim-
ple mechanical device that provides suction over 
a wound bed [ 1 – 4 ]. Suction is a long-established 
surgical practice method utilized for drainage of 
wounds. The advantages of formal negative pres-
sure wound therapy devices versus simple suc-
tion are many and include the ability to tailor 
wound interface materials, to exchange canisters 
capable of removing large quantities of exudate, 
and the option to control both the level of suction 
(in millimeters of mercury) and the frequency of 
the suction (continuous vs. noncontinuous/inter-
mittent). An important safety feature of all NPWT 

devices is the alarm system that warns the user of 
loss of seal, or excessive fl uid output [ 1 ]. Some 
specially designed NPWT units are also capable 
of instillation of isotonic solutions that contain 
antibacterial or antimicrobial agents. NPWT 
units vary in size and some units have been 
developed that are portable and even disposable. 
All NPWT devices share a similar basic structure 
with the key components of each device consist-
ing of a suction pump capable of generating neg-
ative pressure (with power supplied by either 
battery or electric cord), tubing, a storage canis-
ter for effl uent, a sealing apparatus and wound 
interface material. 

    Mechanism of Action 

 There have been many speculations regarding the 
 mechanisms of action   behind NPWT and its abil-
ity to expedite wound healing. While the exact 
mechanism of NPWT is largely unknown, it is 
generally accepted that it is likely a medley of 
infl uences that contribute to the success of NPWT 
in healing both acute and chronic wounds. 

 The theories regarding the mechanism of 
action of NPWT can be categorized into three 
broad concepts: fl uid-milieu, alteration or reduc-
tion of bacterial burden, and application of 
mechanical stress. 

  Wound healing   is not a simple linear process 
but rather a complex series of exchanges among 
mediators and cells [ 2 ]. The environment or 
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milieu in which these interactions occur can have 
a negative or positive effect on the wound- 
healing process [ 3 ]. The interstitial edema that 
accumulates in wounds can potentially compro-
mise the delicate microcirculation causing dele-
terious effects on oxygen content delivery to the 
end tissues. The subatmospheric pressure exerted 
by NPWT units effi ciently draws this excess fl uid 
out of the wound bed thus improving the healing 
environment of the wound. The composition of 
the wound extracellular matrix is determined by 
a dynamic balance among overall matrix synthe-
sis, deposition, and degradation. Wound extra-
cellular matrix itself is a key regulator of cell 
adhesion, migration, proliferation, and differen-
tiation during tissue repair [ 1 ]. NPWT can 
improve the extracellular wound matrix by 
removing negative impactors on the wound- 
healing milieu. These factors, which can act as 
local tissue toxins, include acute phase proteins, 
proteolytic enzymes, specifi c cytokines, and 
metalloproteinases. A recently published system-
atic review of the molecular bases behind NPWT 
mechanism of action suggests that, in contrast, 
promotion of wound healing occurs by modula-
tion of cytokines to an anti-infl ammatory profi le, 
and mechanoreceptor/chemoreceptor-mediated 
cell signaling. These interactions then culminate 
in angiogenesis, extracellular matrix remodeling, 
and deposition of granulation tissue [ 4 ]. 

 Another hypothesized  mechanism of action   of 
NPWT is the reduction of overall bacterial bur-
den. Controlled animal studies have demon-
strated logarithmic declines in bacterial burdens 
with use of NPWT, though this has not been able 
to be reproduced in clinical studies [ 5 ,  6 ]. It is 
thought NPWT may act to decrease the overall 
bacterial burden of a wound in three ways. First, 
the closed environment acts as a physical barrier 
to the encroachment of adjacent skin fl ora. 
Second, the subatmospheric pressure exerted by 
the unit physically moves any existing bacteria 
away from the wound with the interstitial effl u-
ent. Lastly, as demonstrated in animal studies by 
Morykwas, application of subatmospheric pres-
sure at 125 mmHg to in vivo tissues improves 
blood fl ow levels fourfold [ 6 ]. This increase in 
oxygen in the local tissues not only interferes 
with the growth of anaerobic bacteria but also 

provides additional substrate for neutrophils to 
use for the oxidative bursts that kill bacteria. 

 An additional hypothesis on the mechanism of 
action of NPWT focuses on the biomechanical 
properties offered by the porous foam interface 
and the exerted negative pressure. There is a 
growing body of evidence that suggests healing 
tissue responds and adapts to the functional 
demands placed on it. These demands can be 
subdivided in those that exert macrostrain versus 
microstrain to the wound. The macrostrain theory 
postulates that the mechanical force from the 
interaction of the negative pressure with the 
wound interface is transmitted to the wound 
edges drawing them closer together [ 7 ]. In 2004, 
Saxena fi rst introduced the concept that NPWT 
improves granulation through application of 
micromechanical forces or microstrain. Their tis-
sue studies revealed that contact with the foam 
dressing particularly had physical effects on the 
tissue and noted an increase in the undulating 
contour of tissues corresponding to the pore 
geometry on the foam. The surface irregularities 
imposed by contact with the foam pores increased 
the surface area that could be subjected to nega-
tive pressure without an increase in the overall 
wound footprint. Specifi cally, the microstrain 
theory asserts that when more individual cells 
can be subjected to the application of subatmo-
spheric pressure and the mechanical strain and 
deformational forces leading to cell stretch, cell 
proliferation and angiogenesis are stimulated 
leading to promotion of wound healing [ 8 ].  

    Foam vs.  Gauz  e 

 The ability to tailor wound interface materials 
allows for customization of NPWT to the wound 
bed. By and large, there are two different dress-
ing types that have been explored in the litera-
ture; dressing that have a gauze interface and 
those with a foam substrate. While studies have 
determined that the pressure transfer to the 
wound bed is similar in gauze and foam dress-
ings, there may be particular clinical circum-
stances in which one product may be superior to 
another [ 9 ,  10 ]. Gauze dressings offer ease of 
application because they do not have to be cut 
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and shaped to the wound bed. Some studies also 
report that patients experience less pain during 
dressing changes with gauze, which is likely 
related to having less tissues ingrowth with the 
dressing material [ 11 ]. In addition, as cost sav-
ings become an increasingly more pressing mat-
ter to our health system, gauze dressings may 
offer a fi nancial advantage both in cost of materi-
als and labor expenses. In a recent randomized 
trial, the daily cost of NPWT was found to be 
$96.51 for foam-based dressings versus $4.22 for 
gauze-based dressings. Likewise NPWT foam 
dressings were associated with increased time 
spent on the dressing change with the average 
time spent clocked at 31 min versus 19 min for 
the gauze group [ 12 ]. 

 Since the inception of NPWT, foam dressings 
have been the more traditional wound interface 
material. Foam dressings are available in multi-
ple shapes and sizes that are then cut to size to fi t 
the wound bed during the dressing application. 
Several different foam contract dressings are cur-
rently employed and they are commonly known 
and referred to based on their color [ 13 ]. 

 “Black” or open-cell polyurethane foam is the 
most traditional NPWT dressing and consists of 
reticulated large open pores (400–600 μm) mak-
ing it particularly well suited for wounds that 
produce large amounts of exudate. The black 
foam is also hydrophobic and the large pore size 
allows for maximal interaction between the sub-
atmospheric pressure provided by  the   NPWT and 
the wound bed, which results in optimizing gran-
ulation tissue formation [ 14 ]. 

 Polyvinyl alcohol, or “white” foam, in con-
trast is hydrophilic and has a small, dense pore 
allocation (60–270 μm) making is less adherent 
to the wound. This composition also results in 
less removal of exudate and diminished ability of 
the NPWT to produce granulation tissue. This 
may be preferable in circumstances where the 
wound is shallow or overlying prosthetic implants 
or if its over/near areas that are sensitive to desic-
cation or pressure. 

 Green foam is composed of polyurethane and 
has an open pore structure that facilitates the 
monitoring of the wound bed. Green foam pore 
size is similar to that of black foam, but the ten-
sile strength is superior allowing for less foam 

residue in the wound bed when the foam inter-
face material is removed [ 15 ]. 

 Silver sponges are either polyurethane or 
polyvinyl sponges that have been coated in silver 
substrate. The silver coating on the sponges has 
been found to decrease the odor of infected 
wounds likely by decreasing the wound bacterial 
load. Silver-coated sponges are particularly well 
suited for wounds where contamination is still 
present (Fig.  32.1 ). The antimicrobial ability of 
silver dressing is attributed to the strong oxida-
tive activity of the silver nanoparticle (AgNP) 
surfaces and the release of silver ions into the 
biologic environment [ 16 ]. The oxidative activity 
and the effects of the silver ions themselves are 
thought to trigger a series of negative effects on 
the structures and functions of cells including 
cytotoxicity, immunological responses, and even 
cell death.

       Subatmospheric  Pressur  e 

 An additional feature of modern NPWT units is 
the ability to vary the level of negative atmo-
spheric pressure that is placed over a wound bed. 
Animal model blood fl ow studies completed by 
Morykwas in 1996, plotted blood fl ow changes 
measured with a Doppler needle fl ow probe in 
soft-tissue and muscle against varying levels of 
subatmospheric pressure. The blood fl ow changes 
in both tissues demonstrated similar bell-shaped 
responses. The application of 125 mmHg of neg-
ative pressure produced the optimal response in 
the tissues with a peak blood fl ow of four times 
baseline values. Levels of pressure above 400 
mmHg were found to have deleterious effects on 
granulation tissue formation, likely because 
blood fl ow decreased as the capillary bed blood 
fl ow was shut down when attempting to over-
come perfusion pressure. Based on in vivo stud-
ies, pressure levels in the range of 75–125 mmHg 
are desirable for the microdeformation and strain 
that produces robust granulation tissue formation 
[ 17 ]. Clinically, the application of pressure over 
a wound can produce discomfort and while a 
pressure of 125 mmHg is generally the “default” 
setting from NPWT, this level may need to be 
 adjusted   lower based on patient tolerance. 
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 In addition to demonstrating the optimal pres-
sure to induce peak blood fl ow, Morykwas and 
his colleagues also compared constant applica-
tions of pressure to intermittent pressure applica-
tion. In the intermittent studies, peak increases 
in local blood fl ow declined when “off” intervals 
were less than 2 min. Based on these results, a 
5-min-on/2-min-off cycle for intermittent NPWT 
was considered optimal for maximizing blood 
fl ow and granulation formation. These settings 
were then used in head-to-head comparisons with 
continuous NPWT. The mean increase in granu-
lation tissue formation for the wounds that 

received the intermittently prescribed negative 
pressure was signifi cantly higher than wounds 
subjected to continuous pressure, specifi cally the 
intermittently treated wounds demonstrated a 
near 100%increased rate of granulation tissue 
formation versus a 60%increase in the continu-
ous pressure-treated wounds [ 17 ]. 

 While intermittent pressure application can 
achieve increased rates of granulation tissue for-
mation there are two problems that can be 
encountered with its use. The fi rst is the applica-
tion of pressure can produce discomfort and, in a 
sensitive patient, the pain would be experienced 

  Fig. 32.1    A patient with a complex abdominal wall pre-
sented for take-down of an enterocutaneous fi stula ( a, b ). 
Following fi stula take-down, the fascial defect was 

repaired with a large pore biologic mesh. A silver NPWT 
sponge was used for treatment of the contaminated soft- 
tissue defect because of its antimicrobial properties ( c, d )       
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every few minutes with the cycling of the unit. In 
addition, in wounds that produce a large amount 
of effl uent, the “off” period may allow fl uid to 
accumulate and breach the adhesive barrier 
resulting in loss of suction.  

     Instillation   Therapy 

 A more recent  development   in NPWT science is 
the development of units that have the ability for 
instillation. Antimicrobials or antibiotics in an 
isotonic fl uid delivery system can be loaded into 
the units and then instilled over an acutely or 
chronically infected wound [ 18 ]. The interval 
and duration of the negative pressure can be con-
trolled as well as the type of solution instilled and 
the solution dwell time. Several fl uids that have 
been explored in the literature include silver 
nitrate, Dakin’s solution, and mixed antibiotic 
solution [ 13 ]. An instillation fl uid that has been 
utilized and studied specifi cally with use of 
NPWT is Prontosan (B. Brain, Inc.; Bethlehem, 
Pa.). Prontosan is composed of polyhexameth-
ylene biguanide also known as Polyhexanide, 
which functions as a preservative that inhibits the 
growth of microorganisms and Betaine, a surfac-
tant, which serves as a cleanser and provides 
immediate debridement [ 1 ,  19 ]. The positive 
effect of polyhexanide-containing irrigation is 
thought to be from reduction of bacterial load and 
biofi lm formation. NPWT with simultaneous irri-
gation has been found to further reduce biobur-
den over NPWT-treated wounds alone. In 
addition, using NPWT with installation capabili-
ties in grossly infected wounds may have the 
advantage of potentially reducing trips to the 
operating room for washouts [ 20 ].   

    Negative Pressure Wound Therapy 
and Abdominal Wall Reconstruction 

     Full-Thickness Abdominal Defect  s 

 Abdominal wall defects present primarily in two 
varieties, partial-thickness defects and full- 
thickness defects and the clinical applications of 
NPWT differs for each. 

 Full-thickness defects of the abdominal wall 
commonly occur after surgical intervention to 
manage a serious insult to the abdomen. 
Circumstances such as, abdominal trauma, peri-
tonitis, decompression of abdominal compart-
ment syndrome, or ruptured aneurysm repair, 
commonly lead to damage control laparotomies. 
In those circumstances, it is not only not possible 
to close the abdomen, but also is usually not safe 
to do so. In this situation, NPWT can be used as a 
bridge to future more defi nitive closure. 
Application of NPWT in the situation of an “open 
abdomen” serves several purposes, including 
removing exudates and decreasing bowel edema, 
removing wound contamination, maintaining a 
closed, moist environment for abdominal viscera 
and minimizing loss of domain. Early adapta-
tions of NPWT utilized to contain the abdominal 
contents and evacuate infectious material 
involved the use of an inert, fenestrated plastic 
sheeting in contact with the viscera, towels, or 
laparotomy packs placed on top of the sheeting, 
drains hooked up to wall suction on top of the 
towels or packs, and an occlusive dressing to seal 
the wound. Modern NPWT devices for the open 
abdomen come ready-made with improved func-
tion and ease of use. As visceral edema and exu-
date are reduced by the negative pressure, the 
fascia is able to be more closely approximated 
allowing for either primary repair of the fascia, or 
 repair   with use of mesh (Fig.  32.2 ). Commonly, 
the patient is returned to the operating room every 
3–5 days to perform further washout and attempt 
primary fascial closure or fascial closure with the 
use of mesh, once contamination is minimized.

   Goals with management of the open abdomen 
are primarily twofold—reduction of mortality 
rate and achievement of a high fascial closure 
rate. A consensus document from an expert advi-
sory panel outlining best practices for manage-
ment of the open abdomen was published in 2009 
[ 21 ]. Both the expert advisory committee and a 
systematic review from the same year deduced 
that use of a NPWT unit was the superior tech-
nique for temporary abdominal closure (TAC). 
Closure rates were found to be highest with 
NPWT, ranging between 78 and 93%. In addi-
tion, the incidence of fi stulas compared to other 
techniques was likewise reduced with NPWT 
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being associated with a 2.9%rate of fi stula forma-
tion versus other techniques such as zipper, silo, 
and loose packing with resultant 5.7 to 28%occur-
rence of fi stula formation [ 22 ].  

    Partial-Thickness Abdominal Defects 

 Partial-thickness abdominal wall defects indi-
cate that there is some component of the native 
musculofascial abdominal wall or a mesh that is 
preventing the evisceration of the abdominal 
contents. In this situation, depending on the size 
of the defect and the  situation   in which it is 
being addressed, NPWT can serve as a primary 
treatment, a bridge to more defi nitive treatment, 
or as a mitigator of postsurgical complications. 
As a primary treatment, NPWT can be applied 
to an open soft-tissue wound to enhance granu-
lation tissue formation. Once granulation of the 
wound is complete and the wound size has con-
tracted, the device can be removed allowing for 
re- epithelialization of the wound. For particu-
larly large defects, the NPWT can be used to 

temporize the defect and provide an optimal 
wound- healing environment, so that the wound 
footprint can be reduced by granulation and 
contraction until it is determined that coverage 
with a skin graft is feasible. In those cases, the 
NPWT device may also be used to help promote 
graft take. If a large defect is relatively clean, 
black foam can be used as the interface with the 
pressure set to 125 or 150 mmHg, if there is sig-
nifi cant effl uent. The continuous mode initially 
will aid in the evacuation of edema and promo-
tion of blood fl ow. In the case of a contaminated 
wound bed, silver foam can be used initially in a 
similar fashion to help reduce bioburden until 
the fi rst or second dressing change, at which 
time the black foam can be substituted. More 
frequent initial dressing changes may be neces-
sary as well depending on the degree of wound 
contamination that is present. When the amount 
of effl uent from the wound begins to stabilize or 
lessen, the NPWT can be prescribed in an inter-
mittent mode as described above (5-min-on/2-
min-off) in order to stimulate  granulation   tissue 
formation, provided the patient will tolerate it.   

  Fig. 32.2    This 67-year-old female underwent an emer-
gent re-exploration hours after having a laparotomy with 
extensive lysis of adhesions, revision of her Roux-en-Y 
gastrojejunostomy, and duodenojejunostomy. On re- 
exploration she was found to have bleeding from the liver 
edge. Once the bleeding was addressed, the bowel wall 

edema was such that her abdomen was not able to be 
closed ( a ). She underwent placement of an ABthera 
device (KCI, San Antonio, TX) to decrease edema and 
prevent further loss of domain ( b, c ). She was returned to 
the OR every 3–5 days for attempts at closure       
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    Negative Pressure Wound Therapy 
and Special Circumstances 

    Closed Incisions 

 Recently, the application of a short duration of 
NPWT on  closed surgical wounds   in order to pre-
vent the morbidity of postsurgical complications 
has been publicized [ 23 – 25 ]. This technique, 
which was fi rst appraised in the trauma and 
orthopedic literature, is aimed predominantly at 
reducing seroma formation, infections, and 
wound dehiscence. Seromas, in particular, have 
long been a frustrating complication following 
ventral hernia repair with the prevalence proven 
to be as high as 100%on routine ultrasound 
exams and 35%with clinical assessments [ 26 ]. In 
addition to seromas being a bothersome postop-
erative problem, they can also be a harbinger for 
more worrisome complications. Seromas can 
lead to wound complications because they can 
prevent the ingrowth of mesh, and can become 
seeded with bacteria either from seepage from 
the incision or iatrogenically from repeat fl uid 
aspirations. 

 Studies across many surgical fi elds have all 
demonstrated increased surgical complications 
including wound infections in the obese popula-
tion [ 24 ,  27 ,  28 ]. Wound infections in the obese 
may originate because of traction and shear 

forces on wounds closed with suture, thereby 
permitting seepage of bacteria into deeper lay-
ers of tissue. In addition, as previously described 
in the cardiothoracic literature, skin incisions in 
the obese can present specifi c problems from a 
mechanical standpoint. In the supine position, 
the weight of the obese tissue on either side of 
the incision pulls the skin edges apart, this is 
especially problematic in the areas of skin folds 
where bacterial colonization can be ample [ 23 ]. 
Likewise, when the obese patient is in the sitting 
position, any areas of skin folding are subjected 
to increased traction pulling the skin edges 
apart. If mesh has been utilized to help facilitate 
primary closure of the abdomen,    the avoidance 
of bacterial colonization of the wound becomes 
even more imperative. A recent retrospective 
study suggests that incisional NPWT following 
abdominal wall reconstruction, in particular, 
signifi cantly improves rates of wound complica-
tions (22%vs. 63%) and skin dehiscence (9%vs. 
39%) when compared with conventional dress-
ings. Regardless of the surgical technique 
employed, in order to prevail over the specifi c 
obstacles that the repair of complex abdominal 
wall defects can present, the prophylactic use of 
NPWT in a continuous suction mode of 125 
mmHg for 7 days duration over a closed inci-
sion has been shown to improve outcomes [ 29 ] 
(Fig.  32.3 ).

  Fig. 32.3    A transverse incision was employed to repair 
the recurrent ventral hernia in this patient so that that a 
concomitant panniculectomy could also be performed ( a ). 

An incisional NPWT device (Prevena, KCI, San Antonio, 
TX) was placed over the closed surgical wound to splint 
the incision and prevent seroma accumulation ( b )       
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       Mesh Salvage 

 Infection is a formidable opponent of ventral her-
nia repair with the reported incidence of pros-
thetic mesh infection being as high as 8%[ 30 , 
 31 ]. Previously, mesh that was colonized with 
bacteria causing infection left the surgeon with 
few options for defi nitive treatment other than 
the unsavory task of explanting the mesh entirely 
and frequently relegating the patient back to hav-
ing a ventral hernia and an abdominal wall defect. 
As described previously, the application of subat-
mospheric pressure on a wound bed both 
increases blood fl ow and may decrease bacterial 
colonization. These biologic properties as well as 
the power to remove large quantities of fl uid 
while still  providin  g a closed, moist wound envi-
ronment has gained NPWT a place in the treat-
ment and salvage of infected large pore 
monofi lament mesh. In 2013, a prospective study 
by Berrevoet et al. demonstrated effective sal-
vage of large pore meshes composed of equal 
parts polypropylene and absorbable poliglecap-
rone 25 monofi laments with application of 
NPWT. In this monocentric study that spanned a 
6-year period, 724 open ventral and incisional 
hernia repairs were performed. A total of 63 
patients developed wound infections and had 
NPWT applied. With the exception of 4 patients 
who required operative debridement, all large 
pore monofi lament meshes were able to be sal-
vaged [ 31 ]. 

 Incisional NPWT along with a methylene blue 
tracking system can be employed to salvage more 
focal mesh infections. On occasion, a patient 
who is several months to years status post ven-
tral/incisional hernia repair will present with a 
complaint of chronically draining sinuses from 
their repair. In the operating suite, these tracts are 
gently probed with a blunt needle and diluted 
methylene blue is instilled into the tract. An inci-
sion is then performed and the methylene blue 
tracts can be followed through the tissue to the 
infectious nidus, usually knots of permanent 
suture. The sutures and tracts are then removed 
and any focal granuloma or abscess is debrided. 
After all the tracts have  been   addressed, a skin 
ellipse that encompasses all the sinus tracts is 

excised, the wound is irrigated thoroughly and 
closed primarily in a layered fashion. An inci-
sional VAC is then placed over the closed inci-
sion and stays in place for a week (Fig.  32.4 ).

       Skin Grafts for Abdominal Wall 
Reconstruction 

 Negative  pressure   wound therapy can be 
employed for two different indications in some 
patients with partial-thickness abdominal wall 
defects. The NPWT unit is fi rst used to granulate 
the base of the wound bed in order to provide an 
optimal surface for skin grafting. A split- 
thickness skin graft can then be harvested and 
placed on the wound bed and NPWT can again 
be applied over the skin graft for 5 days to 
improve skin graft take [ 32 ]. Maintaining contact 
between the wound bed and a skin graft, espe-
cially if the wound surface is uneven or concave/
convex as is commonly the case on the abdomen, 
can be especially daunting. The advantages of 
NPWT versus traditional bolster dressings are 
many and include uniform compression of the 
wound bed, and prevention and minimization of 
dead space, including the very concave areas. 
NPWT also drains the exudate or blood and 
avoids the shear phenomenon [ 33 ]. Seroma, 
hematoma, and shear are adversaries of skin graft 
take and, if these are present, plasmatic imbibi-
tion, inosculation, and revascularization will not 
take place and the graft will slough. Several stud-
ies have observed that with the use of negative- 
pressure wound therapy, the split-thickness skin 
graft take rate is signifi cantly higher approaching 
100%, compared with 87–89%for conventional 
graft bolstering [ 34 ,  35 ].   

    Complex Abdominal Wall Defect 
 Reconstructio  n 

 A multipronged approach to the problem of 
abdominal wall defects is vital to achieve the goal 
of re-establishing continuity of the abdominal 
wall with one surgery. Appropriate patient selec-
tion for abdominal wall reconstruction procedures 
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is essential and its importance cannot be over-
stated. There are several patient factors that can 
quickly undermine even the most well- devised 
surgical plan if they are not addressed or con-
trolled for. These patient factors include tobacco 
abuse, chronic obstructive pulmonary disease, 
glucose control, history of wound infection, and 
high body mass index (BMI) [ 36 ]. In 2010, the 
Ventral Hernia Working Group proposed a grad-
ing system from Grade 1 (low risk) to Grade 4 
(infected) to stratify hernias based on wound clas-
sifi cation as well as patient-risk factors for surgi-

cal site infection [ 37 ]. This grading system was 
recently further modifi ed by Kanters et al. to 
include three grades with statistically signifi cant 
differences in surgical site occurrences serving as 
the  se  paration criteria for the grades [ 38 ]. 

 A clinical algorithm for deciding which 
patients would be best served by NPWT is based 
in part on the Modifi ed Hernia Grading system. 
In the high-risk abdominal wall reconstruction 
patients (high Grade 2 or Grade 3 with clean- 
contaminated wounds), who have obesity and 
 plus  one of more additional comorbidities, as 

  Fig. 32.4    This patient 
presented nearly a year 
after recurrent ventral 
hernia repair with 
complaints of “draining 
holes” in the abdomen 
( a ). Each sinus tract was 
fi lled with methylene 
blue ( b ) and after 
incision; a probe was 
used to locate the base 
of the tract ( c ). Knots of 
polypropylene suture 
with associated stitch 
abscess were found at 
the base of each sinus 
tract. The sutures were 
removed, the focal 
abscesses debrided, and 
the sinus tracts were 
excised. The patient 
underwent primary 
closure with placement 
of incisional NPWT       
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outlined by the Modifi ed Hernia Grading System, 
we have employed a novel technique, as described 
below, of NPWT application method following 
hernia repair that gives this population a “best 
chance” at healing by controlling the risk of 
dehiscence and seroma. 

 Prior to repair of the hernia, the abdominal 
contents are freed from aberrant attachments, 
lysis of adhesions is performed, scar and devital-
ized tissue is debrided and mesh is explanted if 
needed. As previously described by Butler, and 
as subsequently modifi ed by Janis, a minimally 
invasive component separation is then performed 
[ 39 ,  40 ]. Repair of the native musculofascia is 
the gold standard in ventral hernia surgery and 
all surgical efforts should be geared toward this 
goal. As is commonly the case though, mesh is 
frequently employed to provide additional struc-
ture and support to the musculofascial repair as 
a retrorectus sublay mesh. This placement is 
preferred as it is associated with lower ventral 
hernia reoccurrence rates [ 41 ]. The minimally 
invasive component separation technique uses 
tunneled incisions for external oblique aponeu-
rosis release and thus preserves both the con-
nection between the subcutaneous fat and the 
anterior rectus sheath and the myocutaneous 
perforator vessels originating  from   the rectus 
abdominis. This accomplishes two goals:

    1.    Reduction of subcutaneous dead space thereby 
reducing seroma formation   

   2.    Improved vascularity to the skin fl aps    

  Following the minimally invasive compo-
nents separation, NPWT can be incorporated into 
the sutured skin closure in order to mitigate the 
risk of dehiscence, which is almost preordained 
in this population (Fig.  32.5 ).

     1.    The Scarpa’s fascia is approximated in an 
interrupted fashion with a 2-0 absorbable 
suture with each suture being placed about 3 
fi nger breadths apart.   

   2.    Interrupted sutures or staples are placed in the 
deep dermis along the entire length of the 
incision. These are again placed about 3 fi n-
gerbreadths apart.   

   3.    Following placement of the deep dermal 
sutures, the midline closure should have a 
“string of pearls” appearance with areas that 
are closed (the string) and area that are an 
open ellipse (pearls).   

   4.    A piece of “extra large” black, polyurethane 
foam that is already pre-perforated is sepa-
rated into strips, or alternatively, silver foam 
is cut into strips. These strips are then placed 
into each opening between the interrupted clo-
sures (“French fries”).   

   5.    The foam strips are inserted into the openings 
in the incision, ensuring that each strip tra-
verses the entire thickness of the abdominal 
fl ap and rests against the myofascial closure. 
The foam strips should protrude from the inci-
sion a few centimeters.   

   6.    The closed sections of the incision between 
with foam strips are covered with a nonadher-
ent contact layer such as Xeroform (Covidien, 
Mansfi eld, MA) or Adaptic (Johnson & 
Johnson, New Brunswick, NJ) to prevent 
desiccation.   

   7.    A rectangular strip of black foam is then cut to 
size that will allow it to act as a “crossbar” and 
traverse the entire length of the incision over 
the tops of the previously placed black foam 
strips.   

   8.    The occlusive dressing is then applied over 
the foam, allowing for a considerable area of 
contact with the skin. A skin adhesive can be 
applied to the skin to promote adhesion. The 
suction tubing is applied to the dressing and 
the suction device is set to a continuous suc-
tion mode at 125 mmHg.    

  The negative atmospheric pressure distributed 
within the closed wound environment allows for 
removal of exudate from the thick abdominal 
fl aps. The blacks foam “French fries” also elimi-
nate any potential dead space within the abdomi-
nal fl ap closure thus preemptively thwarting 
seroma formation. In addition, the uniform nega-
tive pressure essentially holds the tissues in gen-
tle static compression thus offering a signifi cant 
reduction in mechanical tractive forces and 
shearing forces between the skin fl aps. Placing a 
negative pressure wound dressing on clean skin 
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immediately after suturing also provides a closed 
environment that discourages the seepage of 
encroaching skin fl ora as the suction provides a 
one way egress from the incision. In essence, this 
“French fry, string of pearls” technique is a com-
bination of open NPWT to reduce fl uid build-up, 
improve local blood fl ow, and apply macro- and 
microstrain advantages  combined   with the bene-
fi ts of incisional NPWT along the intermittent 
areas of primary closure. 

 The fi nal group of hernia patients are those 
with either open abdomens or enterocutaneous 
fi stula (Grade 3). These patients are commonly 
treated with a two-step approach with the affected 
bowel addressed fi rst and NPWT utilized as a 
bridge to address contamination and infection 
and decrease bowel edema, if abdomen is left 
open. In those with open abdomens, reoperation 

with washout and attempted defi nitive abdominal 
repair should be staged at 3–5-day intervals after 
the initial surgery with intra-abdominal NPWT 
applied between closure attempts.  

    Conclusion 

 NPWT is an easy-to-use versatile treatment with 
a broad range of  clinical indications  . 
Understanding the use and application of vari-
ables such as wound interface material, level of 
subatmospheric applied, mode of pressure appli-
cation, and use of instillation allows the practitio-
ner to prescribe NPWT that is customized to the 
patient’s specifi c needs. 

 While NPWT is not a panacea for defects of 
the abdominal wall, its ability to expedite wound 

  Fig. 32.5    This high-risk obese patient with a recurrent 
ventral hernia had removal of an old mesh and placement 
of a new widely placed retrorectus mesh ( a ). Foam strips 
and occlusive dressings were laid out in a template fash-

ion with “C” representing the closed areas of the incisions 
and “O” representing the open areas ( b ). The NPWT was 
then incorporated into the closure ( c ) and the sealing 
apparatus applied ( d )       
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healing, improve skin graft take, salvage mesh 
infections, and mitigate surgical complications 
such as wound infections and dehiscence makes 
NPWT a valuable implement for the modern 
surgeon.     
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      Adjuncts to Wound Healing 
for Abdominal Wall Wounds                     

     Sarah     Sher       and     Karen     Evans    

          Introduction 

 In this chapter we introduce our approach to 
management of abdominal wounds, both acute 
and chronic. We will begin the chapter with an 
overview of general wound healing, and then 
transition to various methods of wound care, fol-
lowed by our approach to managing abdominal 
wounds. Our goal is to help practitioners in iden-
tifying different stages of wound healing and how 
to manage each respectively. 

 A thorough understanding of the  etiology   of 
the wound is paramount, along with identifying 
other sources of contamination that may impede 
wound healing, such as fi stulae, contamination 
from stoma, and malnutrition. It is important to 
recreate a dynamic, functional abdominal wall, 
which is a much more complex scenario than 
healing a wound. Our general approach is early 
surgical debridement of abdominal wounds. Our 
experience has shown that this approach allows 
us to ultimately heal the wounds in less time and 
preserve more tissue. In addition, early aggres-
sive intervention in failed skin closure after pri-
mary laparotomies may prevent later development 
of incisional hernia.  

    Overview of Wound Healing 

 Wound closure is established by primary, second-
ary, or tertiary intention. Secondary and tertiary 
techniques are frequently used in management of 
abdominal wounds. Primary closure of a wound 
occurs when all layers of tissue including the skin 
are closed at the completion of the operation with 
suture material. Secondary intention occurs when 
some or all of the tissues are left open and allowed 
to close naturally over time. Tertiary intention or 
staged closure occurs when the wound is initially 
left open for a short amount of time (days) and 
then closed [ 1 ]. This technique is often used in 
the traumatic setting. 

 The wound healing process is an elegant cas-
cade of  cellular interactions  , which involve bal-
anced feedback loops of infl ammatory mediators 
in response to signals from the wound and sur-
rounding environment. A healed wound will only 
achieve at most 80% of the original tissue’s ten-
sile strength. There are three phases of wound 
healing: the  infl ammatory phase  ,  fi broprolifera-
tive phase  , and the  remodeling phase  . The infl am-
matory phase takes place once the skin barrier is 
broken until approximately 7 days later [ 2 ]. This 
phase is predominated by the initial vasoconstric-
tion and then cell migration to the wound, which 
occurs via cell signaling from the wound envi-
ronment and damaged epithelium. Neutrophils 
are initially recruited to the wound bed, however, 
by day 3, macrophages are the predominant 
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infl ammatory cells within the wound. The 
 fi broproliferative phase overlaps with the infl am-
matory phase; the fi broproliferative phase begins 
at day 4 and continues through day 21. During 
this phase, a matrix is established with recruit-
ment of fi broblasts and the production of glycos-
aminoglycans. Early angiogenesis and 
neoepithelialization also occurs during this phase 
and granulation tissue can be seen in healthy 
wounds. The third stage, wound contraction, 
occurs from day 21 until 1 year. Type 1 collagen 
replaces type 3 collagen during this phase, the 
peak wound tensile strength is achieved by day 
60 under normal conditions [ 2 ,  3 ].  

     Acute vs. Chronic Wounds   

 Patients often present to surgeons with abdomi-
nal wounds in the acute setting, after a traumatic 
episode or postsurgical event. In the acute set-
ting the etiology of the abdominal wound is due 
to failed primary closure. The level of contami-
nation can be variable, however, it is usually 
low. Superfi cial dehiscence of primary closure 
can be managed non-operatively with appropri-
ate dressings. However, if the dehiscence 
extends to the fascia level, we recommend sur-
gical debridement and delayed primary closure 
to expedite healing and prevent fascia separa-
tion. Drainage in a closed incision is a sign that 
underlying tissue planes are not healing well 
and should be examined closely to make sure 
that there is not deeper separation or fl uid col-
lection [ 4 ]. This is especially true for obese 
patients if the deeper layers become devascular-
ized, infected, or were not closed primarily. 
Poorly healing adipose tissue commonly pres-
ents as fat necrosis and drainage [ 5 ]. 

 In the traumatic setting, the level of contami-
nation is also variable due to the etiology of the 
wound. In the setting of a traumatic abdominal 
wound there is often a loss of soft tissue, fascia, 
or both. The intra-abdominal process should be 
controlled, and attempts to decrease visceral 
edema, and contamination should be the focus of 
patient care after the patient is stabilized [ 6 ]. 
These steps are critical to achieving a stable 

abdominal wound that then can be suitable for 
reconstruction. The overall health of the patient 
will dictate how aggressive one can be with 
wound care and reconstructive options. 

 Chronic wounds of the abdominal wall are 
more likely to be contaminated. These patients 
have likely failed primary and possibly sec-
ondary attempts at closure. The wounds 
become halted in the inflammatory stage of 
wound healing secondary to a prolonged 
inflammatory response due to bacterial con-
tamination and senescent cells at the periphery 
of the wound. The contamination must be con-
trolled and debridement of the biofilm and 
non-viable tissue must occur [ 4 – 6 ]. Chronic 
wounds of the abdominal wall should be mea-
sured every week to ensure that proper wound 
healing is occurring. Wound healing trajecto-
ries should be assessed for each patient. 
Depending on the patient’s comorbidities, 
wound surface area, depth and tunneling 
should be decreasing at a steady rate. Dressings 
can be tailored to the type of wound that is 
present. Patients can either be managed con-
servatively with dressing changes or with sur-
gical closure,  d  epending on the nutritional and 
medical status of the patient. 

 There are many factors that predispose 
patients to diffi culties with healing abdominal 
wounds. Obese patients (BMI >30 kg/m 2 ) have 
higher rates of complications after both emergent 
and elective procedures. Excess abdominal skin 
and tissue results in functional and hygienic 
 challenges. In the obese patient with a large pan-
nus, a panniculectomy might be necessary to 
improve healing. In all closures, we recommend 
closing the scarpa’s fascia layer with an absorb-
able suture (2-0 PDS), the skin should then be 
closed as indicated in either a staged fashion with 
negative pressure wound therapy, staples, inter-
rupted sutures, or multilayer closure. Abdominal 
wound dehiscence following surgery of the 
abdominal wall is not uncommon, and can pre-
dispose patients to an incisional hernia. Other 
associated risk factors for abdominal wall com-
plications are male sex, chronic obstructive pul-
monary disease, anemia, cough, infection, and 
smoking. These  comorbidities should be optimized 
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when possible prior to defi nitive closure or elective 
operations. 

 When we are faced with chronic wounds of 
the abdominal wall, our goal is to preserve as 
much tissue as possible to maintain a functional 
and dynamic abdominal wall. We prefer to 
debride these wounds early to help convert a 
chronic wound to an acute one. In the following 
section we describe how we use the appearance 
of normal tissue and methylene blue to thor-
oughly and equally debride the entire wound.  

    Surgical Debridement 

 Our goal in  surgical treatment   of abdominal 
wounds is to debride any senescent cells and 
remove any contamination from the wound. Our 
role in wound debridement occurs once the 
intra- abdominal process is controlled. The bac-
terial load of a chronic wound can promote the 
prolonged infl ammatory response, which halts 
the wound-healing process (Fig.  33.1 ). Previous 

studies have shown that the majority of chronic 
wounds (90%) contain  biofi lm   on the wound 
surface. The biofi lm downregulates cell turn-
over, prevents antibiotic delivery, and prevents 
the chronic wound from proceeding through the 
normal stages of wound healing [ 7 – 9 ]. In efforts 
to decrease the bacterial burden and remove the 
biofi lm from an abdominal wound, the patient 
should undergo surgical debridement in an 
operative setting. Deep tissue cultures of the 
wound should be taken prior to applying surgi-
cal prep to the wound site; this will determine 
the presence of bacteria, fungus, or yeast in the 
wound prior to debridement (Fig.  33.2 ). A thin 
confl uent layer of methylene blue is then painted 
along all surfaces of the wound. This will help 
guide the surgeon in removing all biofi lm and 
senescent cells from the wound bed, it is also 
pertinent to remove a 2–4 mm rim of tissue from 
the wound edges [ 10 ] (Figs.  33.3 ,  33.4 , and 
 33.5 ). All foreign bodies, including sutures, 
should be removed (Fig.  33.5 ). Colonized fas-
cial sutures must be removed if the fascia has 
healed. If infected biologic or synthetic mesh 
exists, it should be removed. If a sinus tract is 
present in the wound, methylene blue can gently 
be injected using an 18-gauge angiocatheter 
inserted gently into the tract. Debridement 
should then proceed using one or a combination 
of the following modalities: scalpel, curette, 
rongeur, or Versajet. The purpose of using meth-
ylene blue during the debridement is to remove 
all biofi lm from the wound bed and to note “nor-
mal” tissue colors: red muscle, yellow fat, white 
fascia. Fascia should be debrided until clean 
healthy tissue remains (see Fig.  33.6 , Case 1) 
[ 10 ]. The surgeon should be aware of what lies 
at the base of an abdominal wound, and to pro-
ceed carefully so that the intra-abdominal con-
tents are not violated. In an acute necrotizing 
infection, we do not recommend using methy-
lene blue for the initial debridement; normal tis-
sue colors and vascularized tissue should guide 
your debridement in this setting. After the 
debridement is complete, a sterile occlusive 
dressing or negative pressure wound therapy 
should be applied. If viscera is exposed, we rec-
ommend using a silastic pouch or Bogota bag 

  Fig. 33.1    Chronic abdominal wound. Please note the 
biofi lm burden at the base of the wound. The rolled edges 
and fi brinogranular tissue at the superior and lateral 
wound edges       
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  Fig. 33.2    Surgical 
debridement of an abdominal 
wound using a Versajet ®  
(Smith and Nephew.) Note the 
normal colors of tissue 
throughout the wound: red 
muscle, white fascia, and crisp 
wound edges       

  Fig. 33.3    Abdominal wound with a sinus tract at the base 
Skin surrounding the tract is comprised of unstable scar 
with a central non-healing area. This fi gure depicts the 
surgeon gently probing the wound with a sterile cotton tip 
applicator to evaluate the depth of the tract       

  Fig. 33.4    A syringe with methylene blue that will be 
used to gently inject into the fi stula tract       
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over the bowel, negative pressure wound ther-
apy can then be applied. In addition, post- 
debridement tissue cultures are obtained which 
guide antibiotic regimen as well as whether the 
wound is ready to be closed. Closure options 
include primary closure,  skin grafting  , local 
fl ap, or free-fl ap reconstruction.

        There is some debate over the use of negative 
pressure wound therapy in the setting of abdomi-
nal wounds, and if the use of negative pressure 
wound therapy increases the rate of enterocuta-
neous or enteroatmospheric fi stula. The highest 
rate of fi stula was seen after mesh placement 
alone (17.2%) while negative pressure wound 
therapy had a fi stula rate of 5.7% [ 16 ]. We have 
not seen this to be a problem in our treatment 
algorithm, which can likely be attributed to early 
frequent debridements,    the use of biologic mesh 
to support fascial closure, and motivation to 
achieve soft-tissue closure using local fl aps over 
secondary healing.  

    Wound Care Adjuncts and Dressings 

 There are  numerous   factors that help guide clini-
cians to select appropriate strategies to care for 
wounds of the abdominal wall. The size of the 
wound, level of contamination, healthcare set-
ting, comfort level and exposed structures are 
only a few factors that determine what products 

will be used. If an abdominal wound has exposed 
viscera, it is treated in the inpatient setting, usu-
ally with a silo, absorbable mesh, dynamic meth-
ods, or inert dressing over the viscera. Most 
clinicians will then elect to cover this with a neg-
ative pressure dressing until the patient can be 
returned to the operating room. The temporary 
abdominal wall closure should protect the intra-
abdominal contents, prevent evisceration, assist 
in eliminating infection, attempt to preserve 
domain, and prevent enterocutaneous fi stula [ 11 ]. 

 Miller et al. has shown that use of negative 
pressure wound therapy alone in the acute open 
abdomen has been shown to prevent visceral 
adherence to the abdominal wall and to main-
tain traction on the medial fascial edge [ 12 ]. 
Several studies have shown that adding negative 
pressure wound therapy to the treatment regi-
men for an acute abdominal wound does 
decrease the overall number of operations and 
decreases the time to closure. If negative pres-
sure therapy is not available, other temporary 
closure devices such as the Bogota Bag or 
Wittman patch can be used in the acute setting. 
A non-adherent layer such as Mepitel, Adaptic, 
or the white KCI VAC sponge should be applied 
directly over the bowel [ 13 ,  14 ]. 

 When negative pressure wound therapy is used 
in abdominal wounds, some wound centers are 
able to use negative pressure alone or negative 
pressure with instillation. When instillation is 

  Fig. 33.5    ( a ) Abdominal wound with chronic edges 
excised, the tract has been injected with methylene blue. 
The area that is stained blue should be debrided until the 
normal appearance of tissue is seen. Sinus tracts usually 
lead to foreign bodies such as mesh or sutures. ( b ) 

Colonized sutures and all foreign bodies including mesh 
must be removed if the wound is infected. ( c ) Patient pre-
sented with small sinus tract, non-healing wound for many 
months s/p TRAM fl ap for breast reconstruction. Picture 
shows infected overlay synthetic mesh being removed       
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  Fig. 33.6    ( a ) Details of a 74-year-old patient s/p TAH/
BSO for uterine cancer who presented with a draining 
wound 7 days after surgery. Note the fat necrosis and fas-
cial separation. ( b ) Marked skin for excisional debride-
ment. All dead and necrotic tissue must be removed. ( c ) 
All sutures and dead fascia must be removed. ( d ) Fascia is 
marked for resection based on color and viability. ( e ) 

Fascia has been resected and re-closed. ( f ) VAC with 
instillation will be used and secondary skin closure will be 
considered after deep culture-directed antibiotics have 
been started. ( g ) Serial debridements continue until the 
wound and fascia look clean and closure can be achieved. 
( h ) Two-month postoperative view with healed wound       
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added to negative pressure wound therapy, it has 
been shown to decrease the number of debride-
ments and decrease the length of hospital stay. 
There is early evidence to show that instillation 
with polyhexadine solution is more effective than 
saline alone when used with negative pressure 
wound therapy to combat biofi lm and to decrease 
the bacterial burden of wounds. Currently, nega-
tive pressure wound therapy with instillation is 
only available to inpatients. As a result, if the 
patient is being transitioned from the inpatient 
setting they would need to use a negative pressure 
wound therapy device without instillation [ 11 ]. 
Negative pressure wound therapy should only be 
applied to clean healthy wounds which have been 
debrided [ 13 – 16 ] (Fig.  33.7 .) In our practice, if 
there is concern for infection or  biofi lm   we will 
initiate negative pressure wound therapy with 
instillation between debridements. When the 
wound bed appears to be granulating and the cul-
tures are negative we switch to traditional nega-
tive pressure wound therapy. We are currently 
using Prontosan as our irrigation; the amount of 
infi ltrate is determined during the “fi ll” phase 
when the sponge begins to  appear   moistened [ 11 ].

   Traditionally, wet to dry dressings were used 
to assist in secondary healing of open wounds. 
Studies involving lower extremity wound sites 
demonstrate a  55% rate of healing by secondary 
intention when wet to dry dressings are used 
alone, compared to 82.7% rate of healing when 
negative pressure wound therapy is used. Wet to 
dry dressings can be used between treatment 

regimens, if the patient does not have access to 
negative pressure wound therapy or if the patient 
is unable to tolerate wound therapy or dressing 
changes.  

    Wound Dressings 

 There are options for local  wound care   if there is 
a soft-tissue defect. However, prior to selecting a 
wound dressing one should determine why the 
wound is not healing, address any mechanical or 
structural issues with the wound bed (biofi lm, 
senescent cells), and the wound bed should be 
optimized. There has yet to be a single “ideal” 
dressing, and no dressing has achieved level I 
evidence to be the superior dressing for a given 
wound [ 17 ] (see Table  33.1 ).

   In general, to promote epithelialization, dress-
ings should: create a moist wound environment, 
have factors to promote wound healing, provide 
mechanical protection, absorb exudate, allow 
gaseous exchange, inhibit microorganisms, and 
be cost effective [ 4 ,  17 ]. The ideal dressing 
should not adhere to the wound, and it should be 
able to be changed without pain or trauma to the 
patient. 

 Normal Saline wet to dry dressings can be 
applied using gauze or foam. When the two dress-
ings are compared, foam dressings are preferred 
to gauze dressings. Foam dressings are less pain-
ful, easier to apply, and have higher rates of patient 
satisfaction. If there is surface contamination or 

  Fig. 33.7    ( a ) An example of surgical dehiscence should not 
be managed with negative pressure. There is signifi cant 
undermining, drainage, and fat necrosis. We recommend 

surgical debridement prior to placing negative pressure 
wound therapy. ( b ) Entire wound has been debrided and 
negative pressure can now be used for wound management       
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   Table 33.1    Choosing wound dressing types   

 Wound characteristic  Goal  Wound dressing type 

 Heavily draining wound

     

 Control moisture and 
effl uent 

 Absorptive dressings such as alginates

     

 Superfi cial Bacterial colonization 
with odor

     

 Control bacterial load  Bacteriostatic dressings such as Dakins or 
Acetic Acid wet to dry dressings

     

 Superfi cial wound with granulation 
tissue

     

 Promote 
epithelialization 

 Collagen matrix dressing
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odor, ¼ strength Dakin’s or Acetic Acid is recom-
mended. These dressings should be changed twice 
per day. 

 Alginate  dressings   are another category of dress-
ings that are helpful in abdominal wall wounds. 
This class of dressings is extremely absorptive; they 
can help prevent maceration of surrounding normal 
skin. Alginates are historically fabricated from sea-
weed products. However, modern dressings are cal-
cium or sodium salts of alginic acid. These dressings 
are easily removed and can absorb up to 40 times 
their weight in fl uid. They do require a secondary 
dressing as an overlay and they must be changed 
daily. Some Alginate dressings have silver impreg-
nated into the fi ber that is anti-microbial. Alginate 
dressings can be useful in tunneling and undermin-
ing wounds, and this is a therapy that we often use 
in the outpatient setting for smaller wounds that do 
produce an exudate [ 18 ]. 

 The initial goal of wound care is to promote a 
healthy wound base with granulation tissue and to 
prevent undermining and tunneling. Once granula-
tion tissue is present, collagen matrix dressings 
such as Prisma  ®   can be used to promote neo-epi-
thelialization and fi nal wound healing [ 19 ,  20 ]. 

 Any patient with an abdominal wound should 
be closely monitored for fl uid and electrolyte 
imbalances, especially if the abdomen is open. 

The patient should also be closely managed by a 
nutritionist to ensure they are able to meet the 
metabolic demands of wound healing. It is also 
pertinent that during this period the patients 
abstain from smoking to improve oxygen  delivery 
to tissues. If the patient has other comorbidities 
prior to acquiring the abdominal wound, specifi -
cally diabetes or hypertension, these should be 
optimized in order to decrease potential compli-
cations [ 6 ]. 

 The majority of abdominal wall wounds can 
be closed primarily. When abdominal wall 
wounds are closed, our practice often utilizes 
incisional negative pressure wound therapy. The 
effi cacy in incisional NPWT has been debated in 
the literature as to whether it improves healing 
time, however in our practice its use has been 
shown to limit contamination when an ostomy or 
fi stulae are in proximity to the incision [ 13 ,  14 ]. 

 If a large soft-tissue defect exists, we recom-
mend closure with local or free-fl ap reconstruc-
tion. Some patients are not candidates for a fl ap 
or a skin  graft  , in these rare instances, wound- 
healing adjuncts can be used. The common bio-
synthetic dressings which are used in our practice 
are Integra  ®   or a xenograft. These can be placed 
over intact fascia, muscle, or partial soft-tissue 
defects (Fig.  33.8 ). Both dressings require that 

  Fig. 33.8    ( a ) Five-year-old patient with metastatic neu-
roblastoma with history of abdominal compartment syn-
drome. Negative pressure wound therapy with a 
non-adherent sponge or interface was started to create 
granulation tissue over bowel. ( b ) After several weeks of 
negative pressure wound therapy, signifi cant granulation 
tissue formed over the bowel. He is now ready for skin 

grafting, however due to comorbidities, xenograft will be 
used as an indicator if a skin graft has a high chance of 
success. ( c ) Xenograft was used as a temporary dressing 
and as an indicator if a skin graft has a high chance of suc-
cess. The xenograft is left on the wound for 5–7 days, if it 
is adherent, then a skin graft can be preformed       
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the bacterial burden of the wound is below 10 3  
colony forming units/gram and that the wound 
bed is well vascularized. Integra ®  will incorpo-
rate into the wound bed, which allows for future 
placement of a skin graft. Xenograft is usually 
placed in the operating room on a clean wound. 
Xenograft adherence to a wound bed is a good 
indicator that a skin graft will take. If Integra  ®   is 
used, we will then cover the incorporated dermal 
substitute with a split thickness skin graft 
(STSG). The use of STSG in this setting will give 
a more stable closure, and when it is healed will 
not require wound care. In our practice, we offer 
STSG to patients who are not smoking, have 
good glycemic control, and have a wound bed 
ready to accept a skin graft. We use a Zimmer  ®   
dermatome to harvest a skin graft which is tradi-
tionally 0.012 in. thick. The skin graft is sewn 
into place using 5-0 chromic. A layer of mepitel 
is then applied followed by negative pressure 
wound therapy for 5–7 days.    This is commonly 
performed on an outpatient basis in our practice.

   In conclusion, our approach to wound healing 
in abdominal wall defects focuses on early opera-
tive debridement and delayed primary closure to 
achieve strong fascial and skin healing. Operative 
closure can usually be achieved with careful dis-
section of the abdominal skin fl aps, taking care to 
spare perforators to ensure the abdominal skin 
fl aps are well perfused. If fascial closure cannot 
be achieved, temporary bridges with biologic 
mesh and components separation can be 
employed with local or free-fl ap skin closure. 
However, if the wound cannot be closed, appro-
priate dressings and careful follow-up of the 
progress of the wound will help achieve expedi-
tious wound healing.     
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      Loss of Abdominal Domain: 
Defi nition and Treatment 
Strategies                     

     Gregory     J.     Mancini       and     Hien     N.     Le     

          Defi nition 

 “Loss of domain” is not well  defi ned   in the litera-
ture. It is most commonly described as a large 
abdominal wall hernia with a signifi cant amount 
of abdominal content herniated through the 
abdominal wall into a hernia sac that forms a sec-
ondary abdominal cavity. Some defi ne loss of 
domain by the amount of abdominal content out-
side the abdominal cavity, with as little as 
15–50% or greater. Chevrel described it in 1987 
as abdominal ventral hernias whose contents 
were held in place by adhesions and not reduc-
ible, thus losing their “right of domain.” 
Figure  34.1  is a cross-sectional image of an 
abdominal CT scan demonstrating a loss of 
domain hernia. Regardless, the primary abdomi-
nal cavity is unable to accommodate the viscera 
without prohibitively high intra-abdominal pres-
sures. If herniated contents are diffi cult to reduce 
below the level of the fascia when the patient is in 
supine position during physical exam, loss of 
domain should be suspected. We routinely use 
Computed Tomography (CT) to further evaluate 

and defi ne the anatomy. Most experts agree that 
loss of domain requires specialized strategies for 
successful repair.

       Physics of LOD 

    Cylinder Concept 

  The abdomen can be described as a cylinder with 
a fairly uniform internal pressure. The anterior 
abdominal wall is made up of the rectus muscles 
that connect in the midline at the linea alba. The 
lateral abdominal wall is formed by the external 
oblique, internal oblique, transversus abdominis, 
and their aponeuroses fuse at the lateral border of 
the rectus abdominis to form the semilunar line. 
The posterior abdominal wall is relatively rigid, 
formed by the spine and erector spinae muscles. 
The rectus abdominis muscles are the principal 
fl exors of the anterior abdominal wall and stabi-
lize the pelvis while walking. The lateral abdomi-
nal wall muscles, all with different vectors of 
movement, work in conjunction to rotate and lat-
erally fl ex the spine. Their overall direction of 
pull is to distract from the midline. The erector 
spinae muscles extend the vertebral column. 
Together, the abdominal muscles work through 
coupling to stabilize the torso and allow coordi-
nated movement and weight shifts [ 1 ]. The top of 
the cylinder is the diaphragm muscle and the bot-
tom of the  cylinder   is the pelvic fl oor. When 

        G.  J.   Mancini ,  M.D., F.A.C.S.      (*) •    H.  N.   Le ,  M.D.      
  University of Tennessee Graduate School of 
Medicine, University of Tennessee Medical Center, 
Knoxville ,   1924 Alcoa Highway, Box U-11 , 
 Knoxville ,  TN   37290 ,  USA   
 e-mail: gmancini@mc.utmck.edu; 
hlei@mc.utmck.edu  

  34

mailto:gmancini@mc.utmck.edu
mailto:hlei@mc.utmck.edu


362

simultaneously contracted, they function to 
increase abdominal pressure, which facilitates 
expiration, micturition, defecation, and even 
parturition .  

