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      Preface 

    The evolution of abdominal wall hernia repair, both inguinal and 
ventral, continues as we begin the second decade of the twenty- fi rst 
century. There is an ongoing in fl ux of new techniques, new prosthetics 
and devices, and new hernia programs, each designed to optimize 
outcomes for our patients. Tomorrow’s techniques and work fl ows will 
certainly be different than those we are utilizing today. With patient    
outcomes paramount, it is important to capture and summarize the 
current trends and debates into one manual that is easily accessible for all 
hernia surgeons. This new  SAGES Manual of Hernia Repair  provides 
practicing surgeons with immediate access in one handbook to many 
acceptable current ideas and strategies regarding hernia repair. 

 Each time we repair a hernia, the technique we choose and the mesh 
we implant will vary, based not just on surgeon experience but also on 
the individual patient we are trying to help. As surgeons lead the effort to 
implement evidence-based algorithms to de fi ne and improve patient care 
and outcomes, this manual can be used as a reference when considering 
a particular management strategy for hernia patients. We have added a 
unique section called Current Debates where readers can capture current 
opinions on many of the ongoing debates of this time period. 

 We want to genuinely thank all of the contributors for their hard work in 
preparing these manuscripts for this book, which we dedicate to all of the 
family members and colleagues who unconditionally support each of us.  

New York,  NY,  USA Brian P. Jacob
Daytona Beach,  FL,  USA Bruce Ramshaw 
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    1.     Establishing a Hernia Program 
and Follow-Up Regimen: A Complex 
Systems Design for Care and 
Improvement       

     Bruce   Ramshaw         

     It is tempting to write a chapter describing the development of a 
hernia program in the traditional “center of excellence” model. In that 
model, there would be criteria developed for certi fi cation, documented 
protocols, and standardized process and outcome measures reported to a 
national regulatory group. This has been the model for bariatric surgery 
programs for the past decade. However, there is growing awareness that 
this “center of excellence” model, while helping to prevent extremely 
poor care, actually fosters mediocrity and inhibits positive innovation. 
By implementing standards and static criteria as well as requiring 
resources focused upon reporting, attention is often placed on maintaining 
the status quo rather than on continuous learning and improving. The 
transformation to a sustainable health care system will require us to 
design programs around patient problems in a way that allows for 
continuous learning and improving, facilitated by a diverse community 
that includes the patient and family. 

 The “center of excellence” model is also designed either around a 
limited portion of a patient’s cycle of care and/or based on a particular 
physician specialty, rather than the entire cycle of care from the 
perspective of the patient. To understand why we need to evolve beyond 
the “center of excellence” model, it might be helpful to understand how 
our global health care system has become unsustainable in its current 
form. Our health care system has become what it is today through a 
complex history involving the evolution of hospitals, physicians, nurses, 
and other specialties, combined with insurance policies and other health 
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  Fig. 1.1.    Average health care spending per capita in many developed countries 
over a period of almost 30 years. Although the total spending per capita varies 
country to country, the overall spending trend over time (the  slope ) is similar for 
every country. This result re fl ects the predictable output of a complex system 
(our global health care system) where each part of the fragmented system is 
focused on revenue growth and pro fi t margin (or bond rating for nonpro fi ts). The 
system is producing the result (unsustainable costs) that it is designed to 
produce.       

care laws, enacted in an attempt to help people be able to afford and have 
access to health care. Over time, the health care system has grown to 
become almost 18% of the US GDP. A look at other developed countries’ 
spending on health care shows that, although they do not spend as much 
on total health care costs, the trends of increasing costs are essentially 
the same (Fig.  1.1 ). This represents a global health care system designed 
for the revenue growth of each part rather than for optimizing the value 
of the health of a population, including the entire patient cycle of care 
and the health care system itself. In addition to care givers and hospitals, 
a variety of industries within health care, led by the pharmaceutical 
industry, have grown to serve patients by providing diagnostic and 
therapeutic intervention and have also been successful in creating a large 
amount of wealth for a relatively small group of shareholders and top 
corporate executives. It is this fragmentation, with each part focused 
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primarily on its own optimization, which has led to the current 
unsustainable situation in health care.  [  1,   2  ]   

 There are many other parts in the system that extract pro fi t and 
resources which I will not describe (medical publishers, general 
purchasing organizations, etc.), but even with the few components 
mentioned, it is evident that the system inherently functions by attempting 
to optimize and protect its parts. Hospitals work to optimize hospital 
performance and maintain pro fi t margin and growth targets; physicians 
focus on the  fi nancial needs of their individual and group practices as 
well as the portion of care they provide for the patient based on each 
physician’s specialty. In addition to these providers of care, pharmaceutical 
and other health care companies have a  fi duciary responsibility to 
maximize shareholder pro fi t while they are producing products to be 
used in patient care. An understanding of complex systems science 
makes it clear that when each part is attempting to optimize itself, then 
the whole process (in this case, the hernia patient’s entire cycle of care) 
WILL NOT be optimized  [  3  ] . 

 Complex systems science also helps to explain why one type of 
treatment or device (such as hernia mesh) can be bene fi cial to one group 
of patients but cause harm to another. During the past decade, with the 
help of a dedicated hernia team and in collaboration with many hernia 
experts worldwide, we have discovered the complexity of mesh used to 
repair hernias, and just this one example is a re fl ection of the increasing 
complexity of the world, in general, and health care in particular. When I 
started residency (1989), there were basically a few meshes available, and 
today there are hundreds. Most importantly, the same mesh used with the 
same technique in two different patients can have signi fi cantly different 
outcomes. This variability is due to the fact that we are all (caregivers, 
patients, and the health care systems we function in) complex adaptive 
systems. The concept of complex systems means that outcomes are 
variable and dependent upon many variables, as well as the interactions 
between them. The design for organizations attempting to optimize the 
value of a complex system is very different from one that is designed to 
optimize the value of a simple system (in which the cause and effect are 
directly related and predictable—mass producing one type of hernia mesh, 
for example). For a simple system, the parts may be optimized to improve 
the entire process for a predictable, repeatable output. For a complex 
system, many parts may need to be suboptimized and all the interactions 
between the parts need to be managed, measured, and continuously 
improved. This allows for optimization of the whole process and output 
(providing care for a group of hernia patients, for example)  [  4  ] . 
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   Developing an Academic Hernia Program 

 The core concept behind the development of a hernia program using 
a complex systems approach is the design of the program with a new 
organizational structure. This must be one which provides person-
centered care coordination with the implementation of continuous 
clinical quality improvement (CCQI) cycles. If these are developed as 
the essence of care delivery, it will drive increased value for both the 
patient and the system itself. 

 A core component of care coordination is the development of person-
centered patient care managers. By facilitating patient and family member 
engagement and responsibility, the patient care managers ensure that an 
outcomes-based relationship is developed among the patient, their family, 
and the care team. With patient and family engagement, better decisions, 
better outcomes, and lower costs are more likely  [  5  ] . This patient and 
family relationship continues throughout the entire cycle of care for the 
patient, and of course, accountability is built into this important process. 

 The principles of care coordination and CCQI implementation 
include:

    1.    Identify a diverse group of people to address the needs of a 
de fi nable group of patients with hernia disease and hernia-
related complications and problems. This will make up the core 
 hernia team. Figure  1.2  represents the concept of a diverse team 
designed around the needs of a de fi ned group of patients with 
hernia disease and related complications.   

    2.    Engagement and participation of patient and family in the care 
process, as a part of the hernia team and a part of the extended 
care community development (shared decision process for all 
elective care decisions).  

    3.    Continuous access to all information (patient record, dynamic 
care processes, outcomes, etc.) for the patient and family.  

    4.    Care coordination led by patient care managers who are 
considered and treated as equal members of the care team. This 
requires time to develop genuine relationships and trust between 
all core team members.  

    5.    Development of transparent, dynamic care processes based 
upon best available evidence and which are continuously 
improved, based on evolving evidence.  

    6.    Development of outcome measures that identify value of care 
for both the patient and the system: quality, satisfaction, safety, 
 fi nancial, etc.  
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    7.    Care processes and outcome measures are developed and 
adapted to local environments and are continuously measured 
and improved through the CCQI process locally.  

    8.    The hernia team has the authority and resources to function 
within this complex systems structure and is accountable to 
make outcome measures transparent to governing boards made 
up of leadership and the community.     

 This plan addresses the system structural problem of why our health 
care system has not been able to evolve into a sustainable model, namely, 
the vertical department and hierarchical structure of most health care 
organizations in addition to the individual physician practice model. 
These system structures have led to fragmentation of care, and as 
complexity has increased, this fragmentation has led to poorer outcomes, 

Hernia 
Disease

Patient Care 
Managers

Nurses

Internist/
PCPs

Financial/
Scheduler

Surgeons

Clinical 
Quality 

Improvement 
Manager

Biologic/
Materials 
Engineer

Design 
Expert

  Fig. 1.2.    An example of a diverse team built around a group of patients with 
hernia disease and hernia-related problems.       
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less ef fi ciency, and more waste within the entire health care industry. 
Recent attempts to improve quality, such as surgical site marking and 
timing of antibiotic dose in suspected pneumonia patients in the emergency 
room, have not led to signi fi cant improvement and, in some cases, have 
caused unintended harm  [  6–  12  ] . Because these attempts are simple 
solutions applied to complex problems and complex systems, they do not 
provide signi fi cant or sustainable improvement. Addressing complex 
problems within complex systems requires a different approach. 

 In person-centered care, the focus is based upon de fi ned patient groups 
and problems rather than upon the physicians’ specialties. The care is 
provided by diverse team members (including patients and family 
members) with the different skill sets necessary to effectively meet the 
needs of each patient group. For a person whose primary current problem 
is related to hernia disease, the hernia team provides integrated management 
for all care needs of the patient cutting across the traditional vertical 
department model. Integrated management of multiple comorbidities has 
been shown to improve outcomes  [  13,   14  ] . In CCQI, the cost of all steps 
of the health care process for patient groups are documented and analyzed, 
and the value is determined. This, in turn, is used to decrease the cost and 
waste as well as to improve the outcomes of care. 

 To effectively implement the CCQI process, an understanding of the 
patient processes associated with the entire cycle of care is necessary. 
These work fl ows document the patient steps, resources, data, and 
personnel associated with the care of the patient through the entire cycle 
of care. The care process begins with  fi rst contact with the patient and 
continues through the return to maximum quality of life, which may 
encompass the entire life span of the patient in some cases. One example 
of a dynamic patient care process is represented in Fig.  1.3 .  

 One challenge in determining the value for these processes is to 
determine the real costs for each step in each care process, termed 
activity-based accounting. In “How to Solve the Cost Crisis in Health 
Care” (Harvard Business Review, September 2011), Robert Kaplan and 
Michael Porter outline a process by which the value of health care is 
documented  [  15  ] . This involves determination of the true cost of care 
through a seven-step process: (1) determine patient population to be 
examined, (2) de fi ne the delivery care chain, (3) develop process maps of 
care delivery, (4) obtain time estimates for each step, (5) estimate the 
cost of supplying each patient care resource, (6) estimate capacity of 
each resource provider, and (7) compute the total costs over the entire 
cycle of care for a patient  [  15  ] . True costs of each step in the patient care 



91. Establishing a Hernia Program and Follow-Up Regimen…

  Fig. 1.3.    ( a ) The list and basic diagram for hernia program dynamic care 
processes representing all groups of patients cared for by our hernia program and 
the design of the care processes to de fi ne the patient’s entire cycle of care. ( b ) 
The early stages of developing a dynamic care process for a complex abdominal 
wall patient group. ( c – f ) A more complete example of the dynamic care process 
for a patient group with uncomplicated ventral hernia disease. Within many of 
these steps, there are data collection forms that will travel with the patient and 
team through the entire cycle of care and outcome measures that will be used to 
determine value and help to improve the process over time.               

Types of Hernia Dynamic Care 
Processes

a

b

•  Inguinal hernia (uncomplicated and complicated)

•  Ventral hernia (uncomplicated and complicated)

•  Complex abdominal wall reconstruction

•  Sports hernia (chronic groin pain without hernia)

•  Chronic pain after prior hernia repair

•  Chronic pelvic pain in females

Pre-Clinic Clinic Pre-Op Procedure Post-Op
Discharge / 
Follow-up

Elective Dynamic Care Processes
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Fig. 1.3. (continued).
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Fig. 1.3. (continued).
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Fig. 1.3. (continued).
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cycle are determined, and value is also determined as part of the analysis. 
This data is critical for the analysis of the true value as measured by 
outcomes, satisfaction, and cost. 

 A critical aspect of all care is the technology involved in providing 
the care, including the medical records software (electronic medical 
records or EMR). The majority of medical and health record software 
used by hospitals is proprietary and expensive. This makes having 
different software systems and software systems that might be 
implemented in different areas of care dif fi cult to integrate. Software 

Fig. 1.3. (continued).
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users are locked into the interfaces and capabilities of the software and 
do not have the ability to customize the software to their speci fi c needs. 
This makes it dif fi cult to track the patient in a person-centered model and 
can contribute to medical error and increased costs  [  16  ] . As part of the 
Transformative Care Institute (our academic medical center designed in 
a complex system model), the Advanced Hernia Solutions team will 
design software around the care processes and outcome measurements in 
collaboration with the larger hernia care community. This software will 
be open source and freely available. It will be capable of interfacing with 
software that is currently in use within hospitals and health care systems 
using the protocols being developed as part of the health information 
exchange (HIE) effort. 

 In summary, the care team outlined in this chapter for an academic 
hernia program follows patients throughout their entire cycle of care. 
The team will provide local management for the care processes, 
measuring and being accountable for costs, quality, satisfaction, and 
other outcome measures throughout this entire care cycle. The data 
collected will allow for better decision making within this full cycle of 
care. An example of the use of CCQI and patient process documentation 
would be the selection of hernia mesh for hernia repair. Currently, there 
are no clear documented guidelines for the selection of hernia mesh. By 
being able to look at full patient cycles of care for multiple patients, 
better decisions in the selection of hernia mesh can be made. This can 
potentially reduce complications such as recurrence, chronic pain, and 
mesh infections which could require reoperation and removal of the 
mesh. Through the continuous learning and improvement of a CCQI 
model, the quality and satisfaction of care can be improved at the same 
time that the overall cost of care can be lowered. Because of the increasing 
complexity and pace of change in health care, and our world, this is a 
never-ending iterative process.  

   Adapting These Concepts to the Community 
Setting 

 It is clear that in a small private- or hospital-based practice, a general 
surgeon will not have the resources to implement a hernia program using 
the academic model described in this chapter. However, many of the 
principles of care coordination and continuous clinical quality 
improvement can be implemented over time. One goal of our hernia 
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program is to develop software for hernia care processes that can be 
freely available to surgeons and hospitals. This software, which will be 
adaptable to the local environment, will help facilitate its implementation 
for hernia care. Until the software is available, surgeons who desire to be 
leaders of a hernia team can identify potential team members. These 
individuals might be current of fi ce staff, hospital employees, former 
patients, family members, or others within the community (several of our 
team members are former patients who volunteer their time). With a 
team identi fi ed, the dynamic care processes can be de fi ned. These 
evidence-based care processes and outcome measures that determine 
value (quality, satisfaction,  fi nancial, etc.) will be the starting point for 
offering care to hernia patients in this model. When patients are cared for 
guided by these processes, the data that is generated can then be used to 
learn and to improve these processes. 

 There are a number of principles for implementing this locally. One 
of the most critical principles is to develop a true team environment. As 
a surgeon and leader of a hernia team, it will be necessary to cultivate a 
safe environment for the team in order to allow all team members to 
speak freely, without risk of being treated inferiorly. Clearly, each 
member of the team will have different levels of medical knowledge; 
however, each member’s perspective should be treated as valuable. The 
ability for all members of the team to speak up can have signi fi cant 
bene fi ts for patient safety and opportunities for innovation. The patient 
and family perspectives are especially important because of the unique 
experience of actually going through the cycle of care. It is important to 
have an open mind and be driven by the outcomes rather than preconceived 
beliefs. This will not necessarily be easy and will take time. 

 Another important principle is to not make reactionary decisions. If 
the  fi rst time a new mesh is used and the patient has a recurrence, it is not 
necessarily a bad mesh. There might be technical issues (learning curve 
with a new product), patient selection issues, or other factors that 
generated a poor outcome. Looking at the outcomes with the team will 
help to prevent reactionary decisions. Most importantly, whatever 
decisions are made to change processes, they should be measured by 
looking at the outcomes after the process change has been made. 

 The following steps can be used to implement a hernia program:

    1.    Identify a core team.  
    2.    De fi ne dynamic care processes and outcome measures – the 

types of hernia patients your program will care for, procedure to 
offer, and types of patients and hernia complications (such as 
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chronic pain after hernia repair) your program will refer (it will 
be helpful to identify appropriate surgeons and other hernia 
programs to which the team can refer patients that your hernia 
program decides not to care for).  

    3.    Begin to see patients in this hernia program model—allow 
patients to view the processes and outcomes as they are 
generated to help them make decisions throughout their cycle 
of care (shared decision process).  

    4.    Generate outcomes data and identify errors, complications, and 
anomalies (good and bad) during the patients’ cycle of care.  

    5.    Have regular team meetings to review these outcomes and look 
for opportunities to improve the care processes. These CQI 
meetings have replaced traditional M&M conference at our new 
academic medical center.  

    6.    Develop and support extended team members (in the OR, on the 
 fl oor, etc.) and care communities (former patients and others 
interested in your hernia program) that can help support the 
care coordination and continuous learning and improving which 
are the foundations of this model for hernia care.  

    7.    Have fun! Building a team and a community that cares for each 
other can be an incredibly rewarding experience. When 
implemented, this model has the potential to not only improve 
the value of patient care but also improve the working 
environment and behavior of the entire care team.      

   Summary 

 The decision to implement a hernia program should be made as a 
commitment to care for patients with hernia problems. No hernia 
program, ours included, can serve all hernia patients and provide every 
option for care. It will be important to identify a core hernia team and 
de fi ne the care processes that your team will offer to patients. These care 
processes should be evidence-based. Outcome measures should be 
identi fi ed and collected that will determine the value of care provided. 
These will need to be measured not only for a portion of care but also for 
the entire cycle of care. Applying continuous learning and clinical quality 
improvement principles will ensure that the care provided by your 
program will generate better outcomes and better value over time.      
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    2.     Prosthetic Choice in Open Inguinal 
Hernia Repair       

     Lisa   C.   Pickett          

     While non-mesh repairs can be performed safely in experienced hands 
with standardized technique, such as the Shouldice  (  1  ) , tension-free repairs 
with mesh placement have become the gold standard for the open repair of 
inguinal hernias  (  2  ) . Traditionally, there has been concern about the 
placement of mesh in an acute/incarcerated hernia, but this appears to be 
safe  (  3  ) , even in the context of bowel necrosis  (  4  ) . Internet search of hernia 
mesh reveals countless brands and types of mesh for the repair of inguinal 
hernias. Mesh materials vary by source.    There are absorbable and 
permanent synthetic meshes, allograft material, and xenograft material. 
In addition, mesh is sold in  fl at sheets, precut segments, and three-
dimensional forms. Some mesh products include additional components to 
resist adhesions, to allow for  fi xation, or to prevent infection. 

 Webster’s dictionary de fi nes mesh as “that which entangles us”  (  5  ) . 
This is not truer than in inguinal hernia repair. Millions of inguinal hernia 
repairs are performed in the world annually, predominantly open, with 
every variety of prosthetic, from polyester and polypropropylene to 
mosquito netting in some parts of the world  (  6  ) . In fact, a recent study 
demonstrates no signi fi cant difference in outcomes between sterile 
mosquito nets and standard commercial mesh, which cost 1,000 times 
more!  (  7  )  

   History 

 Initial management of inguinal hernias required external management 
with bandages, then trusses,  fi rst created by French surgeon Guy de 
Chauliac and then by Ambroise Pare, and subsequently a variety of plugs 
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to occlude the internal ring  (  8  ) . Surgical intervention was  fi rst performed 
by Bassini, without any prosthetic, in 1884. The “Bassini repair” was 
documented with 2.6% mortality and 3.1% recurrence in 227 patients with 
98% follow-up at 4.5 years  (  9  ) . As experience with this procedure widened, 
a variety of types of wire and suture were utilized to reinforce the abdominal 
wall  (  10  ) . Subsequently, early forms of mesh were created and implanted. 
These consisted of stainless steel, which was too stiff; nylon, which 
disintegrated too rapidly; and then polypropylene  (  11–  13  ) . At this point, 
mesh was simply used to buttress or reinforce suture repairs. 

   Mesh Utilized in Tension-Free Repairs 

 Usher was the  fi rst to introduce signi fi cant changes in the conceptual 
repair of hernias, utilizing mesh to bridge the hernia gap, instead of just 
buttress a repair performed under tension. Thus, the  fi rst description of a 
tension-free hernia repair was presented: “If mesh is used to bridge the 
defect instead of reinforcement for tissues approximated under stress, this 
factor of tension is eliminated, and recurrence becomes less likely”  (  14  ) . 
The next mission was to identify the ideal location to place the mesh. Irving 
Lichtenstein performed and presented an updated tension-free hernia repair 
with mesh placed anterior to the transversalis fascia in 1980, and this 
“Lichtenstein repair” has become accepted as a standard hernia repair 
which is simple to perform, can be safely conducted under local anesthesia, 
and has acceptable rates of complication and time for recovery  (  15–  17  ) .  

   Preperitoneal Mesh 

 The main concern of these repairs remained the forces of abdominal 
pressure on that location of mesh placement. There was a concern that 
these forces increase the risk of recurrence for mesh placed anterior to 
the fascia, instead of the preperitoneal location. Thus, a line of repairs 
was proposed for mesh placed in the preperitoneal location, either via 
laparoscopic placement or through open repair  (  18–  20  ) . 

 A subset of these repairs also includes a prosthetic inserted into the 
internal ring, either alone or with a hernia patch, to help prevent recurrence 
 (  21,   22  )  (Fig.  2.1 ). Plugs can be visualized via laparoscopy or CT scan. 
Radiographically, it appears as a smooth round or oval hypodense mass 
close to the inferior epigastric artery, con fi rming the importance of 
radiologist’s knowledge of past surgical history when reviewing scans 
 (  23  ) . There are multiple reports of mesh migration from the intended 
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location, including a case report of intraperitoneal migration of a mesh 
plug with a small intestinal perforation  (  24  ) . 

 To address this risk, in 1998, Gilbert and Graham introduced a double-
layered device, which sits in the inguinal defect, combining a small plug 
with both a subaponeurotic component and preperitoneal patch, all formed 
of polypropylene. This mesh is called the Prolene Hernia System (PHS). 
The PHS incorporates the goal of decreased suture placement with mesh 
placed in the preperitoneal location. The material is polypropylene and 
placed via open technique  (  25  ) . Results have been evaluated and 
demonstrate 1% recurrence and 2% chronic pain with a mean follow-up 
of 49 months  (  26  ) . Longitudinal follow-up has demonstrated 2.3% 
recurrence and 1.8% chronic pain at 5.5 year follow-up.  (  27  )  Comparison 
of  fl at polypropylene mesh and PHS at 1 year demonstrates that the PHS 
surgery takes 15 min longer, on average, and there was no difference in 
pain, return to activity, complication, or recurrence.  (  28  )  

 Nonabsorbing synthetic mesh is available in ePTFE (Gortex®), which 
is seldom used in the groin, and porous sheets such as polypropylene, 
polyester, and Ultrapro. Porous mesh is further divided into light-, medium-, 
and heavyweight mesh, based upon the density of the mesh  fi bers. 

 Lightweight mesh has been compared with heavyweight, and the 
recent data has demonstrated some bene fi t in lightweight mesh. 
Lightweight mesh has been shown to result in reduced chronic groin pain 
at the operation site, although there was no associated increase in quality 
of life in one study  (  29  ) .    In a separate study, reduced postoperative pain 

  Fig. 2.1.    Plug, removed for chronic pain.       

 



22 L.C. Pickett

and recurrence in the short term was found but there was no statistical 
difference in recurrence rate at longer-term follow-up  (  30  ) . Mesh can also 
be combined with absorbable elements to create ultralightweight mesh, 
such as Ultrapro®. A literature search was performed using Medline, 
Embase, and Cochrane databases to identify relevant randomized 
controlled trials, and comparative studies looked at long-term complications 
of prosthetic meshes, speci fi cally comparing partially or completely 
absorbable meshes with conventional nonabsorbable mesh. The primary 
outcomes reviewed included hospital stay, time taken to return to work, 
seroma, hematoma, wound infection, groin pain, chronic pain, foreign 
body sensation, recurrence, and testicular atrophy. It was concluded that 
absorbable and nonabsorbable mesh repairs of inguinal hernias do not 
afford signi fi cant bene fi t, but lightweight mesh was associated with a 
signi fi cant reduction in prolonged pain and foreign body sensation.  (  31  )  
An additional meta-analysis reviewed Vypro II (large pore) and standard 
polypropylene mesh for inguinal hernia repair, looking at recurrence, 
pain, urinary tract infection, seroma, foreign body sensation, and testicular 
atrophy. This analysis found a difference only in the sensation of a foreign 
body, which was reduced in the large-pore mesh  (  32  ) .  

   Self-Fixation Mesh 

 A more recent addition has been mechanisms of self- fi xation to avoid 
the placement of sutures, which have been implicated in increased pain 
(Fig.  2.2 ). A randomized study of self- fi xing mesh demonstrates decreased 
operative time, decreased pain postoperative day 1 by visual analog pain 
score, and decreased cumulative dose of postoperative pain medicine over 
standard mesh secured with sutures.  (  33  )     Another similar study that 
assessed pain after the use of a self-adhesive, light mesh with reduced 
sutures demonstrates reduced early postoperative pain compared with 
conventional prosthesis  (  34  )  and a rat model with similar mesh demonstrates 
no harmful in fl uence on the ductus deferens in the rat model  (  35  ) .   

   Absorbable Mesh 

 Synthetic mesh is available as an absorbable prosthetic for use in 
highly contaminated situations. Vicryl® and Dexon are examples of this 
type of mesh. These products remain intact for just a few weeks and, 
therefore, are associated with high recurrence rates and are, therefore, 
generally reserved for grossly contaminated cases.  
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   Biologic Mesh 

 Biologic mesh is available for patients who are at high risk of 
infection. Allografts, including Alloderm®, have limited experience and 
use in the groin. Xenografts are biologics derived from nonhuman 
dermis, often bovine or porcine. They are harvested cells, essentially an 
acellular collagen, supported by chemical processes for stabilization. 
Permacol mesh and Surgisis mesh are examples of xenografts. Additional 
biologics have been studied  (  36  ) , but there is little human data and no 
long-term human outcomes available. As in all prosthetics, allergies and 
religious and cultural beliefs need to be taken into consideration in the 
surgical placement of biologic products.  

 Data on outcomes of hernia repair relative to type of mesh are 
available in terms of ease of use, durability/recurrence, and long-term 
chronic pain. See Table  2.1  for a summary of advantages/disadvantages 
of each mesh type.  

 In  fi nal summary, there are innumerable types, shapes, and compo-
nents of mesh. Each carries a unique pro fi le of bene fi ts and risks. There is 
short-term data suggesting better surgeon ease of placement and reduced 
pain with both lightweight and self- fi xation meshes. Long-term results 
remain unchanged, and biologic grafts remain relatively unstudied. It would 
seem that surgeons should select a mesh which they feel comfortable 

  Fig. 2.2.    Self  fi xation mesh.       
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placing, place these meshes consistently to improve their comfort with the 
devices, and follow these patients prospectively for outcomes. It is likely 
that in this complex  fi eld, there is not one right mesh for each patient.       
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    3.     Prosthetic Choice in Laparoscopic 
Inguinal Hernia Repair       

     Emily   L.   Albright    and    J.   Scott   Roth         

     Inguinal hernia repair is one of the most common procedures 
performed by a general surgeon. The management of inguinal hernias 
has undergone many changes in the last  fi ve decades. The advent of 
prosthetic materials has decreased the recurrence rate compared to 
primary repair  [  1  ] . The age of laparoscopy has brought new techniques 
with well-de fi ned bene fi ts including a reduction in pain, lower wound 
infection rates, and a shortened return to normal activities  [  2–  4  ] . With all 
these advances have come many choices for the practitioner today 
regarding prosthetic materials that differ in terms of weight, burst 
strength, material composition, and in fl ammatory response. This chapter 
aims to examine the different prosthetics available and delineate their 
bene fi ts and shortcomings, speci fi cally relating to laparoscopic inguinal 
hernia repair. 

   Synthetic Overview 

 Prosthetic materials were developed to reinforce hernia repairs and 
prevent recurrence. The three most common synthetic prosthetics used 
today are polypropylene, polyester, and PTFE, and they were all 
developed at roughly the same time. Polyester polymers were  fi rst 
introduced in the United States in 1946; in 1956, Wolstenholme described 
the use of polyester to repair inguinal hernias  [  5  ] . Polypropylene is the 
most commonly used prosthetic in the United States following its 
introduction in 1958 by Usher  [  6  ] . At the time of its introduction, there 
were many advantages over the metal meshes that were currently in use. 



28 E.L. Albright and J.S. Roth 

It had a high tensile strength, was less affected by infection, and was 
in fi ltrated by connective tissue when implanted into an animal model. 
Just 4 years after its introduction, polypropylene was being used by 20% 
of surgeons for complicated hernia repair  [  6  ] . Polytetra fl uoroethylene 
(PTFE) was initially developed by DuPont in 1938 and began to be used 
in hernia repair in the 1950s. In the 1960s, a process was developed to 
expand PTFE to produce a uniform structure with improved mechanical 
strength (ePTFE)  [  6  ] . This ePTFE was used not only for abdominal wall 
reconstruction but also for vascular grafts. When laparoscopic inguinal 
hernia repair was developed, technology had already made multiple 
alterations to the three basic polymers—polypropylene, polyester, and 
PTFE. They each have separate chemical structures and handling 
properties. It is these differences in texture and porosity that lead to 
differences in tissue reaction.  

   Polypropylene 

 Polypropylene is a thermoplastic polymer consisting of an ethylene 
with an attached methyl group (Fig.  3.1 ). It is hydrophobic, electrostatically 
neutral, and resistant to signi fi cant biologic degradation. The biologic 
reactivity of polypropylene depends on the weight,  fi lament size, pore 
size, and architecture, in addition to the individual host response. Not all 
polypropylene prosthetics are equal as structure can alter outcome. In 
one study comparing various polypropylene, they found that patients 
with a mono fi lament polypropylene took signi fi cantly longer to return to 
work, had higher pain scores, and more impairment in everyday activities 
compared to patients that had a multi fi lament polypropylene  [  7  ] . By 
utilizing knitted versus woven materials, the  fl exibility can also be altered 
 [  8  ] . Pore size is also variable between different manufacturers. Pores 
should be at least 75–100  m m to prevent against infection  [  9  ] .  

 Current debate exists regarding the optimal density of polypropylene. 
Normal intra-abdominal pressure ranges from 1.8 mmHg when supine up 
to 171 mmHg when jumping  [  10  ] . Laboratory data indicates that a 
prosthetic should withstand at least 16 N/cm strain to prevent disruption 
based on normal physiologic forces  [  11  ] . Many of the original 
polypropylene prosthetics provide much greater strength than this. 
Heavyweight meshes were designed to provide maximal strength with 
thick  fi bers, small pores, and a high tensile strength. Prosthetic materials 
have also been found to be inappropriately stiff when compared to the 
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normal elasticity of the abdominal wall  [  11  ] . Based on this, there has been 
a move to decrease the density of polypropylene implanted to provide 
adequate strength while reducing the amount of foreign material. 

 One outcome that is of particular interest is the effect of the use of 
lightweight mesh has on postoperative pain. Proponents of lightweight 
mesh cite less pain and less mesh sensation as bene fi ts. However, this has 
not been universally seen in all studies. One study in particular compared 
lightweight polypropylene mesh with a heavyweight polypropylene 
mesh in patients undergoing laparoscopic bilateral inguinal hernia repair 
 [  12  ] . Lightweight polypropylene was placed in one groin and heavyweight 
in the contralateral groin. They found that patients could detect a 
difference and reported less pain on the side with the lightweight 
polypropylene. In contrast, a comparison of patients undergoing 
laparoscopic inguinal hernia repair with either a lightweight or 
heavyweight mesh was published just 1 year later. This study did not  fi nd 
a difference in pain or discomfort at 4- or 15-month follow-up between 
lightweight and heavyweight prosthetics. They also did not show a 
difference in awareness of the mesh or stiffness of the groin  [  13  ] . There 
are many more studies comparing lightweight mesh to heavyweight 
mesh. Some demonstrate an improvement in postoperative pain  [  14–  17  ] . 
However, not all series show this difference  [  18  ] . 

 While long-term pain and pain in the early postoperative period are 
important to consider when considering a prosthetics, long-term durability 
and hernia recurrence are equally important. Many of the opponents to 
lightweight prosthetics express concern for increasing recurrence. In one 
study, at 12-month follow-up of open inguinal hernia repair, there was a 
signi fi cant increase in recurrence in patients with a lightweight 
polypropylene mesh compared to traditional polypropylene  [  16  ] . Multiple 
other studies fail to demonstrate an increased recurrence rate  [  14,   15, 
  17  ] . When lightweight mesh is used speci fi cally for laparoscopic inguinal 
hernia repair, no difference in hernia recurrence was identi fi ed  [  12,   13, 
  18  ] . Whether the concern for an increase in hernia recurrence is justi fi ed 
remains to be seen as long-term follow-up continues.  

  Fig. 3.1.    Polypropylene.        
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   Polyester 

 Polyester is a category of polymers that contain an ester in the main 
chain (Fig.  3.2 ) and has many applications in daily life, from clothing to 
jet engines. While polypropylene is used extensively for hernia repair, 
polyester is also commonly used. Multiple studies exist comparing these 
two materials. One study compared patients that had previously 
undergone laparoscopic inguinal hernia repair either with polypropylene 
or polyester prosthetic  [  19  ] . A phone survey was conducted on patients 
with a minimum of a 1-year follow-up with questions focused on pain, 
perception of the mesh, return to work, and satisfaction. In this study, 
there was an increase in chronic inguinal pain, feeling of a lump, and 
feeling the mesh in the polypropylene group compared to the polyester 
group. There was no difference in recurrence rate. Another study citing 
the bene fi ts of polyester prosthetics was in a series of 337 patients 
undergoing laparoscopic inguinal hernia repair with polyester mesh  [  20  ] . 
After a mean follow-up of 11 months, there were no recurrences, no 
mesh infections, and chronic pain in three patients. Despite multiple 
studies, there exists no clear bene fi t of polypropylene versus polyester, 
and choice remains based on surgeon preference.  

 One concern regarding the use of polyester prosthetics is the 
degradation that occurs over time. In one study examining explanted 
polyester vascular grafts, there was hydrolytic degradation of the grafts 
with increasing time implanted  [  21  ] . Further analysis showed that 
polyester grafts lost 31.4% of their burst strength at 10 years and 100% 
in 25–39 years. The earliest graft failure in this study was after 19 years. 
If the same is true of polyester grafts for inguinal hernia repair, this 
clearly would not be a problem for an inguinal hernia repair in a 90-year-
old patient but would affect an 18-year-old patient.  

   Polytetra fl uoroethylene 

 Polytetra fl uoroethylene is a synthetic polymer of tetra fl uoroethylene 
consisting of carbons and  fl uorines with multiple applications (Fig.  3.3 ). 
It is most well-known by the brand name Te fl on and can be found as a 

  Fig. 3.2.    Polyester.        
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nonstick coating for pans, a lubricant in gears, and a roo fi ng material. In 
the medical profession, PTFE is used for hernia repair as well as in 
vascular grafts.  

 With the increasing usage of polypropylene and polyester prosthetics, 
PTFE is not used as frequently for inguinal hernia repair. However, when 
laparoscopic techniques were  fi rst introduced for inguinal hernia repair, 
PTFE prosthetics played a key role in intraperitoneal onlay mesh repair 
(IPOM). Results of a prospective study looking at the ePTFE peritoneal 
onlay laparoscopic inguinal hernioplasty were published in 1996  [  22  ] . 
Over a period of 2.8 years, 351 patients underwent repair. They found 
that on average patients only required 24 h of analgesics, returned to 
work in 7.7 days for unilateral repairs, and returned to work in 10.1 days 
for bilateral repairs. There were 13 patients in the series with persistent 
neuralgia and 17 patients with recurrences (3.8%). Another prospective 
trial comparing IPOM with ePTFE to an open repair reported an even 
higher recurrence rate of 43%  [  23  ] . It is likely that these recurrence rates 
contributed to the decline in the use of PTFE for laparoscopic inguinal 
hernia repair. 

 In addition to the concern for hernia recurrence is the risk of infection 
associated with the use of PTFE. When the pore size of a prosthetic is 
less than 10  m m, macrophages and neutrophils are too large to enter and 
cannot eliminate bacteria  [  24  ] . When PTFE does become colonized, 
removal is mandatory in order to manage the infection. The small pore 
size of PTFE also impacts the formation of postoperative seromas. There 
is insuf fi cient molecular permeability for  fi brinous and proteinaceous 
materials to be cleared  [  24  ] .  

   Barrier Prosthetics and Composite Prosthetics 

 In addition to prosthetics that are pure synthetic material or pure 
biologic material, there are a variety of prosthetics that combine various 
materials. One example is beta-glucan-coated polypropylene prosthetics. 

  Fig. 3.3.    Polytetra fl uoroethylene.        
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Beta-glucan is a plant product that is used to promote healing and also 
has an immunomodulatory effect. In published series, using beta-glucan-
coated polypropylene resulted in a decrease in the incidence of chronic 
pain compared to polypropylene alone and a low incidence of recurrence 
at 2 years (1.9%)  [  25,   26  ] . 

 Other prosthetics combine permanent material with a barrier layer to 
prevent adhesions to one side. This type of prosthetic is particularly useful 
if the peritoneum has been violated and is not available to separate the 
prosthetic from intra-abdominal contents. Barriers can be placed on one 
side or both sides of the mesh. Typically, the barrier layer is designed to 
allow adequate time for a neo-peritoneum to develop prior to their 
degradation. The previously mentioned prosthetics, including 
polypropylene, polyester, lightweight and heavyweight, all have an 
alternative with a barrier layer. The majority of the data regarding 
prosthetics with a barrier layer focuses on their use in ventral hernia repair 
where they are more likely to be intact with intra-abdominal contents. 

 In an effort to decrease the amount of permanent foreign material, 
composite materials have been developed that combine polypropylene 
with absorbable materials. One example is a composite mesh of 
polypropylene with polyglactine. While the polypropylene is permanent, 
the polyglactine  fi bers are resorbed in approximately 60 days. In studies 
comparing polyglactine-polypropylene composite with polypropylene 
alone in open inguinal hernia repair, there was no difference in 
perioperative complications, postoperative pain, or recurrence  [  27–  29  ] . 
These results were similar when polyglactine-polypropylene was 
compared to polypropylene alone in laparoscopic inguinal hernia repair 
with no difference in pain, return to normal daily activities, and recurrence 
 [  7,   30–  32  ] . Polyglactine-polypropylene is smoother than polypropylene 
and thus has different handling characteristics. However, this does not 
translate into a difference in operating times or subjective assessment of 
dif fi culty of mesh placement  [  31  ] . 

 In addition to polyglactine, there are other alternatives to an absorbable 
component combined with polypropylene. One such example is 
polyglecaprone 25. When polypropylene was compared to a 
polyglecaprone 25-polypropylene composite in an animal model, there 
was a decrease in the in fl ammatory and  fi brotic reaction; however, it was 
not statistically signi fi cant  [  33  ] . As we search for the optimal mesh, there 
are likely to be more combined prosthetics developed in addition to those 
mentioned here. 

 Prosthetics have also been altered to decrease the need for  fi xation. 
One example is a polypropylene mesh with a nitinol frame  [  34  ] . Another 
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example is a titanium-coated mono fi lament polypropylene mesh that has 
been shown to have a recurrence rate of 0.4%, persistent inguinal pain in 
3.8%, and groin stiffness in 1.7% after a 7-week follow-up  [  35  ] . 

 As humans are two-dimensional structures, there has been an effort to 
manufacture prosthetics that conform to the contours of the human body 
and avoid the need for  fi xation. One study looking at mesh  fi xation showed 
it to be associated with a longer hospital stay and more narcotic analgesia 
requirements  [  36  ] . In a retrospective review of 212 transabdominal 
pre-peritoneal herniaplasties using a three-dimensional mesh, 94% of 
patients had returned to normal activities by 3 weeks. Mesh  fi xation was 
used in 19% of the cases in this series. They did not  fi nd that bilateral 
repair or  fi xation altered recovery. Only four patients in the series had 
minor pain or numbness. With a mean follow-up of 23 months, there was 
only one recurrence. They concluded that an anatomically contoured 
prosthetic had minimal risk of neuropathy, had a low recurrence rate, and 
often does not require  fi xation  [  37  ] . A second series looking at an 
anatomically contoured prosthetic in 390 patients had similar results  [  38  ] . 
At 2 years, there were three recurrences, and 43 patients reported minor 
parietal pain.  

   Biologic Prosthetics 

 Biologic prosthetics are designed as either allografts (from human 
tissue) or as xenografts (from animal tissue). Available animal products are 
porcine and bovine. In addition to what species a biologic material is from, 
they also differ on what part is harvested, including dermis, small intestinal 
submucosa, and pericardium. The role of biologic materials in any hernia 
repair has mainly been limited to infected surgical  fi elds. For laparoscopic 
inguinal hernia repair, there exists limited data examining the role of biologic 
prosthetics, and research examining their role is ongoing. Recently, the 
design of a study comparing the use of lightweight polypropylene to cross-
linked porcine dermis was published  [  39  ] . Currently, 172 men are enrolled 
in the study, and data are being collected. Other studies have focused on the 
feasibility of using biologic prosthetics for inguinal hernia repair  [  40–  42  ] . 

 There are concerns regarding the use of biologic prosthetics for 
laparoscopic inguinal hernia repair, namely, the risk of recurrence. For 
laparoscopic inguinal hernia repair, all prosthetics are placed in a bridging 
manner. In incisional hernia repair, when biologic prosthetics are used in 
a bridging manner, there is an 80% recurrence rate  [  43  ] . In this study, 
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there is no comment on size of hernia defect, but generally incisional 
hernias have a larger defect size than inguinal hernias. The risk of 
recurrence with a bridging biologic prosthetic in laparoscopic inguinal 
hernia repair would not be expected to be as high as in incisional hernia 
repair but still expected higher than a synthetic material. In a prospective 
series of 11 patients undergoing laparoscopic inguinal hernia repair using 
a biologic prosthetic, there was one recurrence (9%) with a mean 
follow-up of 14.5 months  [  40  ] . 

 Advantages of biologic materials for inguinal hernia repair are mainly 
focused on postoperative pain. In a randomized trial comparing 
polypropylene to a biologic prosthetic derived from small intestine 
submucosa, while there was no difference to the incidence in postsurgical 
pain, there was a signi fi cant decrease in the degree of pain and a lower 
proportion of patients that took pain medications  [  44  ] .  

   Summary 

 There exists a multitude of options available to surgeons today. While 
there are multiple prosthetics that have proven their longevity over the 
years, multiple new prosthetics enter the market each year. The choice of 
prosthetic used for laparoscopic hernia repair must be tailored to the 
individual patient. Clearly there is not one prosthetic that  fi ts all patients 
or situations.      
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    4.     Technique: Lichtenstein       

     David   C.   Chen    and    Parviz   K.   Amid         

       Lichtenstein Tension-Free Operation for the Repair 
of Unilateral and Bilateral Inguinal Hernias 

 Lichtenstein “tension-free” hernia repair, a term coined by our group, 
began as a protocol-driven project in 1985 and evolved to its current 
standard procedure in the late 1980s  [  1,   2  ] . Standard tissue repair to close 
the abdominal wall defect had changed little in the hundred years since 
Bassini introduced the modern era of herniorrhaphy in 1887. Several 
modi fi cations of tissue repair introduced by Shouldice, McVay, and 
others helped to re fi ne this method, but overall recurrence rates remained 
in the range of 10–15%. In the “tension-free” method, synthetic mesh is 
placed between the external and internal oblique layers eliminating the 
need to pull the tissues together under tension. The advantages of this 
method have been extensively de fi ned and resulted in a paradigm shift in 
hernia repair with “tension-free” repair accepted as the standard of care. 

 In the 1990s, variations on this concept of “tension-free” repair led to 
several different preperitoneal open and laparoscopic approaches. Some 
have demonstrated relative equivalency, but none have proven to be 
superior. While “tension-free” repair using mesh has markedly reduced 
the recurrence rate, chronic pain after all varieties of both open and 
laparoscopic hernia repair is a continuing concern. This chapter describes 
the sequential steps of the Lichtenstein “tension-free” operation for the 
repair of unilateral and bilateral  [  3  ]  inguinal hernias. Special attention is 
given to groin neuroanatomy and correct nerve handling to minimizing 
the risk of chronic postoperative pain.  
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   Post-Herniorrhaphy Inguinodynia 

 While the rates of recurrence associated with inguinal hernia repair 
dramatically decreased after “tension-free” methods became standard 
practice, the incidence of postoperative inguinodynia remains a major 
concern. According to a Danish nationwide study, the rate of post-
herniorrhaphy chronic pain is independent of the method of the hernia 
repair (tissue repair, open mesh repair, or laparoscopic mesh repair)  [  4  ] . 
Based on the classi fi cation of pain by the International Association for 
the Study of Pain (IASP), post-herniorrhaphy inguinodynia can be 
broadly divided into nociceptive and neuropathic pain. 

 Nociceptive pain is caused by activation of nociceptors by nociceptive 
molecules due to tissue injury or in fl ammatory reaction. These signals 
are then transmitted to the brain via A-delta and C- fi bers. Nociceptive 
pain can be reduced by gentle tissue handling and using local anesthesia 
to reduce production of nociceptive molecules. 

 Neuropathic pain is caused by direct nerve injury such as myelin 
undulation, myelin separation, axon crystallization, and other structural 
changes of nerve  fi bers due to direct contact of nerves with mesh and/or 
nerve entrapment by sutures, staples, tacks, folded mesh, or meshoma  [  5  ] . 
Neuropathic pain can be reduced from the reported range of 6–8% to less 
than 1% by careful nerve handling to avoid destruction of the protective 
layers of the nerves during open repair  [  6,   7  ] , by avoiding placement of 
mesh in the parietal compartment of the preperitoneal space, by adequate 
mesh  fi xation, and by preventing mesh wrinkling and meshoma formation 
during laparoscopic and open preperitoneal inguinal hernia repair  [  8,   9  ] .  

   Groin Neuroanatomy 

 There are three nerves within the inguinal canal (Fig.  4.1 ). The 
 ilioinguinal nerve  is located over the spermatic cord, covered and protected 
from the mesh by the investing fascia of the internal oblique muscle 
(Fig.  4.2 ). This protective fascia should not be damaged by removing the 
nerve from its natural bed. Removing the ilioinguinal nerve from its native 
position over the cord and placing it below the inguinal ligament, which 
was the teaching of a prior era, destroys the protective fascia of the nerve 
and risks perineural scaring and direct contact of the nerve with mesh.   

 The genital branch of the genitofemoral nerve is located under the 
cord (Fig.  4.1 ), covered and protected from direct contact with mesh by 
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the deep cremasteric fascia. Although small and dif fi cult to see, its 
location can be determined by the easily visible “blue line” of the external 
spermatic vein that is always adjacent to the nerve (Fig.  4.3 ). To assure 
safety of the nerve, it must be kept with the spermatic cord while the cord 
is separated from the inguinal  fl oor using a blunt dissector such as peanut 
under direct visualization. Grasping the cord with thumb and index  fi nger 
and bluntly  fi nger dissecting this off the  fl oor is excessively traumatic 
and should be avoided. This may damage the deep cremasteric fascia 
which can lead to perineural scaring and direct contact of the genital 
nerve with the implanted mesh. In addition it results in direct contact of 
the vas and sensory nerve  fi bers of the testicle (paravasal nerve  fi bers) 
within the covering sheath of the vas (lamina propria of the vas) that can 
lead to orchialgia     [  10  ] , azoospermia  [  11  ] , and dysejaculation.  

 The iliohypogastric nerve is located between the external and internal 
oblique layers, covered and protected from mesh by the investing fascia 
of the internal oblique muscle (Fig.  4.1 ). The key step to exposing the 

  Fig. 4.1.    Neuroanatomy of the left inguinal canal. Pubic tubercle on the left.       
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  Fig. 4.2.    Left ilioinguinal nerve (A). Pubic tubercle on the left. Investing fascia 
of the internal oblique muscle covering and protecting the nerve (B).       

  Fig. 4.3.    Left genitofemoral nerve (A). Pubic tubercle on the left. The “blue” 
line of the external spermatic vein (B).       
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iliohypogastric nerve is opening the anatomic cleavage between the 
internal and external oblique layers high enough to expose the internal 
oblique aponeurosis. This simple step readily exposes the iliohypogastric 
nerve. The iliohypogastric nerve has an easily visible part over the 
internal oblique aponeurosis and muscle (Fig.  4.4 ). There is also a hidden 
segment that runs inferiorly and laterally within the internal oblique 
muscle (Fig.  4.4  and dotted line in Fig.  4.1 ). This segment of the 
iliohypogastric nerve is the most vulnerable neural structure of the 
inguinal area because it is not visible within the operative  fi eld  [  10  ] . 
Suturing through the internal oblique muscle, or the so-called conjoined 
tendon, for its  fi xation to the inguinal ligament,  fl at mesh, or plug has the 
potential risk of injuring the intramuscular segment of the nerve with the 
needle or entrapping it by the suture.   

   Operative Technique 

 The procedure is performed under local anesthesia  [  12  ] , which is our 
preferred choice for all reducible adult unilateral and bilateral  [  2  ]  inguinal 
hernias. It is safe, simple, effective, economical, and without the normal 

  Fig. 4.4.    Left iliohypogastric nerve. Pubic tubercle on the lower part of the left side.       
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side effects of general anesthesia such as nausea, vomiting, and urinary 
retention. Furthermore, local anesthesia administered prior to making 
the incision produces a preemptive and prolonged analgesic effect via 
inhibition of the buildup of local nociceptive molecules  [  12  ] . 

 A 5–6 cm skin incision, which starts from the pubic tubercle and 
extends laterally following a Langer’s line, provides excellent exposure 
to both the pubic tubercle and the internal ring. The incision is carried 
down through Scarpa’s fascia to the external oblique aponeurosis. The 
external oblique aponeurosis is opened in the direction of its  fi bers down 
through the external ring. The lower leaf of the external oblique (the 
inguinal ligament) is freed from the spermatic cord. The ilioinguinal 
nerve can usually be identi fi ed coursing with the spermatic cord 
immediately upon lifting the external oblique aponeurosis, and care is 
taken to preserve this structure during exposure. The upper leaf of the 
external oblique is then freed from the underlying internal oblique muscle 
until the internal oblique aponeurosis is exposed (Fig.  4.1 ). The anatomic 
cleavage between these two layers is avascular, and the dissection can be 
performed rapidly and atraumatically. High separation of these layers 
allows for visualization of the iliohypogastric nerve and internal oblique 
aponeurosis. This dissection also creates ample space for insertion of a 
suf fi ciently wide sheet of mesh that can overlap the internal oblique well 
above the upper margin of the inguinal  fl oor. 

 The cord with its cremaster covering is separated from the  fl oor of the 
inguinal canal and the pubic bone for a distance of approximately 2 cm 
beyond the pubic tubercle (Fig.  4.1 ). The anatomic plane between the 
cremasteric muscle and attachment of rectus sheath to the pubic bone is 
avascular. Strictly dissecting within this plane avoids the risk of damaging 
testicular blood  fl ow. When lifting the cord, care should be taken to 
include the ilioinguinal nerve, the easily visible blue external spermatic 
vein, and the genital nerve with the cord. This assures that the genital 
nerve, which is always in juxtaposition to the external spermatic vessels, 
is securely preserved. 

 The internal ring is always explored to identify the presence of an 
indirect hernia sac. The cremasteric muscle layer is opened anteriorly 
and incised longitudinally approximately 3–4 cm at the level of the deep 
ring to access the cremasteric compartment. Complete stripping and 
resection of the cremasteric  fi bers are unnecessary and can result in direct 
exposure of the genital nerve, vas deferens, and paravasal nerves to the 
mesh, resulting in chronic groin and testicular pain. 

 Indirect hernia sacs are identi fi ed and freed from the cord using the 
electrocautery tip as a dissector with or without energy and gentle 
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traction. The sac is freed to a point beyond its neck and is inverted into 
the properitoneal space without ligation. Because of mechanical pressure 
and ischemic changes, ligation of the highly innervated peritoneal sac is 
a major cause of acute postoperative pain.  It has been demonstrated that 
nonligation of the indirect hernia sac does not increase the chance of 
recurrence . To minimize the risk of postoperative ischemic orchitis, 
complete nonsliding scrotal hernia sacs are transected at the midpoint of 
the canal, leaving the distal portion of the sac in place. However, the 
anterior wall of the distal sac is incised to prevent postoperative hydrocele 
formation. If the internal ring is too large, it can be tightened using one 
or two Marcy Sutures placed on the transversalis fascia at the deep ring. 

 The  fl oor of the inguinal canal inferomedial to the inferior epigastric 
vessel is evaluated for evidence of a direct hernia. If large with a narrow 
neck, the direct sac is inverted using a purse    string suture. If large with a 
wide base, the sac is inverted with an absorbable suture placed along the 
transversalis fascia. For this purpose, the lower edge of the internal 
oblique muscle should not be included in the suture under tension as in 
the classic Bassini operation preserving the “tension-free” principle of 
this repair. A thorough exploration of the groin is necessary to rule out 
coexisting intraparietal (interstitial), low-lying spigelian, or femoral 
hernias. The femoral ring is routinely evaluated via the space of Bogros 
through a small opening in the canal  fl oor. 

 A 7 × 15 cm sheet of mesh is used to repair the  fl oor of the inguinal 
canal. We prefer mono fi lament, macroporous, polypropylene meshes 
because the mono fi lament structure does not perpetuate or harbor infection. 
The medial corner of the mesh is tailored to its standard shape, (Fig.  4.5 ) 
which resembles the tracing of a footprint, with a lower sharper angle to  fi t 
into the angle between the inguinal ligament and the rectus sheath and an 
upper wider angle to spread over the rectus sheath. With the cord retracted 
upward, the sharper corner is sutured with a nonabsorbable mono fi la-
ment suture material or stapled to the rectus sheath above its insertion to 
the pubic bone and overlapping the bone by 1–2 cm (Fig.  4.6 ). This is a 
crucial step in the repair because failure to cover this bone with the mesh 
can result in recurrence of the hernia. The periosteum of the bone is 
avoided. This is continued as a continuous running suture or intermittent 
staples attaching the lower edge of the mesh patch to the inguinal ligament 
up to a point just lateral to the internal ring (Fig.  4.6 ). Suturing or stapling 
the mesh beyond this point is unnecessary and could injure the femoral 
nerve. If there is a concurrent femoral hernia, it can be  fi xed using a 
modi fi cation in which the mesh is also sutured to the Cooper ligament 
1–2 cm below the suture line with the inguinal ligament in order to close 
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the femoral ring. Alternatively, the mesh can be tailored to have a triangular 
extension from its lower edge. The lateral aspect of the triangular extension 
is sutured to the Cooper ligament, and the body of the mesh is sutured to 
the inguinal ligament along the dotted line (Fig.  4.5 ) obliterating the defect 
in the femoral canal.   

 A slit is made at the lateral end of the mesh, creating two tails, a wider 
one (two-thirds of the width) above and a narrower one (one-third of the 
width) below. The wider upper tail is grasped with forceps and passed 
toward the head of the patient from underneath the spermatic cord; 
this positions the cord between the two tails of the mesh (Fig.  4.7 ). The 
upper tail is crossed and placed over the lower tail and held with a 
hemostat (Fig.  4.8 ). With the cord retracted downward and the upper leaf 
of the external oblique aponeurosis retracted upward, the upper edge of 

  Fig. 4.5.    Standard mesh: 7 cm × 15 cm ( top ). Modi fi ed mesh with a triangular 
extension for the repair of a coexisting femoral hernia ( bottom ).       
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  Fig. 4.6.    With the cord retracted upward, the lower edge of the mesh with a 2 cm 
extension medial to the pubic tubercle is  fi xed to the inguinal ligament. The 
medial corner of mesh is  fi xed to the insertion of rectus sheath on the pubic bone 
away from the pubic tubercle.       

the mesh patch is sutured in place with two interrupted absorbable sutures 
or stapled, one to the rectus sheath and the other to the internal oblique 
aponeurosis just medial to the internal ring (Fig.  4.8 ). Occasionally, the 
course of the iliohypogastric nerve passes against the upper edge of the 
mesh. In this case, a slit in the mesh will accommodate the nerve. If in 
doubt, the nerve can be resected with proximal-end ligation to prevent 
traumatic neuroma formation and implantation within the  fi bers of 
the internal oblique muscle to keep the stump of the nerve away from the 
future scarring within the operative  fi eld. Suturing or stapling the upper 
edge of the mesh to the internal oblique muscle should be avoided to 
prevent injuring the intramuscular segment of the iliohypogastric nerve.   

 Using a single nonabsorbable mono fi lament suture or staple, the 
lower edges of each of the two tails are  fi xed to the inguinal ligament just 
lateral to the completion knot of the lower running suture, leaving 
adequate space for the passage of the spermatic cord (Fig.  4.9 ). The 
excess patch on the lateral side is trimmed, leaving at least 5 cm of mesh 
beyond the internal ring. This is tucked underneath the external oblique 
aponeurosis (Fig.  4.9 ). Fixation of the tails of the mesh to the internal 
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oblique muscle, lateral to the internal ring, is unnecessary and could 
result in entrapment of the ilioinguinal nerve with the  fi xation suture or 
staple. The aponeurosis of the external oblique is then closed over the 
cord with an absorbable suture. The skin may be closed with an absorbable 
subcuticular suture or staples completing the repair.   

   Evidence-Based Medicine: The Role of the 
Lichtenstein “Tension-Free” Hernia Repair 

 Since the introduction of the open “tension-free” hernioplasty in 
1984, the operation has been evaluated and compared with other types of 
hernia repairs in numerous studies with regard to postoperative pain, 

  Fig. 4.7.    A slit is made at the lateral end of the mesh forming two tails. The 
spermatic cord is placed in between the two tails.       
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postoperative time off work, complications, costs, and, most signi fi cantly, 
recurrence rate. According to the 2009 European Hernia Guidelines 
prepared by 14 renowned European hernia experts based on the review 
of 324 published clinical trials, the Lichtenstein technique introduced in 
1984 is currently the best evaluated and most popular of different open 
mesh techniques. It is reproducible with minimal morbidity; it can be 
performed in the outpatient setting under local anesthesia and has low 
recurrence rates in long-term follow-up  [  13  ] . Results of nonexpert 
surgeons and supervised residents using the Lichtenstein repair for 
primary inguinal hernias showed comparable excellent results 
underscoring the ease, safety, and reproducibility of this technique  [  14  ] . 

 A Cochrane review of 20 randomized trials comparing Lichtenstein 
repair to tissue repair demonstrated a shorter length of hospital stay, 
quicker return to usual activities, less chronic pain, and signi fi cantly 

  Fig. 4.8.    With the cord retracted downward, the tails of the mesh are crossed and 
held in place with a clamp. The upper edge of the mesh is sutured or stapled to 
the internal oblique aponeurosis.       
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fewer hernia recurrences. The use of the Lichtenstein “tension-free” 
mesh repair is associated with a reduction in the risk of recurrence of 
between 50% and 75%  [  15  ] . Comparison between Lichtenstein and 
laparoscopic total extraperitoneal (TEP) mesh repair demonstrates 
more equivalency with recommendations for both operations under 
certain conditions. 

 The randomized controlled “LEVEL” trial concluded that the  TEP  
procedure compared to Lichtenstein repair was associated with less 
subjectively reported acute postoperative pain and faster recovery of 
daily activities and return to work by approximately half a day. Both of 
these results did not affect quality of life indicators, and pain levels were 
low in both groups after 1 week. Recurrence rates and chronic pain were 
comparable  [  16  ] . These bene fi ts should be weighed in relation to the 
added operative costs, increased intraoperative adverse events, need for 

  Fig. 4.9.    The lower edges of the two tails are sutured to the inguinal ligament, 
providing adequate space for the passage of the cord. The end of the mesh is 
tucked under the external oblique aponeurosis.       
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general anesthesia, elevated learning curve, and signi fi cant dif fi culty 
with addressing inguinodynia in patients in which mesh is placed in the 
preperitoneal compartment. Grade  A  recommendations of the European 
Hernia Guidelines state that “For adults with primary unilateral and 
bilateral inguinal hernias, Lichtenstein or endoscopic repairs are both 
recommended, endoscopic repair only if expertise is available”  [  13  ] .      
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    5.     Technique: Plug and Patch       

     Carl   Doerhoff         

     Children intuitively love to put pegs in holes. Perhaps the most famous 
example of this is the story of the little Dutch boy who plugged a dike with 
his  fi nger. Was he aware that the act prevented a disaster, or was he just 
interested in plugging a hole? The documented history of hernia hole 
plugging begins in 1836 with Pierre Nicolas Gerdy  [  1  ] , a Parisian surgeon, 
who believed that an inguinal canal could be “plugged” by inverting a fold 
of scrotal skin. As a result of in fl ammation, the inguinal canal would close. 
The  fi rst documented device was an external wooden plug used by C.W. 
Wutzer, professor of surgery in Bonn, in 1841  [  2  ] . The plug was used to 
advance the testicle and scrotal skin through the hernia defect. Again, 
in fl ammation and scar was the rationale for the repair. 

 In 1886, William Macewen of Glasgow conceptualized the  fi rst use 
of an autologous internal plug. Macewen reported 33 patients on whom 
he imbricated the hernia sac and advanced it through the internal ring as 
a “plug”  [  3  ] . He started at the distal end of the sac and passed a suture 
toward the internal ring, imbricating the sac much like threading a worm 
onto a hook. When he pulled on the suture, the sac would become pleated 
“like a curtain.” He placed the “plug” through the internal ring and 
tightened the ring medially with suture. In 1956, Sir Francis Usher used 
a  fl at sheet of prosthetic polypropylene mesh (Marlex) to bridge a hernia 
defect. His creativity catapulted hernia repair to a new dimension, 
creating the opportunity for someone to forge a prosthetic device. 

   Lichtenstein Cylindrical Plug 

 In 1968, Lichtenstein began plugging femoral and recurrent hernias with 
a rolled plug of Marlex mesh. He fashioned a 2 cm × 5 cm strip of Marlex 
and rolled it into a cylinder  [  4  ]  (Fig.  5.1 ). He placed the “cigarette” plug into 
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the femoral defect and used two nonabsorbable sutures to hold the plug in 
place. In 1974, Lichtenstein reported his experience with femoral and 
recurrent hernias using the plug for repair. He pointed out that a recurrence 
from a sutured repair occurred either medial at the pubis or lateral at the 
internal ring. He realized that these are the two weakest areas of a sutured 
repair, since there is no other stitch medial nor lateral to either area to reduce 
tension or bolster the end stitch. Because the rest of the  fl oor repair remained 
strong and intact, he used only the cylindrical plug as the repair.  

 In 1990, Lichtenstein reported 20 years of experience with the 
cigarette plug repair. Using a 2 cm × 20 cm cylinder of mesh  [  5  ] . He 
stated, “Where larger defects are encountered, a second or third strip is 
employed around the  fi rst to fatten the plug as needed.” He inserted the 
tightly rolled plug  fl ush or just beneath the defect. The plug would uncoil 
until it  fi lled the defect. Lichtenstein used several interrupted 
nonabsorbable sutures to hold the plug in place. He reported 1,402 
patients repaired by this technique with a failure rate of only 1.6%.  

   Gilbert Plug and Swatch 

 In 1989, Gilbert published his classi fi cation of  fi ve types of inguinal 
hernias. He studied the anatomic differences of the  fi ve defects. Types 1, 
2, and 3 were classi fi ed as indirect. Types 4 and 5 were direct. The type 

  Fig. 5.1.    Lichtenstein plugged femoral and recurrent hernias with a rolled plug 
of Marlex mesh.       
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1 indirect hernia had a snug internal ring with the canal  fl oor intact. The 
type 2 indirect had a moderately enlarged internal ring and admitted one 
to two  fi ngers, but the  fl oor was intact. The type 3 indirect hernia had a 
large indirect defect admitting two or more  fi ngers. Because of the large 
type 3 indirect defect, the inguinal  fl oor was also incompetent. Its repair 
required reconstruction of both the  fl oor and the internal ring. The type 4 
direct hernia was a “large or full blowout defect of the inguinal  fl oor  [  6  ] .” 
The internal ring was intact. The type 5 direct hernia was a diverticular 
defect usually no larger than one  fi nger, and the internal ring was intact. 
As Gilbert meticulously created his classi fi cation system, he also created 
an intricate system of repairing each hernia according to type. From 
1984 to 1987, he used Marlex mesh to repair each of the  fi ve types of 
hernias. For the type 1 hernia, the indirect sac was invaginated. A Marlex 
 fl at mesh or “swatch” was placed over the inguinal  fl oor to reinforce it 
against future herniation. The overlay swatch was not sutured but, 
instead, held in place by approximating the transverse aponeurotic arch 
to Poupart’s ligament over the swatch, using a two-layer continuous 3-0 
Prolene. For the type 2 indirect hernia, Gilbert borrowed Lichtenstein’s 
idea of using a rolled Marlex cylindrical plug  [  7  ] . The hernia sac was 
invaginated, and the plug was placed through the internal ring and held 
there with two stitches. Again, an overlay mesh was placed, 
prophylactically, reinforcing the  fl oor. For type 3 hernias (large enough 
to be scrotal and sliding), both the internal ring and the  fl oor required 
reconstruction. A cylindrical plug was placed through the internal ring. 
The  fl oor was opened, and an underlay graft was placed in the preperitoneal 
space. Tissue was sutured over the graft. For type 4 hernias, the entire 
 fl oor was opened and reconstructed—identical to type 3 hernias. Later, 
an overlay graft was also added. The type 5 diverticular direct defect was 
repaired using a Marlex plug-graft and an adjunctive Marlex overlay 
graft. For small recurrent hernias, only a rolled Marlex plug-graft was 
used for the repair.  

 The con fi guration of the plug also changed over time. In some 
patients, “the plug was annoyingly palpable  [  8  ] .” Subsequently, the hand-
rolled plug was then placed deeper, completely through the internal ring 
into the preperitoneal space, and allowed to unravel against the anterior 
abdominal wall; however, the plug did not consistently unroll, and still 
some patients reported feeling the wad of mesh. Gilbert was dissatis fi ed 
that the mesh did not always unroll but remained coiled, causing scarring 
and discomfort. To correct this, he began with a 2.5 in. × 2.5 in. square 
piece of  fl at mesh, next, cut the radius, and then folded the mesh into a 
closed umbrella con fi guration (Fig.  5.2 ). He placed the closed umbrella, 
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point  fi rst, completely through the internal ring. The umbrella was 
allowed to unfold, anticipating it would lay  fl at in the preperitoneal 
space. The  fl attened umbrella did not require suture  fi xation. This very 
intricate system was successful in terms of low recurrence rates and 
became known as Gilbert’s sutureless umbrella plug repair.  

   Rutkow-Robbins Hand-Rolled Umbrella/Cone 
Plug 

 Rutkow and Robbins modi fi ed the Gilbert classi fi cation  [  9,   10  ] , 
enlarging the dimensions of the type III hernia and adding pantaloon 
(type VI) and femoral hernias (type VII). Type I indirect has a tight 
internal ring. Type II indirect hernia has a moderately enlarged internal 
ring. Type III indirect hernia has a patulous internal ring greater than 
4 cm and occupies most of the inguinal  fl oor. Type IV direct hernia is a 
fusiform defect of the entire inguinal  fl oor. A type IV hernia is essentially 
the same as a type III defect, except the defect begins medial to the 
epigastric vessels. Type V is a diverticular defect within the inguinal 
 fl oor, type VI is a pantaloon indirect and direct hernia, and type VII is a 
femoral hernia. 

 In 1989, Rutkow and Robbins used a hand-fashioned umbrella plug 
for their  fi rst sutureless repair of a type I indirect hernia. At 1 week 
post-op, the patient had markedly less discomfort than Rutkow and 
Robbins observed in their previous 3,000 sutured hernioplasties. They 
proceeded to repair small indirect hernias (type I and II) with a plug. 

  Fig. 5.2.    Gilbert used 
Marlex mesh to repair each 
of the  fi ve types of hernias.       
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Because there was no shutter mechanism for a type III indirect hernia, 
they made larger umbrellas and partially opened the umbrella plug. The 
cone was placed point  fi rst and advanced until the widest portion of the 
cone was at the level of the defect. At this level, the plug was  fi xated with 
three to six interrupted absorbable stitches. The stitches were not 
deep into the tissue, simply sustaining the plug in the appropriate 
position. A larger plug was used for type IV defects. Type IV defects 
sometimes required a second plug. Pantaloon defects often required two 
or even three cone-shaped plugs sutured together, shoulder to shoulder. 
Rutkow and Robbins believed that the plug was the repair and an overlay 
 fl at mesh was optional. Later, an overlay mesh was routinely used to 
prevent a new hernia. The  fl at mesh was laid over the internal oblique 
and directed toward the pubis. The overlay mesh was not sutured to 
tissue. A slit was cut laterally for the cord, and the tails were sutured to 
themselves around the cord. For type III indirect and type IV direct 
hernias, multiple sutures were used to secure the plug. 

 By the end of 1991, the umbrella plug was used to repair all types of 
hernias. In 1993, Rutkow and Robbins reported their experience of 1,563 
mesh-plug hernioplasties from January 1989 through December 1992. 
Their recurrence rate was 0.1%. They had standardized the mesh-plug 
inguinal hernia technique for all indirect, direct, and femoral hernias.  

   Bard PerFix Plug 

 In 1993, Rutkow and Robbins participated with C.R. Bard Company 
to develop a preformed plug out of Marlex mesh (PerFix)  [  11–  14  ]  
(Fig.  5.3 ). The tip of the PerFix plug was more rounded in contrast to the 
sharply pointed cone plug. The outer portion of the PerFix plug was 
 fl uted. To reduce the likelihood of contracture and to provide bulk, eight 
mesh petals were placed inside the shuttlecock-looking device. 
Eventually, four plug sizes were offered. A 3 cm × 6 cm overlay mesh 
was provided with the plug. This standardized the plug/patch device so 
that it could be used by any surgeon.  

 Rutkow and Robbins stated: “The less we dissect, the better the 
result.” They made a 4- to 6-cm oblique incision with a knife. All other 
dissection, including mobilization of the sac, was with electrocautery. If 
the ilioinguinal or genitofemoral nerves were identi fi ed, they were 
preserved, but they were not intentionally looked for. The cord was 
mobilized, and the sac was dissected “high” through the internal ring. 
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The sac was not opened and not ligated. The appropriate size of mesh 
plug was inserted. For small indirect hernias, one to two interrupted 3-0 
polyglactin (Vicryl) sutures were used. In larger indirect and large direct 
hernias, the plug was secured with 8–10 stitches. If necessary, petals 
could be removed to reduce the bulk—especially for thin, athletic 
patients. For large direct hernias and for pantaloon hernias, two or more 
plugs were used, and the plugs were sutured to each other. A 3 × 6 cm 
precut  fl at Marlex mesh was placed over the  fl oor for reinforcement. 
A single absorbable stitch brought the tails together around the cord. The 
patch was laid over the internal oblique, and the cord passed anterior to 
the mesh. The mesh itself was not sutured to underlying tissue. For 
femoral hernias, an infrainguinal approach was made. Petals were 
removed from a small plug. If the hernia sac could not be reduced, it was 
transected and ligated. A small plug was held in place by suturing it to 
surrounding tissue. 

 For recurrent hernias, the rule was to dissect even less. First, they 
exposed the defect, making no attempt to dissect through fused layers. 
The spermatic cord was not mobilized unless it was necessary to expose 
the defect. The appropriate size plug was held in place with multiple 
interrupted stitches. The onlay patch could be used only if there was 
suf fi cient room for placement. 

 Between 1989 and 1997, Rutkow and Robbins performed 3,268 
mesh-plug hernioplasties. 88% were primary repairs. 12% were recurrent 
repairs. This included 1,708 hand-rolled Marlex umbrella/cone plugs 
and 1,560 PerFix preformed plugs. The use of the PerFix plug further 
decreased their operating time by 4 min. The skin-to-skin operating time 
was 17 min for primary hernioplasty and 20 min for recurrent hernioplasty. 
95% of all patients returned to daily activities within 3 days of their 
operation. Of the 2,861 initial indirect and direct repairs, there was less 
than a 1% recurrence rate. Of the 32 patients with primary femoral 

  Fig. 5.3.    Rutkow and 
Robbins participated with 
C.R. Bard Company to 
develop a preformed plug 
out of Marlex mesh (PerFix).       
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hernioplasty, there were no recurrences. To repair a recurrent hernia, 
there was a 3% chance of recurrence. For a multiply recurrent hernias, 
there was a 9% risk of recurrence, and an alternative repair (preperitoneal, 
Stoppa, or laparoscopic) was recommended. 

 Prospective and randomized studies support the simplicity, 
effectiveness, and economical advantage of the Rutkow and Robbins 
technique of PerFix plug/patch, demonstrating no statistical increase of 
recurrence rate or long-term groin pain  [  15–  20  ] .  

   Complications of the Plug-Patch 

 Any operation can have complications, and plug and patch is no 
exception. Complications are lessons to be learned. Unfortunately, the 
standardized operation by Rutkow and Robbins has been liberally 
modi fi ed by surgeons performing plug-patch hernioplasty. Certainly, 
some of the complications are related to technical errors—improper 
placement,  fi xation, or patient selection. There are multiple anecdotal 
reports of plug erosion and migration  [  21–  27  ] . Because the point of the 
plug stretches the peritoneum, it is possible that the tip of the plug either 
creates a break in the peritoneum at the time of insertion or the peritoneum 
thins over time, exposing the plug to the abdominal cavity. Plugs have 
caused deep vein thrombosis, migrated into the scrotum, eroded in the 
bladder, iliac vessels, and intestine. 

 Some complications are related to mesh shrinkage. Amid  [  28  ]  reports 
 fl at mesh will lose 20% of its size secondary to scar. According to 
LeBlanc  [  29  ] , “a cone will lose 70% of its volume if it loses 20% of its 
surface area, thereby adversely affecting its ability to  fi ll a defect.” Mesh 
will shrink regardless of whether absorbable or nonabsorbable sutures 
are used. As the plug separates from the defect, it increases the likelihood 
of recurrence or frees the plug for potential migration. 

 While    it has been alleged that the plug may cause long-term neuralgia, 
the direct correlation is dif fi cult to prove. Numbness may follow any 
incision, and post-herniorrhaphy pain may be due to nerve injury or 
entrapment. Despite the reported low incidence of chronic pain by 
Rutkow and Robbins, other surgeons have not been able to duplicate 
their results  [  30  ] . LeBlanc polled 26 members of the American Hernia 
Society who reported 9% of their patients had pain that interfered with 
their lifestyle. Palot et al.  [  31  ]  found a 6.3% incidence of inguinodynia 
with plug-patch. 
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 For surgeons who believed that heavyweight mesh was linked to 
inguinodynia, Bard introduced the PerFix Light Plug in 2010 (Fig.  5.4 ). 
Bard fashioned the macroporous PerFix Light Plug from polypropylene 
mesh weighing 59 g/m 2  with a pore size of 0.48 mm 2 . The overlay 
measures 5.8 cm × 14 cm. The original PerFix plug is made from 
polypropylene, weighing 115 g/m 2  with a pore size of 0.4 mm 2 . Its 
overlay is 4.6 cm by 8.9 cm.   