    Broken Cylinder Concept 

 When a hernia develops, and in particular a 
loss of domain exists, there is lack of confi ne-
ment of the intra- abdominal   contents within 
the cylinder, resulting in signifi cant viscera 
outside the abdominal domain and low intra-
abdominal pressure. The linea alba is no longer 
connecting the rectus abdominis muscles in the 
midline, breaking the cylinder. The lateral 
abdominal muscles are no longer mechanically 
coupled, altering their functionality. As the lat-
eral abdominal muscles foreshorten, they 
retract the rectus muscles rendering them inef-
fective in increasing intra-abdominal pressure. 
The pressure normally generated with the 
action instead decompresses into the low- 
pressure hernia sac. CT scans often demon-
strate a foreshortening of the oblique muscles. 
This broken cylinder results in many morbid 
conditions, as described next.  

    Morbidity of Loss of Domain 

 Loss of domain is often a  morbid   condition. 
Patients usually have poor overall quality of life 
with many complaints, including postural mus-
culoskeletal dysfunction, chronic gastrointestinal 
and genitourinary pathology, pulmonary dys-
function, and psychosocial issues. As described 
previously, the abdominal musculature is vital for 
upper and lower body activity, allowing coordi-
nated movement, weight shifts, and stabilization 
during physical activity. Normally, torso stability 
is maintained by two columns, the erector spinae 
muscles posteriorly and the rectus abdominis 
muscles anteriorly. When the linea alba is dis-
rupted, the rectus abdominis muscles become 
dysfunctional, and the columns are mechanically 
uncoupled. This results in greater pressure on the 
posterior column, leading to chronic back pain 
and spine curvature disorders. 

 Chronic gastrointestinal and genitourinary 
pathology can develop due to the inability to 
increase intra-abdominal pressures. Simple 
bodily functions such as defecation and micturi-
tion can become much more diffi cult leading to 
constipation and overfl ow  urinary   incontinence. 
Chronic intestinal incarceration is also common 
due to the usual complicated surgical history with 
formation of adhesions, causing pain and other 
obstructive symptoms. 

 Pulmonary dysfunction is also a major problem 
because the abdominal wall plays an accessory role 
to the intercostal muscles, thorax, and diaphragm 
in respiration. The abdominal wall primarily func-
tions in forced expiration with the lateral abdomi-
nal muscles to raise intra- abdominal pressure 
during exercise to meet increased demands of 
breathing. The increased pressure is transmitted 
through the diaphragm to the thorax and forces air 
from the lungs. With a dysfunctional abdominal 
wall, forced expiration is decreased. This will not 
only affect exercise tolerance, but  also   simple 
functions as coughing and clearing secretions. 

 These problems often combine leading to 
decreased mobility and increased obesity. This usu-
ally only worsens the existing issues, increasing the 
hernia size, and in turn causing more strain on the 

  Fig. 34.1    A cross-sectional image of an abdominal CT 
scan demonstrating a loss of domain hernia       
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musculoskeletal, gastrointestinal, genitourinary, and 
pulmonary systems. This unfortunate cycle leads to 
psychosocial issues with overall poor quality of life 
that may only be restored with surgical repair.  

    Complications of Repair 

 When repairing loss of domain, the challenge is 
to restore physiologic, mechanical, and func-
tional capacity of the abdominal wall.  Repairing   
the cylinder forces and bringing abdominal con-
tents back into the abdominal cavity can increase 
intra- abdominal tension which can lead to 
 abdominal compartment syndrome (ACS)  . It also 
results in elevation of the diaphragm which can 
lead to respiratory insuffi ciency. Component sep-
aration, a commonly used method of repair, 
increases the size of the cylinder allowing a 
decrease in intra- abdominal tension.   

    Presentation 

    Introduction 

 Loss of domain hernias seem to be is an increas-
ingly frequent problem. This is a function of the 
high-quality trauma critical care that saves lives, 
but may yield more complex chronic open 
abdominal wounds. Also recurrent hernia and 
mesh complications lead to attenuated, distorted, 
or destroyed anatomy. Finally, obesity makes a 
signifi cant contribution to the incidence and 
prevalence of the loss of domain hernia.  

    Emergency Surgery’s Role 

 Current trauma and critical care techniques and 
protocols have improved survival from acute trau-
matic  and   surgical emergencies. The use of open 
abdomen techniques for repeated abdominal 
washouts has saved lives, but resulted in emer-
gence of unintended challenging consequences. 
Based on the individual injury pattern, there may 
be a basic mismatch between abdominal content 
volume and abdominal wall circumference, pre-
venting primary closure of the midline fascia. This 

usually results from crystalloid volume expansion 
in the acute phase of injury that leads to bowel 
edema and increased intra- abdominal volume. 
Third-spacing of fl uids also produces myofascial 
wall edema that results in a non-compliant abdom-
inal wall that interferes with midline closure. 
These patients are often closed with an absorbable 
mesh material with either a skin fl ap advance-
ment closure or skin grafted after a granulation 
bed is established. A more complicated open 
abdomen scenario is when a prior midline closure 
dehisces, a midline wound infection develops, or 
traumatic injury occurs that mandates abdominal 
wall debridement. In this situation, there is loss of 
anterior rectus fascia and rectus muscle. This 
problem leads to both an increase of the width of 
the hernia defect and less healthy anatomy for a 
future abdominal wall reconstruction. Most of 
these patients present 8–24 months after hospital 
discharge with a skin graft over the midline hernia 
defect. Figure  34.2  demonstrates a loss-of-domain 
hernia that has a skin graft closure of a traumatic 
abdominal injury.

  Fig. 34.2    Loss of domain hernia that has a skin graft clo-
sure of a traumatic abdominal injury       
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       Recurrent Hernia’s Role 

 Recurrent  hernia   and mesh complications can 
also contribute to the development of a loss of 
domain hernia. Multiple prior surgical proce-
dures with mesh implantation and subsequent 
explantation can lead to loss of tissue integrity. 
This can be prior motor nerve damage that leads 
to muscle atrophy. Conversely, fully integrated 
and rigid mesh implants from prior repairs can 
reduce body wall compliance that limits myofas-
cial advancement for midline closure. Damage 
done by recurrent hernia surgery can create tissue 
loss and compromise tissue plans similar to those 
of the emergency or traumatic type.  

    Obesity’s Role 

  Obesity   is highly prevalent and is both a cause and 
an effect of hernias. Patients with hernias gain 
weight due to physical limitations, and patients 
who become obese develop hernias more fre-
quently. Central obesity is a major contributor to 
loss of domain hernias due to increased tensile 
forces loaded on the abdominal wall musculature. 
It is well documented that obesity by defi nition is 
a state of chronic intra-abdominal hypertension. 
Freeze et al. estimated that for every 1 kg/mm 2  
increase in BMI, there was on average a 
0.07 mmHg increase in intra-abdominal pressure 
[ 2 ]. Similarly, obesity is a major limitation to 
proper hernia repair, due to the volume mismatch 
between the abdominal viscera and the abdominal 
domain. Even though a component separation 
technique may increase the volume of the abdom-
inal domain, it may not be enough to allow vis-
ceral return into the abdominal cavity with facial 
closure. Figure  34.3  demonstrates a loss of 
domain hernia related to morbid obesity.

        Optimization for Surgery 

    Introduction 

 Preoperative preparation of both the surgeon and 
the patient is absolutely mandatory to treat loss of 
domain hernias. This concept will be addressed 

more broadly in other chapters. Here I will focus 
on preoperative steps specifi c to cases of loss of 
domain.  

    The Surgeon’s Preparation 

  Surgeon preparation   focuses on three areas: old 
chart review, a physical exam, and a radiographic 
assessment. Most patients with loss of domain 
have a complicated surgical history. Obtaining and 
reviewing those notes will help the surgeon to 
understand the distorted surgical anatomy that will 
be encountered at the time of the planned hernia 
repair. Details about the type of sutures placed, 
implanted mesh material type, location and size, 
as well as any prior facial component layers that 
may have been released, are all important facts to 
know prior to surgery. The second important step 
is a thorough physical exam. Generally, a func-
tional capacity and readiness for surgery can be 
assessed during an offi ce exam. Focusing on the 
abdomen, matching the abdominal scars with the 
past surgical history can build a continuity to the 
case. Assessing for open wounds, broad scars, skin 
grafts, and stomas provides more data that will be 
factored into the surgical plan. A functional exam 
of the abdomen can quantify the size of the hernia 
defect and assess for the relative compliance of the 
abdominal wall. While the patient is supine and 
relaxed, I often try to palpate the medial rectus 
edges and try to pull them toward the midline. If 

  Fig. 34.3    Loss of domain hernia in the setting of severe 
morbid obesity       
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there is laxity in the abdominal wall, this is a good 
predictor of potential midline closure. Also, if a 
skin graft is present, the “pinch test” can be per-
formed to assess if the underlying bowel will sepa-
rate from the graft. The third preoperative step is 
obtaining and reviewing an abdominal Computed 
Tomography (CT) scan. Again, building congru-
ency between the history, exam, and imaging is 
very important to mitigate the chances of intraop-
erative surprises. I assess the CT for old mesh, 
metal tacks, surgical staples, the hernia width and 
length, volume of the abdominal contents outside 
the abdominal wall, and the quality of the abdomi-
nal wall anatomy available for reconstruction. 

 Once the medical records, physical exam fi nd-
ings, and CT scan are reviewed and correlated, 
the surgical technique planning can occur. 
Preoperative patient goals for risk reduction, pre-
habilitation, and recovery timeline can be set in 
cooperation with the patient and family.  

    The Patient’s Preparation 

 Most loss of domain hernias are not emergency 
cases, such as an acute bowel obstruction or mesh-
related sepsis. As elective cases, these hernia 
repairs allow for maximal preoperative prepara-
tion of the patient. I have fi ve main parameters that 
must be met prior to surgery. The  patient   must be 
tobacco-free for at least 1 month prior to surgery 
and must agree to stay tobacco-free for a mini-
mum of 2 months after surgery. This will reduce 
pulmonary and wound complications that are fre-
quent enough in complex hernia repairs without a 
smoking history. Nutritionally, the patient must 
have an albumin greater than 3.5 g/dL. Dozens of 
studies since the late 1990s across all medical spe-
cialties have demonstrated worse surgical out-
comes and higher mortality rates in patients who 
are chronically hypoalbuminemic. For patients 
who are nutritionally defi cient, a nutrition consul-
tation and focused plan is developed to correct the 
problem before surgery. For diabetics, proper glu-
cose control is critical. A hemoglobin A1c 
(HgA1c) of 7% correlates to an average blood glu-
cose level of 150 mg/dL, and 8% correlated to 
200 mg/dL. A serum HgA1c greater than 7% is 

associated with a increased wound infections and 
overall poor wound healing. Collaboration with 
the primary care provider or endocrinologist can 
greatly improve this metric. For patients with a 
poor baseline functional status, a pre-habilitation 
plan is established. Though a loss of domain her-
nia can greatly reduce a patient’s ability to exer-
cise, I place no limitations on their ability to 
ambulate. The cardiopulmonary physiologic strain 
which will be created after re- establishing a func-
tional abdominal wall requires patients to build a 
physiologic reserve prior to elective surgery. I ask 
that patients progress to walking a minimum of 
30 min per day. Weight loss is a common point of 
preoperative discussion with patients. In loss of 
domain hernias, the ability to close the fascia is 
 directly   related to the volume of the abdominal 
viscera. Preoperative weight loss can reduce the 
volume of the liver, omentum, and retroperitoneal 
adiposity. Typically, a body mass index (BMI) 
above 40 kg/m 2  will trigger a weight loss discus-
sion. This is particularly important for patients 
with central obesity and high BMI. No myofascial 
advancement surgical technique can compensate 
for inadequate preoperative weight loss. The real-
ity is that many of our patients present with one or 
more of the above-described risk factors. Once 
again, we require smoking cessation, weight con-
trol, diabetes optimization, healthy eating, and 
daily exercise, to ensure the best possible results. 
It is the surgeon’s responsibility to counsel the 
patient on the complexity of a loss of domain her-
nia and the life-treating risks of surgery done 
under suboptimal circumstances. The patient as an 
advocate is more likely to prepare than the patient 
as an adversary.   

    Surgical Strategies for Loss 
of Domain 

    Introduction 

 When approaching a patient with a loss of domain 
hernia, several questions need to be answered. 
First can the hernia be technically fi xed. This 
means that if the patient is fully optimized, is the 
proper functional anatomy available to obtain 
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primary fascial closure of the abdomen with 
mesh implant reinforcement? If the answer is 
yes, then the question whether it should be fi xed 
needs to be answered. This means that if the 
operation is done, will the patient be functionally 
better off? If the answer is yes, the question of 
how technically should the repair be done can be 
approached. Finally, who is the surgeon to under-
take the repair? 

 There are many techniques that have been 
applied to the treatment of complex hernias. The 
loss of domain hernia is one of the most chal-
lenging hernia scenarios. Often, multiple 
advanced hernia techniques will need to be 
woven together in order for the repair to be suc-
cessful. It is important to remember that the core 
principles of hernia repair, such as primary fas-
cial closure under physiologic mention, wide 
mesh overlap, aseptic technique, and proper 
soft- tissue debridement and closure, must be 
maintained for the repair to have durability.  

    Component Separation Techniques 

 Component separation is a commonly used term 
for multiple different surgical techniques applied 
to closing abdominal wall defects. At its roots, 
component separation is the dismantling of the 
individual layers of the abdominal wall in order 
to advance innervated and vascularized myofas-
cial tissue across a defect. There are multiple dif-
ferent techniques that will be more thoroughly 
covered in other chapters. In cases of loss of 
domain hernias, the two most commonly used are 
the external oblique release and the transversus 
abdominis release (TAR). 

 The  Ramirez technique      is the most widely 
adopted component separation technique, utilized 
by both plastic and general surgeons [ 3 ]. It is 
highly reproducible and provides 4–10 cm of 
advancement on each side, allowing closures of 
midline defects up to 20 cm wide. An important 
benefi t to this technique is the fl exibility of poten-
tial locations to implant the mesh. Ramirez affords 
the option of placing the mesh intra- abdominally, 
retro-rectus or as an onlay, to best fi t the repair. In 
contrast, a downside to the external oblique 

release is the need to mobilize adipocutaneous 
fl aps to access the lateral abdominal wall. Skin 
fl ap creation can reduce perfusion to the overlying 
skin, increasing the risk for fl ap necrosis and post-
operative wound complications. 

 I typically select the  Ramirez technique      to 
repair a loss of domain hernia in two distinct sce-
narios. The fi rst scenario is when creation of skin 
fl aps is adventageous, such a performing a conco-
mient panniculectomy or when removing a prior 
large skin graft. In this situation the skin will be 
excised, necessitating the adipocutaneous layer 
advancement to obtain skin closure over the fascial 
closure. Figure  34.4  demonstrates how a pannicu-
lectomy exposes the external oblique aponeurosis. 
The second scenario is when the hernia sac extends 
laterally past the semilunar line. In this case, the 
hernia sac has essentially dissected the skin fl aps, 
so when the hernia sac is mobilized, the external 
oblique aponeurosis will be exposed, allowing 
easy division for myofascial advancement.

   The  Novitsky technique     , also called posterior 
component separation or TAR, is a myofascial 
release of the transversus abdominis muscle [ 4 ]. 
Access to the release point is made by entering 
the posterior sheath in the retro-rectus location. 
By releasing the transversus abdominis muscle, 
the lateral pre-peritoneal location can be accessed 
all the way to the paraspinal muscles. This affords 
wide area from the diaphragm to the pelvis in the 
vertical axis and from paraspinal muscles to 
paraspinal muscles in the transverse axis in which 
to implant the mesh. Since the mesh will lay 
in the pre-peritoneal location, an inexpensive, 
non- barrier, macroporous mesh can be used. 
A major benefi t of the TAR approach is that no 
skin fl aps are raised for the reduction of the her-
nia, the myofascial advancement, or for mesh 
implantation. This may yield lower postoperative 
wound complications when compared to other 
component separation techniques. Conversely, 
the TAR is technically more diffi cult and makes 
the peritoneal layer of prime importance in the 
repair. The peritoneum is of variable thickness 
and can easily tear requiring suture repair or 
absorbable mesh interposition. 

 I apply the TAR technique in two distict settings. 
First is in the setting of atypical hernias such as 
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fl ank, paramedian, subcostal, or subxyphoid her-
nias. The TAR affords access to the preperitoneal 
lateral abdominal and subdiaphragmatic spaces for 
wide mesh overlap in these notoriously diffi cult 
hernias. Second, Novitsky’s technique is ideal in 
settings where skin fl ap creation would cause exces-
sive wound complication risk to the patient. This 
may be an obese, smoking, diabetic patient under-
going abdominal wall reconstruction, but without a 
need for a panniculectomy. These two patient situa-
tions are common within my practice and, there-
fore, the TAR technique has served as a powerful 
tool to help treat loss of domain hernias.  

    Mesh Location and Choice 

 In loss of domain situations, there are two main 
mesh characteristics that dictate mesh selection. 
The prosthetic needs to be both strong in tensile 
strength and large in size.  Mesh choice   for 
patients with loss of domain hernias runs coun-

ter to the current trends toward light-weight 
mesh. The large hernia size, in both length and 
width, mandates large-sized mesh to gain proper 
mesh overlap. This may even require quilting 
two or more large off-the-self meshes to accom-
plish this task. If I sew mesh together, I use a #1 
suture, that most mimics the mesh material 
(polypropylene, polyester, or gore-tex). 
Additionally, the increased vector forces of a 
loss of domain hernia mandate a mesh with 
high tensile strength. For loss of domain hernia 
repairs, I often choose a mid-weight, monofi la-
ment, polypropylene or polyester mesh. This is 
particularly critical in obese patients, for whom 
I avoid light- weight or ultralight meshes all 
together. For intra-abdominal placement, the 
mesh must have a microporous layer against 
the viscera. For retro- rectus or pre-peritoneal 
placement, a non-barrier polypropylene or 
polyester mesh will suffi ce. For the rare onlay 
mesh, I trend toward using monofi lament poly-
propylene. I have used ePTFE mesh in rare 
cases where I have intra-abdominal mesh place-
ment over a stoma, during the Sugarbaker 
repairs. The marginal results reported with bio-
logic and absorbable meshes have reduced their 
current use in cases of loss of domain hernia 
repair.  

    Drain Placement and Management 

 Drains in open abdominal wall reconstruction are 
a necessity and a nuisance to both the patient and 
the surgical care team.  Drains   require patient 
education about care and complications that can 
challenge the hygiene, aptitude, and coping skills 
of the patient and family. In loss of domain 
 hernias, the number and location of the drains 
greatly depends on the reconstruction technique 
used. For the Ramirez technique, I place at least 
one drain subcutaneously for each skin fl ap 
raised. These drains stay until the drainage 
approaches zero. Figure  34.5  demonstrates the 
placement of subcutaneous fl ap drain. If the mesh 
is retro-rectus, I place a drain between the mesh 
and the rectus muscle, and this drain is removed 
prior to hospital discharge. I place no drain for 

  Fig. 34.4    Demonstration of how a lower abdominal pan-
niculectomy will expose the lateral abdominal wall facili-
tating external oblique fascial release       
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intra-abdominal mesh, and the onlay mesh will 
be drained by the subcutaneous drains.

       Preoperative Pneumoperitoneum 

 The main concern about repairing a hernia with 
a loss of domain is fi guring out if the fascia can 
be closed primarily. Preoperative progressive 
pneumoperitoneum has been described as a 
technique that could help increase abdominal 
wall compliance to aid fascial closure [ 5 ]. Like 
a tissue expander, progressive  pneumoperito-
neum   may place a pressure load on the abdomi-
nal wall to stretch the abdominal wall 
musculature. This is done over a 5–14-day pre-
operative period by placing a tunneled catheter 
into the abdomen and adding a volume of air 
each day as the patient tolerates. I have not 
been an advocate of this technique for the fol-
lowing reasons. First, a 5–14-day hospital stay 
prior to abdominal wall reconstruction elevated 
the patient’s risk for wound infections, pulmo-
nary complications, deep vein thrombosis, and 
pulmonary embolus. Second, in loss of domain 
patients, I believe the giant hernia sac is where 
the instilled air will decompress, applying little 
pressure to stretch the abdominal wall. Finally, 
the patient rarely tolerates the progressive 
instillation of air due to the sensation of being 
short of breath. Therefore, for me, progressive 
preoperative pneumoperitoneum is a method of 

discouraging patients from undergoing repair 
of a loss of domain hernia.   

    Postoperative Care 
and Complications 

 Complications of repair are common and include 
respiratory compromise, ACS, and wound com-
plications, in addition to the usual surgical 
complications. 

    ACS and Pulmonary Complications 

 As discussed earlier, repairing the cylinder can 
cause respiratory compromise and ACS. The 
abdominal  contents   are forced back into the 
abdominal cavity and this results in increased 
intra-abdominal tension with elevation of the dia-
phragm. Component separation increases the size 
of the cylinder, allowing a decrease in 
 intra- abdominal tension and prevention of 
ACS. Typical signs of ACS, including high peak 
pressures on the ventilator, a hard distended 
abdomen, increased bladder pressures, and 
decreased urine output, should alert the surgeon 
of the possible diagnosis [ 6 ]. Respiratory com-
promise can result in diffi culty with extubation 
immediately postoperatively and pneumonia due 
to the inability to cough and clear secretions well. 
Ventral hernia repair has been shown to increase 

  Fig. 34.5    Placement of subcutaneous fl ap 
drain       
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intra- abdominal pressures that negatively impact 
pulmonary function [ 7 ]. Aggressive pulmo-
nary toilet must be stressed perioperatively for 
optimal results.  

    Wound Complications 

  Wound complications   are common in the short 
term, reaching up to 40%, and even higher in 
the obese population. This includes surgical site 
infections, seroma, hematoma, and skin fl ap 
necrosis. Surgical site infections can be mini-
mized with appropriate preoperative antibiotics, 
sound surgical technique, and optimizing the 
patient preoperatively, as discussed above. 
Seroma or hematoma can develop due to the 
extensive fl ap dissection and the cavity left 
behind from repair. Most of those collections 
are sterile, usually do not require drainage, and 
resorb spontaneously. Suction drains can be 
useful, but if left too long can result in infection 
of the prosthesis. Skin fl ap necrosis causes 
much of the morbidity associated with the com-
ponent separation repair. It is related to isch-
emia of the skin fl aps after division of the 
 perforators   arising within the rectus sheath and 
supplying the anterior abdominal wall skin. 
Minimizing skin fl ap dissection may reduce 
rates of necrosis. Figure  34.6  demonstrates skin 
necrosis and wound infection after abdominal 
wall reconstruction.

       Intestinal Complications 

 As most patients undergoing  repair   in the setting 
of a loss of domain usually require extensive 
adhesiolysis, they are at risk for postoperative 
obstruction and leak/fi stula. Careful tissue han-
dling and meticulous dissection can reduce 
bowel injuries. It is also imperative to assure that 
all layers are satisfactorily re-approximated, as a 
breakdown of the posterior sheath with exposure 
of mesh can lead to recurrence of herniation or 
bowel erosion. Incomplete adhesiolysis may 
lead to unresolved obstruction with failure to 
progress in the postoperative period. It may ben-

efi t the patient to maximize all conservative 
treatments, as re- operation is almost prohibitive 
in these patients.   

    Summary 

 In summary, loss of domain hernias represent the 
highest complexity defects to repair. The impair-
ment caused by this condition makes a hernia 
repair an important surgical option to help 
alleviate patient suffering. The complexity of 
the disease and the morbidity that accompanies 
the surgical risks places tremendous pressure on 
the surgeon to get it right. With proper patient 
selection,  surgeon preparation, preoperative 
patient optimization, advanced hernia repair tech-
niques, and solid general surgery postoperative 
care protocols, loss of domain hernias can be 
repaired with reasonable results. It is up to the 
surgeon, who wants to take care of this disease, to 
create and maintain a high- quality system to 
ensure good patient outcomes.     

  Fig. 34.6    Skin necrosis and wound infection after skin 
abdominal wall reconstruction       
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      Enterotomy During Hernia Repair: 
Prevention and Management                     

     Brent     D.     Matthews     

          Challenges of Adhesiolysis 

 The most common risk factor for enterotomy is a 
previous laparotomy. The risk increases with 
subsequent laparotomies. In fact, patients with 
three or more  previous laparotomies   have a ten-
fold increase in experiencing an enterotomy 
compared with patients with one or two previous 
laparotomies [ 1 ] (Fig.  35.1 ). An enterotomy 
alters the wound classifi cation from Clean (Class 
I) to Clean/Contaminated (Class II) or 
Contaminated (Class III). Higher rates of surgical 
site infection (SSI) are observed when progress-
ing from clean to clean/contaminated to contami-
nated wounds. The consequence of a wound and/
or mesh infection is a recurrence after ventral 
hernia repair [ 2 ]. Adjuncts placed at the time of 
surgery to minimize adhesiolysis-related compli-
cations during subsequent surgery have been dis-
appointing. In a clinical trial of loop ileostomy 
closure, sodium hyaluronate and carboxymethyl 
cellulose membrane (Seprafi lm ® , Genzyme 
Biosurgery, Framingham, MA, USA) signifi -

cantly reduced postoperative adhesions at the site 
of application, but did not have an effect on the 
rate of enterotomy [ 3 ]. This was confi rmed in a 
Cochrane Analysis evaluating intraperitoneal 
prophylactic agents for preventing adhesions and 
adhesive intestinal obstruction after non- 
gynecological abdominal surgery [ 4 ].

   The rate of enterotomy during abdominal sur-
gery is perhaps underreported. A recent audit of 
operative notes revealed that only 1 in 7 enteroto-
mies was dictated in the operative report [ 5 ]. This 
underreporting could also have a signifi cant 
infl uence on risk-adjusted outcomes as the 
accountability of value-based care becomes cen-
tral to reimbursement.  Risk factors   for an enter-
otomy in abdominal wall hernia patients have 
been well-documented. In a prospective study of 
133 patients undergoing an abdominal wall her-
nia repair, ten Broek et al. reported 33 enteroto-
mies in 17 patients (12.8%) [ 6 ]. Predictors of 
enterotomy were adhesiolysis time, mesh in situ 
and hernia wider than 10 cm. An extended adhe-
siolysis time and increasing ventral hernia size 
are likely surrogates of a more complex ventral 
hernia. The impact on patient outcomes in this 
study of an enterotomy was an increased inci-
dence of sepsis, reinterventions, need for paren-
teral nutrition, prolonged intensive care unit and 
hospital stay as well as increased medication 
cost. In another study over a 5-year period in 16 
tertiary Veterans Affairs medical centers, Gray 
et al. reported an overall incidence of 7.3% for an 
enterotomy or unplanned bowel resection  during 
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elective incisional hernia repair [ 7 ]. The inci-
dence of enterotomy or unplanned bowel resec-
tion was signifi cantly greater in patients after a 
previous mesh-based repair (20.3%) versus prior 
suture repair (5.7%) (Fig.  35.2 ). In a study more 
specifi cally defi ning the risk of enterotomy after 
mesh placement, Halm et al. reported a  small 
bowel resection   rate of 20.5% and a fi vefold 
increase in SSI as a consequence of reoperation 
after intraperitoneal polypropylene mesh [ 8 ]. A 
recent presentation at the 1st World Conference 
on Abdominal Wall Hernia Surgery in Milan, 
Italy, described the consequences of an inadver-
tent enterotomy that occurred in 46 of 1842 
patients who underwent open ventral hernia 
repair [ 9 ]. Risk factors for an enterotomy were 
previous abdominal surgery, prior hernia repair, 
mesh placement in a prior hernia repair and an 
infection present at the time of open ventral her-
nia repair. A higher rate of wound infections, 
mesh infections (12-fold), and hernia recurrences 
(6-fold) were reported in the enterotomy group 
compared to patients not experiencing this 
event, even when controlling for the use of syn-
thetic mesh in clean/contaminated and contami-
nated wounds.

   Absorbable and nonabsorbable barrier-
coated meshes were designed for intraperitoneal 
placement during both laparoscopic and open 
ventral hernia repair in order to minimize vis-
ceral adhesions to mesh. There is a paucity of 

outcomes studies evaluating the effectiveness of 
these barriers in clinical trials. Jenkins et al. 
reported on 69 patients who underwent laparo-
scopic surgery after prior intraperitoneal mesh 
placement for ventral hernia repair [ 10 ]. 
Characterization of adhesions and complexity 
of  adhesiolysis   were measured as adhesion 
tenacity, adhesion surface area percentage over 
the mesh, and the ratio of adhesiolysis time to 
mesh surface area. An enterotomy was avoided 
in all patients with intraperitoneal absorbable 
and nonabsorbable barrier-coated meshes. 
However, adhesion characteristics and the com-
plexity of adhesiolysis appeared to be associ-
ated with the unique properties of the barrier 
and/or mesh (Table  35.1 ). Two of 12 patients 
with intraperitoneal bare polypropylene mesh 
suffered injuries to the bladder and small intes-
tine, respectively. Thus, the hollow viscus injury 
rate was similar to previously published studies. 
The study was underpowered to allow for defi n-
itive conclusions, but provocative nonetheless. 
A multicentered, prospective clinical trial of 
comparative effectiveness of barrier-coated 
meshes ( Comparative Effectiveness Multicenter 
Trial for Adhesion Characteristics of Ventral 
Hernia Repair Mesh , ClinicalTrials.gov 
Identifi er: NCT01355939) is ongoing.

   A survey to assess practices and opinions 
regarding incisional hernia repair queried sur-
geons about enterotomy risk and management 

  Fig. 35.1    Relationship 
between the percentage of 
reoperation with and without 
enterotomy and the number of 
previous enterotomies. 
Reprinted from van der 
Krabben AA, Dijkstra FR, 
Nieuwenhuijzen M et al. 
(2000)  Morbidity and 
mortality   of inadvertent 
enterotomy during 
adhesiolysis. Br J Surg 
87:467–71       
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[ 11 ]. Eighty-one percent of surgeons responding 
to the survey who were not performing laparo-
scopic ventral hernia repair did not anticipate 
performing this procedure in the future. The sec-
ond most common reason that the surgeons did 
not anticipate performing this procedure in the 
future was the perceived risk of enterotomy dur-
ing laparoscopic ventral hernia repair. 
Nevertheless, the reported incidence of enterot-
omy in laparoscopic ventral hernia repair has 
been comparable to open ventral hernia repair in 
independent, prospective, longitudinal noncom-
parative studies. In a series of 850 consecutive 
patients undergoing laparoscopic  ventral hernia 
repair repairs  , Heniford et al. reported 10 (1.2%) 
enterotomies [ 12 ]. This is comparable to the rate 
of 1.4% reported by Sharma et al. in 2346 patients 
over a 17-year period [ 13 ]. However, in a meta-
analysis of randomized, controlled trials of lapa-
roscopic versus open ventral hernia repair, Awaiz 
et al. revealed a statistically signifi cant increase 
in “bowel complications” in the laparoscopic 
group [ 14 ]. However, enterotomies, serosal tears, 
and postoperative small bowel obstruction were 

pooled and reported as “bowel complications,” 
confounding the actual incidence of enterotomy. 

 One of the most devastating situations after 
laparoscopic ventral hernia repair is an unrecog-
nized enterotomy or one that occurs in a delayed 
fashion   . It should be noted that this is not exclu-
sive to laparoscopic ventral hernia repair. The 
mortality rate for an unrecognized enterotomy 
after laparoscopic ventral hernia repair approaches 
8% [ 15 ]. An enterotomy most frequently happens 
during adhesiolysis, although a trocar or access 
injuries can occur, especially in the re-operative 
abdomen. The trocar placement strategy is criti-
cal in the re-operative abdomen to avoid bowel 
injury. An ideal location for the initial trocar is in 
an abdominal quadrant remote from previous sur-
gery. An open (Hasson) or closed (Veress) tech-
nique is appropriate and the method for placement 
should be based on the surgeon’s experience. If 
the optical trocar without Veress insuffl ation is 
chosen, the access point should be right off the 
costal margin at the mid-clavicular or anterior 
axillary lines, away from previous scars/opera-
tions. The overwhelming majority of iatrogenic 
enterotomies occur in the small intestine. An unrec-

  Fig. 35.2    Incidence of 
enterotomy or bowel resection 
(EBR) by the type  o  f hernia 
repair. Reprinted from Gray 
SH, Vick CC, Graham LA 
et al. (2008) Risk of 
Complications From 
Enterotomy or Unplanned 
Bowel Resection During 
Elective Hernia Repair. Arch 
Surg 143(6):582–586       
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ognized enterotomy can occur due to the inherent 
diffi culty with examining the intestine laparo-
scopically if it has moved out of the fi eld of vision. 
As such, vigilance is paramount. Inspection of the 
bowel is recommended after initial trocar entry, 
during adhesiolysis and at the conclusion of adhe-
siolysis or the end of the procedure. A delayed 
enterotomy may be the result of a partial thick-
ness injury at the time of laparoscopic adhesioly-
sis or the consequences of a thermal injury to the 
intestine. Electrosurgery or ultrasonic coagulation 
should be employed judiciously for adhesiolysis 
and minimized or avoided when the intestine is in 
close proximity. Maneuvers to enable adhesioly-
sis and minimize the risk of enterotomy are 
described in the  Guidelines for Laparoscopic 
Ventral Hernia Repair  from the Society of 
American Gastrointestinal and Endoscopic 
Surgeons [ 16 ]. These maneuvers, many funda-
mental to laparoscopic surgery, include  traction/
counter-traction technique  , use of an angled or 
fl exible laparoscope, alternating the laparoscope 
among the various ports, improved exposure uti-
lizing outside pressure on the abdominal wall for 
“inline” dissection, meticulous sharp dissection 
under direct vision, limited use of an energy 

source, particularly near the hollow viscera, repo-
sitioning/adding ports to maintain appropriate 
ergonomic position and access to the operative 
fi eld, use of instruments with appropriate length 
(as longer instruments are occasionally required 
to maintain the fulcrum near the middle of the 
instrument shaft), avoiding too much torque on 
access ports during critical aspects of the adhe-
siolysis, keeping a clear camera image, maintain-
ing a conscious vigilance for the mucosa of the 
gastrointestinal tract (as an enterotomy may only 
be visible for a fl eeting moment), and mandatory 
fi nal inspection of the bowel to identify 
enterotomies. 

    Management of Enterotomies 

  There is a general debate about the most appropri-
ate  management   strategy for an enterotomy dur-
ing laparoscopic and open ventral hernia repair. 
This highlights the paucity of evidence-based 
data to support a preferred approach. In a survey 
of practicing general surgeons, Adler et al. asked 
“if you encounter an enterotomy, how would you 
proceed?” [ 11 ]. Only 3% of respondents would 

   Table 35.1    Adhesion  characteristics   defined by tenacity, surface area, and ratio of adhesiolysis time to mesh 
surface area   

 Adhesion characteristics  Score 

 No adhesion  0 

 Filmy adhesions: viscera/omentum not attached to mesh, disrupted manually  1 

 Dense adhesion: viscera/omentum attached to mesh requiring blunt dissection 
to separate viscera/omentum from mesh 

 2 

 Dense adhesion: viscera/omentum attached to mesh requiring sharp dissection 
to separate viscera/omentum from mesh 

 3 

 Dense adhesion: viscera/omentum entwined to mesh requiring sharp dissection 
to separate mesh from abdominal wall, leaving mesh attached to viscera/
omentum 

 4 

 Intraperitoneal mesh  Adhesion tenacity 
 Adhesion surface 
area (0–10) 

 Adhesiolysis time per mesh 
surface area (min/cm 2 ) 

 DualMesh ( n  = 14)  2.4 ± 0.6  5.9 ± 1.8  0.14 ± 0.1 

 Composix ( n  = 17)  3.5 ± 0.6  8.6 ± 1.1  0.36 ± 0.1 

 Absorbable-barrier-coated mesh ( n  = 18)  3.2 ± 0.5  6.9 ± 2.0  0.21 ± 0.1 

 Uncoated macroporous mesh ( n  = 12)  3.5 ± 0.9  8.4 ± 1.1  0.38 ± 0.4 

 Biologic mesh ( n  = 8)  2.9 ± 0.4  6.6 ± 1.8  0.33 ± 0.1 

  Reprinted from   Jenkins ED    ,   Yom V    ,   Melman L     et al. (2010)  Prospective evaluation   of adhesion characteristics 
to intraperitoneal mesh and adhesiolysis-related complications during laparoscopic re-exploration after prior ventral 
hernia repair. Surg Endosc 24(12):3002–7  
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place mesh regardless of the amount of spillage 
from the gastrointestinal tract while 41% would 
place mesh only if “minimal” spillage occurred. 
The majority, 56% of respondents, would not 
place mesh. If the respondents were to delay the 
ventral hernia repair, the mean time from the 
enterotomy would be 4 weeks (range, 3 days–6 
months). Regardless of the treatment strategy, the 
patient should be knowledgeable preoperatively, 
as part of the informed consent process, of the 
procedural options and basic decision algorithm 
for management of an enterotomy. Typically, the 
hernia sac has not been violated during laparo-
scopic adhesiolysis; therefore options exist for 
staging the ventral hernia repair in 3 months or 
beyond to avoid a ventral hernia repair in a clean/
contaminated or contaminatied fi eld. This is the 
most conservative approach and preferable if the 
enterotomy can be repaired without conversion to 
open. Nonetheless, this is considered Level 4 evi-
dence (expert committee opinions, or clinical 
experience of respected authorities, or both) in 
published guidelines for the management of 
bowel injury during laparoscopic ventral inci-
sional hernia repair. In the  Guidelines for 
Laparoscopic Treatment of Ventral and Incisional 
Abdominal Wall Hernias , the International 
Endohernia Society gives Grade C (low-quality 
evidence) recommendations for enterotomy man-
agement [ 17 ]. The recommendations from the 
International Endohernia Society include:

    1.    Conversion to laparotomy is advisable if the 
surgeon is not profi cient with laparoscopic 
bowel repair techniques.   

   2.    A primary open repair is advisable in the pres-
ence of gross spillage. An open prosthetic 
repair may be undertaken if conditions remain 
sterile.   

   3.    A small laparotomy away from the hernia 
defect may be used to repair a bowel injury 
and may be followed by continuation of lapa-
roscopic ventral hernia repair.   

   4.    If a bowel injury is repaired laparoscopically, 
laparoscopic ventral hernia repair may be per-
formed after an observation period of 3–7 
days on intravenous antibiotic therapy if no 
evidence of infection is observed.   

   5.    A laparoscopic ventral hernia repair may be 
performed in the event of a bowel injury 
repaired immediately with minimal spillage, 
but this option requires experience with laparo-
scopic repair of bowel injury.    

  A staged repair during the index hospitaliza-
tion with a period of observation (3–7 days) on 
broad spectrum intravenous antibiotics, and return 
to the operating room for a laparoscopic ventral 
hernia repair has been described as a successful 
approach [ 18 ]. The unpredictability of infection-
related complications after the 7-day period pres-
ents additional risk versus a 3 month or greater 
interval. Recent published data would support a 
more conservative management algorithm. In 33 
patients who had an inadvertent enterotomy dur-
ing laparoscopic ventral hernia repair, Sharma 
et al. reported 6-month follow-up in 31 patients 
[ 13 ,  19 ]. The additional 2 patients died postopera-
tive due to sepsis and multisystem organ failure 
for a mortality rate of 6% in this cohort. The over-
all complication rate was 49%. The most common 
complications were wound infection (27%), ileus 
(24%), hernia recurrence (24%), mesh infection 
(18%), unplanned readmission (18%), and fi stula 
formation (6%). Additional surgical procedures 
were required in 55% of these patients within 6 
months of the index procedure. As expected, out-
comes were worse in patients who had an enter-
otomy recognized postoperatively. 

 In the event the enterotomy occurs during an 
open ventral hernia repair or conversion to 
open is required to repair the intestinal injury 
or perform a bowel resection and the hernia sac 
is violated, several options exist for manage-
ment of the ventral hernia. If possible, primary 
repair is a simple option, although the majority 
of patients will develop a recurrent ventral her-
nia. More commonly, surgeons are repairing 
the hernia using a biologic (allograft or xeno-
graft) or absorbable synthetic mesh [ 20 ]. 
Depending on the complexity of the hernia and 
the degree of contamination, a retrorectus 
(Rives-Stoppa) repair, transversus abdominis 
release (TAR), anterior component release or 
external oblique aponeurosis release, may be 
required for re-approximation of the linea alba. 
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Outcomes studies describing single-stage 
repairs utilizing biologics or absorbable syn-
thetic mesh for clean- contaminated, contami-
nated and infected wounds are limited. The 
RICH (Repair of Infected and Contaminated 
Hernias) trial is the only long-term multi-
centered, prospective trial to evaluate biologic 
mesh in CDC Class II–IV wounds [ 21 ]. This 
prospective trial reported a 66% surgical site 
occurrence rate and 37% hernia recurrence rate 
(intention-to-treat) after 2 years follow-up in 
patients who underwent ventral hernia repair 
with a non-crosslinked porcine dermis. The 
recurrence rate in “bridged” ventral hernia 
repairs was 45%. In addition, location of mesh 
placement appeared to infl uence recurrence 
rates with a higher rate of recurrence when the 
biologic mesh was placed intraperitoneal com-
pared to the retrorectus position. In a similar 
multicentered  prospective, longitudinal clinical 
trial, an absorbable synthetic mesh was evalu-
ated in single-staged ventral hernia repair in 
Class II–III wounds [ 22 ]. The primary endpoint 
in the COBRA (Complex Open Bioabsorbable 
Reconstruction of the Abdominal Wall) trial 
was ventral hernia recurrence. Based on 
Kaplan-Meier analysis, the overall hernia 
recurrence rate was 17% at 24 months, almost 
20% less than in the RICH trial. Similar to the 
RICH trial, hernias repaired with intraperito-
neal mesh in the COBRA trial had a higher 
recurrence rate (3.41-fold increase). Although 
the RICH and COBRA trials describe ventral 
hernia repair in clean-contaminated and con-
taminated wounds, the clinical scenario is dif-
ferent from an unanticipated enterotomy during 
elective ventral hernia repair in a patient with 
an initial clean wound. Extrapolating data from 
these trials to an enterotomy during elective 
ventral hernia repair may not be representative 
of actual clinical outcomes. 

 There is an increasing amount of experience 
with synthetic mesh in clean-contaminated and 
contaminated wounds. Specifi cally, clinical stud-
ies evaluating large pore, reduced weight syn-
thetic mesh in clean-contaminated and 
contaminated ventral hernia repairs have been 
published. Carbonell et al. reported primary out-

comes of SSI, surgical site occurrence, need for 
mesh removal, and hernia recurrence in 100 
patients with Class II–III wounds undergoing 
ventral hernia repair with retrorectus mesh place-
ment [ 23 ]. The overall incidence of surgical site 
occurrence was 31%, higher in the contaminated 
then clean-contaminated cases. The 30-day SSI 
rate was 14%. The recurrence rate was 7% (inten-
tion-to-treat) at mean follow-up of 10.8 ± 9.9 
months (range 1–63 months). Mesh removal was 
required in 4 patients, all due to unrelated explo-
rations for anastomotic leaks. The impetus for 
permanent synthetic mesh is to reduce the recur-
rence rate witnessed for biologic and absorbable 
synthetic mesh and reduce the cost primarily 
associated with biologic meshes. Carbonell et al. 
calculated that the overall cost for the 100 pieces 
of 30 × 30 cm large pore, reduced weight syn-
thetic mesh (15 cents/cm 2 ) to repair the ventral 
hernias was equivalent to the cost of one single 
piece or biologic mesh ($10,000). Despite the sig-
nifi cant potential for reduction in healthcare 
expenditures with the use of synthetic mesh in 
these patients, it is off-label to use synthetic mesh 
in clean-contaminated, contaminated, or infected 
wounds. In addition, extrapolating data from this 
clinical trial to an enterotomy during elective ven-
tral hernia repair in initially clean wounds may 
not be representative of actual clinical outcomes.    

    Conclusions 

 An inadvertent enterotomy during a laparoscopic 
or open ventral hernia repair is unavoidable. An 
enterotomy is associated with an increased risk 
of wound infections, mesh infections, enterocuta-
neous fi stulas, and hernia recurrences. Multiple 
options exist for management of the ventral her-
nia when an enterotomy occurs; however, the 
management of the enterotomy takes priority. 
A postoperatively recognized enterotomy increases 
the mortality rate after ventral hernia repair so 
attentiveness is paramount throughout the entire 
procedure. Although certain risk factors associ-
ated with an increased risk of enterotomy during 
ventral hernia repair, such as previous surgical 
history, previous ventral hernia repair with mesh 
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and in situ intraperitoneal mesh, are identifi able 
preoperatively, all patients should be advised of 
the risk of enterotomy and instructed of the basic 
decision algorithm for management of an enter-
otomy during the informed consent process.     
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       Enterocutaneous fi stulas are usually the conse-
quence of an intra-abdominal operation gone bad 
and, as such, are all-too-often accompanied by an 
incisional hernia, further  complica  ting an already 
unpleasant situation for both the patient and sur-
geon. Both parties (patient and surgeon) want the 
fi stula and the hernia fi xed as soon as possible, 
raising the questions of “How soon can it be 
done?” and “Please, can we fi x both at the same 
time?” However, it is important to remember that 
the basic principles of the management of entero-
cutaneous fi stulae, as well as the basic principles 
of repair of incisional hernias, must be followed 
and each considered individually. Level 1 evi-
dence for the latter topic is absent, as is Level 2 
evidence, and much of the discussion on this 
topic is fi lled with bravado, opinion, and lack of 
appropriate follow-up [ 1 ]. Just because some-
thing  can  be done (simultaneous repair of both 
fi stula and hernia) does not mean it  should  be 
done. Failed hernia repairs in this setting will 
have major consequences. This chapter will 
address briefl y the preoperative considerations of 
preparing for the repair of the fi stula and then 
will address whether a simultaneous or staged 
DEFINITIVE repair is prudent. 

    Preoperative Considerations 
in the Patient 
with an Enterocutaneous Fistula 

 Most often, an enterocutaneous or colocutaneous 
fi stula occurs from a complication of an intraperi-
toneal procedure (enteric or colonic anastomosis 
or unappreciated enterotomy) and is complicated 
initially by some element of abdominal wall sepsis 
that disrupts the fascial closure leading to the her-
nia. Thus, the clinical situation is often compli-
cated by sepsis, nutritional challenges, and 
abdominal wall infection, colonization, and/or an 
open wound such as an enteroatmospheric fi stula, 
each of which will challenge the option of any 
defi nitive repair of the hernia. 

    The Basics First 

 Initially, the focus must be directed at the fi stula 
from the aspect of a GI surgeon, and not from that 
of a “herniologist.” One of the best overall discus-
sions of the evaluation and approach to the man-
agement of enterocutaneous fi stulas was by 
Visschers and colleagues [ 2 ] who proposed the 
 SOWATS approach  : S-sepsis; O-optimization of 
nutrition; W-wound care; A-anatomy; T-timing of 
operation; and S-surgical strategy. This approach 
should be utilized during the three phases of the 
clinical course of an  enterocutaneous fi stula: devel-
opment, the early phase, and the late phase [ 3 ,  4 ]. 
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  Development : If the fi stula occurs early postop-
eratively, immediate reoperation in the fi rst week to 
10 days (before the hernia forms) should be consid-
ered, provided there was not an  extensive adhe-
siolysis  , because if there was an extensive 
adhesiolysis, then after the second or third postop-
erative day, the bowel will be agglutinated. Most 
fi stulas, however, become evident later, and reop-
eration is not necessarily a consideration. 

  Early phase : This phase requires the focus to 
be directed on control of sepsis, nutritional resus-
citation, and control of the fi stula; reoperation 
during this phase is contraindicated. 

  Late phase : Here the focus should be on the 
planning for operative repair after adequate mat-
uration and resolution of the acute infl ammatory 
phase, maximizing nutritional resuscitation, and 
defi nition of all the relevant anatomy. 

 The  GI surgical approach   should involve the 
following points during the early phase (Table 
 36.1 ). Read all prior operative notes; you will 
want no surprises in the operating room. Exclude 
any areas of sepsis; persistent undrained collec-
tions can prevent fi stula closure and nutritional 

resuscitation. Maximize nutrition possibly by 
feeding (or re-feeding enteric content) distal to 
the fi stula; enteric feeding is more effective than 
parenteral feeding and maintains the health, 
integrity, and function of the distal gut. Involve a 
multidisciplinary team, including a nutritionist 
(dietitian or physician), physical therapist, psy-
chologist if necessary (patients are often situa-
tionally depressed), family/social supports, and, 
very importantly, an enterostomal therapist if you 
are having  any  diffi culty bagging the fi stula [ 1 ]. 
For the patient, there is nothing worse than an 
uncontrolled fi stula. And, fi nally, remember TPN 
can be cycled and given via a backpack to allow 
increased patient mobility.

   The GI approach to the late phase requires 
experience and a resolute surgeon. Everyone will 
be pressuring you to operate—the patient, the fam-
ily, and all the other physicians who are not sur-
geons [ 4 ]! Your goal is to allow the acute/subacute 
infl ammation to subside. Most fi stulas require 3 
months to mature, some 6 months, and some 
maybe even 12 months. A good barometer of reso-
lution of the infl ammation is the ability to “pinch” 
a skin graft if present or the redness of the primary 
incision. Remember, many fi stulas occur/reoccur 
from too early a reoperation. Other considerations 
involve the nutritional state of the patient, as shown 
by Visschers et al. [ 2 ].  Optimal outcomes  , occur 
when the patient’s serum albumin is ≥3.0 g/
dL. Operative planning requires imaging of all 
parts of the involved gut, especially excluding any 
distal obstruction. Likewise, the goals of a suc-
cessful fi stula repair are careful technique, full 
mobilization, and coverage of the repair with 
autogenous tissue; the latter may require assis-
tance of a reconstructive plastic surgeon.   

    Should You Fix the Hernia 
Concurrently? 

 Your operative plan should be FIRST to fi x the 
fi stula—that is the patient’s primary concern! 
The fi stula takes precedence, while the repair of 
the hernia should be a somewhat distant second 
precedence. The decision to repair the abdominal 
wall hernia should not be infl uenced by emotion, 

   Table 36.1     Surgical principles   of evaluation and repair 
of an enterocutaneous fi stula   

  Early phase  

   Read and understand all operative notes 

   Exclude undrained sepsis 

   Maximize nutrition 

   Feed the gut whenever possible; re-feed 
pancreatobiliary secretions distal to the fi stula 

   Multidisciplinary approach (in addition to surgeon) 

 • Nutritionist/dietician 

 • Psychiatrist—situational depression helped by 
antidepressant(s)? 

 • Physical therapist—reverse deconditioned state 

 • Family support 

 • Social worker 

   Bag/control the fi stula—consult a trained 
enterostomal therapist if any diffi culty 

  Late phase  

   Image all the pertinent gut 

   Defi ne the anatomy—no surprises in the OR! 

   Allow acute/subacute infl ammation to resolve; do 
not be bullied into operating too soon 

   Plan the operation; recruit the potential help of a 
reconstructive plastic surgeon 
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but rather by good, sound, surgical judgment 
based on several considerations: patient factors/
nutritional state, local conditions/tissues/risk of 
infection, confi dence in your repair of the fi stula, 
size of the defect/need for tissue advancement 
(components separation), and, in this author’s 
opinion, whether the patient is a hernia-former 
which goes hand-in-hand with the latter consid-
eration of the need for tissue advancement, 
because use of a permanent, alloplastic prosthesis 
classically is contraindicated (although see 
below—“Use of Permanent Prosthetic Material”). 

    Defi nitive Herniorrhaphy at Time 
of Fistula Repair 

  Obviously, the worries of any  operation   involving 
takedown of an enterocutaneous fi stula are anasto-
motic leak and surgical site infection, both of 
which jeopardize markedly any abdominal wall 
hernia repair. Takedown of a traumatic enterocuta-
neous fi stula in an otherwise healthy, non-mal-
nourished, non-obese, 22-year-old male is 
completely different from an enterocutaneous fi s-
tula in an obese, elderly patient in whom the fi stula 
developed secondary to an unrecognized enterot-
omy that occurred during an extensive adhesioly-
sis while attempting to repair an abdominal wall 
hernia or in a patient who is immunosuppressed 
either from chronic disease/malnutrition, malig-
nancy, or because of a prior organ transplantation. 
The spectrum of clinical presentation of enterocu-
taneous fi stulas complicated by concomitant 
abdominal wall hernias is very broad. 

 Who are the best candidates for a  defi nitive  
repair concurrently (Table  36.2 ) Note: Just 
because a defi nitive repair  can  be done does not 
mean it  should  be done. This decision requires 
non-emotional, good, mature surgical judgment. 
In addition, there are some senior surgeons who 
feel that many (perhaps most) abdominal wall 
hernias complicating an enterocutaneous fi stula 
should not undergo any complicated  defi nitive  
repair other than a simple autogenous fascia 
reapproximation. Ideal patients are those lacking 
any of the underlying risk factors for incisional 
hernia—obesity, malnutrition, prior incisional 

hernia (i.e., a hernia-former), or signs of local 
abdominal wall infection, cellulitis, or a large 
surface area of open wound (that contains bacte-
rial colonization). Small defects able to be closed 
with a primary, autogenous tissue repair are dealt 
with quite easily by simple reapproximation of 
the fascia and, should a wound infection occur 
and develop into another hernia, no loss of 
abdominal wall tissue has occurred; equally 
important, a later defi nitive repair has not been 
jeopardized by lateral dissection. In contrast, 
when the defect is large, unable to be re- 
approximated by primary repair, and will require 
some form of tissue transfer/myocutaneous 
advancement (components separation) to obtain 
midline myofascial approximation, very serious 
pause should be taken. A wound infection would 
lead to a subsequent hernia that will be very dif-
fi cult to repair. Two large series [ 5 ,  6 ] of com-
bined takedown of fi stulas and components 
separation techniques describe what in this 
author’s opinion are unsatisfactory outcomes 
with rates of recurrent hernias of 21% and 32%, 
respectively, and recurrent fi stulas of 26% and 
20%. Thus, only the low-risk, ideal patients 
should be considered for takedown of an entero-
cutaneous fi stula with simultaneous abdominal 

   Table 36.2    Who can be considered for simultaneous 
repair of the abdominal wall hernia?   

 Small defect allowing primary fascial reapproximation 

 None of the following underlying risk factors for 
incisional hernia 

 • Marked obesity 

 • Large open wound 

 • Malnutrition 

 • Immunosuppressed patient 

 • Concomitant infected mesh 

 • Prior incisional hernia 

 • Smoking 

 Larger defect able to be repaired by components 
separation in the ideal patient a  

 •  The patient who is not a hernia-former 

 • Has no malnutrition 

 • Has good local tissues 

   a Taken at a calculated risk, because wound infection will 
probably lead to fascial breakdown, hernia formation, and 
a very diffi cult subsequent hernia to repair  
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wall reconstruction. In this author’s opinion, con-
sideration of defi nitive repair by a so-called 
“tension- free” components separation in a hernia- 
former should be reconsidered; remember, this 
repair is an autogenous tissue repair, and the 
“tension-free” situation is only when the patient 
is anesthetized and paralyzed–not when the 
patient coughs, sits up, or strains to have a bowel 
movement. Use of permanent prosthetic material 
to reinforce the repair is classically contraindi-
cated (see below, “Use of Permanent Prosthetic 
Material”). The recurrence rate will be very high, 
and should a surgical site infection occur, the 
resultant hernia will be extremely diffi cult to 
repair, because your best option in this high-risk 
group of patients has already been used—and 
you have burned your bridges. This group of 
patients gets one good chance at defi nitive hernia 
repair (abdominal wall reconstruction), and a 
staged repair seems most prudent.

   Who should not have a defi nitive repair? 
(Table  36.3 ) By “defi nitive” repair, I mean either 
a permanent, prosthetic-based incisional hernior-
raphy or a true abdominal wall reconstruction 
requiring myofascial advancement/transfer. 
Inappropriate candidates include the markedly 
obese, malnourished, or immunosuppressed 
patients, those with dirty or open wounds, the 
chronically ill or markedly deconditioned, those 
with infected/colonized mesh from a prior 
abdominal wall herniorraphy, or those with a his-
tory of a prior incisional hernia (the “hernia- 
former”). It should go without saying that a 
defi nitive repair should not be entertained seri-
ously in someone still smoking and especially 
any form of tissue transfer !

       How to Deal with the Hernia Defect 

  After takedown of the  enterocutaneous fi stula, 
  every attempt should be used to provide two 
important principles: (1) autogenous, vascular-
ized tissue coverage of all anastomoses, and (2) 
abdominal wall stability, even if only temporary 
(several weeks to several months). Ideally, pri-
mary fascial closure is best and will provide 
abdominal wall stability; although recurrence of 
the hernia may be quite high and should be 
expected in the high-risk patient (hernia-former, 
malnourished, immunosuppressed, etc.), you 
provide autogenous coverage and at least tempo-
rary abdominal wall stability. 

 The larger defects unable to be reapproxi-
mated present major challenges that are more dif-
fi cult. Again, autogenous coverage of the 
anastomoses is paramount. Input and options 
from a reconstructive plastic surgeon can really 
help [ 7 ]. Techniques include omental coverage, 
mesenteric or serosal coverage from adjacent 
bowl, or use of the hernia “sac.” On rare occa-
sions, a vascularized tissue transfer from the 
thigh (rectus femoris or gracilis grafts) or back 
(latissimus dorsi grafts) can provide vascularized 
tissue cover, but these types of “fl aps” do not pro-
vide abdominal wall stability and cannot  reach 
the areas of the abdominal wall cranial to the 
umbilicus. 

 Some form of abdominal wall stability is 
usually necessary to prevent evisceration. In the 
very unusual patient with a frozen abdomen in 
whom you can repair the fi stula and provide 
viable, vascularized coverage of exposed bowel 
but cannot provide coverage of  adhesed bowel 
not at risk for evisceration, no attempt at span-
ning the  hernia defect may actually be the best 
choice. The open wound can then be managed 
with a wound vac (not directly on bowel, how-
ever) or simple dressings with the future aim of 
placing a skin graft and delaying the hernia 
repair to the future under ideal conditions 
(closed epithelialized wound, full nutritional 
resuscitation, and a planned elective abdominal 
wall reconstruction) [ 8 ]. 

 Unfortunately, the more common situation is 
the patient in whom a more extensive adhesioly-
sis for fi stula repair results in mobile bowel that 

   Table 36.3    Who should not have a simultaneous 
 DEFINITIVE hernia repair  ?   

 Dirty wound (subjective observation) 

 Large open area 

 Poor nutrition 

 Large defect “able to be closed” by components 
separation in patients with risk factors 

 • Obesity 

 • Prior incisional hernia (hernia-formers) 

 • Concomitant mesh infection? 
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demands provision of some form of abdominal 
wall stability. In this situation, the possible solu-
tions involve performing a components separa-
tion (in the appropriate patient) with a primary 
autogenous fascial closure, possibly reinforced 
with a bioprosthesis or synthetic  absorbable  
prosthesis placed as either a sublay or an onlay 
[ 5 ,  6 ]. The concept of performing a components 
separation, knowing that fascial re- approximation 
will not be possible but planning on spanning the 
fascial defect with a bioprosthesis, is not a good 
option in my opinion, because the likelihood of 
such bioprosthesis providing a defi nitive repair 
is highly unlikely [ 9 ,  10 ]. Similarly, spanning 
such a defect with a permanent prosthesis in this 
type of “contaminated” wound would not be 
considered standard of care, and also result in 
violating spaces that may preclude the use of a 
technique that would be best for a future abdominal 
wall reconstruction. 

 In most patients, a better solution would be to 
accept the idea of not being able to provide a 
defi nitive repair of the hernia, plan for a staged 
repair, and to span (patch) the hernia defect with 
either a bioprosthesis or a synthetic  absorbable  
prosthesis [ 1 ,  3 ]. Although adding a components 
separation would decrease the size of the hernia 
defect, it will essentially prevent the ability to use 
this technique of abdominal wall reconstruction 
to perform a much better, defi nitive repair in the 
future under elective conditions. Therefore, the 
goal should be to fi x the  primary  indication for 
operation and the major complaints of the 
patient—i.e., THE FISTULA—and to address 
the  secondary  concern—i.e., THE HERNIA—at 
a later date under elective, non-bacterially con-
taminated conditions in a stable, nutritionally 
optimized patient. 

 Choice of “temporary,” absorbable prostheses 
vary considerably with their characteristics [ 3 ]. 
These bioprostheses are usually constructed from 
proprietary processes that remove most cells and 
immunologic epitopes that could cause a true 
immune response when implanted in humans. 
The tissues from which these bioprostheses are 
commonly derived include human cadaveric or 
porcine dermis, porcine intestinal submucosa, or 
bovine pericardium. Most of the bioprostheses 

are designed biochemically to encourage vascu-
lar ingrowth and deposition of native host con-
nective tissue. While proprietary claims allege 
the reproduction of a “functional neo-abdominal 
wall,” the extent to which this really happens is 
questionable. These bioprostheses, however, do 
provide stable, albeit temporary, abdominal wall 
support (coverage of the intra-abdominal viscera) 
for 6–12 months before being broken down by 
host tissues or “stretching.” This time frame 
allows healing of the fi stula, closure of any skin 
wounds, nutritional repletion, and reversal of 
physical deconditioning. 

 Another option involves the absorbable syn-
thetic prostheses, which also provide temporary 
abdominal wall stability, but generally for a shorter 
duration than the bioprostheses. The polyglactin 
meshes are initially permeable (they are meshed) 
and allow drainage of peritoneal fl uid/transudate 
for the fi rst 4–7 days, which may be an advantage 
in selected patients; the bioprostheses are gener-
ally considered watertight. The disadvantage of 
these prostheses is that they are degraded more 
rapidly and become less stable as an abdominal 
wall support after 6–8 weeks; thus, these more 
rapidly absorbed prostheses are used in selected 
patients who may not need a prolonged abdominal 
wall support. When these more rapidly absorbable 
prosthetics are used, the eventual goal is often to 
skin graft the subsequent wound in 1–2 months. 
This concept of split- thickness skin grafting [ 8 ] 
should be evaluated carefully, because although 
the skin graft will “cover” the wound, the skin 
graft will also stop further medial wound contrac-
ture and will  usually delay eventual abdominal 
wall reconstruction for about 6 months. This 
6-month time interval allows the skin graft to 
mature such that safe excision of the graft is pos-
sible (i.e., when the skin graft is “pinchable” 
meaning that the infl ammatory vascularization 
response has largely abated). 

 Several newer synthetic, absorbable prosthe-
ses have been developed to last longer and for up 
to 6–18 months. Again, the manufacturing details 
of how they are constructed are proprietary, but 
these prostheses do have their place in selected 
patients, although long-term clinical experience 
is still lacking. 
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 Finally, several systems for providing passive 
tension to help to encourage fascial or skin 
approximation exist. Similar in principle to the 
 “wound vac” systems   and the Wittmann patch 
[ 11 ], these devices are fi xed to either the fascial 
edges or the skin bilaterally to provide a force to 
pull together the edges of the wound. These vari-
ous devices allow readjustment as the width of 
the wound decreases. Their use for skin closure 
over open wounds is well supported in prelimi-
nary studies [ 12 ]. Their effi cacy in leading to fas-
cial reapproximation is unproven. 

 Whichever form of “patching” of the defect is 
utilized, coverage of the prosthetic with autolo-
gous vascularized tissue should be sought aggres-
sively. Local skin/subcutaneous advancement or 
rotational fl aps are the most readily available 
options and will prevent desiccation and help to 
promote vascularization into or through the pros-
thetic material. Sometimes, pedicled myocutane-
ous fl aps might be indicated for deep, high-risk 
wounds in the lower or upper abdomen. Such vas-
cularized pedicle fl aps usually do not reach the 
periumbilical region, and considerable thought 
should be given in conjunction with a reconstruc-
tive plastic surgeon before using a rectus abdomi-
nus rotational fl ap across the midline. Those 
additional considerations are necessary since this 
approach will disrupt abdominal wall integrity 
and may lead to major problems when considering 
a future defi nitive abdominal wall reconstruction .  

    Use of Permanent Prosthetic Material 

 Is there a precedent for use of a nonabsorbable, 
   synthetic prosthesis to repair a concomitant 
abdominal wall hernia at the time of takedown of 
an enterocutaneous fi stula? Classically, the 
answer would be a NO, as contaminated wound 
has traditionally been viewed as a contraindica-
tion. Recently, however, with the introduction of 
the large-pore, lightweight polypropylene pros-
thetics, this contraindication has been challenged. 
Work by Israelsson and colleagues [ 13 ,  14 ] has 

shown that placement of an intraabdominal, 
lightweight, large-pore polypropylene mesh is 
safe at the time of construction of an enteros-
toma. While this type of clean-contaminated pro-
cedure is not necessarily comparable to takedown 
of an enterocutaneous fi stula in most patients, 
there are selected patients with a fi stula who have 
a fully controlled fi stula and are in excellent 
physical and nutritional shape, making them 
acceptable candidates for a defi nitive repair in 
contaminated environment. In addition, Carbonell 
and colleagues [ 15 ] have collected a series of 100 
patients with clean- contaminated and contami-
nated wounds in whom a hernia repair was car-
ried out using a large-pore, reduced-weight 
polypropylene prosthetic placed in the highly 
vascular retrorectus space. Wound infections 
occurred in 8 patients (8%), and 4 patients devel-
oped a recurrent hernia in the fi rst year postoper-
atively. Obviously, these were selected patients, 
and this type of study requires confi rmation. 
Nevertheless, as herniologists, we need to keep 
an open mind. In addition, several authorities 
have claimed that when exposed, the large-pore, 
lightweight permanent prosthetic meshes (non-
ePTFE materials) will granulate successfully and 
allow healing without sinus formation. In this 
author’s limited experience, similar fi ndings have 
occurred in contrast to the small-pore, heavy-
weight polypropylene materials or ePTFE. Some 
surgeons have suggested that this propensity for 
healing, even after a wound infection, supports 
the use of macroporous prosthetics and onlay 
grafts as hernia repairs [ 16 ].   

    Summary 

 Remember, your fi rst goal is to repair the entero-
cutaneous fi stula. Your second goal, IF SAFE, is 
to repair the hernia. Just because “repair” of the 
hernia can be done, it does not mean it should be 
done. A failed concomitant hernia repair, espe-
cially involving a major abdominal wall recon-
struction involving either the classic anterior 
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Ramirez type [ 17 ] or posterior transversus 
abdominis release, popularized by Novitsky [ 18 ] 
creates a signifi cant challenge for the surgeon 
managing the recurrence. The primary concerns 
for concomitant hernia repair are the risk of 
infection which will breakdown the hernia repair, 
the inability to utilize a permanent prosthetic, and 
the possibility (or in many instances, probability) 
that the patient is a “hernia-former” and any form 
of autogenous repair or “repair” with a bridging 
bioprosthesis will likely fail. Patients as well as 
their families and physicians should understand 
that recovery from an enterocutaneous fi stula 
complicated by a ventral hernia might very likely 
require a two-staged approach.     
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      Management of Infected Mesh 
in Ventral Hernias                     

     Kamal     M.  F.     Itani       and     C.     Jeff     Siegert     

          Overview and Costs 

  Ventral hernia      is one of the most common surgi-
cal problems addressed by general surgeons. The 
introduction of synthetic mesh improved hernia 
recurrence rates but resulted in potentially seri-
ous complications with mesh infection being one 
of the most feared among those complications. 
Treatment of an infected mesh requires tremen-
dous time and patience from both patient and sur-
geon. It is estimated that 3–10% of meshes will 
become infected after ventral hernia repair, and 
that 5% of all meshes will be partially removed or 
totally explanted at some point after surgery. 
Mesh infection places the patient at higher risk 
for subsequent infections after re-repair and 
higher risks for recurrence of the hernia. 

 Placing a prosthetic mesh in either a clean- 
contaminated or contaminated fi eld increases the 
hospital length of stay to 7 and 15 days, respec-
tively. It is estimated that the average inpatient 
cost of a ventral hernia repair averages $15,899 in 

non-governmental hospitals in the United States. 
In 2006, ventral hernia repair accounted for 3.2 
billion dollars. Each case of open ventral hernia 
repair with component separation and biologic 
mesh reinforcement costs over $20,000. Mesh 
infection results in additional operative proce-
dures, loss of ability to work, chronically drain-
ing wounds requiring outpatient care, occasional 
sepsis, and even death. The non-fi nancial toll a 
mesh infection takes on the patients, their fami-
lies, and overall life is hard to quantify [ 1 ]. 

 The goal of this chapter is to review various 
management strategies and techniques in order to 
tackle this serious problem, minimize impact on 
patients, and improve outcome. The methods of 
treatment range from oral antibiotics to radical 
abdominal wall reconstruction. There is no tried- 
and- true algorithm, and the remainder of the 
chapter’s discussion on treatment of ventral her-
nia mesh infection is arranged from least invasive 
to most invasive. The surgeon must tailor therapy 
to the individual patient depending on health sta-
tus, microbiologic data, nature of previous hernia 
operations, and the mesh that was implanted. The 
immediate goal of treatment is control of the 
infection. The endpoint of therapy is a durable 
repair of the abdominal wall and prevention of 
another infection and recurrence of the hernia. 
Ultimate success is measured by the prevention 
of hernia recurrence, subsequent surgical site 
infection (SSI) in the new prosthesis, and other 
wound-related complications. The data on the 
treatment of mesh infection is mostly  anecdotal 
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from small series, single institution, or single- 
author experience. Most of the data on handling 
wounds and recurrences after a mesh infection is 
extrapolated from data available on ventral her-
nia repairs in clean-contaminated and contami-
nated fi elds.  

    Mesh Selection and Wound 
Classifi cation 

  Since the 1960s, many  innovations   in biomaterial 
design have taken place in order to create an opti-
mal mesh for abdominal wall reconstruction and 
ventral hernia repair. Bacteria have also evolved 
to use the prosthetic material as a platform for 
colonization. Mesh attributes such as pore size, 
hydrophilicity, and fi lament engineering can 
select for or against bacteria. The most common 
bacterial pathogens are the gram-positive skin 
fl ora such as  Staphylococcus  species including 
 methicillin-resistant  Staphylococcus aureus  
(MRSA)   and Streptococcus species. Gram- 
negative organisms such as  E. coli  are also capa-
ble of colonizing mesh. Certain bacteria such as 
Staphylococcal species produce slime on syn-
thetic material that decreases the ability of antibi-
otics and phagocytic cells to reach bacteria. 

  Synthetic meshes   can broadly be classifi ed 
into monofi lament Polypropylene (PP), multifi la-
ment polyester,  expanded polytetrafl uroethylene 
(ePTFE)  , and composite meshes. PP has a high 
tensile strength but forms stout adhesions to 
bowel if placed intraperitoneally. Multifi lament 
polyester meshes have similar strength to poly-
propylene meshes but a tendency to result in less 
infl ammation and connective tissue formation if 
low weight. They still are not recommended for 
placement intraperitoneally and behave similar to 
PP in the face of infection. ePTFE was developed 
to counteract these enteric adhesions but seems 
to be less salvageable in the case of infection. 
Composite meshes usually combine polypropyl-
ene on one side to promote fi brous in growth and 
a smooth surface of another material such as 
PTFE on the other side to prevent enteric adhe-
sions. Clearance of bacteria from composite 
mesh has been shown to be poor compared to 

clearance from monofi lament polypropylene 
mesh [ 2 ]. 

  Bioprosthetic matrices   have been introduced 
as an alternative to synthetic mesh and are used 
by surgeons in contaminated fi elds. These prod-
ucts were not approved by the FDA for this spe-
cifi c indication but remain an appealing option 
for surgeons when faced with contamination. The 
ingrowth of fi broblasts within the collagen scaf-
fold and neovascularization allow for incorpora-
tion of the bioprosthesis within native tissues and 
clearance of microorganisms. Outcomes with 
these meshes in contaminated fi elds have been 
less than optimal in small prospective studies 
(Fig.  37.1 ).

   Wounds are classifi ed as clean, clean- 
contaminated, contaminated and dirty. In the 
abdominal cavity, a clean-contaminated case is 
the result of entry into the gastrointestinal (GI) 
tract but no spillage of enteric contents. In a con-
taminated fi eld, there is usually spillage from the 
GI tract or bowel ischemia/necrosis. 

 The majority of mesh infections occur in ven-
tral hernia repairs undertaken in clean- 
contaminated and contaminated fi elds. Surgeons 
have to often make a decision on whether to per-
form a single-stage repair in these instances or 
the more traditional multi-stage repair. In a 
single- stage repair a bioprosthetic matrix is 
favored [ 3 ]. In a multi-stage repair, infection is 
controlled in the fi rst operation with drainage of 
abscesses, debridement of necrotic tissue, and 
takedown of an enterocutaneous fi stula if it 
exists. Repair of the ventral hernia or abdominal 

  Fig. 37.1     Biologic mesh   in an infected fi eld after multi-
ple debridements       
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wall reconstruction is performed at a later time 
when the patient is fully recovered from the 
infection and the wound is healed. 

 The combination of wound classifi cation and 
mesh selection is crucial in preventing a mesh 
infection after ventral hernia repair. The  Ventral 
Hernia Working Group (VHWG)   introduced a 
classifi cation system to help the surgeon in the 
decision making when selecting a mesh repair 
(Table  37.1 ). In grades 3 and 4, synthetic meshes 
should be avoided and consideration given for 
either a single-stage bioprosthetic matrix or a 
multi-stage repair. In small prospective trials, a 
single-stage repair in these complex patients, 
demonstrate that recurrence rates and wound 
occurrences remain high. 

       Mesh Salvage 

    Salvage      refers to a conservative approach of 
treating mesh infections and leaving it in place. 
The fi rst step in salvaging a mesh is timely treat-
ment of any wound occurrence and the long-
term assessment of the patient, as a mesh 
involved with infection might not manifest until 
6–12 months after surgery. A SSI, wound sepa-
ration, or skin edge necrosis usually present in 
the immediate postoperative period. The fi rst 
thought is whether the mesh is infected and if it 
needs to be removed. If the mesh is deep to the 
wound with an overlying healthy tissue layer, a 
bacterial infection could potentially be eradi-
cated and a colonization of the mesh be pre-

vented. Superfi cial wound occurrences happen 
earlier in the postoperative period. When 
detected, the goal is to prevent extension to the 
level of the mesh by aggressive local wound 
care and broad-spectrum antibiotics. In cases of 
cellulitis alone, antibiotics should be adminis-
tered until resolution of the local symptoms and 
systemic symptoms, if present. If local symp-
toms progress or systemic symptoms do not 
resolve within 24–48 hours, a deeper infection 
should be suspected and a CT scan performed to 
rule out a deep abscess (Fig.  37.2 ).

   Most fl uid collections in the subcutaneous tis-
sues or around the mesh are seromas or hemato-
mas. It is crucial to avoid tapping these collections 
unless they are symptomatic or suspicious for an 
ongoing infection. The presence of a fl uid collec-
tion associated with systemic signs and symp-
toms of infection mandate aspiration and culture 
of the fl uid in question. In the case of infected 
fl uid around the mesh, recent anecdotes of total 
mesh salvage with locally guided treatment using 
systemic antibiotics coupled with a percutaneous 
drain and gentamycin drain fl ushes have been 
reported. Typically the drain is placed under 
radiographic guidance and gentamycin fl ushes 
are initiated after drainage drops to a manageable 
daily amount. This may be a reasonable step to 
avoid explantation of the mesh and abdominal 
wall reconstruction in a patient with a contained 
infection, and no systemic compromise [ 4 ]. 
However, the surgeon must determine when this 
approach has failed, and avoid delaying more 
defi nitive treatment. 

   Table 37.1    Ventral  hernia working group grading system   (reproduced from Breuing et al. Incisional ventral hernias: 
Review of the literature and recommendations regarding the grading and technique of repair. Surgery. 2010;148:544–58)   

 Grade 1  Grade 2  Grade 3  Grade 4 

 Low risk  Comorbid  Potentially contaminated  Infected 

 Low risk of complications  Smoker  Previous wound infection  Infected mesh 

 No history of wound infections  Obese  Stoma present  Septic dehiscence 

 Diabetic  Violation of the 
gastrointestinal tract  Immunosuppressed 

 COPD 

  Adapted from: Ventral hernia working group grading system (reproduced from Breuing et al. Incisional ventral hernias: 
Review of the literature and recommendations regarding the grading and technique of repair. Surgery. 2010;148:544–58)  
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 A fl uid collection in the spaces accessed dur-
ing surgery, should raise suspicion to bowel 
injury or leak and should be aggressively pur-
sued. Mesh salvage can still be undertaken if the 
organ/space infection is separate from the mesh 
by percutaneously tapping or draining the 
abscess. An enteric leak can be converted to con-
trolled fi stula through the drain. Should the mesh 
be totally exposed as a result of a deep SSI after 
subcutaneous tissue debridement, one can con-
sider few options that are available to salvage the 
mesh. Negative pressure wound therapy (NPWT) 
could be used after achieving control of the infec-
tion. The negative pressure therapy accelerates 
the granulation tissue incorporation throughout 
the mesh. If NPWT is not available, aggressive 
wet-to-dry dressing changes are also suitable. 
Macropore polypropylene mesh is associated 
with the best outcome in this situation (Fig.  37.3 ) 
while ePTFE usually fails to incorporate and has 
to be explanted entirely (Fig.  37.4 )   [ 5 ].

        Partial Salvage 

  Partial salvage      of the mesh is the next step among 
available surgical options. In many instances, a 
patient will present with a chronically draining 

sinus track after ventral hernia repair with mesh 
without any systemic signs or symptoms of infec-
tion. Sometimes there may be exposure or extru-
sion of synthetic mesh, evident at the base of the 
wound or with minor exploration in clinic. In 
order to assess the extent of tissue and mesh 
involvement, methylene blue can be injected 
through the sinus track. Under local anesthesia, 
with or without light sedation, the sinus is 
removed along with the exposed mesh at the base 

  Fig. 37.2     CT scan   depicting a deep-seated abscess after 
mesh repair of a ventral hernia       

  Fig. 37.3     Granulation tissue   within a macroporous poly-
propylene mesh after multiple debridements and wet-to- 
dry dressing changes       

  Fig. 37.4     Infected ePTFE mesh fl oating   in purulent fl uid       
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of the track. The tissue and any excised prosthesis 
are sent for culture/sensitivities, and the patient is 
placed on long-term antibiotics targeting the cul-
tured organisms. Once clean, the wound can be 
treated with NPWT or wet-to-dry dressings [ 6 ]. 

 All salvage techniques do spare the patient a 
major explantation procedure, but may require sev-
eral additional operations to control the infection 
and remove non-incorporated and/or infected mesh. 
The patient may also end up with chronically drain-
ing wounds, which would adversely affect their 
quality of life. All patients undergoing partial sal-
vage are at increased risk for hernia recurrence.  

    Mesh Explantation 

 If the mesh cannot be  salvaged   using the above 
techniques, then explantation is necessary. 
Explantation is usually the only solution with 
ePTFE mesh, as ePTFE fails to integrate in the 
presence of infection. This is also true to some 
extent with low-weight multifi lament polyester 
meshes (Fig.  37.4 ). The dilemma for the surgeon 
is whether to plan a staged procedure in which 
the infected mesh is removed and the patient is 
left with a large fascial defect or undergo a one- 
stage procedure with explanting the mesh and 
performing a primary repair or placing a new 
prosthesis in a contaminated fi eld. In a staged 
procedure, the time frame between infected mesh 
explantation and placement of new mesh ranges 
from 6 months to 2 years. Obviously, the patient 
may develop a loss of domain between explanta-
tion and abdominal wall reconstruction. Patients 
with signs and symptoms of sepsis should be 
taken immediately to the operating room for 
removal and debridement of mesh and any asso-
ciated necrotic tissue and to control spillage of 
bowel contents, if present. A temporary closure 
strategy would be reasonable in these patients 
using skin only, an abdominal wound vacuum 
system, Bogotá bag or other available techniques. 
Explantation should include the removal of any 
fi xation sutures or tacks in addition to the mesh 
itself as they can cause chronic cutaneous sinuses. 
Reconstruction should be undertaken at a later 
time in these patients. 

 A one-stage operation should be selected only if 
the amount of contamination is minimal and all 
necrotic tissues are satisfactorily debrided. In this 
situation, a primary fascial closure with or without 
component separation can be chosen. Alternatively, 
reconstruction with a biologic matrix can be per-
formed. Great caution should be applied when 
deciding on a one-stage repair after mesh explanta-
tion as new dissection planes within the abdominal 
wall can be placed at risk for additional infections. 
Component separations without a mesh or a bio-
logic mesh reconstruction in this situation have a 
hernia recurrence rates above 20% at 2 years [ 7 ,  8 ].  

    Risk Factors and Prevention 

 Efforts in the  prevention   of a mesh infection are 
paramount and outweigh any efforts expanded in 
the care of patients with a subsequent mesh 
infection. There are important patient and opera-
tive risk factors that increase the likelihood of a 
ventral hernia mesh infection. Some of these fac-
tors are more easily addressed than others. 
Smoking, diabetes, chronic obstructive pulmo-
nary disease, nutritional status, immunosuppres-
sion, chronic steroid use, obesity, advanced age, 
large hernia defects, prolonged operative time, 
and postoperative wound infections have all 
been shown to be risk factors for mesh explanta-
tion. Strategies to address these risk factors and 
optimize the patient should be in place prior to 
any elective ventral hernia surgery. Additionally, 
a properly dosed and re-dosed intravenous 
 prophylactic antibiotics, normothermia, and 
 normoglycemia in the perioperative period are 
evidence- based measures that should be 
observed.  Smoking   cessation and weight loss 
should be part of the care plan in these patients. 
The use of ePTFE mesh or concomitant proce-
dures during hernia repair has been shown to 
result in a higher rate of mesh explantation in 
one large cohort of patients. Regarding the pre-
vention of ventral hernia mesh infection during 
initial repair, there is no good data in the literature 
to support topical or embedded antibacterial 
agents within the mesh in addition to prophylac-
tic IV antibiotics [ 9 ].  
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    Conclusion 

 Preventing a mesh infection in ventral hernia 
repair should be the main goal of every surgeon 
caring for those patients. Once it occurs, the treat-
ment is a complicated and costly process. Many 
treatment options are described and the choice of 
one over the other should be individualized based 
on patient’s condition and presentation. 

 The key principle in caring for those patients 
is to fi rst control the infection. Salvaging a mesh 
is a secondary goal and should only be attempted 
if the patient’s condition allows. The type of 
mesh implanted and the technique used will often 
dictate whether a mesh can be salvaged. Partial 
salvage and explantation of a mesh are associated 
with hernia recurrence and additional surgeries.     
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      Management of Ventral Hernia 
in the Morbidly Obese Patient                     

     Jeffrey     A.     Blatnik       and     Ajita     S.     Prabhu     

          Introduction 

 Ventral hernia repair in the United States is esti-
mated to occur up to 365,000 times a year, with 
an estimated healthcare cost of $3.2 billion [ 1 ]. 
The development of a ventral hernia itself is one 
of the most frequent complications following 
abdominal surgery. As the prevalence of morbid 
obesity and ventral hernias continues to increase, 
this remains an ongoing challenge for the prac-
ticing general surgeon who is faced with repair-
ing hernias in this complicated population [ 1 , 
 2 ]. Additionally, while the specifi c role of obe-
sity in hernia recurrence is diffi cult to defi ne, it 
seems clear that morbid obesity may indeed be a 
contributing factor [ 3 ], and thereby also places 
these patients in a different risk category of 
patients undergoing hernia repair [ 4 ]. In fact, 
morbidly obese patients are nearly four times 
more likely to develop recurrence after both 
open and laparoscopic ventral hernia repair than 

their non-obese counterparts [ 5 ,  6 ]. This may be 
related to higher intra-abdominal pressure in 
obese patients [ 7 ], and/or to an increased risk of 
surgical site infection associated with these 
patients [ 8 ]. Numerous concerns have led sur-
geons to resist offering elective hernia opera-
tions to the morbidly obese population which 
include increased wound morbidity as well as 
higher rate of other systemic complications such 
as thromboembolic or cardiac events, increased 
hernia recurrence rate, and fi nally technical 
challenges of the operation specifi cally related 
to the patient’s size. 

 While it is clear that there is a higher inci-
dence of complication and hernia recurrence 
associated with morbid obesity, to date there is 
still no working consensus for how to approach 
these patients from the standpoint of patient 
selection. Additionally, there is a lack of an 
accepted classifi cation or staging system to help 
describe the disease entity specifi c to each 
patient. It follows that when we are unable to 
defi ne the disease process and differentiate 
between varying levels of complexity, then it 
becomes diffi cult to standardize algorithms to the 
approach of these patients. The objectives of this 
chapter are to detail different obese patients’ vari-
able and how they factor into our surgical deci-
sion-making. Additionally, we will provide a 
suggested algorithm (Fig.  38.1 ) for the manage-
ment of the obese patients.
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      Body Mass Index 

  Body Mass Index (BMI)    was   originally 
described by Adolphe Quetelet in 1832, but 
owes its popularity to a study by Keys in 1972 
which found BMI to be the best proxy for calcu-
lating body fat percentage based on weight and 
height [ 9 ,  10 ]. It has found use in everything 
from calculating life expectancy to determine 
insurance premiums. BMI as a data point alone 
is insuffi cient to determine an operative 
approach for a morbidly obese patient, and 
should be considered only as one of the factors 

in decision-making, as opposed to the only fac-
tor. Despite the fact that BMI has limited use as 
an index of obesity, because it does not take into 
account the ratio of fat mass to fat-free mass, it 
is nevertheless frequently used as a surrogate 
for the designation of obesity. This phenomenon 
is well described in athletes [ 11 ]. In addition to 
 BMI  , other patient-specifi c characteristics that 
should be considered include those listed in 
Table  38.1 . Previous attempts at creation of an 
algorithm have failed to take into account the 
heterogeneous patient population and therefore 
are not widely applicable [ 12 ].
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Hernia

Asymptomatic

Symptomatic

Lifestyle 
modification

No 
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Repair With 
Mesh

  Fig. 38.1    Proposed algorithm for a morbidly obese patient with a ventral hernia.       
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        Size of the Defect 

 The size of the hernia  defect   relative to the depth 
of the abdominal wall is a relevant factor in help-
ing to determine the ultimate operative approach, 
whether it will be minimally invasive or open. In 
the case of a morbidly obese patient with a rela-
tively small defect size, an open approach may 
become unmanageable or unreasonable based on 
the thickness of the subcutaneous tissue. For 
instance, a laparotomy incision for a 9 cm 2  defect 
may be considered excessive in a patient with 
abdominal wall thickness greater than 5 cm and 
BMI of 70, whereas the same sized defect in a 
patient with a normal BMI may be approached in 
an open fashion without reservation, while using 
one relatively small incision, and possibly even 
avoiding general anesthesia. In the former case, 
the challenge lies in gaining appropriate expo-
sure to place the mesh, and subsequently also 
determining the appropriate plane in which to 
place the mesh and, fi nally, how to fi xate it. In 
the author’s own practice, relatively small her-
nias (<8 cm width) in patients fi tting this descrip-
tion (thick layer of subcutaneous fat/thick 
abdominal wall or BMI > 40) would undergo 
minimally invasive repair. With the abdomen 
insuffl ated, there is relatively good visualization 
of the defect, giving the surgeon the ability to 
achieve adequate mesh overlap while avoiding a 
large incision which could potentially result in 
signifi cant wound morbidity and lengthened 
recovery times. Additionally, defects of small to 
medium size (up to 8 cm greatest diameter in the 
author’s personal practice) may still be closed 
laparoscopically using the so-called laparo-

scopic “shoelace technique” (Chapter   23    ) by 
which a suture passer device is used under direct 
laparoscopic vision to place a series of inter-
rupted fi gure-of-eight sutures to close the defect 
primarily before placing a prosthetic reinforce-
ment. This provides the benefi t of closing the tis-
sue defect  in addition to mesh placement which 
may restore some function of the abdominal wall 
and reduce seroma formation by closing the 
dead space above the mesh. 

 As the defect size becomes larger and its rela-
tive surface area as compared to the surface area 
of the abdominal wall increases, mesh eventra-
tion may  occur   with laparoscopic repair over 
time if the fascia is not reapproximated. This is 
likely due to excessive intra-abdominal pressure 
against the mesh, resulting in an undesirable out-
come. Strong consideration should be given to 
open repair in these patients, with myofascial 
release and wide prosthetic reinforcement of the 
visceral sac in order to restore the natural contour 
of the abdominal wall and avoid “pseudohernia” 
formation which is when the laparoscopically 
placed mesh takes on the contour of the original 
hernia and appears as a recurrence.  

    Body Morphology of the Patient 

 Distribution of fat is  another   factor that should be 
considered when determining operative approach. 
Fat may be distributed in an apple-shaped or 
android distribution, a pear-shaped or gynoid dis-
tribution, or an ovoid distribution, which is a 
hybrid or intermediate shape where fat may be 
more evenly distributed throughout the body. 
While the term “android” implies “male” and the 
term “gynoid” implies “female,” body morpholo-
gies are not restricted to sex, and either fat distri-
bution may be seen in both males or females. 
Android obesity refers to distribution of fat 
around the central portion of the body, or the 
abdomen. In addition, android fat distribution 
may be further categorized as either visceral (also 
known as intra-abdominal fat) or subcutaneous 
fat as the predominant distribution type. Gynoid 
obesity refers to the greatest distribution of fat 
around the hips and buttocks as opposed to the 

   Table 38.1    Factors in determining  operative approach   to 
morbidly obese patients with hernias   

 Absolute diameter of defect (≤8 cm; >8 cm) 

 Surface area of defect compared to surface area of 
abdominal wall 

 Body morphology of patient (android vs. gynoid vs. 
ovoid) 

 Distribution of fat (visceral vs. subcutaneous) 

 Number of previous recurrences/intended technique 

 Mesh location/history of contamination 

 Mesh choice 
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abdomen, and may be the most preferable body 
type in the morbidly obese population in terms of 
operative candidacy for hernia repair. Android 
obesity represents the least preferable fat distri-
bution for hernia repair as this places the largest 
amount of stress on the abdominal wall. A pri-
marily subcutaneous fat distribution leads to 
increased wound morbidity, diffi culty in gaining 
exposure for open operations, excessive torque 
on minimally invasive ports, and ergonomic dif-
fi culty for the surgeon. In contrast, visceral fat 
confers a greater issue in terms of volume and 
occasionally domain, therefore making open 
repair technically challenging. While a large vol-
ume of visceral fat may be more manageable 
laparoscopically, the presumably greater intra- 
abdominal pressure may still put excessive out-
ward force on the prosthetic repair and confer a 
greater risk of long-term repair failure. 

 For patients with android and visceral type fat 
distribution both open and laparoscopic approach 
may be considered. In general, our approach to 
those patients favors minimally invasive repair, 
especially when the defect is ≤8 cm wide. 
Notably, visceral obesity (as opposed to other fat 
distribution types) is associated with insulin 
resistance, dyslipidemia, hypertension, and coro-
nary artery disease, all of which may contribute 
to perioperative morbidity. It remains to be fur-
ther elucidated whether visceral fat distribution 
should affect the decision to operate on the 
patient prior to weight loss and if so, if one 
 should   utilize a laparoscopic or open technique. 
Gynoid fat distribution may lend itself to either 
operative approach as the hip, thigh, and buttock 
are relatively uninvolved in ventral hernia repair. 
Android fat distribution may be challenging for 
either open or laparoscopic approach due to the 
fact that excess fat is centered around the abdo-
men. With this type of distribution, the decision 
to operate is more dependent upon the severity of 
obesity than with other types of fat distribution.  

    Number of Previous Repairs 

  Morbidly obese patients who   have had multiple 
hernia recurrences represent a different level of 
complexity than the same patients with new 

hernias. Factors to consider in these patients 
include prior use of mesh, reason for failure, and 
location of prior mesh, if present. For instance, a 
morbidly obese patient with a failed onlay mesh 
repair of a small to moderate sized defect may 
still remain a candidate for laparoscopy because 
there is no mesh in the abdomen. In contrast, a 
patient with a failed prior laparoscopic repair and 
retained intraperitoneal mesh may necessitate 
open operation if the mesh cannot be removed 
laparoscopically. Additionally, for multiply 
recurrent hernias, even if laparoscopic approach 
is considered feasible, the surgeon should con-
sider a possibility of conversion to open repair 
during preoperative planning. This speaks to the 
variable nature of reoperative surgery in a com-
plex group of patients and may suggest that such 
patients are best managed at specialty centers. 

 For very symptomatic patients who have mul-
tiple recurrences in the setting of multiple comor-
bidities, consideration should be given to a 
temporizing or non-reconstructive approach. This 
is especially true if it is felt that the degree of obe-
sity precludes a good defi nitive outcome at the 
time of the original operation. Options for tempo-
rizing approach include intraperitoneal biologic 
mesh with transfascial suture fi xation, or  intra-
peritoneal onlay mesh (IPOM)   through a laparo-
scopic approach, depending on the size of the 
hernia and distribution of fat. At that point, the 
patient would be referred for either medical or 
surgical weight loss, with delay of formal recon-
struction until the patient reached a goal weight as 
decided between the patient and surgeon.  

    Mesh Location 

 It is generally agreed upon that morbid obesity is 
 an   indication to repair ventral hernia defects with 
prosthetic reinforcement. For laparoscopic ven-
tral hernia repair, mesh (typically with an 
 anti- adhesive barrier on the visceral-facing sur-
face) is placed into the intraperitoneal position. 
Despite the presence of anti-adhesive barriers, 
intraperitoneal onlay mesh (IPOM) is arguably a 
less desirable location for prosthetic reinforce-
ment due to increased risk of adhesions, fi stula 
formation, and fi xation-related complications 
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such as chronic pain or tack-related bowel injury. 
The relationship of IPOM to these complications 
has been studied but is diffi cult to defi ne, and the 
effi cacy of anti-adhesive barriers remains 
unclear. Still, in morbidly obese patients, as men-
tioned above, the body habitus of the patient may 
dictate laparoscopic repair in order to decrease 
perioperative morbidity. If one is operating under 
the assumption that IPOM is less desirable than 
preperitoneal, retrorectus, or onlay mesh position 
due to these potential complications, it can be 
argued that morbidly obese patients undergoing 
laparoscopic repair of ventral hernias may not 
receive the optimum repair. As minimally inva-
sive techniques continue to evolve and priorities 
of hernia repair change, it remains to be seen if 
modalities such as robotics may lend themselves 
to preperitoneal placement of mesh through small 
incisions, thereby avoiding some of the potential 
complications of intraperitoneal mesh with mini-
mal wound morbidity. 

 When considering open hernia repair, choice 
of mesh location may differ based upon the 
patient’s obesity. For open repair, we typically 
avoid intraperitoneal mesh placement as more 
desirable options for location are made feasible 
by the open approach. Other options for mesh 
location include onlay or retrorectus sublay mesh 
placement. While there is some good evidence to 
support the use of onlay mesh reinforcement in 
certain patients, the already-increased risk of 
wound morbidity owing to excessive adipose tis-
sue, poor vascularity, large potential subcutane-
ous space, and insulin resistance may 
subsequently result in increased wound morbid-
ity and resultant mesh infection. As a result, we 
prefer to avoid onlay repairs in morbidly obese 
patients. Other options for open repair include 
retrorectus mesh placement, which has become 
our preferred approach to open hernia repair in 
morbidly obese patients. Limitations to this 
approach may include technical and physical 
challenge to the surgeon, particularly in the case 
of visceral obesity. Benefi ts of this approach 
include fi ner control of tension on the mesh, 
potential ease of reapproximating the midline, 
avoidance of a large subcutaneous space, and 
avoidance of intraperitoneal or subcutaneous 
mesh. Importantly, wound infections in patients 

with sublay mesh reinforcement rarely progress 
to mesh infections and need for explantation.  

    Mesh Choice 

 Choice of prosthetic reinforcement is an addi-
tional consideration. Broad mesh categories 
include synthetic mesh, biologic mesh, hybrid 
mesh, and  absorbable   mesh. Rapidly absorbable 
meshes (half-life of <6 months) are indicated for 
contaminated fi elds or staged operations, and 
essentially serve no role in the elective repair of 
hernia in morbidly obese patients. Newer itera-
tions of slowly absorbing meshes have come to 
market, however their role is not yet well defi ned. 
Similarly, hybrid meshes typically consist of a 
biologic element as well as a permanent synthetic 
element, but to date have not been well studied. 
Biologic mesh, while widely utilized in plastic 
surgery literature for elective hernia repair, is 
associated with a signifi cant rate of eventration 
or recurrence and is also signifi cantly more 
expensive than synthetic meshes. Its best use 
may be in contaminated fi elds or emergency set-
tings where staged repair may be anticipated. An 
additional indication for biologic mesh use may 
be intraperitoneal positioning for patients in 
whom weight precludes a defi nitive operation. 

 For elective clean cases, the preferred mesh 
material remains permanent polypropylene syn-
thetic mesh. There are many different confi gura-
tions of these mesh materials, and consideration 
should be given to the porosity and weight of the 
mesh material making a selection for use in a mor-
bidly obese patient. While higher porosity/lower 
weight meshes may be advantageous in terms of 
better ability to clear infection, they are not cur-
rently available in large enough sizes for certain 
situations to cover the necessary surface area with-
out sewing multiple pieces of mesh together. 
Moreover, it remains unclear at which point the 
reduced-weight meshes are unable to withstand 
intra-abdominal forces and yield to central mesh 
failures and recurrences. For this reason, when 
given large hernia defects in morbidly obese 
patients, in absence of active infection, it is our 
preferred approach to use a mid-to-heavy weight 
polypropylene mesh for most open repairs.  
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    Preoperative Planning 
and Weight Loss 

  Preoperative preparation and planning   for elec-
tive hernia repair in the morbidly obese patient 
population is generally similar to that of other 
general surgery procedures, perhaps with some 
additional caveats. When evaluating patients in 
the offi ce, we fi nd it helpful to obtain a CT scan 
of the abdomen and pelvis, especially since phys-
ical exam can be very challenging in the obese. 
This helps to assess the size of the defect, the 
depth of the subcutaneous tissue in the abdomi-
nal wall, the extent of visceral fat, the width of 
the specifi c abdominal wall muscles (hence 
potential for myofascial release if indicated), and 
loss of domain if present. All of these variables 
weigh into the selection of the optimal operative 
approach. 

 Depending on the severity of symptoms from 
the hernia, the surgeon may choose to delay sur-
gery in order to allow the patient time to lose 
weight. The importance of weight loss in terms of 
overall health and potential reduction of hernia 
recurrence risk is discussed in the offi ce with each 
patient, and potential strategies for weight loss are 
offered. Initial discussion for all patients should 
begin with lifestyle modifi cation. Additional 
strategies may include referral for evaluation for 
bariatric surgery or referral to a medical weight 
loss clinic for guided weight loss planning. Here it 
is important to note that in our own center it 
remains unclear what percentage of our patients 
who are given referrals are ever evaluated by 
weight loss specialists. In our experience, those 
patients who are able to undergo medical weight 
loss treatment under the care of a physician have 
signifi cant success at losing weight. However the 
majority of them have regained at least some por-
tion of the lost weight over the next 18 months. 
Additionally, very few of our patients follow 
through with referrals to our bariatric center, and 
the reason for this remains uncertain. The benefi ts 
of preoperative weight loss may include reduction 
of risks of recurrence, wound morbidity, and peri-
operative events as well as decrease in the techni-
cal challenges of the operation for the surgeon; 
however, this has not been well studied or 

described in hernia literature. Also, as obesity in 
and of itself has not been identifi ed as an indepen-
dent risk factor for hernia recurrence, the ultimate 
impact of weight loss in the perioperative period 
remains unclear. In support of the relationship 
between BMI and postoperative morbidity, Sanni 
et al. reported that in the bariatric surgical patient 
for every point increase in BMI, there was a 2% 
increase in the risk of postoperative complications 
[ 13 ]. Finally, as patients may struggle with keep-
ing weight off once it is lost, the ultimate conse-
quence of regaining weight after hernia repair is 
also unknown. While it seems intuitive that pre-
operative weight loss should result in a better 
overall outcome, this remains diffi cult to prove. 
The ultimate decision of timing of an operation 
then falls to the surgeon and may depend on the 
surgeon’s comfort level and skill set. 

 All morbidly obese patients undergoing major 
abdominal surgery at our institution are also sent 
to the Center for Perioperative Medicine, where 
they are evaluated for cardiac and pulmonary 
issues. Many patients with morbid obesity also 
undergo preoperative sleep study to rule out 
obstructive sleep apnea, and if found to be positive 
will be placed on continuous positive airway pres-
sure for their postoperative care in order to reduce 
perioperative respiratory events. They are also 
monitored continuously for oxygen saturation lev-
els during the postoperative period. Diabetic 
patients have a preoperative hemoglobin A1C 
tested and surgery is delayed until the level is ≤8 
to minimize potential wound morbidity.  

    Concomitant Bariatric Surgery 
with Ventral Hernia Repair 

 The question regarding the safety of a combined 
bariatric surgery and  ventral hernia repair   is a 
recent area of discussion. The potential of saving 
the patient an additional operation is an obvious 
benefi t. However, there is some concern regard-
ing the risk for mesh infection when combining 
with a sleeve gastrectomy or roux-en-y gastric 
bypass. Cozacov et al. evaluated intraoperative 
cultures in patients undergoing bariatric surgery 
and found the positive culture rate following 
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sleeve gastrectomy to be zero; in contrast, the 
positive culture rate was 15% in patients under-
going roux-en-y gastric bypass [ 14 ]. Recently, 
several authors have reviewed their series and 
have found that a combined procedure can be 
performed with good success and a low risk of 
perioperative morbidity [ 15 – 17 ].  

    Conclusion 

 In conclusion, morbidly obese patients who pres-
ent for hernia repair represent a challenge for sur-
geons. For the surgeon, preoperative and 
intraoperative decision-making remains complex. 
In addition, stratifying a patient’s risk for compli-
cations remains nearly impossible due to the vari-
ability of factors. One certainty is that the 
incidence of morbid obesity in the United States 
appears to be increasing, and it stands to reason 
that the percentage of morbidly obese patients 
with hernias will continue to rise as well. While 
patients should be encouraged to lose weight pre-
operatively, the authors recognize that this is 
largely unsuccessful, and even when weight loss 
is successfully achieved, keeping the weight off 
becomes another challenge. Regardless, it is 
incumbent upon the surgeon to address the care of 
these patients and to consider the variables which 
may affect the possible outcome and postopera-
tive morbidity. It is therefore crucial to employ 
some strategy and consistent approach to these 
patients despite the lack of a standard algorithm.     
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           Introduction 

 Presentation of incarcerated or strangulated hernias 
is one of the most common reasons for consultation 
from the emergency room a general surgeon 
receives. For clinical and/or socioeconomic reasons, 
many of these hernias have progressed over time to 
reach “emergency” status. In addition to the emer-
gent nature, the patient’s underlying physiology pre-
disposes these patients to higher perioperative risks. 
 Morbidity and mortality   are signifi cantly increased 
in this patient population [ 1 – 4 ]; and likewise, the 
durability of these repairs is signifi cantly lower than 
elective repairs. These patients can be complex and 
the surgical options are diverse. Risks and benefi ts 
for both the immediate and long term time frames 
have to be considered to achieve the best outcome. 

 The most common emergent abdominal wall 
hernias are comprised of ventral and groin her-
nias.  Ventral hernias   include incisional, parasto-
mal, spigelian, epigastric, and umbilical.  Groin 
hernias   include inguinal and femoral hernias. The 
clinical characteristics of these hernias include 
reducible, incarcerated, and strangulated. The 
crux of the clinical decision is operating early on 

incarcerated hernias prior to the transition to 
strangulation. This decreases the likelihood of 
bowel ischemia, perforation, and need for resec-
tion. Strangulated hernias have a much greater 
likelihood of mortality and morbidity and signifi -
cantly limit the choices for repair [ 3 ,  5 – 15 ]. 

 The workup of these  complex hernias   can be 
cumbersome and is often performed by non- 
surgeons. These patients have often been rele-
gated to minimal resuscitation and aggressive 
imaging that is often unnecessary. A good surgi-
cal history, especially timing and techniques used 
in prior repair, is always important. On physical 
examination, an immediate operation is indicated 
when there is signifi cant tenderness, peritonitis, 
or severe pain out of proportion to exam. In addi-
tion, hard signs on imaging, such as free air and 
pneumatosis, as well as physiologic derangement 
are also indications for an urgent exploration. 

 In addition to the patients’ physiology, the surgi-
cal considerations are different as well. Specifi cally, 
in addition to the  abdominal wall defect  , the sur-
geon’s fi rst consideration is now the content of the 
hernia sac and assessing for presence of transition 
point and viability of bowel. Furthermore, the her-
nia itself takes on a new dimension of complexity 
that includes soft tissue swelling, potential loss of 
domain, and presence of prior mesh and whether 
the mesh itself may be contaminated. 

 In this chapter we will describe how to 
approach the workup, imaging, and surgical 
management of common hernia emergencies.  
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    Inguinal Hernia 

    Inguinal hernias      are the most common hernias in 
males and females. Asymptomatic reducible 
inguinal hernias can be watched safely in select 
patients and these patients do not require emer-
gent operations [ 16 ,  17 ]. The remainder of ingui-
nal hernia “emergencies” falls into three 
categories. First category includes those patients 
that present with pain and their hernias are diffi -
cult to reduce. Once reduced either with con-
scious sedation or the surgeon’s skilled hands, 
these patients should be considered for early 
elective repair or admitted for urgent repair. The 
second category includes those who have acutely 
incarcerated inguinal hernias that are irreducible 
despite sedation. The timing of this operation 
depends on whether the surgeon believes this 
represents a strangulated hernia or if the hernia is 
the cause of bowel obstruction. The third cate-
gory of patients includes those with strangulated 
inguinal hernias. The risk for acute strangulation 
is 3/1000 patients [ 7 ]. Clinical exam fi ndings that 
suggest need for operative repair are skin discol-
oration, such as dark red or blue-black. Other 
fi ndings include pain out of proportion to exam, 
evidence of severe sepsis or shock, and lactate 
associated acidemia. 

 As expected, emergent groin hernia repairs 
have increased morbidity and mortality com-
pared to elective repairs [ 7 ,  14 ,  18 – 20 ]. The 
pathology that contributes to this increased mor-
bidity and mortality is often the presence of 
necrotic or ischemic bowel causing intra- 
abdominal sepsis. Bowel resections are not 
uncommon in this disease process. Additionally, 
vascular supply to the testicle could be compro-
mised during the repair of the most complex 
inguinal hernias, such as recurrent hernias. These 
are important discussion points with the patient 
during the informed consent process. 

 Patients undergoing emergent inguinal hernia 
repair in the absence of bowel resection, isch-
emia, or peritonitis have no increased risk of 
mesh-related morbidity [ 6 ,  8 ,  13 ,  21 – 24 ]. 

 The two approaches to consider are either 
open or laparoscopic. Laparoscopic hernia 
repair has merit in selected patients. Diagnostic 
laparoscopy can be performed with attempted 

manual extracorporeal reduction and/or laparo-
scopic reduction. Aside from the minimally 
invasive approach for reduction, bowel viabil-
ity can be easily inspected; and laparoscopic 
hernia repair could be followed. Mesh selec-
tion deserves special consideration if the oper-
ative fi eld is deemed contaminated. The 
surgeon may also choose to convert to an open, 
tissue-based repair. 

 Open repair can proceed in one of two ways, 
supra inguinal or via laparotomy. If bowel is 
unable to be reduced safely, or resection and 
anastomosis will be technically challenging, then 
laparotomy should be performed to facilitate 
resection and anastomosis. The hernia is often 
constricted by the internal inguinal ring therefore 
sharply incising the internal inguinal ring can 
allow reduction and/or evaluation of the hernia 
contents. Once performed, it is key to prevent the 
hernia from reducing into the abdominal cavity 
until the hernia sac has been opened and contents 
identifi ed. If the hernia content was reduced, 
laparoscopy is a useful adjunct to evaluate for 
bowel viability.   

 Strangulated bowel can be addressed via the 
groin incision, laparotomy, or laparoscopy. If the 
bowel is not grossly ischemic or infarcted, then 
reduction into the abdominal cavity is appropri-
ate. It is prudent to ascertain return of blood sup-
ply prior to the defi nitive repair.   

 Repair of the hernia can be tissue or prosthetic 
repair. If gross contamination occurs or if a sur-
geon feels that the risk of mesh infection is high, 
there are some options:

•    Tissue repairs commonly employed are the 
Bassini and McVay repairs  

•   Lichtenstein with biologic mesh—options are 
acellular dermal matrix, porcine dermal 
matrix, and other “bio-synthetic” mesh    

•   Absorbable mesh plug such as polyglactin     

    Femoral Hernia 

   Watchful waiting cannot be applied in the major-
ity of patients with   femoral hernias     , especially if 
they are symptomatic. There is a very high risk of 
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incarceration and strangulation [ 25 – 27 ] and fem-
oral hernias are more commonly present in 
women [ 28 ]. Emergency surgery for incarcerated 
or strangulated hernia has increased morbidity 
and mortality. Pain is typically pinpointed in the 
area of femoral canal and the patients can also 
complain of paraesthesias in the leg in this region. 

 Typically this hernia is diagnosed based on 
physical exam, but it’s not uncommon to be diag-
nosed on imaging modalities, such as a CT scan. 
Femoral hernias can move cranially near or 
above the inguinal ligament making them diffi -
cult to palpate. 

 Operative management can be laparoscopic or 
open. In the laparoscopic approach, one can iden-
tify size and extent of hernia, presence of bowel 
ischemia, or infarction and concomitant hernias. 
Reduction can be successful; however, one must 
consider opening hernia defect sharply to allow 
reduction. Repair of hernia has many options 
after reduction:

    1.    Suture repair intra-corporally   
   2.    Ligation of hernia sac intra-corporally   
   3.    Peel down peritoneum with placement of 

mesh prosthesis or mesh plug placement     

 Open repair can be performed via different 
approaches:

    1.    Supra-inguinal   
   2.    Infra-inguinal   
   3.    Laparotomy     

 Supra-inguinal approach is the most common 
approach to the femoral hernia. The type of 
repair depends on hernia contents and  viability. 
If the contents are ischemic/necrotic or there is 
a concern for bacterial translocation, most sur-
geons would consider a tissue repair (Bassini or 
McVay) and/or Vicryl plug of the femoral canal. 
Mesh prosthesis in a Lichtenstein repair is con-
sidered safe in a clean-contaminated case; how-
ever, gross contamination comes with 
exceedingly high risk for mesh infection and,  
therefore mesh should be avoided. The inguinal 
and/or lacunar ligament can be divided if the 
hernia contents cannot be reduced. 