   Millikan Modi fi ed Mesh-Plug Hernioplasty 

 In 1997, Dr. Keith Millikan modi fi ed the PerFix plug hernioplasty 
 [  32  ] . Millikan noted that Rutkow and Robbins positioned the  fl uted 
portion of the plug to the edge of the defect, causing the plug to protrude 
further than necessary toward the abdominal cavity. Millikan inserted the 
entire plug through the defect, but instead of suturing the  fl uted edge to 
the defect allowed the  fl uted portion to lay much  fl atter in the preperitoneal 
space extending away from the defect. The plug was secured by its petals. 
This method of  fl attening the plug appeared to have several bene fi ts: 
wider overlap of the defect and less protrusion of the tip toward the 
abdominal cavity. 

 In 2003, Millikan reported results of 1,056 patients who underwent 
primary unilateral herniorrhaphy. For type I and type II indirect hernias, 
the inside petals of a large plug were sutured to the internal oblique 

  Fig. 5.4.    For surgeons who believed that heavyweight mesh was linked to 
inguinodynia, Bard introduced the PerFix Light Plug in 2010.       
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portion of the internal ring. For type III indirect and type IV and V direct 
hernias, an extra-large plug was used. Petals were sutured to the conjoined 
tendon, Cooper’s ligament, and the shelving edge of the inguinal 
ligament. Mono fi lament permanent sutures were used for plug  fi xation 
for types III, IV, and V. The onlay mesh was placed around the cord and 
the tails secured with a stitch. The mesh itself is not suture  fi xated. At 
1 year, recurrence rate was 0.1%. 95.9% of patients had returned to 
normal activities by the third postoperative day. The incidence of 
postoperative groin pain was only 0.5%. There were no reports of erosion 
or migration.  

   Atrium ProLite Mesh and ProLoop 

 In 1997, Atrium provided the plug-patch surgeon another alternative. 
The ProLite self-forming plug consists of three circular layers of ProLite 
mesh made from polypropylene mesh weighing 85 g/m 2  (Fig.  5.5 ). The 
three layers are welded at 3, 6, 9, and 12 o’clock. A central tab has been 
added that can be grasped, facilitating insertion. The circular mesh forms 
a conical plug as it is introduced through a hernia defect. Dr. Goldstein 
recommended suturing the plug in place with interrupted mono fi lament 
sutures  [  33,   34  ] .  

 In 2001, Atrium introduced the ProLoop plug (Fig.  5.6 ). ProLoop is 
a preformed polypropylene plug that has 30% less polypropylene than 
the PerFix plug. The ProLoop plug has multiple protruding mono fi lament 
loops that reportedly keep the plug from deforming as it is inserted 
through the defect. The loops reduce contact of the plug with surrounding 
tissue—in hopes of reducing mesh/plug shrinkage, hardening, and 
contracture. The intent is to decrease the incidence of long-term groin 
pain. Two overlay patches are available: One is an oval pointed patch 
measuring 4.6 cm × 8.9 cm with a lateral slit, and the other is a blunted 
5.0 cm × 8.9 cm overlay with a caudal slit.  

 A study by Sanders  [  35  ]  randomized 239 patients between Lichtenstein 
repair, PerFix plug and patch, and ProLoop plug-and-patch repair of 
primary inguinal hernias. No signi fi cant statistical differences in 
recurrence rates, complications, or inguinodynia were noted. Recurrence 
rate for the ProLoop plug was 2.1%, for the PerFix plug 1%, and 2% for 
Lichtenstein repair. All procedures were performed under local anesthesia 
with 100 mg diclofenac suppository given 1 h preoperatively. Operative 
times were comparable: 32.9 min for the ProLoop plug, 31.1 min for the 
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PerFix plug, and 32.8 min for the Lichtenstein tension-free mesh repair. 
By    comparison to the Rutkow study of 2,060 patients that had a 1% 
recurrence for primary hernia repair and 2% for recurrent hernia repair at 
6 years, Sanders suggested that surgery in a highly specialized center for 
inguinal hernia repair by higher volume surgeons would have a lower 
recurrence rate.  

   Ethicon Ultrapro Plug and Patch 

 In 2007, Ethicon introduced a double-sided low-pro fi le plug that 
works well for hernia defects that are 3 cm and smaller. The plug looks 
like a circular plate (anchor) connected to a shallow bowl (rim) (Fig.  5.7 ). 
For a large plug, the preperitoneal portion or “anchor,” measures 5 cm in 

  Fig. 5.5.    The Atrium 
ProLite self-forming plug 
consists of three circular 
layers of ProLite mesh made 
from polypropylene mesh 
weighing 85 g/m 2 .       

  Fig. 5.6.    In 2001, Atrium 
introduced the ProLoop 
plug.       
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diameter. Once inserted, the anchor lies  fl at in the preperitoneal space. 
The  fl at and  fl exible anchor is unlikely to erode through peritoneum. The 
inguinal  fl oor portion or “rim” measures 5 cm in diameter. The rim lies 
on top of the inguinal  fl oor. For indirect hernias, if a wedge of the rim is 
removed, it keeps the rim from lying on top of the cord and tilting the 
position of the rim.  

 The plug is 25%    PROLENE* (polypropylene) and 75% MONOCRYL* 
(poliglecaprone 25). The prolene portion of the plug is lightweight mesh 
28 g/m 2 . The weight of the large plug before absorption is 2.82 g. The 
absorbable component improves handling characteristics and absorbs in 
120 days. The weight of the large plug postabsorption is only 0.26 g. 

 The overlay patch is 25% ULTRAPRO* (31 g/m² and intertwined 
with MONOCRYL*) and measures 7.5 cm × 12 cm. Usually, the patch 
can be placed without trimming. A slit for the cord can be fashioned 
lateral or caudal. 

 Three or four absorbable sutures are used to “position” the overlay 
patch. The  fi rst stitch attaches the patch to the rectus fascia, assuring a 
1.5–2 cm overlap medially. Lateral to that, two of the stitches will 
incorporate the overlay patch, the rim of the plug, and together are af fi xed 
to the iliopubic tract (Fig.  5.8 ).  

 Holzheimer, RG reported about early outcomes for outpatient inguinal 
hernia repair among 16 specialized hernia centers in Germany. A register 
was introduced on October 1, 2009, with an online hernia database (www.
qs-leistenhernie.de)  [  36  ] . By poster at the International Ambulatory 
Surgery conference, Koch reported early results of 1,322 cases. 57% had 
UHS (UltraPro Hernia System) and 43% UPP. At 12 weeks, the recurrence 
rate was 0.7%, inguinal pain 2.3%, and testicular pain 0.7%. Their early 
conclusion was that the “incidence of pain” was comparable or less than 
other repairs. The ongoing database will provide continuous documentation 
and quality control in hernia surgery. Since introduction of UPP, more 
than 200,000 procedures have been performed worldwide.  

  Fig. 5.7.    In 2007, Ethicon 
introduced a double-sided 
low-pro fi le plug, the Ethicon 
Ultrapro Plug, that works 
well for hernia defects that 
are 3 cm and smaller.       
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   Gore Bioabsorbable Hernia Plug 

 In 2004, W. L. Gore introduced a synthetic, completely absorbable 
hernia plug (Fig.  5.9 ). It is made of 67% polyglycolic acid (PGA) and 
33% trimethylene carbonate (TMC)—the same material composition as 
Maxon suture. After implantation, the plug retains 70% tensile strength 
at 3 weeks, 0% tensile strength at 6 weeks, and is completely absorbed 
by 6 months. Following repair with the Gore plug and overlay patch, four 
studies show an impressively low incidence of long-term groin pain 
 [  37–  40  ] . For implantation, the plug is placed entirely within the 
preperitoneal space and allowed to lay as  fl at as possible. The porous 
surface of the material “sticks” to surrounding tissue. The plug requires 

  Fig. 5.8.    Three or four 
absorbable sutures are used 
to “position” the overlay 
patch of the Ultrapro Plug. 
The  fi rst stitch attaches the 
patch to the rectus fascia 
assuring a 1.5–2 cm overlap 
medially. Lateral to that, two 
of the stitches will 
incorporate the overlay 
patch, the rim of the plug, 
and together are af fi xed to 
the iliopubic tract.       

  Fig. 5.9.    In 2004, Gore 
introduced the Gore 
Bioabsorbable Hernia Plug       .
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no  fi xation. Since the plug completely absorbs, there is absolutely no risk 
of migration or erosion. The plug keeps the hernia reduced as the overlay 
mesh incorporates. In doing so, less  fi xation is needed for the overlay 
patch. For the overlay patch, good selections are macroporous 
polypropylene, hydrophilic polyester, or self-adhesing polyester.   

   Lessons Learned and Opinions 

 The 3D plug and patches available to the surgeon allow the surgeon 
to tailor the plug and patch to best  fi t the needs for initial inguinal 
hernia repair. Patients with a defect of 3 cm or smaller are excellent 
candidates for plug-and-patch repair. Poor candidates for plug and 
patch are patients with giant hernias, large recurrent hernias, multiply 
recurrent hernias, and obese patients where subcutaneous fat is greater 
than 5–6 cm. 

 LeBlanc stated, “Simplicity should not be confused with complacency.” 
Some are quick to correlate the plug with pain. A surgeon should understand 
the plug-and-patch repair in its entirety. Components of the procedure are 
a combination of mesh and technique. Inguinodynia seemingly must come 
from one of four sources: Dissection, the plug, overlay patch, or  fi xation. 
It is a surgeon’s responsibility/obligation to properly identify and not injure 
nerves. However, if a nerve interferes with  fl at placement of the overlay, 
the nerve should be transected and ligated. Whatever plug material is used, 
its preperitoneal deployment should be larger than the defect it traverses. 
Cone-shaped mesh plugs require suture  fi xation. For cone mesh plugs, 
migration might be a concern. A single nonabsorbable loose stitch between 
the overlay patch and plug should prevent any risk of plug migration. 
When covering the myopectineal ori fi ce, the bigger the patch, the better. 
The overlay patch should extend 1.5–2 cm medial to the pubis and 3–4 cm 
lateral to the internal ring. Since the plug reduces the hernia immediately 
with implantation, the overlay need only be positioned correctly—not 
 fi xated. Surgeons have the option of using loose stitches,  fi brin sealant, or 
nothing at all. 

 Plug and patch has a short learning curve and a proven track record 
for low recurrence. As a result of modi fi cations of plug-and-patch 
materials and techniques, this durable procedure has culminated in fewer 
and fewer complications with a decreasing incidence of inguinodynia. 
The plug-patch will remain a popular choice for inguinal hernia repair 
for years to come.      
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    6.     Technique: Laparoscopic TEP       

     Guy   Voeller       and    Benjamin   S.   Powell       

      Indications 

 Open inguinal hernia repair is one of the most common surgical 
procedures performed. Laparoscopic repair of inguinal hernia gives 
excellent results when performed by surgeons expert in the technique 
and is estimated to make up between 15 and 30% of inguinal hernia 
repairs in the USA. We believe, however, a good herniologist should 
have multiple options to offer his/her patients. Most hernia repair 
methods, both open and laparoscopic, have literature supporting a very 
low recurrence rate when using mesh. The majority of data does show 
that the laparoscopic repair leads to less acute pain and quicker recovery, 
but most importantly, when done correctly, the risk of chronic pain is 
lower for the laparoscopic repair. Most patients referred for repair are 
symptomatic, and we advocate  fi xing all symptomatic inguinal hernias if 
the patient can tolerate surgery. If the patient is asymptomatic, then we 
will discuss watchful waiting realizing that many will eventually become 
symptomatic. We perform both laparoscopic and open repairs for inguinal 
hernia in the range of 250 per year. For a surgeon to become comfortable 
with the laparoscopic repair, it requires a signi fi cant amount of repetition 
to become pro fi cient enough to have almost no morbidity and to have 
low long-term recurrence rates. We believe TEP inguinal hernia repair 
can be used in the following instances:

    1.    Unilateral hernias: Some believe only recurrent or bilateral hernias 
should be done with the laparoscope. We disagree. We believe that 
the  only  way to become pro fi cient at lap repair is to learn the 
technique on the unilateral, virgin inguinal hernia. The recurrent 
hernia can have scar tissue that distorts anatomy and makes the 
case more dif fi cult. Bilateral repairs will take a long time until the 
learning curve is shortened, and thus, it can be very frustrating for 
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the novice surgeon. Lastly, when done properly, the unilateral 
repair makes for a very satis fi ed patient.  

    2.    Recurrent hernia: This is the ideal hernia to repair if the prior 
repair was done open since the surgeon is avoiding all the scar 
tissues left from the previous repair.  

    3.    Bilateral hernias: These hernias probably have the most bene fi t 
for repair of all indications for obvious reasons.      

   Contraindications 

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

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

   Patient Positioning and Room Setup 

 Patient positioning for laparoscopic inguinal hernia repair is the same 
for TAPP and TEP inguinal hernia repair.

    1.    The patient is positioned supine on the operating table, with both 
arms tucked at his or her sides. Having the arms tucked allows for 
adequate room for the surgeon and other assistants to stand.  

    2.    The video monitor is placed at the foot of the table.  
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    3.    A Foley catheter can be placed if so desired to decompress the 
bladder; we only place 5 cm 3  of  fl uid in the Foley balloon. There 
have been reports of bladder injury, and one mechanism may be 
sheer force between the Foley balloon with 10 cm 3  and the 
preperitoneal distention balloon. The bladder must be totally 
decompressed to place the mesh far down over Cooper’s 
ligament, especially in direct hernias. Voiding prior to surgery 
is not adequate since anesthesia begins giving  fl uids that quickly 
 fi ll the bladder and thus limit proper placement of the mesh 
down over the pubic bone.  

    4.    The assistant stands on the side of the hernia to hold the camera, 
while the operative surgeon stands on the opposite side.      

   Pertinent Anatomy 

 A thorough knowledge of preperitoneal anatomy is required to 
perform an excellent TEP. Complete visualization of the myopectineal 
ori fi ce is accomplished with the laparoscope, and any type of groin 
hernia is adequately visualized (Fig.  6.1 ). Initial dissection of a TEP 

  Fig. 6.1.    Male groin anatomy. In the female, the round ligament of the uterus 
leaves the internal ring (From Scott-Conner CE, ed. The SAGES Manual: 
Fundamentals of Laparoscopy, Thoracoscopy, and GI Endoscopy, 2nd Ed., New 
York, Springer, 2006, with permission of Springer Science + Business Media).       

 



74 G. Voeller and B.S. Powell

hernia begins in the posterior rectus space. This space becomes the 
preperitoneal space below the arcuate line and is continuous with the 
space of Retzius of the pelvis. Some authors have used phrases such as 
“triangle of pain” and “triangle of doom”; however, we believe these 
terms should be used sparingly. There is a large amount of variability of 
the iliac artery and nerves in this region; hence, a thorough understanding 
of this region and its variabilities is paramount to avoid complications. 
In some 3,000 TEP repairs, we have not had an injury to bladder, colon, 
or iliac artery or vein, showing that this operation can be done safely if 
the surgeon learns the anatomy. Understanding the anatomy depicted in 
Fig.  6.1  is the key to a successful TEP repair. Key landmarks are 
necessary to keep orientation in this small space. A surgeon needs to 
recognize the pubic bone, Cooper’s ligament, inferior epigastric vessels, 
and cord structures if they are to adequate and safely perform TEP 
procedures.   

   Operative Approach 

     1.    After patient positioning, an infraumbilical incision is made in 
the midline. Dissection is carried down to the fascia with 
S-shaped retractors. We prefer to incise the rectus sheath on the 
same side as the hernia.  

    2.    A longitudinal incision in the rectus sheath is made just off 
midline on the side of the hernia. A hemostat is used to widen 
incision to accommodate an S-shaped retractor behind the 
rectus sheath. The rectus muscle is then retracted laterally.  

    3.    A balloon dissector is used next to facilitate dissection in the 
preperitoneal space. We prefer the original round unilateral 
balloon since it will not tear the epigastric vessels or damage 
tissue layers as can the bilateral balloon. While the dissection 
can be done without the balloon, we have found it is quicker, 
more uniform, and less bloody when the balloon is used.  

    4.    The balloon dissector is passed along the posterior sheath until 
it contacts the pubic bone. Once the pubis is felt with the 
balloon dissector, the balloon is insuf fl ated under direct vision 
with the laparoscope. Careful placement of the dissector is 
key so as not to tear the peritoneum or cause bleeding along 
the pubic bone.  
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    5.    The balloon dissector is removed, and a balloon-tipped trocar is 
placed into the retrorectus space. Carbon dioxide is then used to 
insuf fl ate the preperitoneal space. Lower pressures of 12 mmHg 
are used to prevent subcutaneous emphysema which will 
compromise the operative space.  

    6.    A 45° 10-mm laparoscope is used, and two more 5-mm trocars are 
placed. The  fi rst 5-mm trocar is placed suprapubic, and the second 
is placed halfway between the other two trocars (Fig.  6.2 ). The 45° 
laparoscope allows the surgeon to mimic the open repair as described 
by Rives, i.e., sweeping the peritoneum back to the level of the 
umbilicus. The patient is then placed in Trendelenburg position.   

    7.    Initial dissection is done to clear off tissue along the pubic bone 
to clearly visualize Cooper’s ligament. In direct hernias, this 
means reducing the fat from the defect and pushing the 
transversalis sac back down into the defect. If the patient has a 
low insertion of the arcuate line, this is cut at this time and 
retracted to the level of the umbilicus.  

  Fig. 6.2.    Trocar placement for TEP 
(From Scott-Conner CE, ed. The 
SAGES Manual: Fundamentals of 
Laparoscopy, Thoracoscopy, and GI 
Endoscopy, 2nd Ed., New York, 
Springer, 2006, with permission of 
Springer Science + Business Media)       .
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    8.    The lateral space is then dissected to allow for adequate 
placement of the mesh. The peritoneum must be dissected off of 
the cord, anterior abdominal wall, and the retroperitoneum. The 
peritoneum overlying the psoas is swept cephalad so that the 
mesh will lie on the muscle.  

    9.    During this dissection, the nerves are often seen. Care should be 
taken at this point to leave a fat layer on the abdominal wall to 
minimize bleeding and possible damage to these nerves. Once 
the lateral space has been dissected free, attention is then turned 
to dissection of the cord structures. The peritoneum is usually 
pulled medially and cord structures swept laterally. This allows 
the surgeon to see the proper plane which is between the 
peritoneum and the vessels on the vas deferens.  

    10.    Any hole in the peritoneum can be dealt with by decreasing the 
insuf fl ation pressure to 10 mmHg, and if necessary, a Veress 
needle can be placed into the peritoneal cavity above the 
umbilicus for decompression. Holes in the peritoneum do not 
need to be closed as long as the CO 

2
  is evacuated completely 

from the peritoneal cavity. Once this is done, the edges of the 
defect come together and heal quickly.  

    11.    We use a polyester mesh (Parietex™) for the repair since Rives 
and Stoppa believed it was soft and readily would contour to all 
the curves of the preperitoneal space (unlike polypropylene). 
Our mesh is anatomically shaped (there are right and left 
meshes) and speci fi cally designed for laparoscopic placement 
in the preperitoneal space. The key is to do a large dissection of 
the space so the mesh simply falls over the myopectineal area 
with coverage of all potential hernia defects.  

    12.    The mesh is positioned so that there is adequate coverage of 
both the direct and indirect spaces. Direct hernias must have the 
mesh extending at least 2 cm beyond the defect in all directions. 
More important than an overlap of 2 cm, the medial extent of 
the mesh should be aligned or even pass the midline of the 
abdomen, and if bilateral, both medial aspects of each mesh 
should overlap in the midline. It is imperative to understand that 
the medial extent of large direct defects can extend to within 
2 cm of the midline. We use an onlay technique over the cord 
structures and do not keyhole our mesh, mimicking the original 
open repair of Rives (Fig.  6.3 ).   

    13.    While some believe the mesh does not need to be  fi xated, we 
believe in most situations, at least some  fi xation is key for 
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long-term success. Rives and Stoppa both sutured the mesh 
when they described the open preperitoneal technique, and we 
try to mimic what they described. Kes, Schwab, and Katkhouda 
all have shown the mesh does move and migrate and is displaced 
without  fi xation. The Tisseel™ brand of  fi brin glue works the 
best as a true adhesive and is our choice for use in our TEP 
repair, and so the remainder of this section will focus on our 
technique with the use of glue. That being said, the editors of 
this manual point out that there are a variety of ways of  fi xing 
the mesh other than the use of glue (permanent tacks, absorbable 
tacks, self-gripping mesh, no  fi xation), and all methods can 
produce optimal outcomes in the hands of someone experienced 
in that technique. 

 The  fi brin glue works very well with the pore size and  fl exibility of 
the mesh. The use of the  fi brin glue is an off label use of the product, but 
it has been used for years in Europe for hernia repair, and we have used 
it since 2003 for our TEP repairs. Not all  fi brin glue is the same, and not 
all meshes work well with  fi brin glue. The  fi brin glue dries immediately 
and disappears in a few weeks postoperatively. The advantage of the glue 
is we can mimic the open repair as described by Rives and  fi x the mesh 

  Fig. 6.3.    Mesh placement for TEP inguinal hernia repair (From Scott-Conner 
CE, ed. The SAGES Manual: Fundamentals of Laparoscopy, Thoracoscopy, and 
GI Endoscopy, 2nd Ed., New York, Springer, 2006, with permission of Springer 
Science + Business Media)       .
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over the psoas, the cord, and other areas where mechanical  fi xation is not 
safe. We do NOT use the spray applicator but prefer to use the white 
applicator made by Baxter.  

    14.    Once the glue has dried, the pneumoperitoneum is evacuated, 
and we watch the peritoneum and abdominal contents fall onto 
the mesh. The fascial defect in the anterior rectus is closed with 
a 0 vicryl suture. The skin is then closed with sutures, and sterile 
dressing is applied. Early unrestricted activity is important, and 
following this technique, most patients have rather rapid 
recoveries and return to usual daily activities.      

   Complications 

 Complications from TEP repair should be extremely rare and will be 
thoroughly covered in a separate chapter in this manual. Catastrophic 
complications such as major vascular, visceral, or cord injuries should be 
virtually nonexistent in experienced hands, and we have yet to experience 
these complications. Mesh infections should be few, if at all with TEP 
repair. This section will discuss some of the complications that are seen 
and their management. 

   Vascular Injuries 

 External iliac vessel injury is by far the most dreaded vascular 
complication and requires immediate repair. More common vessel 
injuries include inferior epigastric or spermatic vessel injury. These can 
often be controlled with either clips or cautery. Vessels along the pubic 
bone making up the “corona mortis” can also bleed, leading to massive 
preperitoneal hematoma postoperatively. Care must be used when 
dissecting along the pubic bone to prevent this complication. Obturator 
vessels need to be avoided as well.  

   Nerve Injury 

 A thorough knowledge of the nerves of the inguinal region is required 
to perform this procedure well and to minimize inguinodynia. The femoral 
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branch of the genitofemoral nerve and branches of the femoral nerve, as 
well as the lateral cutaneous nerve of the thigh, are at risk for damage. 
We no longer tack with our repairs and feel that these complications 
should be infrequent. If tacks are used, these nerves should be carefully 
avoided.  

   Other 

 Urinary retention or hematuria tends to be one of the more common 
immediate sequelae after TEP repair. It is usually self-limited but might 
require replacement of a urinary catheter. Bladder injury should be rare 
and immediately repaired if seen. 

 Hernia recurrence is very rare with this approach. This can be due to 
a number of factors. Incomplete dissection, missed hernias, inadequate 
mesh coverage, and mesh displacement are all thought to lead to hernia 
recurrence. 

 Mesh-related complications are very infrequent in our experience. 
Prophylactic antibiotics are not required with TEP, and we have not 
experienced any known mesh infections in our patients. The TEP 
procedure also keeps the mesh away from intraabdominal structures; 
hence, erosion and adhesion formation that is possible with a TAPP 
approach should be minimal with a TEP.   

   Conclusions 

 TEP inguinal hernia repair gives excellent results for all types of 
inguinal hernias. Knowledge of anatomy, gentle dissection, and hundreds 
of repairs are required for minimal morbidity and low recurrence rates.      
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    7.     Technique: Laparoscopic TAPP 
and IPOM       

     William S.   Cobb   IV             

 The ideal inguinal hernia repair should provide adequate coverage of 
the myopectineal ori fi ce of Fruchaud with durable results that are 
reproducible when taught to other surgeons. While a low recurrence rate 
is desirable, the incidence of long-term groin pain must be considered as 
well. Placing mesh posterior to the defect utilizes the intra-abdominal 
pressures to support the repair. Additionally, the transabdominal 
laparoscopic approach provides excellent visualization of the inguinal 
region from a vantage point that all surgeons are comfortable with. 

   Anatomy 

 A successful laparoscopic inguinal hernia repair relies on the 
surgeon’s grasp of the inguinal anatomy, particularly from a posterior 
vantage point. The laparoscopic repair of groin hernias provides minimal 
access but not minimal invasion. It is imperative to understand the 
location of the iliac vessels, genitofemoral and lateral femoral cutaneous 
nerves, and bladder to avoid catastrophic complications. Other landmarks 
of the posterior abdominal wall and inguinal region assist in describing 
the repair correctly (Fig.  7.1 ).  

 The umbilical ligaments are important landmarks for the TAPP 
inguinal hernia repair. The median umbilical ligament consists of the 
atretic urachus and courses from the dome of the bladder to the umbilicus. 
The paired medial and lateral umbilical ligaments are folds of the 
peritoneal that contain the obliterated umbilical arteries and the inferior 
epigastric vessels, respectively. 
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 Once the peritoneum is peeled away, the inferior epigastric vessels 
are uncovered. These vessels are important landmarks, which lead 
inferiorly to the iliac vessels. Medially, the prevesical space of Retzius is 
entered anterior to the bladder. The pectineal ligament (Cooper’s) is 
identi fi ed medially. Just superior to pectineal ligament courses the 
“corona mortis” which is a direct branch of the iliacs. Frequently, an 
accessory obturator vessel traverses the pectineal ligament. These vessels 
must be appreciated and respected to avoid potential complications. 

 The iliopubic tract is a thickening of the inferior margin of the 
transversalis fascia. It parallels the course of the more super fi cial inguinal 
ligament, running from the pubic tubercle to the anterior superior iliac 
spine. Fixation devices should not be placed below the iliopubic tract to 
avoid damage to nerves and major vessels.  

   Preoperative Considerations 

 All patients with a groin hernia can be considered for a laparoscopic 
repair. The laparoscopic approach is preferred in bilateral inguinal 
defects, recurrent defects following an anterior repair, and inguinal 
defects with concomitant pathology requiring laparoscopy. Larger 
inguinoscrotal defects are certainly more challenging for a laparoscopic 
approach and should be avoided early in one’s experience. 

 Candidates for a laparoscopic inguinal hernia repair should be 
able to tolerate general anesthesia. Absolute contraindications include 

  Fig.  7.1.    The anterior abdominal wall and inguinal region from the intra-abdominal 
perspective.       
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active intra-abdominal infection or peritonitis. Relative contraindications 
include coagulopathy, ascites, and previous retropubic dissection. 

 The preoperative consultation should include discussion of potential 
complications. Patients should be provided with the risks vs. bene fi ts of both 
laparoscopic and open repairs and then allowed to choose. The purported 
bene fi ts of the laparoscopic repair include earlier return to activity, the ability 
to diagnose occult hernias, and potentially less chronic groin pain.  

   Intraoperative Setup 

 Equipment needs for a laparoscopic inguinal herniorrhaphy include a 
standard laparoscopic instrument set. The Maryland dissector and blunt-
tipped  fi ne-toothed graspers are all that are typically needed for dissection. 
The endoshears are necessary and are attached to the electrocautery 
cord. 

 The patient is asked to void his bladder prior to being brought back to 
the operating suite. A urinary catheter is usually not necessary. The 
intraoperative  fl uids are held to less than one liter if possible to prevent 
potential urinary retention. 

 Patients receive prophylaxis for deep venous thrombosis in the form 
of sequential compression devices and subcutaneous heparin. A  fi rst-
generation cephalosporin is given preoperatively. 

 The patient is prepped and draped for possible conversion to an open 
repair. The patients’ arms are carefully padded and tucked at the sides 
bilaterally. The surgeon stands on the side opposite the inguinal hernia. 
The dissecting instrument is held in the hand of the same side as the 
hernia (i.e., a right-sided defect is a right-handed repair and vice versa). 
The video monitors are placed at the patients’ feet (Fig.  7.2 ).   

   Operative Technique: TAPP 

 Initial entry should be achieved per the surgeon’s comfort level. 
Trocars are placed at the infraumbilical fold (12 mm) and just lateral to 
the edge of the rectus muscle at the level of the umbilicus bilaterally 
(5 mm). A long-acting local anesthetic is injected at the trocar sites prior 
to making the incision. We prefer a cutdown, umbilical stalk technique 
for initial entry at the umbilicus. A 5-mm 30° laparoscope is placed on 
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the side of the hernia and held by the assistant. Inspection of the bilateral 
inguinal regions is performed to assess for occult defects. The patient is 
placed in Trendelenburg position to allow for the intra-abdominal 
contents to “fall away.” 

 Dissection begins at the level of the medial umbilical ligament. 
Beginning the dissection high on the abdominal wall just inferior to the 
umbilicus allows for the creation of a sizable, preperitoneal pocket which 
makes placement of mesh easier. The Maryland dissector is used to 
retract posteriorly, and the shears are used to open up the peritoneum. 
Ideally, the plane between the parietal peritoneum and the transversalis 
fascia is developed. With continued gentle retraction posteriorly, the 
endoshears can be used to bluntly open up the preperitoneal space with 
countertraction. Medially, the space of Retzius is developed, and the 
bladder  fl ap is lowered. Laterally, the fat is carefully stripped off of the 
peritoneum. 

 Attention is then directed to the hernia sac. Reduction of the hernia 
sac depends on the type of defect. In direct defects, the peritoneal sac is 
teased away from the attenuated transversalis fascia or “pseudosac.” The 
pectineal ligament is uncovered medially until the femoral canal is 
identi fi ed. The “corona mortis” and any accessory obturator vessels 
should be visualized prior to placing tacks into Cooper’s ligament. 

 For indirect hernias, the sac dissection is more involved as it requires 
identi fi cation and preservation of the vas deferens and gonadal vessels 

  Fig. 7.2.    Operating room setup for a laparoscopic TAPP inguinal herniorrhaphy.       
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(Fig.  7.3 ). In the female patient, this dissection is simpli fi ed by dividing 
the round ligament. Smaller indirect sacs can be dissected free of the 
cord structures and completely reduced. With large indirect sacs and 
especially inguinoscrotal hernias, the sac can be dissected free of the 
vas deferens and gonadal vessels and then divided. This maneuver may 
result in postoperative seroma but does reduce the risk of ischemic 
orchitis.  

 Once the sac is reduced, the cord structures are skeletonized off the 
peritoneum to the level of the psoas muscle. This dissection provides for 
a large peritoneal pocket for mesh placement and importantly reduces 
the risk of an inferior recurrence. Development of the pocket inferiorly is 
best achieved by grasping the peritoneum and retracting in inward while 
teasing away the retroperitoneal attachments. 

 After an adequate-sized preperitoneal pocket has been developed, a 
mesh is brought onto the  fi eld for reinforcement of the myopectineal 
ori fi ce. A tissue-separating or barrier-type mesh is not necessary because 
of the protection provided by the peritoneum. A  fl at, uncoated polyester 
or polypropylene-based material works well in the groin. Macroporous, 
lightweight materials are preferred for enhanced ingrowth and potential 
reduction in pain. Typically, a mesh measuring 12 × 15 cm is utilized. 
There is no need to slit the mesh. The blunt-tipped graspers are well-
suited to manipulate the mesh and avoid having the tips of the  fi ner-
tipped Maryland grasper get caught in the interstices of the macroporous 
meshes. The mesh should provide adequate coverage of the indirect and 
direct inguinal spaces as well as the femoral space. The inferior edge of 
the mesh should lie  fl ush against the retroperitoneum and not curl under 
when the peritoneum is elevated (Fig.  7.4 ).  

  Fig. 7.3.    In direct defects, the sac is reduced while preserving the vas deferens 
and gonadal vessels.       
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 Mesh  fi xation can be achieved with mechanical devices (staples or 
tacks) or  fi brin sealants. Staples are placed on Cooper’s ligament at 2–3 
points and to the anterior abdominal wall where the tip of the tacker can 
be palpated in 2–3 additional spots. By palpating the tip of the  fi xation 
device, one avoids  fi ring  fi xation constructs below the iliopubic tract, 
which can damage nerves or vessels (Fig.  7.5 ).  

 The repair is completed by re-approximating the peritoneal  fl ap. 
Closure is achieved with suture, staples, or tacks. Staples are preferred. 
They are not driven into the abdominal wall, thereby minimizing trauma, 
and they save time as compared to suturing. Hemostasis is con fi rmed and 
the integrity of the peritoneal closure is assessed. Any additional tears in 
the peritoneum that occurred during the dissection can be closed with the 

  Fig. 7.4.    The inferior edge of the mesh should not move when the peritoneal  fl ap 
is elevated.       

  Fig. 7.5.    Mesh covers the 
myopectineal ori fi ce and is 
secured with staples placed 
above the iliopubic tract.       
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stapler or suture. The trocars are removed under laparoscopic visualization 
to ensure no injury or bleeding from the inferior epigastric vessels. The 
fascial defect at the umbilicus is closed with an absorbable suture using 
a suture-passer device.  

   Operative Technique: IPOM 

 The intraperitoneal onlay mesh (IPOM) procedure for inguinal 
hernias is a transabdominal approach as well. The technique is similar to 
the laparoscopic repair of ventral hernias and involves the placement of 
a tissue-separating mesh against an intact peritoneum. The IPOM 
technique of inguinal herniorrhaphy avoids the preperitoneal dissection 
required with the TAPP repair and simpli fi es the transabdominal 
placement of mesh in the groin. The IPOM repair of inguinal hernias was 
initially described utilizing uncoated polypropylene mesh; however, with 
the advances in mesh technology, a coated, barrier mesh is preferred. 
Patient preparation, operating room setup, and trocar positioning are 
similar to the TAPP repair. A urinary catheter is routinely placed for 
bladder decompression. 

 The bilateral myopectineal ori fi ces are examined for the presence of 
inguinal and femoral defects. The sac in direct or indirect defects is 
inverted with gentle external pressure. The peritoneum is then excised 
approximately 1–2 cm from the base of the defect. The peritoneum is 
excised circumferentially to reduce the sac. The gonadal vessels and vas 
deferens are identi fi ed to avoid injury during this portion of the dissection. 
Dissection of the sac allows for removal of cord lipomas as well. Just as 
with the TAPP technique, large inguinoscrotal sacs are left intact after 
removing the peritoneum from the base of the defect (i.e., “ringing the 
neck” of the hernia sac). 

 A coated, barrier mesh measuring 12 × 15 cm is selected. The mesh is 
introduced through the 12-mm umbilical trocar. The mesh is oriented in 
the groin to provide coverage of both inguinal and femoral spaces with at 
least 3 cm of overlap of the hernia defect. The suture passer is then 
utilized to pass transabdominal sutures through the midpoint of the upper 
edge of the mesh and in each of the superior corners of the mesh. These 
three sutures are secured to  fi xate the mesh. The hernia stapler is then 
used to  fi xate the lateral and inferior aspects of the prosthesis. Medially, 
the mesh is  fi xated to the pectineal (Cooper’s) ligament. The lateral side 
of the mesh is  fi xated by palpating the tip of the stapler externally during 
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deployment. Fixation constructs are placed approximately 1 cm apart. 
Inferiorly, the staples are placed lightly and approximately 2 cm apart to 
minimize potential damage to nerves and vessels. Here, the staples 
should be  fi red in a vertical orientation to avoid nerve entrapment. 
Fixation constructs should not be placed just inferior to the internal ring 
to avoid damage to the cord structures.  

   Complications 

 Similar to open inguinal herniorrhaphy, complications following 
transabdominal, laparoscopic inguinal repair are typically rare and minor 
when they do occur. Nevertheless, a transabdominal approach does create 
the possibility of more serious complications that are typically not of 
concern with an anterior groin approach. 

 Urinary retention can occur following any inguinal repair. Patients 
with benign prostatic hypertrophy and bilateral repairs result in a higher 
incidence of urinary retention. Bladder decompression with a urinary 
catheter is usually all that is required. 

 Seromas can occur particularly with larger defects and when the sac 
is not completely reduced. They are almost always painless and self-
limiting. Rarely aspiration is required for excessively large  fl uid 
collections. 

 Wound and mesh infections are almost unheard of following 
laparoscopic inguinal hernia repair and typically imply a break in surgical 
technique. Ecchymosis of the groin and testicle can occur following the 
repair; however, erythema raises the concern for potential staphylococcal 
contamination. If concern for a mesh infection is present, computed 
tomography of the pelvis is indicated. 

 Early postoperative small bowel obstruction can occur if the peritoneal 
closure breaks down and bowel herniation occurs. Any patient with 
persistent postoperative nausea and vomiting should raise concern, and 
appropriate radiographic studies should be obtained. 

 Serious complications can arise during and after laparoscopic inguinal 
herniorrhaphy. Major vascular and visceral injuries can occur with trocar 
placement or during dissection. The best management of such injuries 
depends on the comfort level of the surgeon. The patient’s lower abdomen 
and thighs should be prepped and draped as if performing an open 
inguinal hernia repair to allow for rapid conversion to a groin incision or 
lower midline incision if such complications occur. For bowel or bladder 
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injuries, the repair can be performed either laparoscopically or open. 
Bladder injuries are repaired with an absorbable suture in two layers. 
A urinary catheter is placed and left in place for 7 days. A contrast study 
of the bladder is obtained prior to removal of the catheter. The decision 
to place a synthetic mesh in the face of bowel or bladder injury depends 
on the degree of contamination. The literature supports the use of a 
lightweight, macroporous synthetic mesh with minimal contamination 
of urine or enteric contents. Biologic and bioresorbable materials can be 
utilized if a synthetic mesh is not desired. 

 Long-term complications following laparoscopic inguinal hernia 
repair consist of recurrence and trocar site hernias. The recurrence rates 
following the laparoscopic approach as compared to the open technique 
have been long debated in the literature and are dif fi cult to interpret. 
What is clear is that the laparoscopic TAPP repair can provide recurrence 
rates comparable to open mesh-based repairs in the hands of experts. 
Additionally, the learning curve for the laparoscopic approach to inguinal 
hernias is much greater than for open repairs. Some authors suggest that 
the learning experience may be as high as 250 cases. The growing number 
of advanced laparoscopic training programs and proper instruction of the 
technique have probably reduced this number, but it is still a more 
dif fi cult repair to grasp than the open repair.      
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    8.     Strangulated Inguinal Hernia       

     Jonathan   P.   Pearl     and    E.   Matthew   Ritter           

     Strangulated inguinal hernias occur when the contents of a hernia are 
deprived of adequate blood supply. This may occur in both acutely and 
chronically incarcerated hernias. Strangulation is quite rare, but when it 
occurs, it is a true hernia emergency necessitating immediate operation. The 
mortality rate in strangulated inguinal hernias may be as high as 30%. 

   Pathophysiology 

 Strangulation represents a continuum from incarceration of hernia 
contents to vascular compromise to tissue necrosis if the condition goes 
untreated. Hernia contents become incarcerated within the hernia ring 
with resulting tissue edema. Increasing edema and interstitial pressure 
cause venous stasis with concomitant impairment of perfusion across the 
capillaries. This can lead to necrosis and eventual perforation. One study 
showed that risk of strangulation increased signi fi cantly if symptoms had 
persisted for more than 6 h prior to presentation for medical care. 

 All groin hernias are susceptible to strangulation, with most series 
reporting a preponderance of right-sided indirect hernias. Strangulation 
might occur in femoral hernias in greater proportion to their incidence 
because of the lack of elasticity of the femoral canal. Similarly, obturator 
hernias also carry an increased risk of incarceration and strangulation as 
evidence by the fact that as many as 90% of patients with obturator 
hernias present with a small bowel obstruction due to incarceration. 
Small bowel and greater omentum are the most commonly strangulated 
organs, but there are reports of strangulated vermiform appendixes 
(Amyand’s hernia), colon, bladder, ovary, and uterus (Fig.  8.1 ).   
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   Presentation and Diagnosis 

 Men vastly outnumber women with strangulated hernias, likely 
because of the higher incidence of hernias in men. Strangulated femoral 
hernias are more common in women. The median age of patients with 
strangulated hernias is approximately 60 years, although strangulation 
has been reported in all ages from pediatric patients to nonagenarians. 

 The most common presenting symptom is acute groin pain with an 
accompanying bulge. Patients with strangulated bowel may also present 
with nausea or vomiting, fevers, chills, or malaise. Neglected strangulated 
hernias may lead to bowel perforation with attendant hemodynamic 
instability. In rare cases, bowel perforation may result in scrotal fecal 
 fi stula. 

 On examination, the hernia bulge is usually evident on inspection. 
The overlying skin may be erythematous. A tender mass will be palpable 
either cephalad or caudad to the inguinal ligament, depending on the 
type of hernia. 

 A thorough history and physical examination are usually suf fi cient to 
establish the diagnosis of incarcerated inguinal hernia, and strangulation 
may be suspected based on tenderness, skin erythema, fever, or 
leukocytosis. Extrapolating from data from strangulated bowel 
obstructions, it may be dif fi cult to discern incarceration from strangulation 
based on clinical  fi ndings alone. 

 When the diagnosis is uncertain from the history and physical 
examination, radiologic imaging may be useful. Plain abdominal 
radiographs may show evidence of a bowel obstruction. Computed 
tomography will clearly delineate the incarcerated organ and establish 
the diagnosis (Fig.  8.2 ). Vascular compromise of the hernia contents 

  Fig. 8.1.    Necrotic appendix 
secondary to a strangulated 
right-sided obturator hernia.       
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might be suggested by pneumatosis intestinalis, fat stranding, or even 
free air within the hernia sac.  

 Reduction of a tender inguinal hernia can be judiciously attempted, 
especially if the incarceration occurred within a few hours of presentation. 
However, even reduced hernia contents remain at risk for strangulation if 
the hernia is reduced en masse. Reduction of strangulated contents can 
be dangerous since the liberated organ may elaborate in fl ammatory 
mediators or even succus entericus due to perforation; therefore, forced 
reduction of potentially strangulated contents should be avoided. In the 
case of either an acutely tender incarcerated hernia or a strangulated 
hernia, immediate operation is indicated.  

   Operative Approaches 

 The principles for management of strangulated inguinal hernias are 
the same regardless of approach: reduction of the hernia contents, 
inspection of the contents to assess viability, resection of necrotic organs, 
and repair of the defect. This can be accomplished via an anterior 
approach, an open preperitoneal approach, or laparoscopically via either 
a transabdominal or totally extraperitoneal approach. 

 Strangulated inguinal hernias may be managed using a standard 
anterior groin incision and repair. After dividing the fascia of the external 
oblique muscle, the hernia sac will be encountered. The sac should be 
carefully opened and the hernia contents inspected for viability. If 
necrotic bowel is discovered, a resection may be performed through the 
same incision, rather than performing a laparotomy. A tension-free repair 

  Fig. 8.2.    CT scan showing evidence of obturator hernia with surrounding  fl uid, 
fat stranding, and tissue edema.       

 



94 J.P. Pearl and E.M. Ritter

will yield the lowest recurrence rate, but there is a concern for mesh 
infection in the contaminated  fi eld. However, there are several studies 
describing the safe use of polypropylene mesh for the Lichtenstein repair 
of strangulated hernias. A biologic mesh may also be an option which 
may minimize the risk of mesh infection. 

 On occasion, hernia contents may be dif fi cult to reduce via the 
anterior approach. In this case, after the hernia sac has been opened and 
the contents inspected, the defect may need to be expanded to allow 
reduction of the incarcerated contents. For indirect hernias, the deep 
inguinal ring should be incised medially to avoid injury to the external 
spermatic artery or vas deferens. Care must be taken to ensure the inferior 
epigastric vessels are properly ligated to avoid hemorrhagic complication. 
For direct hernias, a division of the transversalis fascia either medially or 
laterally may be required. Extensive lateral division also requires 
awareness of the inferior epigastrics. For femoral hernias, the lacunar 
ligament may be divided medially or the iliopubic tract superiorly. 
Laterally, the external iliac vessels prevent extensive dissection. 

 Induction of general anesthesia may result in spontaneous reduction 
of incarcerated or strangulated hernia contents. The risk of reduction en 
masse or reduction of compromised bowel exists; thus, the intra-
abdominal contents must be explored. This can be accomplished via low-
midline laparotomy or, less invasively, using the laparoscope. A trocar 
can be inserted through the hernia sac into the abdominal cavity. With the 
sac secured tightly around the trocar, a pneumoperitoneum can be 
established. A laparoscopic peritoneal access site remote from the groin 
may also be chosen with the added bene fi t of being able to plan further 
incisions based on the  fi ndings. The laparoscope will allow visualization 
of the abdominal contents. If ischemic bowel is encountered, it can be 
resected via either laparotomy or via laparoscopic techniques. 

 Malangoni and Condon  fi rst described the preperitoneal repair of 
strangulated inguinal hernias in 1986. A transverse skin incision is made 
2 cm cephalad to the anticipated location of the external inguinal ring. 
The external oblique, internal oblique, and transversus abdominis 
muscles are incised, and the preperitoneal space is entered. From this 
approach, the hernia contents can be easily inspected, resection can be 
performed, if necessary, and the hernia defect can be repaired. Either a 
Cooper’s ligament or iliopubic tract repair was originally used, but today, 
a prosthetic might be chosen. 

 The Henry operation uses a midline infraumbilical incision to access 
the preperitoneal space. The linea alba is divided below the umbilicus, 
and the retrorectus space is entered. Below the semilunar line, the 
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retrorectus space and the preperitoneal space are con fl uent. Strangulated 
hernia contents are resected after opening the peritoneum and controlling 
the necrotic bowel. Repair of the defect was originally described using a 
tissue repair, but a prosthetic may be a better choice. 

 Both the transabdominal preperitoneal (TAPP) and the totally 
extraperitoneal (TEP) laparoscopic repairs have been described for 
managing incarcerated and strangulated inguinal hernias. Incarcerated 
inguinal, femoral, and obturator hernias can be approached with the 
laparoscope. For the TAPP, the abdomen is entered at the umbilicus. 
Reduction of the hernia contents often requires incision of the hernia ring. 
For indirect hernias, the ring is incised in a ventrolateral direction to avoid 
the vas deferens and testicular vessels. For direct and femoral hernias, the 
ring is enlarged using a ventromedial incision to avoid the femoral vessels. 

 The transabdominal laparoscopic repair affords an optimal view of 
intra-abdominal contents to assess viability of the incarcerated organs. If 
ischemic bowel is encountered, it should not be immediately resected. 
Assessing bowel viability is usually based on the subjective appearance 
of the bowel (Figs.  8.3  and  8.4 ). The bowel can be observed for several 
minutes to assess for improvement in ischemia following hernia reduction. 
Signs of resolving ischemia can include improvements in color, regaining 
normal caliber, and return of visible peristalsis. If the viability is still in 
question after a period of observation, the bowel may be left in situ and a 
second-look laparoscopy could be planned for the next 24–72 h. In cases 
of strangulated small bowel obstructions, second-look laparoscopy has 
been shown to be safe and can prevent a bowel resection in some patients. 

  Fig. 8.3.    Characteristics of ischemic but ultimately viable bowel from a strangulated 
inguinal hernia. Note the uniform  red  discoloration.    This bowel also demonstrated 
peristalsis on inspection.       
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Second-look laparoscopy may be useful in the case of strangulated groin 
hernias. If the reduced hernia contents are viable or become clearly viable 
after reduction, repair can proceed via either a TAPP or TEP approach. If 
the bowel remains ischemic after reduction and hernia repair, it should be 
resected. This can be accomplished totally laparoscopically or a small 
directed laparotomy may be performed (Fig.  8.5 ).    

 Many surgeons prefer the totally extraperitoneal approach for inguinal 
hernia repair. The TEP repair affords access to all of the hernia ori fi ces but 
does not allow the same inspection of the hernia contents as the TAPP. 
An advantage of the TEP over the TAPP repair is the maintenance of an 
intact peritoneum to protect the prosthetic from potential contamination. 
A meta-analysis of TAP and TEPP in incarcerated and strangulated hernias 
has shown no difference in rates of mesh infection or contamination. 

 A combined transabdominal and extraperitoneal laparoscopic approach 
may be ideal. The peritoneal space can be entered either at the umbilicus 
or the subcostal region. One or two additional trocars may be needed to 
reduce the hernia contents and inspect their viability. Immediate resection 
is not recommended unless full thickness necrosis and perforation is 
present. The trocars can be left in place after evacuation of the 
pneumoperitoneum and a TEP repair performed using standard techniques. 
Access to the preperitoneal space can be gained at the umbilicus even if 
this site was used for initial access to the peritoneal space. Lateral 
dissection through the same infraumbilical skin incision will expose the 
anterior rectus sheath. Incision of the anterior sheath with lateral retraction 

  Fig. 8.4.    Example of necrotic small bowel from a strangulated inguinal hernia. 
Note the areas of  deep purple  discoloration and the areas of blanching serosa. 
The grasper on the  left  is controlling spillage from an area of perforation.       
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of the underlying rectus muscle will allow access to the preperitoneal 
space well below the level of the initial intraperitoneal trocar. Care should 
be used to avoid puncture of the peritoneum during groin dissections as 
this eliminates the potential protection of the mesh provided by an intact 
peritoneum. At the completion of the TEP, the pneumoperitoneum can be 
reestablished and the abdominal contents reinspected. 

 An alternative is to perform the extraperitoneal portion of the hernia 
repair initially. A standard TEP can be performed with reduction of the 
incarcerated contents. To adequately inspect the bowel, the abdomen can 
be entered through the infraumbilical incision after the conclusion of the 
TEP. Additional transabdominal trocars might be necessary to manipulate 
the intra-abdominal structures. This approach is best employed when the 
suspicion of the presence of necrotic contents is low.  

   Choice of Prosthetic 

 The controversy around the choice of prosthetic for repair of 
strangulated hernias begins with the decision as to whether or not to use 
a prosthetic material at all. Additionally, if a prosthetic repair is chosen, 

  Fig. 8.5    Transperitoneal laparoscopic exploration allows for a minimized and 
planned laparotomy well away from the groin. This should minimize the chance 
for local contamination in the area of the prosthetic mesh repair.       
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which of the overwhelming prosthetic mesh options should be used? 
A variety of patient and prosthetic factors can help guide this decision-
making process. The  fi rst and most important factor is the degree of 
contamination in the operative  fi eld. There is general consensus that 
permanent prosthetic mesh materials should not be placed into heavily 
contaminated or dirty  fi elds. This scenario would most commonly be 
encountered if strangulated intestinal contents had progressed to 
perforation or if perforation had occurred during attempts to reduce the 
strangulated contents (Fig.  8.6 ). Less commonly, signi fi cant spillage 
could occur in the operative  fi eld during resection and reanastamosis of 
nonviable viscera. In either scenario, once the  fi eld is classi fi ed as dirty, 
a permanent prosthetic should not be used. Another way to think about 
this scenario is that the hernia itself is no longer the patient’s primary 
problem, and focus should be on treating the bowel and sepsis. The 
hernia itself can be treated during a later staged repair. Options in this 
setting include primary repair techniques, use of absorbable prosthetic 
mesh, or placement of a biologic mesh. In all settings, the source of 
contamination should be either controlled or well drained to optimize 
outcomes. While use of prosthetic absorbable mesh essentially ensures 
hernia recurrence, primary repairs and use of biologic mesh in  fi elds with 
controlled contamination may result in durable repair. Exact recurrence 
rates will vary signi fi cantly base on individual patient scenarios. There is 

  Fig. 8.6.    Gross contamination from small bowel perforation secondary to a 
strangulated obturator hernia. Prosthetic mesh is best avoided in this situation.       
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nothing worse than an infected synthetic in this scenario, and all efforts 
should be made to prevent this from happening.  

 In the setting of clean-contaminated cases, or the potential for 
contamination secondary to the presence of nonviable or marginally 
viable tissue, there is less agreement on the use of permanent prosthetic 
mesh for hernia repair. While many surgeons fear the potential for mesh 
infection in this scenario, the majority of the available evidence supports 
the safe use of prosthetic mesh material without increased rates of wound 
or mesh infections. Nearly all types of permanent prosthetic have been 
successfully used in this setting, including polyester, polypropylene, and 
expanded polytetra fl uoroethylene (ePTFE). Reported strategies to 
decrease the risks of potential mesh infection include placing the mesh in 
a tissue plane remote from the area of potential contamination (i.e., 
preperitoneal) and decontamination of the plane with disinfectant solution 
such as betadine or chlorhexidine prior to mesh placement. The bene fi t 
of these strategies is unclear. Given the long-term bene fi ts of tension-free 
prosthetic repairs, especially with respect to rates of recurrence, and the 
available evidence to support its safe use, prosthetic repair should be the 
option of choice for most surgeons repairing strangulated hernias in the 
absence of gross contamination of the surgical  fi eld. 

 A  fi nal prosthetic-related factor to consider is the timing of prosthetic 
placement. As discussed above, a “second-look” operative strategy may 
be employed when the viability of reduced hernia contents is questionable 
and resection is undesirable, not easily performed, or if the patient’s 
physiologic status dictates the need for an abbreviated operation. If a 
second-look operation is planned, it is probably best to defer placement 
of prosthetic until the time of the last operation. The viability of the 
contents and the presence or absence of contamination in the  fi eld at the 
time of open or laparoscopic reexploration will dictate how or if prosthetic 
mesh should be used. Additionally, the use of systemic antibiotics to 
treat infection in the interim between the initial and subsequent operations 
may decrease the bacterial load in the operative  fi eld and potentially 
reduce mesh-related infectious complications.  

   Special Considerations: Obturator Hernia 

 Herniation of intra-abdominal contents through the obturator foramen 
is an unusual but potentially life-threatening cause of a strangulated 
groin hernia. These hernias present classically in older women, most 
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commonly on the right side, with up to 90% of patients presenting 
initially with signs and symptoms of a partial or complete small bowel 
obstruction. Given the subtle signs, the typical lack of a palpable hernia 
bulge on physical exam and the comorbidities of the elderly affected 
population, diagnosis of an incarcerated obturator hernia is often delayed 
or not recognized until strangulation occurs. The mortality rate associated 
with development of a strangulated obturator hernia has been reported as 
high as 30%. 

 When an incarcerated or strangulated obturator hernia is suspected 
based on history, physical exam, and/or imaging studies, a rapid 
transperitoneal approach is warranted. This can be done by laparotomy 

  Fig. 8.7    Proposed algorithm for the surgical management of potentially strangu-
lated inguinal hernias.       
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via either a low-midline or Pfannenstiel incision or, in hemodynamically 
stable patients, via transperitoneal laparoscopic approach. With either 
approach, visualization of the obturator foramen is facilitated with head-
down positioning of the patient on the operating table. Once identi fi ed, 
the contents can typically be gently reduced, taking care to avoid bowel 
perforation if at all possible. If reduction is dif fi cult, the obturator 
foramen can be enlarged by incising the obturator membrane 
inferomedially to avoid injury to the obturator neurovascular bundle. 

 Once reduced, the decision making follows exactly as outlined above 
for all potentially strangulated groin hernias.    If conditions allow for a 
permanent prosthetic repair, it is easily done by entering the preperitoneal 
space and obtaining wide coverage of the obturator defect with prosthetic 
mesh. In contaminated operative  fi elds, biologic mesh is probably the 
best option as primary tissue repair at this location is usually not realistic. 
Temporary exclusion of the obturator defect from the peritoneal cavity 
with fat plugs, bladder, and bowel has been described but should be 
considered only if a mesh alternative is not readily available. All potential 
repairs can be performed via either laparotomy or a laparoscopic 
approach. An algorithmic overview of the approach to potentially 
strangulated hernias is presented in Fig.  8.7 .   

   Summary 

 Strangulated inguinal hernias occur with regularity and pose the risk of 
serious morbidity and mortality. Prompt recognition and treatment is 
imperative. The goals of operation for strangulated inguinal hernia are 
reduction and inspection of hernia contents, resection of necrotic tissue, 
and repair of the hernia defect. The operative approach can be either 
conventional using the anterior or preperitoneal approach or laparoscopically 
using a transabdominal, preperitoneal, or combined technique.      
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    9.     Femoral Hernia      

     Daniel   E.   Swartz   and       Edward   L.   Felix        

   Introduction 

 The femoral hernia, despite accounting for less than 10% of adult 
groin hernias, is associated with greater risk of incarceration, strangulation, 
requiring emergency surgery, bowel resection, morbidity and mortality 
than inguinal hernias. Because the anatomic location is so closely related 
to the more common inguinal hernia, the diagnosis is often not made 
until surgery.  

   Femoral Hernia Facts 

 Femoral hernias account for 2-8% of inguinal hernias encountered, 
with an even higher incidence of up to 11% of hernias reported since 
laparoscopy was fi rst introduced ( 1 ). 

 Femoral hernias occur 2-5 times more often in women than men 
(62.5% occur in women vs 25% of inguinal hernias) ( 2 ). Additionally, 
they typically occur in older patients with a peak incidence in the sixth 
decade, and concomitant inguinal hernias are found in up to 51% ( 3,  4 ). 
Approximately 27,000 femoral hernia repairs are performed per year in 
U.S, and 36% of femoral hernias are repaired emergently compared to 
5% of inguinal hernias ( 5 ). Emergent repair of femoral hernia is associated 
with up to 30% morbidity, 10% mortality ( 6,  7 ) and 23% require a bowel 
resection ( 5 ). Once diagnosed, up to 22% of femoral hernias incarcerate 
by 3 months and up to 45% by 21 months ( 8 ).  
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   Anatomic Defi nitions 

 The femoral canal is an elliptical cone located medial to the femoral 
vein extending from the femoral ring superiomedially to the femoral 
orifi ce inferolaterally that contains lymphatics, adipose tissue, and 
commonly the lymph node of Cloquet. The femoral ring (the entrance to 
the femoral canal) is lined by the iliopubic tract anterosuperiorly, by 
Cooper’s ligament inferoposteriorly and by the femoral sheath laterally. 
When a femoral hernia is present, an opening known as the femoral 
orifi ce is created. The femoral orifi ce is bounded posteriorly by the 
pectineal fascia, laterally by the femoral sheath, anteriorly by the superior 
cornu of the fascia lata, and medially by the fan-shaped fi bers of the 
iliopubic tract. A femoral hernia is the result of a protrusion of 
preperitoneal fat, bladder or peritoneal sac through the femoral ring. It 
becomes clinically evident once the exit of the femoral canal, or the 
femoral orifi ce, is breached. It is considered an acquired, not a congenital, 
defect.  

   Diagnosis 

 The classic presentation of a femoral hernia is with a main complaint 
of pain and/or a lump in groin (may be asymptomatic), with physical 
fi ndings revealing a mass and/or tenderness below inguinal ligament on 
anteromedial thigh. The differential diagnosis includes inguinal hernia, 
obturator hernia, lymphadenopathy, lipoma, and pseudohernia which is 
defi ned as a nonpathogenic lymph node (Cloquet’s node) in extremely 

   Table 9.1    Distinguishing Inguinal From Femoral Hernia   

 Inguinal Hernia  Femoral Hernia 

 Relation to Pubic Tubercle  Inferolateral  Superomedial (Nyhus) 
 Have patient cough while 

examining medial end 
of inguinal ligament 

 Hernia Appears 
Above the 
Inguinal Ligament 

 Hernia Appears Below 
the Inguinal 
Ligament (Nyhus) 

 Have patient cough while 
palpating just lateral to 
the Adductor Longus 
Tendon about one 
fi ngerbreadth medial to 
the femoral artery. 

 Hernia Appears  Hernia Stays Reduced 
(Hair) 
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thin patients. An incarcerated groin hernia should raise the physician’s 
suspicion that this might be a femoral hernia as a higher percentage of 
femoral hernias incarcerate compared to inguinal or any other abdominal 
wall hernia ( 9 ). Other imaging modalities like CT Scan, color Doppler 
ultrasound, and contast herniography are used, but because the accuracy 
of these tests are unknown, physicians should generally rely on the 
physical exam as the primary diagnostic modality. Distinguishing 
Between Inguinal and Femoral Hernia: see Table  9.1   

 Three Classic Anatomic Approaches To Treatment  

   Femoral Approach 

 The femoral approach was fi rst described by Socin (1879) with a 
high ligation of the hernia sac but was associated with a high recurrence 
rate ( 10 ). Bassini (1885) added a femoral ring closure with suture after 
the high sac ligation. Three decades later, Lichtenstein and Shore (1974) 
recommended a tension-free repair with a polyproplylene plug sutured 
into the femoral ring followed by placement of an additional mesh to 
repair inguinal fl oor ( 11 ). 

 The femoral approach technique begins with an inguinal or subinguinal 
incision (Fig.  9.1a ), where the hernia sac is usually located inferior to 
external oblique aponeurosis and the lacunar ligament may be divided in 
cases of incarceration (but counter incision to expose inguinal fl oor may 
be required). The hernia sac is dissected, opened for exploration and 
the contents reduced into the abdominal cavity before the sac is ligated 
(Fig.  9.1b ). The canal is obliterated by suture or mesh plug that is rolled or 
sutured to inguinal ligament, fascia lata and pectineal fascia (Fig.  9.1c ). 
The femoral approach generally should not be used in strangulated femoral 
hernias although it requires the least dissection. One advantage of the 
femoral approach is that it may be performed under local anesthesia, thus 
making it a preferred approach for high-risk surgical patients.   

   Inguinal Approach 

 The inguinal approach was fi rst described by Annandale (1876) and 
is also associated with a high ligation of the sac ( 12 ). Ruggi then described 
suturing Cooper’s Ligament to inguinal ligament (1892) after sac ligation. 



  Fig. 9.1    (a) Illustration of the skin incision for the femoral approach to repair of 
a right femoral hernia. (b) Illustration of the exposure of a right femoral hernia 
via the femoral approach. Note the location of the hernia medial to the femoral 
vein. (c) Cylindrical mesh roll use to obliterate the femoral canal on a right-sided 
femoral hernia repair using the femoral approach.       
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Moschowicz included the use of an inguinal fl oor repair (included 
transverse aponeurotic arch) ( 13 ). Later, McVay and Anson’s (1942) 
“Cooper’s ligament repair” (suturing Cooper’s ligament to transverse 
aponeurotic arch) then became standard repair for femoral and direct 
inguinal hernias ( 12 ). Three decades later, Lichtenstein and Shore (1974) 
recommended a tension-free repair with a polyproplylene plug sutured 
into the femoral ring and additional mesh to repair inguinal fl oor ( 11 ). 
This approach provides excellent exposure of the femoral ring with an 
opportunity to resect bowel if needed. 

 Femoral hernia repairs performed via an inguinal incision begin with 
a traditional inguinal incision that permits routine opening of the inguinal 
canal via the external oblique aponeurosis, followed by mobilization of 
the cord with an examination to exclude or repair any concomitant 
indirect inguinal hernias. Next the inguinal fl oor can be opened by 
transecting the transveralis fascia. If incarceration is present, the lacunar 
ligament and iliopubic tract can be divided at the medial edge of the 
femoral ring. Incarceration mandates opening of the sac to examine the 
contents for any evidence of ischemia or gangrene. High ligation of the 
sac is performed and is then followed by a hernia repair, preferentially 
with mesh. Suture repair may be selected if prosthetic mesh is 
contraindicated (gross contamination, strangulation). The main principle 
is to approximate the iliopubic tract and lacunar ligament to Cooper’s 
ligament with nonabsorbable suture. The inguinal fl oor will also need to 
be reconstructed with mesh (preferably) or, rarely, suture approximation 
(Fig.  9.2 ).   

   Preperitoneal Approach 

 The preperitoneal repair through a low midline incision was also fi rst 
described by Annandale (1876). Here, the linea alba was opened with 
blunt dissection of the peritoneum from the pelvis with again, a high 
ligation of the sac. McEvedy then described a repair where Cooper’s 
ligament is sutured to the conjoined tend on via an oblique incision over 
the lateral rectus sheath (1950). An additional modifi cation was described 
by Nyhus who used a transverse incision to approximate Cooper’s 
ligament to the iliopubic tract (1950) and later added polypropylene 
mesh to buttress the repair. ( 14 ) Stoppa (1973) placed large sheet of 
Dacron mesh over both of the groins ( 15 ), while Kugel used a ring-
supported mesh placed through a small incision (2003) ( 16 ). 



108 D.E. Swartz and E.L. Felix

 The preperitoneal approach can also be accomplished by laparoscopy, 
and the fi rst laparoscopic transabdominal preperitoneal (TAPP) repair 
was reported by Schultz (1990) ( 17 ), while the fi rst laparoscopic totally 
extraperitoneal (TEP) repair was reported soon afterward ( 18 ). The 
laparoscopic TEP repair should intuitively be avoided in suspected 
strangulation as the bowel needs a thorough assessment during the repair. 

 In contrast to laparoscopy, an open preperitoneal approach provides 
excellent exposure of all potential groin hernia sites and easy access to 
the intraperitoneal contents.  The technique involves making a transverse 
lower abdominal incision 3 cm cephalad to a routine inguinal incision. 
The anterior rectus sheath is divided cephalad to the internal ring, and the 
rectus abdominis is retracted medially. The femoral sac is then reduced 
(if incarceration is present, the surgeon can incise the iliopubict tract 
near the medial edge of the femoral ring). Small primary femoral hernias 
can be suture repaired by approximating Cooper’s ligament to the 
iliopubic tract or repaired with mesh. Primary and recurrent hernias 

  Fig. 9.2    Inguinal approach to the repair of a right femoral hernia. After an 
exposing the inguinal canal, the inguinal floor is opened to access and repair a 
femoral hernia.       
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should be repaired with mesh with a 2 -3 cm overlap that also covers the 
direct and indirect inguinal spaces. Preperitoneal structures and hernia 
sites are demonstrated in Fig.  9.3 .  

 The laparoscopic TAPP fi rst requires placement of ports (Fig.  9.4a ) 
and establishment of pneumorperitoneum. Next, an intraperitoneal 
dissection can then be performed by beginning to open the parietal 
peritoneum 2 cm cephalad to the internal ring. Thorough dissection of 
retroperitoneal structures is required, including dissection of the iliopubic 
tract, symphisis pubis, and sometimes a partial bladder dissection into 
the Space of Retzius, to create enough space for the inferior edge of the 
mesh. All three potential groin hernia sites must be exposed (Fig.  9.3 ). 
Examination for an inguinal canal lipoma must be included. During a 
TAPP, the incarcerated sac is often reduced, if possible, however sac 
division with proximal sac ligation is acceptable. If there are incarcerated 

  Fig. 9.3    Preperitoneal exposure of the right groin. The femoral hernia is located 
posterior to the iliopubic tract and medial to the femoral vein. The indirect 
inguinal hernia is located at the internal ring, while the direct hernia is located in 
Hesselbach’s triangle medial to the epigastric vessels and anterior to the iliopubic 
tract.       
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or strangulated contents in a tight femoral ring, to reduce the contents it 
may be necessary to fi rst divide Lacunar’s ligament for 1 – 2 cm heading 
mediosuperiorly along the transversalis fascia in order to widen the 
defect and to permit safe reduction of hernia contents. This can be done 
with a hook cautery or with ultrasonic shears. Careful attention must 
be made to identify the iliac vein lateral to the hernia and to avoid it’s 
injury. If there are no veins running on the transversalis fascia, a hook 
cautery can be used to do this maneuver, however ultrasonic shears may 
also be employed to obtain simultaneous hemostasis if veins are present. 
We recommend using bipolar cautery on a Maryland grasper to coagulate 
all small veins in the region fi rst, and then opening the fasica to reduce 
the contents. The fascia does not have to be closed again at the end of 
the case when doing this laparoscopically. Once the hernia contents are 
reduced, the cord structures should be dissected from peritoneum as far 
posteriorly as possible. Mesh is placed covering all three potential groin 
hernia sites with overlap. Fixation to Cooper’s ligament may be used. 
Reappoximation of the peritoneum must be performed.  

  Fig. 9.4    (a) Illustration of port placement for a laparoscopic transabdominal 
preperitoneal (TAPP) groin hernia repair. (b) Illustration of port placement for a 
laparoscopic totally extraperitoneal preperitoneal (TEP) groin hernia repair.       
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 The laparoscopic TEP technique also begins after port placement 
(Fig.  9.4b ) and subrectus preperitoneal dissection with a balloon. The 
technique is identical to the TAPP repair without the need for peritoneum 
reapproximation and fi xation of mesh is not usually necessary. Technical 
details are described in other chapters in this manual.  

   Surgical Caveats 

 Nonincarcerated, nonstrangulated femoral hernias may be repaired 
using any of the described approaches. However, incarceration or 
strangulation of femoral hernias is a relative contraindication to 
laparoscopic TEP repairs unless the surgeon has tremendous 
experience with laparoscopic techniques and can explore and assess 
the bowel intraperitoneally during the case. Strangulation in a femoral 
or inguinal hernia requiring bowel resection becomes a contraindication 
to simultaneous permanent synthetic mesh placement. That being 
said, it has been shown that Franklin et al. reported no recurrences or 
mesh-related complications over 19 months in 58 patients with 
strangulated groin hernias with gross contamination repaired with 
biologic mesh ( 19 ). 

 We feel that despite having a hernia, in the setting of clean-
contaminated or contaminated fi elds, like a bowel strangulation with 
gangrene during a femoral hernia case, the patient’s primary problem 
becomes that infectious process. A more permanent solution to the hernia 
defect can be staged at a later time. Attempts that risk a potential synthetic 
mesh infection should generally be avoided, and absorbable mesh 
products which are widely available may be more ideal in this situation. 
Patients should be told to anticipate a hernia recurrence after the mesh is 
resorbed, at which time an elective repair should be performed. 

 Most surgeons repair femoral hernias with polypropylene mesh 
with or without fi xation. Laparoscopic hernia repair is increasingly 
popular since it combines the benefi ts of laparoscopy (less pain, early 
return to activities, nonexistent mesh infection rate) and preperitoneal 
approach (excellent exposure, access to viscera, assessment of all groin 
hernias). Laparoscopic TEP approach avoids potential intraperitoneal 
complications (both are equally acceptable). Laparoscopic TAPP pre-
ferred for incarceration or previous retroperitoneal pelvic surgery or 
radiation because of the risk of tearing the peritoneum or incarcerated 
viscera when performing balloon dissection.  
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   Results 

 Publications in the literature suggest a post-femoral hernia repair 
recurrence rate incidence of up to 10%. The femoral approach with plug 
has been reported to have a higher seroma and foreign body sensation 
than suture repair. The femoral approach has been shown to miss 
concomitant inguinal hernias ( 20 ). The laparoscopic repair is generally 
associated with <1% recurrence rates.  

   Commentary 

 Femoral hernias occur much less commonly than inguinal hernias 
(accounting for less than 8% of groin hernias) and are therefore often 
misdiagnosed as inguinal hernias. This fact has several consequences. 
First, the anterior approach to groin hernia repair can result in “missing” 
a femoral hernia unless careful palpation through the inguinal fl oor is 
undertaken. One study using a national database of almost 35,000 
consecutive groin hernias performed over a three year period found that 
the incidence of femoral hernias following inguinal hernia repair was 15 
times the incidence of primary femoral hernias ( 21 ). A preperitoneal 
approach, either laparoscopic or open, has the advantage of direct 
visualization of femoral hernias as well as treatment of either femoral or 
inguinal hernia includes the mesh coverage of the other. 

 The second consequence of misdiagnosed femoral hernias is that due 
to their increased likelihood of incarceration with or without strangulation, 
once diagnosed, a femoral hernia should be repaired. This is because one 
in three femoral hernias will need to be repaired emergently (compared 
to 5% of inguinal hernias). The risk of incarceration of a femoral hernia 
once diagnosed is 22% at three months and 45% at 21 months ( 8 ). There 
is a recent tendency toward watchful waiting in the treatment of small, 
asymptomatic inguinal hernias but one must be certain that the hernia is 
inguinal and not femoral because of the high incidence of incarceration 
in femoral hernias ( 22,   23 ). 

 Which of the three approaches to use for femoral hernia repair largely 
rests upon surgeon preference and experience. Several caveats, however, 
exist as listed above which serve as relatively strong contraindications 
for one or more approaches. Almost all surgeons now embrace a tension-
free hernioplasty using prosthetic mesh in all approaches. The only 
contraindications to prosthetic mesh are gross contamination or bowel 
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resection and, although biologic mesh has been used in these situations, 
there is not enough data at this time to recommend against primary suture 
repair. In fact, small primary femoral hernias (without concomitant 
inguinal hernia) in non-obese patients may be repaired with suture. 
Polypropylene cylindrical plugs have been associated with a discomforting 
foreign-body sensation and higher recurrence and seroma rates ( 20 ). 
Incarcerated and strangulated femoral hernias should be approached 
from either an inguinal or preperitoneal incision if open, or a TAPP repair 
if laparoscopic. The femoral approach may make reduction diffi cult and 
it will prevent adequate assessment of the bowel and resection if needed. 
Laparoscopic TEP repair in the face of incarceration makes tearing the 
peritoneum likely which requires conversion to a TAPP if resection of 
the bowel is needed. 

 A common conundrum occurs if, upon laparoscopy, no hernia (as 
evidenced as no peritoneal dimpling) is identifi ed. The peritoneum 
should be opened and a repair should be performed as planned. 
Recurrences after failing to identify a retroperitoneal hernia are common. 
We encourage a meticulous search for an inguinal or femoral lipoma, as 
well as for other frequent etiologies of the clinical diagnosis of groin 
hernias is encouraged ( 24 ). 

 At our center, we have repaired over 2000 groin hernias using a 
laparoscopic approach. Unless a contraindication exists (obliteration of 
the preperitoneal space from surgery or radiation or a risk of general 
anesthesia), we routinely employ a laparoscopic approach as this 
facilitates evaluation and treatment of all potential groin hernia sites 
including the femoral hernia.      
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    10.     Results of Laparoscopic Repair 
of Inguinal Hernia       

     Daniel   Marcus         

       The Evolution of the Laparoscopic Technique 

 The surgical history of inguinal hernias dates back to ancient Egypt. 
From Bassini’s heralding of the modern era to today’s mesh-based open 
and laparoscopic repairs, this history parallels closely the evolution in 
anatomical understanding and development of the techniques of general 
surgery. The evolution of minimally invasive approach to the repair of 
inguinal hernias began in the early 1990s as the revolution of 
laparoscopic surgery began. The introduction of laparoscopic 
cholecystectomy was the  fi rst of many procedures in general surgery 
tried by surgeons via laparoscopic technique. The laparoscopic 
technique began with the IPOM (intraperitoneal placement of mesh). 
This technique was  fi rst to be published, seemed appealing because the 
simple procedure could be adapted by surgeons easily (reference by 
early studies). It soon became clear that this technique was fraught with 
issues due to high risk of complications and recurrence. Early reports 
revealed a recurrence rate of 43% at 41 months compared to 15% to 
conventional anterior repair  [  1  ] . 

 The next technique to be promoted for inguinal hernia repair was the 
transabdominal preperitoneal approach or TAPP. This mirrored the 
established technique of laparoscopy which was becoming the norm for 
many procedures. 

 The totally extraperitoneal or TEP technique followed the TAPP as 
the evolution in inguinal hernia repair continued. This allows the surgeon 
to avoid any dissection inside the abdomen and therefore minimize the 
risk of injury in the short term and adhesion between the mesh and the 
bowel in the long term. 

 Accounting for 75% of all abdominal wall hernias, and with a lifetime 
risk of 27% in men and 3% in women, inguinal hernia repair is one of the 
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most commonly performed surgeries in the world  [  2  ] . In the United 
States, inguinal herniorrhaphy accounts for approximately 800,000 cases 
annually. 