 If the hernia contents spontaneously reduce 
during induction of anesthesia, a diagnostic lapa-
roscopy should be performed to evaluate the 
reduced contents. If no ischemia or necrosis is 
seen, then proceeding with an open or laparo-
scopic mesh repair is logical.    

    Umbilical Hernia 

   True  umbilical hernias      are quite common and are 
typically reducible in the non-obese patient. 
Problematic umbilical hernias that can present 
emergently are often in the obese and/or patient 
with cirrhosis. Obesity profoundly impacts the 
ability to reduce all hernias, even umbilical her-
nias. The thick abdominal wall adipose tissue 
often prevents the clinician from appreciating the 
hernia orifi ce; therefore, reduction is diffi cult. 
Also, complete reduction can be hard to confi rm 
secondary to thickness of abdominal wall.  

 The decision-making becomes complex in the 
presence of cirrhosis. Classically, surgeons are 
trained to never operate on these hernias; how-
ever, evisceration from an umbilical hernia in a 
cirrhotic patient has an extremely high mortality 
rate [ 29 ,  30 ]. Ultimately, cirrhotic patients with 
large and/or problematic umbilical hernias are 
best treated by liver transplantation, if possible. If 
an emergent repair is needed, cirrhotic patients 
with umbilical hernias are best suited to undergo 
repair at a tertiary care facility. These patients 
benefi t from having access to surgical intensive 
care units, interventional radiologists (for 
 trans- hepatic porto-systemic shunts), hepatolo-
gists and acute care general surgeons for pre-
operative optimization and postoperative 
management [ 31 ]. The literature now favors elec-
tive repair of the umbilical hernia in a cirrhotic 
patient, provided that preoperative optimization 
of their liver function and ascites is undertaken 
[ 32 – 34 ]. This is achieved largely through salt and 
fl uid restriction and diuresis. These are not 
always reasonable options in the patient present-
ing with acute incarceration and/or strangulation. 
Reduction with sedation can be attempted as 
well. The goal for reduction is to address the 
emergent problem to allow for optimization of 
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liver function in preparation for a surgical repair. 
Large-volume paracentesis can help achieve eas-
ier reduction secondary to increased abdominal 
domain and decreased intra-abdominal pressure. 
Placement of a drain should be considered; but 
the volume of drainage needs to be controlled 
and the patient’s intravascular volume should be 
monitored closely and managed appropriately. 
Otherwise, the surgical technique for a hernia 
repair is not unlike that of an elective repair.    

    Ventral Incisional Hernia 

 An incisional hernia is typically an elective oper-
ation. In the emergent situations, there are two 
parts to the operation that can be considered 
independently: 

    1.     Bowel viability and/or bowel obstruction   
related to the hernia   

   2.    Hernia itself     

 On examination, the patients requiring emer-
gency surgery will often be in excruciating pain, 
can have nausea, vomiting, skin changes over the 
hernia, as well as focal and generalized peritoni-
tis. Attempts at reduction are appropriate; how-
ever, recurrence is highly likely. The hernia sac is 
often fused to the previous mesh prosthesis and 
will never allow for complete reduction. This 
creates a lead point to re-herniate. Also, true 
reduction in the obese patient with a large defect 
is typically unlikely. Recurrent admissions for 
these patients should warrant serious consider-
ation for inpatient repair after optimization. 

 These are often the most diffi cult hernia to 
deal with in an urgent or emergent  scenario  . 
Complicating factors are typically:

    1.    Presence of mesh(es)   
   2.    Large hernia sac   
   3.    Swiss-cheese defects   
   4.    Large hernia components   
   5.    Morbid obesity   
   6.    Decreased abdominal domain    

  CT scans should be obtained as it gives valuable 
information about the dimensions of the defect as 

well as associated intestines. Plain fi lms demon-
strating a bowel obstruction with the presence of a 
ventral incisional hernia is helpful, but does not 
provide other  anatomic information   such as:

    1.    Location of hernia   
   2.    Size of hernia   
   3.    Abdominal domain available   
   4.    Multiple defects   
   5.    Bowel appearance, transition point in the her-

nia, hernia contents   
   6.    Presence of mesh (not always able to visualize 

on CT)    

  Finally, for many of these patients, compari-
son to the prior CT scan can provide a sense of 
progression of the disease. 

  Small bowel obstruction (SBO)   in the set-
ting of a ventral incisional hernia is not straight-
forward. The initial management should always 
be nil per os (NPO), fl uid resuscitation, correc-
tion of electrolyte abnormalities, and a naso-
gastric tube at the discretion of the surgeon. 
Then, one should defi ne the obstruction with 
CT imaging and/or contrast enterography. Non-
operative management can be successful; how-
ever, the patient with frequently recurrent  SBO   
in the setting of ventral incisional hernia often 
lends itself to the need for repair in the non-
elective setting. Other characteristics that 
would predict failure of nonoperative manage-
ment of an SBO in the presence of a ventral 
incisional hernia are:

    1.    Large defect   
   2.    Large volume of viscera in the hernia sac   
   3.    Obstruction at hernia edge    

  Contrast that easily passes without reproduc-
tion of symptoms can warrant non-operative 
therapy. Imaging fi ndings warranting emergency 
surgery typically include pneumoperitoneum, 
signifi cant bowel wall thickening, and lack of 
contrast opacifi cation of bowel wall, signifi cant 
free fl uid, and pneumatosis. 

 The approach to repair can be open or laparo-
scopic.  Laparoscopic repair   is best suited for 
relatively small defects. Laparoscopic 
approaches could be complicated by the pres-
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ence of dilated loops of bowel that are often 
present due to some degree of bowel obstruction. 
The surgeon must exercise extreme caution in 
order to avoid bowel injury during entry, reduc-
tion of bowel, and closure of port sites. If a lapa-
roscopic approach is attempted, the surgeon 
must have a plan for closing or covering the her-
nia orifi ce. This can be done primarily with 
transfascial suturing or intra- corporeal suturing. 
More commonly, mesh is used to cover the defect 
in an underlay fashion with adequate tissue over-
lap. Leaving the defect present will increase risk 
of early re- incarceration and/or strangulation. If 
bowel resection is needed, use of biologic mesh 
or tissue-only closure is recommended. 

  Open surgery   for incarcerated or strangu-
lated ventral incisional hernias remains the 
mainstay of emergent hernia repair. It is often 
initiated directly over the hernia sac. If a patient 
is in extremis,  going through hernia sac will 
identify the source of sepsis, and the necrotic 
bowel  can be relatively quickly resected. Often, 
the hernia defect has to be extended in order to 
reduce the hernia content. Once the viscera are 
free and obstruction(s) are relieved, the con-
tents of the hernia sac can be reduced into the 
abdominal cavity. Decision for the “damage 
control” option should be made early in the 
operative course, and the anastomosis could be 
completed in the subsequent operations. It is 
completely acceptable to resect the ischemic or 
necrotic viscera, reduce it into the abdominal 
cavity, and apply a temporary abdominal clo-
sure device, such as negative pressure wound 
dressing. After physiology has been restored, 
the patient can return to the operating room in 
24–48 hours for anastomosis or diversion, and 
hernia management. 

 The management of the hernia itself is not 
straightforward. For patients in septic shock from 
a ventral incisional hernia, the primary objective 
becomes effective source control and resuscita-
tion. The standard repair of a ventral incisional 
hernia requires a  mesh prosthesis   with about 
5 cm overlap circumferentially. The concern of 
mesh infection with gross contamination is legiti-
mate and can be highly morbid and potentially 
mortal for the patient. Primary repair in critically 

ill patients with a defect that can be primarily 
closed is most reasonable. Although recurrence 
rates of this strategy are nearly 100%, the goal in 
these cases is patient survival through this critical 
time period and bringing them back electively for 
a more defi nitive repair remains is the safest and 
most appropriate option. 

 If the defect is too large and there is a fear of 
mesh infection, the surgeon has the options of 
using biologic or absorbable mesh and skin-only 
closure. Ideally, all of these repairs should have 
mesh in an underlay fashion. The bridge tech-
nique has a very high rate of failure (regardless of 
mesh); however, for some patients, this may be 
all that can be done. Very large defects can be 
considered for skin only closure. Formal abdomi-
nal wall reconstructions in critically ill patients 
are not well tolerated and compromises future 
elective abdominal wall reconstruction and there-
fore should be avoided. As evidenced by the 
recent publication by the World Society of 
Emergency Surgery, the literature on this issue is 
limited to observational series or case series [ 35 ]. 

 Understanding of  mesh prosthesis   aids in 
decision-making. Macroporous lightweight poly-
propylene mesh is highly resistant to infection 
[ 36 ]. If it becomes infected, these mesh prosthe-
sis can typically be salvaged with local wound 
care and a short course of antibiotics. 
Polytetrafl uoroethylene (PTFE) or expanded 
PTFE (ePTFE) mesh prosthesis are very durable 
and will not adhere to viscera or other adjacent 
tissue. However, its lack of ingrowth prohibits 
mesh salvage if it becomes infected and antimi-
crobial therapy is not reasonably expected to 
sterilize the actual prosthesis because there is not 
blood fl ow within the mesh prosthesis [ 37 ]. 
Therefore, PTFE or ePTFE has little or no place 
in emergent hernia repair, particularly in the con-
taminated fi eld.  

    Conclusion 

 Emergent hernia repairs are one of the most chal-
lenging cases for the general surgeon. However, 
the surgeon must arm him or herself with a 
thorough understanding of various surgical 
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techniques and available meshes. Furthermore, 
managing expectations and setting realistic 
treatment goals in these diffi culty situations will 
allow the surgeon to achieve optional outcomes 
for this diffi cult cohort of patients.      
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          Introduction 

 With the increased use of damage control surgery 
and the improved knowledge related to abdominal 
compartment syndrome, surgeons are increasingly 
faced with the problem of how to manage the open 
abdomen. Primary closure, when appropriate, 
remains the repair of choice. This is not always fea-
sible due to the need for future surgery, the physio-
logic nature of the patient, or for technical reasons. 
Treatments range from simple to quite complex pro-
cedures to facilitate planned hernia repairs or delayed 
primary closure, depending on the clinical situation. 
Mastering temporary abdominal closure is essential 
to surgeons successfully treating patients with open 
abdomens and complex abdominal wall pathology.  

    Abdominal Compartment 
Syndrome/Damage Control Surgery 

    History 

 Since its fi rst description by Stone et al. [ 1 ], the 
concept of damage control surgery has gained 
widespread acceptance in trauma surgery patients 

and  e  ven in complex abdominal operations and 
procedures. The recognition and understanding 
of the physiology of abdominal compartment 
syndrome has also improved the outcome of 
acutely ill trauma and complex general surgery 
patients. Although the concept of damage control 
surgery and abdominal compartment syndrome 
has improved outcomes, this has left surgeons 
with the novel and daunting task of abdominal 
wall management in acutely ill patients. This 
presents the unique challenge of trying to obtain 
both temporary and ultimately defi nitive abdomi-
nal closure for patients.   

    Rationale for the Open Abdomen 

 In general,  damage control principles   are 
applied to multiply injured patients with what 
has been referred to as the lethal triad of death, 
which includes acidosis, coagulopathy, and 
hypothermia. These damage control principles 
can also be applied in general surgery opera-
tions when patients have severe systemic dis-
ease, instability, and the lethal triad. The 
rationale related to  damage control surgery is to 
perform a focused, timely surgical operation to 
help address the immediate surgical problem 
(e.g., bleeding or contamination). Following 
this, the patient can be resuscitated, coagulopa-
thies can be addressed, the patient can be 
warmed, and acidosis managed in the intensive 
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care unit. In these cases, the abdomen can be left 
open with methods described in this chapter. 
When the patient’s condition improves, more 
defi nitive surgeries, and, if needed, multiple 
reoperations can be undertaken.  

    Physiologic Consequences of Intra- 
abdominal Hypertension 
and Abdominal Compartment 
Syndrome 

 The physiologic understanding of  intra- 
abdominal hypertension and abdominal compart-
ment syndrome   leading to multi-system organ 
dysfunction has greatly increased over the last 
two decades. The initial physiologic insult or 
critical illness leads to systemic infl ammatory 
response, infl ammation, and cytokine release 
with resulting capillary leak. This in turn often 
requires ongoing fl uid resuscitation that will 
cause more tissue edema (including bowel and 
mesenteric edema) and can increase intra- 
abdominal hypertension and start a lethal chain 
of events if no intervention is undertaken. 

  Abdominal compartment syndrome      can affect 
many organ systems often due to direct compres-
sion. Cardiac effects include decreased cardiac 
output, decreased venous return due to compres-
sion of the vena cava, and elevated intrathoracic 
pressures. Increased intra-abdominal pressures 
can also affect the pulmonary system by elevat-
ing the diaphragm, reducing lung volume, 
decreasing functional residual capacity, and 
increasing peak airway pressures. Gastrointestinal 
manifestations are related to decreased cardiac 
output and compression on the mesenteric veins, 
which can lead to decreased intestinal perfusion, 
increased bowel edema, and possibly intestinal 
ischemia. The effects of abdominal compartment 
syndrome on the renal system are also related to 
decreased cardiac output and direct compression 
of the renal veins and parenchyma, which can 
cause reduced blood fl ow to the kidney, conges-
tion and edema, and in some cases renal failure. 
Increased intra-abdominal pressures also can 
affect the central nervous system by causing 
increases in central venous and intracranial pres-
sures and decreased cerebral perfusion pressure 

related to increased intrathoracic and superior 
vena caval pressures. 

 The recognition of intra-abdominal hyperten-
sion and abdominal compartment syndrome in the 
early stages is critical because the cascading effect 
can ultimately end in organ failure and death. 
Knowledge of the effects on the different organ 
systems and accurate diagnosis, which usually 
require bladder pressure monitoring, are a key feature 
for positive outcomes for these complex patients.  

    Options for Temporary Abdominal 
Closure 

    Open Packing/Planned Ventral 
Hernia 

 One of the earliest and  perhaps   the simplest 
methods of managing the open abdomen is open 
packing with a plan for future skin grafting and 
ventral hernia repair. Various techniques on how 
to pack the abdomen have been described, and 
many “home-made” devices have been used at 
different institutions. The majority of techniques 
described used dressings placed on the abdomen 
without causing trauma or fi stula formation. 
Before the commercially available vacuum- 
assisted wound closure device, many surgeons 
devised a vacuum device by placing towels, chest 
tubes or other drains, and an occlusive dressing 
that facilitated suction. 

 Despite the different descriptions and tech-
niques, the goal in many of these initial cases was 
for the viscera to granulate in the midline of the 
open abdomen and then to undertake split thick-
ness skin grafting. After skin grafting is com-
pleted and the abdominal viscera are properly 
covered, surgeons might wait up to 1 year before 
excising the skin graft and repairing the inci-
sional hernia (Fig.  40.1a–f ). One way to help 
with the timing of the hernia surgery is to use a 
“pinch” test. For this test, the skin graft overlying 
the viscera is pinched. If it is soft and pliable 
when rubbed between the fi ngers, there should be 
an adequate plane for dissection without 
enterotomies.

   Although open packing and planned ventral 
hernia repair is a safe and effective method that is 
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reproducible by most surgeons, there are many 
downsides to this technique, which limit its cur-
rent widespread use. Perhaps the biggest draw-
back of this technique is the large ventral hernia 
with signifi cant soft tissue defi cit that is created 
and the very diffi cult operation that is required to 
repair it. During the initial era of damage control 
laparotomy and abdominal compartment syn-
drome, patient survival was considered a success-
ful outcome. The large hernia was often 
considered a minor point and, in some cases, was 
left untreated. Because of extreme complexity of 
resultant hernias, researchers investigated different 
options to treat the open abdomen during the 
acute phase to avoid this planned hernia repair or 
at least minimize the defects that were created.   

    Towel Clip Closure/Skin Closure 

 Towel clip  closur  e is perhaps one of the simplest 
and fastest ways to achieve temporary abdominal 
closure. It involves placing penetrating towel clips 
approximately 1 cm off the skin edge and 1 cm 

apart (Fig.  40.2 ). Many clips are required. An 
adherent plastic drape can be added to minimize 
the manipulation of the clips and possibly provide 
improved sterility. The benefi t of this technique is 
that it is rapid and cost-effective. Unfortunately, it 
does not provide a long-term solution to abdomi-
nal closure and is typically used when a patient 
will need reoperation or multiple reoperations 
with the ultimate plan for either primary closure 
or alternative open abdomen treatment techniques 
depending on the clinical scenario.

   Another rapid method in patients requiring a 
reoperation is simple skin closure with a large 
suture. This is usually done in a running fashion 
and allows closure of the skin but not the fascia. 
It is slightly easier to manage for nurses and 
ancillary staff than the towel clips, as this is a 
more familiar scenario. 

 While these two techniques have the benefi ts 
of low cost, simplicity, and speed of closure, 
they must be monitored closely in patients who 
are at risk for abdominal compartment syn-
drome because there is some compression 
caused by skin closure alone. Both of these 

  Fig. 40.1    ( a ) Patient with previous open abdomen treated 
with split thickness skin grafting now ready for abdominal 
wall reconstruction. ( b ) Large fascial defect once adhe-
siolysis has been performed. Skin graft was easily resected 
from abdominal contents. ( c )  Abdominal wall reconstruc-
tion   using an external oblique component separation to 

allow for midline closure. ( d ) Primary midline closure 
obtained by using bilateral external oblique component 
separation. ( e ) Hernia repair with buttressing of midline 
closure with onlay large pore polypropylene. ( f ) 
Abdominal wall reconstruction with skin closure and two 
drains used in subcutaneous space       
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techniques can be quickly reversed in patients 
that develop abdominal compartment syndrome 
by removing the clips or cutting the sutures and 
placing the appropriate dressing for an open 
abdomen per the surgeon’s discretion. With the 
introduction of other techniques, many surgeons 

have abandoned the towel clip and simple skin 
closure techniques.  

    Silastic Closure/Bogota Bag 

 A resident in a hospital in Bogotá,    Colombia 
(Oswaldo Borraez) fi rst described the use of a 
silastic bag for closure of the abdomen, com-
monly referred to as the Bogota bag. This tech-
nique involves suturing of a 3 L sterile intravenous 
fl uid bag to the fascial or skin edges. The benefi ts 
of this type of closure are that it is readily avail-
able, is easy to accomplish, facilitates visualiza-
tion of the abdominal contents through the clear 
bag, and it protects the abdominal viscera 
(Fig.  40.3a–b ). The limitations of this technique 
are that it can be diffi cult in patients with large 
volume of fl uid loss, it provides only a small 
amount of fascial or skin retraction, it does not 
allow for removal of fl uid that may be infectious 
or may precipitate an ongoing SIRS response, 
and it is not a defi nitive abdominal closure.

       Zipper-Based Repairs 

  Zipper-based closures      were popularized by 
Stone et al. [ 1 ] and may be used with conven-
tional or commercially based zippers that are 
sutured to the skin or fascia. This technique 
allows easy access to the abdominal cavity if 

  Fig. 40.2     Towel clip closure   showing multiple towel 
clips used to reapproximate the skin       

  Fig. 40.3    ( a ) A 3-L intravenous fl uid bag used for a  Bogota bag closure  . ( b ) Suturing the sterile bag to the fascial edges 
is rapid and allows visualization of the bowel       
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reoperations are needed and prevents some lat-
eral retraction of the fascia if sewn to the fascia. 
Although a novel approach at the initial time of 
development, this technique has been replaced 
by some alternatives based on similar principles 
and is not widely used nowadays (Fig.  40.4 ).

       Wittmann Patch 

 One of the problems associated with many  forms 
  of temporary abdominal closure is that retraction 
of the fascia makes delayed primary closure or 
future hernia repair more diffi cult. The use of the 
 Wittmann Patch  ™ (Starsurgical, Inc., Burlington, 
WI), fi rst reported by Teichman et al. [ 2 ], 
Wittmann et al. [ 3 ,  4 ], and Aprahamian et al. [ 5 ], 
involves suturing two Velcro ® -like materials to 
the midline fascia. The Velcro-like material can 
be fastened together as overlapping sheets 
(Fig.  40.5a–c ). This device can be used alone or 
in combination with other open abdomen tech-
niques such as the ABThera™ (Kinetic Concepts, 
Inc., San Antonio, TX). As bowel and intra- 

abdominal edema improve, the Velcro material 
can be tightened to bring the fascial edges closer 
to the midline to ultimately achieve primary clo-
sure. If the patient requires several surgeries, the 
Velcro material can be unfastened and the intra- 
abdominal cavity can be easily entered.

   The potential advantages of this technique 
are that it allows easy access to the abdominal 
cavity in patients that require future operations 
and that it places tension on the midline fascia 
that helps prevent later retraction. The disadvan-
tages of a Wittmann Patch include potential 
ischemic and tension damage to the fascia, as 
well as the inability to remove fl uid that may be 
infectious or may precipitate an ongoing SIRS 
response when used alone.  

    Mesh Based Techniques 

 The use of mesh has been  reported   as an  adjunct 
  for temporary abdominal closure and also when 
attempting primary closure. The use of synthetic 
meshes such as polytetrafl uoroethylene (PTFE) 

  Fig. 40.4    ( a ) Zipper sutured to fascial edges to allow easy access to abdominal cavity in patients that will need multiple 
reoperations. ( b ) Zippers can also be sutured to the skin to allow easy access to the abdominal cavity       
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and polypropylene, and bioabsorbable meshes 
such as Vicryl ®  (Ethicon, Cincinnati, OH) and 
Dexon™ (Covidien, Mansfi eld, MA) have been 
reported. As initially described, the mesh was 
sutured to the fascial edges to allow granulation 
tissue to develop and to support a split-thickness 
skin graft. With concern for infection risk associ-
ated with permanent synthetic meshes, the bioab-
sorbable synthetic meshes became the mainstay 
mesh for temporary abdominal closure, although 
hernias would often develop long term due to the 
resorption of the mesh. 

 In recent years, there has been increasing 
research related to mesh, and new categories of 
mesh such as biologic and synthetic absorbable 
meshes have evolved. Despite limited literature 
describing effi cacy and the true role of these 
products in the management of the open abdo-
men and hernia repair, the use of these products 
has increased substantially. Due to the low risk of 
infection and good granulation tissue associated 
with the biologic meshes and likely the synthetic 
absorbable meshes, the use of these products in 
temporary abdominal closure has increased. 
Suturing of a biologic mesh to the midline fascia 
and placing a wound V.A.C. has become an effi -
cacious and easy, although very expensive, means 

of temporary abdominal closure. Despite the ease 
and low risk of side effects, this type of closure 
will likely result in future hernia formation and is 
recommended when the surgeon does not believe 
that primary closure will be possible. 

 As surgeons gain more experience with tem-
porary abdominal closure, the ultimate goal is 
primary fascial closure. To this end, another 
technique related to the use of mesh for tempo-
rary closure is serial mesh excision. In this tech-
nique, a mesh is sutured to the midline fascia 
and as bowel wall and intra-abdominal edema 
decrease, an elliptical piece of the mesh is 
excised and sutured back together bringing 
more tension on and medializing the fascial 
edges (Fig.  40.6a–g ).

       Negative Pressure Therapy/
Wound Vac 

 Perhaps the most commonly used method for 
 t  emporary abdominal closure involves the use of 
the Vacuum Assisted Closure ®  device (V.A.C ® ; 
Kinetic Concepts, Inc., San Antonio, TX). The 
components of the commercially available 
ABThera™ (Kinetic Concepts, Inc., San Antonio, 

  Fig. 40.5    ( a ) The  Wittmann Patch  ™    being sutured to the 
edge of the fascia and being used in conjunction with an 
ABThera™ (Kinetic Concepts, Inc., San Antonio, TX). 
( b ) Suturing of the Wittmann Patch™ to the right fascial 
edge of the open abdomen. ( c ) Wittmann Patch™ once it 

has been sutured to both fascial edges and overlapped in 
the midline. These Velcro like patches can be gradually 
brought closer and closer together and ultimately help 
achieve primary fascial closure       
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  Fig. 40.6    ( a ) Open abdomen with large defect. ePTFE 
mesh sutured to fascial edges with plan for serial mesh 
excision. ( b ) Center portion of the ePTFE mesh is cut in 
an elliptical fashion and then sutured back to bring fascial 
edges closer together. ( c ) Large  ePTFE mesh   has been 
excised and fascial edges are now brought closer together 

decreasing the defect. ( d ) With further mesh excision, the 
fascial edges are brought closer together. ( e ) Further mesh 
excision with now a much smaller fascial defect. ( f ) 
Fascial defect with small, only 5 cm defect and ready for 
primary fascial closure. ( g ) Ultimate primary fascial clo-
sure achieved by serial mesh excision       
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TX) open abdomen  negative pressure therapy   
unit include a polyethylene sheet that acts as a 
visceral retractor, a polyurethane sponge that is 
placed above the sheet in the abdominal wound, 
and an adherent dressing that is placed over the 
sponge with suction tubing that can be attached 
to a suction apparatus to apply vacuum pressure 
(Fig.  40.7 ). This is a relatively simple technique 
that can be done quickly and prevents retraction 
of the fascia by the suction and vacuum that is 
applied in the wound. The V.A.C. can be easily 
changed at the bedside in the intensive care unit 
or in the operating room.

   The potential and reported benefi ts of the 
ABThera are that it facilitates easy access to the 
abdominal cavity in patients requiring reopera-
tion, provides medial tension, limits fascial 
retraction, reduces edema, helps remove fl uid 
and infected material from the abdominal cavity, 
and helps protect the viscera from the external 
environment. Because of its ease of use and effi -
cacy, the ABThera has become a mainstay in the 
treatment of open abdomens and temporary 
abdominal closure.  

    Dynamic Fascial Closure Systems 

 One main evolution in the care of patients with 
open abdomens is an emphasis on providing tem-
porary abdominal closure when needed. The goal 

is still achieving primary fascial closure when 
reoperations are no longer needed, and the edema 
related to the initial insult has subsided. Currently, 
the philosophy of accepting an open abdomen 
and planned ventral hernia repair, although still a 
necessity in some patients, has evolved to using 
techniques that can help achieve delayed primary 
fascial closure. 

  Dynamic fascial closure systems      were 
designed to allow abdominal components to 
expand with resulting edema to prevent abdomi-
nal compartment syndromes and allow gradual, 
adjustable tension that can be placed on the fas-
cia as the clinical scenario improves. 

 The ABRA ®  abdominal wall closure  system   
(Canica Designs, Almonte, ON, Canada) is indi-
cated for use in patients with abdominal compart-
ment syndrome or other complex abdominal 
conditions when there is an open abdomen. The 
system components include a perforated silicone 
sheet that acts as a visceral retractor, silicone 
elastomers that are placed full thickness through 
the abdominal wall and provide continuous 
dynamic force to help close the wound, and but-
ton tails with pads that help distribute the com-
pression force over a wide area of skin to allow 
easy tightening of the elastomers. This device is 
also used in conjunction with negative pressure 
wound therapy (Fig.  40.8a–d ).

   The  ABRA abdominal wall closure system   is 
indicated for full-thickness, retracted midline 
abdominal defects with the goal of primary clo-
sure. This dynamic wound closure system works 
by allowing elastomers to provide graduated ten-
sion to different parts of the wound at different 
times. Over the course of the patient’s illness, the 
elastomers can be tightened at the bedside, and 
abdominal massage can help to redistribute the 
tension in the abdominal cavity. After the edema 
has resolved and the patient’s clinical course 
improves, the ABRA device can be removed and 
primary fascial closure completed, obviating the 
need for mesh, skin grafting, or planned ventral 
hernia repair (Fig.  40.9 ). The proposed benefi ts 
of the ABRA are that it allows primary fascial 
closure, alleviates the need for mesh, preserves 
fascia margins, restores normal physiology, and 
allows bedside dressing changes.

  Fig. 40.7    The commercially available ABThera™ (Kinetic 
Concepts, Inc., San Antonio, TX) is placed into an open 
abdomen. This technique is rapid and easy to learn espe-
cially for surgeons who are familiar with the wound vac       
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       Enteroatmospheric Fistulas 

 Patients who develop an  enteroatmospheric fi stula      
during treatment for an open abdomen are another 
clinical challenge. Source control is essential and 
is often diffi cult to achieve without reoperations 
and application of multiple techniques. The 
abdomen that is open for more than 5–7 days is at 
greatest risk of developing this complication. It is 
diffi cult to contain a fi stula’s output because an 
ostomy appliance is usually not effective. The 
effl uent continues to drive the infl ammatory 
response and can precipitate the formation of 
more fi stulas and prevent healing. 

 Foley catheter placement through the fi stula 
should not be attempted, because it will result in 
limited effl uent control and an increase in fi stula 
size. Porous, petroleum-based, non-adherent 
dressing can be laid on the bowel surrounding the 
fi stula with white foam placed over the fi stula. 
GranuFoam™ (Kinetic Concepts, Inc., San 
Antonio, TX) can then be cut to the size of the 
wound (not covering the white foam) and a trans-
parent adherent dressing applied. A superfi cial 

  Fig. 40.8    ( a ) Open abdomen with large defect. Markings 
on the abdominal wall of 5 cm away from wound edge 
and 3 cm apart to illustrate where elastomers should be 
placed. Stab incisions with a knife or bovie may be made 
at these points. ( b ) Open abdomen with  ABRA ®  abdomi-
nal wall closure system      (Canica Designs, Almonte, ON, 
Canada). The perforated silicone sheet has been placed to 
protect the viscera. The elastomers have been placed 5 cm 
away from the wound and 3 cm apart. A spacer is placed 

in the wound to coordinate the elastomers. The button 
pads and tails have been placed. ( c ) Side view of the but-
ton pads and tails that are placed to help hold the elasto-
mers. Placement of a surgical drape such as Ioban™ (3M, 
Saint Paul, MN) (not shown in picture) may help mini-
mize skin trauma from the button pads and tails. ( d ) View 
of abdomen once ABRA ®  abdominal wall closure system 
(Canica Designs, Almonte, ON, Canada) has been placed 
with wound vac       

  Fig. 40.9    A patient with  open abdomen   who had ABRA ®  
(Canica Designs, Almonte, ON, Canada) placed and has 
undergone primary fascial closure with no evidence of 
recurrent hernia at 1-year follow-up       
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portion of the white foam can then be excised and 
the V.A.C. tubing system applied. The pressure 
should be adjusted to the lowest pressure that pre-
vents leakage around the stoma. A standard baby 
bottle nipple can also be used for effl uent control. 
A small hole is cut in the nipple to allow place-
ment of a Foley with its balloon slightly infl ated. 
The bowel is covered with a non-adherent, 
petroleum- based dressing as described previ-
ously. A standard V.A.C. is applied to the remain-
der of the wound leaving the fi stula uncovered by 
foam. The nipple can be placed over the fi stula 
and isolated with stoma paste or an Eakin ring 
with GranuFoam™ placed around the nipple. 
The adherent drape can then be applied and the 
V.A.C. set to a standard setting with the Foley 
placed to gravity drainage. These two techniques 
often work well for proximal fi stulas when effl u-
ent is mostly liquid. 

 The fi stula ring can be instituted  for      distal fi s-
tulas when the effl uent is thicker. This requires a 
round piece of GranuFoam to be sandwiched 
between adherent VAC tapes. An Eakin ring is 
then applied to the base of the fi stula ring. A 
small hole is created in the center of the ring the 
size of the fi stula. Non-adherent, petroleum- 
based dressing is applied to exposed bowel, 
excluding the fi stula, and a standard V.A.C. is 
applied. The suction device is placed away from 
the site of the fi stula, and an ostomy appliance is 
placed over the fi stula ring. Certainly, there are 
surgical techniques that can be used to facilitate 
fi stula closure, but these are beyond the scope of 

this chapter. Standard tenants of fi stula manage-
ment including TPN therapy, nutritional optimi-
zation, and delayed (up to 6 months) defi nitive 
surgical procedures to decrease infl ammation in 
the abdomen should all be applied on a case by 
case basis. In patients with enteroatmospheric fi s-
tulas, attention is often placed on fi stula manage-
ment and control, and abdominal closure 
techniques are often not employed. These patients 
often require open abdomen management, and 
the goals of therapy are shifted to closing and 
controlling the fi stula rather than abdominal wall 
closure. Early skin grafting can help manage 
these fi stulas and convert them from an enteroat-
mospheric fi stula into a standard fi stula 
(Fig.  40.10a–c ). Defi nitive abdominal wall recon-
struction and closure are often delayed until the 
fi stula is healed. When the fi stula doesn’t heal, 
single-stage or double-stage abdominal wall 
reconstructions with fi stula takedowns can be 
undertaken depending on the clinical condition.

       Outcomes 

 There are few prospective or comparative studies 
on which to base  decision-making   regarding tem-
porary abdominal closure, since this is a hetero-
geneous population and involves many different 
strategies, techniques, and outcome measures. 

 Several reports from single centers using one 
technique or protocol to manage open abdo-
mens show good success rates and achievement 

  Fig. 40.10    ( a ) Open abdomen with  enteroatmospheric 
fi stula  . There is a good bed of granulation tissue that 
would be amenable to split thickness skin grafting. ( b ) 
Split thickness skin grafting of open wound. Foley cathe-

ter is placed in fi stula in attempts to drain and patient also 
has left lower quadrant colostomy. ( c ) Wound vac placed 
over split thickness skin graft with drains in fi stula as well 
as colostomy       
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of primary fascial closure; however, few are 
comparative studies. Meta-analyses and sys-
temic reviews have shown improvements in 
primary fascial closure rates and lower mortality 
rates using the Wittmann patch, VAC systems, 
and dynamic retention sutures [ 6 ,  7 ]; however, 
fi rm conclusions cannot be made due to the 
limited nature of the data.  

    How to Choose 

 With limited data to guide treatment of the open 
abdomen, the surgeon is left with several options. 
The treatment used is often based on previous 
experience, comfort level, and patient outcomes. 
Certain centers may have treatment protocols for 
patients with open abdomens, and often these 
result in high rates of fascial closure. 

 When evaluating a patient with an open abdo-
men requiring temporary abdominal closure, the 
clinical picture must fi rst be evaluated, and 
desired outcomes must be established. In some 
patients, primary abdominal closure is likely not 
possible, so the main priority is patient survival. 
In these cases, many of the techniques described 
in this chapter will suffi ce, and, often if the 
patient survives, skin grafting and planned ven-
tral hernia repair can be used. In these cases, the 
 V.A.C.   works quite well since it is easy to apply 
and facilitates superb fl uid management. 

 In other cases, the patient’s clinical status 
improves substantially, and primary fascial closure 
should be attempted. In these cases, it is important 
to use one of the techniques for temporary abdom-
inal closure that prevents fascial retraction. These 
techniques are at the surgeon’s discretion and 
include the V.A.C., Wittmann patch, and dynamic 
fascial closure systems. Surgeons must also use 
sound clinical judgment regarding how diffi cult 
the abdomen will be to close. 

 Patients who are not obese, have minimal 
abdominal edema, and do not require multiple 
reoperations, are often easy to close. In this situ-
ation, a V.A.C. is a good option that provides 
adequate coverage, fl uid management, and limits 

fascial retraction until the patient’s abdomen can 
be closed in a few days. In patients that are more 
challenging (e.g., morbidly obese patients, 
patients with existing hernias, patients requiring 
multiple reoperations with large amounts of 
edema), the Wittmann patch or dynamic fascial 
closure system are good options that allow for 
graduating levels of tension that can be adjusted 
to prevent fascial retraction. We have begun to 
use the dynamic fascial closure systems in these 
cases due to our belief that that the fascia is per-
haps healthier and stronger after primary closure, 
since no sutures are placed in the midline fascia 
(elastomers are placed several centimeters off the 
midline fascia). This is not supported by known 
data at this time. 

 In most circumstances, techniques used to 
treat an open abdomen should rely on some 
mechanism to prevent fascial retraction, split 
thickness skin grafting, and planned ventral her-
nia repair. Due to the lack of objective data on 
what techniques to use and when to attempt clo-
sure, surgeons must rely on their clinical judg-
ment and experience. We are currently studying 
objective abdominal tension measurements to 
help establish guidelines to determine the appro-
priate time to close an abdomen and the best clo-
sure techniques to use.  

    Conclusions 

 Knowledge and experience with temporary 
abdominal closure is increasingly important, as 
damage control surgery and open abdomens are 
more commonplace. Several different techniques 
can be used for primary closure, and their use 
depends on the patient’s clinical status and the 
desired treatment goals. In most cases, primary 
fascial closure can be achieved using sound sur-
gical techniques and attentiveness to the patient. 
Achieving primary fascial closure has evolved 
from simple packing methods and planned ven-
tral hernia repair to more dynamic means of clo-
sure. Additional study is needed to evaluate these 
new methods and outcomes.     
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     Introduction 

 Nowadays evidence-based medicine is widely 
used across many, if not all, medical disciplines. 
In 1996, David Sackett [ 1 ], a pioneer in  evidence- 
based medicine  , wrote:  “ Evidence-based medi-
cine is the conscientious, explicit, and judicious 
use of current best evidence in making decisions 
about the care of individual patients. The prac-
tice of evidence-based medicine means integrat-
ing individual clinical expertise with the best 
available external clinical evidence from system-
atic research. By individual clinical expertise we 
mean the profi ciency and judgment that individ-
ual clinicians acquire through clinical experi-
ence and clinical practice ” . Karl Popper [ 2 ] 
perhaps summarized this best in an accurate 

commentary:  “ Evidence is information that is 
used to approach truth, whereas truth is an infal-
lible, unequivocal, immutable fact. The defi ni-
tion of knowledge … is typically used as a 
representation of a person’s comprehension of a 
particular subject ” . Evidence-based medicine 
acquires special importance when new diagnos-
tic and/or therapeutic indications for a particular 
pathologic process become available in clinical 
practice. 

 We have made remarkable progress and 
innovation over the last few decades in the 
fi eld of abdominal wall surgery not only in the 
technical aspects of procedures, but also in the 
preoperative preparation for operation [ 3 ]. The 
recent development of the so-called   Chemical 
Component Separation  (CCS)   [ 4 ] is an example 
of such innovation. CCS consists of the applica-
tion of botulinum neurotoxin type A (BoNT-A) 
[ 5 ] for abdominal muscular relaxation as an 
aid to repairing ventral and incisional hernias 
and for facilitating closure of midline abdomi-
nal wall defects [ 4 ,  6 ,  7 ]. BoNT-A is a potent 
muscle- paralyzing agent commonly used for 
various medical and cosmetic indications. The 
objective of this chapter is to present current 
data on CCS from a three different perspec-
tives: (1) a general overview of botulinum neu-
rotoxins (BoNTs); (2) the evidence available 
for the use of BoNT in abdominal wall surgery, 
and (3) a comprehensive summary from a per-
sonal point of view.  
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    Background: Botulinum Toxin 
and Therapeutic Use 

 BoNTs are produced by  Clostridium botulinum , a 
Gram-positive, rod-shaped, anaerobic, spore- 
forming bacterium. BoNTs bind to specifi c recep-
tors at nerve terminals and inhibit the release of 
acetylcholine. According to the different tissues, 
BoNTs may cause inactivity of muscles or glands 
by blocking the release of acetylcholine in nerve 
terminals of the neuromuscular junction, exocrine 
glands, and smooth muscle [ 8 ]. BoNTs have been 
used in the  treatment of neurological conditions  , 
such as blepharospasm, cervical dystonia, and other 
forms of dystonia or spasticity when painful and 
even incapacitating spasms are present. The indica-
tions, however, have been widened and BoNTs are 
also used for treating axillary or palmar hyperhidro-
sis and other hypersecretory disorders, as well as a 
variety of gastrointestinal, urological, dermatologi-
cal, cosmetic, and painful disorders [ 9 ]. 

 The exact mechanism of action of the noci-
ceptive effects of BoNTs remains unclear, 
although it seems to be related to a direct action- 
inhibiting release of pain-related neurotransmit-
ters (pain-modulating molecules calcitonin 
gene-related peptide and substance P) from the 
presynaptic motor nerve terminal, as well as an 
indirect action by reducing muscle contractions/
spasms [ 10 ]. The toxin requires 24–72 hours to 
take effect, and the maximum paralysis is 
achieved between the fi rst- and second-week 
post- injection. The affected nerve terminals do 
not degenerate, but the blockage of neurotrans-
mitter release is irreversible. Function can be 
recovered by formation of new synaptic contacts; 
this usually takes 2–7 months in humans [ 11 ]. 

   C. botulinum    elaborates seven antigenically 
and serologically distinguishable exotoxins (A, B, 
C [C 1 , C 2 ], D, E, F, and G) with a similar structure 
[ 12 ]. Botulinum toxin  types   A (BoNT-A)    and B 
(BoNT-B) are used in clinical practice [ 13 ]. Doses 
of all commercially available botulinum toxins 
are expressed in terms of units of biologic activity. 
One unit of botulinum toxin corresponds to the 
calculated median intraperitoneal lethal dose 
(LD 50 ) in female Swiss-Webster mice [ 14 ]. 
However, commercial products are different and 

unit doses are not interchangeable because there 
are differences in the strains of C. botulinum used 
in the manufacturing, formulation, and purifi ca-
tion processes [ 15 ]. To reduce potential dosing 
errors and to highlight the non- interchangeability 
characteristics of BoNTs, the US Food and Drug 
Administration (FDA) established a single generic 
name for each botulinum toxin product [ 16 ] 
(Table  41.1 ). In practice, BoNT-B has very spe-
cifi c indications [ 11 ] and BoNT-A is the most 
commonly used due to the multifunctional activity 
and long-lasting duration of effect [ 17 ,  18 ].

      Administration, Immunological 
Considerations, and Formulation 

 BoNTs are  administered   intramuscularly with the 
adequate aseptic measures [ 19 ]. The number of 
injections and characteristics of the needle are 
tailored to the mass of the muscle or muscle 
groups being injected [ 19 ,  20 ]. Recommended 
techniques to guide botulinum toxin injection 
include electromyography, electric nerve stimu-
lation, ultrasound, and anatomical localization 
(anatomical landmarks) [ 20 ]. Localization of 
injection, availability of technical equipment, 
and the clinician’s experience are important fac-
tors for the choice of the guidance procedure. 

 Injection of BoNT-A may lead to the  develop-
ment   of neutralizing antibodies and secondary non-
responsiveness [ 11 ,  21 ]. Although development of 
neutralizing antibodies occur in a small percentage 
of patients, especially in cosmetic indications, 
patients who receive higher individual doses or fre-
quent booster injections seem to have a higher risk of 
developing antibodies [ 22 ,  23 ]. Therefore, using the 
lowest dose of toxin necessary to achieve the desired 
clinical effect and avoiding reinjection within 1 
month appear prudent in an effort to keep antibody 
formation as low and unlikely as possible [ 11 ]. 

 There are three commercially available sero-
type A  formulation  s (Table  41.1 ): onabotulinum 
toxin A (Botox ® , Allergan Inc., Irvine, CA, 
USA), abobotulinum toxin A (Dysport ® , Ipsen 
Ltd., Slough, Berkshire, UK), and incobotulinum 
toxin A (Xeomin ® , Marz Pharmaceuticals, 
Frankfurt, Germany). 
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  Onabotulinum toxin A (Botox ® )   is available in 
100 or 200 unit vials. One 100 unit vial is diluted 
with 1, 2, 4, or 8 mL of preservative-free 0.9% 
saline, yielding preparations of 10.0, 5.0, 2.5, or 
1.25 units/0.1 mL, respectively. However the fi nal 
dilution of BOTOX ®  is mostly a matter of per-
sonal preference [ 11 ]. Botox ®  is denatured easily 
by bubbling or agitation; gently inject the diluent 
onto the inside wall of the vial and discard the 
vial if a vacuum does not pull the diluent in. 
Reconstituted Botox ®  should be stored in a refrig-
erator 2–8 °C and used within 24 hours [ 24 ]. 

  Abobotulinum toxin A (Dysport ® )   is available 
in 300 or 500 unit vials. For the treatment of 
some neurological disorders, such as cervical 
dystonia, one 500 unit vial is diluted with 1 mL 
preservative-free 0.9% saline, yielding a prepara-
tion of 500 units/mL. Reconstituted Dysport ®  
should be used within 4 hours and should be 
stored in a refrigerator at 2–8 °C. 

  Incobotulinum toxin A (Xeomin ® )   is available 
in 50 and 100 unit vials and reconstituted with 
0.9% saline. Reconstituted Xeomin ®  should be 
used within 24 hours and should be stored at 2–8 
°C. Unopened vials can be stored at room tem-
perature, refrigerated or frozen. 

 Reconstituted products should be clear and 
free from suspended particles. All vials, includ-
ing expired vials, or equipment used with the 
drug should be disposed of carefully as is done 
with all medical waste. 

 Manufacturers of botulinum toxin produce 
their product as 150 kDa protein (incobotulinum 
toxin A), 500–700 kDa (abobotulinum toxin A), 
and 900 kDa (onabotulinum toxin A). This pro-
tein includes both the primary active component 
as well as complexing proteins. Although it has 
been suggested that these proteins are responsi-
ble for the development of anti-toxin antibodies, 
it is unclear whether clinically there is a 
 signifi cant effect of these molecular differences 
in terms of both antigenicity and effi cacy [ 21 ]. 
Presumed clinical effects of 1 unit are not inter-
changeable between formulations, and the dose 
ratio between onabotulinum and abobotulinum is 
1:3 [ 25 – 27 ]. 

 In both dermatocosmetological and neurologi-
cal applications, BoNT-A doses vary according 
to the muscle mass to be treated, degree of spas-
ticity or the patient’s body weight. In successive 
sessions, doses and injection points are usually 
individualized according to results obtained with 
the starting dose [ 21 ,  28 ]. Doses of Botox ®  should 
not exceed 400–600 units per session but maxi-
mum absolute doses of Dysport ®  are unknown, 
although a maximum dose should probably not 
exceed 2000 units. Maximum doses of Xeomin ®  
have not been established [ 20 ]. Also, different 
formulations of BoNT-A are not identical and 
may behave differently in clinical practice, partly 
due to differences in the degree of migration of 
the neurotoxin–protein complex from its injec-

    Table 41.1    Generic  name   for each botulinum toxin by the U.S. Food and Drug Administration (FDA)   

 Generic name 
 Commercial name 
(manufacturer) 

 Distribution 
licence  Indications 

 OnaBotulinumtoxin A  Botox ®  (Allergan, Inc.)  Worldwide  Cervical dystonia, strabismus, 
blepharospasm, hemifacial spasm, 
hyperhidrosis, post-stroke 
spasticity, overactive bladder, 
improved appearance of glabellar 
lines 

 AboBotulinumtoxin A  Dysport ®  (Ipsen 
Pharmaceuticals) 

 USA, UK, and 
Europe 

 Cervical dystonia. In clinical trials 
in USA for other conditions 

 Incobotulinumtoxin A  Xeomin ®  (Merz)  Europe, USA  Cervical dystonia, blepharospasm, 
glabellar lines 

 RimaBotulinumtoxin B  Myobloc ® /NeuroBloc ®a  
(Solstice Neurosciences) 

 USA, Europe, 
and Japan 

 Cervical dystonia 

   a Brand name in Europe  
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tion site [ 29 ,  30 ]. The lower potential of onabotu-
linum to migrate promotes more precise 
localization of clinical effects, thereby helping to 
optimize the risk/benefi t ration [ 31 ].  

    Tolerability and Contraindications 

  Injections of BoNT-A are  generally   well tolerated 
[ 11 ]. Side effects are rare, but adverse effects may 
be both local or systemic [ 9 ,  11 ]. Local unwanted 
weakness/paralysis is commonly related to spread 
of the botulinum toxin from the injection site to 
nearby muscles or other secretion and sensory 
systems. It usually resolves in several months 
depending on the site, strength of the injections, 
and the muscles made excessively weak [ 11 ]. 
Occasionally autonomic effects (e.g., dry mouth) 
and local effects at the injection site, such as pain, 
bruising, infection, or rash may occur. In some 
cases, local effects are related to an enhanced 
response of the injected muscles. Most of these 
local side effects may be prevented using the low-
est effective dose and accurately selecting the site 
of injection in the selected muscle. 

 Systemic adverse events may include a tran-
sient generalized reaction with headache, dis-
comfort, or mild nauseas. Direct intravascular 
puncture should be avoided and the presence of 
botulinum toxin in the bloodstream may cause a 
generalized botulism-like syndrome [ 32 ]. Other 
side effects, such as brachial plexopathy [ 33 ], 
gallbladder dysfunction [ 34 ] or necrotizing fasci-
itis [ 35 ] have been reported as a complication of 
botulinum toxin treatment. 

 Satisfactory results are generally obtained 
with the use of BoNT-A in cosmetic and/or neu-
rological indications [ 36 ], but applicability to 
abdominal wall surgery remains to be estab-
lished. However, lack of response can be observed 
in 10% of patients [ 37 ]. In contrast to primary 
non-responders, development of secondary resis-
tance after an initial response has also been 
reported in up to 10% of patients [ 38 ]. Technical 
factors such as incorrect storage or reconstitution 
of the toxin may be responsible for isolated sec-
ondary treatment failures. Sustained late failure 
of response include underdosing, injection of 

inappropriate muscles, a worsening or change in 
the pattern of dystonia or underlying disorder, 
muscular atrophy, altered perception of atrophy, 
and development of immunity [ 39 ]. Risk factors 
for the development of antibodies seem to be 
higher frequency of injections, the use of 
“booster” injections, and higher doses of Botox ®  
per treatment [ 40 ]. 

 Absolute contraindications to the use of 
BoNTs include known hypersensitivity to com-
ponents of the product formulation, neuromuscu-
lar diseases, myasthenia gravis, Lambert-Eaton 
syndrome, neuropathies, brain tumors, aneu-
rysms, heart, renal or liver failure, psychiatric 
disorders, pregnancy, lactation, and drugs affect-
ing the muscle tone, and infections in the site of 
injection. The relative contraindications include 
concurrent treatment with aminoglycosides (may 
increase the effect), penicillamine, quinine, chlo-
roquine and hydroxychloroquine (may reduce the 
effect), calcium channel blockers, and platelet 
antiaggregants or anticoagulants (which may 
increase the risk of hematoma) [ 11 ]. Treatment 
with BoNTs seems to be contraindicated in 
patients with severe chronic obstructive 
 pulmonary disease [ 4 ,  43 ] for the possibility of 
botulinum toxin to affect respiratory dynamics. 

 The preceding paragraphs present relevant 
information that, in our opinion, should be known 
by a general surgeon interested in the use of botu-
linum toxin for the repair of abdominal wall 
defects rather than to provide an exhaustive 
description of the clinical application of BoNTs. 
Most of the aforementioned data have been 
obtained from a large clinical experience with the 
use of BoNTs in cosmetics and motor disorders, 
although there are limitations in the consistence 
of the evidence.    

    Botulinum Toxin in Abdominal Wall 
Hernia: Evidence and Outcome 

 The application of BoNTs in abdominal wall sur-
gery is a special fi eld of increasing interest. 
However, at the time of writing this chapter, 
information on the use of BoNTs in this particu-
lar context is limited [ 4 – 7 ,  41 – 48 ]. Two refer-
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ences are comments to clinical studies [ 44 ,  45 ] 
and two publications were experimental studies 
[ 41 ,  46 ]. The fi rst experimental study [ 41 ] 
assessed the effect of botulinum A  toxin-induced 
paralysis   of abdominal muscles on intra- 
abdominal volume and pressure at 3 days after 
injection of 2 mL (5 U/mL) of onabotulinum 
toxin A (BOTOX ® ) into the abdominal muscles 
at 16 different points (right, left, upper and lower 
quadrants, and rectus muscles) in Sprague–
Dawley rats. It was found that botulinum A toxin 
injection to abdominal muscles of the rats 
increased intra-abdominal volume which there-
fore decreased the pressure. According to these 
fi ndings it was suggested that this application 
may be used as an adjunct in abdominal wall clo-
sure in selective cases. In the second experimen-
tal study carried out in a  porcine model   [ 46 ], 
advance of the abdominal wall toward the mid-
line was analyzed after randomly-assigned injec-
tions of 150–200 U of onabotulinum toxin A (the 
brand name was not specifi ed) in the external 
oblique muscle in one side and placebo in the 
contralateral side. Botulinum A injection 
achieved 68% advance of the abdominal wall as a 
result of open component separation. 

 Clinical studies are mainly based on (a) the par-
alyzing effects of BoNTs on the abdominal wall 
lateral muscles (oblique and transverse) to facilitate 
repair of ventral defects, and (b) the direct (inhibi-
tion of pain-related neurotransmitters) and indirect 
(reduction of muscular contraction) antinocicep-
tive effects of BoNTs as an adjuvant technique for 
the relief of pain after surgery. 

    Paralyzing Effects of BoNTs 

  The fi rst clinical study to propose botulinum 
toxin type A before abdominal   Hernia repair to 
reduce  muscle   tension and lateral retraction was 
published in 2009 [ 7 ]. In this study, 12 patients 
with midline incisional hernias secondary to 
intentional open abdomen [ 49 ] were treated with 
injections of abobotulinum toxin A (Dysport ® ) in 
fi ve different points of the lateral abdominal wall 
(two over the mid- axillary line, between the cos-
tal border and the superior iliac crest, and three 

over the external oblique muscle). Bilateral appli-
cation of abobotulinum toxin A was performed 
under electromyographic guidance. A total of 
500 units were injected (250 units for each hemi-
abdomen, 5 units per point). Transverse abdomi-
nal wall defect measurement was practiced at 
weekly intervals (clinically in 2 patients and with 
computed tomography scan [CT] in 10). At 4 
weeks after treatment, a signifi cant overall mean 
reduction of the transverse defect was observed, 
and hernia repair was successfully performed 
with no recurrence after a mean follow-up of 9 
months. This fi rst report of botulinum A toxin 
application before abdominal wall hernia recon-
struction showed that the lateral muscles paraly-
sis can be achieved and transverse hernia defect 
reduction can subsequently be accomplished 
with minimal tension closure. 

 In 2013, Zielinski et al. [ 4 ] developed the novel 
technique of CCS which incorporates injection of 
botulinum toxin A (Botox ® ) into the lateral 
abdominal wall musculature to avoid extensive 
dissection in critically ill patients with extensive 
infected/contaminated abdominal domains. The 
study was a retrospective review of 18 patients 
with open abdomen who underwent ultrasound-
guided Botox ®  injections into six separate injec-
tion sites (right/left subcostal, right/left anterior 
axillary, and right/left lower quadrants) of the 
external oblique, internal oblique, and transversus 
abdominis muscles (50 units per point, 150 units 
for each hemiabdomen, total 300 units). The pri-
mary fascial closure rate was 83% with a fascial 
dehiscence rate of 11%. The technique of CCS 
described by the authors was safe and feasible, 
and created less tension at the midline throughout 
the duration of the open abdomen surgery. 