 Most randomized studies comparing laparoscopy to open repair have 
con fi rmed the following  fi ndings  [  3,   4  ] :

  Pros: 

  Reduced postoperative pain  • 
  Earlier return to work   • 

  Cons: 

  Increased cost  • 
  Lengthier operation  • 
  Steeper learning curve  • 
  Higher recurrence and complication rates early in a • 
surgeon’s experience    

 Although open, mesh-based, tension-free repair remains the criterion 
standard, laparoscopic herniorrhaphy, in the hands of adequately trained 
surgeons, produces excellent results comparable to those of open repair  [  4  ] . 
In a comparison of open repair with laparoscopic (totally extraperitoneal 
patch) repair, Eklund et al. found that 5 years postoperatively, 1.9% of 
patients who had undergone laparoscopic repair continued to report moderate 
or severe pain compared with 3.5% of those in the open repair group  [  5  ] . 

   De fi nitions 

 Laparoscopic inguinal herniorrhaphy can refer to any of the following 
three techniques:

   Totally extraperitoneal (TEP) repair: See the sections below for a 
detailed description of this technique.  

  Transabdominal preperitoneal (TAPP) repair: The abdomen is 
accessed, and pneumoperitoneum is achieved using standard laparoscopic 
techniques. The preperitoneal space is then exposed transabdominally by 
sharply incising and bluntly stripping the peritoneum that overlies the 
inguinal anatomy. A mesh is then deployed and  fi xed in place as with the 
TEP technique and the peritoneum returned to its anatomical position.  

  Intraperitoneal onlay mesh (IPOM) repair: A dual-layer mesh is placed 
over the myopectineal ori fi ce transabdominally and  fi xed in place. The 
preperitoneal space is not entered, and minimal dissection is carried out.      
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   TEP and TAPP 

 The most commonly performed laparoscopic techniques are the TEP 
and TAPP repairs  [  6,   7  ] . Laparoscopic hernia repair was  fi rst described by 
Ger in 1990, who placed a simple mesh plug in the defect  [  8  ] . The 
technique has undergone a signi fi cant metamorphosis during the last few 
years. Currently, there are two types of laparoscopic hernia repair: the 
transabdominal preperitoneal (TAPP) repair (as described in this chapter) 
and the totally extraperitoneal (TEP) repair. The TEP involves creation of 
an extraperitoneal space posterior to the inguinal canal either with a Veress 
needle or more commonly a balloon and placement of a mesh in a similar 
fashion to the TAPP repair. The TEP may have some advantages over the 
TAPP in terms of postoperative pain and reduced potential for intraperitoneal 
complications but does require a high level of technical skill associated 
with a considerable learning curve. Many surgeons initially learned the 
TAPP technique as it was considered easier and was the  fi rst technique 
introduced after the IPOM. With the introduction of the TEP method with 
the preperitoneal balloon dissection, many began to prefer this technique. 
The theoretical advantages of the TEP were the fact that the peritoneum is 
totally avoided, thereby reducing greatly the risk of adhesions to the bowel 
by the mesh. Those who prefer TAPP repairs believe they are technically 
easier, provide a better view of the anatomy, and do not require further 
equipment beyond that normally available in most departments performing 
laparoscopic cholecystectomy. Several studies have demonstrated a clear 
advantage of laparoscopic hernia repair over open repair in terms of 
reduced postoperative pain and earlier return to work and normal activities. 
Despite this, the laparoscopic approach has been slow to gain popularity 
among many surgeons. This is due to a number of factors. Firstly, more 
advanced technical skills are required compared with a Lichtenstein repair. 
Most surgeons who have not had special training, i.e., fellowship or 
extensive preceptorship, have dif fi culty making the transition to the 
laparoscopic approach. This explains why only an estimated 30% of all 
inguinal hernias are performed by either TAPP or TEP. The  fi nancial 
considerations also play a role certainly. The reimbursement for the 
laparoscopic technique is no greater for the most part than a conventional 
open technique, both of which are quite low compared to other procedures. 
This may contribute to the incentive for a general surgeon to invest the 
time and dedication needed to reach competency in this procedure. 
Nowadays, the majority of general surgeons do have quite extensive 
experience with laparoscopy in cholecystectomy, and this is suf fi cient to 
be able to perform a TAPP repair. Recurrence rates are very low with both 
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the open and laparoscopic mesh repairs with randomized studies showing 
no difference between the two. In these studies, the use of large pieces of 
mesh seems to help to reduce long-term recurrences. Complications with 
experience and technical improvements are now minimal in the 
laparoscopic repair, and studies indicate similar complication rates 
between open and laparoscopic repairs. Open repairs appear to have a 
higher rate of groin hematoma and genital edema. One disadvantage of the 
laparoscopic repair is an increase in cost because of the equipment required 
 [  1  ] , but with earlier return to work, this cost is outweighed by the bene fi ts 
to patient and society. A major advantage of the laparoscopic approach is 
the ability to detect and repair a contralateral defect at the same operation 
with only a moderate increase in operating time. 

 As with laparoscopic cholecystectomy, there is a de fi nite learning 
curve with the laparoscopic approach to inguinal hernia repair, with the 
TEP technique requiring more of a learning curve than TAPP but that 
with general laparoscopic experience the learning curve for hernia repair 
will become short, thus minimizing the chances of complications seen 
during the development of this procedure. 

 Some earlier studies showed increased recurrence rates with the 
laparoscopic technique and questioned the added cost (   8 VA Study). 
However, over the past several years, more studies have shown that when 
performed by experienced surgeons with high volume of laparoscopic 
procedures, there is a clear advantage. The added cost earlier criticized is 
offset by the quicker return to baseline function and the advantage of 
exploring and repairing the contralateral side if indicated. Additional 
techniques avoiding use of costly deposable products (i.e., balloon 
dissection devices) further bring the cost down. 

 The relatively newer technique of single incision or single port (SILS 
and SPA) as well as robotic surgery has introduced the potential for 
further reducing the number of port sites. There have been reports that 
these techniques may be on par with conventional laparoscopic methods. 
The question as to whether these procedures will have signi fi cant 
advantages is currently being evaluated in many centers.      
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    11.     Outcomes After Transabdominal 
Preperitoneal Inguinal Hernia Repair       

     Nicole   Fearing        and    Kimberly   Ponnuru      

     Hernia surgery remains one of the most common general surgical 
procedures in the United States and Europe today. Surgeons perform 
approximately 600,000–800,000 inguinal hernia repairs in the United 
States yearly  [  1–  3  ] . While most repairs utilize an open technique, 
laparoscopic hernia surgery comprises 10–15% of all repairs  [  2,   3  ] . 
Several surgeons reported performing the transabdominal preperitoneal 
in 1992. The  fi rst description of a transabdominal preperitoneal repair 
(TAPP) was by Arregui and his colleagues in 1992  [  4  ] . Laparoscopic 
TAPP is often compared to the open inguinal hernia repair and the 
laparoscopic totally extraperitoneal repair (TEP). When discussing 
methods of hernia repair with a patient, topics such as recurrence, return 
to work time, cost, pain, neuralgia, and other complications should be 
reviewed. 

   Complications 

 Open repair, TAPP, and TEP repair all carry the risk of infection, 
groin hematoma, postoperative pain, recurrence, urinary retention, 
testicular complaints, and mesh-related complications. In addition, 
laparoscopic repairs have risks unique to laparoscopy such as trocar or 
Veress needle injuries, port site herniation, and hypercarbia or hypotension 
secondary to pneumoperitoneum  [  5  ] . 



124 N. Fearing and K. Ponnuru

   Bowel Obstruction 

 TAPP repair can be complicated by bowel obstruction from migration 
of the intestine beneath the peritoneal  fl ap. This can largely be prevented 
by careful tacking or suturing of the peritoneal  fl ap over the mesh at the 
completion of the procedure. Kapiris et al. reported their results of 3,530 
repairs in 3,017 patients with the TAPP repair  [  6  ] . In their experience, they 
had a total of seven small bowel obstructions due to bowel herniating into 
the peritoneum   . They changed their technique from reapproximating the 
peritoneum with staples over the mesh to suturing it closed with a running 
suture. This change in peritoneal closure decreased the incidence of bowel 
obstruction from 0.8% with a stapled closure to 0.1% with sutured closure 
 [  6  ] . Obstructive symptoms in the immediate postoperative period require a 
thorough investigation to exclude the diagnosis of peritoneal herniation. 
This may be done by physical exam, ultrasound, or CT scan. If missed, 
peritoneal hernia can lead to adherence of small bowel to mesh with erosion 
of the mesh or incarceration and eventual strangulation of the bowel. When 
caught early, repair may be done laparoscopically with little sequelae.  

   Urological Complications 

 Urologic complications following TAPP exist but are rare. Most are 
minor and include scrotal seroma or hematoma, testicular pain, and 
secondary hydroceles  [  7,   8  ] . A few reports of major urologic complications 
have been reported as both short-term and long-term complications. 
Bladder injury is a rare but serious complication that can present at the 
time of surgery or within a few days of surgery. It has been reported to 
occur in less than 1% of patients  [  9  ] . There is no consensus regarding the 
routine use of urinary catheters at the time of surgery, although some 
surgeons do routinely place them and others do not. At the time of initial 
surgery, if a bladder injury is suspected, a urinary catheter may be inserted 
(if not already present), and methylene blue saline may be infused into 
the bladder to pinpoint the place of injury. Surgical repair of the bladder 
and mesh removal are usually required due to concern about mesh 
infection in this setting. 

 Erosion of the mesh into the bladder has been reported years after the 
initial TAPP. Mesh removal and surgical repair of the bladder were 
required. Mesh removal has been done in a formal open fashion as well 
as endoscopically  [  7,   10  ] . 
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 While uncommon, obstructive azoospermia following laparoscopic 
hernia repair should always be discussed with a patient who is still 
interested in having children. The reported incidence ranges from 0.3 to 
7.2%. The etiology includes transection of the vas deferens, disrupted 
vascular supply, or obstruction following reaction from the mesh that 
causes scarring and obstruction of the vas deferens  [  11  ] . 

 Debate continues regarding laparoscopic inguinal hernia repair in a 
patient with a previous radical prostatectomy. Scarring in this area may 
make opening the peritoneum dif fi cult and dissection of the hernia 
tedious. The risk of complications may be higher in this setting. Those 
who tackle inguinal hernias with a TAPP repair should be very experienced 
in the repair of standard laparoscopic repairs prior to doing these more 
complicated procedures. 

 Another issue is the patient who may have the need for a radical 
prostate surgery in the months or years following a laparoscopic inguinal 
hernia repair. Laparoscopic or robotic retropubic prostatectomies have 
been successfully performed on patients who have had a previous 
laparoscopic inguinal hernia repair  [  12  ] . However, the previous 
preperitoneal dissection leads to scarring that can complicate the exposure 
during prostatectomy, especially where the bladder takedown is involved. 
This should be discussed with male patients at the time of the preoperative 
assessment so that patients can be educated on the risks that laparoscopic 
hernia surgery has in relation to prostate surgery.  

   Postoperative Pain 

 Of all of the complications, postoperative pain, otherwise known as 
inguinodynia, and recurrence deserve a closer review due to their 
frequency and impact on the patient. The much publicized Veterans 
Administration study on open mesh versus laparoscopic mesh repair of 
inguinal hernia showed that patient-reported outcomes and satisfaction 
were most negatively impacted by postoperative neuralgia and hernia 
recurrence  [  13  ] . These  fi ndings were also reproduced by Hawn and 
colleagues in their paper in 2006 on patient-reported outcomes after 
inguinal hernia surgery  [  5,   14  ] . Most studies note that patients have less 
immediate postoperative pain and less chronic postoperative pain 
following laparoscopic repair compared to open repair. Several large 
multicentered studies and one meta-analysis con fi rm less long-term, 
chronic postoperative pain following laparoscopic hernia repair in 
comparison with open repair  [  13,   15–  17  ] . The decreased incidence of 



126 N. Fearing and K. Ponnuru

postoperative pain following laparoscopic hernia repair is signi fi cant 
when one considers the dif fi culty in treating chronic postoperative pain 
and the negative impact that it has on patient satisfaction. 

 Dickenson et al. demonstrated in a retrospective study that 14% of 
patients developed chronic (>1 year) postoperative pain following 
laparoscopic hernia repair. This is greater than the risk of recurrence and 
is problematic in that chronic postoperative pain often is not easily 
treated surgically. In this study, the researchers identi fi ed preoperative 
pain, age <50 years old, and recurrent hernia repair as risk factors for the 
development of postoperative pain  [  18  ] . 

 The type of mesh used does not appear to affect the incidence of 
chronic pain. Bittner et al. reported in 2011 their 1-year results of the use 
of four difference types of meshes: standard heavyweight mesh, pure 
middleweight polypropylene, lightweight composite polypropylene, and 
a titanized lightweight mesh. The end point of incidence of chronic pain 
at the end of 1 year was examined. Using the TAPP procedure in 600 
patients, they found no difference in the rate of chronic pain regardless 
of the type of mesh used. However, use of the lighter-weight meshes 
appeared to improve the early postoperative period  [  19  ] .  

   Recurrence 

 Recurrence rates after a laparoscopic TAPP inguinal hernia repair 
have been reported from 0 to 13%. When comparing laparoscopic to 
open hernia repair, many single-institution studies are too small to 
demonstrate statistical signi fi cance in terms of recurrence rates. Of the 
multicentered prospective studies, most demonstrate similar recurrence 
rates between TAPP and open repair with mesh. Even the much heralded 
VA study demonstrated similar recurrence rates when the TAPP repair 
was performed by an experienced surgeon  [  13  ] . Experience in the TAPP 
hernia repair remains a generally accepted requirement in order to achieve 
similar recurrence rates as observed with an open mesh repair. A study 
by Johansson et al. randomized 613 patients to TAPP, open preperitoneal 
hernia repair with mesh, or conventional repair. They report similar 
recurrence rates between laparoscopic and open inguinal hernia repair 
 [  15  ] . A prospective randomized controlled trial of laparoscopic TAPP 
versus open inguinal mesh repair was published by Douek et al. in 2003. 
A total of 403 patients were randomized to either an open repair under 
local anesthesia or a laparoscopic TAPP repair under general anesthesia. 
The patients were seen and assessed after a minimum of 5 years from the 
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surgeon by an independent surgeon who was not involved in the original 
study. 65% of patients from the original study were reviewed, 120 open 
repair and 122 laparoscopic. Their follow-up showed no difference in the 
recurrence rate between the two groups  [  20  ] . In 2001, a 7-year two-center 
experience in laparoscopic TAPP was published in by Kapiris et al. They 
performed 3,530 TAPPs in 3,017 patients. Their overall recurrence rate 
was 22 recurrences or 0.62% with 17of the 22 being in the  fi rst 325 
repairs performed prior to their change in technique of using a small 
mesh. With the change to a larger mesh, their recurrence rate was 0.16% 
 [  6  ] . Finally, the EU Hernia Trialists Collaboration performed a meta-
analysis consisting of 41 trials. The results again con fi rmed the similar 
recurrence rates for TAPP versus open repair with mesh  [  16  ] . 

 Overall, mesh size and surgeon experience remain the most important 
factors in maintaining similar recurrence rates between open and TAPP 
hernia repairs.  

   Mesh Infections 

 Mesh infection with laparoscopic inguinal hernia is rarely reported in 
the literature. Kapiris et al. reported four incidences of mesh infection in 
their large experience with TAPP repair for an overall total of 0.11%. In 
three of the patients, they were able to determine that the patient had a 
perioperative focus of infection. They reported having to remove the 
mesh in one patient laparoscopically, and in the other three, a groin 
abscess was drained. Of those patients, two did well afterward, and the 
third developed a groin sinus and eventually had the mesh removed in an 
open fashion  [  6  ] . In all patients with hernia repair, it is important to 
preoperatively evaluate for any sign of infection and treat appropriately 
prior to surgery to decrease the mesh infection rate.   

   TAPP Vs. TEP 

 There has long been a debate over the best laparoscopic inguinal hernia 
repair. Proponents of TAPP repair argue that TAPP provides a panoramic 
view of the myopectineal ori fi ce in comparison to its surroundings and is 
superior to the narrow view provided during TEP repair. 

 TEP was advocated as an alternate to the TAPP since TEP did not 
require intraperitoneal violation and the inherent risk of bowel injury and 
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trocar injury that may come with it  [  21  ] . Despite that view, there has only 
been one randomized controlled trial of TAPP vs. TEP inguinal hernia 
repair. This was a small study with only 52 patients within it, but it 
showed there was no difference between the two procedures in time to 
return to work, hernia recurrence, and complications  [  22  ] . 

 With the use of a TEP repair, there is the chance that a surgeon may 
have to convert to a TAPP repair. In Misra’s study of 185 patients who 
underwent a TEP repair at their center, 10.5% had to undergo a conversion 
to a TAPP or open repair. Reasons for conversion included peritoneal 
tearing, irreducible hernia, inadequate space, bleeding, and prolonged 
operating room time  [  23  ] . 

 McCormick et al. performed a systematic review of TAPP vs. TEP 
articles to determine which method was associated with superior 
outcomes in terms of major complications including intra-abdominal 
injuries. While the review produced no prospective randomized studies 
demonstrating a difference in intra-abdominal injuries, several 
observational studies suggest an increase in intra-abdominal injuries 
during TAPP vs. TEP. However, given the rarity of these injuries, the 
clinical signi fi cance of this observation remains undetermined until 
examined by a suf fi ciently powered randomized controlled study  [  9  ] .  

   TAPP Vs. Open for Recurrent Hernias 

 Controversy exists as to whether patient outcomes are better with a 
laparoscopic or open repair for a recurrent inguinal hernia. A meta-
analysis of four randomized controlled trials comparing laparoscopic 
with open mesh repair of recurrent inguinal hernia showed no difference 
between laparoscopic and open repair in terms of recurrence or chronic 
pain. As secondary measures were evaluated, the analysis showed that 
laparoscopic repair whether TAPP or TEP had earlier return to daily 
activities and less immediate postoperative pain. However, the 
laparoscopic surgery was associated with increased operative times  [  24  ] . 
A prospective randomized trial by Mahon et al. comparing TAPP vs. 
open mesh repair for bilateral and recurrent inguinal hernias was not 
included in this meta-analysis due to the inability to analyze the recurrent 
hernia group separately. However, in reviewing the study by Mahon, the 
results are similar to that concluded by the meta-analysis. There was no 
difference between TAPP and open mesh repair in terms of recurrence. 
TAPP repair resulted in less postoperative and chronic pain and faster 
return to normal activities  [  25  ] .  
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   Cost 

 Assessing the cost of laparoscopic versus open inguinal hernia repair 
remains nebulous. The cost analysis changes depending on whether the 
patient, the surgeon, the hospital, or the employer’s costs are considered. 
For example, the laparoscopic repair results in longer operating room 
times and often requires more disposable instrumentation than an open 
repair. This translates into higher hospital costs. From the surgeon’s 
perspective, the extra time spent performing a repair laparoscopically 
decreases the time he or she has available to generate additional revenue 
through procedures or of fi ce visits. The extra time spent in the operating 
room during a laparoscopic repair is not rewarded  fi nancially by insurers 
enough to offset the loss in other revenue-producing activities. However, 
from the employer’s standpoint, laparoscopic repairs offer a quicker 
return to work compared to open. The ability of an employee to return to 
work results in less cost to an employer. In addition, if an employee’s 
time away from work is unpaid leave, then the longer recovery time is 
more costly to the employee. 

 In summary, determining the best hernia repair technique depends on 
the surgeon’s experience as well as the patient’s expectations and needs. 
The outcomes of the transabdominal preperitoneal repair remain similar 
or better than that of open repair. The key to maintaining equivalent or 
improved outcomes with TAPP compared to open remains the surgeon’s 
experience with TAPP. Therefore, the surgeon should tailor his surgical 
approach based on his experience with laparoscopic hernia repair and on 
the unique clinical scenario for each patient.      
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    12.     Cord Structure Complications 
in Inguinal Hernia Surgery       

     Aaron   M.   Lipskar    and    Mark   A.   Reiner         

     Inguinal hernia surgery remains the most common elective general 
surgical procedure performed in the United States. It is a relatively safe 
operation, with worldwide morbidity averaging 6%, mortality 0.3%, and 
a recurrence rate in the range of less than 1–10%. Complications of 
inguinal herniorrhaphy can occur both intraoperatively and during the 
postoperative period. This chapter will focus on intraoperative cord 
structure complications in both open and laparoscopic inguinal 
herniorrhaphy. The focus of this chapter will be on male patients due to 
the relative inconsequences of cord injuries in female patients. 

 In order to understand and avoid cord complications, a thorough 
review of embryology and anatomy is  fi rst required. 

   Embryology 

 The gonads form from the mesoderm in the subserous fascia on either 
side of the vertebral column at the tenth thoracic level and are anchored by 
the gubernaculum, a suspensory ligament that ultimately anchors the testes 
to the scrotum. Beginning during the seventh week of gestation, the 
gubernaculum begins to shorten as the testes begin their descent. During 
gestation, the gonads begin a retroperitoneal or subserous descent, and if 
there is male differentiation, this descent continues into the scrotum. After 
the eighth gestational week, the processus vaginalis forms as a peritoneal 
evagination, pushing out extensions of the transversalis fascia, the internal 
oblique muscle, and the external oblique muscle. These fascial and 
muscular extensions ultimately form the inguinal canal. The everted 
transversalis fascia forms the deep or internal ring and eventually becomes 
the internal spermatic fascia. The everted external oblique muscle forms 
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the super fi cial or external ring and eventually becomes the external 
spermatic fascia. The internal oblique muscle  fi bers and fascia develop into 
the cremasteric muscle  fi bers and fascia. By the 12th week of gestation, the 
intra-abdominal phase of gonadal descent is complete, and the testes can 
be found in the vicinity of the deep inguinal ring. The testes remain in this 
area until about the seventh month of gestation at which point the inguinal-
scrotal phase of the gonadal descent through the processus vaginalis 
continues in response to further shortening of the gubernaculum and 
increased abdominal pressure by the growth of the abdominal viscera. Just 
around the time of normal term delivery, the testes normally have completely 
entered the scrotal sac, and the remains of the gubernaculum are a small 
ligamentous band attaching the testes to the scrotal  fl oor. During the  fi rst 
year of life, the proximal end of the processus vaginalis usually obliterates, 
leaving only a distal remnant sac, known as the tunica vaginalis, which 
wraps around the testes and normally has a collapsed lumen. 

 The structures of the spermatic cord come together in their entirety 
just before the testes begin its  fi nal descent through the deep inguinal 
ring. The testes then drag a string of elongating vessels, nerves, and the 
vas deferens through the inguinal canal during the inguinal-scrotal phase 
of the descent. This embryologic journey is critical in understanding the 
anatomy of the spermatic cord structures and potential cord complications 
and methods to avoid them during inguinal hernia repair.  

   Anatomy 

 As the spermatic cord passes through the inguinal canal, it consists of 
the tunica vaginalis (the remnant of the processus vaginalis), vas deferens, 
the pampiniform venous plexus, three arteries with associated veins 
(testicular artery, deferential artery, and cremasteric artery), three nerves 
(ilioinguinal nerve, genital branch of the genitofemoral nerve, and 
sympathetic testicular nerve plexus), and lymphatics. The pampiniform 
plexus, vas deferens, deferential artery, testicular artery, testicular nerves, 
and the lymphatics are enveloped in the three layers of spermatic fascia 
(external spermatic fascia from the external oblique, cremasteric muscle 
and fascia from the internal oblique, and internal spermatic fascia from 
the transversalis fascia). The remaining structures course along the 
super fi cial surface of the external spermatic fascia. 
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   Vas Deferens 

 The vas deferens, also known as the ductus deferens, originates 
from the fetal mesonephric ducts on the testes. During the embryologic 
time, the testes sit near the deep inguinal ring, and the seminal vesicles 
develop from the mesonephric ducts near the pelvic urethra. During 
the testes’  fi nal descent, the vas deferens assumes its anatomic course 
in the spermatic cord connecting the testes to the urethra, functioning 
to transport sperm from the testes to the urethra. Anatomically, the 
vas deferens courses cephalad from its insertion in the urethra and 
crosses the inferior epigastric arteries, eventually entering the 
spermatic cord inferomedially and coursing posteriorly through the 
inguinal canal and into the scrotum.  

   Pampiniform Venous Plexus 

 The pampiniform venous plexus can be found anteriorly to the vas 
deferens in the cord and is a network of many small spermatic veins 
and tributaries from the epididymis. This venous plexus forms the 
mass of the spermatic cord, and the small veins unite to form 3 to 4 
larger veins at the level of the super fi cial inguinal ring. As they 
traverse the inguinal canal and enter the abdomen through the deep 
inguinal ring, they coalesce into  fi rst two and eventually one testicular 
vein ultimately emptying into either the vena cava on the right and 
renal vein on the left. This venous plexus functions as both venous 
return and temperature regulation.  

   Arteries 

 There are three arteries associated with the spermatic cord. The 
testicular artery originates from the abdominal aorta and courses 
obliquely and downward over the ureters until the level of the internal 
inguinal ring at which point it joins the other cord structures and 
traverses the inguinal canal. The testicular artery branches and becomes 
tortuous distally, which may have signi fi cant consequence if they are 
injured.    The deferential artery (the artery to the vas deferens) usually 
arises from the anterior trunk of the superior vesicular artery. It then 
courses with the vas deferens through the inguinal canal, ultimately 
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uniting with the testicular artery. The cremasteric artery is a branch of 
the inferior epigastric artery and runs with the spermatic cord but 
super fi cial to the spermatic fascia. It supplies the connective tissue of 
the cord structures and also eventually anastomoses with the testicular 
artery.  

   Nerves 

 There are two nerves that course through the inguinal canal and run 
super fi cial to the spermatic fascia. In addition, the sympathetic testicular 
nerve plexus runs within the spermatic cord. All of these structures are 
susceptible to injury during inguinal hernia repair. The ilioinguinal 
nerve arises from the  fi rst lumbar nerve and enters the inguinal canal 
between the internal and external oblique muscles and exits through the 
super fi cial inguinal ring, providing sensation to the skin of the upper 
and medial thigh as well as the penis and upper scrotum. The genital 
branch of the genitofemoral nerve arises from L1 to L2 and enters the 
inguinal canal just lateral to the inferior epigastric vessels and enters the 
inguinal canal either by piercing the transversalis fascia or passing 
through the deep inguinal ring. It then descends behind the spermatic 
cord, supplying both the scrotum and cremasteric muscle complex. The 
sympathetic testicular nerve plexus runs with the spermatic cord 
structures and innervates the testes.  

   The Posterior Perspective 

 Anatomy is most commonly reviewed from an anterior perspective, 
although one of the unique challenges of laparoscopy is that the cord 
structure is visualized from a posterior perspective. Whether an 
intraperitoneal or preperitoneal approach is utilized, the cord structure 
needs to be relearned from this point of view (Fig.  12.1 ). The spermatic 
cord structures can be found superior to the iliopubic tract when looking at 
the myopectineal ori fi ce de fi ned by the internal oblique muscle and 
transversus abdominis muscle superiorly, the iliopsoas muscle laterally, and 
the lateral edge of rectus abdominis and pubis pectin medially. Additionally, 
from the posterior perspective, there is an anatomic area commonly known 
as the  triangle of doom  that has been characterized in order to assist surgeons 
in avoiding cord complication or major vascular bleeding during laparoscopic 
inguinal hernia repair. The triangle of doom is formed by the vas deferens 
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medially and the vessels of cord laterally, with the apex pointing superiorly. 
This space contains the external iliac vessels, deep circum fl ex iliac vein, 
femoral nerve, and genital branch of the genitofemoral nerve.    

   Cord Complications 

 With a thorough understanding of the anatomy and physiology of the 
spermatic cord structures, the mechanism and clinical signi fi cance of 
cord structure injuries can be more easily appreciated. As aforementioned, 
there is no clinically signi fi cant effect to injury of the cord structures in 
a female patient other than nerve injuries, so this section will again focus 
on primarily male patients. 

   Complications of Spermatic Cord Injury 

   Ischemic Orchitis 
 Ischemic orchitis is best de fi ned as postoperative in fl ammation of 

the testicle after inguinal hernia repair. This complication is signi fi cantly 
more common after open repairs. Clinically, ischemic orchitis usually 

Normal anatomy of the inguinal region
as visualized laparoscopically
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  Fig. 12.1.    Normal anatomy of the inguinal region as seen at laparoscopy.       

 



138 A.M. Lipskar and M.A. Reiner

presents 1–3 days following hernia repair as a painful, indurated, and 
swollen testicle, and it is often associated with a low-grade fever. It 
occurs in <1% of all hernia repairs, but the incidence increases to ~5% 
in recurrent hernia repairs due to scar formation. The etiology of 
ischemic orchitis is almost always due to injury of the pampiniform 
venous plexus rather than the testicular artery itself. It is most commonly 
caused by venous congestion of the testicle secondary to thrombosis of 
veins within the venous plexus and likely occurs during dissection of 
the hernia sac away from the cord structures. In addition, complete 
stripping of the cremasteric muscle  fi bers may cause injury to the 
pampiniform plexus as well. Testicular sonography will demonstrate 
decreased testicular blood  fl ow and can aid in determining whether the 
testicle is simply ischemic or if it is necrotic. In the case of straightforward 
ischemia, treatment is nonoperative and involves reassurance and 
analgesia, as this condition usually improves by six weeks postoperative. 
There is some debate about the role of antibiotics in ischemic orchitis, 
but we do not routinely treat with antibiotics. Interestingly, testicular 
ultrasounds performed at 6 months postoperatively have been shown to 
show resolution of the  fl ow abnormality in the vast majority of cases. 
Emergent orchiectomy is only necessary in the case of testicular 
necrosis, which would only be caused by signi fi cant injury to the 
venous plexus and/or the testicular artery.  

   Testicular Atrophy 
 Testicular atrophy can be best de fi ned as shrinking of the testicle and 

associated dysfunction. The inciting injury is to the testicular artery rather 
than to the pampiniform plexus in cases of testicular atrophy. Testicular 
atrophy usually occurs over several months and is not always preceded by 
an immediate postoperative episode of testicular swelling. Whether 
ischemic orchitis will progress to testicular atrophy is impossible to 
determine. Testicular atrophy does not require emergent orchiectomy, but 
the consequences of an atrophic testicle are signi fi cant and irreversible, 
often requiring elective orchiectomy. The Shouldice clinic reported an 
incidence of testicular atrophy of 0.036% in primary open mesh-free repairs 
and 0.46% in recurrent hernia repairs. The incidence of testicular atrophy 
in laparoscopic repairs is quite small, although it has been reported. 

 Avoidance of these testicular complications is best accomplished 
by careful and minimal handling of the spermatic cord structures 
while dissecting the hernia sac. There does not appear to be a bene fi t 
of stripping the spermatic cord structures in either open or laparoscopic 
techniques, and leaving the cord intact should minimize the incidence 
of these complications.  
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   Ductus (Vas) Deferens Injury 
 The vas deferens can be inadvertently injured during inguinal 

hernia repair by either transection or obstruction. Either of these 
etiologies can ultimately lead to infertility. 

 Complete transection of the vas deferens is a complication seen 
more often in open repairs as compared to laparoscopic repairs, as 
isolation of the vas deferens by digital manipulation is a standard part 
of the open procedure. This complication is far more common in 
recurrent hernia repairs due to scar tissue. Complete transection of the 
vas deferens remains rare, but when it does occur and if it is recognized, 
the vas deferens should be reanastomosed using 6.0 Prolene suture 
over a stent, preferably with a urology consult. 

 Obstruction of the vas deferens cannot only lead to infertility but 
also result in dysejaculation, an entity de fi ned as pain or burning in 
the groin just before, during, or immediately after ejaculation. The 
incidence of dysejaculation syndrome has been quoted to be 
approximately 0.4%. The symptoms are usually self-limited. The 
etiology of the obstruction is thought to be crushing or scarring of the 
vas deferens, which can occur in both the open and laparoscopic 
approaches with rough instrumentation that causes  fi brosis through 
the muscular wall of the vas deferens. Gentle and minimal handling of 
the cord structures in laparoscopic repairs and avoidance of using 
forceps or other instruments to handle the structures in open repairs 
can minimize the occurrence of this complication.  

   Testicular Ptosis 
 Testicular ptosis is a less signi fi cant complication de fi ned as 

sagging of the testicle on the side of a previous inguinal hernia repair. 
Ptosis will routinely occur if the cord structures are skeletonized, and 
the cremasteric muscle  fi bers are divided, either in the open or 
laparoscopic approach. This complication can be avoided if the 
cremaster muscle is left intact or by  fi xing the medial stump of the 
muscle to the pubic tubercle, as done in the Shouldice technique.  

   Scrotal Hematoma 
 Due to the abundant vascularity of the spermatic cord, scrotal 

hematomas after inguinal hernia repairs are common due to excessive 
handling of the cord structures and slow bleeding from the vascular 
cord structures, with an overall incidence of ~5%. This complication 
is minor and can occur in both open and laparoscopic approaches. 
Patients present with scrotal swelling and ecchymotic discoloration. 
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These hematomas are self-limiting and almost always resorb 
spontaneously. Treatment is usually limited to elevation and tincture 
of time. Similar to other cord structure complications, this can be 
minimized with gentle handling of the spermatic cord.  

   Hydrocele Formation 
 Hydroceles have been reported to occur in 0.7% of patients after 

inguinal hernia repair and are thought to be caused by excessive 
skeletonization of the cord structures with a disruption of lymphatic 
drainage. Another theory is that an open distal hernia sac causes 
hydroceles. They are treated the same way primary hydroceles are 
treated.  

   Nerves 
 While not truly cord complications, nerve injuries remain a 

common problem following both open and laparoscopic hernia 
repairs, with incidences approaching 15–20%. Nerves can be injured 
by either transection, injury, or excess retraction. Complete nerve 
transection generally causes numbness but does not lead to neuralgias. 
Postoperative neuralgias can be grouped into those that cause 
symptoms within hours of awakening from anesthesia and those that 
cause chronic pain symptoms. Patients with acute neuropathic pain 
immediately after herniorrhaphy will often bene fi t from immediate 
reexploration. The mechanism of nerve injury is different depending 
on operative approach. Injury to the genital branch of the genitofemoral 
nerve and ilioinguinal nerve can occur during dissection of the cord in 
open hernia repairs, as these structures run external to the spermatic 
fascia but alongside the spermatic cord. Some authors therefore 
advocate the identi fi cation and ligation of these nerves with minimal 
residual effect in order to minimize these complications. In 
laparoscopic repairs, injury to the genitofemoral nerve usually occurs 
due to tacking the mesh improperly. A complete discussion of nerve 
injuries during herniorrhaphy is beyond the scope of this chapter.    

   Conclusions 

 Injury to the components of the spermatic cord structures remains 
one of the more common complications of hernia repair in male patients, 
sometimes causing severe long-term sequelae. Almost all of the 
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complications can occur during either the open or laparoscopic approach, 
although most of the cord-speci fi c complications are more common in 
open repairs and especially in open repairs of recurrent hernias. The best 
method of avoiding these injuries is obtaining a thorough knowledge of 
the embryology and anatomy of the inguinal canal and the spermatic 
cord, handling the tissues gently during the repair and avoiding 
overskeletonization of the cord.      
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    13.     Intraoperative Complications 
During Laparoscopic Hernia Repair       

     Davide   Lomanto       and    Rajat   Goel       

    Laparoscopic repair for inguinal hernia was  fi rst reported in the early 
1990s by Ger, Schultz, Corbitt, and Filipi  [  1–  4  ] . Today, the two most common 
laparoscopic hernia repairs are transabdominal preperitoneal repair (TAPP) 
and the total extraperitoneal repair (TEP). Both involve placement of a 
prosthetic mesh in the preperitoneal space to cover all potential hernia sites 
in the myopectineal ori fi ce within the inguinal region. TAPP requires an 
incision in the peritoneum to access the preperitoneal space, where as in 
TEP, the dissection is done in the preperitoneal space itself. Both laparoscopic 
hernia techniques require full exposure of the myopectineal ori fi ce, removal 
of excess preperitoneal fat and cord lipomas, complete assessment of all 
potential hernia sites, full reduction of direct hernia contents, evaluation to 
assess a femoral hernia component, complete dissection of the proximal 
indirect sac from the cord structures, and  fi nally appropriate placement and 
judicious  fi xation of mesh in preperitoneal space. 

 The laparoscopic inguinal hernia repairs (TAPP and TEP) are looked 
upon as technically demanding procedures. They have a “learning curve,” 
and complication rates have been shown to drop with increased surgical 
experience  [  5–  7  ] . Proper training and supervision can shorten the 
learning curve and reduce the complications and recurrences  [  8  ] . The 
high-volume centers have reported comparable result outcomes, if not 
better, in terms of recurrence, chronic residual pain, and quality of life 
 [  8–  10  ] . This de fi nitely suggests that surgeons who complete the learning 
curve can deliver results that are not only acceptable but also impressive 
and signi fi cantly better than open repair in bilateral and recurrent inguinal 
hernias  [  9–  12  ] . The improved outcomes can be attributed to assimilation 
of results of published literature and identifying factors that contribute to 
complications and failure of repair. It is important to critically analyze 
each of these factors and help postulate surgical techniques that would 
reap good surgical outcomes. 
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 The complication rates for laparoscopic repair of inguinal hernia 
ranges from less than 3% to as high as 20%.  [  6,   13–  15  ] . A summary of 
the complications speci fi cally related to TAPP and TEP can be found in 
Table  13.1 .  

   Laparoscopic Inguinal Complications 

 Noteworthy  intraoperative complications  speci fi c to laparoscopic 
inguinal repair are:
   Vascular Injury

   This can involve the iliac vessels, femoral vessels, inferior • 
epigastric vessels, gonadal vessels, muscular branches, vessels 
over the pubic arch (including “corona mortis” vein), or other 
vessels in the region.     

  Visceral Injury
    • Bowel injuries  can occur with trocar entry, or during the course 
of dissection in large irreducible hernias, sliding hernias, or 
with the use of electrodiathermy. The incidence of bowel 
injuries is greatly reduced, but not completely eliminated, with 
TEP as compared to TAPP repair.  
   • Urinary tract injuries  are reported in laparoscopic inguinal 
hernia repair. These include bladder injuries and rarely even 
urethral rupture.     

   Table 13.1.    Summary of intraoperative complications.   

 Related to laparoscopic technique  Related to laparoscopic hernia repair 

 Trocar injury to bowel and bladder a   Vascular injury: Femoral, epigastric, 
gonadal, iliac, and others 

 Subcutaneous emphysema  Nerve injury: Lateral femoral 
cutaneous, genitofemoral, 
ilioinguinal, iliohypogastric, and 
femoral 

 Cardiopulmonary complications 
related to hypercapnia 

 Visceral injury: Bladder and bowel 
 Injury to cord structures: Vas deferens 

and gonadal vessels 

   a More common in TAPP  
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  Nerve Injuries. 
 The myopectineal ori fi ce of Fruchaud has several nerves coursing 

in it, viz., ilioinguinal nerve, iliohypogastric nerve, genitofemoral 
nerve with its medial genital (external spermatic nerve) and lateral 
femoral (lumboinguinal nerve) branches, femoral nerve, and lateral 
femoral cutaneous nerve. All these are prone to injury, either during 
lateral dissection or during mesh  fi xation. It can result in long-term 
pain and discomfort  [  16  ] .  

  Injury to Cord Structures. 
 The vas deferens can be damaged or transected, as can the gonadal 

vessels during the course of dissection.    
 Complications can occur at every step of the operation even though 

some of them are occasionally reported. However, it is important to 
analyze all of them chronologically, so that we can de fi ne methods to 
prevent them, or tackle them once they occur.  

   Risk Reduction Strategy 

 A risk reduction strategy is required to improve the clinical outcome 
of laparoscopic hernia repair, and this must be adopted during the 
following surgical steps:

    1.    Placement of the  fi rst trocar  
    2.    Placement of the working port  
    3.    Dissection of the preperitoneal space  
    4.    Dissection of the hernia sac  
    5.    Mesh placement and  fi xation  
    6.    Closure of the port     

   Placement of the First Trocar 

 Since the TEP repair involves a preperitoneal placement of a trocar, 
injuries that can be avoided during the  fi rst trocar placement during a 
laparoscopic inguinal hernia repair are limited to those found during a 
TAPP inguinal hernia repair. Most, if not all, of these injuries that are 
expected from the  fi rst trocar entry can be attributed to a sharp instrument 
like a Veress needle or sharp trocar entering the peritoneal cavity and 
causing potentially vascular or visceral injury  [  13,   14  ] . This type of injury 
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is not common in a TEP repair in which the preperitoneal space is entered 
under direct vision and a preperitoneal domain is maintained during the 
procedure. The surgeon stands on the opposite side of hernia, and the 
camera setup is on the same side of the hernia on the foot end of the 
patient (Fig.  13.1 ). Few authors  [  17  ]  advocate the use of Veress needle or 
blind trocar entry in the suprapubic area to create the space, as this 
maneuver can lead to an inadvertent injury of the bladder or bowel and is 
simply avoidable with other techniques. Veress needle is also 
contraindicated when the patient has had a previous laparotomy (especially 
with an infraumbilical midline incision) as previous incisions often result 
in scarring with distortion of tissue planes and visceral adhesions to the 
anterior abdominal wall. Consequently, injury can be minimized by 
judiciously using an open-entry technique in an area distant from the 
previous incision. Open entry under direct vision certainly does not 
eliminate visceral or vascular injury, but its use is certainly more logical 
in those situations and has been shown to minimize risks.  

  Fig. 13.1.    OT setup for right-sided hernia repair.       
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 We strongly recommend an open-entry method for both TAPP and 
TEP repair, where the skin is incised and subcutaneous fat dissected to 
bare the anterior rectus sheath. The fascia is then incised and rectus 
muscle  fi bers split to expose the posterior rectus sheath, which is then 
incised in TAPP to introduce the Hasson’s trocar under vision and held 
in place with stay sutures where as in TEP, this preperitoneal plane is 
maintained and a space is created inferiorly toward the pubic symphysis, 
using gauze,  fi nger, or balloon specially designed for this purpose. A 
Hasson’s trocar is then introduced in this plane and optics introduced to 
con fi rm the plane which is subsequently insuf fl ated with carbon dioxide 
gas at 8–10 mmHg. 

 During this step, in TEP repair, the posterior rectus sheath can be 
inadvertently breached along with the peritoneum which can result in 
pneumoperitoneum. This pneumoperitoneum can have a pressure effect 
on the anterior abdominal wall, thereby minimizing the operating space 
and making further dissection dif fi cult. It is important to identify and 
repair these tears early to facilitate smooth surgery. In case of previous 
surgical scarring, extra caution and vigilance is required at every step 
 [  18  ] . In select cases, it may be safer to opt for elective open repair.  

   Placement of Working Trocars 

 Two working trocars of 5 mm each is all that is required for the 
laparoscopic hernia repair in addition to a 10-mm infraumbilical trocar 
for the camera.    These two trocars are usually placed in the midline, one-
third and two-thirds (3  fi ngerbreadths above pubic symphysis) 
approximately the distance from the umbilicus to pubic symphysis, 
respectively, in TEP repair (Fig.  13.1 ), and lateral to rectus sheath 
approximately on either side, approximately one  fi ngerbreadth below the 
umbilicus in case of TAPP. The placement of lower trocar 3  fi ngerbreadths 
above pubic symphysis in TEP not only helps in prevention of bladder 
injury but also helps in complete and proper placement of the mesh. 
Bladder injury can also be prevented by asking patient to void just before 
being transferred to operation theater and elective catheterization in case 
of bilateral and large hernias. All trocars must be introduced under direct 
vision, taking care not to thrust the sharp tip into the bladder, peritoneum, 
or underlying bowel. The inferior epigastric vessels must be avoided 
especially if the trocars are not inserted along the midline. These vessels 
can bleed signi fi cantly if damaged (Fig.  13.2 ). Direct pressure tamponade 
or electrodiathermy is usually suf fi cient, or the vessel can be clipped 
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with    hemolock (Fig.  13.3 ). Rarely, a transfascial or intracorporeal suture 
may be necessary. Peritoneal tears are discussed vide infra. Any visceral 
injury at this stage may require immediate conversion to a laparotomy.    

   Dissection of the Preperitoneal Space 

 In TAPP repair, a transverse incision is made from the medial 
umbilical ligament extending laterally till the anterior superior iliac spine 
just above the internal ring, and preperitoneal  fl aps are created, where as 
dissection of the preperitoneal space in TEP repair is done either with 
special balloon dissectors mentioned earlier or with blunt dissection 

  Fig. 13.2    Injury to inferior 
epigastric vessel.       

  Fig. 13.3    Clipping of 
inferior epigastric with 
Hemolock.       
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using the telescope and the two working trocars. The space must be 
clearly de fi ned, starting with the pubic arch and symphysis in the midline. 
The bladder should be gently dissected off the pubis and rectus muscle 
superolaterally. During the dissection of the bladder from the rectus 
muscle and pubic symphysis, dif fi culty may be encountered if the patient 
has undergone previous surgery involving the prevesical space of Retzius 
(e.g., previous TEP, prostate surgery). The bladder is particularly 
vulnerable when it makes up part of the direct sac and also if dissection 
is carried beyond medial umbilical ligament in case of TAPP repair. 
Adhesions in this plane can result in bladder injury. It is important for 
such procedures to be carried out by experienced surgeons with gentle 
and meticulous dissection, minimizing the use of electrodiathermy. Once 
injured, it is important to identify the injury on table. The presence of 
urine in the dissection plane or a sudden decompression of a distended 
bladder should arouse suspicion. The bladder tear should be sutured in 
two layers with absorbable material, using additional ports if necessary. 
The temptation to    Endoloop such tears should be resisted. The bladder 
should be decompressed postoperatively with a urinary catheter. It is 
helpful to preoperatively catheterize patients undergoing bilateral repair 
or those in which a lengthy procedure is anticipated, on account of large 
hernial sacs, irreducibility, previous surgical scarring, or in the early 
stage of TEP learning curve. Complex bladder injuries, including urethral 
tears will, more often than not, require laparotomy and urological repair. 
If a bladder injury is encountered, it is strongly recommended to avoid 
mesh insertion and therefore prudent to stage the hernia repair using a 
different method after the patient recovers from the bladder repair. 

 The medial dissection is done in the zone between the inferior 
epigastric vessels on either side, allowing adequate contralateral 
dissection. The ipsilateral set of inferior epigastric vessels is re fl ected 
upward (anteriorly) with the help of one 5-mm blunt dissector, while the 
other dissector opens up the plane laterally. Bleeding from these vessels 
has been discussed vide supra. The area bound by the vas deferens 
superomedially and gonadal vessels superolaterally constitutes the 
so-called triangle of doom. It houses the common iliac vessels. All 
dissection must stay clear of this zone and be carried out superior to it. 
Injury to these vessels can be fatal and usually involves laparotomy and 
vascular repair. 

 The lateral dissection (Bogros’ space) is done beyond the anterior 
superior iliac spine, all the way up to the psoas muscle inferolaterally, 
thereby exposing the nerves in the so-called lateral triangle of pain. The 
musculopectineal ori fi ce of Fruchaud has several nerves coursing it. 
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These include ilioinguinal nerve, iliohypogastric nerve, genitofemoral 
nerve with its medial genital (external spermatic nerve) and lateral 
femoral (lumboinguinal nerve) branches, femoral nerve, and lateral 
femoral cutaneous nerve. Injury to the nerves at this point can result in 
   postoperative discomfort and chronic groin pain. If an injury occurs 
inadvertently, the nerve should be in fi ltrated with a local anesthetic. This, 
however, does not ensure uneventful sequelae. The only effective 
management of these nerve injuries is their prevention. Peritoneal tears 
can also occur during this dissection. Its consequences and management 
are discussed vide infra.  

   Dissection of Hernial Sac 

 This is a vital step of the procedure. It is important to identify all 
potential hernial sacs in the myopectineal ori fi ce. Failure to recognize a 
complex hernia intraoperatively accounts for approximately 15% of 
failed repairs  [  5,   19  ] . The iliopubic tract must be completely bared. The 
thinned out transversalis fascia (commonly referred to the pseudosac) 
and the peritoneum should be delineated fully, identifying any indirect 
and direct components to the hernia. A rational blend of predominantly 
blunt and minimal sharp dissection must be carried out, with sparing use 
of electrodiathermy. An indirect sac must be carefully separated from the 
spermatic cord and its contents. If a lipoma is identi fi ed accompanying 
the cord, it must be meticulously dissected out to prevent any recurrence. 
A sliding hernia or a fully or partially irreducible hernial sac can 
predispose to visceral injury. Bowel injury merits laparotomy in most 
cases. The hernia repair may be deferred depending on the amount of 
contamination. Whenever there is spillage of bowel contents, we 
recommend laparotomy and repair of bowel only in the primary sitting. 
The mesh repair should be deferred for another day, after an appropriate 
interval and recovery. 

 If the indirect sac is long or complete, it is often wise to circumcise 
and ligate (using a premade nonabsorbable loop) the sac in the inguinal 
canal. The distal end must be left open to avoid a hydrocele. Unnecessary 
dissection can result in lymphatic destruction with seroma or formation, 
or even bleeding intraoperatively with subsequent hematoma formation 
in the postoperative period. The seroma or hematoma can occur in the 
groin, or go down to the scrotum. Extensive cord dissection should be 
supplemented with a good scrotal compressive dressing in the early 
postoperative period. Seromas are common after some laparoscopic 
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inguinal hernia repairs, and while it is not possible to eliminate their 
occurrence completely, a forewarned patient is forearmed and all patients 
should be told in advance about them. Seromas should be left untouched 
as almost 100% of them, even the very large ones, will eventually 
reabsorb within the  fi rst 3–6 months. 

 Rough handling of the cord structures can also cause bleeding from 
the testicular and cremasteric vessels. This can also preclude to hematoma 
formation and potential orchitis or testicular atrophy. Firm pressure 
usually controls this bleed, and diathermy is sparingly used. The vas 
deferens can be inadvertently transected during dissection of the cord 
structures. Unilateral injury may not have any consequence. If recognized, 
especially in fertile-aged men, all attempts must be made to repair it with 
an end-to-end anastomosis, with a conversion to open surgery if required. 
In the elderly, it can be safely ligated or clipped in situ. 

 Any breech in the peritoneum, including the indirect sac or pseudosac 
should be avoided at this stage. If a tear does occur, it results in escape of 
insuf fl ated gas to the intraperitoneal cavity. This not only affects the 
respiratory dynamics but also results in loss of working domain, making 
further dissection dif fi cult and possibly dangerous. Pneumoperitoneum 
can also precipitate postoperative ileus. All such tears should be closed, 
usually with a vicryl or chromic catgut Endoloop (Fig.  13.4 ). Larger 
tears may need multiple nonabsorbable loops or intracorporeal sutures. 
At times, the pneumoperitoneum may warrant the placement of a Veress 
needle in the left subcostal position (Palmer’s point) to de fl ate the gas 
and restore the domain. A missed tear can result in omental or intestinal 
herniation  [  20  ]  through the defect, with potential intestinal obstruction, 
incarceration, strangulation, and delayed  fi stulization.   

  Fig. 13.4    Use of Endoloop 
for peritoneal tear closure.       
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   Mesh Placement and Fixation 

 Ample dissection in the extraperitoneal space allows proper placement 
of an appropriate mesh in a laparoscopic inguinal hernia repair. The 
choice of mesh may vary, but commonly used is the  fl at polypropylene 
mesh. Variants of this mesh, with less content of polypropylene or with 
partially absorbable components, are also being used, with the rationale 
of light weight, large pores (less foreign body reaction), better handling, 
and better long-term comfort. The  fl at mesh used should be at least 15 cm 
in width and 10–12 cm in height to cover the entire myopectineal ori fi ce. 
The correct size of the mesh is important to prevent a late recurrence due 
to an eventual “shrinkage” of the prosthesis  [  21  ] . This necessitates 
adequate dissection to allow the mesh to  fi t in, without folding or rolling 
at the edges. 

 Irrespective of the prosthesis used, all meshes should be opened and 
handled with upmost aseptic care, with change of gloves before handling 
the mesh. They should be delivered in the space through an appropriately 
sized trocar (usually 10–12 mm), ideally through a reducer sleeve, to 
avoid any fraying or damage to the mesh. Slitting of the mesh is 
discouraged, as it is a potential space for recurrences, as reported in the 
early series of the laparoscopic repair. 

 While selecting the mesh type and size, it is important to de fi ne the 
hernial defect. The mesh should cover all potential hernial sites apart 
from the de fi ned defect. This includes the direct hernia in the Hesselbach’s 
triangle, indirect hernia lateral to the inferior epigastric vessels and along 
the inguinal canal, femoral hernia in the femoral canal inferior to the 
Cooper’s ligament, and obturator hernia in the obturator canal. 

 A  fl at mesh in the preperitoneal space is in constant danger of being 
displaced by intra-abdominal forces, before the  fi brosis and scarring 
allows it to be incorporated as part of the posterior wall of the inguinal 
canal. During this period, inadequate mesh  fi xation can result in 
recurrence. The medial edge of the mesh is particularly prone to being 
displaced more than the lateral edge. When this displacement is enough 
to expose the medial part of the inguinal canal, including the Hesselbach’s 
triangle, a recurrence is inevitable. This highlights the need to maintain 
the mesh in position. Perhaps, the commonest method advocated today is 
to use an anchorage device like tacks or staples to  fi x the mesh. It is 
important to have a good positioning of these anchorage devices, viz., 
Cooper’s ligament, superior and medial to the direct defect so that the 
mesh overlaps the defect by 4 cm. It is strongly recommended to avoid 



15313. Intraoperative Complications During Laparoscopic Hernia Repair

any tacks or staples below the iliopubic tract, especially avoiding the 
triangles of doom and pain. No lateral  fi xation is advocated to avoid 
inadvertent damage to the nerves (Fig.  13.5 ). If a nerve is accidentally 
injured and this is identi fi ed on table, the anchorage device should be 
removed and a local anesthetic in fi ltrated in the region. Misplaced staple 
devices can also account for nerve irritation and injury. Postoperative 
pain and paresthesias can be a menace and haunt both the patient and the 
surgeon, with no cure guaranteed even with the utmost of corrective 
measures.  

 Several studies have recommended no  fi xation, but have been found 
wanting  [  22,   23  ] . Tissue glues are being used to  fi x the mesh in place, 
with encouraging early results  [  24  ] . Suturing of the mesh has also been 
described but requires expertise. Alternatively, anatomical meshes have 
also been designed for this purpose, which do not require any additional 
 fi xation. They conform to the space by virtue of their shape and prevent 
the mesh from migrating  [  25  ] . Self-gripping mesh materials are emerging 
and may be bene fi cial and have recently been shown to be safe and 
effective for all inguinal hernia types by Jacob et al.  [  26  ] . 

 Despite the product type, it is clear that proper anatomic dissection 
and subsequent mesh placement is required to minimize recurrence.    The 
medial edge of the mesh should extend to the midline, and if a bilateral 
hernia repair is performed, the two mesh pieces should be large enough 
that the mesh overlap at the midline. This is necessary to minimize 
recurrences, especially in larger direct hernia defect patients.  

  Fig. 13.5    Plain X-ray  fi lm of a patient after bilateral TEP hernia repair 
complaining of postoperative chronic pain       .
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   Closure of the Port 

 After the mesh is appropriately placed and  fi xed, the operating  fi eld 
should be examined to rule out mesh displacement or folding. All hernial 
sacs and peritoneal folds must be de fi ned. The mesh must be tucked 
inferior to the pseudosac and peritoneum and the indirect sac must be 
posterior to the mesh. Peritoneal tears must be looked for and dealt with 
appropriately, as mentioned earlier. It is strongly advocated to desuf fl ate, 
wait a few minutes, and then re-insuf fl ate to observe the mesh placement 
and more importantly to con fi rm hemostasis. Working trocars should be 
removed under vision to rule out bleeding from the rectus muscle or 
vessels in the abdominal wall. Hemostasis must be achieved. The anterior 
rectus sheath (fascia) should be closed under direct vision. In case of 
TAPP repair, the camera port site is closed with 2/0 absorbable suture 
like vicryl to prevent postoperative port site hernias as reported in other 
laparoscopic procedures  [  27,   28  ] . Scrotal or groin compression should 
be given, if necessary.   

   Conclusion 

 Laparoscopic inguinal hernia repairs, TAPP and TEP, are technically 
demanding procedures due to unfamiliar anatomy and are prone to 
complications for the beginners. They have a stiff learning curve. Good 
surgical technique, at every step of the procedure, can be mastered with 
time. Once the learning curve is through, satisfactory outcomes can be 
delivered with results comparable and even better than conventional 
repair. It is important for surgeons in the learning curve to be cautious 
and ideally supervised by experts so that potentially fatal complications 
do not put the procedure in disrepute.      
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    14.     Urinary Retention After 
Laparoscopic Inguinal Hernia Repair       

     David   A.   McClusky   III           

     Postoperative urinary retention (POUR) has been de fi ned as the 
inability to void in the presence of a full bladder. A single episode of 
prolonged retention can lead to bladder over fi lling and detrusor damage 
while increasing the risk of bladder dysmotility or even long-term atony. 
Treating this condition requires bladder catheterization, with the potential 
for signi fi cant discomfort, urethral trauma, stricture, and catheter-based 
infection  [  1  ] . Urethral catheterization delays hospital discharge and 
increases the costs of care after inguinal hernia repair  [  2  ] . Given its 
impact, it is imperative that minimally invasive surgeons understand the 
etiology, potential prevention, and treatment of postoperative urinary 
retention. 

   Incidence 

 POUR most frequently occurs after anorectal, spine, and gynecologic 
surgery involving the pelvis. It is a known complication after both open 
and laparoscopic inguinal hernia repair with an incidence ranging 
between 0.2% and 30%  [  3  ] . Such a large range is rarely informative, 
particularly when attempting to establish benchmarks for performance. 
Deciphering the impact of single-center studies using a small cohort 
(where a relatively low occurrence rate can erroneously translate into a 
large incidence) and in studies where POUR is ill de fi ned can be 
challenging. Prospective randomized trials and larger retrospective 
reports that are less susceptible to overestimation can be helpful in this 
regard (Tables  14.1  and  14.2 ).   

 Among the 13 single and multicenter randomized controlled trials 
listed in Table  14.1 , the incidence of urinary retention ranges between 
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   Table 14.1.    POUR incidence within randomized controlled trials comparing 
laparoscopic inguinal hernia repair and open inguinal hernia repair.   

 Investigator  Year  Technique(s)  # Patients 
 Laparoscopic 
POUR (%) 

 Open 
POUR 

 Fitzgibbons  [  21  ]   1995  TEP/TAPP  686  5.8   a  
 Wright  [  34  ]   1996  TEP  60  2  2% 
 Liem  [  35  ]   1997  TEP  482  1  0.4% 
 Wellwood  [  36  ]   1998  TAPP  200  7  3% 
 Johansson  [  5  ]   1999  TAPP  200  2  1.5% 
 MRC group  [  6  ]   1999  TEP/TAPP  352  2.8  2% 
 Andersson  [  37  ]   2003  TEP  81  5.2  2.3% 
 Bringman  [  38  ]   2003  TEP  92  2.2  0% 
 Neumeyer  [  7  ]   2004  TEP/TAPP  989  2.8  2.2% 
 Winslow  [  24  ]   2004  TEP  147  7.9  1.1% 
 Eklund  [  4  ]   2006  TEP  665  4.2  7.5% 
 Pokorny  [  23  ]   2008  TEP/TAPP  119  5  1.8% 
 Langeveld  [  39  ]   2010  TEP  323  1.9  0.3% 
 Gong  [  22  ]   2011  TEP/TAPP  102  6.8  3.2% 

   a This trial was a multicenter trial comparing differing approaches to laparoscopic 
inguinal hernia repair  

   Table 14.2.    POUR incidence within single-center retrospective reviews of 
laparoscopic inguinal hernia repair experience.   

 Investigator  Year  Technique(s)  # Patients 
 POUR 
incidence (%) 

 Ramshaw  [  40  ]   1996  TEP  167  2.5 
 Ramshaw  [  40  ]   1996  TAPP  244  5.7 
 Aeberhard  [  8  ]   1999  TEP  1,605  3.1 
 Moreno-Egea  [  41  ]   2000  TEP  131  2.3 
 Kapiris  [  10  ]   2001  TAPP  3,530  2 
 Ramshaw  [  28  ]   2001  TEP/TAPP  955  3.4 
 Lau  [  18  ]   2002  TEP  120  3.3 
 Garg  [  42  ]   2009  TEP  929  5.3 
 Dulucq  [  9  ]   2009  TEP/TAPP  2,356  0.2 
 Swadia  [  11  ]   2011  TEP  1,042  0.38 

1% and 7.9%. The highest incidence in those studies including >300 
patients in the laparoscopic group is 4.2%  [  4  ] . The three multicenter 
trials report an incidence between 2% and 2.8%  [  5–  7  ] . The incidence 
among the group of centers reporting their experience on greater than 
500 patients ranges from 0.2% to 5.8% (Table  14.2 ). POUR rates are 
consistently less than 3% in series involving over 1,000 patients 
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published after the year 2000  [  8–  11  ] . Taking this number in 
consideration with the incidence noted in the multicenter randomized 
controls listed above, 2–3% is arguably a reasonable target for 
performance benchmarks.      

   Bladder Anatomy and Physiology 

 Within the lower urinary tract, the bladder can be viewed as a 
dynamic receptacle for urine that is equipped to both store and empty 
its contents. It is suf fi ciently compliant that it can accommodate a 
socially acceptable volume of urine (normally around 300 mL), with 
the capability of sending a signal when that volume has been reached. 
The individual smooth muscles of the bladder detrusor are small 
spindle-shaped cells with a central nucleus. Smooth muscle within the 
detrusor lacks the ability to form a fused tetanic contraction—unlike 
smooth muscle within the GI tract or uterus. This suggests there is poor 
electrical coupling between cells and prevents synchronous activation 
of cells during active stretching during urine storage. This is also why 
contraction of the bladder during micturition requires stimulation by 
external signals coordinated by a complex neural network. Pharmacologic 
agents that effect smooth muscle contraction, such as calcium 
antagonists, and potassium channel agonists have a direct effect on 
bladder emptying. 

 Neural control of the lower urinary tract involves integration of three 
sets of peripheral nerves involving the parasympathetic, sympathetic, 
and somatic nervous systems. These processes involve afferent activity 
from myelinated A d  and unmyelinated C nerves located within the 
smooth muscle of the detrusor wall and the bladder mucosa with the 
capability of sensing bladder distention and responding to nociceptive 
signals. These signals transmit information through the pelvic, 
hypogastric, and pudendal nerves to the lumbosacral spinal cord to be 
further processed within the pontine micturition center and the CNS. 
Centralized input controls both the sympathetic and parasympathetic 
pathways. 

 Sympathetic activity induces relaxation of the bladder and contraction 
of the bladder outlet and urethra. Parasympathetic stimulation induces 
bladder contraction and relaxation of the external sphincter. Drugs that 
alter the awareness of bladder sensation (e.g., anesthetic agents) and 
factors that decrease afferent signaling (including nocioceptive stimuli 
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from the pelvis, bladder, and rectum) can potentially alter micturition 
re fl exes signi fi cantly.  

   Risk Factors 

   Patient-Speci fi c Factors 

 A number of studies have identi fi ed patients at increased risk for 
POUR based on preexisting comorbidities. Concurrent neurological 
disorders that decrease bladder sensation and micturition re fl ex activities 
include stroke, polio, cerebral palsy, multiple sclerosis, pathologic 
lesions in the spine, and neuropathy associated with diabetes or alcohol 
 [  12  ] . 

 The impact of age and gender is controversial. Several studies 
evaluating POUR in surgical patients, particularly after anorectal surgery, 
have reported a higher incidence of POUR in men  [  13,   14  ]  and in patients 
over age 50  [  15  ] . Age-related progressive neural degeneration and 
gender-speci fi c pathologies such as benign prostatic hypertrophy may 
contribute to these increased risks  [  12,   15–  17  ] . These results, however, 
have not been widely replicated in the surgical literature, and none have 
utilized multivariate regression to determine whether age and gender are 
independent risks  [  18,   19  ] . Additionally, no demographic risk factors 
have been identi fi ed in trials evaluating POUR after laparoscopic inguinal 
hernia repair  [  18,   20  ] .  

   Anesthesia 

 Petros reported a 19% incidence of POUR in patients receiving 
general anesthesia during open inguinal hernia repair  [  17  ] . As noted 
above, a large number of pharmacologic agents, particularly those 
used during anesthesia, impact bladder contractility and decrease 
micturition re fl ex activity. General anesthesia affects bladder function 
either by direct action on the detrusor muscle, through inhibition of 
the autonomic nervous system within the spine and the pontine 
micturition center, and by decreasing voluntary bladder control 
within the central nervous system. Speci fi cally, diazepam, 
pentobarbital, and propofol have been shown to decrease detrusor 
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contraction, while iso fl urane, methoxy fl urane, and halothane suppress 
detrusor contraction  [  15  ] .  

   Technical Considerations 

 There are no signi fi cant differences in POUR rates when comparing 
open and laparoscopic inguinal hernia repair among the larger randomized 
controlled trials designed to study this topic (Table  14.1 ). Further, when 
considering the different laparoscopic approaches, Dulucq, Fitzgibbons, 
Pokorny, and Gong all independently noted that no differences existed 
between the TEP and TAPP repairs  [  9,   21–  23  ] . This would suggest that 
technique rarely factors into the development of POUR after laparoscopic 
inguinal herniorrhaphy. 

 Winslow and colleagues posted the only results that suggested that 
there are differences between the open and laparoscopic approaches. 
They posited, “Because the TEP repair involves dissection in the 
preperitoneal space near the bladder, operative manipulation may be a 
contributory factor  [  24  ] .” Although they later note that the more likely 
contributor was the general anesthesia used during laparoscopy, the 
anatomy encountered during a laparoscopic dissection is worth 
considering. 

 Dissection around the bladder within the preperitoneal space of 
Retzius and down into the retropubic space below the pelvic bone could 
injure branches of the pelvic plexus that are located along the anterior 
and lateral aspects of the bladder. Disruption of these branches could 
impact the parasympathetic signals affecting external sphincter 
relaxation and bladder contraction. As such, limiting dissection along 
the anterior aspect of the bladder, particularly under the pubis, may be 
warranted.  

   Intravenous Fluid Administration 

 In their study, evaluating the bladder function after outpatient 
surgery, Pavlin and colleagues noted there is a correlation between 
intraoperative intravenous  fl uid administration and postoperative bladder 
volume  [  25  ] . This may explain how Petros and Toyonaga independently 
identi fi ed  fl uid administration as a signi fi cant risk factor for POUR in 
patients who received greater than 1,000 mL of  fl uids during anorectal 
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 [  19,   26  ]  and after open inguinal hernia repair  [  17  ] . Kozol tested this in a 
randomized controlled trial restricting patients to 500 mL of intravenous 
 fl uids (experimental group) or unlimited intravenous  fl uid administration 
(control). Fifteen percent of patients required catheterization in the 
control group, while 9% required intervention in the experimental group 
( P  = NS)  [  27  ] . Both Koch and Lau, however, were unable to replicate 
these results after laparoscopic inguinal hernia repair  [  18,   20  ] . 

 This has led some to look to other strategies involving postoperative 
 fl uid administration. Koch, for example, noted a lower incidence of 
POUR in patients after laparoscopic inguinal hernia repair receiving 
less than 500 mL of  fl uid in the postoperative setting  [  20  ] . Overall, 
although limiting intraoperative intravenous  fl uids to under 1 L and/
or postoperative  fl uids to under 500 mL may limit the risks of POUR, 
more research is needed. At a minimum, patients who have received 
a high amount of intravenous  fl uids should be monitored closely.  

   Postoperative Pain and Analgesia 

 The pelvic pain associated with inguinal hernia surgery increases 
sympathetic tone, stimulating alpha-receptors in the internal ureteral 
sphincter. This leads to increased pressure on the bladder neck and 
increases the risk for retention. The most important decision regarding 
treatment of this pain involves balancing the need to mitigate the 
sympathetic response with the potential inhibitory effect of analgesics on 
the nociceptive re fl ex associated with bladder distention. In this setting, 
non-opioid analgesics have proven to be the superior choice. 

 As early as 1988, Stallard and Prescott demonstrated that the use of 
opioids for postoperative pain management resulted in a higher incidence 
of POUR in a cohort of 280 general surgical patients (8% vs. 3%)  [  2  ] . 
Koch and colleagues noted similar  fi ndings in patients after laparoscopic 
inguinal hernia repair  [  20  ] . 

 In vitro, morphine is a potent presynaptic inhibitor of detrusor 
acetylcholine. This effect may lower parasympathetic tone and lead to 
passive  fi lling. In their manuscript, Stallard and colleagues also note, 
“the most probable reason for painless retention is that the sensory 
cortex is unaware of impulses reaching it from the bladder stretch 
receptors … patients may well not feel discomfort from a distended 
bladder  [  2  ] .”   
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   Diagnosis and Treatment 

 POUR will remain a persistent problem after laparoscopic inguinal 
hernia repair even as the strategies to prevent it continue to evolve. As 
Ramshaw pointed out in his comments describing the incidence of POUR 
in his large single-center cohort, “Some minor complications have 
remained consistent throughout our series, and it is possible that these 
problems are unavoidable  [  28  ] .” With this in mind, surgeons should 
remain vigilant in considering its diagnosis and remain familiar with the 
evidence supporting its treatment. 

 The diagnosis of POUR is not always clear. Anesthesia reversal 
agents, pain medications, and the diminished awareness of bladder 
sensation in the postoperative setting may mask the traditional signs of 
bladder overdistention. For example, over 60% of patients with a volume 
exceeding bladder capacity in an outpatient surgical setting did not 
experience discomfort or an urgent desire to void  [  2,   25  ] . 

 Ultrasound assessment of bladder volume is both sensitive and 
speci fi c for detecting POUR at volumes that exceed 600 mL  [  29–  31  ] . 
Although speci fi c guidelines outlining the use of ultrasound have not 
been developed, detection within 1–2 h after surgery prevents both the 
incidence of permanent detrusor damage and the need for additional 
treatment after the initial catheterization  [  32  ] . This, combined with the 
 fi nding that most patients will void within 75 min after outpatient 
surgical procedures, suggests that ultrasound assessment seems prudent 
if patients have not voided within 2 h of their procedure  [  25,   30  ] . If 
ultrasound is not available, Pavlin suggests that patients who have not 
voided by the time of discharge should have their bladder evacuated 
with instructions to return for medical evaluation if they have not voided 
within 8–12 h  [  25  ] . 

 Bladder catheterization is the immediate treatment in patients who 
 fi nd that they cannot urinate despite an urgent need, in those whose 
bladder volumes exceed 600 mL on ultrasound, or in those who have not 
voided within 8–12 h after discharge. A onetime in-out catheterization is 
appropriate as long as the patient can be monitored until voiding 
spontaneously. 

 If the patient is unable to void within 8–12 h after the initial 
catheterization, controversy remains as to whether intermittent 
catheterization is acceptable or the use of an indwelling catheter is 
required. Lau and Lam studied this question comparing in-out 
catheterization versus overnight indwelling catheterization in 60 surgical 
patients after various outpatient surgical procedures. There were no 



164 D.A. McClusky III

differences between the groups in terms of recatheterization and urinary 
tract infection. The indwelling catheter group, however, had a nonsigni fi cant 
increase in the length of stay (2.2 days vs. 3.3 days,  P  = 0.18). The authors 
noted that a urology consultation is recommended in the rare instance that 
recatheterization is required beyond 12–24 h  [  33  ] .      

   References 

    1.    Hinman F. Postoperative overdistention of the bladder. Editorial. Surg Gynecol Obstet. 
1976;142:901–2.  

    2.    Stallard S, Prescott S. Postoperative urinary retention in general surgical patients. Br J 
Surg. 1988;75:1141–3.  

    3.    Gönüllü NN, Dülger M, Utkan NZ, Cantürk NZ, Alponat A. Prevention of 
postherniorrhaphy urinary retention with prazosin. Am Surg. 1999;65:55–8.  

    4.    Eklund A, Rudberg C, Smedberg S, et al. Short-term results of a randomized clinical 
trial comparing Lichtenstein open repair with totally extraperitoneal laparoscopic 
inguinal hernia repair. Br J Surg. 2006;93:1060–8.  

    5.    Johansson B, Hallerbäck B, Glise H, Anesten B, Smedberg S, Román J. Laparoscopic 
mesh versus open preperitoneal mesh versus conventional technique for inguinal 
hernia repair: a randomized multicenter trial (SCUR hernia repair study). Ann Surg. 
1999;230:225–31.  

    6.    MRC Laparoscopic Groin Hernia Trial Group. Laparoscopic versus open repair of 
groin hernia: a randomised comparison. Lancet. 1999;354:185–90.  

    7.    Neumayer L, Giobbie-Hurder A, Jonasson O, et al. Open mesh versus laparoscopic 
mesh repair of inguinal hernia. N Engl J Med. 2004;350:1819–27.  

    8.    Aeberhard P, Klaiber C, Meyenberg A, Osterwalder A, Tschudi J. Prospective audit of 
laparoscopic totally extraperitoneal inguinal hernia repair. Surg Endosc. 
1999;13:1115–20.  

    9.    Dulucq J-L, Wintringer P, Mahajna A. Laparoscopic totally extraperitoneal inguinal 
hernia repair: lessons learned from 3,100 hernia repairs over 15 years. Surg Endosc. 
2009;23:482–6.  

    10.    Kapiris S, Brough W, Royston C, O’Boyle C, Sedman P. Laparoscopic transabdominal 
preperitoneal (TAPP) hernia repair. Surg Endosc. 2001;15:972–5.  

    11.    Swadia ND. Laparoscopic totally extra-peritoneal inguinal hernia repair: 9 year’s 
experience. Hernia. 2011;15:273–9.  

    12.    Tammela T, Kontturi M, Lukkarinen O. Postoperative urinary retention. I. Incidence 
and predisposing factors. Scand J Urol Nephrol. 1986;20:197–201.  

    13.    Prasad M, Abcarian H. Urinary retention following operations for benign anorectal 
diseases. Dis Colon Rectum. 1978;21:490–2.  

    14.    Zaheer S, Reilly W, Pemberton J, Ilstrup D. Urinary retention after operations for 
benign anorectal diseases. Dis Colon Rectum. 1998;41:696–704.  



16514. Urinary Retention After Laparoscopic Inguinal Hernia Repair

    15.    Baldini G, Bagry H, Aprikian A, Carli F. Postoperative urinary retention: anesthetic 
and perioperative considerations. Anesthesiology. 2009;110:1139–57.  

    16.    Keita H, Diouf E, Brouwer T, Dahmani S, Mantz J, Desmonts J. Predictive factors of 
early postoperative urinary retention in the postanesthesia care unit. Anesth Analg. 
2005;101:592–6.  

    17.    Petros J, Rimm E, Robillard R, Argy O. Factors in fl uencing postoperative urinary 
retention in patients undergoing elective inguinal herniorrhaphy. Am J Surg. 
1991;161:431–3.  

    18.    Lau H, Patil N, Yuen W, Lee F. Urinary retention following endoscopic totally 
extraperitoneal inguinal hernioplasty. Surg Endosc. 2002;16:1547–50.  

    19.    Toyonaga T, Matsushima M, Sogawa N, et al. Postoperative urinary retention after 
surgery for benign anorectal disease: potential risk factors and strategy for prevention. 
Int J Colorectal Dis. 2006;21:676–82.  

    20.    Koch CA, Grinberg GG, Farley DR. Incidence and risk factors for urinary retention 
after endoscopic hernia repair. Am J Surg. 2006;191:381–5.  

    21.    Fitzgibbons RJ, Camps J, Cornet DA, Nguyen NX, Litke BS, Annibali R. Laparoscopic 
inguinal herniorrhaphy: results of a multicenter trial. Ann Surg. 1995;221:3–13.  

    22.    Gong K, Zhang N, Lu Y, et al. Comparison of the open tension-free mesh-plug, 
transabdominal preperitoneal (TAPP), and totally extraperitoneal (TEP) laparoscopic 
techniques for primary unilateral inguinal hernia repair: a prospective randomized 
controlled trial. Surg Endosc. 2011;25:234–9.  

    23.    Pokorny H, Klingler A, Schmid T, et al. Recurrence and complications after 
laparoscopic versus open inguinal hernia repair: results of a prospective randomized 
multicenter trial. Hernia. 2008;12:385–9.  