 In 2014, the results of a clinical trial in 17 
male trauma patients with abdominal wall hernia 
secondary to open abdomen management were 
reported [ 6 ]. The aim of the study was to evaluate 
if botulinum toxin type A application in the lat-
eral abdominal wall muscles could modify its 
thickness and length. An injection of 50 units of 
Dysport ®  between the external and internal 
oblique muscles was performed under ultrasono-
graphic guidance at fi ve application sites (two at 
the middle axillary line between costal margin 
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and iliac crest level, and three between anterior 
axillary line and middle clavicular line between 
costal margin and iliac crest level) in both sides 
of the abdomen (250 units for each hemiabdo-
men, total 500 units). Four weeks after NoBT-A 
injection, a CT scan was performed and the thick-
ness and length of the lateral abdominal wall 
muscles were compared with previous measures. 
The abdominal wall reconstruction surgery was 
scheduled afterwards. In all patients, a statisti-
cally signifi cant reduction of left and right mus-
cle thickness and length was achieved. 

 Botulinum toxin A has recently been used in 
patients with incisional hernia. In one study [ 47 ], 
14 patients with giant incisional hernias were 
infi ltrated with 10 units of botulinum toxin A 
(Botox ® ) in fi ve points of each side of the 
abdominal wall under electromyographic guid-
ance (50 units per side, total 100 units). Four 
weeks later they were submitted to surgery. A 
reduction in the hernia diameter was found in 
50% of the patients. The authors concluded that 
the use of preoperative botulinum toxin A mark-
edly reduces tension during surgical repair and 
increases the rate of primary closure. Moreover, 
in a single patient with bilateral inguinoscrotal 
hernia with loss of domain, and remaining 
abdominal wall intact, the use of 55.55 units of 
abobotulinum toxin A (Dysport ® ) injected into 
fi ve different points of the lateral abdominal wall 
and four points of the ipsilateral rectus abdomi-
nus muscle under anatomic guidance (499.95 
units per each abdominal side, total 999.9 units) 
was useful to relax the abdominal wall muscles 
and facilitated performing the surgery [ 48 ]. 
Although the evidence is still anecdotal, the 
authors concluded that this adjunct treatment 
should be considered as a new alternative for 
hernias with loss of domain.   

    Antinociceptive Effects of BoNTs 

 In 2011, Botox ®  was used for the fi rst  time   for 
postoperative pain control after laparoscopic 
ventral hernia repair [ 42 ]. Three injection sites 
(right/left subcostal, right/left anterior axillary, 
right/left lower quadrants) were chosen on each 

side of the abdominal wall. All three muscles 
(external oblique, internal oblique, and transver-
sus) were identifi ed by ultrasound. A total of 300 
units of Botox ®  were utilized (50 units per point, 
150 units for each abdominal side). Pain scores 
improved from 10/10 to 2/10 and were durable at 
3-month follow-up. 

 In 2013, Zendejas et al. [ 43 ] evaluated the 
usefulness of botulinum toxin A injection to 
reduce postoperative pain and the consumption 
of opioid analgesia in 22 patients undergoing 
elective incisional hernia repair compared to 
concurrent matched controls. The primary out-
come measure was in-hospital mean morphine 
equivalents (MEs) on hospital day (HD) 2, con-
sidering the operative day to be HD1. Secondary 
outcome measures included in-hospital ME per 
day for HD3 through HD7, in-hospital daily 
patient reported pain scores (visual analogue 
scale [VAS] 1-10), duration of hospital stay, 
perioperative complications, opioid-related 
adverse effects, surgical-site occurrences, and 
hernia recurrence. The technique of Botox ®  
injection also included three injection sites 
(right/left subcostal, right/left anterior axillary, 
right/left lower quadrants) on each side of the 
abdominal wall, with ultrasound identifi cation 
of the external oblique, internal oblique, and 
transversus muscles, with a dose of 50 units per 
injection (150 units for each hemiabdomen, 
total 300 units). Patients in the active treatment 
group used signifi cantly less opioid analgesia on 
HD2 and 5, and reported signifi cantly less pain 
on HD2 and 4, as compared to controls. 
Differences in secondary outcome measures 
were not observed. The authors concluded that, 
patients who underwent chemical component 
paralysis reported less pain and required signifi -
cantly less opioid analgesia. 

 A summary of these studies is shown in Table 
 41.2 .

        Personal Comprehension 

  The terms CCS [ 4 ] or  chemical   myotomy [ 46 ] 
should be abandoned because they may cause 
confusion with results obtained from surgical 
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procedures of similar names. In our opinion, the 
use of BoNTs in abdominal wall surgery is a 
technique for primarily preparing the patient, not 
for repairing patient’s defect. “Chemical compo-
nent paralysis” [ 43 ], or even better “chemodener-
vation of abdominal wall musculature” seems 
more appropriate designations. 

 Although BoNTs have shown a favorable 
clinical profi le in cosmetic/dermatological appli-
cations for decades, some important aspects are 
still pending to be clarifi ed [ 21 ]. It is interesting 
to note that uncertainties on some of these clini-
cal questions are still present when BoNTs are 
used in the fi eld of abdominal wall surgery. In 
this respect, assessment of the effi cacy of botuli-
num toxin across studies is heterogeneous, rang-
ing from a clinical evaluation (potential bias 
related to subjectivity of the examiner) to indi-
rect techniques, such as an abdominal 
CT. Therefore, a clear criterion to defi ne a posi-
tive clinical effect of the application of botuli-
num toxin in the abdominal wall is lacking. 
Injection strategies, including timing, which is 
important to determine the onset of action, dura-
tion of effect and, ultimately, the impact of 
BoNTs on the abdominal wall muscular func-
tion, remain unclear. A better defi nition of these 
aspects would contribute to our understanding of  
which type of botulinum toxin may be the most 
appropriate for its application in different sce-
narios of abdominal wall surgery, given the char-
acteristics of abdominal muscles and 
formulations. Formulations are not interchange-
able and differ in relation to their molecular 
structure, mode of action, dosing, migration 
characteristics, and potential adverse effects. 

 Clinical studies of the application of BoNTs 
in abdominal wall surgery are still preliminary 
experiences based on observational designs and 
carried out in small study populations. Therefore, 
results of these studies should be interpreted 
taking into account these limitations. At the 
present time, there is only one ongoing regis-
tered clinical trial (NCT01495962) aimed to 
determine whether botulinum toxin A (Botox ® ) 
will facilitate fascial closure after  damage con-

trol laparotomy (DCL)   [ 50 ]. The primary end-
point is the rate of delayed primary fascial 
closure. Delayed primary fascial closure will be 
considered when the rectus abdominus fascia is 
directly approximated in the midline during the 
same hospitalization as the initial DCL without 
the use of mesh. 

 Potential applications of the paralyzing and 
antinociceptive effects of BoNTs in the abdomi-
nal wall in adult patients may include complex 
and non-complex midline incisional hernias, 
open abdomen, or reconstructions when the 
abdominal wall is intact. Although a clear defi -
nition of “complex” abdominal hernia is miss-
ing, recently, consensus on criteria used to 
defi ne a patient with complex hernia was 
reached [ 51 ]. Such consensus includes 22 
patients and hernia variables for “complex” her-
nia criteria inclusion which were grouped under 
four categories: “Size and location,” 
“Contamination/soft tissue condition,” “Patient 
history/risk factors,” and “Clinical scenario.” 
These variables were further divided into three 
patient severity classes (“Minor,” “Moderate,” 
and “Major”) to provide guidance for periopera-
tive planning and measures, the risk of a com-
plicated postoperative course, and the extent of 
fi nancial costs associated with treatment of 
these hernia patients [ 51 ]. 

 On the basis of previous considerations and 
taking into account that each case treatment 
should be individualized, the paralyzing effect 
of BoNT-A could be indicated, with or without 
preoperative progressive pneumoperitoneum 
(PPP), in patients with complex midline inci-
sional hernia with a loss of domain (hernia sac 
can form a second abdominal cavity), small or 
large defects and minor or moderate severity 
class. Our group has a short experience with 
excellent results in a small clinical series of fi ve 
patients with complex midline incisional hernia 
and loss of domain (large/small defects, minor/
moderate severity class), which have been 
treated with a combination of onabotulinum 
toxin A (Botox ® ) and PPP. Two weeks prior to 
starting PPP, botulinum toxin A is injected. The 
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injection technique used in our patients is based 
on the method described by Ibarra-Hurtado 
et al. [ 7 ], in 2009, with the difference that we 
use onabotulinum toxin A (Botox ® ). Briefl y, 
after preparing the sterile material (gloves, 
gauzes, syringes, etc.,) and a mioject needle 
of 75 mm length (TECANeedles, MyoJect 
Disposable Hypodermic Needle Electrode, 
VIASYS Healthcare, Madison, WI, USA), 100 
units of BoNT-A (Botox ® ) are diluted with 
5 cm 3  of preservative-free 0.9% saline and a 
total of fi ve syringes of 1 cm 3  is obtained (20 
units of BoNT-A). Five points are identifi ed at 
each side of lateral abdominal wall. Two points 
over the mid-axillary line (between the costal 
border and the superior iliac crest) and three 
points over the external oblique muscle. The 
skin is cleaned with alcohol and no local anes-
thesia is used. The mioject needle is applied and 
under electromyographic guidance, the needle 
is used to identify the maximal electromyo-
graphic recording points in the fi ve points of the 
lateral abdominal wall. The depth of injection 

will depend on the anthropometric character-
istics of the individual and the location of the 
point of maximum electromyographic activity. 
Then, 20 units (1 cm 3 ) per point (100 units for 
each hemiabdomen) are injected. The procedure 
is performed in the outpatient setting. The pur-
pose of this combined approach was to increase 
elongation of the lateral abdominal wall mus-
cles (i.e., increase of the abdominal cavity/
capacity) adding the effect of BoNT-A with the 
effect of PPP. Alternatively, the injections may 
be performed under ultrasound guidance, with 
each of the lateral abdominal muscles injected 
separately. 

 The algorithm for the management of midline 
incisional hernias with suspicion of loss of 
domain currently used by our group is shown in 
Fig.  41.1 . Details of our technique of BoNT-A 
injection are presented in the video supplement. 
Our strategy to measure BoNT-A effects is based 
on radiological evidence of a reduction of muscle 
thickness on post-injection CT and a shorter time 
of pneumoperitoneum (usually without BoNT-A 

  Fig. 41.1    Management algorithm of midline incisional 
hernias with potential loss of domain  CT  computed 
tomography,  HV/PV  hernia volume/peritoneal volume 

ratio,  PPP  preoperative progressive pneumoperitoneum, 
 BoNT - A  botulinum neurotoxin A, in our experience 
Botox ® )       
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it takes between 2 and 3 weeks and with BoNT-A 
is reduced to 1–2 weeks). Illustrative cases of the 
combined use of BoNT-A and PPP are presented 
in Figs.  41.2 ,  41.3 , and  41.4 .

      Patients with a complex midline incisional 
hernia without loss of domain (large/small 

defects, minor/moderate severity class) may be 
candidates for BoNT-A application (Fig.  41.5 ). 
In these cases, the laparoscopic approach together 
with BoNT-A injection would be only considered 
in the absence of trophic cutaneous lesions, when 
defects are small and closed with or without asso-

  Fig. 41.2    ( a )  Complex midline incisional hernia   with loss of domain, ( b ) Botox ®  injection with electromyographic 
guidance       

  Fig. 41.3    ( a )  Complex midline incisional hernia   with loss of domain standing up, ( b ) Lying fl at (hernia is not reduced)       
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ciated endoscopic component separation (ECS). 
The use of BoNT-A should not be indicated as a 
preoperative preparation of a non- complex mid-
line incisional hernia (5–10 cm of transverse 
diameter), unless a laparoscopic approach with 
closure of the defect, with or without ECS would 
be chosen.

   The open abdomen may be a reasonable indi-
cation for BoNT-A in patients with an abdominal 
temporal closure technique with vacuum-assisted 
negative pressure [ 52 ] (Fig.  41.6 ).

   In cases of abdominal defects with intact 
abdominal wall, BoNT-A application could be 
used in inguinal hernia with loss of domain, with 

  Fig. 41.4    ( a ,  b )  Complex midline incisional hernia   with 
loss of domain standing up. This patient may be candidate 
for combined preoperative progressive pneumoperito-
neum and botulinum toxin A application. ( c ) CT previous 

to BoNT-A + PPP, highlighted in yellow wide lateral 
abdominal wall muscles. ( d ) CT after BoNT-A + PPP, 
highlighted in yellow narrow lateral abdominal wall 
muscles       

  Fig. 41.5     Complex midline incisional hernia   without 
loss of domain and large defect       
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or without associated PPP (Fig.  41.7 ). Other rare 
cases may be treated with BoNT-A without PPP, 
such as a giant diaphragmatic hernia.

   Potential separation of the paralyzing and 
antinociceptive effects of BoNTs is artifi cial and, 
theoretically, indications related to one effect 
may favor the other, and vice versa. For this rea-
son, potential indications of the antinociceptive 
effects of BoNTs are the same than those previ-
ously described (Table  41.3 ). 

       Concluding Remarks 

 Potential applications of BoNT-A here described 
to achieve tension- and retraction-free conditions 
in abdominal wall reconstruction are exclusively 
based on the author’s opinion and experience. 
Further studies (preferably randomized- 
controlled designs) are necessary to clarify a 
number of relevant clinical questions, including 
patient’s eligibility, dosing of the different botuli-
num toxin A formulations, optimal administra-
tion technique, or benefi ts of potential association 
with other procedures (such as PPP or ECS). 
Injections of BoNT-A into the abdominal wall 
muscles to facilitate complex hernia repair is a 
promising technique, but the evidence available 
at the present time is still weak and a clear role of 
BoNT-A in abdominal wall surgery remains to be 
defi ned.     

  Fig. 41.6     Temporary abdominal closure   of open abdo-
men with non-absorbable synthetic mesh traction (pleat-
ing or serial excision of the mesh as the fascial edges are 

re-approximated) ( a ) with combined negative pressure 
wound therapy ( b ,  c )       

  Fig. 41.7     Inguinal hernia with   loss of domain       
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      Groin Hernia Repair: Open 
Techniques                     
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           Introduction 

 Inguinal hernia repairs comprise both open and 
laparoscopic techniques. This chapter discusses 
open techniques, which are further divided into 
tissue- and prosthetic-based repairs. Introduced 
in 1887, Bassini’s technique of restoring the 
integrity of the inguinal fl oor using native tissue 
layers resulted in fewer recurrences and less mor-
bidity than its predecessors, which relied on sim-
ple closure of the internal ring. The Shouldice 
and McVay repairs are variations on the  Bassini 
technique     , as is a more recent repair introduced 
by Desarda in 2001. Prosthetic-based repairs are 
predicated upon restoring the integrity of the 
inguinal fl oor by placing synthetic mesh either 
anteriorly or posteriorly to the transversalis fas-
cia. Three key scientifi c advancements contrib-
uted to the widespread adoption of mesh repairs: 

the recognition that impaired collagen synthesis 
contributes to hernia formation, the realization 
that suture line tension contributes to recurrence, 
and the refi nement of prosthetic materials to be 
lightweight, fl exible, strong, and biologically 
inert. 

 In the 1980s, Lichtenstein popularized the ten-
sion-free anterior mesh repair that now bears his 
name. Variations on the  Lichtenstein technique      
include mesh plug and patch repairs and the 
 Prolene Hernia System (PHS) repair.   In 1973, 
Stoppa developed an open tension-free hernia 
repair with mesh placed posteriorly to the trans-
versalis fascia in the preperitoneal space address-
ing all potential defects in the myopectineal orifi ce 
of Fruchaud. This operation is the precursor for 
modern open and laparoscopic preperitoneal 
repairs. The transinguinal preperitoneal (TIPP) 
repair, a modifi ed Rives operation described by 
Schumpelick, and transrectus sheath preperito-
neal (TREPP) repair, a modifi ed unilateral Stoppa 
operation described by Wantz, are examples of 
open posterior approaches used today. 

 Thus, the current methods of open hernia 
repair can be categorized as: (1) tissue approxi-
mation repair (Bassini, Shouldice, McVay, 
Desarda) and (2) open tension-free prosthetic 
repair, in which mesh is placed in front of the 
transversalis fascia (Lichtenstein), behind it 
(Rives, Wantz, Kugel, Stoppa, TIPP, TREPP), or 
both (Plug and Patch, Prolene Hernia System).  
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    Tissue Approximation Repairs 

 More than 70 types of different tissue repairs 
have been reported in the surgical literature; 
those commonly in use today are the Bassini, 
Shouldice, McVay, and Desarda repairs. Among 
these, the European Hernia Society guidelines 
recommend the Shouldice technique as the best 
option among tissue repairs [ 1 ]. Numerous ran-
domized comparative trials, however, have 
clearly demonstrated the superiority of tension-
free mesh repair over the traditional tissue 
approximation methods [ 2 – 4 ]. Therefore, indica-
tions for tissue repairs include operative fi eld 
contamination, emergency surgery, and when the 
viability of hernia contents is uncertain. 

    Bassini Repair 

 The original repair includes dissection of the 
spermatic cord, dissection of the hernia sac with 
high ligation, and extensive reconstruction of the 
fl oor of the inguinal canal. In a “proper”  Bassini 
repair  , the entire spermatic cord is dissected and 

isolated along with any indirect hernia sac, excis-
ing the cremasteric muscle. The inguinal fl oor is 
then exposed and the transversalis fascia is 
incised from the pubic tubercle to the internal 
inguinal ring. This step is often left out in modern 
interpretations of Bassini’s repair. After the fas-
cia is suffi ciently mobilized, a triple-layer repair 
is performed. The internal oblique, transversus 
abdominis, and transversalis fascia are fi xed to 
the shelving edge of the inguinal ligament and 
pubic periosteum with 6–8 nonabsorbable inter-
rupted sutures (Fig.  42.1a ). The lateral aspect of 
the repair reinforces the medial border of the 
internal inguinal ring.

       Shouldice Repair 

 The  Shouldice repair   distributes the suture line 
tension over several layers, resulting in lower 
recurrence rates compared to the Bassini tech-
nique. The genital branch of the genitofemoral 
nerve is routinely divided during cord dissection. 
The operator incises the transversalis fascia 
between the pubic tubercle and internal ring, and 
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  Fig. 42.1     Bassini repair   (Reproduced from [ 5 ]). ( a ) Note 
the correct method of performing this procedure: the fas-
cia transversalis is incised widely to allow suturing to the 
deep layer. The sutures take up the inguinal ligament and 
the fascia transversalis below, and the fascia transversalis 
and falx inguinalis above. ( 1 ) Aponeurosis of the external 

oblique; ( 2 ) internal oblique; ( 3 ) inguinal ligament; ( 4 ) 
relaxing incision of the falx inguinalis; ( 5 ) fascia transver-
salis; ( 6 ) repair with 00 gauge nonabsorbable suture; ( 7 ) 
subperitoneal fat. ( b ) The aponeurosis of the external 
oblique is repaired in front of the conjoint tendon       
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bluntly dissects the preperitoneum to mobilize 
the upper and lower fascial fl aps. The tissue 
reapproximation then proceeds as follows. 
Starting at the pubic tubercle, the iliopubic tract 
is sutured in a running fashion to the lateral edge 
of the rectus sheath using a synthetic, non-
absorbable, monofi lament suture. This suture 
line approximates the edge of the inferior trans-
versalis fl ap (or “iliopubic tract”) to the posterior 
aspect of the superior fl ap (or “triple layer”) 
(Fig.  42.2a ). At the internal inguinal ring, the 
suture incorporates the lateral cremasteric stump 
and reverses back in the medial direction and 
approximates the edge of the superior transver-
salis fascia fl ap (or “triple layer”) to the shelving 
edge of the inguinal ligament (Fig.  42.2b ). This 
is then tied down at the pubic tubercle. The next 
stitch begins at the internal ring and proceeds 
medially, approximating the aponeuroses of the 
internal oblique and transversus abdominis to 
that of the inguinal ligament (Fig.  42.2c ). At the 
tubercle, this suture line then reverses through 
the same structures medially, and through the 
inner aspect of the lower end of the external 
oblique aponeurosis laterally, and is tied down at 
the internal ring (Fig.  42.2d ). The aponeurosis of 
the external oblique is then closed over the repair 

with the spermatic cord replaced into its ana-
tomic bed. The Shouldice repair has demon-
strated the best outcomes of tissue-based repairs 
approaching those seen with mesh repairs in spe-
cialized centers. It requires inguinal anatomy to 
be properly understood and carried out, which 
accounts for its limited use. As a technique, it 
effectively addresses all inguinal hernias and is 
our preferred option for tissue repair when mesh 
is not feasible or contraindicated.

       McVay Repair 

 The  McVay repair   addresses both inguinal and 
femoral ring defects. After isolation of the sper-
matic cord, the operator incises the transversalis 
fascia to enter the preperitoneal space. Gentle 
blunt dissection mobilizes the upper fl ap and 
exposes the surface of Cooper’s ligament. A 
2–4 cm vertical relaxing incision is made in the 
anterior rectus sheath at the pubic tubercle 
(Fig.  42.3a, b ). This is essential to reduce tension 
on the repair, but may increase the risk of postop-
erative pain and ventral abdominal herniation. 
The superior transversalis fl ap is then sutured 
medially to Cooper’s ligament, and the repair is 

  Fig. 42.2     Shouldice repair   (Reproduced from [ 5 ])       
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continued laterally along Cooper’s ligament to 
cover the femoral ring. Lateral to the femoral 
ring, a transition stitch affi xes the transversalis 
fascia to the femoral sheath and inguinal 
 ligament, and the suture line approximating these 
layers is then continued laterally out to the inter-
nal ring (Fig.  42.3c ). Again, an essential step in 
McVay repair is the relaxing incision of the ante-
rior lamina of the rectus sheath prior to repair of 
the external oblique (Fig.  42.3d ).

       Desarda Repair 

 The tissue-based  technique   introduced by 
Desarda in 2001 [ 7 ,  8 ] involves reinforcing the 
fl oor of the inguinal canal with a medially based 
strip of undetached external oblique aponeurosis. 

The operation itself is not novel as case reports 
from Halsted and colleagues at Johns Hopkins in 
the 1890s describe similar techniques using the 
rectus aponeurosis or external oblique aponeuro-
sis to reinforce the fl oor [ 9 ]. Madden, Koontz, 
Calman, Halsted, Goodblood, McArthur, 
Andrews, and Zimmermann have all described 
similar inguinal fl oor-based repairs that have 
fallen out of popular use [ 8 – 10 ]. However, the 
Desarda operation has gained recent interest 
especially in resource poor countries in which 
mesh is not readily available and in cases where 
mesh is not desired. In this operation, the unde-
tached aponeurotic strip is used to reconstruct the 
inguinal fl oor by moving it to the posterior wall of 
the canal. It is secured to the internal oblique 
muscle superiorly and the inguinal ligament infe-
riorly with interrupted sutures (Fig.  42.4 ). 
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  Fig. 42.3     McVay repair   
(Reproduced from [ 5 ])       
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Concerns over the validity of outcomes associ-
ated with this technique arise from the claims of 
superiority over mesh-based techniques with no 
recurrences and no pain with all data from a sin-
gle center [ 10 ]. Physiologically, the use of intrin-
sic tissue as a tension-free based fl ap has been 
questioned due to the metabolic connective tissue 
derangements known to exist in patients with her-
nias [ 8 ,  10 ]. Results from a randomized controlled 
trial comparing the Desarda and Lichtenstein 
techniques through 3 years of follow- up appear to 
demonstrate similar results [ 8 ], although broader 
employment of this technique in general practice 
has yet to be studied. Furthermore, the duration of 
these studies is inadequate to detect the later 
recurrences expected with tissue-based repairs. 
Five- and ten-year data from well- controlled 
studies will help to elucidate if this repair will 
achieve similar outcomes to Shouldice, the cur-
rent gold standard tissue-based repair.

        Prosthetic Repairs 

 The widespread adoption of tension-free pros-
thetic mesh repairs represented a paradigm shift in 
inguinal hernia surgery. Mesh-based hernioplasty 
is the most commonly performed general surgical 
procedure, due to its effi cacy and superior out-
comes. The next section describes techniques for 
the Lichtenstein, Plug and Patch, Prolene Hernia 
System, and open preperitoneal repairs. 

    Lichtenstein Tension-Free Repair 

  The open tension-free mesh hernioplasty was pio-
neered by the  Lichtenstein   group in 1984. As is 
often the case, the root of most new developments 
in surgery can be traced back to the old. A tension-
free anterior hernioplasty using nylon mesh similar 
to the Lichtenstein repair had been previously 
described in the French literature in 1944 by Don 
Acquaviva and in 1959 by Zagdoun and Sordinas 
[ 11 ]. The inguinal canal is dissected to expose the 
shelving edge of the inguinal ligament, the pubic 
tubercle, and suffi cient area for mesh (Fig.  42.5a ). 
The mesh is a 7 × 15 cm rectangle with a rounded 
medial edge, and it must be large enough to extend 
2–3 cm superior to Hesselbach’s Triangle. The lat-
eral portion of the mesh is split into two tails such 
that the superior tail comprises 2/3 its width, and the 
inferior tail comprises the remaining 1/3. The 
medial edge of the mesh is affi xed to the anterior 
rectus sheath such that it overlaps the pubic tubercle 
by 1.5–2 cm, in order to prevent medial recurrence. 
A non- absorbable synthetic monofi lament suture is 
used to fi x the inferior edge of the mesh to the shelv-
ing edge of the inguinal ligament (Fig.  42.5b ). The 
upper edge of the mesh is then fi xed to the internal 
oblique aponeurosis laterally and to the rectus 
sheath medially using a synthetic, absorbable suture 
(Fig.  42.5c ). The lateral tails of the mesh are placed 
snugly around the cord at the internal ring, but not 
too tight to strangulate it. The tails are then sutured 
to the inguinal ligament with an interrupted stitch 

  Fig. 42.4     Desarda technique   
(from Szopinski et al. [ 6 ])       
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  Fig. 42.5    ( a )  Modifi ed Lichtenstein repair  : anatomy of 
the inguinal canal. ( b ) Modifi ed Lichtenstein repair: lat-
eral fi xation of mesh with 1–2 cm of overlap over the 
pubic tubercle. ( c ) Modifi ed Lichtenstein repair: slit made 

in mesh. ( d ) Modifi ed Lichtenstein repair: medial fi xation 
of the mesh and recreation of the mesh internal ring. ( e ) 
Modifi ed Lichtenstein repair: mesh tails placed below the 
external oblique aponeurosis       
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(Fig.  42.5d ) and placed beneath the external oblique 
aponeurosis (Fig.  42.5e ).

   As described previously [ 11 ], fi ve concepts 
are fundamental to the Lichtenstein repair:

    1.    Using a large sheet of mesh that extends 2 cm 
medially beyond the pubic tubercle, 3–4 cm 
above Hesselbach’s triangle, and 5–6 cm lat-
eral to the internal ring.   

   2.    Crossing the tails of the mesh to avoid lateral 
recurrence.   

   3.    Securing the upper edge of the mesh to the 
rectus sheath and internal oblique aponeurosis 
(avoiding the internal oblique muscle to pre-
vent injury to the intramuscular segment of 
the iliohypogastric nerve) with two inter-
rupted sutures, and the lower edge of the mesh 
to the inguinal ligament with one continuous 
suture. This prevents folding, wadding, and 
movement of the mesh in the mobile area of 
the groin.   

   4.    Keeping the mesh in a slightly relaxed, tented 
up, or sagitated confi guration [ 12 ] to counter-
act the forward protrusion of the transversalis 
fascia when the patient stands up and, more 
importantly, to compensate for contraction of 
the mesh.   

   5.    Visualizing and protecting the ilioinguinal, 
iliohypogastric, and genital nerves [ 13 ]. The 
iliohypogastric nerve is identifi ed during sepa-
ration of the external oblique aponeurosis from 
the internal oblique layer. The most vulnerable 
portion of the iliohypogastric is the intramus-
cular segment, which courses along the lower 
edge of the internal oblique muscle [ 13 ]. This 
portion is most likely to be injured or entrapped 
by suture, and may happen if the upper edge of 
the mesh is sutured to the internal oblique 
muscle instead of internal oblique aponeuro-
sis. The genital branch of the genitofemoral 
nerve is protected by not removing the cremas-
teric sheath, and keeping the easily visible blue 
external spermatic vein [ 13 ] en bloc with the 
spermatic cord when it is being lifted from the 
inguinal fl oor under direct vision using blunt 
dissection instead of encircling and elevating 
the cord with blunt fi nger dissection. The ilio-
inguinal nerve can be easily located as it passes 

over the spermatic cord. Manipulating and lift-
ing the nerve from its natural bed increases the 
risk of perineural fi brosis and chronic posther-
niorrhaphy inguinodynia, so ideal technique 
minimizes the mobilization and disruption of 
the nerves from their investing fascia during 
dissection  [ 13 ].    

      Plug and Patch Technique 

 The use of a mesh plug was fi rst described by 
Lichtenstein in 1974 for the repair of femoral 
hernias and for selected recurrent inguinal her-
nias [ 14 ]. Gilbert expanded this to include the 
repair of primary indirect inguinal hernias, with 
an added small sheet of fl at mesh placed over the 
inguinal fl oor [ 15 ]. Rutkow and Robbins then 
applied the concept to direct inguinal hernias 
[ 16 ]. 

 Prior to placing a mesh patch  over   the inguinal 
fl oor as in the Lichtenstein repair, a cone-shaped 
prosthetic mesh plug is fi rst placed in the hernia 
defect. For an indirect hernia, the plug is placed 
alongside the spermatic cord through the internal 
ring and sutured to the edges of the ring. For a 
direct hernia, the transversalis fascia at the base 
of the direct bulge is incised, the sac is reduced, 
and the plug is sutured to the margin of the defect 
which could include Cooper’s ligament, the 
inguinal ligament, and the internal oblique mus-
cle or aponeurosis. A mesh onlay patch is then 
placed according to the Lichtenstein technique. 

 From the perspective of hernia repair, plug as 
well as plug and patch techniques are effective, 
with similar low recurrence rates to other mesh- 
based techniques. The ease of this repair and 
comfort that a plug gives surgeons at the time of 
operation has led to widespread adoption. 
However, the three-dimensional nature of the 
plug may lead to greater issues with mesh sensa-
tion, meshoma, as well as migration and erosion. 
We have not used the mesh plug in our practice 
since the 1990s. Rare but severe complications 
caused by migration of the mesh were well doc-
umented at the time and continue to be reported 
in the literature at a steady rate. These include 
small and large bowel obstruction, perforation, 
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and fi stula [ 17 – 25 ], bladder erosion [ 26 ], and 
scrotal migration [ 24 ,  27 ]. Additionally, in 6% 
of cases, chronic pain required explantation of 
the plug [ 28 ]. In our extensive experience with 
 post- herniorrhaphy complications, plug-related 
problems remain a common theme and often 
require removal. While no technique is without 
issue or potential for complications, it is our 
opinion that the three-dimensional component of 
a plug is unnecessary with several other avail-
able options for open and laparoscopic inguinal 
hernia repairs.  

    Prolene Hernia System 

 The  Prolene Hernia System (PHS)   repair was 
developed by Gilbert in 1999 and is a two-layer 
mesh that allows prosthetic reinforcement both 
posterior and anterior to the transversalis fascia 
(Fig.  42.6 ). In case of an indirect hernia, the sac 
is dissected from the cord and the preperitoneal 
space accessed through the internal ring. For a 
direct hernia, the transversalis fascia is opened at 
the defect, providing access to the preperitoneal 
space. The preperitoneal space is then bluntly 
dissected to create space for the underlay portion 
of the bilayer mesh, which is then placed through 
the defect. The spermatic cord is placed through 
a slit in the onlay portion of the mesh, which 
functions similarly to the onlay mesh in a 

Lichtenstein repair. Three to four circumferential 
interrupted sutures anchor the anterior layer of 
the mesh to the inguinal canal fl oor.

   Because deployment of the PHS mesh requires 
blunt, blind dissection of the vascular preperito-
neal space, these cases have a higher risk of 
bleeding and hematoma formation than tradi-
tional anterior repairs. Furthermore, because the 
deep layer of the device is not fi xed in place, it 
may lead to folding, wrinkling, and meshoma 
formation (Fig.  42.7 ). Mesh migration and 
bowel-related complications have also been 
reported [ 29 ]. When properly executed,  PHS   
repair is cost-effective, minimally invasive, and 
results are similarly favorable as compared to 
other mesh-based techniques. The deployment of 
the posterior fold of the mesh remains the chal-
lenge to obtain a good outcome and prevent com-
plication, folding, or meshoma.

       Open Preperitoneal Repairs 

  Open preperitoneal repair  , initially referred to as 
giant prosthetic reinforcement of the visceral sac 
or GPRVS, was pioneered by Stoppa in 1973 [ 30 ] 
and has served as the anatomic basis for open and 
laparoscopic posterior repairs. Multiple open 
approaches to the preperitoneal space have been 
developed, including those described by Rives 
[ 31 ] and Kugel [ 32 ]. Variations such as the 

  Fig. 42.6    The  Prolene hernia System  . Image Copyright 
Ethicon, Inc.         Fig. 42.7    Large hematoma compresses the bladder after 

inguinal hernia repair with  bilayer mesh   (Reproduced 
from [ 9 ])       
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transinguinal preperitoneal (TIPP) approach and 
transrectus sheath preperitoneal repair have also 
recently been studied [ 33 ], and are discussed 
below. Preperitoneal repairs are ideally suited to 
address all defects of the myopectineal orifi ce 
including direct, indirect, and femoral hernias. 
However, the preperitoneal space is more 
 challenging with potentially greater morbidity, 
and meticulous technique is crucial to ensure 
good outcomes and minimize complications. 
Adequate dissection can be attained through an 
open approach, but visualization may be limited 
by small incisions and minimally invasive “key-
hole” approaches. While several open preperito-
neal repair techniques have demonstrated good 
outcomes, safety, and effi cacy in multiple stud-
ies, laparoscopy provides the greatest visualiza-
tion to this space, leading to the popularity and 
wide adoption of TEP and TAPP over open pre-
peritoneal repairs. This allows for adequate dis-
section and placement of the mesh over the entire 
myopectineal orifi ce with less risk of folding or 
improper positioning. Open preperitoneal tech-
niques, however, can be performed under local 
anesthesia with lower cost, a lower learning 
curve, low morbidity, and comparable outcomes 
in experienced centers (Fig  42.8 ).

   It should be noted that the placement of mesh 
posterior to the transversalis fascia, as occurs in 
these repairs and in all laparoscopic repairs, 
obliterates the spaces of Retzius and Bogros, and 
can complicate future urologic or vascular proce-
dures, specifi cally radical prostatectomy (RP). 
Multiple series [ 34 ,  35 ] have shown that RP per-

formed following preperitoneal hernia repair is 
technically more diffi cult to perform, increases 
operative time, increases length of stay, and 
results in less adequate lymph node sampling. 
However, preperitoneal inguinal repair per-
formed concurrently with RP has been shown to 
be safe and expeditious and is recommended 
[ 36 – 38 ].  

    Transinguinal Preperitoneal Repair 

 The  TIPP repair  , named by Schumpelick, is a 
recent modifi cation to the Rives operation. The 
repair utilizes a self-expanding soft mesh and 
was fi rst described by Pelissier in 2006 [ 33 ,  39 , 
 40 ]. The TIPP technique begins with a standard 
open approach and isolation of the spermatic 
cord. The cremaster muscle is divided around the 
internal ring. For indirect hernias, high dissection 
of the sac is performed and the sac is reduced. 
For direct hernias, the transversalis fascia is 
divided circularly around the hernia bulge and 
the sac is reduced. The preperitoneal space is 
then bluntly dissected through the corresponding 
defect, medially in the direction of the pubic 
spine and laterally behind the epigastric vessels 
in direction of the iliac spine. The mesh is intro-
duced through the defect into the preperitoneal 
space and then spread to cover all areas of weak-
ness. Under local or regional anesthesia, the 
patient can be asked to cough or strain, which 
facilitates correct anatomical spreading of the 
mesh. A prospective randomized trial in two hos-
pitals [ 41 ] found no signifi cant differences in 
recurrence between Lichtenstein and TIPP repair 
at 1-year follow-up. A systematic review of three 
trials comparing Lichtenstein and TIPP likewise 
suggested similar results [ 42 ]. Because this 
approach invades both the inguinal canal and pre-
peritoneal space with the attendant complications 
previously discussed, it is our preference to uti-
lize a laparoscopic approach (TEP or TAPP) 
when performing a repair in the preperitoneal 
space. However, in dedicated, experienced cen-
ters, this technique is safe, cost-effective, and 
demonstrates excellent outcomes.  

  Fig. 42.8    CT Scan of a meshoma formed by wrinkling of 
the deep layer of a  Bilayer PHS   (Reproduced from [ 9 ])       
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    Transrectus Sheath Preperitoneal 
Repair 

 Another variation of the aforementioned open 
preperitoneal techniques is the  TREPP repair  , a 
modifi cation of a technique originally described 
in 1993 by Wantz as a unilateral Stoppa operation 
[ 43 ] which approaches the preperitoneal space 
through the anterior rectus sheath. This approach 
is begun with a 5-cm horizontal incision 1 cm 
superior to the pubic bone. The anterior rectus 
sheath (below the arcuate line) and transversalis 
fascia are opened and retracted medially. The 
inferior epigastric vessels are identifi ed and 
retracted medially. The preperitoneal space is 
then dissected bluntly. Using three long, thin 
retractors, the preperitoneal space can be ade-
quately visualized with views of the direct, indi-
rect, and femoral areas. The iliac vessels, internal 
ring, spermatic cord, and testicular vessels are 
identifi ed, and any hernias are reduced. A self- 
expandable mesh (Polysoft ®  “Large” BARD 
Benelux, Belgium) is then placed to cover the 
entire myopectineal orifi ce. Abdominal pressure 
and placement in this plane obviates the need for 
fi xation. The anterior rectus sheath is closed with 
absorbable suture. The TREPP approach is com-
pelling due to the avoidance of inguinal canal dis-
section and mesh fi xation, but has yet to be 
widely studied [ 44 ]. The ENTREPPMENT trial 
[ 45 ] is a prospective RCT that will compare 
TREPP to TIPP. Similar to TIPP, it is our prefer-
ence to approach the preperitoneal space laparo-
scopically to avoid blind dissection, ensure wide 
clearance of the myopectineal orifi ce, and opti-
mize mesh placement. However, of the open pre-
peritoneal repairs, this technique has the distinct 
advantage of minimizing nerve injury by avoid-
ing the inguinal canal, and results in specialized 
centers have been excellent with regard to recur-
rence, pain, costs, and effi ciency.   

    Discussion 

 While it is important for all practicing hernia sur-
geons to be familiar with how to execute the tech-
niques described in this chapter, it is equally 

important to know and recognize the advantages 
and disadvantages of each as well. In terms of 
navigating the multitude of approaches available 
to the operating surgeon at large, we would point 
fi rst to the most current consensus guidelines for 
hernia repair. The European Hernia Society 
(EHS)    Guidelines state that “The  Lichtenstein 
technique  , introduced in 1984, is currently the 
best evaluated and most popular of the different 
open-mesh techniques: it is reproducible with 
minimal perioperative morbidity, it can be per-
formed in day care (under local anesthesia) and 
has low recurrence rates (<4%) in the long term.” 
[ 1 ] For this reason, all open approaches are com-
pared relative to this gold standard technique. 
Our practice is comprised predominantly by the 
Lichtenstein approach for patients preferring an 
open operation or surgery under local anesthesia. 
The Lichtenstein is, furthermore, the most widely 
applicable and reproducible by surgeons at all 
levels of training. 

 In regard to open versus laparoscopic repairs, 
the  EHS guidelines   maintain that for primary uni-
lateral and bilateral hernias both open and laparo-
scopic approaches are indicated, but with the 
signifi cant caveat that the laparoscopic surgeon 
must be suffi ciently experienced and have dem-
onstrated a record of expertise with the technique. 
Both open and laparoscopic approaches using 
mesh have shown similar effi cacy and are consid-
ered standard of care for primary unilateral or 
bilateral hernias [ 1 ]. In relation to laparoscopic 
repairs, open mesh repairs maintain several dis-
tinct advantages, the fi rst of which is the option of 
performing the repair under regional or local 
anesthesia. For patients in whom the risks of gen-
eral anesthesia are elevated, a repair under local 
anesthesia is ideal. Open repairs are much easier 
to learn and teach, as the learning curve for 
achieving profi ciency with laparoscopic repairs is 
50–100 cases [ 1 ]. Therefore, the European Hernia 
Society guidelines consider prosthetic open and 
laparoscopic approaches equally acceptable for 
primary repairs, contingent upon the operator 
having acquired suffi cient experience. Both 
approaches have been demonstrated to be safe, 
but laparoscopic repairs have a small potential for 
visceral and major vessel injury. On the other 
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hand, open techniques allow for direct visualiza-
tion of all three nerves. This important technical 
consideration is unfortunately not uniformly 
practiced but minimizes the risk of chronic pain 
and injury. Studies have suggested that postopera-
tive chronic pain is improved with laparoscopic 
repairs compared to open, but long- term data sug-
gest the chronic pain rates are the same. What is 
known is that pain consequent to a posterior mesh 
placement can be more diffi cult to manage. 

 Among the open repairs, mesh is preferred to 
tissue, and Lichtenstein repair remains the gold 
standard, performing reliably in the hands of 
surgeons at large, in all settings. RCTs have 
been conducted or are ongoing to compare alter-
native open approaches to Lichtenstein, and all 
of those mentioned in this chapter have demon-
strated their effectiveness [ 33 ,  39 ,  40 ]. 
Additionally, several of the open repairs dis-
cussed above have shown equivalent or improved 
outcomes in terms of chronic pain, recurrence, 
and ease of implementation. 

 In our own practice, we concur with the EHS 
recommendations and offer either an open 
Lichtenstein approach or laparoscopic total 
extraperitoneal repair for primary inguinal her-
nias. Patients are routinely counseled that both of 
these techniques have similar excellent outcomes 
without superiority of one technique over the 
other, especially with regard to the two primary 
outcomes of recurrence and chronic pain. Rather, 
each has different considerations and limitations. 
For patients that wish to avoid general anesthe-
sia, those with increased cardiopulmonary risk, 
or prior lower abdominal surgery/prostatectomy, 
the open Lichtenstein approach minimizes the 
operative risk and has excellent outcomes for 
both unilateral and bilateral primary hernias. It is 
effective for all variations of inguinal hernia, but 
may be more challenging or require modifi cation 
for femoral hernias or recurrence after prior ante-
rior mesh repair. For primary bilateral hernias, 
recurrences after prior anterior repair, females, 
and known femoral hernias, the relative advan-
tages of a laparoscopic approach (TEP/TAPP) 
are discussed and commonly accepted. In cases 
where mesh is either contraindicated or refused, 
we perform a Shouldice operation. 

 From our extensive experience with chronic 
pain and mesh complications, we are partial to 
the avoidance of three-dimensional meshes and 
those that cross both the anterior and posterior 
planes (plug, plug and patch, PHS). While they 
are effective techniques for the repair of hernia, 
remediation of complications is more problem-
atic than those with the standard fl at mesh used 
in Lichtenstein, TIPP, TREPP, and laparoscopic 
(TEP, TAPP) approaches. After treating thou-
sands of patients with inguinodynia, recurrence, 
and mesh-based complications, it is important to 
clearly assert that all techniques (tissue, open, 
and laparoscopic) have complications and prob-
lems. That being said, everything that the indi-
vidual surgeon can do to perfect his or her 
preferred technique will optimize personal 
results and patient outcomes. Regardless of the 
approach chosen, the fundamental principles 
underlying every successful hernia repair, that 
avoids both recurrence and chronic pain, are a 
profound understanding of the neuroanatomy of 
the inguinal canal and the use of a technique that 
results in the lowest possible amount of tension 
on native tissues.      
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      Laparoscopic TAPP Inguinal Hernia 
Repair                     

     Sergio     Roll       and     James     Skinovsky    

           Introduction 

 Laparoscopic repair of inguinal and femoral her-
nia is increasingly popular because they offer the 
potential for less postoperative pain and a quick 
return to normal activities [ 1 ]. When performing 
laparoscopic inguinal or femoral hernia repair, 
the hernia defect is approached from its posterior 
aspect and the repair involves placing mesh in the 
preperitoneal space. The anatomic approach to 
the preperitoneal space depends upon the laparo-
scopic technique used for hernia repair. The two 
commonly used approaches to laparoscopic 
repair of inguinal and  femoral   hernias are the 
 transabdominal preperitoneal hernia repair 

(TAPP)    and   the  totally extraperitoneal hernia 
repair (TEP)   approaches. 

 Laparoscopic  transabdominal preperitoneal 
hernia repair (TAPP)   is discussed here. 

  Patient preference   plays perhaps the greatest 
role in the choice of one type of repair over 
another; however, surgical expertise plays a key 
part as well. Data show that the recurrence rate 
drops signifi cantly as surgeons gain experience 
with the laparoscopic technique. The learning 
curve for laparoscopic hernia repair is prolonged 
with most estimates ranging between 50 and 75 
procedures. However, when performed by an 
experienced surgeon (>75 repairs), hernia recur-
rence is low [ 2 ]. The learning curve of TAPP 
groin hernia repair is longer than in open proce-
dures and some studies suggest that the learning 
curve for TEP may be as high as 250 cases [ 3 ]. 

 It is generally believed that TAPP is easier to 
teach and learn, although there is no level 1 evi-
dence in the literature to support this belief. 

 Both minimally invasive techniques are con-
sidered effective approaches to recurrent hernia 
following open repair; however, adequate experi-
ence is recommended [ 2 ]. 

 According to several systematic reviews com-
paring TAPP and TEP, both methodologies seem 
to be more effective than open hernia repair, 
although there is not yet suffi cient evidence to 
recommend the use of TAPP rather than TEP [ 4 ].  
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    Why Choose the TAPP Procedure 

     1.     TAPP enables a thorough intra-abdominal 
examination,   

   2.    Provides visualization  of   both inguinal regions 
(Occult hernia—For patients in whom a groin 
hernia is suspected but has been diffi cult to 
confi rm on imaging studies, a TAPP approach 
may offer a better view to determine the pres-
ence and location of the hernia)   

   3.    As soon as you enter at the abdominal cavity, 
even without dissecting the peritoneum—you 
can see the anatomy landmarks   

   4.    Permits thorough exploration of the entire 
myopectineal orifi ce   

   5.    Allows visualization of incarcerated hernias 
and evaluation of possibly strangulated tissue   

   6.    Prior pelvic surgery—In the setting of prior 
preperitoneal pelvic dissection, it may not be 
possible to develop the proper exposure purely 
extraperitoneal   

   7.    Easier in females with indirect inguinal her-
nia, because the sac is frequently more inti-
mately attached to the round ligament   

   8.    Is easily taught and learned.       

    Contraindication to the TAPP 
Technique 

 Absolute contraindications are few.  In   general, 
the inability to tolerate general anesthesia, though 
there are reports of spinal anesthesia being used 
for this procedure. Other prohibitive patient fac-
tors include coagulopathy and intra-abdominal 
infections that would preclude the use of a pros-
thetic mesh [ 5 ]. 

 Relative contraindications include previous 
abdominal surgery, especially pelvic surgery and 
previous radical prostatectomy (more diffi cult 
and carry a higher morbidity). In a large Brazilian 
Multicenter trial, 8549 TAPP hernias were per-
formed in 6955 patients and with only 2.3% 
intraoperative complications, with bladder injury 
being most common. 

  NOTE : Large inguinoscrotal hernias can be 
challenging to manage because reducing these indi-

rect sacs laparoscopically can be diffi cult, so we 
usually prefer an open Lichtenstein technique [ 6 ].  

    Preoperative Evaluation 
and Preparation 

 Preoperative preparation includes thrombopro-
phylaxis and prophylactic antibiotics. To mini-
mize the risk of bladder injury, the bladder should 
be emptied before surgery. In cases of potential 
diffi cult surgery, we place a bladder catheter prior 
to the beginning of the case [ 7 ].  

    OR Preparation to the Repair 

    Equipment 

 Appropriate instrumentation and supplies  should   
be readily available, and the proper functioning 
of laparoscopic imaging equipment verifi ed prior 
to initiating anesthesia. In recent years, I have 
been using a 5-mm 30° laparoscope, two 5-mm 
trocars, and one 10/12-mm trocar.  

    Choice of the Mesh 

  Lightweight mesh   has been compared with 
heavyweight, and the recent data has demon-
strated some benefi t in lightweight mesh. 
Lightweight mesh has been shown to result in 
reduced chronic groin pain, although there was 
no associated increase in quality of life [ 8 ]. My 
preference is to use a macroporous lightweight 
polypropylene mesh (35–45 g/m 2 ). The size 
depends on the anatomy and the type of hernia 
defect encountered during dissection. The avail-
able mesh sizes are 15 × 15 cm and 30 × 30 cm. 
Although in most cases the mesh size used is 
15 × 12 cm, in some recurrent hernia cases, we 
use a larger mesh (17 × 14 cm) [ 9 ]. 

 The size should be large enough to produce a 
wide overlap beyond the defect’s edges. The 
mesh can either be fl at and rectangular or pre-
formed to fi t the myopectineal orifi ce. 
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 In general, a standard polypropylene or polyes-
ter uncoated mesh is used for laparoscopic repairs, 
because the mesh will be covered by peritoneum, 
and as such isolated from the intra-abdominal 
cavity. When faced with a thin or brittle perito-
neum which is diffi cult to close and cannot be 
repaired, a coated polypropylene or polyester 
meshes or other meshes, approved for intra- 
abdominal applications, should be used [ 10 ]. 

  NOTE : In cases of bilateral hernias, due to the 
diffi culty in handling and positioning the light-
weight mesh, a single large mesh covering both 
defects can be used.  

    Mesh Fixation 

 Although some surgeons support nonfi xation of 
mesh, we suggest  mesh fi xation   during TAPP 
procedure to avoid mesh migration and mesh 
shrinkage. We utilize absorbable staples or fi brin 
glue for mesh fi xation [ 11 ] (Fig.  43.1 ).

   Stapling or tacking injuries to the nerves are 
the most common source of postoperative neu-
ralgia following laparoscopic hernia repair. This 
complication should be suspected if severe groin 
pain develops in the recovery room and during 
the immediate postoperative period. Although 
the nerves are essentially never seen during lapa-
roscopic hernia repair, nerve injuries can be pre-
vented by following some strategies: avoid 
stapling below the ileopubic tract and lateral to 

the gonadal vessels (the lateral cutaneous nerve 
and the femoral branch of genitofemoral nerve 
are the two nerves vulnerable to trauma) as well 
as avoiding dissection of the nerves and leaving 
them in direct contact with the mesh [ 12 ]. 

  NOTE : During recent years, with increasing 
concern for the chronic postoperative pain, we 
have signifi cantly decreased the number of fi xa-
tions on the mesh, and today I have used an aver-
age of four/fi ve positions tacks (Fig.  43.2 ).

        Technique for Repair 

    Patient and Team Position 

 The patient is positioned supine with  both   arms 
tucked. During the procedure, the patients are 
shifted in 15–20° of Trendelenburg position to 
improve exposure of the working area and to 
move the small bowel away from the area of 
dissection. 

 The surgeon should stand on the opposite side 
of the defect to be corrected; surgical nurse 
should be in front of the surgeon, and the assis-
tant with the camera near the patient’s head, on 
the same side of the surgeon. Alternatively, the 
assistant can stand on the same side as a hernia, 
provided that the camera is positioned through 
the port on the ipsilateral side as well. The moni-
tor is placed at the foot of the operating bed 
(Fig.  43.3 ).

  Fig. 43.1    Left side— mesh fi xation   with absorbable 
mechanic device       

  Fig. 43.2    Right Side— mesh fi xation   (the stars denote 
attachment points)       
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       Operative Steps 
for the Transabdominal Preperitoneal 
Repair 

 Access of the peritoneal cavity is achieved using 
standard techniques with a Veress needle to cre-
ate the pneumoperitoneum. An incision at the 
supra  umbilicus   is then made for placement of a 
5 mm trocar (I use a 5 mm 30° laparoscope). 
Once access to the peritoneal cavity has been 
established, an inspection of the abdominal cav-
ity is made in search of other affections. 

 We place two additional trocars bilaterally in a 
horizontal plane with the umbilicus. This moment 
requires additional care in order to avoid injury of 
the superfi cial epigastric vessels. This can be 
facilitated through their visualization by means 
of abdominal wall transillumination [ 13 ] 
(Fig.  43.4 ).

    NOTE : The major advantage of the posterior 
approach to groin hernias is that all three hernia 
defects (direct, indirect, and femoral) are 
well-visualized. 

 Using a 5 mm, 30-degree angled laparoscope, 
the groin anatomy is inspected. The inferior epi-
gastric vessels, the internal inguinal ring with the 
spermatic vessels, and the vas deferens should be 

identifi ed. These three structures form the so- 
called  Mercedes-Benz star . This easy identifi ca-
tion is done by transparency through the 
peritoneum [ 14 ] Fig.  43.5a, b ).

   The peritoneum is incised 4–5 cm above the 
hernia defect or internal ring, from the edge of 
the median umbilical ligament toward the ante-
rior superior iliac spine. Often, at the opening of 
the peritoneum, we have a tendency to fall toward 
the region of the nerves. Therefore, before mak-
ing the incision, mark three points: median 
umbilical ligament, anterior superior iliac spine, 
and the line between the two (Figs.  43.6  and 
 43.7 ) Dissection is performed in the preperito-
neal avascular plane between the peritoneum and 
the transversalis fascia to provide visualization of 
the myopectineal orifi ces. It is very important not 
to dissect preperitoneal fat from sensitive struc-
tures, like psoas muscle and nerves.

    After dissection of the preperitoneal space, a 
surgeon should be able to identify the inferior 
epigastric vessels, vas deferens, spermatic cord, 
iliac vessels, bladder, psoas, nerves location, and 
hernia defects. It is important to make a wide dis-
section suffi ciently above and medial to the her-
nia defect to allow a 3–4 cm of normal fascia to 
provide suffi cient mesh overlap (Fig.  43.8 ).

  Fig. 43.3     Patient and time 
position         
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  Fig. 43.4     Trocar position         

  Fig. 43.5    ( a ) Right side—inferior epigastric vessels, 
spermatic vessels, and the vas deferens (“Mercedes-Benz 

star”). ( b ) Left side—inferior epigastric vessels, sper-
matic vessels, vas deferens, median umbilical ligament, 
and direct hernia       

  Fig. 43.6    Left side—opening of the  peritoneum           Fig. 43.7    Left side—opening of the  peritoneum         
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   For an indirect hernia, the cord structures are 
isolated and dissected free from the surrounding 
tissues. In the process, the indirect hernia sac is 
identifi ed, usually found on the anterolateral side 
of the cord and adherent to it. When separating 
the sac from the cord, it is important to handle the 
vas deferens and the spermatic vessels with care 
to minimize trauma. If the sac is suffi ciently 
small, it should be completely dissected free 
from the cord and returned to the peritoneal cav-
ity. Occasionally, a large sac will be encountered, 
in which case it should be dissected and may be 
divided beyond the internal ring, with the resul-
tant peritoneal defect closed with a suture or 
endoloop. The distal end of the transected sac 
should be left open to avoid formation of a hydro-
cele or hematic cyst [ 15 ]. 

 Direct hernia sacs are typically easier to reduce 
than indirect sacs. Once the preperitoneal space 
has been dissected out laterally, the direct hernia 
defect is addressed by separating the peritoneum 
from the overlying myopectineal orifi ce. When 
reducing the direct hernia sac, a “pseudosac” may 
be present, which is transversalis fascia that over-
lies and adheres to the peritoneum and invagi-
nates into the preperitoneal space during the 
dissection. This layer must be separated from the 
true hernia sac in order for the peritoneum to be 
released back fully into the peritoneal cavity. 
Once the pseudosac is freed, it will typically 
retract anteriorly into the direct hernia defect. We 
must always alert surgeons who are starting in the 
TAPP technique, that the “pseudosac” is the 

“sick” transversalis fascia and not the true hernia 
sac. At this time, before placing the mesh, I fi x the 
transversalis fascia (“pseudosac”) in the anterior 
abdominal wall in order to prevent seroma forma-
tion at this site postoperatively (Fig.  43.9a–c ).