    24.    Winslow ER, Quasebarth M, Brunt LM. Perioperative outcomes and complications of 
open vs laparoscopic extraperitoneal inguinal hernia repair in a mature surgical 
practice. Surg Endosc. 2004;18:221–7.  

    25.    Pavlin DJ, Pavlin EG, Fitzgibbon DR, Koerschgen ME, Plitt TM. Management of 
bladder function after outpatient surgery. Anesthesiology. 1999;91:42–50.  

    26.    Petros J, Bradley T. Factors in fl uencing postoperative urinary retention in patients 
undergoing surgery for benign anorectal disease. Am J Surg. 1990;159:374–6.  

    27.    Kozol R, Mason K. Post-herniorrhaphy urinary retention: a randomized prospective 
study. J Surg Res. 1992;52:111–2.  

    28.    Ramshaw B, Shuler F, Jones H, et al. Laparoscopic inguinal hernia repair: lessons 
learned after 1224 consecutive cases. Surg Endosc. 2001;15:50–4.  

    29.    Grif fi ths C, Murray A, Ramsden P. Accuracy and repeatability of bladder volume 
measurement using ultrasonic imaging. J Urol. 1986;136:808–12.  

    30.    Pavlin D, Pavlin E, Gunn H, Taraday J, Koerschgen M. Voiding in patients managed 
with or without ultrasound monitoring of bladder volume after outpatient surgery. 
Anesth Analg. 1999;89:90–7.  

    31.    Rosseland L, Stubhaug A, Breivik H. Detecting postoperative urinary retention with 
an ultrasound scanner. Acta Anaesthesiol Scand. 2002;46:279–82.  

    32.    Kitada S, Wein A, Kato K, Liven R. Effect of acute complete obstruction in the rabbit 
urinary bladder. J Urol. 1989;141:166–9.  



166 D.A. McClusky III

    33.    Lau H, Lam B. Management of postoperative urinary retention: a randomized trial of 
in-out versus overnight catheterization. ANZ J Surg. 2004;74:658–61.  

    34.    Wright D, Kennedy A, Baxter J, Fullarton G. Early outcome after open versus 
extraperitoneal endoscopic tension-free hernioplasty: a randomized clinical trial. 
Surgery. 1996;119:552–7.  

    35.    Liem M, Graaf Y, van Steensel C, et al. Comparison of conventional anterior surgery 
and laparoscopic surgery for inguinal hernia repair. Surv Anesthesiol. 1997;41:369.  

    36.    Wellwood J, Sculpher M, Stoker D, et al. Randomised controlled trial of laparoscopic 
versus open mesh repair for inguinal hernia: outcome and cost. BMJ (Clinical research 
ed). 1998;317:103.  

    37.    Andersson B, Hallén M, Leveau P, Bergenfelz A, Westerdahl J. Laparoscopic 
extraperitoneal inguinal hernia repair versus open mesh repair: a prospective 
randomized controlled trial. Surgery. 2003;133:464–72.  

    38.    Bringman S, Ramel S, Heikkinen T, Englund T, Westman B, Anderberg B. Tension-
free inguinal hernia repair: TEP versus mesh-plug versus Lichtenstein: a prospective 
randomized controlled trial. Ann Surg. 2003;237:142.  

    39.    Langeveld HR, Van’t Riet M, Weidema WF, et al. Total extraperitoneal inguinal hernia 
repair compared with Lichtenstein (the LEVEL-Trial). Ann Surg. 2010;251:819–24.  

    40.    Ramshaw B, Tucker J, Duncan T, et al. Technical considerations of the different 
approaches to laparoscopic herniorrhaphy: an analysis of 500 cases. Am Surg. 
1996;62:69–72.  

    41.    Moreno-Egea A, Aguayo J, Canteras M. Intraoperative and postoperative complications 
of totally extraperitoneal laparoscopic inguinal hernioplasty. Surg Laparosc Endosc 
Percutan Tech. 2000;10:30–3.  

    42.    Garg P, Rajagopal M, Varghese V, Ismail M. Laparoscopic total extraperitoneal 
inguinal hernia repair with non fi xation of the mesh for 1,692 hernias. Surg Endosc. 
2009;23:1241–5.     



167B.P. Jacob and B. Ramshaw (eds.), The SAGES Manual of Hernia Repair, 
DOI 10.1007/978-1-4614-4824-2_15, 
© Springer Science+Business Media New York 2013

    15.     Recurrent Inguinal Hernia: 
The Best Approach       

     Abe   Fingerhut       and    Mousa   Khoursheed       

    Recurrence is, with chronic pain, among the most challenging 
complications of inguinal hernia repair. The true incidence of recurrence 
remains dif fi cult to determine. While many authors tout a low recurrence 
rate for their technique, their personal series or team results, large series 
 [  1,   2  ] , or national registries indicate that as many as one of  fi ve hernia 
operations (17%) are for recurrent hernia  [  3  ] . As this is only a surrogate 
of the true recurrence rate, however, recurrence may be even higher 
because (a) the de fi nition of recurrence varies considerably from one 
report to another, (b) follow-up is not always complete  [  4  ] , (c) not all 
patients recognize or complain of their recurrence or go back to their 
surgeon  [  4  ] , and (d) not all recurrences undergo reoperation. 

 The best approach to treat recurrent hernia has been a subject of 
debate for years, both in the open and later, in the endoscopic arenas. By 
“approach,” we mean the overall approach to the problem (technique, 
use of mesh), not just the anatomic, surgical approach. “Anterior” and 
“posterior” refer to the anatomic surgery approach, whereas pre- and 
retrofascial refer to the anatomic placement of mesh. The actual 
techniques used have been described elsewhere and will not be highlighted 
in this chapter, which will concentrate on the indications. 

 Mesh repair has been shown to decrease the re-recurrence rate 
 [  5  ]  as compared to suture techniques. Based on the previous 
experiences of Cheatle in 1920 and Henry in 1936, Nyhus largely 
popularized the preperitoneal approach, stressing the advantage of 
going through fresh, unscarred tissue for his mesh repair  [  6  ] , and 
especially when dealing with recurrent hernia  [  7  ] . Later on, this idea 
resurfaced when the proponents of laparoscopic hernia repair 
emphasized that the endoscopic technique also entailed a posterior 
(retrofascial) preperitoneal mesh. Of note, at that time, the majority of 
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the recurrences were due to failures of anterior, most often tissue, 
repairs and also, sometimes, after prefascial mesh repair. Today, we 
face the quandary that recurrence can occur after a posterior as much 
as an anterior repair and/or after almost any type of mesh repair. 

 But there is more to the question than choosing the “best anatomic 
approach,” i.e. the surgical technique adapted to the previous route for repair. 
On one hand, there are the characteristics of the previous repair: was the 
previous repair tissue only or with mesh, which incision was used, and last, 
was the postoperative course complicated or not; on the other, there are the 
characteristics of the recurrence (type, number, site, and size of the defects; 
the number of previous repairs; and the presence of a sac). Last, it is also 
important to eliminate risk factors: not only are there factors that may already 
have been present during the initial or preceding repair and are responsible 
for the  fi rst recurrence (it would not be wise to leave these factors uncorrected 
for the second operation) but because recurrence itself should now be 
considered a high risk factor. Every effort should be made to correct or 
minimize as many of the other risk factors as possible. 

   Factors Related to the Previous Repair 

   Whether the Previous Repair Was a Tissue 
Repair or a Mesh Repair 

 Primary repairs that place mesh in the preperitoneal space (such as 
such as Kugel patch, Prolene Hernia System, plug, or endoscopic repair) 
make subsequent laparoscopic repair more dif fi cult, because of scarring 
in the preperitoneal space. Recurrence rates after mesh repair differ with 
the type of repair, ranging from as low as 1.3% for the Lichtenstein onlay 
repair to more than 27% for the Kugel repair. If one of these techniques is 
considered for repair of recurrence, the surgeon should be conscious of 
these recurrence rates when performing subsequent repairs  [  8  ] .  

   Site of the Incision 

 Likewise, it would seem logical to avoid going through the same 
incision to repair the recurrence. This would avoid the dif fi culty in 
dissection of the different planes that have often amalgamated during 
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healing of the previous operation, potentially exposing the cord 
structures to accidental injury, if this route were anterior. Speci fi c 
problems can arise in the plug and Kugel techniques as the mesh is 
placed posterior to the transverse muscles but through an anterior route. 
If however the operation were meant to remove infected mesh, then 
this would be the least devastating route. A distinction between the 
open and laparoscopic repairs is that the incision of most open anterior 
repairs lies directly or near the repair, while the incision for the open or 
laparoscopic preperitoneal operations is usually at some distance from 
the repair (mesh). The probability that the cord structures are exposed 
to injury when accomplishing an anterior approach in recurrent hernia 
must therefore be foremost in the minds of the surgeon undertaking the 
repair of recurrent inguinal hernia to avoid devascularization of the 
testicle or injury to the nerves and/or the vas deferens, notably often 
anterior to the other cord structures and particularly vulnerable in this 
setting.  

   Postoperative Course of the Previous Repair 

 Drawbacks of mesh repair are well known. If the mesh must be 
removed because of intolerance due to chronic pain, sensation of foreign 
body, or infection, this would most likely be easiest through the same 
approach as the previous operation. The repair could be performed during 
the same operation or ulteriorly through a different approach.   

   Factors Related to the Recurrence 

   Type 

 Whether the recurrence is direct or indirect does not in fl uence the 
repair.  

   Number of Defects 

 All potential sites (ori fi ces) have to be covered  [  9,   10  ] .  
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   Site 

 Pelissier et al.  [  11  ]  remind us that all recurrences are through the 
myopectineal ori fi ce. An oblique external recurrence through the inguinal 
canal might well be treated as a primary hernia, whereas a small, sclerotic 
hole near the pubic tubercle would pose problems of purchase if a suture 
repair was decided and problems of adequate overlap if a mesh repair 
were entertained. Most recurrent hernias after tissue repair are located in 
the inguinal canal (insuf fi ciently treated prehernia lipoma or unrecognized 
sac?) or just above the pubic tubercle. Recurrence after an anterior mesh 
repair technique (Lichtenstein and plugs) is found either over the pubic 
tubercle  [  12  ]  or around or lateral to the internal ring or, sometimes, both 
medially and laterally (with the plugs). With the use of the larger meshes, 
whether through the open or endoscopic route, the recurrences can occur 
almost anywhere as they are usually attributed to poor technique, 
migration, shrinking, and plicature…  [  9  ] . The femoral canal ori fi ce 
warrants special mention. As nearly 9% of recurrences are in fact femoral 
hernias, and dissection medial to the inguinal ligament should eliminate 
this eventuality. In cases where femoral hernias are present, Itani et al. 
 [  8  ]  caution against use of a plug and recommend exposure of Cooper’s 
ligament and lateral  fi xation of the new mesh to Cooper’s ligament.  

   Size 

 A small ori fi ce might lend itself easily to a plug (either Per fi x or 
PHS) technique, whereas a full-blown destruction of the inguinal wall 
(truly an incisional hernia) would require some form of onlay mesh 
opposition or a plasty.  

   Number of Previous Operations/Recurrences 

 If both an anterior (tissue or mesh) and posterior repair have already 
been performed, there is considerable scarring both in front and behind 
the transverse plane. The choice of technique is dif fi cult and depends on 
surgeon preference and expertise. To this, we might add that the 
preperitoneal space might be dif fi cult to access because of previous 
radiation therapy, a vascular procedure, or surgery on the bladder or the 
prostate.  
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   The Presence of a Sac 

 Obviously, a sac left behind during the index operation is an obvious 
cause of recurrence (“reappearance”) of the hernia and must be treated when 
dealing with the recurrence. Aside from this particular setting, and as long as 
the sac is treated, there is currently nothing in the literature today to indicate 
whether a new or old sac, found or not, or whether the sac was excised or 
inverted in the previous operation, matters much in the next repair.   

   Techniques Used for Recurrent Inguinal Hernia 

 The use of the preperitoneal, retrofascial space for hernia repair was 
 fi rst performed by Usher in 1958  [  13  ] . In accordance with the principle to 
use mesh for recurrent hernia repair  [  5  ] , prosthetic reinforcement made its 
entry to the therapeutic armamentarium when Nyhus introduced the 
“buttress” technique, i.e., a preperitoneal mesh that reinforced a tissue 
repair for recurrent hernia  [  7  ] . The “giant prosthetic reinforcement of the 
visceral sac” technique, propagated by Stoppa and his followers in France, 
was one of the  fi rst techniques addressing the speci fi c problem of recurrent 
hernia  [  7,   14–  16  ]  covering the defect, without sutures  [  15,   16  ] . 

 Anterior prefascial repairs have its partisans. Both the Lichtenstein 
 [  17–  19  ]  and the Gilbert  [  20  ]  repairs have been suggested as suitable for 
repair of recurrent inguinal hernia. 

    In 1993, Lichtenstein and coworkers  [  19  ]  enumerated  fi ve principles 
that should be entertained when repair of recurrent hernia is accomplished 
through an anterior approach: (1) do not depend on fascial structures to 
close or reinforce the defect, (2) reinforce the entire inguinal  fl oor 
irrespective of the type of hernia, (3) avoid all tension on suture lines, (4) 
avoid use of scarred or devascularized tissue in the repair of recurrent 
hernias, and (5) use a large prosthetic material to reinforce the entire 
inguinal  fl oor permanently. Actually, these principles should probably 
apply to all types of repair of recurrent hernia, irrespective of the 
approach. The logical consequence of point number 4 would be to use 
the endoscopic or open posterior route for recurrence that has occurred 
after an initial open anterior repair and to consider the open anterior route 
for recurrence of an endoscopic repair. 

 With the advent of laparoscopic or endoscopic hernia repair, several 
authors lauded that minimal invasive techniques, also placing a mesh in 
the preperitoneal space, could be a speci fi c indication for the repair of 
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recurrent hernia. As that time, most hernia repairs (and therefore 
recurrences) were through the open, anterior route. Among the advantages 
of the preperitoneal approach is the facility with which all the potential 
defects can be detected and covered  [  21,   22  ] . 

 When the laparoscopic approach is selected (failed anterior repair), the 
minimal invasive (laparoscopic) route combines satisfactory re-recurrence 
rates and less pain medication requirements as shown in a randomized 
controlled trial from Finland  [  23  ] , but contrasting with the results of an 
earlier, smaller, controlled randomized trial  [  24  ] , in which, although the 
morbidity was lower, the recurrence rate was higher with TAPP compared 
with GPRVS. However, when one considers the complexity of the operation 
and the re-recurrence rates, the open preperitoneal prosthetic mesh repair 
was considered the best repair. This was also con fi rmed by Itani et al.  [  8  ]  
who found that mesh removal by endoscopic techniques can be dif fi cult if 
not impossible (instruments are not strong, inadequate cutting and energy). 

 Of importance as well is to consider the number of recurrences and 
how badly the anatomy may be distorted; in particular, how well 
Fruchaud’s myopectineal ori fi ce has been covered in the original (or last) 
repair  [  9–  11  ]  or, more importantly, how well it is, or may be covered at 
the time of consideration for repair  [  8  ] . 

 In a meta-analysis on seven randomized studies comparing two 
different techniques for recurrent inguinal hernia repair, Dedemadi et al. 
 [  25  ]  pooled the effects of outcomes in 1,542 patients enrolled into  fi ve 
randomized controlled trials and seven comparative studies, using classic 
and modern meta-analytic methods. They found that there were signi fi cantly 
fewer cases of hematoma/seroma formation in the laparoscopic group 
compared with the Lichtenstein technique; the relative risk of overall 
recurrence was higher  [  3,   25  ]  in the transabdominal preperitoneal group 
compared with the totally extraperitoneal group. Their conclusion was that 
laparoscopic versus open mesh repair for recurrent inguinal hernia was 
equivalent in most of the analyzed outcomes. However, they did not 
analyze the outcome according to the type of index repair or any of the 
other hernia or recurrence characteristics enumerated above.  

   Classi fi cations and Therapeutic Deductions 

 Classi fi cations should describe the anatomic location, include 
anatomic function (competency of the internal ring, integrity of the direct 
 fl oor, defect size, and descent of sac), be reproducible for both hernia 
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specialists and general surgeons, be easy to remember, be applicable to 
anterior as well as posterior approaches, to laparoscopic as well as open 
repair,  [  26–  28  ] , lead to a tailored overall approach of repair  [  26  ]  (mesh 
vs. suture, anterior vs. posterior surgical approach, pre- or retrofascial 
placement of the mesh), and serve to compare outcomes between different 
techniques and patients. Several shortcomings, however, plague the 
cornucopia of existing hernia classi fi cations, including the composite 
classi fi cation by Zollinger  [  27,   28  ] : (1) classi fi cations with preoperative 
descriptions are limited to what the examiner can see or palpate and do 
not always predict the true intraoperative anatomical conditions (it is 
known that the preoperative determination of direct or indirect hernia is 
incorrect in 50% of cases  [  29  ] , and the EHS  [  30  ]  stated that any effort for 
preoperative distinction was “useless”)   ; (2) recurrent hernia, a clinical 
variable, has been “added” to a list of anatomical variables, usually 
lumping all types of recurrent hernia into the last “potpourri” category 
(the most advanced), without much distinctive details. Several other 
authors have similarly only added a “R” to the anatomic categorization 
as for primary hernia  [  27,   28  ]  to designate the recurrent aspect of the 
hernia; (3) last, when classi fi cations are too simple, a complete description 
is not possible, and it becomes dif fi cult to “tailor” the repair to the exact 
type of recurrent hernia. 

 To the best of our knowledge, only one classi fi cation speci fi cally 
deals with recurrent hernia  [  31  ] , but is incomplete as well. Certainly, 
this classi fi cation takes into consideration how many recurrences have 
occurred ( fi rst, second, or more), the site (near the internal ring, above 
the pubic tubercle, whole inguinal wall), the size (> or <2 cm), whether 
the sac is reducible or not, and patient characteristics such as obesity, 
and all factors that have been considered as risk factors of further 
recurrence. However, in this classi fi cation, the above-mentioned 
variables are poorly delineated and compacted into only three grades: 
R1, R2, and R3 (Table  15.1 ). The authors give preferential advice 
according to whether the previous repair was anterior or posterior only 
in the R2 category. They do not distinguish between previous mesh and 
suture techniques.  

 Guarnieri  [  32  ]  classi fi ed recurrent hernia into four categories: (1) 
high recurrent hernia (1/3 superior, i.e., hernia close to the internal ring 
and occupying not more than 1/3 of the posterior wall), (2) low recurrent 
hernia (1/3 inferior, i.e., hernia close to the pubic tubercle and occupying 
not more than 1/3 of the posterior wall), (3) total recurrent hernia (the 
entire or nearly the entire posterior wall is involved),and (4) multiple 
recurrent hernia (more than one hernia opening).  
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   Recommendations and Indications 

 It is primordial to carefully review previous operative reports to 
correctly choose between the available techniques for subsequent 
recurrent hernia repair according to the above-mentioned variables. 

 When mesh is chosen, light-weight meshes have some advantages 
with respect to long-term discomfort and foreign-body sensation in open 
hernia repair, but are possibly associated with an increased risk for hernia 
re-recurrence (possibly due to inadequate  fi xation and/or overlap). 

 The European  [  30  ]  recommendations for recurrent hernia are the 
following: if the previous repair was through an anterior route, consider 
open preperitoneal mesh or endoscopic approach (if expertise is present, 
and preferably TEP rather than TAPP), and if the previous repair was 
through a posterior route, consider an anterior mesh (Lichtenstein). After 
conventional open repair, endoscopic inguinal hernia techniques result in 
less postoperative pain and faster convalescence than the Lichtenstein 
technique. Itani et al.  [  8  ]  based their decision on whether the index repair 
was a tissue or mesh repair. If the initial repair was a tissue (anterior) 
repair, then either the anterior or posterior approaches can be used to 
repair the recurrent hernia  [  8  ] . If the initial repair was a mesh repair, then 
the recurrence repair should preferably employ an approach in the space 
in which the tissue planes have not been violated previously  [  8  ] . An 
anterior approach is clearly the best choice after failed posterior repair, 
no matter if it was performed open or laparoscopically. 

 The International Hernia Society  [  10  ]  recommends not to try to 
remove preperitoneal mesh endoscopically, but to place a second mesh 
over the  fi rst. If the original mesh was a plug, the prominent part of the 
plug should be divided, better by electrocautery than by scissors, so that 
a  fl at mesh can be applied. 

   Table 15.1.    According the Campanelli classi fi cation, recurrent hernias can be 
divided into three types.   

 Type R1:  fi rst recurrence “high,” oblique external, reducible hernia with small 
(<2 cm) defect in nonobese patients, after pure tissue or mesh repair 

 Type R2:  fi rst recurrence “low,” direct, reducible hernia with small (<2 cm) 
defect in nonobese patients, after pure tissue or mesh repair 

 Type R3: all the other recurrences – including femoral recurrences; recurrent 
groin hernia with big defect (inguinal eventration); multirecurrent hernias; 
non-reducible, linked with a controlateral primitive or recurrent hernia; and 
situations compromised from aggravating factors (e.g., obesity) or anyway 
not easily included in R1 or R2, after pure tissue or mesh repair 
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 In patients with an R1 recurrence, according to Campanelli  [  31  ] , 
most authors  [  26,   30,   31,   33–  35  ]  prefer a Gilbert’s plug repair through an 
anterior approach, under local anesthesia. 

 In patients with an R2 recurrence, Campanelli  [  31  ]  and Miserez  [  26  ]  
perform a preperitoneal modi fi ed Wantz repair  [  15  ]  under local anesthesia. 
If R2 recurrence is secondary to a previous preperitoneal mesh repair, an 
anterior approach with a Lichtenstein, Gilbert, or Trabucco repair is 
preferable. In both cases, only local anesthesia is used, and the patient is 
discharged immediately. 

 In patients with an R3 recurrence, Campanelli  [  31  ]  and Miserez  [  26  ]  
prefer a Stoppa operation by preperitoneal approach, the Wantz technique, 
or the laparoscopic technique for either the uni- or bilateral hernia. 

 There are two groups of patients in whom a second preperitoneal 
dissection might be considered  [  36  ] :

    1.    Those with multiple recurrent hernias where both spaces have 
already been dissected  [  37  ] .  

    2.    Those who insist on an endoscopic reoperative approach. The 
latter most commonly occurs when the herniorrhaphy on the 
recurrent side was laparoscopic and the patient has had a 
previous open repair on the opposite side  [  38  ] .     

 In patients for whom previous mesh was used, special caution is 
warranted. The mesh may be tightly adherent, and sometimes, heavy 
 fi brosis envelopes the cord structures, making it particularly dif fi cult to 
distinguish between these structures and surrounding tissues. Careful 
and cautious dissection to clearly identify the cord structures is mandatory 
to avoid inadvertent division or injury to the vas deferens or nerves or, 
worse, devascularization of the testicle, often ending in orchiectomy 
 [  21  ] . Certainly, these patients should be informed of the (remote but not 
zero) possibility of orchiectomy. 

 Indications for mesh removal are ill de fi ned, but most authors overlay 
mesh unless there is infection  [  10  ] . Complete removal of the mesh is 
most often impossible, and careful delineation of the anatomy and 
myopectineal ori fi ce is most important. When complete removal is 
impossible or hazardous, placement of an additional, overlapping mesh 
avoids the necessity of further dissection and damage to the underlying 
structures, especially through the endoscopic route where the bladder 
and iliac vessels are at risk  [  10  ] . The second mesh should overlap the  fi rst 
in the area of recurrence and be solidly anchoring to healthy fascia and 
inguinal ligament, as well as to the previous mesh in areas where the 
mesh is well incorporated to the inguinal ligament laterally and rectus 
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fascia medially. Additional dissection and damage to underlying 
structures will thus be avoided. Among the risk factors for recurrence, 
some if not most are amenable to preoperative correction. These include 
technical factors such as the use of short-term absorbable sutures for 
rraphy or mesh  fi xation  [  39  ]  and insuf fi cient coverage when mesh is used 
 [  9,   11  ] , and patient-related factors including smoking and to a certain 
degree, obesity. 

 Schwab and Klinge  [  40  ]  proposed the following algorithm for the 
treatment of recurrent mesh repair according to whether or not the 
previous operation was complicated or not and whether prosthetic 
material should be removed or not. If the postoperative course of the 
preceding operation was uneventful, these authors propose an endoscopic 
or open posterior repair when the initial route was anterior and the 
Lichtenstein anterior repair when the initial operation was a posterior 
repair. If, however, the previous operation was followed by a complication, 
the authors advise an anterior or posterior transinguinal revision. If the 
endoscopic route is chosen, practically only the TAPP technique is 
possible, the TEP is reputed to be too dif fi cult  [  41  ] . If the prior operation 
was an anterior mesh (Lichtenstein) repair, then an open posterior repair 
(Wantz or Stoppa) seems appropriate. 

 The use of local anesthesia for recurrent hernia is not well studied. 
Obviously, endoscopic repairs are always performed under general 
anesthesia. Theoretically, all other procedures can be done under local 
anesthesia. However, the increased complexity and longer dissection 
times are characteristics that might preclude the use of local anesthesia. 
Table  15.2  summarizes the therapeutic potentials according the 
recommendations of the authors who have tried to systematize repair.   

   Conclusion 

 In conclusion, we recommend the following: when faced with 
 recurrence after tissue repair , the surgeon can choose between an open 
anterior (Lichtenstein plug, or plug and patch, or Prolene Hernia 
System) repair, an open posterior (Read, Rives, Stoppa, Kugel, Nyhus, 
Wantz) repair, and a laparoscopic (TAPP or TEP) repair, essentially 
based on the size of the hernia defect and surgeon preference and/or 
expertise  [  3  ] . 

 If dealing with a  recurrence after a mesh repair , the technique of 
repair will depend on surgeon experience and on which anatomic 
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approach was used for the previous operation (anterior or posterior). For 
 recurrence after mesh placed through an open anterior approach , then a 
Read, Rives, Stoppa, Nyhus, Wantz, Kugel, or a laparoscopic (TEP OR 
TAPP) approach may be used. 

 For  recurrence after mesh placed through a posterior  (laparoscopic 
for example)  approach , the recommendation is to perform a laparoscopic 
TAPP (if experienced in laparoscopy) or an open Lichtenstein, Prolene 
Hernia System, or plug and patch technique if experienced in open 
techniques. Decisions may be based on the size of the hernia defect and 
surgeon preference and/or expertise  [  3  ] . 

  If mesh removal is needed , it is most likely best removed through an 
open anterior approach, while some isolated plugs can be removed safely 
laparoscopically.  If a second mesh repair is envisioned  in the same 
operation, we propose an endoscopic or open posterior repair when the 
initial route was anterior and the Lichtenstein anterior repair when the 
initial operation was a posterior repair.      
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    16.   Athletic Groin Pain and Sports 
Hernia       

     Nathaniel   Stoikes    and    L.   Michael   Brunt         

     Sports hernia has become a topic of increasing interest in both the 
sports and surgical communities as a number of high-pro fi le athletes have 
been treated for this condition. This condition is not a true hernia and, as 
such, the term “sports hernia” is not anatomically correct; rather, the 
condition is better designated as “athletic pubalgia” given the variations 
clinical presentations and underlying pathophysiology. Nonetheless, as 
sports hernia is  fi rmly ingrained in the lexicon of the medical and lay 
literature, it will be used interchangeably with athletic pubalgia in this 
review. Although sports hernia has garnered the most attention, most 
athletic groin injuries do not evolve into a sports hernia type pubalgia and 
are successfully managed with conservative measures. These injuries can 
be challenging both from a diagnostic and clinical management standpoint 
for many reasons including the extensive differential diagnosis, anatomic 
complexity of the groin region, unpredictability regarding time to return 
to sport, risk of chronicity, and the variety of management options. This 
chapter will discuss basic considerations in athletic groin injuries, 
describe the clinical entity of sports hernia in detail, and review the 
various surgical approaches to its management. 

   Background 

 Groin injuries are common in sports with repetitive, high speed cutting, 
turning, twisting, and kicking motions, such as soccer, football, and ice 
hockey. The reported incidence of groin injuries in elite level athletes has 
ranged from 5 to 28% in soccer players  [  1  ]  to 6–15% in hockey players  [  2, 
  3  ]  but is not exclusive to these sports. In contrast to most sports injuries, 
these typically are soft tissue injuries (i.e., not skeletal) that do not 
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necessarily arise from direct physical contact. Various risk factors for the 
development of groin injuries have been described:  [  4  ]  these include a 
prior history of groin injury, older player status, and lack of off-season 
sports-speci fi c conditioning activity (e.g., ice skating for hockey players). 
In one prospective study of NHL players, reduced adductor muscle 
strength was signi fi cantly associated with an increased risk of adductor 
strain injury  [  5  ] . More importantly, implementation of an adductor 
strengthening program reduced the injury incidence by almost 80%.  

   Presentation 

 Establishing a diagnosis of a sports hernia can be challenging as the 
 fi ndings are often subtle, and patients can have a varied presentation. It 
should be considered in part a diagnosis of exclusion, but the differential 
diagnosis can be vast as there are many components to the dynamic 
abdominal and pelvic region that must be ruled out. 

 A typical scenario is that of an athlete who presents with complaints 
of moderately intense pain and discomfort in the region of the superior 
pubis and in the lower abdominal/inguinal region associated with 
exertion. In some cases, the pain may be more vague and radiate to the 
upper thigh or across the lower abdomen. These symptoms are most 
pronounced with explosive movements and usually abate with rest. Pain 
may also be noted with sneezing and coughing. Pain along the upper 
adductor muscle group, principally the adductor longus and its attachment 
to the inferior pubis, is not unusual. 

 A detailed history including location of pain, quality and intensity of 
pain, onset, duration, and inciting factors should be noted. Other important 
details include how the athlete has managed these symptoms since the 
injury, including rest and treatments that he or she has undergone. It is key 
to note how long the patient has truly rested or decreased activity as most 
athletic groin injuries eventually resolve with conservative management 

 On physical exam, symptoms can be reproduced through a series of 
maneuvers involving an evaluation of the abdominal core. Thorough 
examination should include assessment for inguinal hernia, palpation of 
the inguinal  fl oor, pubis, rectus abdominis, adductor muscles, and hips. 
Pain may be elicited in these regions during a resisted sit-up, trunk 
rotation, and resisted hip and thigh movements including hip  fl exion and 
adduction. True inguinal hernia pathology is rarely found, but the inguinal 
 fl oor may feel weak or have a slight bulging effect on Valsalva coupled 
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with tenderness in the inguinal  fl oor. In our series at Washington 
University, we identi fi ed the following in patients who subsequently 
underwent surgery for a sports hernia: 90.7% weak inguinal  fl oor; 80.2% 
tenderness in medial inguinal  fl oor; 63.8% pain with resisted sit-up, 
 fl oor; 63.8% pain with resisted sit-up; 73.3% pain with trunk rotation; 
and 56.7% pain with resisted adduction  [  6  ] .  

   Differential Diagnosis 

 The differential diagnosis and clinical presentation of various athletic 
groin injuries (Table  16.1 ) has been extensively reviewed elsewhere  [  7–  9  ] . 
The most common causes of groin pain in athletes are muscle strains of 
the musculature of the lower abdominal wall, hip  fl exors, and adductor 
muscles of the upper thigh. Other causes include: 

    1.    Osteitis pubis  
    2.    Pubic stress fracture  
    3.    Inguinal hernia  
    4.    Sports hernia/athletic pubalgia  
    5.    Hip joint injury (labral tears, femoral-acetabular impingement, 

other hip pathology)      

   Table 16.1.       Differential diagnosis of athletic groin injuries.   

 • Pelvis 
 – Traumatic fracture or contusions 
 – Stress-related fractures 
 – Osteitis pubis 

 • Muscular strains 
 – Abdominal: rectus abdominis, obliques 
 – Hip  fl exors/iliopsoas 
 – Adductor group (longus, brevis, magnus, pectineus, obturator externus) 

 • Hip Injuries 
 – Labral tears 
 – Femoral-acetabular impingement 
 – Osteoarthritis 
 – Stress fractures 

 • Sports hernia/athletic pubalgia 
 • Inguinal hernia 
 • Nonathletic causes (endometriosis, ovarian pathology, in fl ammatory bowel 

disease, etc.) 
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   Imaging 

 Since the diagnosis of sports hernia pubalgia can be elusive, various 
imaging modalities can be used to provide more objective evidence for 
diagnosis and to assist in excluding other potential causes. Plain x-rays 
of the hip and pelvis are low yield but should be done in selected athletes 
to identify any gross structural abnormalities or stress fractures. Pelvic 
MRI provides more detailed structural information of the pelvis and soft 
tissues (muscles and tendons) and is the preferred imaging modality for 
evaluation of chronic athletic groin pain in our center. The pelvic MRI 
should include both axial, coronal, and sagittal oblique sequences. 
Common MRI  fi ndings can be divided into two main subtypes: bony and 
soft tissue. Bony pathology includes edema and stress reaction in the 
parasymphyseal pubis and a secondary cleft sign in the pubis which is an 
abnormal extension of the central symphyseal cleft at the anterior and 
inferior margin of the pubis (Fig.  16.1 ). Soft tissue  fi ndings include 
muscle tears or edema of the adductor muscle groups, lower rectus 
abdominis muscle, or at the common insertion site of rectus-adductor 
complex on the pubis (Fig.  16.2 ).   

 Though not commonly used in North America, ultrasound of the 
groin has been utilized preferentially by some groups  [  10  ] . The advantage 
of this modality is the ability to view the dynamic movements of the 
inguinal  fl oor during a Valsalva maneuver, but it is operator dependent.  

  Fig. 16.1.    Coronal STIR 
(short T1 inversion recovery) 
MRI sequence that shows a 
symphyseal cleft and 
parasymphyseal edema seen 
commonly in athletic 
pubalgia.  Arrow  indicates 
the “cleft” ( white  signal) 
between the pubis and the 
aponeurosis ( black  
structure). Note also the 
marrow edema in the pubis 
which is more pronounced 
on the right (symptomatic) 
side.       
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   Pathophysiology 

 As evidenced by the pathology found on imaging modalities and at 
surgical exploration, the groin is a dynamic area with a  fi xation point located 
at the pubis. The theory of a “pubic joint” originates from Meyers  [  11,   12  ]  
wherein the pubis is the fulcrum between the abdominal muscles and upper 
thigh muscles. As with any point of  fi xation carrying stress loads, unequal 
distribution of or imbalance of forces can lead to excessive stress on the 
focal point (the pubis) and the opposing muscle units (rectus abdominis, hip 
 fl exors, or adductors), leading to further weakness of the region. The end 
result of this process is pubalgia type pain and weakening or disruption of 
the rectus-adductor complex where it attaches at the pubis. 

 Other mechanisms include weakening in the inguinal  fl oor and canal 
that is caused again by excessive force transmitted across the pubis from 
the powerful thigh musculature. The bowing of the inguinal  fl oor and 
resultant widening of the inguinal canal causes the rectus to retract medically 
and superiorly which creates increased tension, and, thereby, pain across 
the pubis  [  10  ] . These observations are consistent with our experience in 
which common  fi ndings at operation (Figs.  16.3  and  16.4 ) have been an 
attenuated external oblique aponeurosis (96.7%), weak inguinal  fl oor 
(100%), torn internal oblique (63.9%), and rectus abnormalities (80.3%). 

  Fig. 16.2    Sagittal T2-weighted MRI images with fat suppression just off the 
midline sequences that show a tear or disruption in the rectus-adductor complex 
at the pubis. The  large arrow  points to the tendon origin of the adductor longus 
(dark structure) as it goes down the thigh. ( a ) Abnormal side which shows a 
partial separation of the common aponeurosis formed at the junction of the rectus 
muscle and adductor origin from the periosteum of the anteroinferior pubic bone. 
 R  rectus,  P  pubis. ( b ) Normal side.       

 



186 N. Stoikes and L.M. Brunt

Regardless, the common mechanism is likely a combination of overuse and 
imbalance of forces acting across the pelvis  [  13  ] .   

 Muschawek has also postulated that bulging of the posterior inguinal 
 fl oor may compress the genital nerve which can produce pain during 
Valsalva  [  10  ] . As a result, selective resection of the genital nerve is 
performed in some of her athletes  [  14  ] . Finally, some groups have 
suggested that defects within the external oblique, which may be coupled 
with entrapment and compression of the ilioinguinal and iliohypogastric 
nerves, are the primary mechanisms of injury and pain  [  15  ] . 

  Fig. 16.3.    Disrupted 
posterior inguinal  fl oor in an 
athlete undergoing repair of 
sports hernia pubalgia.  Ext  
external oblique,  Int  internal 
oblique.  Arrows  point to the 
weakened posterior  fl oor.       

  Fig. 16.4.    Attenuated 
external oblique ( large 
arrows ) found at operation 
for sports hernia pubalgia. 
Note the ilioinguinal nerve 
exiting a slit in the external 
oblique at a sharp angle 
( small arrows ).       
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 Likely, there is no one mechanism that leads to sports hernia pubalgia, 
and a combination of these mechanisms, which all focus on different 
aspects of the physiology and anatomy of the groin, is grounded in the 
fundamental principle that high-performance athletes stress their bodies 
to maximum levels, which results in the accentuation of dynamic processes 
in the lower body, thereby, stressing inherently weak regions such as the 
groin. Factors which could impact the development of this condition but 
which are as yet unproven might include the following: increased weight/
strength training, year-round training with no time off, single-sport focus 
at a young age, and lack of strength and balance in the abdominal core.  

   Management Options 

 In the early phase of the clinical presentation, rest and other standard 
conservative management measures as described below are indicated. In 
selected cases, a combination of steroid and local anesthetic injection 
can provide some symptomatic relief and may facilitate a return to play 
or assist in differentiating the source of the pain. It is also important to 
note the scope of the problem for the patient, which may also impact the 
management approach. For example, the aggressiveness of the approach 
and progression to surgical intervention may be different for a recreational 
athlete versus a scholarship college athlete or professional athlete. In a 
sense, the latter’s livelihood depends upon a quick return to top 
performance, which thereby makes the risk to bene fi t ratio for surgery 
more acceptable. Also, the recreational athlete does not have access to 
professional trainers and other resources, which can lead to a delay in the 
diagnosis and a prolonged time period in which the patient is neither 
resting nor able to resume full athletic activity. 