   The mesh (sized at least 15 × 12 cm) is then 
rolled and placed in the preperitoneal space to 
cover the entire myopectineal orifi ces, including 
the direct, indirect, and femoral hernia spaces. 
For the direct hernias, my concerns about recur-
rences is greater and I dissect further toward the 
midline and I also have a tendency to use large 
meshes and additional fi xation (Fig.  43.10 ).

    NOTE : Some surgeons slit the mesh longitu-
dinally or vertically to accommodate the cord 
structures, however, I prefer to simply place the 
mesh over the cord. 

 I always fi xate the mesh, most often with 
absorbable staples and some cases with fi brin 
glue. The landmarks for fi xation of the mesh are 
the pubic tubercle, Cooper’s ligament, posterior 
rectus sheath, and the transversalis fascia at least 
3 cm above the hernia defect and the anterior 
superior iliac spine to prevent movement of the 
mesh. When fi xating the mesh laterally with tacks 
or staples, it is important to feel the tip of the 
device on the outside of the abdomen with the 
opposite hand to ensure that fi xation occurs above 
the inguinal ligament. The mesh should cover the 
entire posterior fl oor of the groin and since it can 
shrink between 10 and 30%, the mesh should not 
be fully stretched, but having a little “slack” [ 16 ]. 

  NOTE : Do not tack or staple the mesh below 
the iliopubic tract lateral to the spermatic cord 
and the epigastric vessels to minimize the chance 
of damaging nerves and vascular structures. This 
area contains the “triangle of pain,” which con-
tains the lateral cutaneous nerve of the thigh and 
the femoral branch of the genitofemoral nerve, 
and the adjacent “triangle of doom,” which 
 contains the external iliac artery and vein defi ned 
medially by the vas deferens and laterally by the 
spermatic vessels (Fig.  43.11 ).

   After the mesh is positioned, the peritoneum 
is re-closed with a running suture or tacks. It is 
important to leave no gaps in the peritoneum to 
isolate the mesh from the viscera and to minimize 
the risk of small bowel herniation and obstruc-

  Fig. 43.8    Left side— preperitoneal space   dissected       
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tion in the gaps/peritoneal fenestrations [ 17 ] 
(Fig.  43.12a, b ).

   The mechanism of recurrences after TAPP is 
inferiorly, due to insuffi cient coverage of the infe-
rior edge of the myopectineal orifi ce or due to mesh 
migration. It is thus very important to confi rm mesh 
positioning during closure and desuffl ation, because 
it can fold on itself by the inferior peritoneal fl ap 
during suturing. The ports are removed under direct 
vision and the abdominal cavity is decompressed. 
The fascia at the 10 mm cannula should be sutured 
to reduce the chance for future incisional hernia.  

    Postoperative Care and Follow-up 

 Most  laparoscopic hernia repairs are   performed on 
an outpatient basis. Postoperative pain is usually 
well-controlled using  nonsteroidal anti- 
infl ammatory agents (NSAIDS)  , if not contraindi-
cated, with or without low-dose narcotic agents. I 

recommend an ice pack to be used four times a 
day, in the inguinal region, for 2 days and local 
heat for the next 2 days. I maintain the use of a 
groin hernia support (Tensor) for up to a month.  

    Complications 

 As with any hernia repair, postoperative  c  ompli-
cations are possible. There are two sorts of com-
plications: corresponding to the laparoscopic 
technique and procedure-correlated. 

 Morbidity is usually low after a TAPP procedure. 
R. Bittner in his article, Laparoscopic transperito-
neal procedure for routine repair of groin hernia, 
published at BJS, 2002 reported a rate of 2.6% [ 18 ]. 

 Between February 1991 and April 2001, I 
treated 803 patients: 445 (55.4%) with TAPP and 
358 (44.6%) with TEP. The incidence of intraop-

  Fig. 43.9    ( a ) Left side—direct hernia. ( b ) Left side—“Pseudosac” is the “sick” transversalis fascia. ( c ) Left side—fi xa-
tion the  transversalis fascia   (“pseudosac”) in the anterior abdominal wall       

  Fig. 43.10    Right side— mesh position and visualization   
of anatomy by transparency       

  Fig. 43.11    Right side—triangle of doom and  trapezoid 
of pain. Posterior anatomy of the inguinal nerves – a study 
on 30 fi xed cadavers Wolfgang Reinpold, M.D., 
Wilhelmsburg Gross Sand Hospital and Hernia Center, 
Hamburg, Germany (in press).         
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erative complications was 2.8%, and the most 
serious complication was injury of the bladder in 
one case. The postoperative complications were 
present in 235 (29.6%) patients. There were 10 
(1.2%) relapses; 9 cases in the TAPP, and one in 
the TEP group. 

  NOTE : In my experience, inguinoscrotal her-
nias show a signifi cantly higher rate of complica-
tions such as seromas, postoperative pain, 
bleeding, injury to the deferens, and orchiditis.  

    Recommendation   

 TAPP  TEP 

 Routine  X 

 Prior  Abdominal   Surgery  X 

 Bilateral Hernia  X 

 Inguinoscrotal hernia  X 

 Incarcerated hernia  X 

 Hernia & Diagnosis  X 

 Recurrent hernia  X 

 Hernia and cholecystectomy  X 

 Prior preperitoneal surgery  X 

 Contraindication–general anesthesia  X 

   TAPP is an effective and safe technique. It can be 
performed in a standard way for all inguinal and 
femoral hernias. It is simple to learn and easy to 
teach.       
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      Laparoscopic Total Extra-Peritoneal 
(TEP) Inguinal Hernia Repair                     

     Tammy     Kindel       and     Dmitry     Oleynikov     

           Introduction to Total Extra- 
peritoneal Inguinal Hernia Repair 

 Laparoscopic total extra-peritoneal (TEP) has 
gained popularity over the past 15 years as an 
acceptable alternative to the open Lichtenstein 
repair for the surgical treatment of initial, unilat-
eral inguinal hernias given the similar recurrence 
risk and decreased post-operative pain, early 
ambulation and return to work [ 1 ,  2 ]. Initial 
results of both  TEP and TAPP   compared to an 
open, tension-free repair for inguinal hernias 
were disappointing due to higher recurrence and 
complication rates with a laparoscopic (10.1 and 
39%) compared to open repair (4.9 and 33.4%) at 
2 years [ 4 ]. However, further studies looking spe-
cifi cally at TEP have shown a similar recurrence 
rate to the open, Lichtenstein repair [ 5 ,  6 ]. A 
recent meta-analysis using bias evaluation and 

trial sequence analysis of randomized controlled 
trials found no difference in recurrent rates 
between TEP and the open approach [ 6 ]. Early 
post-operative pain as well as long-term moder-
ate and severe chronic pain is reduced when a 
TEP is performed compared to an open, tension- 
free repair [ 7 – 9 ]. 

 It is now believed that one of the primary rea-
sons for inferior early results with TEP com-
pared to open or TAPP repairs is due to the steep 
learning curve required in TEP [ 10 ,  11 ]. There is 
an initial critical learning curve of approxi-
mately 30–50 cases with TEP due to the unfa-
miliar anatomic orientation encountered in the 
pre-peritoneal space as well as limited working 
space [ 12 ,  13 ]. Even after 50 cases, while the 
recurrence rate and number of intraoperative 
complications are not signifi cantly affected, the 
operative time, conversion rate, and post-opera-
tive complications may continue to improve up 
to 250 cases [ 14 ]. Beyond operating with an 
experienced laparoscopic inguinal hernia sur-
geon, novices may be able to shorten their learn-
ing curve with the use of simulation- based 
training as well as using a Stoppa’s pre-perito-
neal approach, if converting to open, to increase 
anatomic familiarity [ 13 ,  15 ]. Further, careful 
patient selection may be advised for the surgeon 
gaining experience with TEP including selec-
tion of young, thin male patients with a unilat-
eral, non-scrotal hernia and without prior 
abdominal surgery [ 16 ].  
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    Patient Selection for TEP Repair 

    Indications 

 As mentioned previously, TEP is  an   excellent 
option for a recurrent inguinal hernia following 
an open repair or for bilateral inguinal hernias. 
Given surgeon preference, TEP is also an appro-
priate choice for an initial, unilateral inguinal 
hernia as long as the patient can tolerate general 
anesthesia and has no contraindications, as dis-
cussed below, with the added advantage of 
exploring for an occult, contralateral inguinal 
hernia [ 3 ].  

    Contraindications 

 Any patient who cannot tolerate general anesthe-
sia and would be better served with local, sedation, 
or a spinal anesthetic is not an appropriate candi-
date for TEP. Chronically incarcerated and scrotal 
hernias have traditionally been a contra-  indication   
to laparoscopic repair. However, these hernias can 
be repaired successfully by TEP in experienced 
hands. Modifi cations from a traditional TEP 
should include mandatory Foley catheter place-
ment to allow for full development of the space of 
Retzius as well as surgeon comfort with ligating 
the epigastric vessels, if needed, as well as knowl-
edge on how to incise the transversalis fascial sling 
to aid in indirect hernia sac reduction [ 17 ].  

 For acute incarcerations, high suspicion of 
ischemia is a contraindication for the TEP 
approach. If there are no concerning signs of 
bowel compromise, a TEP approach can be con-
sidered. Similarly to treatment of other chroni-
cally incarcerated hernias, the use of a relaxing 
incision is often needed in the acute situation for 
sac content reduction. For direct hernias, an ante-
riomedial incision can be directed toward the rec-
tus, carefully avoiding injury to the epigastric 
and iliac vessels. The relaxing incision for the 
indirect space is performed in the transversalis 
fascial sling and in the lacunar ligament and/or 
anteriomedial iliopubic tract for femoral hernias 
[ 18 ]. We advocate opening the sac in all cases  of 
  acute incarceration or new obstruction to ensure 
bowel viability and inspect the transition point if 

present. The sac and peritoneum can then be 
closed and the intra-peritoneal gas evacuated to 
maintain pre-peritoneal visualization. 

 We also recommend an open approach over 
TEP-IHR for patients who have had prior viola-
tion of the pre-peritoneal space such as occurs 
after prostatectomy [ 19 ].  

    Technical Considerations of TEP-IHR 

     (a)     Development of the    pre-peritoneal space   . 
The patient is positioned on the operating 
table supine with both arms tucked and 
appropriately padded. A Foley catheter is 
placed, if it is a known recurrent hernia or 
large scrotal hernia; otherwise, the patient 
can void just prior to entering the operating 
room and avoid Foley catheter insertion. An 
infra-umbilical, curvilinear incision is made 
in the midline. This is extended to the ante-
rior rectus sheath. The anterior rectus sheath 
is divided just off the midline of the affected 
side with refl ection of the rectus muscle 
proper laterally. With this, the posterior 
sheath is exposed and the initial blunt dissec-
tion can be performed with a fi nger sweeping 
the rectus muscle laterally and anteriorly. 
Care should be taken to enter the retro-rectus 
space at the most medial aspect of the rectus 
belly to prevent muscle bleeding. A curved S 
or Army–Navy retractor can then be placed 
within the pre-peritoneal space to aid in pas-
sage of a lubricated dissecting balloon. The 
dissecting balloon should be inserted with 
only gentle force in the direction of the pubis. 
Once the pubis is reached, we place the bal-
loon just inferior to the bone and insuffl ate 
the dissecting balloon under camera visual-
ization. The dissector is then removed with 
the trocar left in place with an infl atable bal-
loon tip and the pre-peritoneal space 
 insuffl ated with carbon dioxide to an insuf-
fl ating pressure of 15 mmHg. A 45° 10-mm 
laparoscope aids in enhancing the view of the 
pre- peritoneal inguinal space. Two 5 mm tro-
cars are then placed in the midline. The fi rst 
is placed in the supra-pubic location and the 
second just inferior to the trocar balloon.   
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   (b)     Exposure of the    pubic tubercle and Cooper’s 
ligament   . Initial dissection is done with blunt 
graspers to expose the pubic bone in the mid-
line and Cooper’s ligament (Fig.  44.1 ). The 
bladder should be gently dissected posteri-
orly off the pubic bone to avoid injury during 
mesh placement. Caution should be made for 
the crossing blood vessels over the pubic 
bone to prevent signifi cant venous bleeding.

       (c)     Identifi cation of a    Femoral and Direct Hernia    .  
If a hernia is identifi ed before reaching the 
femoral vein while traveling laterally on 
Cooper’s ligament, this represents a femoral 
hernia. At times, lacunar’s ligament will need 
to be divided medio-superiorly to allow for 
femoral content reduction. If no femoral her-
nia is identifi ed, as shown in Fig.  44.2 , any 
fi bro- fatty tissue remaining superior to 
Cooper’s ligament lies within the direct space 
and may represent a direct hernia. This tissue 
should be cleared and the transversalis fascia 
identifi ed. If a large direct hernia is found, the 
pseudo- sac of the weak transversalis fascia 
can be secured to Cooper’s ligament with a 
tack to potentially reduce the occurrence of a 
post- operative seroma.

       (d)     Identifi cation of an Indirect    Hernia    .  The lat-
eral space is fully dissected to allow for future 
mesh placement. Exposure of the abdominal 

wall muscle may result in bleeding and care 
should be taken to stay within the alveolar 
space to minimize muscle and nerve injury 
leaving pre-peritoneal fat on the anterior 
abdominal wall. With completion of dissec-
tion both medial and lateral to the internal 
ring, the cord contents are grasped and 
retracted laterally. This allows for early iden-
tifi cation and protection of the vas deferens 
and spermatic cord vessels, which will be 
found medially (Fig.  44.3 ). The vas and ves-
sels are fully separated from the indirect her-
nia sac. Once the indirect hernia sac has been 
isolated, both graspers are placed on the her-
nia sac and the contents fully reduced with the 
medial hand applying counter traction to the 
internal ring.

       (e)     Mesh placement.  We prefer to use a light-
weight, macro-porous, permanent mesh sized 
to cover the direct, indirect, and femoral 
 hernia spaces.  After   insertion through the 
12 mm umbilical trocar, the mesh is unrolled 
and positioned within the pre-peritoneal 
space. The medial aspect of the mesh should 
be positioned along the pubic bone at least 
1 cm off the midline to the opposite side to 
give adequate coverage of the direct space. 

  Fig. 44.1    Blunt dissection of the  bladder and alveolar 
tissue   inferiorly to expose the pubis and Cooper’s 
ligament       

  Fig. 44.2    Once  Cooper’s ligament   is exposed laterally 
reaching the femoral vessels, any fi bro-fatty tissue 
remaining superior to Cooper’s represents a direct hernia       
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The mesh is then secured with non-absorbable 
tacks to Cooper’s ligament and the rectus 
muscle anteriorly (Fig.  44.4 ). The vas and ves-
sels are positioned within the slit, the mesh 
rolled laterally so that it lies fl at without 
bunching, and the lower fl ap secured overly-
ing the upper fl ap slightly with a tack at least 

1 cm above the anterior superior iliac spine 
(Fig.  44.5 ). Care must be taken to avoid the 
branches of the lateral femoral cutaneous 
nerve and genito- femoral and femoral nerve.

        (f)      Occult bilateral inguinal hernias    .  Our group 
performed a prospective study of patients 
undergoing TEP repairs with a pre-operative 
diagnosis of a unilateral hernia only [ 3 ]. 22% 
of patients had an occult bilateral inguinal her-
nia. For this reason, we advocate routine 
exploration of the contralateral side to evalu-
ate for an occult, contralateral inguinal hernia 
and immediate repair when identifi ed. This is 
done in a similar manner to the ipsilateral 
(symptomatic) side; however, the space is 
selectively dissected to include identifi cation 
of cooper’s ligament for inspection of the 
direct space, followed by identifi cation of the 
internal ring and cord contents. The peritoneal 
refl ection can be followed medial to lateral 
and if found to enter the internal ring, an indi-
rect hernia is assumed and full dissection is 

  Fig. 44.3    The  cord contents   are retracted laterally with 
identifi cation of the vas deferens and cord vessels 
medially       

  Fig. 44.4    The mesh is secured to  Cooper’s ligament   with 
non-absorbable tacks       

  Fig. 44.5    The mesh is positioned laterally to accommo-
date the spermatic cord at the medial aspect of the cut slit 
in mesh with the two tails overlapping laterally and 
secured to prevent an indirect recurrence. A slit is made in 
the mesh before insertion for approximately half the dis-
tance of the long end of a 10 × 15 cm mesh with one-third 
of the mesh below the slit and two-thirds above the slit. 
For direct hernias only, a  non-slitted mesh   may be used 
ensuring the peritoneal edge is below the inferior border 
of the mesh       
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then undertaken (Fig.  44.6 ). We have found 
that such inspection of the contralateral side 
does not signifi cantly increase the diffi culty of 
a contralateral repair, if required later com-
pared to unilateral TEP only.

            Conclusions 

 TEP is an excellent option for the repair of not 
only recurrent and bilateral inguinal hernias, but 
also for initial unilateral inguinal hernias. The 
long-learning curve and complicated, posterior 
inguinal anatomy associated with TEP limit its 
application for those surgeons who are not com-
fortable with dissection of the pre-peritoneal 
space. However, we fi nd TEP to be our procedure 
of choice due to the minimal post-operative com-
plication profi le, the ability to intra-operatively 
inspect the opposite inguinal region, and excel-
lent long-term durable outcomes.      
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           Introduction 

 Five laparoscopic techniques are currently avail-
able for repairing an inguinal hernia:  totally 
 extraperitoneal (TEP) repair  , extended view totally 
extraperitoneal (eTEP),  transabdominal preperito-
neal (TAPP)  ,  intra-peritoneal onlay mesh (IPOM)  , 
 and   reduction of the sac  with      or without closure of 
the ring. It is our philosophy that surgeons inter-
ested in a laparoscopic approach should be skillful 
in all of the available techniques to accommodate 
the needs of all patients and to be able to convert to 
a different technique when necessary. 

 Since 1996, we have favored the  endoscopic 
extraperitoneal approach   for the repair of nearly all 
inguinal hernias [ 1 ]. The major advantage of this 
approach is that it does not involve entry in the 
abdominal cavity, thus lessening the risk of intesti-
nal and vascular injuries as well as herniation at the 
trocar sites [ 2 ,  3 ]. This approach may even allow 
hernia repair under local anesthesia with intrave-
nous  sedation or under regional anesthesia [ 4 ,  5 ], 
and provides a great view of the local structures. 

The extraperitoneal approach is based on the time-
tested Rives-Stoppa technique. However, the classi-
cal TEP technique has several drawbacks, including 
the limited space for  dissection and mesh place-
ment, restricted port placement, possible intoler-
ance of pneumoperitoneum, and diffi culty in 
teaching and learning the technique. These disad-
vantages may explain the low implementation of 
the technique outside the circle of experts [ 6 ]. 

 We have noticed the diffi culties our trainees 
experienced in learning TEP, and this inspired us 
to modify the TEP technique based on the prin-
ciple that the preperitoneal space can be reached 
from virtually anywhere in the anterior abdomi-
nal wall. We named this modifi ed protocol eTEP; 
the small “e” stands for “extended view.” The 
technique has been standardized since its fi rst 
publication in  Surgical Endoscopy  [ 7 ]. 

 The most salient  features   of the eTEP tech-
nique are:

    1.    Fast and easy creation of the extraperitoneal 
space.   

   2.    A large surgical fi eld.   
   3.    A fl exible port setup adaptable to many clini-

cal situations.   
   4.    Unencumbered parietalization of the cord 

structures (proximal dissection of the sac and 
peritoneum).   

   5.    Easier management of the distal sac in cases 
of large inguinoscrotal hernias [ 8 ].   

   6.    Improved tolerance of pneumoperitoneum, 
which is a common complication.    
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      Indications for eTEP 

 We use the eTEP technique to repair most cases 
of inguinal hernias; however, there are cases for 
which eTEP is especially useful.

    1.    For the novel surgeon: eTEP is easier to mas-
ter for surgeons new to the technique. In our 
clinical immersion courses, most of the train-
ees are surgeons who have only performed 
TAPPs and have no TEP experience. Notably, 
in follow-up surveys, most of the surgeons 
(80%) incorporated the eTEP technique in 
their practices.   

   2.    Obese or post-bariatric patients: eTEP allows 
the surgeon to avoid the diffi culties caused by 
the pannus; in addition, the subcutaneous tis-
sue is thinner higher in the abdomen.   

   3.    When the distance between the umbilicus and 
pubic tubercle is short.   

   4.    In patients with previous pelvic surgeries.   
   5.    Wide variety of indications: with experi-

ence, surgeons can expand the indications 
for eTEP for inguinal hernia repair to cases 
of large inguinoscrotal, sliding, or incarcer-

ated hernias. This may require combination 
with a 5 mm laparoscopic intraperitoneal 
approach to verify the viability of the intes-
tine or assist in reducing the incarcerated 
content.      

    Key Technical Aspects of eTEP 

    High Camera Port Placement 

 In most unilateral hernias, a 10–12 mm incision 
 is   placed high in the upper lateral quadrant of the 
abdomen approximately 5 cm cephalad and 4 cm 
lateral to the umbilicus on the same side of the 
hernia (Fig.  45.1 ). This incision serves as the 
camera port, but the incision can alternatively be 
placed on the hemi-abdomen opposite to the her-
nia side, especially in patients with previous pel-
vic surgeries interfering with this setup 
(Fig.  45.2 ), patients with large inguinoscrotal, 
incarcerated, or sliding hernias, or according to 
surgeon preference. For bilateral hernias, the 
camera port can be placed on either side. 
Figure  45.3  shows the camera port location in the 

  Fig. 45.1     Port setup   for a unilateral left inguinal 
 hernia. The camera port is placed high in the upper 
abdominal quadrant ipsilateral to the hernia. The working 

port for the left hand is placed at the umbilicus. The 
surgeon and camera assistant always stand opposite the 
hernia side       
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classical TEP approach (highlighted in red); the 
semilunar lines marked under ultrasound guid-
ance are indicated with solid vertical blue lines, 
and possible sites for the camera port in the eTEP 
technique are highlighted by blue stripes. The 
camera port can also be positioned lateral to the 
semilunar lines, as shown in Fig.  45.4 .

      The initial incision is then extended to  the   
anterior fascia, and the fascia is exposed and 
incised with an inverted 11 blade. This allows a 
fi nger to be introduced through the fascia and 
muscle to reach the posterior fascia, which is 
thick at this location, and the retro-rectus space is 
manually dissected. The balloon trocar is then 
introduced along the same path to reach the pubic 
spine, and the balloon is infl ated to create a work-
ing space. The surgeon and camera operator 
stand on the side opposite to the hernia.  

    Flexible Port Distribution 

 Two additional working ports can  be   placed 
according to each individual case. In a unilateral 
hernia, we often use the umbilicus as one work-
ing port and place the second port high in the 
lower abdominal quadrant opposite to the hernia 
(Fig.  45.5 ). The working ports can also be placed 
with one port lateral to the umbilicus and the 

  Fig. 45.2    Because of a 
previous surgery at the right 
lower abdominal quadrant, the 
camera port was placed in the 
left fl ank.  Working ports   are 
placed in triangulation       

  Fig. 45.3    The location of the camera port in the classic 
TEP approach is shown ( red ). The semilunar lines ( solid 
blue vertical lines ) and the possible locations for the cam-
era port ( blue stripes ) in the eTEP technique are 
indicated       
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other port slightly lower and lateral to the fi rst. 
When the camera is opposite the hernia site, we 
use the distribution shown in Fig.  45.6 , which 
allows for perfect triangulation. For bilateral her-
nia cases, we use the distribution shown in 
Figs.  45.7  and  45.8 . Placement of a second port 
in these cases allows for a more ergonomic repair.

          Division of the Posterior Fascia 
(Douglas’s Line) 

 Occasionally, the posterior fascia descends 
enough to reduce visibility within the preperito-
neal space. In such cases of a low-lying arcuate 
line,    we usually divide it. This can be done while 
maintaining visibility if a 5 mm camera is used 
through the lowest working trocar. The posterior 
fascia and peritoneum are fi rmly adhered at mid-
line, but the peritoneum can be dissected free 
from the fascia laterally. Usually, we divide the 
Douglas’s line blindly using laparoscopic scis-
sors introduced through one of the working tro-
cars, though this can risk dividing the peritoneum 
and generating a pneumoperitoneum. 

 The key technical aspects of the eTEP technique 
can be observed in the supplemental video.   

  Fig. 45.4    The eTEP enables access to the  preperitoneal 
space outside   of the semilunar lines, as shown. This 
maneuver is rarely necessary       

  Fig. 45.5    Port setup for a 
right inguinal hernia. Note 
how the working port for the 
right hand is placed at the 
umbilicus. The left hand 
working port is placed high in 
the left fl ank       
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  Fig. 45.6     Port distribution   for a left inguinoscrotal hernia. The camera port is located at the right fl ank, and the working 
ports are placed to obtain a perfect triangulation       

  Fig. 45.7     Port distribution   for 
a bilateral inguinal hernia case 
showing setup of the camera 
and working ports for the right 
hernia       

  Fig. 45.8     Port distribution   for 
a bilateral inguinal hernia case 
showing setup of the camera 
and working ports for the left 
hernia. An additional trocar 
can be placed to allow a more 
ergonomic repair, although 
this is not strictly necessary       
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    Hernia Repair 

 Once the extraperitoneal space is created, pubic 
tubercle and Cooper’s ligament are exposed, 
epigastric vessels are identifi ed and the space of 
Bogros is fully developed. When a direct hernia 
is present, lax transversalis fascia is freed from 
the hernia content. In case of an indirect hernia, 
the indirect sac is retracted medially while ele-
ments of the cord are dissected free laterally, 
   being careful not to grasp them. Dissection is 
completed when the indirect sac is separated 
from cord structures by a bluish transparency. 
The sac can be reduced completely in most 
cases. When indirect sac extends deep into the 
scrotum in a large inguinoscrotal hernia, we 
ligate the sac and divide it distal to the ligation. 
The ligated sac and peritoneum are dissected as 
proximally as possible to achieve parietaliza-
tion of cord  elements and ensure correct posi-
tioning of the mesh at the end of the procedure. 
Failure to deal with the  distal sac carries the 
risk of formation of large and sometimes cum-
bersome seromas, hematomas, and pseudohy-
droceles. We grasp the lateral edge of the 
divided distal sac, which is exposed with the 
help of external pressure applied to the ipsilat-
eral scrotum. We pull the edge of the divided 
sac upwards and laterally and fi x it with tacks 
(and sometimes sutures) to the abdominal wall 
well above the ileopubic tract. This  maneuver 
has been helpful to avoid cumbersome seromas 
(8). In cases of large direct hernias, the lax 
transversalis fascia is reduced and fi xed with 
tacks to Cooper’s ligament to reduce the dead 
space. Lipomas of the cord are sought for and 
dissected out. When a complete dissection of 
the space is achieved, a mesh is introduced, 
unrolled and placed over the posterior inguinal 
wall. We use a 15–17 cm by 10–12 cm, mid-
weight, macroporous polyester mesh. Fixation 
is optional for small hernias. We usually fi x the 
mesh with a few tacks placed on Cooper’s liga-
ment and on the upper border of the mesh well 
above the ileopubic tract/inguinal ligament. 
Finally, we instill diluted bupivacaine into the 
space, make sure sac and peritoneum lie behind 
the mesh and keep the inferior lateral border of 
the mesh under pressure with a dissector while 
slowly releasing CO 2  from the space.  

    Clinical Experience with eTEP 

 Between October 2010 and September 2014,    we 
performed 307 eTEP repairs in 276 patients. This 
unselected series included all patients with ingui-
nal hernias. Six cases were converted to TAPP, 
and none were converted to open surgery. The 
hernia recurred in two cases. There was one 
 bladder lesion that was corrected during the 
 procedure and fi ve self-limiting seromas. None 
of the patients have experienced chronic pain.  

    Conclusions 

 The eTEP technique has a place in the armamentar-
ium of hernia surgeons. Residents and surgeons 
early in their experience will fi nd this technique 
easier to master than the classic TEP method. It can 
expand the traditional indications of the extraperito-
neal approach to patients with a diffi cult body 
 habitus, a short umbilicus-pubis distance, and previ-
ous pelvic surgery. As the  surgeon’s experience 
increases, the indications for the traditional TEP 
technique can be expanded to more complex cases.      
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          The Problem 

 Employing a minimally invasive versus open ingui-
nal hernia repair for a primary inguinal hernia 
remains debatable. It has been clearly established 
that in experienced hands, both the open and laparo-
scopic techniques can produce excellent short- and 
long-term results. All inguinal hernia operations 
carry a small  risk of chronic pain and recurrences  . 
Weighing the benefi ts of open versus laparoscopic 
repair for any new patient presenting with a primary 
inguinal hernia will remain an academic pursuit, but 
practical focus needs to shift to establishing the best 
technique to utilize at different times, depending on 
the patient, with the goal being outcome optimiza-
tion. Treatment algorithms for the many different 
types of patients presenting with inguinal hernias 
can help guide surgeons toward this objective. 
These algorithms do require that surgeons feel com-
fortable performing both open and laparoscopic 
techniques, but assuming this is the case, following 
them can help build a complete surgical arsenal.  

    History and Surgical Work Up 

 The work-up for a primary inguinal hernia includes 
a detailed history, a focused physical exam, and 
in certain situations some further imaging. All 

 treatment decision trees for patients with primary 
inguinal hernias should start with the patient and 
not be limited to one approach. Knowing there is 
no single “best” approach to every patient; sur-
geons must pay careful attention to the patient’s 
history and try to match their procedure choice to 
each patient’s specifi c goals and expectations, as 
well as any intraoperative fi ndings. 

 The fi rst question all patients should be asked 
is, “why do you want your hernia fi xed?” “What 
bothers you about your hernia?” An attempt to 
document the precise symptoms (whether it is  
simply a bulge, some bulge and some intermittent 
pain, or concern for an emergent scenario) related 
to the patient’s hernia will be an important factor 
to help decide if this patient even needs surgery at 
all. Patients with completely asymptomatic her-
nias who have been referred by a physician when 
the patient themselves did not even know they 
had a primary inguinal hernia can be safely 
watched non-operatively, if the patient chooses, 
to do so and once they have been educated [ 1 ]. 
Even after education, patients with only rare 
symptoms from a palpable and easily reducible 
hernia can also be offered  non-operative strate-
gies  , assuming they are compliant and will return 
for follow-up if symptoms arise or become more 
frequent. My words of wisdom are, “if you 
 cannot document a clear reason why you are 
repairing the hernia, don’t repair the hernia.” 

 Sometimes, patients have a chief complaint of 
groin pain (with or without a bulge). It cannot be 
stressed enough how important it is to document 
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any preoperative groin pain complaints, and then 
do a full pain history and physical on these 
patients. Groin pain can be the result of an exten-
sive differential diagnosis, and if there is any 
doubt that the patient’s complaint of pain is not 
related directly to the hernia bulge, then they 
should not be operated on initially. 

  Groin pain complaints   should be fully evalu-
ated by those experienced in narrowing down that 
vast differential and should not be initially assumed 
to be related to an inguinal hernia, even if a hernia 
is obvious on exam. Additionally, it is well 
accepted that there is a higher incidence of postop-
erative hernia pain complaints in patients who 
complained of pain preoperatively. Documenting 
the patient’s goals for seeking surgery will help a 
surgeon choose the best procedure. Patients who 
want the hernia fi xed with the fastest recovery and 
return to work option should be advised that, in 
experienced hands, laparoscopy has been shown to 
offer this advantage. 

 Once the decision to operate is made, navigat-
ing the inguinal hernia repair algorithm can be 
facilitated by taking and processing a detailed 
patient history that includes the patient’s body 
mass index (BMI),  prior medical history (PMH)  , 
 prior surgical history (PSH)  , current medications, 
and social history to evaluate for tobacco smok-
ing. It is well accepted that a history of smoking 
and/or obesity can increase recurrence and infec-
tion rates, and thus surgical options known to 
minimize these risks should be employed. 
Documenting the details of a previous inguinal 
hernia repair can aid in deciding whether an open 
or laparoscopic repair is preferable. Some recur-
rences after an open Lichtenstein or tissue repair 
may be better diagnosed and treated with a lapa-
roscopic technique; and a previous laparoscopic 
repair recurrence may be best repaired by an 
anterior approach in some hands, but by a laparo-
scopic method in others. It will truly depend on 
the history and the surgeon’s experience. A surgical 
history that involves a previous lower midline 
incision may violate otherwise avascular tissue 
planes, and thus could be a reason to proceed 
with an open (anterior) repair. Medications such 
as blood thinners and Aspirin may play a role in 
choosing between open and laparoscopic methods. 

A history of immunosuppression medications 
may also help direct a surgeon down a particular 
pathway. Advanced patient age is not an absolute 
contraindication to performing a laparoscopic 
procedure, but the ability for each patient to toler-
ate general anesthesia must be evaluated care-
fully. That being said, some patients simply do 
not want to undergo general anesthesia. Since an 
open repair can be performed safely under local 
anesthesia, and epidural, or with IV sedation only, 
this may be the best option for those patients.  

    Management Options 

 The current list of available, well-described, and 
commonly utilized inguinal hernia repair tech-
niques is extensive (Table  46.1 ).

   Surgeons who wish to embrace inguinal  her-
nia   repair as a practice sub-specialty should be 
familiar with all of these techniques, and be able 
to perform both open as well as laparoscopic 
TEP, TAPP, eTEP, and IPOM inguinal repairs. 
However, at some point in their training, many 
surgeons become more comfortable with one 
specifi c technique over others. Consequently, 
once training is complete, surgeons trained on 
open techniques tend to have limited exposure to 
advanced laparoscopic training, and are therefore 
likely to avoid adopting such methods. However, 
in order to accommodate all hernia patients, a 
surgeon should have a variety of weapons in his 
or her armamentarium. 

   Table 46.1    Common  hernia repair surgical options     

 Open techniques  Laparoscopic techniques 

 Tissue repair—no mesh  TEP (total 
extraperitoneal) 

 Lichtenstein (tension-free) 
(Mesh onlay, no plug) 

 TAPP (Transabdominal 
preperitoneal) 

 Transinguinal preperitoneal 
(TIP) 

 IPOM (intraperitoneal 
onlay mesh) 

 Mesh plug (alone)  Robotics 

 Mesh plug and patch 

 Prolene™ Hernia System 
(single mesh device with an 
intraperitoneal and 
extraperitoneal layer) 
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 Robotic surgery is an emerging minimally 
invasive tool that surgeons are choosing to use to 
repair inguinal hernias. Robotics, like laparos-
copy, is a minimally invasive option, and in this 
chapter when I mention the use of laparoscopy to 
perform TEP or TAPP, it can be easily exchanged 
with the use of a robot to perform a TAPP or 
TEP, if the surgeon is experienced with and 
performs a majority of their cases with the robot. 
In other words, whether a robot or laparoscopy is 
used, the procedure itself is still a TAPP or a TEP. 
Until comparative data is available, a robotic 
inguinal hernia repair is certainly feasible, but 
has not been shown to be superior or inferior to an 
open inguinal approach by an open hernia expert 
or to a laparoscopic approach by a laparoscopic 
expert, when considering measurable patient 
outcome metrics.  

    Author’s Preference 

 While most surgeons with extensive experience 
in hernia repair techniques have optimized their 
outcomes, randomized prospective trials are still 
benefi cial in helping to direct surgeons to choose 
to master operations with proven and optimized 
success rates. The outcomes after TEP, TAPP, 
and Open repairs have been scientifi cally stud-
ied in large databases [ 2 ]. For instance, in the 
open technique debate, a Cochrane review of 20 
randomized trials comparing open Lichtenstein 
to open-tissue repair revealed shorter hospital 
stays, quicker return to activities of daily living, 
less chronic pain, and lower recurrence rates for 
the Lichtenstein [ 3 ]. That being said, in the open 
versus laparoscopic debate, the LEVEL-trial 
concluded that the laparoscopic total extraperi-
toneal (TEP) procedure, when compared to the 
 Lichtenstein repair  , was associated with less- 
reported acute pain and a slightly faster recovery 
time [ 4 ]. Several other randomized prospective 
studies have also demonstrated better quality of 
life and chronic pain outcomes for laparoscopic 
hernia repair compared to open Lichtenstein 
repair [ 5 ,  6 ]. For an experienced laparoscopic 

trained surgeon, recurrence rates following 
 laparoscopic repair are no different than those 
following an open repair and might be even bet-
ter, while, if inexperienced, recurrence rates will 
be higher [ 7 ]. Finally, within the laparoscopic 
repair options debate, when comparing TAPP 
and TEP, a large 12,000 patient review showed 
no signifi cant differences in operating times, 
vascular injuries, recurrence rates, or chronic 
pain complaints [ 8 ]. The  TEP repair   was associ-
ated with more intraoperative conversions to 
other techniques, and it may be harder for train-
ees to learn. At the same time, TAPP procedures 
led to slightly more trocar site hernias, transperi-
toneal hernias, and visceral injuries, as well as 
increased intra- abdominal adhesive disease 
leading to bowel obstruction (0.5%, vs. 0.07% 
for TEP). Most importantly, after a TEP is com-
plete, there is no peritoneum to close at the end 
of the procedure. Thus, any morbidity related to 
this peritoneal closure is eliminated. A large 
19,582 patient review found that both laparo-
scopic and open preperitoneal mesh placement 
were associated with signifi cantly lower re-
recurrence rates than the same repairs of a recur-
rent hernia using an open technique [ 9 ]. 
However, TAPP has been shown to increase 
incidence of postoperative obstruction [ 10 ]. 
Combined with TAPP in certain scenarios, 
 TEP’s diagnostic ability   is superior to an open 
alternative in patients with, for example, a 
missed femoral hernia during a plug repair of a 
direct hernia. Given all of these facts, I routinely 
rely on the TEP repair for the majority of my 
patients including all primary unilateral and 
bilateral inguinal hernias. For the TAPP  surgeon 
advocates, there are not many contraindications 
to using a TAPP other than the routine contrain-
dications to performing intra-abdominal lapa-
roscopy, like in patients with a history of 
peritonitis or previous laparotomy with known 
extensive adhesive disease. The question they 
may need to answer is why choose an operation 
where the peritoneum is cut and then sewn 
together when there is a technique available that 
can avoid that step.  
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    Caveats and Pearls 

 While TEP appears to be an ideal operation  for 
  all unilateral and bilateral primary inguinal her-
nias, as well as recurrence after an open inguinal 
hernia, a TAPP remains advantageous for several 
specifi c patient scenarios. A standard approach to 
all patients with an inguinal hernia is presented 
here in an easy-to-follow algorithm (Fig.  46.1 ).

       Incarcerations and Strangulations 

 Incarcerations and possible  strangulations   are a 
contraindication for the TEP repair. A true TEP 
repair does not allow easy visualization of the 
incarcerated tissue, and thus risks leaving behind 
strangulated or ischemic remnants. If performing 
a TEP where possible bowel ischemia is suspected, 
the peritoneal layer should be opened and the 
bowel inspected. By performing a TAPP repair in 
these scenarios, the surgeon can evaluate the 
bowel properly. Should he or she fi nd an isch-
emic segment of bowel, it can be reduced; but 
then the patient’s primary problem is no longer 
the hernia, and a bowel resection should be 

 performed. The use of mesh after fi nding a true 
strangulation or bowel ischemia remains at the 
discretion of the surgeon, though employing a 
permanent synthetic material in a clean- 
contaminated or contaminated fi eld carries a risk 
of chronic mesh infection and is therefore best 
avoided. An absorbable material is probably the 
safest choice if the fi eld is clean-contaminated. 
However, if the fi eld is contaminated, then it is 
best to stage the repair (if mesh is needed), or 
perform a primary tissue repair without mesh.  

    Scrotal Hernias and Large 
Hernia Sacs 

  Inguino-scrotal hernias      are probably more com-
mon than typical reporting might indicate. Small 
scrotal hernias that are reducible can be 
approached initially via the TEP procedure; but 
the larger, more incarcerated or chronic scrotal 
hernias, especially those with large diameter 
necks, are sometimes better approached using a 
TAPP or open technique. Again, it certainly is 
acceptable to approach these with a TEP, but the 
number one reason to consider starting with a 
TAPP repair is that it provides a great view of the 

  Fig. 46.1     Reduction of excess   indirect right hernia sac. Used with permission from personal fi les of Dr. Jorge Daes       
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 incarcerated contents, and usually allows for a 
straightforward reduction. Often, a TEP repair 
can be modifi ed (or converted partially) to a 
TAPP (by opening the peritoneum) to help 
reduce the incarcerated contents. 

 In these large hernias, a partial hernia sac can 
be left in situ in the scrotum (it is not always 
 necessary to excise the entire sac). If sac is left 
within the canal, an attempt should be made to 
close the peritoneum on the proximal end (with 
an endoloop or endoclips or suture) if possible, 
but you can leave the end within the canal open 
and patent. Some surgeons leave the rents in the 
peritoneum open, and report no issues, though I 
tend (and highly recommend) to close them. 

 One trick we like to employ for direct defects 
to reduce seroma rates is to take the retained peri-
toneum hernia sacs within the canal and pull 
them intrapreperitoneally and tack its lateral edge 
to the anterior abdominal wall to reduce the vol-
ume of sac in the canal. This will decrease the 
incidence and size of seroma formation. 
Nonetheless, patients with these types of hernias 
should also be forewarned about seromas, as they 
are fairly common (Fig.  46.2 ).

       Inguinodynia 

 Chronic groin pain is a complex topic covered  in 
  another chapter. The choice of operation will 
depend on the previous surgery, as well as the 
patient’s response to local and regional nerve 
blocks, which can be performed for diagnostic 
purposes, as indicated above. The TAPP is very 
useful as a diagnostic, and possibly therapeutic, 
tool for patients presenting with groin pain. 
Patients should be educated that there is a chance 
the surgery will not resolve their pain, but can 
still contribute greatly to the workup, with the 
goal being an eventual diagnosis and resolution. 
Before the TAPP, the patient should mark the 
spot with the maximal pain. He or she should 
understand that if a TAPP exploration fails to 
identify the etiology of the pain, an additional 
surgery requiring neurectomy might be needed. 
But he or she should also be made aware that 
 proceeding in a staged fashion is the logical and 
appropriate course of action. During the TAPP 
procedure, potential pain-inducing tacks and 
mesh can be removed, adhesions can be identifi ed 
and lysed, and the femoral, direct, and indirect 

  Fig. 46.2     Algorithmic approach   to a patient with an inguinal hernia       
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spaces can be carefully examined for missed, 
new, or recurrent hernias. Simply stated, a TEP 
may miss many etiologies and is therefore not as 
useful as a TAPP for approaching inguinodynia.  

    Recurrence After a TEP or TAPP 

 For experienced laparoscopists, a  recurrence   
after a previous TEP or TAPP approach demands 
a TAPP, or even an IPOM repair. Some surgeons 
will always resort to an open anterior approach 
for a patient with a recurrence, but compared to 
the diagnostic ability of the laparoscope, I fi nd 
an open approach (used alone) limited. During 
the laparoscopic dissection, an additional open 
incision may help with mesh removal or cord 
preservation, and it may be added at this point. 
Choosing which procedure is best to perform 
after a recurrence has been extensively evaluated 
in the literature and is beyond the scope of this 
chapter; but it is clearly dependent on surgeon 
experience. 

 Using laparoscopy for a recurrence after an 
open tissue or Lichtenstein repair allows for a 
precise diagnosis under magnifi ed vision, mini-
mizing untoward outcomes. Preoperatively, if 
palpable, the recurrence should be marked or 
prepped into the fi eld. A urinary catheter should 
be inserted, which can be used to distend the 
bladder, if necessary, during the dissection. The 
fi rst step during a recurrent hernia repair is to 
 perform an adequate diagnostic laparoscopy, to 
survey the entire region and assess the possible 
etiology of the recurrence. In general, I start with 
a detailed diagnostic laparoscopy, where I survey 
the nearby viscera, and then examine the direct, 
femoral, and indirect spaces. It is important to be 
particularly careful taking the previous mesh off 
the myopectineal orifi ce to avoid injury. It is 
important to be particularly careful to avoid 
injury to the cord structures, epigastric vessels, 
bladder, lateral femoral cutaneous nerve, and 
iliac vessels (and Genitofemoral nerve, if posterior 
dissection is needed). The dissection should 
 continue until the recurrence is identifi ed. Usually 
there is a small defect medially near the Cooper’s 
ligament and pubic tubercle, where the previous 

mesh pulled away from the periosteum of the 
tubercle. Less commonly, the indirect  hernia may 
have recurred or a femoral hernia may have been 
missed. If no defect is found, the patient’s symp-
toms may be the result of a cord lipoma, which 
then needs to be ruled out. 

 Old mesh can be left in situ if it is densely 
adherent to vital structures and not causing pain. 
New mesh may be implanted in standard fashion, 
or, in specifi c case scenarios, laparoscopically 
sutured to the old mesh as needed. If the perito-
neum is destroyed during the dissection, a two- 
sided mesh with a barrier coating (also known as 
tissue separating mesh) can be inserted as an 
intraperitoneal onlay (IPOM). Laparoscopic 
sutures may then be used to fi x the new mesh to 
the peritoneum overlying vital structures, to 
avoid injury by tacks. Adhesive glues are also 
useful for this purpose.  

    Women with Previous Pfenensteil 

 Some women with previous  Pfenensteil incisions   
will not have a peritoneal layer and thus are not 
candidates for a TEP repair. In such situations, a 
TAPP or IPOM repair is required. In addition, some 
Pfenensteil incisional hernias will be felt on palpa-
tion like inguinal hernias, when indeed the defect is 
in the midline. A preoperative CT scan can help 
differentiate between the two. Also,  using a laparo-
scopic approach allows for an accurate diagnosis 
and remedy to be achieved concomitantly.  

    Previous Surgical History Involving 
Lower Midline Skin Incisions 
(Prostatectomy) 

 As with women who have previous  Pfenensteil 
incisions  , patients with previous lower midline 
skin incisions may have an obliterated retrorectus 
plane. This is most signifi cant in patients who 
have had open or laparoscopic radical prostatec-
tomies. The history of a prostatectomy deserves 
specifi c mention, because, although rare (0.04%), 
bladder injuries can still occur. An open repair, 
on the other hand, avoids this risk completely. An 
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open approach should always be considered in 
this scenario if the surgeon is not completely 
comfortable with laparoscopy, or if during lapa-
roscopy there are dense and extensive adhesions 
found. If a laparoscopic technique is used, a 
 urinary catheter is mandatory. The bladder can be 
distended with methylene blue for easy identifi -
cation and protection. The surgeon can then 
 perform the laparoscopic dissection more safely. 
Remember, the patient just wants his or her 
 hernia fi xed, and an open Lichtenstein repair 
almost completely avoids the possibility of a 
bladder injury.  

    Obesity (BMI > 35) 

 Signifi cant  obesity   can be a relative contraindica-
tion for a TEP, given the physical girth of the 
lower abdominal wall or pannus. A TAPP repair 
can be more straightforward than a TEP in these 
patients. However, if the lower abdomen allows 
entry into the retrorectus space, then an eTEP 
repair may be utilized in standard fashion. This 
decision can be made at the time of surgery. 

   Seroma minimization   : Large cavernous 
defects, both direct and indirect, run the risk of 
forming large seromas. While these are self- 
limited, they can last many months and be uncom-
fortable for patients. Once trick to minimize these 
is to take the redundant attenuated transversalis 
fascia and pull it into the preperitoneal space and 
fi xate it to the Cooper’s ligament with a perma-
nent tack.  

    Conclusions 

 There are many surgical approaches that are 
appropriate for repairing an inguinal hernia 
depending on the patient. It is imperative to 
understand the known outcomes of each, and 
fi ne-tune or evolve one’s technique to minimize 
postoperative chronic pain and recurrence rates. 
Surgeons should stay in touch with the evolving 
techniques and technology in order to provide 

optimized outcomes. Learning the treatment 
algorithms for the many different types of patients 
presenting with inguinal hernias can help guide 
surgeons toward this objective.     
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          Introduction 

 Chronic postherniorrhaphy inguinal pain (CPIP) is 
today recognized as the most signifi cant severe 
complication following inguinal hernia repair. 
Globally over 20 million inguinal hernia repairs are 
conducted every year, and in the USA alone about 
800,000 procedures are performed [ 1 ,  2 ]. The risk 
of developing moderate-to-severe chronic pain for 
those undergoing inguinal herniorrhaphy is 
10–12% [ 3 ], and a conservative estimate of  chronic 
  pain adversely affecting daily life or employment 
(0.5–6.0%) [ 2 ] translates into 4,000–48,000 new 
cases annually in the USA. Over the last decades, 
herniorrhaphy techniques have been considerably 
refi ned, which has resulted in open and laparo-
scopic tension-free approaches utilizing advanced 
prosthetic mesh- material as the gold standard. 
Consequently, hernia recurrence rates have 
decreased dramatically (1–5%) [ 4 ], but chronic 
pain remains a tangible challenge, and now consti-
tutes the most relevant outcome measure. Chronic 
postsurgical pain (CPSP) is defi ned as pain that 
develops after a surgical procedure, and temporally 
lasts more than 2 months, with other causes of pain 

excluded [ 5 ]. For CPIP, the duration of pain should 
be at least 3 months, since postoperative mesh-
related infl ammatory processes may take a few 
months to subside [ 2 ]. CPIP patients suffer not only 
from painful symptoms, but also detrimental psy-
chological and physical consequences, and an 
overall reduced quality of life [ 6 ]. The exact socio-
economic burden has not been calculated for CPIP, 
but total annual direct and indirect costs may be 
around US$40,000 per patient, as determined for 
cases of severe postsurgical neuropathic pain [ 7 ]. 
Prevention and skilled treatment of this serious and 
complex condition is of utmost importance.  

    Etiology and Clinical Presentation 

  Due to multiple  pathophysiological   mechanisms 
underlying the development of CPIP, the clinical 
presentation is complex and heterogeneous. 
Iatrogenic damage or trauma to inguinal nerves is 
generally considered the most important patho-
logical mechanism with pain developing in the 
sensory distribution of the affected nerve(s). The 
major inguinal nerves vulnerable for damage 
during or after inguinal herniorrhaphy are the 
iliohypogastric nerve (IHN), the ilioinguinal 
nerve (IIN), the genital branch of the genitofemo-
ral nerve (GFN), and more rarely, the femoral 
branch of the GFN or the lateral femoral cutane-
ous nerve. Intraoperatively, nerves can be 
 damaged by surgical manipulation, stretching, 
crushing, electrical/thermal effects, partial or 
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complete transection, through entrapment in 
suture during an open repair, or entrapment in 
tacks, suture or fi xation during a laparoscopic 
repair. Postoperatively, nerves can be damaged 
due to envelopment within a meshoma [ 8 ], irrita-
tion secondary to an excessive fi brotic reaction, 
or infl ammatory processes such as granuloma or 
neuroma formation. 

 The symptomatology involves several types of 
pain, including neuropathic, nociceptive (infl am-
matory non-neuropathic), somatic and visceral 
pain, which are overlapping in presentation and 
often hard to discern clinically. The non- 
neuropathic pain is typically deep, dull, constant, 
and localized over the entirety of the groin area, 
while neuropathic pain can be either constant or 
intermittent, and characterized by negative sensory 
phenomena, dysesthesia, allodynia, or hyperalge-
sia. Neuropathic pain may radiate to the scrotum, 
labium, and/or upper thigh, and occasionally a 
 trigger point can reproduce the neuropathic pain 
symptoms. The symptoms are often aggravated by 
ambulation, stooping, hyperextension of the hip, 
and sexual intercourse, and can be decreased by 
lying down, and fl exion of the thigh. Somatic pain, 
characterized by maximum tenderness localized to 
the pubic tubercle area, is most commonly caused 
by deeply placed anchoring or periosteal anchoring 
of the mesh near the pubic tubercle (periostitis 
pubis) [ 9 ]. Finally, visceral pain may arise from 
intestinal involvement with recurrence, incarcera-
tion, or mesh adherence or may be related to the 
spermatic cord (funiculodynia) or other periure-
thral structures, including venous congestion of the 
spermatic cord, dyssynergia of the ejaculatory 
effector muscles, stricture of the spermatic duct, or 
twisting of the spermatic cord. Visceral pain in 
CPIP is generally related to sexual dysfunction or 
ejaculatory pain in the region of the superfi cial ring 
or the testicular/labial region. 

 The relative role of peripheral versus central 
mechanisms in CPIP has not yet been elucidated, 
but the mechanisms triggering and driving the 
transition from acute to chronic pain may encom-
pass intraoperative long-lasting, high frequency 
injury discharge from damaged nerves, early 
postoperative ectopic activity in injured nerves, 
collateral sprouting from neighboring intact 
 nociceptive Aδ afferents, excitotoxic destruction 

of antinociceptive inhibitory interneurons in the 
spinal dorsal horn, neuroimmune alterations and 
maladaptive neuronal plasticity [ 10 – 12 ]. CPIP is 
also, importantly, infl uenced and modulated by 
emotional, cognitive, social, and genetic factors. 
Evidence from genetic research indicates an 
important role of an individual’s genetic suscep-
tibility to both generation and experience of pain, 
and response to analgesics [ 13 ] .  

    Risk Factors 

  Several preoperative, perioperative,    and postoper-
ative factors related to the development and inten-
sity of CPSP and CPIP have been identifi ed [ 3 ,  14 , 
 15 ]. Table  47.1  provides a complete list of risk 
 factors for CPIP [ 11 ]. A high magnitude of pre- 
and postoperative pain consistently predicts future 
chronic pain across CPSP conditions, and it is also 
one of the strongest risk factors for development of 
CPIP [ 3 ,  10 ,  16 ]. The optimal type of anesthesia 

   Table 47.1     Risk factors   for chronic postherniorrhaphy 
inguinal pain [ 11 ]   

  Preoperative factors  

   Young age 

   Female sex 

   High pain intensity level (inguinal/elsewhere) 

   Lower preoperative optimism 

   Impairment of everyday activities 

   Operation for a recurrent hernia 

   Genetic predisposition 

  Experimentally induced pain  

   High-pain intensity to tonic heat stimulation 

  Perioperative factors  

   Less experienced surgeon/not dedicated hernia 
center 

   Open repair technique 

   Mesh type: heavyweight (open, laparoscopic) 

   Mesh fi xation: suture (open), staple (laparoscopic)? 

   IIN neurolysis in Lichtenstein repair 

  Postoperative factors  

   Postoperative complications (hematoma, infection) 

   High early postoperative pain intensity 

   Lower perceived control over pain 

   Sensory dysfunction in the groin 

   Note : ? = confl icting opinions/mixed evidence 
  IIN  ilioinguinal nerve,  HLA  human leukocyte antigen  
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has not been extensively researched in connection 
to CPIP, but it is not recommended to utilize 
regional anesthesia (epidural, spinal) for inguinal 
herniorrhaphy, especially among older patients, 
due to an increased risk of urinary retention and 
other rare, but severe, medical complications [ 17 ]. 
For open repairs, local infi ltration anesthesia is the 
preferred method, providing advantages such as 
early recovery and discharge, few complications, 
and improved early pain relief [ 18 ,  19 ]. However, 
there are no published results regarding the role 
of local anesthesia on the development of CPIP. 
Although laparoscopic approaches may result in 
less chronic pain [ 3 ,  16 ,  20 ], the incidence of sig-
nifi cant pain equilibrates over time, and pain after 
laparoscopic repair remains a signifi cant challenge 
due to positioning of the mesh and proximal injury 
to the inguinal nerves [ 2 ,  21 ,  22 ].

   Mesh is often implicated as a contributing 
 factor in CPIP. Systematic reviews and meta- 
analyses have demonstrated signifi cant reduction 
of CPIP using lightweight mesh in both open and 
laparoscopic settings [ 23 ,  24 ]. This effect is likely 
mediated through greater biocompatibility, less 
infl ammatory response, and reduced foreign body 
sensation through greater elasticity. While results 
are mixed, it is a reasonable assertion that avoid-
ance of sutures and tacks may reduce the incidence 
of CPIP. In one meta-analysis, glue fi xation of 
mesh in open repair reduced CPIP, hematoma, 
acute postoperative pain, and time to return to 
daily activities [ 25 ], but in another meta- analysis 
only the latter and early CPIP (3–6 months) were 
signifi cantly improved [ 26 ]. As concluded in two 
other systematic reviews [ 27 ,  28 ], glue mesh fi xa-
tion is an interesting alternative, but more data is 
needed regarding several important end points, such 
as CPIP and risk of recurrences in relation to size 
and type of hernia. Based upon available  publications, 
self-gripping and sutured mesh  demonstrate similar 
CPIP rates [ 29  ].  

    Evaluation 

 A detailed history and structured  clinical   examina-
tion are essential components of the diagnostic 
 evaluation of chronic groin pain. Imaging modalities, 

such as ultrasonography, cross-sectional computed 
tomography (CT) or magnetic resonance imaging 
(MRI), are used to detect recurrence or meshoma, 
and exclude a wide spectrum of differential diagnos-
tic entities [ 30 ,  31 ]. Currently, MRI is considered the 
best valid diagnostic imaging tool for differentiating 
causes of uncertain inguinal pain [ 32 ,  33 ]. The 
 evaluation should aim to characterize the cause and 
type of pain, and administration of validated pain, 
function, and comorbidity assessment instruments 
may contribute to the diagnostic process and future 
research. Due to overlapping sensory innervations, it 
is diffi cult to precisely ascertain which nerves are 
involved in the neuralgic pain. Diagnostic peripheral 
nerve block or paravertebral root block with a local 
anesthetic are helpful for differentiating neuropathic 
from non- neuropathic pain, but it is often inconclu-
sive in identifying the specifi c neuralgias. When 
results of nerve blocks are equivocal, needle electro-
myogram may provide additional information [ 34 ], 
and magnetic resonance neurography may identify 
peripheral nerve compression or injury [ 35 ].  

    Treatment 

 There is a paucity of high-quality,    controlled, 
randomized trials examining non-interventional, 
pharmacological, and interventional pain man-
agement strategies in CPIP and the best current 
conclusions are based on small CPIP studies, 
case series, empiric evidence, and extrapolation 
of evidence from other neuropathic and CPSP 
conditions. Once established, CPIP is often 
 complex and refractory to treatment, necessitating 
multidisciplinary and comprehensive pain man-
agement strategies.  

    Pharmacological Pain Management 

 At present, it is not possible to defi nitely rank  the 
   pharmacological   alternatives for the individual 
patient, and it is thus important to choose treat-
ment not only based on expected pain-reduction 
effi cacy, but also potential side effects, concomi-
tant treatments, drug interactions, risk of abuse, 
and cost. Recent guidelines on pharmacological 
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treatment of neuropathic pain provide systematic 
analyses of treatment options based on randomized 
clinical trials [ 36 – 39 ]. If basic analgesics (e.g., 
acetaminophen, non-steroid anti- infl ammatory 
drugs) provide insuffi cient pain relief, either a 
 calcium channel α2-δ ligands (gabapentin or 
 pregabalin) or antidepressants with both norepi-
nephrine and serotonin reuptake inhibition 
(SSNRIs, e.g., duloxetine and venlafaxine, and 
 tricyclic antidepressants [TCAs]) may be started. 
Opioids and tramadol are considered second-line 
treatment alternatives for neuropathic pain, but can 
be utilized as fi rst-line during episodic exacerba-
tions of severe neuropathic pain, or during titration 
of α2-δ ligands, TCAs or SSNRIs. There is often 
a need for combination therapy, and the strongest 
evidence supports TCA-gabapentin or gabapen-
tin-opioids. There is no fi rm evidence to support 
the use of lidocaine or capsaicin patches for CPIP 
but these may be used adjunctively [ 40 ,  41 ]. In 
our practice, all patients considered for operative 
remediation should have undergone a trial of 
gabapentin, pregabalin, and/or an atypical anti-
depressant. A short trial of lidocaine patches may 
be helpful for mild superfi cial neuropathic hyper-
sensitivity, especially for patients that are sensi-
tive to the systemic side effects of narcotics and 
neuropathic agents.  

    Interventional Pain Management 

 Nerve blocks of the IHN, IIN, and/or GFN  have 
  been used  for   diagnostic and therapeutic pur-
poses for decades, but there is no robust scientifi c 
 evidence of analgesic effi cacy, or consensus 
regarding best technique. Ultrasound guidance 
enables direct visualization of peripheral nerves, 
which improves accuracy and reduces intraperi-
toneal needle placement. Most evidence on 
peripheral nerve blocks in CPIP is based on case 
reports or case series, and there is only one 
 randomized, double-blind,  placebo-controlled 
study published to date, evaluating the effi cacy of 
ultrasound- guided IIN/IHN blocks in the treat-
ment of CPIP [ 42 ]. This study by Bischoff et al. 

failed to provide evidence for analgesic effi cacy 
of local anesthetic nerve block in CPIP. In our 
experience, nerve blocks play an important role 
in predicting the effi cacy of neurectomy for 
patients with inguinodynia. Improvement with 
blocks help to distinguish neuropathic pain from 
nociceptive causes and helps patients to separate 
these two entities. Failure of blocks to relieve 
pain, however, is not necessarily predictive of a 
lack of effect with neurectomy as there is signifi -
cant operator dependence with blocks and exten-
sive individual neuroanatomic variability. 

 If nerve blocks provide signifi cant analgesia, 
neuroablative techniques such as chemical neu-
rolysis, cryoablation, and pulsed radiofrequency 
(PRF) ablation may be considered for longer- 
lasting effect. Cryoablation is neurodestructive 
by means of Wallerian degeneration and selec-
tively destroys axons and myelin sheaths while 
leaving the epineurium and perineurium intact. 
The affected axons treated with cryoablation are 
very unlikely to form neuromas, and patients are 
less likely to develop deafferentation pain, both 
of which have been associated with neurectomy 
or thermal non-PRF ablation. PRF delivers pulses 
of electromagnetic energy in or near nerve 
 tissues, at the peripheral or  vertebral   level, which 
 allows   for heat (typically 42 °C) to dissipate 
 during the latent phase so that neurodestructive 
temperatures are not obtained, thus lowering the 
risk of neuroma formation, neuritis-type reaction, 
and deafferentation pain. It is hypothesized that 
this moderate heating of nerve tissue temporarily 
blocks nerve conduction. A systematic review of 
PRF ablation for CPIP concluded that the current 
evidence base is limited, and that the strength of 
recommendation for this treatment modality is 
weak to moderate [ 43 ]. Neuromodulation tech-
niques utilizing implantable devices, such as 
peripheral nerve fi eld stimulation (PNFS), dorsal 
root ganglion (DRG) stimulation, and spinal cord 
stimulation (SCS) may also be considered when 
all other conventional treatments have failed. 
Case reports and case series provide promising 
results [ 11 ], but the scientifi c evidence for these 
treatments in CPIP is low quality at present.  
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    Surgical Pain Management 

 Despite advanced multimodal pain management 
strategies, a minority of patients will still suffer 
from intractable, refractory pain. Failure of con-
servative measures, is however not an indication 
for further surgery, and successful outcomes are 
entirely dependent upon choosing patients with 
discrete, neuroanatomic problems that may be 
corrected with surgery [ 1 ,  2 ,  44 ]. There is no 
level 1 or 2 evidence and best available recom-
mendations are derived from reviews of case 
series and expert consensus [ 2 ,  45 ,  46 ]. 
Development of chronic inguinodynia is largely 
independent of the method of hernia repair, but 
an in-depth understanding of the causes of pain, 
groin neuroanatomy, and technical aspects of the 
initial operation are necessary to successfully 
manage these patients, and determine the opera-
tive options [ 2 ,  21 ,  47 ,  48 ]. 

 The  neuroanatomy   of the groin is complex 
and highly variable from the retroperitoneal lum-
bar plexus to the terminal branches exiting 
through the inguinal canal. Understanding the 
location of potential nerve injury is crucial [ 49 ]. 

In front of the transversalis fascia, the IIN, the 
visible and intramuscular segment of the IHN, 
and the inguinal segment of the genital branch of 
the GFN must be considered (Fig.  47.1 ). These 
structures may potentially be injured during open 
anterior repairs (tissue repair, Lichtenstein, PHS 
[prolene hernia system], and plug) and from 
mesh fi xation during laparoscopic repair (TEP 
[totally extraperitoneal] and TAPP [transabdomi-
nal preperitoneal]). Behind the transversalis fas-
cia within the preperitoneal space, the main trunk 
of the genitofemoral and the preperitoneal seg-
ment of the genital branch of the GFN are at risk 
(Fig.  47.2 ). These must be considered during 
open preperitoneal repair (plug, PHS, and Kugel) 
and laparoscopic repair (TEP and TAPP). Injury 
to the nerves within the retroperitoneal space 
including the main trunk of the GFN over the 
psoas muscle and the lateral femoral cutaneous 
nerve must also be considered after open and 
laparoscopic posterior repair [ 47 ,  50 ].

    The  recommended timing   for surgical treat-
ment of CPIP not responding to nonsurgical 
 management is a minimum of 6 months after the 
original repair [ 1 ,  2 ]. A systematic and thorough 

  Fig. 47.1     Inguinal 
neuroanatomy  : classic course 
and location of the 
ilioinguinal, iliohypogastric, 
and genital Branch of the 
Genitofemoral nerve within 
the inguinal canal       
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preoperative evaluation is imperative, and should 
always include review of prior operative reports 
(specifi cally, type of repair, type of mesh used, 
position of the mesh, method of fi xation, and 
nerve handling), and response to prior interven-
tions [ 2 ]. Neuropathic pain isolated to the ingui-
nal distribution, that was not present prior to the 
original operation, and with improvement from 
diagnostic and therapeutic nerve blocks, has the 
highest likelihood of improvement with operative 
neurectomy. In our practice, in the absence of 
recurrence, infection, or an overt anatomic cause 
for pain, we require all patients to be at least 6 
months out from their initial operation. We ensure 
that they have exhausted all appropriate conser-
vative measures including pharmacologic man-
agement, physical therapy, and interventional 
nerve blocks prior to consideration for operative 
neurectomy. 

 Selective IIN, IHN, and GFN  neurolysis   or 
neurectomy, removal of mesh and fi xation mate-
rial, and revision of the prior herniorrhaphy are 
common options for treatment [ 51 – 54 ].  Neurolysis   
does not address ultrastructural changes of nerve 
fi bers, and has limited effi cacy, and simple removal 
of entrapping sutures or fi xating devices while 
leaving the injured nerve behind is also inadequate 
[ 2 ]. Selective single or double neurectomy may be 

effective for some patients but does not address 
ultrastructural changes of seemingly normal 
appearing nerves during reoperation, and discern-
ing which nerve is involved can be extremely 
 diffi cult [ 51 – 53 ]. The use of preoperative derma-
tomal mapping and clinical expertise may improve 
the likelihood of success with selective neurec-
tomy. Anatomically, the signifi cant variation and 
cross-innervation of the inguinal nerves in the 
 retroperitoneum and inguinal canal make selective 
neurectomy less reliable [ 2 ,  49 ]. 

  Triple neurectomy   of the IIN, IHN, and GFN, 
pioneered in our institute in 1995, is currently a 
universally accepted surgical treatment for neuro-
pathic pain refractory to conservative measures 
and is arguably the most effective option [ 2 ,  21 , 
 47 ,  48 ,  50 ]. Our experience has included over 700 
patients, 650+ utilizing an open approach with an 
over 85% success rate and 42 cases using a lapa-
roscopic retroperitoneal approach with a 93% 
success rate [ 50 ]. Operative neurectomy in con-
junction with removal of meshoma, when present, 
provides effective relief in the majority of patients 
with refractory inguinodynia [ 2 ,  50 ]. Triple 
 neurectomy can be performed through an open 
approach using the groin incision of the original 
hernia operation or through a laparoscopic 
approach particularly for pain after preperitoneal 

  Fig. 47.2     Retroperitoneal 
neuroanatomy  : normal course 
of the iliohypogastric, 
ilioinguinal, and genitofemoral 
nerve trunks within the 
retroperitoneal lumbar plexus       
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repair or after failed remedial surgery. With open 
surgery, the IIN can be identifi ed lateral to the 
internal ring, between the ring and the anterior 
superior iliac spine. The IHN is identifi ed within 
the anatomic cleavage between the external and 
internal oblique aponeurosis. The nerve is then 
traced proximally within the fi bers of the internal 
oblique muscle to a point lateral to the fi eld of the 
original hernia repair. Failure to do so may leave 
the injured intramuscular segment of the nerve 
behind. In those instances where the IHN has a 
subaponeurotic course, the internal oblique 
 aponeurosis is split to visualize and address the 
hidden nerve. The inguinal segment of the genital 
branch of the GFN can be identifi ed between the 
cord and the inguinal ligament and traced laterally 
to the internal ring where it is severed. 
Alternatively, the nerve may be visualized within 
the internal ring through the lateral crus of the 
ring. The nerves should be resected proximal to 
the fi eld of original hernia repair. Although there 
are no specifi c data available, we recommend 
ligation of the cut ends of the nerves to avoid 
 neuroma formation and insertion of the proximal 
cut end into the muscle to keep the nerve stump 
away from the future scarring of the operative 
fi eld [ 2 ,  21 ,  47 ]. Advantages of the open approach 
are a single stage operation, simultaneous plug/
meshoma removal, repair of recurrent hernias, 
extension if needed to include the GFN trunk, and 
resection of paravasal nerves in case of orchialgia. 
The disadvantage of the approach is its complexity 
and technical diffi culty operating within the 
scarred fi eld which places the spermatic cord, 
 testicle, and vascular structures at higher risk of 
compromise. 

  Laparoscopic retroperitoneal triple neurec-
tomy   may be performed through a transabdomi-
nal or extraperitoneal approach [ 50 ]. The IIN and 
IHN can be identifi ed within the retroperitoneal 
space over the quadratus lumborum muscle and 
the GFN over the psoas muscle proximal to the 
scarred operative fi eld. Advantages of the laparo-
scopic approach are the ability to access the 
nerves proximal to the mesh-material used  during 
the original herniorrhaphy, more consistent 
 neuroanatomy within the lumbar plexus, and its 
technical simplicity. Disadvantages include not 

being able to remove plugs, if any, not being able 
to resect the lamina propria of the vas in case of 
associated orchialgia, and potential laxity of the 
abdominal muscles caused from proximal dener-
vation. It is critical to clearly explain potential 
benefi ts and consequences of operative interven-
tion to manage patient expectations. In addition 
to the usual operative risks, specifi c consider-
ations include permanent numbness, the inability 
to access or identify three nerves, abdominal wall 
laxity from partial denervation of the oblique 
muscles, testicular atrophy, numbness in the labia 
in females that can interfere with sexual sensa-
tion, and loss of a cremasteric refl ex in male 
patients [ 2 ,  47 ,  50 ]. Patients are specifi cally 
advised of the potential for ongoing pain and 
 disability despite successful neurectomy due to 
the nociceptive component of pain, maladaptive 
neuroplasticity, and centralization of pain. The 
development and course of deafferentation 
hypersensitivity is unpredictable but typically 
diminishes over time. These issues require 
 serious consideration and should be discussed 
with the patient and adequately recorded. 

  Hernia recurrence and meshoma   are obvious 
anatomic pathologies amenable to surgical 
 correction. When recurrence is identifi ed, surgi-
cal correction is typically recommended using an 
alternative approach (i.e., laparoscopic repair 
after initial open repair or vice versa). However, 
if accompanied by neuropathic pain, an anterior, 
open approach allows for correction of the hernia 
as well as access to the nerves [ 47 ].  Meshoma   
may cause neuropathic pain from nerve entrap-
ment, direct contact with mesh, or compressive 
effects [ 8 ]. It may also cause nociceptive pain 
from compression of adjacent structures and 
 foreign body sensation. Operative removal of the 
meshoma is indicated with the need for simulta-
neous neurectomy directed by the type of mesh, 
approach, symptoms, imaging, and  anatomy. If 
coexisting neuropathic pain is present, all nerves 
within the reoperative fi eld should be addressed, 
as neuropathy cannot be assessed visually, and 
mesh removal will often compromise unaffected 
nerves within the inguinal canal [ 2 ]. In patients 
with groin pain associated with orchialgia, seg-
mental resection of the lamina  propria of the vas 
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together with triple neurectomy has improved 
outcomes and helped in the  management of tes-
ticular pain [ 47 ]. In our experience, we have per-
formed vas neurolysis on over 40 patients with 
refractory orchialgia in conjunction with triple 
neurectomy with success in over 80% of patients. 
Orchialgia, however, is a complex entity and 
remedial surgery to correct it is less predictable 
and less effective. 

 Our  personal algorithm   for operative remedia-
tion depends on whether the pain is neuropathic 
or nociceptive and is tailored to the initial opera-
tion and potential pathologies associated with the 
initial repair. Neuropathic pain without evidence 
of recurrence or meshoma may be addressed with 
triple neurectomy alone either through an open or 
laparoscopic approach leaving the mesh and prior 
repair intact. If the initial operation was performed 
as an open anterior repair, we will typically offer 
an open triple neurectomy via the inguinal canal. 
If the initial operation was an open or laparo-
scopic preperitoneal repair, the neurectomy is 
best performed through a laparoscopic retroperi-
toneal approach. Neuropathic pain associated 
with meshoma will require mesh removal at the 
time of triple neurectomy and can be performed 
through an inguinal re-exploration. This is 
 common for problems related to initial PHS and 
plug and patch repair where mesh traverses both 
the anterior and posterior planes. Pain caused by 
an isolated plug may be removed open, laparo-
scopic, or at times via a hybrid approach to access 
the mesh and nerves. Our preference to treat 
 neuropathic inguinodynia with triple neurectomy, 
given the neuroanatomic considerations and 
 effi cacy rates. However, selective neurectomy is 
appropriate at times with isolated nerve injuries 
that do not overlap in dermatomal distribution, 
such as an isolated lateral femoral cutaneous nerve 
(lateral thigh) or femoral branch of the genitofem-
oral nerve (anterior thigh) injuries. While general 
principles exist, remedial surgery for inguinodynia 
remains a challenge and must be tailored for each 
individual patient requiring  creativity, a thorough 
understanding of inguinal and retroperitoneal 
 neuroanatomy, and an armamentarium of different 
open, laparoscopic, mesh, and tissue repairs.  

    Conclusion 

 Chronic pain after hernia repair is a dreaded, 
 heterogeneous pain syndrome representing a 
 substantial diagnostic and therapeutic challenge. 
In-depth knowledge of groin neuroanatomy is 
critical, as the best measure to address this debili-
tating pain state remains prevention by refi ning 
the technique of hernia repair. Meticulous adher-
ence to surgical principles with three nerve iden-
tifi cation, preservation, or pragmatic neurectomy 
during open anterior repair decreases the inci-
dence of CPIP. Avoidance of the preperitoneal 
nerves below the iliopubic tract and limited or no 
mesh fi xation decreases the risk of pain after 
 laparoscopic herniorrhaphy. Preventive analgesia 
and anesthesia should be considered for patients 
at high risk of developing CPIP. Evaluation by a 
pain specialist is mandatory, and patients should 
undergo multidisciplinary treatment, including 
behavioral, pharmacological, and interventional 
pain management modalities. For patients with 
pain refractory to conservative measures, opera-
tive neurectomy, meshoma removal, and repair of 
recurrence may provide relief. A multidisci-
plinary, logical, stepwise approach to CPIP will 
afford patients the greatest opportunity to mini-
mize symptoms, manage pain, decrease further 
morbidity, and improve quality of life.     
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      Treating Inguinal Recurrences                     

     Scott     Roth      and     John     E.     Wennergren    

          Introduction 

 Treatment of inguinal hernia disease is as old as 
recorded time itself with descriptions of the ail-
ment affecting fi fteenth century Egyptians as 
written on  papyrus  . It is the second most common 
general surgical procedure performed annually. 
Over the centuries, its treatment was really one of 
symptom control with very poor results. It has 
only been within the last hundred years or so, with 
the advent of Bassini’s repair in the late 1800s to 
modern day mesh repairs, where treatment of 
inguinal hernias has gone from one of little 
recourse to one with treatment strategies where 
complications and recurrence rates are low. With 
that said, anywhere from 1 to 10% of repairs, 
depending on operative method used, will unfor-
tunately develop a recurrence during their life-
time. This rate is much higher for primary/
meshless repairs [ 1 ]. Approximately 10–15% of 
all inguinal hernias performed in a Danish study 
involve recurrent inguinal hernias [ 2 ]. In the 
USA, this is estimated to be around 100,000 
recurrent inguinal hernia repairs annually with a 

cost of approximately $40,000,000 [ 2 ]. The 
advent of mesh repairs has added another layer of 
complexity, one in which a surgeon requires 
extensive knowledge of inguinal anatomy and 
surgical skill to attempt repair of recurrences with 
obliterated planes and unclear anatomic struc-
tures. Failure rates of attempted anterior repairs of 
recurrent hernias are estimated in some studies to 
be as high as 36% [ 3 ]. Since inguinal hernia sur-
gery is one of the most common general surgical 
procedures performed annually, this is a problem 
every general surgeon will deal with during his or 
her practice. It is with this in mind that we present 
various options and methodology in dealing with 
this complex problem.  

    Pathophysiology 

  Etiology of inguinal hernias  is   complex and likely 
multifactorial. To evaluate this further a group 
using Danish data wanted to see if there was a dif-
ference in recurrence rates between Indirect (IIH) 
and Direct (DIH) inguinal hernias. Over a 4 year 
follow-up period and approximately 85,000 
patients, they found a recurrence rate of 3.8% for 
all-comers. When subdivided into IDH and DIHs 
and controlled for operative technique, the recur-
rence rates were 2.7% and 5.2%, respectively 
( p  < 0.001). At reoperation, 93% were found to be 
recurrent inguinal hernias while 7% were found to 
be either femoral hernias, pantaloons hernias, or 
negative for any hernia. The most signifi cant risk 
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factor identifi ed was DIH at initial operation com-
pared to IIH. In fact, not only was it a major risk 
factor leading to increased rates of recurrence but 
was also found to lead to earlier recurrences com-
pared to IIHs [ 1 ]. 

 There is no concrete evidence to explain this 
discrepancy. Many have argued that the reason 
this occurs is technical in nature, due to insuffi -
cient overlap of mesh at the pubic tubercle. 
Another explanation may be that while one (IIH) 
may be due to a developmental disorder, the 
other (DIH) may be due to a systemic disorder of 
collagen synthesis. For a long time it has been 
argued that inguinal hernias were a direct result 
of structural defects, but, as has been shown 
recently, there is a rising body of evidence to sug-
gest that defi ciencies in connective tissue metab-
olism may very well likely play a larger role in 
their development. Recently, a group released 
fi ndings of a positive correlation between not 
only family history and increased risk for devel-
opment of inguinal hernias, but found that muta-
tions within the COL1A1 gene (responsible for 
transcription of 1(I) protein chain of type I colla-
gen which has been shown to be involved in con-
nective tissue disorders such as Ehlers–Danlos 
and osteogenesis imperfect) was also implicated 
in increased risk for development of inguinal her-
nias [ 4 ]. The implications of this understanding 
knowledge are only just being understood, but 
ultimately may modify our practice on operative 
approach and usage of mesh.   

    Preoperative Evaluation 

  Evaluation of a patient for  a   recurrent inguinal 
hernia is not quite as straightforward as one 
might think. Postoperative complication rates, 
mainly defi ned as recurrence, long-term pain and 
overall patient comfort, range from 4 to 40% [ 5 ]. 
The previous operative planes, depending on the 
operative approach used, may be obliterated and 
the anatomy made unclear. As several random-
ized control trials have demonstrated, use of 
tension- free mesh repair has revolutionized treat-
ment of the disease with overall decrease in 
recurrence rates. However, with this also comes 
the unfortunate consequence of infl ammatory 

reaction caused by the mesh, thereby making 
repeat dissection much more diffi cult and poten-
tially leading to increased risk of injury to nerves 
and increased pain. Indeed, one must be certain 
of the decision to reoperate on a patient for a 
recurrent inguinal hernia. 

 In this regard, the surgeon must evaluate the 
patients’ potential risk factors which fi rst will 
determine whether or not the patient is an optimal 
surgical candidate and if so, then address modifi -
able risk factors to maximize outcomes. These 
risk factors include age >50, smoking, family 
history, type of hernia, and obesity [ 6 ]. 

 In situations where a diagnosis of a hernia is 
diffi cult to make clinically, imaging may be 
required. These hernias, in the literature defi ned 
as  occult hernias , typically present with chronic 
pain without evidence of recurrence or palpable 
bulge clinically. It is these circumstances where 
either US, CT, or MRI may be used, however, 
data as to the usefulness of each modality is 
widely variable. A recent meta-analysis demon-
strated a sensitivity and specifi city for each 
modality of 86% and 77%, 80% and 65%, 91% 
and 83%, respectively [ 7 ]. Another retrospec-
tive study found a sensitivity and specifi city of 
each to be 56% and 0%, 77% and 25%, 91% 
and 92%, respectively for all-comers [ 8 ]. These 
numbers are even worse if used in patients with 
the diagnosis of  occult hernias : 33% and 0%, 
54% and 25%, 91% and 92%, respectively [ 8 ]. 
Classically, US has been used as a fi rst-line 
strategy in the diagnosis of inguinal hernias 
because of its availability and low cost. 
However, it’s been noted that in the case of 
 occult hernias , US and CT may not suffi ce thus 
leaving MRI as the mainstay of diagnosis. It 
has been our practice in cases where it is clini-
cally diffi cult to confi rm the diagnosis to begin 
with an US followed by CT, if uncertainty 
remains. However, in cases of chronic pain or 
occult hernia, we proceed straight to MRI 
which is more sensitive in identifying neuro-
mas or problems with the mesh. 

 In deciding when to operate, it appears that 
time is on our side. A randomized multicenter 
trial performed in 2006 found that watchful wait-
ing was an acceptable option in management of 
both fi rst time and recurrent inguinal hernias in 
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men that were asymptomatic or minimally symp-
tomatic. Their study found that the risk of stran-
gulation was extremely rare and that postoperative 
complication rates were not affected by watchful 
waiting [ 9 ]. Therefore, there is no rush to take an 
asymptomatic patient back to surgery. Rather, 
care and planning should precede any operative 
intervention, operating only on those patients 
symptomatic enough to warrant therapy in order 
to avoid potential complications. 

 Once the decision is made to reoperate, one 
must then decide which method to use. It is 
important at this juncture to review the 
patients’ previous surgical history and when-
ever possible obtain operative reports where 
one can learn about what previous types of 
mesh, if any, have been used. These options 
can be broken down broadly into two catego-
ries: Open vs Laparoscopic. Although not 
entirely prohibitive, in patients with a history 
of pelvic radiation one may find that a laparo-
scopic approach may be difficult and there-
fore opt for an anterior open repair. In those 
patients who have undergone a prostatectomy, 
excision of the peritoneum makes a laparo-
scopic repair difficult making an open repair 
likely a better-suited repair. 

 The use of mesh is generally required in 
patients undergoing recurrent repair due to a high 
likelihood of wound healing abnormalities such 
as collagen abnormalities. Rare cases involving 
infected hernia mesh may preclude placement of 
a mesh and require special consideration. While 
recent studies have begun to show no signifi cant 
difference between biologic and synthetic mesh 
with regard to quality of life, complication rates 
and rates of recurrence, use of biologic mesh has 
been customarily reserved for use in contami-
nated cases [ 10 ,  11 ].  Lightweight polypropylene 
mesh (LWPPM)   is advantageous due to decreased 
pain, decreased mesh sensation, and theoretical 
greater ingrowth of the mesh to provide a more 
durable repair [ 12 ]. However, in situations where 
a wide bridged repair would be required, such as 
a large direct inguinal hernia, the use of standard 
weight polypropylene mesh should be considered 
to minimize the risk of postoperative mesh even-
tration or recurrence [ 13 ].   

    Operative Approach 

  Determining the  operative approach is   generally 
predicated upon the patient’s medical and surgi-
cal history. Those patients with previous open 
repairs generally benefi t from a laparoscopic 
repair. We prefer a totally extraperitoneal 
approach, as this minimizes the potential for 
intra- abdominal adhesions, although transab-
dominal preperitoneal repairs (TAPP) are also 
utilized in these situations. The type of prior open 
repair should be considered as several techniques 
for hernia repair with placement of preperitoneal 
mesh through an anterior incision have been 
described (i.e., Kugel repair, Prolene Hernia 
System, Plug and patch repairs). The extent of 
prior preperitoneal dissection will determine the 
feasibility of a totally extraperitoneal approach. 
In our experience, the extent of preperitoneal dis-
section associated with the open preperitoneal 
repairs does not prevent a totally extraperitoneal 
approach. As the most commonly performed 
anterior inguinal hernia repair is the Lichtenstein 
approach, a totally extraperitoneal repair is gen-
erally feasible and is no more diffi cult than a 
laparoscopic repair for a primary inguinal hernia. 
Following a Lichtenstein repair, the preperito-
neal space has not been violated, the prior mesh 
is anterior to the abdominal musculature, and few 
traces of a prior surgical repair are evident. 
Unless prior mesh has resulted in chronic pain or 
other complications, removal is not required. In 
the event mesh removal is desired, a combined 
anterior and laparoscopic approach may be 
required. Additional benefi ts of a laparoscopic 
approach for recurrent hernias include the ability 
to explore the contralateral groin and repair bilat-
eral hernias when necessary. Whether for pri-
mary or recurrent inguinal hernias, laparoscopic 
repair results in more rapid recovery for patients 
requiring bilateral repairs [ 14 ,  15 ]. 

 For patients with large recurrent hernias, or 
inguinoscrotal recurrences, laparoscopic repair 
can be more challenging. Identifi cation and visu-
alization of the contents of a chronically incar-
cerated recurrent inguinal hernia may be limited 
through an extraperitoneal approach. A TAPP 
approach allows for direct visualization of the 
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incarcerated contents and serial reduction of the 
contents while visualizing the contents of the 
hernia sac. In the event the hernia sac is not fully 
reducible, the hernia sac may be dissected from 
the cord structures and divided leaving the distal 
hernia sac open while the proximal hernia sac is 
later closed with the peritoneal fl aps. While divi-
sion of challenging hernia sacs is feasible, we 
reserve this technique for the most challenging 
situations, as there is a potential for development 
of postoperative hydrocele as a result of the rem-
nant hernia sac within the inguinal canal and 
scrotum. In the event of postoperative hydrocele 
formation, we would advocate observation for 
months prior to consideration for excision. As a 
matter of practice, we will typically utilize a TEP 
approach for recurrent inguinal hernias following 
prior anterior repairs when the hernia is reducible 
following induction of anesthesia. If the hernia 
remains non-reducible following anesthetic 
induction, a TAPP approach is preferred. 

 When trying to decide between using a TEP or 
a TAPP repair, other than in select situations, the 
choice is often based upon surgeon experience. A 
recent randomized prospective study tried to 
identify any differences between the two opera-
tive approaches. While there was signifi cantly 
higher acute pain postoperatively and longer 
operative times associated with a TAPP repair, 
there was no difference between the two proce-
dures when looking at quality of life, chronic 
groin pain and resumption of normal activities or 
cost [ 16 ]. 

 In addition, a previous history of laparoscopic 
hernia repair, either TEP or TAPP, doesn’t nec-
essarily eliminate the ability to address the recur-
rence with another attempt laparoscopically. A 
retrospective study found that out of 51 patients 
with recurrent inguinal hernias after laparoscopic 
repair (70% TAPP, 23% TEP, 7% other), 49 
underwent successful redo TAPP repair with the 
other two converting to open anterior repairs due 
to dense adhesions. There was a 32% post-op 
complication rate including hematoma/seroma 
formation and one port site infection. There was 
also one case where the vas deferens was ligated 
due to dense adhesions to the mesh and four 
patients with complaints of persistent chronic 

pain. However, there were no recurrences at 70 
month follow-up. Of interest, in about two thirds 
of these patients, the location of the recurrence 
was found to happen either caudal or medial to 
previous mesh placement [ 17 ]. 

 How about cases where the patient has had 
both open and laparoscopic repairs? What if you 
fi nd yourself doing a TAPP repair only to realize 
that there isn’t enough peritoneum to close over 
the mesh? In such instances, the use of an 
 Intraperitoneal Onlay Mesh (IPOM)   can be used. 
This mesh is customarily a permanent mesh with 
anti-adhesive barrier, much like one used in lapa-
roscopic ventral hernia repairs (Fig.  48.1 ). While 
reports of such repair are uncommon with regard 
to inguinal hernia surgery, it does appear that 
when compared to Lichtenstein repair, there is no 
signifi cant difference in chronic pain [ 18 ]. Other 
studies have shown no difference in seroma for-
mation, recurrence, mesh migration, bowel 
obstruction, or fi stula [ 19 ]. It is our practice to 
reserve IPOM for such situations where TEP, 
TAPP, or open repairs are unavailable due to 
concerns of increased adhesion rates. One must 
keep in mind, and as will be discussed later, tacks 

  Fig. 48.1    IPOM—Placement of mesh covering an inter-
nal hernia. The cord structures are visible along the under-
side of the mesh       
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used to secure mesh in this fashion must be done 
with extreme caution so as to avoid bladder and/
or neurovascular injury. Therefore, tacks are 
placed above the ileopubic tract, with the use of 
fi brin glue along the lower edge of the mesh for 
fi xation to prevent bowel migration behind the 
mesh. If possible, a small peritoneal fl ap can be 
raised to cover the lower edge of the mesh and 
secured to the mesh above the ileopubic tract.

   Additionally, there is the scenario where a 
patient has had both open and laparoscopic 
repairs but is known to have a “hostile” abdo-
men, leaving an open repair the only safe option.   

    Mesh Fixation 

 The role of  mesh fi xation   in laparoscopic ingui-
nal hernia repair is an area of continuous debate. 
While some believe that fi xation is necessary in 
order to prevent mesh migration and to minimize 
recurrence rates, others feel that mesh fi xation 
unnecessarily increases risk of postoperative pain 
due to injury to nerves. A randomized control 
trial from the Mayo clinic looked at whether fi xa-
tion should be used at all and found that in those 
patients where no fi xation was used, there was 
less analgesic usage in the PACU, less urinary 
retention, and shorter hospital length of stay but 
no difference in postoperative pain [ 20 ]. A more 
recent study found that there was no difference in 
pain scores at 1 day, 1 week, 1 month, 1 year, and 
2 year follow-up. There was no difference in 
length of hospital stay, resumption of normal 
activity, seroma formation, and recurrence rates 
(no recurrences in either group at 2 years) [ 6 ].  

    Our Approach 

 Recurrent inguinal hernias are approached in our 
practice by utilizing an algorithm. While most 
patients may be treated utilizing this standardized 
strategy, certain patient characteristics may occa-
sionally require individualization. The decision as 
to the best approach is based upon a combination 
of surgical history, comorbidities, ability to toler-
ate an operation, as well as patient preferences. 

Although inguinal hernia repair can be safely 
performed in most individuals, there may be 
some patients that are best managed non-opera-
tively, recognizing the small risk of incarceration 
and strangulation resulting in emergent repair. 
Examples of situations in which nonoperative 
treatment for recurrent hernias include  medical 
conditions limiting a patient’s ability to tolerate 
anesthesia, uncorrected coagulopathies, advanced 
liver disease, or severe cardiopulmonary condi-
tions. Occasionally, patients will not be suitable 
for general anesthesia, yet will be considered a 
reasonable risk for a procedure under local anes-
thesia. While it is technically feasible to perform 
a recurrent inguinal hernia repair under a local 
anesthesia, we favor a nonoperative approach in 
these individuals, as a recurrent inguinal hernia 
repair can be quite involved and unanticipated 
diffi culties may necessitate conversion from a 
local to general anesthetic. 

 Among patients suitable for a general anes-
thetic, the decision for recurrent repair type is 
made based upon the prior surgical history. 
Patients with a previous anterior repair 
(Lichtenstein, McVay, Plug and Patch, Bassini, 
etc.) will undergo a laparoscopic repair. We 
favor a totally extraperitoneal approach for our 
laparoscopic inguinal hernia repairs in the 
majority of patients. However, patients with a 
history of prior abdominal surgery involving an 
incision below the umbilicus are approached 
transabdominally (TAPP). On the other hand, 
patients with prior laparoscopic abdominal sur-
gery or limited prior open procedures (i.e., 
appendectomy) are considered for an extraperi-
toneal approach. We always obtain prior opera-
tive notes to determine the details of prior 
operations as occasionally patients will have 
undergone a prior open operation involving 
placement of a mesh in the preperitoneal space 
such as a Kugel or plug repair. Repairs involv-
ing prior mesh in the preperitoneal space can be 
more challenging, particularly when the  pre-
peritoneal space   has been widely dissected. We 
will occasionally place a port in the left upper 
quadrant to allow visualization of the peritoneal 
cavity in situations in which dissection of the 
peritoneum from the prior plug is challenging; 
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however, in most cases the peritoneum is easily 
dissected from the plug. In patients with a prior 
open preperitoneal repair such as a Kugel repair, 
we will generally perform a laparoscopic trans-
abdominal preperitoneal inguinal hernia repair. 
Removal of the prior mesh is performed, if fea-
sible, to facilitate new mesh placement. If prior 
mesh is unable to be removed, we will remove 
as much as possible while avoiding injury to the 
vas deferens, gonadal vessels, and other struc-
tures. If the peritoneum is not amenable to clo-
sure following dissection, a tissue separating 
mesh is utilized with the barrier placed adjacent 
to the viscera. We will then affi x the mesh to the 
abdominal wall with fi brin glue along the infe-
rior most edge and subsequently glue the perito-
neum over the inferior aspect of the mesh to 
prevent bowel from migrating behind the infe-
rior aspect of the mesh. 

 Patients with a prior history of a laparoscopic 
inguinal hernia repair (TAPP, TEP, or IPOM) 
with an ipsilateral recurrence will undergo an 
open mesh hernia repair through an anterior 
approach (i.e., Lichtenstein repair). Patients with 
a contralateral inguinal hernia following a prior 
laparoscopic repair are approached laparoscopi-
cally. Although the prior  preperitoneal space   has 
been dissected, as long as mesh has not been 
placed into the space, it is generally feasible to 
dissect the peritoneum from the abdominal wall 
without diffi culty. 

 Patients with multiple recurrent inguinal her-
nias with prior repairs from both an anterior and 
laparoscopic approach represent unique chal-
lenges. The details of the prior operations are 
carefully considered and a repair is tailored to 
the patient. Our approach is to generally utilize 
a TAPP repair, with conversion to an open repair 
if necessary. When conversion is required, we 
will perform either a Lichtenstein hernia repair 
or an open  preperitoneal repair   (i.e., Stoppa). 
We will make every attempt feasible to remove 
prior mesh to allow for maximal integration of 
the newly placed prosthetic into the abdominal 
wall. A careful informed consent discussion is 
mandatory in these situations as there is a sig-
nifi cant risk for injuries to the cord structures 

and testicle, which may result in the need for 
orchiectomy.     
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      Nonoperative Treatment of Sports 
Hernia                     

     Terra     Blatnik    

          Introduction 

  Groin pain   is an extremely common complaint 
among athletes of all ages. Incidence of groin 
pain ranges from 0.5% to as high as 43% in a 
group of elite Finnish hockey players [ 1 ,  2 ]. The 
anatomy of this area is extremely complex and 
can make diagnosis and treatment challenging. 
Pain in the setting of no appreciable hernia can 
result from something as simple as an adductor 
strain or can be more complex involving several 
structures or even the hip joint itself. 

 The term “sports hernia” has been used  to 
  describe a number of complaints in the groin of 
athletes. Other terms such as “athletic pubalgia,” 
“Gilmore groin,” and “sportsman’s hernia” have 
all been used to describe the same entity. A con-
sensus defi nition does not exist and the term is 
used to describe a wide variety of pathology in 
the groin area of athletes. In 2014, the British 
Hernia Society developed a position statement on 
treatment of sportsman’s groin [ 3 ]. This position 
statement labeled this type of injury an “inguinal 
disruption” and defi ned it as pain in the groin 
area near the pubic tubercle where “no other 
pathology exists to explain the symptoms.” 
Several other studies advocate for the use of fi ve 
signs and symptoms that indicate a likely sports 

hernia: (1) deep groin or lower abdominal pain, 
(2) that worsens with sports-specifi c activity, (3) 
tenderness on palpation over the pubic ramus or 
the conjoint tendon, (4) pain with resisted hip 
adduction, and (5) pain with resisted abdominal 
sit-up [ 4 ]. Regardless the terminology, sports her-
nia is a common complaint in active individuals 
that participate in high-risk sports and this chap-
ter will discuss its diagnosis and treatment.  

    Epidemiology 

   Sports hernia is most   common in sports like 
soccer, ice hockey, and Australian rules football 
(similar to American rugby). Any sport that 
requires a twisting motion of the torso places an 
athlete at increased risk. Traditionally, sports her-
nias happened predominately in men, but over the 
last 5 years women are making up a larger propor-
tion of those athletes diagnosed, with estimates of 
up to 15.2% in one study [ 5 ]. Sports hernia is 
most common in athletes in their mid-20s. 

 There are numerous areas in the groin that can 
be potential sources of pathology in athletes with 
groin pain. The pubic symphysis seems to be the 
central location of pathology in this condition, as 
this area is the central point for several tendinous 
attachments from the adductor musculature. The 
internal and external obliques, rectus abdominus, 
and transversus abdominus also insert in this 
region. In men, these muscles extend from the 
spermatic fascia which, if injured, can lead to 
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pain that radiates into the testicular region. In 
addition to the complex muscle crossings in this 
area, the hip joint can also contribute to groin 
pain. The labrum in the hip and issues from fem-
oral acetabular impingement have often been 
identifi ed as potential sources of pain [ 7 ]. 

 The common consensus is that sports hernia 
may result from imbalance between the strong 
adductor muscles of the leg and the weaker mus-
cles of the abdomen [ 6 ,  8 ,  9 ]. Athletes use their 
adductor muscles to stabilize the leg during sin-
gle leg support, and this imbalance in strength 
between the adductor leg muscles and core mus-
cles leads to tears and other pathology in this 
region. Chronic groin pain in athletes has also 
been correlated with reduced hip abduction and 
internal/external rotation [ 6 ]. The restricted 
motion may lead to additional stress on the 
attachments of the musculature.   

    Presentation/Physical Exam 

  The  presentation   for sports hernia can be quite 
variable, but most athletes will complain of an 
insidious onset of unilateral or bilateral groin 
pain. Pain may radiate to the scrotum and testi-
cles in men [ 6 ]. On rare occasions, there will be 
an acute precipitating event for the onset of pain. 
Athletes will complain that the pain worsens with 
activity, but improves with rest. Rest will tend to 
resolve the pain, but it will often worsen again 
once sports are resumed. 

 Physical exam of patients with exercise- 
associated groin pain needs to include the groin, 
hip, and lower back regions. During passive pal-
pation, patients may have tenderness over the 
inguinal canal and/or pubic tubercle, hip adduc-
tor origin (at the pubic symphysis), or a dilated 
superfi cial inguinal ring. In addition to these 
areas, the examiner needs to palpate the obliques, 
transversus abdominus, and the pubic symphysis, 
to see if pain can be reproduced [ 3 ]. On active 
exam, a resisted sit-up or abdominal crunch may 
cause pain in the distal rectus abdominus inser-
tion. Valsalva maneuvers may also reproduce 
groin pain in patients who have a sports hernia. 

Resistance testing of the hip fl exors or adductors 
on the affected side may also demonstrate 
weakness compared with the contralateral 
muscle group [ 6 ]. 

 There should not be any pain on palpation of 
the lumbosacral spine or sacroiliac joint region 
unless a concomitant injury is occurring. A full 
hip exam including testing of internal hip rota-
tion, FABER (fl exion, abduction, and external 
rotation), and FADIR (fl exion, adduction, and 
internal rotation) can help identify any intra- 
articular pathology (Fig.  49.1 ). Testicular exam 
should also be conducted along with exam look-
ing for true inguinal hernias.

   Figure  49.2  demonstrates the additional areas 
that should be points of focus during physical 
exam in athletes with groin pain. Each of these 
areas can be the source of pain or occur concur-
rently with a diagnosis of sports hernia. 

       Imaging 

   Imaging   for sports hernia has evolved signifi -
cantly over the last 5–10 years. Plain radiographs 
including an AP pelvis and a lateral view of the 
femur should be done on the affected side ini-
tially to exclude obvious bony pathology [ 7 ]. 
This may show a femoral neck stress fracture, 
degenerative hip disease, femoral acetabular 
impingement, osteitis pubis, or apophyseal avul-
sions. Ultrasound was initially touted as being 
important but it was found to be very operator-
dependent, and thus diffi cult to interpret the fi nd-
ings. Non-contrast magnetic resonance imaging 
(MRI) has become the most important imaging 
modality for identifying the underlying pathol-
ogy of sports hernia. Many institutions have 
developed MRI protocols specifi cally for sports 
hernia. These include large-view sequences of 
the bony pelvis and smaller fi eld-of-view 
sequences of the pubic symphysis [ 10 ]. A num-
ber of abnormalities have been found on MRI 
that may occur with sports hernia (Fig.  49.3 ). 
Several studies have shown that there are poten-
tially two signs identifi able on MRI, the “supe-
rior cleft sign” and the “secondary cleft sign,” 
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  Fig. 49.3    MRI (non-contrast): Hyperintense signal adjacent to the pubic symphysis indicating tear to the  rectus abdo-
minus  —common fi nding in sports hernia       

  Fig. 49.4    15-Year-old soccer player with groin/hip pain, 
( a ) AP pelvis radiograph showing some evidence of 
potential femoroacetabular impingement. ( b ) MRI arthro-
gram right hip; evidence of labral tear       

that are found in patients diagnosed with sports 
hernia [ 3 ,  6 ,  10 ,  11 ]. The secondary cleft is a 
space between the rectus abdominus/adductor 
aponeurosis and the pubic bone indicating a tear 
at the insertion. This sign appears as a hyperin-
tensity on coronal STIR images at the inferior 
margin of the inferior pubic ramus. One study 
showed that this was the most common fi nding in 
athletes experiencing pain from a sports hernia. 
The “superior cleft sign” is a similar sign that 
appears as a hyperintense area at the inferior mar-
gin of the superior pubic ramus [ 11 ]. This sign 
represents a tear of the rectus abdominus or 
adductor longus attachment. Another study look-
ing at 100 pelvic MRIs showed that the most 
common fi nding overall was unilateral rectus 
abdominus/adductor injury [ 5 ]. Other abnormali-
ties on MRI include pubic plate lesions, osteitis 
pubis, or tears of the adductor muscles. MRI may 
show minimal changes or reveal another cause 
for pathology, such as a stress fracture. It is 
extremely important to look at the hip because 
Meyers et al., found that 15% of patients with 
sports hernia on MRI also had hip pathology [ 5 ]. 
If intra-articular hip pathology is suspected, an 
MR arthrogram should be done to look for labral 
tears or evidence of femoral acetabular impinge-
ment (Fig.  49.4 ). 
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        Treatment 

 Treatment of sports hernia or chronic groin pain 
in athletes has been as controversial as the defi ni-
tion of this entity. The two avenues of treatment 
include conservative/physical therapy and surgi-
cal intervention. The surgical technique and indi-
cations for sports hernia will be discussed in a 
subsequent chapter, with this chapter focusing on 
conservative techniques. 

    Conservative Therapy 

 Many clinicians will advocate for an initial trial 
of physical therapy for sports hernia prior to sur-
gical intervention. In general, physical therapy 
should be tried for a minimum of 6–8 weeks prior 
to moving on to surgical intervention. 
Occasionally high-level (i.e., NFL) athletes will 
go straight to surgical repair because of concerns 
regarding the length of absence from the game. 

 In general, most physical therapy  for   sports 
hernia focuses on strengthening the core muscles 
and the adductors along with manual techniques 
and gentle stretching. The goal of therapy is to fi x 
what is believed to be defi cient or out of balance 
musculature and is a cause for sports hernia. This 
includes strengthening the lower abdominal mus-
cles to meet the strength of the adductors, in 
order to correct pelvic misalignment and improve 
the limited mobility of the hip capsule. Most 
physical therapists will use some variation of the 
following three studies when trying to rehabili-
tate an athlete with sports hernia. 

 Holmich et al. published a study in 1999 on 
the use of adductor strengthening for treatment 
of groin pain in athletes [ 8 ]. Patients were ran-
domized to either an active therapy group or 
physiotherapy group without active training for 
at least 8 weeks. The subjects in this group 
were male aged 18–50 years and had groin pain 
related to sports for at least 2 months. Active 
therapy consisted of static adduction of the 
legs, sit-ups, balance training on a wobble 
board, and slide board exercises. Additionally, 
this group also performed abduction and adduc-
tion strength exercises. The  physiotherapy   

group underwent laser treatments, friction mas-
sage, stretching, and nerve stimulation. It was 
found that 79% of the patients in the active 
therapy group had no residual groin pain and 
had returned to sport, while only 14% in the 
passive therapy group had the same improve-
ment. This study showed that active improve-
ment in adductor and core strength can improve 
groin pain in athletes. 

 Kachingwe and Grech proposed an algorithm 
for the conservative treatment of sports hernia. 
They performed a case series with 6 patients (4 
males and 2 females, ages 19–22 years) [ 4 ]. The 
treatment algorithm in this study was a combina-
tion of manual/manipulation techniques and 
active exercise. Three times per week patients 
received manual therapy which included soft- 
tissue mobilization to improve muscle tightness 
in the pelvic musculature, manipulation of the 
pelvic musculature to improve sacroiliac joint 
and pelvic alignment, and neuromuscular reedu-
cation and gradual stretching. In addition to this, 
three to fi ve times per week the athletes partici-
pated in a supervised exercise program. This pro-
gram consisted of dynamic fl exibility, trunk 
stabilization exercises, and dynamic exercises. 
Dynamic  fl exibility   consisted of active stretching 
of the iliopsoas, quadriceps, hamstrings, internal 
and external rotators, and adductors. Trunk stabi-
lization exercises function to improve core and 
hip strength included cardio activity, such as 
swimming or elliptical trainer. The fi nal portion, 
initiated around 3–6 weeks, included dynamic 
exercises to strengthen the adductors, core, and 
upper leg muscles. Three of the 6 athletes were 
able to return to sport within 6 weeks, while the 
other three underwent surgical repair for sports 
hernia. All three of these athletes utilized the 
above program for rehabilitation following surgi-
cal repair and all six returned to pre-injury level 
of play. This study did have some limitations. 
The sample size was extremely small and the 
algorithm employed was quite complex. This 
complexity may make it diffi cult to fully follow 
in a typical physical therapy offi ce. 

 Most recently, Yuill, et al. published a case 
series in 2012 involving soccer players that 
underwent conservative treatment for chronic 
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groin pain [ 12 ]. The treatment for these athletes 
was similar to other previously mentioned stud-
ies and included manual therapy  and   active reha-
bilitation. Manual therapy in this study consisted 
of manual soft-tissue therapy (massage), micro-
current stimulation, laser therapy, and acupunc-
ture. Active therapy included strengthening 
exercises for the hip adductors, squats to 
strengthen upper thighs, and pelvic bridges to 
strengthen the core. Plyometric training (jump 
training) was also included. Therapy was under-
taken for 8 weeks and all three athletes in this 
study were able to return to full sport participa-
tion at the conclusion of conservative therapy. 

 All of the methods of conservative therapy 
listed above have similar objectives, with the ulti-
mate goal being to improve hip and core strength 

after reducing pain and infl ammation in the groin 
region. When evaluating a new patient suspected 
of a sports hernia, our protocol is to bring them in 
for history and physical to see if we can determine 
alternative causes for groin pain and the need for 
further intervention. Each patient will have initial 
plain radiographs to exclude stress fracture and hip 
derangement. If plain fi lms are negative, then we 
will send the patient for physical therapy. It is 
important to work with local physical therapists 
that are familiar with the rehabilitation of athletes 
and have the equipment to perform functional 
rehabilitation. The athlete should abstain from 
sports and begin a program that lasts 6–8 weeks. 
This program should have both active and passive 
elements. Passive elements should include soft-
tissue mobilization/massage and techniques to 

  Fig. 49.5     Hip and core strengthening exercises  : ( a ) par-
tial sit-up, ( b ) abdominal and adductor strength—squeeze 
ball and lower and lift legs, ( c ) pelvic bridge, ( d ) plank, 

( e ) “Superman” pose—lift arms and legs while lying on 
abdomen, ( f ) quadriped—opposite arm and opposite leg 
lifted       
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ensure proper alignment of the pelvis and SI joints. 
Alongside this, an intense program for hip and 
core strength should be used. Core exercises work 
to strengthen not only the abdominal muscles, but 
also the lower back and hips. Figure  49.5  demon-
strates a series of core exercises to be integrated 
into therapy. Using an overturned balance ball can 
also improve core strength and balance (Fig.  49.6 ) 
and once the basic moves have been mastered, the 
athlete can move on to more advanced core condi-
tioning (Fig.  49.7 ). Figure  49.8  shows hip 
adductor strengthening moves and abductor 
strengthening moves. Side lunges and squats can 
also be used to strengthen the upper legs and core 
along with other dynamic moves (Fig.  49.9 ). 
Along with this, the athlete should also be given 
the option for electrical stimulation or other 

modalities described in the next section. Sports 
medicine-trained physicians are most likely to 
offer these services and would be the appropriate 
referral for more complex procedures. The patient 
should be seen in the offi ce for follow-up 6–8 
weeks after beginning therapy. If at that time the 
patient is still having signifi cant pain, they should 
have advanced imaging (non-contrast MRI) done. 
If results  are   consistent with a sports hernia, the 
patient can resume therapy for another 4 weeks 
and abstain from sports/exercise. If after the addi-
tional month of rehabilitation the patient still has 
pain, then referral to a surgeon is warranted. The 

  Fig. 49.6    Using  overturned balance ball   to work on core 
strength and balance       

  Fig. 49.7     Advanced core exercises  : ( a ) side plank, ( b ) 
bridge with leg extended, ( c ) “Dead Bug” with arm 
movement       
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only exception to this should be high- level athletes 
(i.e., NFL, NBA) that do not have time for 
extensive rehabilitation or for athletes that had a 
distinct injury that felt like a pop or tear that may 
benefi t from earlier surgical intervention.

       It is important to note that a shortened version 
of those protocols above should be used after sur-
gery has been done. Hip and core strength is 
important postoperatively and patients should be 

started into 3–4 weeks of physical therapy when 
the surgeon deems appropriate (depending on scar 
healing time and degree of surgical intervention).  

    Alternative Treatment 

 Comin et al. performed a pilot study in 2012 
looking at radiofrequency denervation of the 

  Fig. 49.8     Adductor/abductor strengthening exercises  , ( a ) abductor lift, ( b ) adductor lift, ( c ). adductor/abductor 
standing lift with ball, ( d ) side slide lunges       

  Fig. 49.9     Dynamic strength  : ( a ) front lunge, ( b ) wall sit, ( c ) squats       
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inguinal ligament for treatment of sports hernia 
[ 13 ]. The basis behind this treatment is that 
desensitizing the nerves in the groin area will 
relieve pain, regardless of its source.    All patients 
in the study had pain greater than 6 months and 
had failed conservative therapy. Patients were 
randomized to either the radiofrequency abla-
tion or steroid injection. Both groups had 
improvement in pain scores with the ablation 
group getting slightly more relief. At 6 months 
post-procedure, the difference was slightly more 
pronounced with more in the ablation group still 
having improved pain scores. A smaller pilot 
group received denervation after a failed surgi-
cal intervention and this group also had 
improved pain scores. Although this is a small 
study, it does have promise for a noninvasive 
treatment for those with refractory and long-
standing groin pain. 

 A variety of injection techniques have also 
been explored. Local anesthestic, cortisone, plate-
let-rich plasma, and autologous blood have all 
been tried; however, there are very few studies that 
currently examine these techniques. These injec-
tions have proven effi cacy for tendinopathy and 
for joint pain for various reasons, so they may also 
show promise in the treatment of sports hernia [ 3 ].  

    Prevention 

 As mentioned at the beginning of this chapter, 
groin pain is extremely common in athletes and 
can cause loss of playing time and mean changes 
 in   affect revenues for professional teams. If these 
injuries could be prevented, it could save athletes 
months of rehabilitation and potentially surgery. 
Tyler, et al., published a prospective study in 
2002 examining the use of an adductor strength-
ening program in preventing groin strains in NHL 
players [ 9 ]. Players that were found to have an 
imbalance of adductor to abductor strength were 
enrolled in a strengthening program three times 
per week for 6 weeks during the preseason. By 
using this program in “at-risk” athletes, the inci-
dence of adductor strains was signifi cantly 
reduced from 3.2 strains per 1000 player-game 
exposures to 0.71 strains per 1000 player-game 

exposures. This study demonstrates that pro-
grams for athletes in the preseason time period 
could prevent future strains and lower incidence 
of sports hernia.   

    Conclusion 

 Sports hernia is a complex issue for athletes that 
generally presents as unilateral groin pain that 
gets worse with physical activity, improves with 
rest, and resumes once activity has restarted, if 
proper treatment is not completed. Physical 
exam can often be inconclusive, but can reveal 
other concurrent pathology, including intra-
articular hip derangements or stress fractures. 
Imaging can be helpful in both ruling in and rul-
ing out sports hernia and has become increas-
ingly useful as radiologists develop improved 
protocols looking for sports hernia. There is con-
tinued debate about appropriate treatment, most 
commonly involving surgical repair vs. conser-
vative management. This author would advocate 
for rest from sport and an aggressive rehabilita-
tion program for 6–8 weeks, except in cases 
where a player cannot take this amount of time 
out from sport. Newer emerging therapies, 
including nerve ablation, may provide additional 
avenues in the future. Advocating for preseason 
strengthening of hip adductors may be benefi cial 
in all athletes, even for the highest level profes-
sionals. If the conservative approach is not effec-
tive after an appropriate amount of time 
(minimum 8 weeks), then surgical consultation 
should be the next step in management.     
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      The Surgical Approach to Sports 
Hernia                     

     Thomas     J.     Wade      and     L.     Michael     Brunt     

         Sports hernia refers to a condition in which there 
is chronic exertional lower abdominal/inguinal 
pain that limits athletic performance. The term 
sports hernia, although fi rmly ingrained in the 
lexicon, is a misnomer since it does not involve a 
true herniation on internal contents, but rather 
broadly refers to conditions in which there are 
various injuries to structures associated with the 
pubis or pubic joint. As a result, the term athletic 
pubalgia has been recommended to more accu-
rately refl ect the various clinical and anatomic 
presentations and pathophysiology of this condi-
tion   [ 1 ]. The pattern of injury may be primarily to 
the abdominal wall including the distal rectus [ 1 ], 
posterior inguinal fl oor [ 2 ], external oblique [ 3 ], 
and the associated attachments to the pubis. 
Additionally, Meyers et al. included the concept 
of shearing force injury to the muscular attach-
ments to the pubis in the defi nition of athletic 
pubalgia [ 4 ]. This injury may be primarily asso-
ciated with either the rectus abdominus attach-
ment or the adductor compartment, or a 

combination of the two, or other associated 
attachments to the pubis. For the purposes of this 
review, the terms sports hernia and athletic 
pubalgia will be used interchangeably. Groin 
injuries are prevalent in sport and particularly in 
those associated with athletes that frequently per-
form explosive cutting, pivoting, kicking, and 
twisting movements. Sports including football, 
soccer, and ice hockey, in particular, are associ-
ated with signifi cant risk of groin injury. Ekstrand 
and Hilding reported that groin injuries occur in 
5–23% of soccer players and account for 8% of 
all injuries over one season [ 5 ]. A study of elite 
soccer players in the Union of European Football 
Associations revealed that groin injuries 
accounted for 12–16% of all injuries in a season 
[ 6 ]. Additionally, a Swedish study revealed that 
groin injuries account for approximately 10% of 
injuries in elite hockey players [ 3 ]. A number of 
risk factors have been identifi ed in professional 
hockey players for groin injury that include pre-
season or training camp, prior history of groin 
injury, and veteran player status [ 7 ]. Tyler and 
colleagues also have shown that reduced adduc-
tor to abductor strength ration can also result in a 
high risk for adductor muscle strain injuries [ 8 ]. 
Unlike many other sport injuries, groin injuries 
may not be associated with direct physical con-
tact. Most of these injuries are muscular or tendi-
nous strains and resolve with conservative 
management, and so sports hernia represents a 
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small subset of injuries that fail to resolve with 
conservative treatment measures. The persistence 
of symptoms more than 3 months in duration 
increases the odds of a sports hernia diagnosis 
that may require surgical intervention. 

    Anatomy and Pathophysiology 

  A thorough understanding of  the   groin and pelvic 
anatomy is essential to the evaluation of groin pain 
and sports hernia. The pelvis functions as a fulcrum 
for the abdominal and thigh muscles attachments 
(Fig.  50.1 ). The external oblique muscle attaches to 
the rectus and inferiorly forms the inguinal canal 
through which the spermatic cord and ilioinguinal 
and genital nerves pass. The rectus abdominus 
attaches to the superior pubic rami and its aponeu-
rosis is in continuity with the adductor longus 
attachment. The transversus abdominus and inter-
nal oblique aponeuroses may combine to form the 
“conjoined tendon,” which inserts on the pubis 
although a true conjoined tendon is present in only 
about 10% of patients. The adductor complex 
includes six muscles (adductor longus, adductor 

brevis, adductor magnus, pectineus, gracilis, and 
obturator externus), the most frequently injured of 
which is the adductor longus.

   The relative strength of the thigh adductor mus-
cle complex at the pubis may result in instability 
and shear forces that lead to injury. This imbalance 
may lead to excessive stress and tension on the 
abdominal muscles that attach to the pubis. In some 
cases, a visible tear or separation in the rectus apo-
neurosis is present on imaging (Fig  50.2 ). In most 
cases, a consistent fi nding is a weakened posterior 
inguinal fl oor/transversalis fascia. A true inguinal 
hernia is infrequently present. Others have postu-
lated that tension on the inguinal ligament is the 
primary pathology.

   Additionally, some groups have postulated 
that ilioinguinal or genital nerve involvement 
accounts for main components of a patient’s 
symptoms [ 9 ,  10 ]. The nerve involvement is pos-
tulated to be from ilioinguinal or iliohypogastric 
nerve entrapment through tears in the external 
oblique aponeurosis [ 9 ], or from pressure on the 
genital nerve from a bulging weakened fl oor dur-
ing Valsalva [ 10 ], although there is no consensus 
about the extent to which these fi ndings play a 
role in the athletic pubalgia pain syndrome.   

  Fig. 50.2    MRI showing right  rectus tear   ( a ) axial view—
 arrows  point to tear in rectus aponeurosis on the right 
side.  Circle  denotes the normal rectus on the left; and ( b ) 
sagittal view with the circle denoting the area of tear from 

the pubis.  RA  rectus abdominus,  P  pubis. Photographs 
courtesy of Dr. David Rubin, Mallinckrodt Institute of 
Radiology, Washington University School of Medicine       
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    Approach to Evaluation 

    Differential Diagnosis 

 The differential  diagnosis   for groin pain in an 
athlete is extensive, including injury associated 
with the bony pelvis, muscles, hip, or even non- 
sport related causes. Pelvic injuries that may 
cause chronic groin pain include osteitis pubis, 
stress or other fracture, and muscular contusions. 
Most injuries in the groin are muscular and con-
sist of abdominal or thigh strains that typically 
resolve with conservative management. The 
adductor muscle group is a common source of 
groin  pain and most commonly involves the 
adductor longus. A true inguinal hernia must be 
considered in the differential diagnosis as well 
although this is infrequently present. Hip-related 
etiologies include labral tears, femoral acetabular 
impingement and, in older athletes, osteoarthri-
tis. Finally, non-musculoskeletal related causes 
such as gynecologic disorders in females, should 
be considered if symptoms are atypical for a 
sports-related injury.  

    History and Physical Examination 

 A detailed history and  physical   is essential in the 
evaluation of athletic groin pain. The history 
should include onset of pain and potential mech-

anism of injury, precise location, pain radiation, 
aggravating and alleviating factors, and prior his-
tory of injury to the area. Patients’ response to 
attempted therapy including rest, nonsteroidal 
anti-infl ammatory drugs (NSAIDS), and ice 
should also be elicited. Finally, the presence of 
recurrent pain symptoms with return of activity 
should be noted. Classically, sports hernia will 
present with chronic lower abdominal or inguinal 
pain worsened by explosive movements. It is 
unusual for it to occur at rest or with sitting. The 
pain may also be aggravated by sprinting, cutting 
movements, kicking, and coughing/sneezing. As 
a result, the pain limits athletic performance and 
can negatively impact success in competition. 

 Physical exam should include a focused ingui-
nal hernia exam, assessment of the pubic sym-
physis for tenderness or instability, resisted trunk 
movements and rotation, lower extremity muscle 
evaluation, and hip examination. The inguinal 
exam includes palpation through the external 
inguinal ring to assess for bulging. The pubic 
symphysis evaluation includes palpation of the 
medial inguinal fl oor and rectus insertion at rest 
and during a resisted sit-up. (Fig  50.3 ) Pain at 
this location is most characteristic of a sports her-
nia diagnosis. Lower extremity testing includes 
resisted straight leg raise, hip fl exion, and resisted 
adduction in both extended and frog leg posi-
tions. Finally, hip evaluation is performed to rule 
out a hip etiology of the pain.

  Fig. 50.3     Abdominal crunch   
during palpation of the 
inguinal fl oor during 
examination for sports hernia       
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       Diagnostic Imaging 

 The preferred  imaging   modality at our institu-
tion is a pelvic MRI utilizing a pubalgia proto-
col, which has been previously described [ 11 ]. 
This study utilizes a multi-coil pelvic array coil 
centered over the lower pelvis. The MRI 
sequences include coronal TI and short T1 inver-
sion recovery, transverse T1 and T2 with fat sup-
pression, and sagittal high resolution sequences 
through the pubic bones and symphysis. Injuries 
that support the diagnosis of sports hernia 
include a tear in the rectus abdominus aponeuro-
sis insertion, parasymphyseal edema, combined 
adductor or rectus-adductor tear, and a second-
ary cleft. In one large series, a rectus tendon 
abnormality was seen in 2/3 of athletes with a 
clinical diagnosis of sports hernia [ 12 ]. In part, 
the MRI is also useful to exclude other injuries 
such as osteitis pubis, stress fracture, congenital 
pelvis anomalies, and hip pathology (femoroac-
etabular impingement, labral tears, hip arthritis). 
A limitation of MRI is that it does not image the 
posterior inguinal fl oor weakness and, therefore, 
a negative MRI does not necessarily exclude the 
diagnosis of a sports hernia. 

 In some centers, dynamic  ultrasound   testing is 
utilized preferentially to assess for this condition 
[ 13 ,  14 ]. The advantages of ultrasound are that 
the testing can be done during Valsalva to assess 
for bulging in the posterior inguinal fl oor/trans-
versalis fascia, and it is readily available and por-
table. The limitations of ultrasound are that it is 
very operator dependent and does not provide as 
much structural information as MRI about the 
rest of the musculoskeletal anatomy in the pubic 
region. In the author’s experience, CT has a lim-
ited role in the evaluation of athletic groin pain 
unless intra-abdominal pathology is suspected. 
Radionuclide bone scanning may be useful in 
demonstrating increased activity in the pubis in 
cases of suspected osteitis pubis.  

    Nonoperative Management 

  Nonoperative management   of athletic groin inju-
ries should initially consist of a period of rest 

from athletic activity, ice, and nonsteroidal anti- 
infl ammatory medications. If the injury does not 
resolve quickly, then imaging should be consid-
ered to defi ne the nature and extent of it. Physical 
therapy is an important component of a nonop-
erative management strategy and should be ori-
ented toward progressive range of motion 
exercises, balanced training and graduated 
strengthening, and thermal modalities such as 
ultrasound or e-stim therapy. Core strengthening 
and stabilization is also an important component 
of therapy for any groin injury. Deep tissue mas-
sage including active release technique may be 
useful for isolated muscle tightness and thera-
pies. The goal should be to achieve balance in 
strength and fl exibility across the pelvis with a 
graduated return to sports-specifi c activity. 

 For patients who present with well-localized 
inguinal or lower abdominal pain, an injection 
with local anesthetic and steroid may be attempted 
to break the cycle of pain and infl ammation, 
especially if the occurrence is in-season, and 
may, in some cases, provide long-term relief. 
Some groups have utilized platelet-rich plasma 
injections for recalcitrant groin injuries with 
some success, but controlled data are lacking on 
the effectiveness of this approach. An initial trial 
of nonoperative management is important as one 
randomized trial reported return to sport in 23 of 
29 patients at 4 months [ 15 ]. The exception 
would be if a rectus tear is demonstrated on MRI, 
which increases the likelihood of failure of con-
servative management and supports earlier surgi-
cal intervention.   

    Surgical Management 

    Indications 

 The  indications   for surgical intervention for 
sports hernia include three primary criteria: (1) 
symptoms and exam fi ndings consistent with a 
sports hernia diagnosis; (2) alternative diagnoses 
excluded by imaging; and (3) failure of nonop-
erative management for a period of at least 6–8 
weeks. The period of nonoperative management 
may vary according to whether the athlete is pro-
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fessional/elite high school/college or recre-
ational. Two prospective, randomized trials have 
been carried out to assess the value of conserva-
tive treatment versus surgery for this condition. 
Ekstrand and colleagues prospectively random-
ized 66 soccer players with groin pain who had 
failed nonoperative treatment to surgery vs. con-
tinued conservative management or no treatment 
[ 16 ]. All athletes in this study had groin pain of 
>3 months duration. Only the surgical group 
showed substantial and statistically signifi cant 
improvement over the observation period. 
Paajanen et al. randomized 60 patients with sus-
pected sports hernia and 3–6 months of groin 
symptoms to surgery (laparoscopic posterior 
mesh repair) or conservative management (phys-
ical therapy, NSAIDS, and corticosteroid injec-
tions) [ 17 ]. Outcome measures were visual pain 
scores and return to sports at 1, 3, 6 and 12 
months and return to sport. At 3 months, return to 
sport was 90% in the operative group compared 
to only 27% in the conservative treatment group. 
Pain scores were signifi cantly different in the two 
groups at each time point evaluated. These stud-
ies indicate that surgery provides superior results 
to conservative management in appropriately 
selected athletes.  

    Operative Approaches 

 A variety of operative approaches have been 
described for the management of sports hernia. 
These include open primary inguinal fl oor 
repairs, open tension-free mesh repairs, and lapa-
roscopic posterior mesh repairs. 

    Open Primary Tissue Repairs 
 The two primary repairs that  have   been most 
employed are the “pelvic fl oor repair” described 
by Meyers and the “minimal repair technique” 
described by Muschawek [ 14 ,  18 ]. Although the 
details of the technique described by Meyers are 
not fully reported, the general description 
involves suture plicating the inferolateral border 
of the rectus abdominus fascia to the pubis and 
inguinal ligament. The goal of this approach is to 
tighten and stabilize the attachments of the rectus 

around the pubis. A partial adductor release is 
often performed, if there is associated adductor 
pathology. Meyers has reported the largest series 
of sports hernia repairs with operation performed 
on 5218 athletes out of 8490 patients evaluated 
(61.4%) [ 18 ]. The return to sport rate was 
reported as 95.3% at 3 months after surgery. 

  Muschawek’s technique   involves stabilizing 
the posterior inguinal fl oor with a minimal ten-
sion suture technique [ 14 ]. A part of the strategy 
of this procedure is to repair the transversalis fas-
cia weakness and reduce tension on the genital 
nerve. In this approach, only the area of posterior 
inguinal fl oor bulging is opened, and it is then 
resutured to the inguinal ligament and pubis to 
restore more normal alignment. In a signifi cant 
percentage of cases, the genital nerve is resected. 
This group reported on 132 procedures per-
formed in 128 patients. At 4 weeks after surgery, 
83.7% of patients had returned to sport [ 14 ,  19 ].  

    Open Tension-Free Mesh Repairs 
 The  open anterior tension-free mesh repair   that is 
utilized in the management of sports hernia is 
similar to the well-known Lichtenstein repair. 
The proposed advantages of this approach 
include improved durability of the repair due to 
mesh reinforcement and potential for earlier 
return to activity due to the tension-free aspects 
of the repair. In this approach, a lightweight poly-
propylene mesh is sutured to the transversalis 
fascia and rectus sheath medially and to the 
inguinal ligament laterally (described in more 
detail under the “Step-by-step approach” section 
below). This provides support of the inguinal 
fl oor and distal rectus and increased strength 
across the pubis. Our group has utilized an indi-
vidualized approach to sports hernia repair but, 
most commonly has performed an open tension-
free mesh repair. Over the last 13 years, a total of 
209 athletes have undergone repair in our center 
[ 20 ]. The mean duration of symptoms prior to 
repair was 9.2 months. Return to sport was suc-
cessfully sustained in approximately 92% of ath-
letes over a mean follow-up of 11.4 months. 

 An alternative mesh based repair has been 
described by the Montreal group [ 3 ,  9 ]. The 
details of this approach include placement of a 
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polytetrafl uoroethylene (PTFE) mesh patch 
below the external oblique aponeurosis and a pri-
mary repair of any external oblique tears. The 
group reported on 98 hockey players over an 
18-year period with a total of 107 repairs. They 
reported only 3 recurrences and 97 of 98 returned 
to sport activities [ 3 ]. The selective addition  of 
  ilioinguinal and/or iliohypogastric neurectomies 
may be indicated in either of the tension-free 

mesh based repairs, but especially if the nerve is 
acutely angulated through a slit in the external 
oblique aponeurosis (Fig.  50.4 ).

       Laparoscopic Posterior Mesh Repair 
 Some groups have preferentially utilized the  lap-
aroscopic   approach for sports hernia repair [ 17 , 
 21 ,  22 ]. The approach is identical to that utilized 
for a standard inguinal hernia repair, and includes 
both total extraperitoneal and transabdominal 
preperitoneal techniques. This allows for a 
tension- free reinforcement of the entire posterior 
inguinal fl oor (Fig.  50.5 ). Potential advantages, 
as with standard inguinal hernia repair, include 
decreased postoperative pain and more rapid 
return to activity. Genitsaris et al. reported on 
131 patients that failed nonoperative manage-
ment [ 21 ]. All patients underwent bilateral mesh 
repair and all returned to sport at 3 weeks after 
surgery. Evans reported on 278 athletes who 
underwent laparoscopic repair with 90% return 
to play at 4 weeks [ 23 ].

   An alternative laparoscopic approach has been 
described by Lloyd who postulates tension in the 
inguinal ligament as a mechanism for the pain. 
He carries out a release of the inguinal ligament 
at its attachment to the pubis and then reinforces 
the posterior inguinal fl oor with mesh [ 24 ]. In his 
early experience, 73% of patients were pain free 
at 4 weeks after surgery and overall symptoms 
were improved compared to preoperatively in 

  Fig. 50.4    Acute angulation of the ilioinguinal nerve as it 
exits a slit in the external oblique aponeurosis ( arrows ). 
The nerve would be resected in such cases       

  Fig. 50.5     Laparoscopic operative view   of left inguinal 
fl oor (extraperitoneal approach). ( a ) Weakened posterior 
inguinal fl oor and distal rectus ( right side ).  R  rectus,  P  

pubis,  IE  inferior epigastrics. ( b ) Mesh positioned to 
cover the entire inguinal fl oor       
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97%. Further validation of this approach is 
needed before it can be widely recommended.   

    Adductor Release 

 Patients with a  signifi cant   component of adductor 
tendinopathy may benefi t from the addition of a 
partial adductor release procedure. For this pro-
cedure, the patient’s leg is positioned with the 
thigh fl exed and abducted. The partial release 
consists of a small 2.5 cm incision over the upper 
adductor tendon in the groin crease. Multiple 
incisions in the anterior epimysial fi bers of the 
adductor longus tendon are created approxi-
mately over a distance of 3–4 cm from its inser-
tion on the pubis. In general, fi ve to seven 
incisions are required to release the compartment 
while leaving the adductor muscle and the tendon 
attachments to the pubis intact (Fig.  50.6 ). The 
leg is then returned to the neutral position for the 
abdominal component of the procedure.

       Author’s Step-by-Step Approach 

 Our preferred approach for most athletes  is   an 
open anterior tension-free repair with light-
weight polypropylene  mesh. The procedure is 
performed with local anesthesia and intrave-

nous sedation. A slightly oblique incision is 
made over the inguinal canal after administra-
tion of local anesthetic. Dissection is performed 
to identify the external oblique aponeurosis, 
which is often markedly attenuated (Fig.  50.7 ) 
The external oblique is opened and the cremas-
ter fi bers within the cord are opened medially to 
exclude an indirect hernia. The ilioinguinal 
nerve is identifi ed and left within its sheath to 
avoid exposing it to the mesh. The posterior 
inguinal fl oor is often weak and markedly 
attenuated (Fig.  50.8 ). The fl oor is recon-
structed with tension-free mesh placement 
suturing it to the transversalis aponeurosis and 
rectus sheath medially and to the inguinal liga-
ment laterally (Fig.  50.9 ). The mesh should be 
positioned to lie evenly across the inguinal 
fl oor. In some cases, the internal oblique is 
brought over the mesh to minimize contact 
between the mesh and the spermatic cord. The 
external oblique aponeurosis is closed with a 
running 2-0 absorbable suture.

         Special Circumstances 

 The ilioinguinal nerve is  generally   left in place, 
however, if it takes an acute turn through the 
external oblique or appears at risk of becoming 
tethered to the mesh repair it is resected. The 
genital nerve is left protected within the cord. 
In young athletes who are still in their growth 

  Fig. 50.6    Operative photo demonstrating  partial release 
of adductor longus         

  Fig. 50.7    Operative view of attenuated  external oblique 
aponeurosis   ( arrows )       
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phase, a primary repair analogous to a Bassini 
type repair is used and mesh is avoided. In ath-
letes who have undergone prior open inguinal 
hernia repair, especially if there is evidence of a 
rectus tear on MRI, a laparoscopic posterior 
mesh repair will be utilized and we have used 
this approach selectively in other athletes with 
a demonstrable rectus tear as well with good 
outcomes. 

 The addition of an adductor release is per-
formed in selected athletes with signifi cant 
adductor symptoms and fi ndings on exam. The 
release is almost always performed in addition to 
the inguinal fl oor repair but in some cases may be 
performed as an isolated procedure.  

    Postoperative Management 
and Recovery 

 A structured postoperative rehabilitation pro-
gram is essential to a successful return to athletic 
activity after surgical management of  sports her-
nia.   Our group utilizes a program that is focused 
on core abdominal and lower body strength, fl ex-
ibility, and balance. Particular attention is placed 
on strength and fl exibility of the adductor and 
related muscle groups. It should be noted that the 
rehabilitation program should be individualized 
to each athlete’s recovery progression and not 
tied to a rigid timetable. Our program starts with 
normal activities and walking for the fi rst 5–7 

  Fig. 50.8    Operative view of  weakened posterior fl oor weakness   in a sports hernia case ( arrows ). Note the stranding in 
some of the fi bers in the posterior wall of the canal ( small arrows )       

  Fig. 50.9    Technique of  open mesh repair   of the inguinal fl oor. ( a ) Sutures are anchored in the healthy transversalis 
fascia medially with 0 gauge nonabsorbable sutures. ( b ) Completed mesh repair       
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days progressing to light running and stationary 
cycling at 7–14 days [ 25 ]. Passive stretching is 
initiated on postoperative day one for patients 
with an adductor release. Activity is then 
increased in a stepwise fashion beginning with 
aerobic conditioning including light jogging and 
stationary biking. Activity can then be advanced 
as pain symptoms allow to include sport-specifi c 
training, generally by week 3. The fi nal step in 
the program is return to play with physical con-
tact. The goal of return to play is generally 
accomplished by weeks 5–7. Scar mobilization 
and massage therapy to the hip musculature may 
be incorporated throughout the program. An 
important concept has been put forth by 
Muschawek who emphasizes the potential for 
earlier return to conditioning and sport. Athletes 
are allowed to lift up to 20 kg within days of sur-
gery and return to running and training as soon as 
comfort allows. Return to sport within 3 weeks of 
surgery has been achieved in some cases [ 10 ].   

    Summary 

 With experience, the diagnosis of sports hernia/
athletic pubalgia can be made with confi dence. A 
multidisciplinary approach that includes sports 
medicine orthopedist/specialists, athletic trainer, 
and hernia surgeon with an interest in this condi-
tion is recommended. A variety of surgical 
approaches have been successfully employed for 
this problem, and all achieve success provided 
the athlete has been appropriately selected for 
operation. Postoperative rehabilitation is an 
important component of management and suc-
cessful return to sport.      
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  Bone anchors  ,   265   ,   268   
  Botulinum toxin 

 abdominal wall hernia 
 antinociceptive effects  ,   428  
 paralyzing effects  ,   427–428  
 porcine model  ,   427  
 toxin-induced paralysis  ,   427  

 administration  ,   424  
  C. botulinum   ,   424  
 clinical studies  ,   429–430  
 complex midline incisional hernia  ,   433   ,   434    
 evidence-based medicine  ,   423  
 formulation  ,   424  
 generic names  ,   425  
 immunological considerations  ,   424  
 inguinal hernia  ,   435  
 personal comprehension  ,   428–435  
 potential indications  ,   436  
 temporary abdominal closure  ,   435  
 tolerability and contraindications  ,   426  
 treatment of neurological conditions  ,   424   

  Botulinum toxin types A (BoNT-A)  ,   424   
  Botulinum toxin types B (BoNT-B)  ,   424     

 C 
  Cautery  ,   175   
  Central mesh failure (CMF)  ,   217   
  Chemical component separation (CCS)   . 

See  Botulinum toxin  
  Chest wall, posterior  ,   317    
  Chronic mesh infections  ,   213   
  Chronic postherniorrhaphy inguinal pain (CPIP) 

 etiology andclinical presentation  ,   483–484  
 evaluation  ,   485  
 history  ,   483  
 inguinal neuroanatomy  ,   487  
 interventional pain management  ,   486   
 pharmacological pain management  ,   485  
 retroperitoneal neuroanatomy  ,   488  
 risk factors  ,   484–485   
 surgical pain management 

 hernia recurrence and meshoma  ,   489  
 laparoscopic retroperitoneal triple neurectomy  ,   489  
 meshoma  ,   489  
 neuroanatomy  ,   487  
 neurolysis  ,   488   
 personal algorithm  ,   490  
 recommended timing  ,   487  
 triple neurectomy  ,   488  

 treatment  ,   485   
  Clinical quality improvement (CQI) principles  ,   59   
  CollaMend™  ,   64    
  Complex abdominal wall defect reconstruction  ,   344–347      
  Complications, ventral hernia repair  ,   208–213        
  Component separation  ,   314   ,   321   
  Concomitant panniculectomy 

 complications management  ,   305  
 postoperative care  ,   304–305  
 ventral hernia repair    (see  Panniculectomy )   

  Congenital epigastric defects  ,   253     

 D 
  Damage control laparotomy (DCL)  ,   431   
  Decellularization process  ,   63   ,   64   
  Decontamination process  ,   64   
  Deep inferior epigastric arteries (DIEAs)  ,   5   
  Diastasis   . See  Pseudoherniation  
  Diastasis recti 

 abdominoplasty  ,   328   
 anterior abdominal wall  ,   323  
 classifi cation systems  ,   327  
 complications  ,   332   ,   333  
 diagnosis  ,   325  
 endoscopic technique  ,   331  
 etiology  ,   325  
 exercise  ,   328  
 indications  ,   327   ,   328  
 initial consultation  ,   327  
 laparoscopic reinforcement  ,   332  
 midline plication  ,   328  
 sheath plication  ,   334  
 structural anatomic deformity  ,   323  
 suture techniques  ,   334   
 treatment  ,   328   

  Dynamic fascial closure systems  ,   418     

 E 
  Early Recovery After Surgery (ERAS) protocol  ,   34   
  Electrocautery  ,   174   
  Emergency care 

 abdominal wall defect  ,   403  
 complex hernias  ,   403  
 femoral hernia  ,   404–405  
 groin hernias  ,   403  
 inguinal hernias  ,   404  
 morbidity and mortality  ,   403  
 umbilical hernias  ,   405–406  
 ventral hernias  ,   403  
 ventral incisional hernia 

 anatomic information  ,   406  
 bowel viability and bowel obstruction  ,   406  
 laparoscopic repair  ,   406  
 mesh prosthesis  ,   407   
 open surgery  ,   407  
 SBO  ,   406  
 urgent/emergent scenario  ,   406   

  Endoscopic component separation (ECS) 
 access and muscle separation  ,   150  
 complications  ,   158  
 external oblique division  ,   153–157   
 hernia repair  ,   157  
 indications  ,   149  
 limitations  ,   157–158  
 muscle separation  ,   156  
 outcomes  ,   158  
 patient position  ,   150  
 port placement  ,   150–152  
 space  ,   157  
 subcutaneous fascial division  ,   153–156  
 troubleshooting  ,   152–153   

  Enteroatmospheric fi stula  ,   419   ,   420   
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  Enterocutaneous fi stula 
 defi nition  ,   381  
 defi nitive hernia repair  ,   384  
 defi nitive herniorrhaphy  ,   383–384  
 hernia defect  ,   384–386  
 permanent prosthetic material  ,   386  
 preoperative considerations 

 extensive adhesiolysis  ,   382  
 GI surgical approach  ,   382  
 optimal outcomes  ,   382  
 SOWATS approach  ,   381  

 surgical principles  ,   382   
  Enterocutaneous fi stula (ECF) formation  ,   212   
  Enterotomy 

 adhesiolysis  ,   374  
 adhesion characteristics  ,   376  
 incidence of EBR  ,   375  
 laparoscopic ventral hernia repair  ,   375  
 management  ,   376–378  
 morbidity and mortality  ,   374  
 previous laparotomies  ,   373  
 prospective evaluation  ,   376  
 risk factors  ,   373  
 small bowel resection  ,   374  
 traction/counter-traction technique  ,   376  
 ventral hernia repair repairs  ,   375   

  Enterotomy, with planned bony fi xation  ,   193   
  Expanded polytetrafl uroethylene (ePTFE)  ,   390   
  Extended-view totally extraperitoneal (eTEP) technique 

 clinical experience  ,   474  
 endoscopic extraperitoneal approach  ,   469  
 features  ,   469  
 fl exible port distribution  ,   471  
 hernia repair  ,   474  
 high camera port placement  ,   470   ,   471  
 IPOM  ,   469  
 port distribution  ,   473    
 port setup  ,   470  
 posterior fascia  ,   472  
 preperitoneal space outside  ,   472  
 TAPP  ,   469  
 TEP  ,   469  
 working ports  ,   471   

  Expander 
 abdominal wall fascia  ,   309  
 capsulotomies/capsulectomies  ,   311  
 internal/external  ,   308   

  External oblique (EO)  ,   9   
  External oblique aponeurosis  ,   174     

 F 
  Femoral hernia  ,   26   ,   404–405   
  Fixation device  ,   287–290   ,   292        
  Flank hernia 

 defi nition and anatomy  ,   261   
 descriptions  ,   263    
 epidemiology  ,   263  
 patient counseling  ,   271  
 patient positioning  ,   266  
 preoperative approach  ,   264–266    

 preoperative preparation  ,   271  
 repairs    (see  Flank hernia repairs )  
 trocar positioning  ,   267   

  Flank hernia repairs 
 anatomy  ,   184  
 durable repair  ,   184  
 native blood supply  ,   184  
 operative technique 

 abdominal wall closure  ,   192–193  
 mesh selection and insertion  ,   189–192  
 patient positioning  ,   187–188  
 postoperative care  ,   193  
 preperitoneal space dissection  ,   188  

 patient morbidity and wound complications  ,   184  
 preoperative planning 

 large fascial defect  ,   184   ,   186  
 patient optimization  ,   186–187  
 pseudoherniation  ,   184  
 small fascial defect  ,   184  

 reconstruction  ,   184  
 unplanned complications 

 enterotomy, with planned bony 
fi xation  ,   193  

 fascial closure  ,   193  
 multiple fenestrations  ,   193  
 pseudohernia, with true fascial defect  ,   194   

  Flap reconstruction 
 abdominal wall musculofascia  ,   314  
 bioprosthetic and synthetic meshes  ,   314  
 hernia repair  ,   314  
 recipient vessels  ,   319    
 reconstructive algorithm, skin coverage  ,   315   

  Free fl ap  ,   317–318      

 G 
  Glucose control  ,   32–33   
  Gore Bio-A  ,   74     

 H 
  Hematomas  ,   211   ,   212   
  Hernia classifi cation 

 EHS classifi cation schemes  ,   19  
 incisional hernia  ,   18  
 TNM-like classifi cation  ,   19–21  
 wound morbidity and outcomes  ,   16–18   

  Hernia repair 
 adhesive fi xation  ,   104  
 anecdotal evidence  ,   105  
 application  ,   104  
 Chevrel repair  ,   100  
 Chevrel’s technique  ,   100  
 clinical data  ,   100–102  
 fi brin glue fi xation  ,   102  
 light weight polypropylene  ,   103  
 medialization  ,   102  
 post-operative  ,   104  
 principles  ,   104  
 semilunar line  ,   102  
 skin fl ap creation  ,   102   
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  Hernia surgery 
 diagnostic testing  ,   23–24  
 femoral hernias  ,   26  
 inguinal hernia 

 CT  ,   24  
 herniography  ,   25  
 MRI  ,   24  
 ultrasound  ,   24  

 obturator hernias  ,   26  
 ventral hernia 

 CT  ,   28  
 MRI  ,   29  
 ultrasound  ,   27–28   

  Herniography  ,   25   
  Hypothermia  ,   36     

 I 
  Iatrogenic hernia formation  ,   218–219   
  Incisional hernia 

 abdominal aneurysms repair  ,   41  
 abdominal binders  ,   45  
 connective tissue  ,   41  
 continuous  vs . interrupted sutures  ,   42  
 development  ,   41  
 Dutch PRIMA trial  ,   47  
 fascial dehiscence  ,   48  
 fascial redehiscence  ,   48  
 incidences  ,   41  
 mass  vs . layered closures  ,   42  
 minimally invasive techniques  ,   48  
 polypropylene mesh  ,   48  
 primary mesh augmentation  ,   45–47  
 reconstructive options 

 laparoscopic repair with mesh reinforcement  , 
  94–97  

 open repair with/without mesh reinforcement  , 
  93–94    

 rectus diastasis  ,   97   
 repair    (see  Incisional hernia repair )  
 risk factor  ,   42  
 small bites technique  ,   48  
 suture length to wound length ratio  ,   43–45  
 suture materials  ,   42   

  Incisional hernia repair 
 antibiotic prophylaxis  ,   35  
 antibiotic-impregnated sutures  ,   36  
 cross-sectional imaging  ,   34  
 glucose control  ,   32–33  
 intraoperative wound protectors  ,   36  
 metabolic manipulation  ,   33   ,   34    
 nutritional intervention  ,   33  
 obesity  ,   32   
 perioperative oxygenation  ,   36  
 perioperative warming  ,   36  
 preoperative skin preparation and decolonization 

protocols  ,   35–36  
 smoking  ,   31   ,   32   

  Incisional negative pressure wound therapy  ,   304    
  Incisional/traumatic hernias  ,   264   

  Incisional/ventral hernia defects  ,   293   
  Incobotulinum toxin A (Xeomin ® )  ,   425   
  Infected mesh 

 biologic mesh  ,   390  
 CT scan  ,   392  
 ePTFE mesh fl oating  ,   392  
 granulation tissue  ,   392  
 hernia working group grading system  ,   391  
 mesh explantation  ,   393  
 mesh salvage  ,   391–392  
 mesh selection and wound classifi cation  , 

  390–391  
 partial salvage  ,   392  
 risk factors and prevention  ,   393   
 ventral hernia  ,   389   

  Inguinal hernia 
 algorithmic approach  ,   479  
 caveats and pearls  ,   478  
 CT  ,   24  
 groin pain complaints  ,   476  
 hernia repair surgical options  ,   476  
 incarcerations and strangulations  ,   478  
 inguinodynia  ,   479  
 inguino-scrotal hernias  ,   478  
 Lichtenstein repair  ,   477  
 management options  ,   476  
 MRI  ,   24  
 non-operative strategies  ,   475  
 obesity  ,   481  
 Pfenensteil incisions  ,   480   
 recurrence  ,   480  
 reduction of excess  ,   478  
 repair  ,   292   ,   293   
 risk of chronic pain and recurrences  ,   475  
 seroma minimization  ,   481  
 TEP repair  ,   477  
 TEP’s diagnostic ability  ,   477  
 ultrasound  ,   24   

  Inguinal recurrences 
 algorithmic approach  ,   497  
 mesh fi xation  ,   497  
 operative approach  ,   495–497  
 papyrus  ,   493  
 pathophysiology  ,   493–494  
 preoperative evaluation  ,   494–495  
 preperitoneal repair  ,   498  
 preperitoneal space  ,   497   ,   498   

  Inguino-scrotal hernias  ,   478   
  Instillation therapy  ,   341    
  Insuffl ation system  ,   150   
  Internal oblique muscle (IOM)  ,   7–8   
  Interventional pain management  ,   486    
  Intestinal function (ileus), hernia 

surgery  ,   214   
  Intra-abdominal hypertension  ,   215–216   
  Intraperitoneal onlay mesh (IPOM)  ,   398   ,   469   ,   496     

 K 
  Keyhole technique  ,   170   ,   242     
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 L 
  Laparoscopic defect closure 

 dead space obliteration  ,   234   
 EndoStitch device  ,   237  
 fascial tension  ,   237  
 functional, dynamic repair  ,   232   ,   233  
 multimodal analgesia  ,   239  
 patient selection  ,   233  
 reduced recurrence rate  ,   233  
 smaller mesh  ,   233    

  Laparoscopic hernia repair 
 adhesiolysis  ,   267  
 factors affecting operative approach  ,   265  
 intra-abdominal placement  ,   267  
 mesh fi xation  ,   267   ,   455   
 mesh position and visualization  ,   459  
 opening of peritoneum  ,   457   
 OR preparation 

 equipment  ,   454  
 lightweight mesh  ,   454  
 mesh fi xation  ,   455  

 patient and time position  ,   456  
 patient preference  ,   453  
 peritoneal fl ap  ,   460  
 postoperative care and quality of life  ,   

270   ,   271  
 preperitoneal space  ,   458  
 primary closure  ,   270  
 quality of life  ,   271  
 TAPP  ,   453   ,   454  
 technique 

 complications  ,   459  
 patient and team position  ,   455  
 post operative care  ,   459  
 recommendation  ,   460  
 transabdominal preperitoneal 

repair  ,   456  
 TEP  ,   453  
 transfascial sutures and tacks  ,   267  
 transversalis fascia  ,   459  
 trapezoid of pain  ,   459  
 trocar position  ,   457   

  Laparoscopic repair  ,   82   
  Laparoscopic shoelace closure 

 access  ,   234  
 anaglgesia  ,   237  
 buttressing sutures  ,   236  
 hernia defect closure  ,   236  
 mesh placement  ,   236  
 pneumoperitoneum  ,   236  
 setup  ,   234  
 stab incision  ,   235   

  Laparoscopic sleeve gastrectomy  ,   208   
  Laparoscopic total extra-peritoneal inguinal hernia repair 

(TEP-IHR) 
 bladder and alveolar tissue  ,   465  
 Cooper’s ligament  ,   465   ,   466  
 cord contents  ,   466  
 non-slitted mesh  ,   466  
 occult inguinal hernia  ,   467  

 patient selection 
 contra-indications  ,   464   
 femoral and direct hernia  ,   465  
 indications  ,   464  
 indirect hernia identifi cation  ,   465  
 mesh palcement  ,   465  
 pre-peritoneal space  ,   464  
 pubic tubercle and Cooper’s ligament  ,   465  

 TEP and TAPP  ,   463   
  Laparoscopic umbilical hernia repair 

 open mesh repair  ,   198   ,   200   ,   203   
 primary repair (sutures)  ,   196   ,   198   

  Laparoscopic ventral hernia repair (LVHR) 
 abdominal wall mechanics  ,   231–232  
 complications 

 adhesiolysis  ,   225  
 contralateral trocar  ,   225  
 decreased perioperative pain  ,   230  
 fi rst-generation cephalosporin  ,   224  
 hernia recurrence  ,   229  
 intra-operative complications  ,   229  
 minimal wound morbidity  ,   230  
 peritoneal cavity  ,   224  
 pneumoperitoneum  ,   224  
 postoperative care  ,   228  
 reduced hospital stay  ,   230  
 seroma formation  ,   229   
 suture fi xation  ,   228  
 trocar placement  ,   224  
 wound and mesh infections  ,   228  

 defect closure    (see  Laparoscopic defect closures )   
  Laparoscopic ventral/incisional hernia repair  ,   291   ,   292    
  Laser angiography, indocyanine green  ,   304   
  Lichtenstein technique  ,   439   ,   448   
  Lightweight polypropylene mesh (LWPPM)  ,   495   
  Linea semilunaris  ,   218–219   
  Loss of domain (LOD) 

 defi nition  ,   363  
 patient's preparation  ,   367   
 physics 

 broken cylinder  ,   364  
 cylinder  ,   363–364  
 morbidity of  ,   364    
 repairing  ,   365  

 postoperative care and complications 
 ACS and pulmonary complications  ,   370  
 intestinal complications  ,   371  
 wound complications  ,   371   

 presentation 
 emergency surgery' s role  ,   365  
 obesity role  ,   366  
 recurrent hernia role  ,   366  

 surgeon preparation  ,   366  
 surgical strategies 

 drains placement and management  ,   369  
 mesh choice  ,   369  
 Novitsky technique  ,   368  
 pre-operative pneumoperitoneum  ,   370  
 Ramirez technique  ,   368    

  Lumbar hernia  ,   264      
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 M 
  Mechanical ventilation  ,   179   
  Mesh 

 complications 
 erosion  ,   216   ,   217  
 fracture  ,   217  
 infection  ,   216   

 onlay and plication  ,   330–331   
 retrorectus repair  ,   331   
 techniques  ,   415   

  Mesh erosion  ,   181   
  Mesh fi xation 

 absorbable tacks  ,   287  
 categorisation  ,   287  
 nonabsorbable tacks  ,   287  
 sutures and glues  ,   287  
 ventral and inguinal hernia repair  ,   287   

  Mesh infections  ,   213   ,   216    
  Mesh repair 

 dissection and tissue division  ,   198  
 hemostasis  ,   199  
 intra-peritoneal mesh placement  ,   198  
 laparoscopic techniques  ,   203–204  
 pneumoperitoneum  ,   202   

  Mesh salvage  ,   391–392   
  Methicillin-resistant  Staphylococcus aureus  (MRSA)  ,   390   
  Modifi ed grading system  ,   18   
  Morbidity, hernia repair  ,   207    
  Morbidly obese patient 

 BMI  ,   396   
 body morphology  ,   397   ,   398  
 mesh choice  ,   399  
 mesh location  ,   398  
 operative approach  ,   397  
 preoperative preparation and planning  ,   400  
 previous repairs  ,   398  
 size of defect  ,   397   
 ventral hernia repair  ,   400   

  Muschawek’s technique  ,   516     

 N 
  National Surgery Quality Improvement Program 

(NSQIP) database  ,   36   
  Negative pressure wound therapy (NPWT) 

 abdominal wall reconstruction 
 full-thickness abdominal defect  ,   341–342   
 partial-thickness abdominal defects  ,   342   

 biofi lm  ,   357  
 clinical indications  ,   347  
 closed surgical wounds  ,   343   
 foam  vs . gauze  ,   338–339   
 mechanism of action  ,   337   ,   338  
 mechanisms of action  ,   337  
 mesh salvage  ,   344   
 skin grafts  ,   344  
 subatmospheric pressure  ,   339–341   
 wound healing  ,   337   

  Nonabsorbable tacks  ,   287   
  Nonsteroidal anti-infl ammatory agents (NSAIDS)  ,   459   

  Novitsky technique  ,   368   
  Nutritional intervention  ,   33     

 O 
  Obesity  ,   32    
  Obturator hernias  ,   26   
  Onabotulinum toxin A (Botox ® )  ,   425   
  Onlay technique  ,   174   
  Open anterior component separation 

 algorithms and technique 
 postoperative management  ,   145  
 preoperative evaluation  ,   140–141  
 surgical technique  ,   142–145  

 external oblique relaxing incisions  ,   137  
 minimal dissection technique  ,   138  
 outcomes  ,   138  
 with perforator preservation 

 acute failure  ,   161  
 chronic failures  ,   161  
 history  ,   160–161  
 laminar  vs . pulsatile blood fl ow  ,   159–160  
 outcomes  ,   164–165  
 patient preoperative evaluation  ,   162  
 subacute failures  ,   161  
 surgery technique  ,   162–164  

 “sandwich” repair  ,   140  
 synthetic  vs.  biologic  ,   138–140   

  Open hernia repair complications   . See  Ventral 
hernia repair  

  Open techniques 
 Bassini technique  ,   439  
 Lichtenstein technique  ,   439  
 prosthetic mesh repairs 

 bilayer mesh  ,   446  
 bilayer PHS  ,   447  
 EHS guidelines  ,   448  
 Lichtenstein tension-free repair  ,   443–445  
 modifi ed Lichtenstein repair  ,   444  
 open preperitoneal repair  ,   446  
 PHS  ,   446  
 pluig and patch technique  ,   445  
 prolene hernia system  ,   446  
 TIPP repair  ,   447  
 TREPP repair  ,   448  

 tissue approximation repairs 
 Bassini repair  ,   440   
 Desarda repair  ,   442  
 Desarda technique  ,   443  
 McVay repair  ,   441   ,   442  
 Shouldice repair  ,   440   ,   441     

 P 
  Panniculectomy 

 abdominal wall reconstruction  ,   297  
 and abdominoplasty operation  ,   297  
 aesthetic and functional benefi ts  ,   297  
 ambulation and decreased rashing  ,   297  
 descriptions  ,   301   ,   303   
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 excess abdominal contents  ,   298  
 indications/contraindications  ,   298   
 nicotine  ,   298   
 open cholecystectomy incision  ,   298  
 patient markings  ,   301  
 preoperative evaluation  ,   299   
 smoking tobacco  ,   298  
 soft tissue and muscular anatomy  ,   299  
 transverse upper abdominal incisions  ,   298  
 transverse waistline incision  ,   297  
 vascular anatomy  ,   299    

  Parastomal hernia (PH) repair 
 classifi cation  ,   241   
 complications  ,   242  

 stoma  ,   180   ,   181  
 wound infections  ,   180  

 cruciate pairs  ,   170  
 defi nition  ,   241   
 diagnosis  ,   242  
 formation  ,   169  
 incidence  ,   242  
 laparoscopic approach  ,   242   
 keyholere pairs  ,   170  
 operative approach  ,   172   ,   242   ,   245   ,   248  
 outcomes  ,   242   ,   243    
 patient selection  ,   172   ,   173  
 post-operative care  ,   179–180  
 prevention  ,   169   ,   249   ,   250   
 primary repair vs. mesh repair  ,   170  
 risk factors  ,   169   ,   241  
 stoma closure  ,   171  
 stoma creation  ,   241  
 stoma relocation/in situ position  ,   171   
 sugarbaker repair  ,   170  
 surgical techniques 

 anterior component separation  ,   174   
 Foley catheter  ,   173  
 open  vs . laparoscopic  ,   170  
 posterior component separation  ,   

174–176  
 PPHR  ,   176–179  
 sugarbaker  ,   173  

 synthetic  vs . biologic mesh  ,   171  
 types  ,   180    

  Partial salvage  ,   392   
  Pauli parastomal hernia repair (PPHR)  ,   176–179   
  Pedicled fl ap  ,   315–317      
  Peri-umbilical perforator sparing (PUPS)  ,   174   
  Permacol™  ,   64    
  Pharmacological pain management  ,   485   
  Polyethylene terephthalate (PET)  ,   56   
  Polytetrafl uoroethylene (PTFE)  ,   56   
  Posterior component separation herniorraphies  ,   219    
  Posterior component separation (PCS) technique  ,   281   
  Posterolateral abdominal wall  ,   261–263     
  Postoperative complications  ,   317   
  Postpartum women  ,   325   
  Prehabilitation strategy, elective open ventral hernia 

repairs  ,   208   
  Pre-peritoneal mesh reinforcement  ,   204   

  Primary repair 
 intravenous antibiotics  ,   198  
 with permanent suture  ,   198  
 transverse orientation  ,   196   

  Prior medical history (PMH)  ,   476   
  Prior surgical history (PSH)  ,   476   
  Prolene hernia system (PHS)  ,   439   ,   446   
  Prosthetic mesh repair failure  ,   249   
  Pseudoherniation  ,   184   
  Pseudohernia, with true fascial defect  ,   194   
  Pulmonary complications  ,   214    
  Pulmonary medicine  ,   208   
  Pyramidalis muscles  ,   5     

 R 
  Ramirez technique  ,   368    
  Reconstructive options 

 epigastric hernias  ,   92  
 incisional hernias 

 laparoscopic repair with mesh reinforcement  , 
  94–97  

 open repair with/without mesh reinforcement  , 
  93–94    

 rectus diastasis  ,   97   
 open/laparoscopic approach 

 adequate skin/soft tissue coverage  ,   90  
 factors  ,   90  
 inadequate skin/soft tissue coverage  ,   90  
 mesh placement, location of  ,   91  
 static/functional classifi cation  ,   90  

 patient selection  ,   89–90  
 umbilical hernias  ,   91–92   

  Rectus abdominis  ,   317   
  Rectus abdominus muscles (RA)  ,   4–5   
  Rectus diastasis, endoscopic technique  ,   335    
  Recurrent PH  ,   248   
  Regional fl ap  ,   317    
  Retrorectus dissection  ,   175   
  Retrorectus repair  ,   82   ,   335   
  Rives-Stoppa retromuscular repair 

 anterior tension assessment  ,   112–113  
 biomechanical principles  ,   108  
 history  ,   107  
 lateral defects  ,   113  
 limitations  ,   113  
 operative steps 

 hernia sac  ,   108  
 mesh fi xation  ,   112   
 midline abdominal wall reconstruction  ,   112  
 posterior rectus sheath dissection  ,   110–111  
 visceral sac closure  ,   111  

 parastomal hernia  ,   113  
 postoperative care  ,   113–114   

  Robotic incisional hernia repair 
 accessory port location  ,   275  
 direct bowel handling  ,   276  
 docking  ,   274–275  
 fascial defect  ,   284  
 hemostasis  ,   276  
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 Robotic incisional hernia repair ( cont. ) 
 instrumentation  ,   276  
 intra-abdominal access  ,   275  
 intraperitoneal onlay mesh  ,   274–277  
 mesh placement and fi xation  ,   277   
 patient positioning  ,   274–275  
 primary closure, defect  ,   276  
 trocar placement  ,   274–275   

  Robotic Rives-Stoppa repair   . See  Transversus abdominis 
muscle release (TAR)  

  Robotic transabdominal preperitoneal (TAPP) VHR 
 bowel erosion, fi stula/severe adhesions  ,   277  
 conventional laparoscopy  ,   277  
 docking and instrumentation  ,   277   ,   279  
 fi xation  ,   278  
 mesh placement  ,   278  
 patient positioning, trocar placement and docking  ,   279  
 preperitoneal fat  ,   278   
 primary closure, defect  ,   278  
 reperitonealization  ,   278  
 subxiphoidal hernias  ,   278  
 tissue separating mesh  ,   277  
 trocar placement  ,   277   ,   279   

  Robotic ventral hernia repair (RVHR) 
 intracorporeal suturing  ,   273  
 laparoscopic repair  ,   273  
 limitations  ,   274  
 postoperative pain  ,   273  
 preoperative considerations  ,   274  
 Rives-Stoppa repair  ,   273  
 tacking/stapling devices  ,   273  
 tissue and nerve entrapment  ,   273     

 S 
  Sandwich technique  ,   242   
  Seroma formation  ,   210   ,   211   ,   305     
  Skin grafting  ,   355   ,   360   
  Small bowel obstruction (SBO)  ,   406   
  Smoking  ,   31   ,   32   
  Soft-tissue fl ap reconstruction  ,   313    
  Sports hernia 

 abdominal crunch  ,   514  
 adductor/abductor strengthening exercises  ,   508  
 advanced core exercises  ,   507  
 anatomy and pathophysiology  ,   513  
 anatomy of lower abdominal/inguinal region  ,   512  
 areas of pathology  ,   503  
 defi nition  ,   501  
 diagnosis  ,   514  
 diagnostic imaging  ,   515   
 dynamic strength  ,   508  
 epidemiology  ,   501–502  
 external oblique aponeurosis  ,   518  
 groin injuries  ,   511  
 groin pain  ,   501  
 hip and core strengthening exercises  ,   506  
 hip exam techniques  ,   503  
 history and physical examination  ,   514  
 imaging  ,   502–505  

 laparoscopic operative view  ,   517  
 nonoperative management  ,   515  
 open mesh repair  ,   519  
 overturned balance ball  ,   507  
 partial release of adductor longus  ,   518  
 presentation/physical exam  ,   502  
 rectus abdominus  ,   504  
 rectus tear  ,   513  
 surgical management 

 adductor release  ,   518  
 author step-by-step- approach  ,   518  
 indications  ,   515  
 laparoscopic posterior mesh repair  ,   517  
 open anterior tension-free mesh repair  ,   516   ,   517  
 open primary tissue repairs  ,   516  
 postoperative management and recovery  ,   519  
 special circumstances  ,   518  

 treatment 
 alternative  ,   509  
 conservative therapy  ,   505–507      
 prevention  ,   509  

 weakened posterior fl oor weakness  ,   519   
  Standard LVHR technique  ,   277   
  Strattice™  ,   64    
  Subxiphoid hernia repair 

 adhesiolysis  ,   254   ,   255  
 cardio-pulmonary injuries  ,   255  
 congenital/incisional  ,   253  
 falciform ligament  ,   255  
 incidence  ,   253  
 mesh orientation and fi xation  ,   255–257  
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