 In all cases,  fi rst-line management of an athletic groin injury should 
be conservative with rest. Activities that produce symptoms, especially 
explosive or torquing maneuvers, are to be avoided. Nonsteroidal anti-
in fl ammatory medications, ice, and physiotherapy should be incorporated 
into the regimen as well. Light lower body activities such as jogging or 
stationary biking can begin as symptoms improve, and sports-speci fi c 
activities can be added in an incremental fashion. Explosive maneuvers 
and intense gamelike conditions should be delayed until full lower 
abdominal and lower body exercises can be performed. If conservative 
measures have failed after 8–10 weeks, and the clinical presentation 
suggests a more chronic sports hernia type pubalgia, then surgical 
intervention should be considered.  
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   Surgical Technique 

 There is no consensus on the preferred surgical technique for the 
treatment of sports hernia. The techniques reported can be broadly 
grouped: open primary tissue repair, open tension-free mesh reinforcement, 
and laparoscopic mesh repair. Adjuncts to these procedures include 
neurectomy and adductor tendon release.

    1.     Open primary repairs 

    (a)     Meyer’s technique : Goals of this technique include 
realigning the infero-lateral rectus to the pubis and inguinal 
ligament using a primary sutured repair.  

    (b)     Muschawek technique : This approach is also known as the 
“minimal repair” technique  [  13,   14  ] . It involves repair of 
the posterior inguinal  fl oor using two sequential imbricating 
running sutures. The genital nerve is resected in select 
cases, and the internal ring is buttressed with a cuff of 
internal oblique muscle.      

    2.     Open tension-free mesh repair : This is the preferred approach 
by the authors and utilizes the principles of the Lichtenstein 
tension-free hernioplasty. The primary goal is to reinforce the 
posterior inguinal  fl oor rather than to reconstruct the internal 
inguinal ring as one would do for an indirect hernia. Technical 
points include resection of the ilioinguinal nerve if it is entrapped 
by within a slit in the external oblique aponeurosis or if it will 
be tethered by the mesh. Damaged internal oblique/tranversus 
abdominis muscle  fi bers are debrided as needed. Lightweight 
polypropylene mesh is secured with nonabsorbable sutures to 
the inguinal ligament laterally and to the transversus abdominis/
conjoined tendon medially (Fig.  16.5 ). The mesh is split, and 
the tails are secured around the cord structures in a standard 
fashion. Importantly, additional interrupted sutures are placed 
medially to anchor the mesh to the distal rectus to further 
stabilize the rectus and pubis. The external oblique aponeurosis 
is reapproximated with absorbable suture such that the 
attenuated portion is excluded. The Montreal group  [  16  ]  also 
uses a tension-free mesh approach but places the mesh just 
beneath the external oblique aponeurosis rather than on the 
posterior  fl oor, and in most cases, ilioinguinal and/or 
iliohypogastric neurectomy is also performed.   
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    3.     Laparoscopic mesh repair : Laparoscopic mesh repair is favored 
by some groups  [  17–  19  ] . This approach also provides support 
for the weakened posterior inguinal  fl oor (Fig.  16.6 ) but 
anecdotally has been associated with a somewhat higher rate of 
incomplete relief of symptoms, although good results have been 
reported in several case series. The advantage is that it may 
allow faster return to play compared to some other approaches. 
It is typically done via the totally extraperitoneal approach.  

     Adjunct procedures : An adductor release as described by Meyers  [  20  ]  
entails releasing the epimysial  fi bers of the adductor longus approxi-
mately 2–3 cm from its attachment to the pubis. The actual tendon is 
not transected but instead “decompressed” with relaxing incisions to 
soften the adductor compartment and to relieve it of pressure, tension, 
and edema.      

  Fig. 16.5.    Sutures anchoring 
the medial side of the repair 
of the right inguinal  fl oor. 
The sutures are placed in a 
mattress fashion through 
lightweight tension-free 
polypropylene mesh.       

  Fig. 16.6.    Posterior 
laparoscopic view of 
weakened posterior inguinal 
 fl oor ( arrows ).       
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   Surgical Outcomes 

 Outcomes of surgical management are listed in Table  16.2 . Overall 
results in terms of return to full athletic activity range from 60% to 90%, 
with most series reporting greater than 90% of patients returning to their 
sport. Follow-up is variable and not reported in some instances. Also, the 
interval return to play is variable or not reported, which may be multifactorial 
secondary to both the procedure and varied time pressures for rehabilitation 
(in season vs. off-season). In the Washington University Medical Center 
experience, we have done repairs is over 150 elite and recreational athletes 
 [  21  ] . The majority (63%) were professional or college athletes. Follow-up 
regarding symptoms at 13.6 months found successful return to sport in 
91% of athletes. Initially, adductor release was not a part of the management 
algorithm, and, as a result,  fi ve athletes have subsequently required 
adductor releases for recalcitrant adductor symptoms. Currently, adductor 
release as described by Meyers  [  20  ]  is done in selected patients that have 
signi fi cant adductor pathology at the time of inguinal  fl oor reinforcement.   

   Postoperative Care and Rehabilitation 

 Operative repair of a sports hernia/athletic pubalgia is only one 
component to the treatment of the disease process and, equally important 
in the athlete’s full return to competition, in our view, is the use of a 

   Table 16.2.    Reported outcomes of repair of sports hernia pubalgia.   

 Author  Type repair 
 No. of 
cases 

 Length of 
follow-up 

 Return 
to sport 

 Polglase  [  23  ]   Primary  64  8 months  63% 
 Gilmore  [  24  ]   Primary  300  –  97% 
 Steele  [  25  ]   Primary  47  –  77% 
 Meyers  [  20  ]   Primary “pelvic  fl oor 

repair” 
 5,218  24 months  95.3% 

 Muschawek  [  14  ]   Primary “minimal repair”  129  – 
 Joesting  [  26  ]   Open mesh  45  12 months  90% 
 Brown  [  26  ]   Open mesh  98  –  97% 
 Brunt  [  22  ]   Open mesh  132  13.6 months  91% 
 Van Veen  [  18  ]   Laparoscopic mesh  55  24 weeks  91% 
 Ziprin  [  19  ]   Laparoscopic mesh  17  –  94% 
 Evan  [  27  ]   Laparoscopic mesh  287  3 months–4 years  90% 
 Paajanen  [  28  ]   Laparoscopic mesh  30  3 months  90% 
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structured postoperative rehabilitation program. The program that we 
have utilized consists of a set of exercises that focus on strengthening the 
core and lower body (Table  16.3 )  [  22  ] . Attention to adductor  fl exibility 
and strength is essential and involves an incremental increase in activity 
over a period of 5–8 weeks ( fi ve phases).   

   Summary 

 Sports hernia/athletic pubalgia is a complex entity that requires a 
systematic approach to the diagnostic evaluation and treatment. Surgeons 
who treat these athletes must understand the broader differential diagnosis 

   Table 16.3.    Postoperative rehabilitation program after sports hernia repair.   

  Phase 1 week 1  
 Walking, starting with short distances, and progressing up to 45–60-min walks once 

per day 
 Light stretching (hamstring, quadriceps, calf and low back as tolerated) 
  Phase 2 week 2  
 Active hip range of motion exercises 
 Walking on inclined treadmill, backward walking 
 Begin bike workouts with slow continuous progression to interval sprint work 
 Wall sits with Swiss ball 
  Phase 3 week 3  
 Continue exercises from phase 2 
 Active release technique/deep tissue massage of hip and leg musculature 
 Pool walking 
 Monitored sports-speci fi c skill development activities 
  Phase 4 week 4  
 Continue exercises from phase 3 
 Advance hip  fl exor stretching with progression into resistance strengthening, 

progressive resistive exercises 
 Lower abdominal strengthening and lower extremity strengthening exercises to 

include body weight squats, step-ups, etc. 
 Begin increasing sport-speci fi c activities (more intense skating, running sprints, 

limited contact drills) 
  Phase 5 weeks 5–6  
 Continue exercises from phase 4 
 Transition to weight room and strength and conditioning program 
 Full practice, scrimmage with team 
 End-stage exercises with an emphasis on maintaining proper muscles length and 

abdominal strength through adherence of a core stabilization program 

  For a more detailed description of rehab exercises, see  [  22  ]   
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of groin pain in athletes and the fact that this is not a true inguinal hernia. 
Treatment is based on a spectrum of management options that requires a 
multidisciplinary approach, and careful patient selection for surgery is a 
key component of the management algorithm. Multiple surgical 
techniques exist that may achieve a successful outcome, and regardless 
of the approach, the rehabilitation after surgery is integral to return of the 
athlete to competition.      
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    17.     TAPP vs. TEP       

     Alfredo   M.   Carbonell   II         

     The two most common techniques for laparoscopic inguinal hernia 
repair are the transabdominal preperitoneal (TAPP) technique and the 
totally extraperitoneal (TEP) technique. Although in the end both techniques 
are used to place mesh in the preperitoneal space to cover the entire 
myopectineal ori fi ce, they differ in how access to that space is obtained. 

 With the TAPP approach, the peritoneal cavity is entered, the peri-
toneum is incised horizontally, and the preperitoneal space is developed, 
gaining access to the space of Retzius and Bogros. Mesh is placed to 
cover the entire myopectineal ori fi ce, and the peritoneal  fl ap is then 
closed with either suture, staples, or tacks. Conversely, with the TEP 
repair, a dissecting balloon is placed into the preperitoneal space at the 
level of the umbilicus. The balloon is in fl ated, which potentiates the 
preperitoneal space. The surgeon then works within the con fi nes of this 
space to place the mesh, similar to the TAPP approach. At the conclusion, 
the preperitoneal space is desuf fl ated and it collapses upon itself. 

   The Arguments for TAPP or TEP 

 Since, ultimately, the hernia recurrence rates are the same, the debate 
as to which approach is best is largely predicated upon notions of 
differences in cost, operative time, intraoperative complications, and 
postoperative pain. There have been three prospective, randomized, 
controlled trials comparing TAPP and TEP; thus, the majority of the data 
are from prospective, nonrandomized, comparative trials of the two 
techniques. The following section will explore some of the arguments 
made in favor of one technique or the other and investigate what the 
available literature shows. 
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   Learning Curve 
    Argument: TAPP Is Easier to Learn than TEP  

 The learning curve for any surgical procedure is surgeon speci fi c. 
Historically, most have learned the TAPP technique  fi rst, and then 
transitioned to the TEP repair after some experience. In one study of 
TAPP repairs, complications and recurrences decreased after the  fi rst 50 
patients  [  1  ] . Another group performing TEP saw their complication and 
recurrence rate drop dramatically after their  fi rst 100 cases, while their 
conversion rate only decreased after 700 cases, and operative times were 
halved after the  fi rst 1,000 cases  [  2  ] . If we assume that operative time is 
a surrogate marker for technical mastery, a Cochrane database review 
summarized that inexperienced operators (up to 20 procedures) had an 
operative time of 70 min for TAPP and 95 for TEP. With experience 
(30–100 procedures), the estimated duration was 40 min for TAPP and 
55 min for TEP  [  3  ] . These data suggest that TAPP is in fact easier to 
learn. Perhaps, this is due to the fact that the surgeon has a much wider 
 fi eld of view during TAPP and can see both inside the preperitoneal and 
intraperitoneal space maintaining orientation. This may allow for easier 
manipulation of the hernia sac and the intraperitoneal contents, compared 
to the tight working space and trocar con fi guration constraints of the 
TEP repair.  

   Operative Time 
   Argument: TEP is quicker to perform since the balloon 
dissector does the dissection, and in the end, there is no 
peritoneal  fl ap requiring closure.  

 In an early randomized controlled trial of TEP ( n  = 24) versus TAPP 
( n  = 28), there was an insigni fi cant 6-min time advantage in favor of TAPP 
 [  4  ] . Other nonrandomized studies appear to show a slight time advantage 
in favor of the TAPP repair as well  [  3  ] . Two more recent prospective trials 
did not demonstrate a time difference whatsoever  [  5,   6  ] .  

   Conversion 
   Argument: TEP often requires conversion to TAPP.   

 Due to the nature of the techniques, a TEP is typically converted to 
TAPP or open, while a TAPP is converted to open. Conversion with TEP 
will occur when too large a tear is created in the peritoneum and in TAPP 
when there is an inability to adequately develop or prepare the preperitoneal 
space for mesh placement. Patients with prior preperitoneal space surgery, 
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particularly prior mesh repairs, may have a higher conversion rate, and 
consideration should be given to performing the hernia repair in a TAPP 
fashion from the outset. In historical prospective randomized trials, TEP 
has been associated with a higher conversion rate  [  7–  9  ] . A more recent 
randomized trial showed no conversions in any of their TAPP or TEP 
cases  [  5  ] . Conversion is clearly a matter of experience and likely decreases 
as a surgeon becomes more facile with one or both techniques.  

   Cost 
  Argument: TEP is associated with higher supplies costs 
since it requires an expensive pneumatic balloon dissector 
to create the preperitoneal space.  

 The interpretation of cost data is unreliable, as the  fi gures are country-
speci fi c and unique to each institution performing the surgery. The need 
for a balloon dissector is not absolute with TEP, and the dissection can be 
performed manually. In one single randomized trial, balloon dissection 
was compared to CO 

2
 -supported trocar dissection, and there appeared to 

be no difference in morbidity or recurrence rate, although balloon 
dissection was associated with a lower need for conversion to TAPP and 
a mean 8-min time advantage  [  10  ] . With reusable trocars and balloon-
less manual dissection, the cost of a TEP repair can be signi fi cantly 
reduced. Another factor to consider is the use of a  fi xation construct such 
as a stapler, tacking device (metallic or absorbable), or  fi brin sealant. At 
least one of these products is often used in laparoscopic inguinal hernia 
repair and is associated with a signi fi cant cost regardless of TAPP or TEP 
approach. Two recent randomized trials of TAPP versus TEP failed to 
demonstrate a cost difference between the techniques  [  5,   6  ] .  

   Intraoperative Complications 
  Argument: TAPP is associated with higher rates of vascular 
and visceral injuries and port-site hernias.  

 To date, three studies have reported vascular injuries, one actually 
demonstrated a higher injury rate in TEP  [  11  ]  while the other two showed no 
difference  [  12,   13  ] . Two comparative trials reported a higher rate of visceral 
injury with TAPP compared to TEP, albeit the incidence was less than 1% in 
both series  [  7,   8  ] . Several studies have reported on port-site hernia rate, and 
it appears that TAPP has a higher incidence, upward of 3.7%  [  7  ] . 

 In a large study on bowel obstruction after inguinal hernia repair, 
multivariate analysis demonstrated that TAPP had a relative risk of 2.79 
compared to 0.57 with TEP  [  14  ] . Although the study was unable to 



200 A.M. Carbonell II

determine the etiology of the bowel obstruction (hernia vs. adhesive), the 
data is compelling, nevertheless. Knowledge of adhesions of the omentum 
or bowel to metallic tacks or staples, as well as sutures is well-known. It 
is more likely that patients undergoing TAPP repair have their peritoneal 
 fl ap closed with a  fi xation construct, predisposing TAPP patients to the 
potential sequelae of adhesions, such as bowel obstruction, or worse, 
construct-bowel erosion. Newer absorbable  fi xation constructs have 
become available, yet it is too early to determine whether there is an 
adhesion advantage to their use and the associated cost may make them 
prohibitive for routine use. 

 TEP is associated with peritoneal tears which collapse the preperitoneal 
space, making the operation lengthier, more laborious, and possibly 
requiring conversion to TAPP for completion. Peritoneal tears during 
TEP are commonplace, particularly with reoperative inguinal hernia 
repair. Although they are related to surgeon experience, they are easily 
managed by ligation of the tear or placement of an intraperitoneal Veress 
needle to decompress the pneumoperitoneum. This complication does in 
fact increase operative time by a mean of 20 min and is associated with 
an eightfold increase in the rate of conversion to TAPP  [  15  ] . Whether the 
tear should be closed at all due to the potential for bowel obstruction or 
mesh adhesion bears mention. To that effect, two studies have reported 
no complications after 16-month  [  16  ]  and 4-year  [  15  ]  follow-up in 
patients in whom peritoneal tears were not closed.  

   Pain 
  Argument: TAPP is associated with higher rates of vascular 
and visceral injuries and port-site hernias. TEP is associ-
ated with less pain since no peritoneal  fl ap is opened and 
hence the only  fi xation constructs needed are the ones 
placed into the mesh if any are used at all.  

 Fixation constructs may or may not have an impact on symptoms of 
pain after the repair, as the data are con fl icting. One recent prospective 
randomized trial found no difference in pain between TAPP and TEP. 
The TAPP group had tack mesh  fi xation and sutured peritoneal closure, 
while the TEP group had no mesh  fi xation  [  6  ] . Another randomized 
trial avoided the use of mesh  fi xation in both groups, and the TAPP 
group’s peritoneal  fl ap was sutured closed. This study found TAPP to 
be more painful at 1 h, 24 h, and 3 months postoperative  [  5  ] . If there is 
a slight pain difference, it may be transient, as one prospective study 
demonstrated a higher incidence of postoperative pain with TAPP 
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compared to TEP at 1 month, but not at 6 months or 1 year. In that 
study, 18.1% of TAPP patients had >10 tacks placed, while 2.3% of the 
TEP patients had >10 tacks placed. Additionally, a subgroup analysis 
demonstrated less pain at all time points in TAPP patients with <10 
tacks compared to those with >10 tacks  [  17  ] . 

 If number of tacks used is proportional to the degree of pain then 
perhaps avoiding tacks or staples altogether can help eliminate pain. The 
current data suggest that nonmesh  fi xation in TEP, although not associated 
with a decrease in pain, is safe, cheaper, and does not result in an 
increased rate of recurrence  [  18  ] . Nonmesh  fi xation studies in TAPP are 
lacking; however, one randomized trial compared  fi brin sealant versus 
staples for mesh  fi xation during TAPP while the peritoneal  fl ap was 
sutured closed. No difference in recurrence rate or postoperative pain 
was noted between the two  fi xation methods  [  19  ] .    

   Summary 

 In summary, the TAPP technique is easier to learn, yet is associated 
with an overall low but higher risk of visceral injury and port-site hernia 
compared to TEP. Surgeon preference will always drive technique choice, 
as both are equally effective at treating hernia disease.      
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    18.     Fixation Versus No Fixation 
in Laparoscopic TEP and TAPP       

     Viney   K.   Mathavan        and    Maurice   E.   Arregui       

    Hernias have been a subject of interest since the dawn of surgical 
history. The treatment has evolved through several stages. Bassini 
revolutionized the treatment of inguinal hernia by the introduction of 
the technique to restore the conditions which exist under normal 
circumstances. The concept of the tension-free repair was introduced by 
Lichtenstein. Nyhus and Stoppa have described the inguinal hernioplasty 
through the posterior approach. Nyhus used small piece of mesh to 
reinforce the primary repair, but Stoppa used giant prosthesis for the 
repair. The mesh used by Nyhus was small and required suture  fi xation. 
The approach by Stoppa used a giant prosthesis (mesh) requiring single 
suture  fi xation in the midline. Laparoscopic inguinal hernia was  fi rst 
reported by Ger and Colleagues in 1990  [  1  ] . They repaired the hernia in 
dogs by stapling the abdominal opening of patent processus vaginalis. 
The other minimally invasive techniques which have been described 
include plug and patch repair and intraperitoneal onlay mesh repair. 
These two techniques are not commonly used. Currently, laparoscopic 
inguinal hernia repairs are performed mostly with placement of synthetic 
mesh into the preperitoneal space. It can be done either by transabdominal 
preperitoneal (TAPP) approach or the totally extraperitoneal (TEP) 
approach. The TAPP approach was  fi rst described by Arregui et al.  [  2  ]  in 
1992. It requires laparoscopic access into the peritoneal cavity and 
placement of mesh in the preperitoneal space after reducing the hernia 
sac. The  fi rst TEP inguinal hernia repair was described by McKernan and 
Laws  [  3  ]  in 1993. This approach involves preperitoneal dissection and 
placement of mesh in the preperitoneal space without entering into the 
abdominal cavity. Laparoscopic approach has been re fi ned into an 
attractive alternative to open hernia repair for many patients and surgeons. 
There is abundant literature which supports that the laparoscopic inguinal 
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hernia repair can be performed with excellent results. The results of open 
mesh repairs are also good and the learning curve for laparoscopic 
technique is long. In the United States, about 15–20% of all inguinal 
hernias are repaired laparoscopically. With most laparoscopic approaches, 
mesh is  fi xed to the abdominal wall with spiral tacks, clips, or sutures. 
The need for  fi xation of mesh, however, is controversial. Some have 
suggested that  fi xation of the mesh is necessary to prevent hernia 
recurrence. However,  fi xation of mesh is thought to contribute to 
increased postoperative pain and the risk of nerve injury. The purpose of 
this chapter is to describe the TAPP and TEP repair and then discuss the 
literature with and without  fi xation of the mesh. 

   Indications and Contraindications 

 For the patients with a straightforward, unilateral,  fi rst-time hernia, 
both open mesh and laparoscopic mesh repairs offer excellent results and 
the choice depends upon surgeon experience and patient preference. 
A Cochrane meta-analysis found no signi fi cant difference in hernia 
recurrence rates between laparoscopic and open mesh techniques  [  4  ] . 
Laparoscopy offers advantages for recurrent inguinal hernias previously 
repaired by open technique. It bypasses the need to dissect in scarred 
tissue planes, thereby avoiding the risk of orchitis, testicular atrophy, and 
chronic inguinodynia. Laparoscopy also makes it possible to see the 
myopectineal ori fi ce and identify the femoral hernias. The mesh can be 
placed over the entire myopectineal ori fi ce. It avoids the groin incision and 
subsequent risk of wound complication  [  5–  8  ] . Laparoscopic approach is 
a major bene fi t for patients who present with bilateral inguinal hernias. 
Studies show a signi fi cant advantage over the open repair in terms of less 
postoperative pain and an earlier return to work, without  fi nding any 
difference in recurrence rates or complications  [  9–  11  ] . When the 
diagnosis of an inguinal hernia is uncertain, diagnostic laparoscopy 
provides a de fi nitive diagnosis and an opportunity to repair the hernia at 
the same time. Some surgeons also think that women should undergo 
laparoscopic repair of all inguinal hernias as synchronous femoral hernias 
are common and can be missed. Laparoscopy is also better in patients 
who engage in intense physical activity as it avoids dividing the 
aponeurosis of the external oblique and minimizes scar tissue between 
muscle planes. Contraindications for laparoscopic hernia repair include 
patients, for whom general anesthesia is risky due to their comorbidities. 
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Patients with prior pelvic operations and irradiation, or who have had a 
recurrence from a prior laparoscopic approach, should undergo an open 
inguinal hernia repair.  

   Operative Technique 

 The operative steps to perform TEP and TAPP repairs are similar 
 [  12,   13  ]  and are described below. 

   Operative Steps for Transabdominal Preperitoneal 
Repair 

 The operative steps are well standardized. After transperitoneal 
incision, wide dissection is done laterally, across the midline, and 
parietalization of the cord is necessary to prepare the inguinal space for 
placement of a large mesh. Prosthetic mesh is used for repair. A 6 × 6-in. 
or 6 × 5-in. sheet of nonabsorbable mesh is cut to  fi t the preperitoneal 
space. A larger mesh may be used but a smaller mesh is not advised. A 
preformed, contoured mesh can also be used for coverage. Some surgeons 
prefer to slit the mesh with the tails wrapped around the cord. We do not 
recommend this. The mesh should cover the myopectineal ori fi ces, 
including the direct, indirect, and femoral hernia spaces. When the mesh 
is smoothed out, it overlaps the pubic bone and crosses the midline. It is 
important to examine the mesh carefully to eliminate any wrinkles or 
folds. Recently, some surgeons have reported using biological mesh that 
becomes a scaffold for the patient’s own collagen and is eventually 
absorbed. Long-term results of this are not yet known.  

   Operative Steps for Totally Extraperitoneal Repair 

 The initial creation of the preperitoneal space can be done bluntly or 
with a balloon. We prefer to use blunt dissection  [  14  ] . It is important to 
perform a wide dissection especially laterally and posteriorly with 
parietalization of the cord and identi fi cation and removal of herniated 
preperitoneal fat (lipoma of the cord). This is necessary for placement of 
a large mesh in the method of Stoppa  [  15  ] . We use a piece of 6-in. by 
5-in. (15 × 12.5 cm) polypropylene lightweight mesh or Mersilene mesh. 
We do not slit it. We then use two blunt graspers to lay the mesh so that 
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medially it crosses the midline and covers the direct, femoral, and indirect 
inguinal spaces. Laterally, it covers the lateral inguinal space 
(Fig.  18.1 ).   

   Fixation of the Mesh 

 The mesh is anchored to the posterior wall of the groin by the majority 
of surgeons. Mesh  fi xation theoretically ensures that it will remain where 
it was placed long after the operation. Such  fi xation is safe in most 
patients. Since the nerves at risk for injury are below the iliopubic tract, 
injury or entrapment of the nerves (genitofemoral nerve, lateral femoral 
cutaneous nerve, and femoral nerve) can be avoided by placing all mesh 
anchors into or above the iliopubic tract. The ilioinguinal and 
iliohypogastric nerves are above the iliopubic tract and can be 
compromised by  fi xation in thin patients. The landmarks must be 
identi fi ed when placing  fi xation. To avoid nerve injury, some authors 
suggest that the surgeon should be able to feel the stapler by pushing 
against it from anteriorly with the opposite hand. No staples should be 
placed unless the stapling device can be felt with the opposite hand. It 
also helps in placing the staples more perpendicular. Fitzgibbons has 
pointed out, however, that the ilioinguinal and iliohypogastric nerves 
travel laterally and anteriorly and can be potentially injured with this 
approach. The  fi rst staples are placed into the Cooper’s ligament. This 
stabilizes the mesh and allows the surgeon to fan the mesh out in a lateral 
direction. The staples are then subsequently placed into the transversalis 
fascia medial to the inferior epigastric vessels. The lateral staples are 
placed by using the bimanual technique to prevent any damage to the 

  Fig. 18.1.    Mesh without 
staples.       
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nerves below the iliopubic tract. The purpose of the staples is to hold the 
mesh in place until the body’s own in fl ammatory response takes place 
and not to provide any strength to the repair. Many surgeons, including 
us, do not use the staples. There are various descriptions of where and 
how to place staples or tacks and methods to avoid nerve injury. Some 
only  fi x medially.   

   Fixation Versus No Fixation 

 Several investigators have questioned the need for mesh  fi xation, 
which has been implicated as a source of chronic inguinodynia. Mesh 
 fi xation is believed to prevent hernia recurrence as it is an important 
measurable outcome. The mechanisms of recurrence have been studied 
by many investigators and are mostly related to technique  [  16–  19  ] . One 
of the most common reasons for recurrence is incomplete dissection of 
the myopectineal ori fi ce. Incomplete dissection is more often associated 
with inadequate reduction of the hernia sac, missed hernias, missed 
lipomas or preperitoneal fat, insuf fi cient exposure for adequate mesh 
size, or rolling of the mesh edges. The mesh rolling usually occurs 
laterally and inferiorly in an area where  fi xation is contraindicated. 
Another common reason for hernia recurrence is inadequate overlap of 
the hernia defect from placement of a small mesh. The average mesh size 
in patients who had a recurrence was 6.0 cm × 9.2 cm in the trial by 
Fitzgibbons and colleagues  [  17  ] . It is now generally believed that the 
mesh size should be at least 10 cm × 15 cm to cover all of the potential 
hernia sites, to provide at least 4-cm overlap with the hernia, and to avoid 
problems with mesh migration, shrinkage, and rolling. 

 Felix et al.  [  18  ]  reported too small a mesh to be the cause of hernia 
recurrence in 29% recurrences and 90% of these occurred in TAPP repairs. 
Inadequate lateral  fi xation was one of the major causes of failure in their 
review—36% of TAPP and 22% of TEP repairs. In TEP repair, there may 
be a tendency not to dissect far enough off the cord structures to allow the 
mesh lay under the peritoneum. In TAPP repairs, as the peritoneum is 
closed, the cord structures may be tented, lifting the mesh, and may lead 
to lateral recurrence. To prevent lateral recurrences, some surgeons have 
utilized a keyhole, but that may lead to recurrence itself. Phillips et al. 
 [  19  ]  in a multicenter review of recurrence following laparoscopic hernia 
repair found too small a mesh in 60% cases and non fi xation of the mesh 
in 20% cases. Avoiding mesh  fi xation prevents nerve entrapment. Kraus 
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 fi rst reported  [  20  ]  damage to the lateral femoral cutaneous nerve of the 
thigh and subsequently noted injury to the femoral branch of the 
genitofemoral nerve  [  21  ] . The cause of injury was misplacement of staples, 
and he concluded that more accurate positioning would decrease the 
incidence of nerve injuries. There are numerous anecdotal reports of new 
groin pain that is well localized, corresponds with the location of a  fi xation 
tack, and is ameliorated by its removal (Fig.  18.2a, b ). There are several 
prospective randomized studies comparing stapled versus unstapled mesh 
in laparoscopic preperitoneal inguinal hernia repair. Ferzli et al.  [  22  ]  in a 
prospective randomized study reported no difference in the hernia 
recurrence rate between the stapled and unstapled groups over 12-month 
follow-up period in 92 patients. Taylor et al.  [  23  ]  conducted a large 
prospective multicenter double-blinded randomized trial for 500 hernias 
repaired with TEP. They found no difference in recurrence between stapled 
and unstapled group. They also looked at pain after hernia repair. Moderate 
to severe pain was reported in 2% of  fi xated repairs and none in patients 
with un fi xated mesh. There are several other randomized studies comparing 
 fi xation versus non fi xation with similar results  [  24–27 ,  28  ] . Most of these 
studies involve TEP repair and with small hernias. TEP without  fi xation 
may not be appropriate for everyone. Whether larger defects can be 
repaired without mesh  fi xation has not been adequately answered. Some 
suggest that mesh  fi xation should be used in patients with large hernial 
defects. Hollinsky et al.  [  29  ]  did a cadaver experiment in non fi xed mesh. 
They recommended minimum mesh overlap of 2 cm for small hernias. 
For a hernia size 2 cm and larger, the distance between the margin of 
the prosthesis and the hernial opening should be equal to the diameter of 
the hernia. From 4 cm and larger, they recommended that the prosthesis 

  Fig. 18.2.    ( a  and  b ) Fixation tack on the nerve.       
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should be secured with a stapler. Based on this experiment, Lau et al.  [  30  ]  
did selective non fi xation of hernias for the size smaller than 4 cm and 
recommended  fi xation of mesh for hernias more than 4 cm. The original 
open GPRVS repair by Stoppa was designed for the complicated or 
recurrent hernia using a very large mesh. In theory, even a defect greater 
than 4 cm could be repaired with this approach without  fi xation but with 
a greater sized mesh. One study found  [  25  ]  decreased incidence of 
postoperative urinary retention in non fi xation group. Cost containment is 
also a consideration during stapling the mesh in laparoscopic hernia 
repair. The elimination of the disposable stapling device, either an 
endostapler or a helical tacker, can reduce the operative cost by $150–
$300. The helical tacker costs about $293 at our hospital. The markup by 
the hospital is likely three times or greater. Persistent groin pain has also 
encouraged the use of alternative methods of  fi xation that avoid the use of 
tacks including  fi brin glues, acrylate adhesives, self-gripping mesh, and 
absorbable sutures.  

 Fibrin glue has been proposed as an alternative, atraumatic method for 
mesh  fi xation based on its effective adhesive and wound- healing properties. 
It is a biodegradable preparation combining human plasma-derived 
 fi brinogen and thrombin. Chevrel and Rath  [  31  ]   fi rst proposed  fi brin sealant 
as an alternate means of mesh  fi xation in hernia repair, with the aim of 
reducing the rate of hernia recurrence. Katkhouda et al.  [  32  ]  have since 
employed a pig model using a TEP technique to evaluate the tensile strength 
of mesh  fi xation 12 days after the use of  fi brin sealant, demonstrating equal 
strength to staples. In a randomized trial between  fi brin glue versus staples in 
TAPP repair, Lovisetto et al.  [  33  ]  found lower incidence of postoperative 
neuralgia. The results of these studies have encouraged surgeons to use  fi brin 
sealant as an alternative to mechanical mesh  fi xation. With the results of 
non fi xation being the equivalent to  fi xation,  fi brin glue seems redundant and 
an added expense.  

   Self-Gripping Mesh Without Additional Fixation 
in TAPP and TEP 

 Recently a new material became available that may preclude the need 
for additional  fi xation as the mesh itself is self-gripping to muscle and 
adipose tissue. Made of a mono fi lament polyester weave with polylactic 
acid microhooks on one surface, and shown to be bene fi cial in open 
Lichtenstein hernia repairs, this material may have applications in TAPP 
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and TEP repair. As reported at the American Hernia Society meeting in 
2012 held in New York City, Jacob et al. presented early data from a 
prospective study. Self-gripping mesh was implanted in 64 hernias repaired 
by TEP technique. Follow-up with Carolinas Comfort Scale™ showed that 
only 7.7% of the patients were considered symptomatic at the  fi rst 2-week 
postoperative visit, and 0 patients were symptomatic at the second visit held 
between 3 and 6 months after surgery. Patients took an average of  fi ve 
tablets of narcotic and returned to full unrestricted activity within 5 days. 
The mean direct defect size was 2.5 cm, and no additional  fi xation was used 
in any case. To date, there are no reported recurrences or chronic pain.  

   Conclusion 

 The decision to  fi x the mesh in laparoscopic hernia repair depends 
upon the size of the hernia and the size of mesh used. For small hernia, 
the mesh can be safely placed without  fi xation. But for large hernias, the 
 fi xation may be required to prevent recurrence, though there is risk of 
nerve entrapment and cost considerations.      
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    19.    Laparoscopic Versus Open Repair 
for the Uncomplicated Unilateral 
Inguinal Hernia       

     Pradeep   Pallati        and    Robert   J.   Fitzgibbons   Jr.       

     Inguinal hernias are common; 27% of men and 3% of women will 
develop one in their lifetime. In the United States, according to the 
National Hospital Discharge Survey, approximately 720,000 inguinal 
hernia repairs were performed in the year 2005  [  1  ] . Descriptions of 
Inguinal hernia repairs have appeared in medical writings as far back as 
1500 B.C.  [  2  ] . However, the modern era of inguinal herniorrhaphy is 
generally felt to have begun in the late 1800s, thanks to the revolutionary 
procedure developed by Bassini. His prototype tissue repair was based 
on sound anatomical principles and incorporated the developing 
disciplines of anesthesia and antisepsis. The steps he recommended to 
prepare the groin for the eventual approximation of his famous “triple 
layer” (transversalis fascia, transversus abdominis muscle, and internal 
oblique muscle) to the inguinal ligament are still used in almost all 
conventional open repairs, both tissue- and tension-free. Although this 
operation was associated with results unheard of in Bassini’s time, 
population-based studies in the twentieth century consistently revealed a 
recurrence rate in the 10–15% range when performed in general practice. 
The late 1980s and early 1990s saw two parallel developments, which 
would profoundly affect the way inguinal hernia surgery was performed. 
The  fi rst was the widespread acceptance of the routine use of prosthetic 
material for all adult inguinal hernias, complicated or uncomplicated. 
The second was the development of laparoscopic inguinal herniorrhaphy, 
which quickly followed the laparoscopic revolution spawned by the need 
to retrain surgeons in the laparoscopic method, so they could continue to 
perform cholecystectomy. Now, most surgeons agree that the laparoscopic 
method is the procedure of choice for recurrent hernias after a failed 
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open procedure because the repair can be performed in an undissected 
space and for bilateral inguinal hernias as both hernias can be repaired 
through the same minimal access sites. 

 A more contentious issue is the application of laparoscopy to the 
uncomplicated unilateral inguinal hernia. It is now clear that in 
experienced hands, either operation can be associated with low recurrence 
rates (i.e., <2%). Because of this fact, recurrence rates as an outcome 
metric may be less signi fi cant than some others. So, a discussion 
comparing laparoscopic inguinal herniorrhaphy (LIH) with a conventional 
open tension-free approach (TFR), the subject of this chapter, has to be 
based on other factors such as short- and long-term pain, risk/bene fi t 
ratio as it relates to complications, cost, and return to normal activities. 
The purpose of this chapter is to explore these other factors to allow the 
reader to make state of the art decisions for his or her patient. 

   Laparoscopic Inguinal Hernia Repair 

 Ger described the  fi rst LIH repair in 1982  [  3  ] . He used a clip-applying 
device to close the internal ring in beagle dogs with congenital indirect 
inguinal hernias. His approach did not include reconstruction of the inguinal 
 fl oor, so would have only been applicable to Nyhus type 1 inguinal hernias. 
Technical problems with the clip applier could never be solved, and thus it 
was never used in humans on a large-scale basis. Schulz and colleagues tried 
to capitalize on Ger’s idea by packing hernia defects with bulky mesh 
material. In the end, this approach failed because it did not address the need 
to reinforce the entire myopectineal ori fi ce to minimize the chance of 
recurrence. But this did lead to the development of the  intraperitoneal onlay 
mesh repair  (IPOM), which will be described brie fl y below. 

 The most commonly performed laparoscopic repairs today do not 
attempt to solve the problem intra-abdominally. Rather, they are 
performed in the preperitoneal space in a manner similar to conventional 
open preperitoneal inguinal hernia repairs. The principal is to expose all 
critical anatomical elements in the preperitoneal space and then to use 
prosthetic material to cover the entire myopectineal ori fi ce. The 
preperitoneal space can be accessed laparoscopically in two ways:

    1.    One can perform a laparoscopy, incise the peritoneum from the 
abdominal cavity, dissect the preperitoneal space, and then 
cover the entire dissected area, the myopectineal ori fi ce, with a 
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widely overlapping prosthesis. This is known as the 
 transabdominal preperitoneal repair  (TAPP) repair.  

    2.    The preperitoneal space can also be entered by dissecting in the 
space between the posterior rectus sheath and the rectus muscle to 
enter the preperitoneal space without ever purposely breaching the 
peritoneal cavity. Once the space is entered, the operation proceeds 
in an identical fashion as the TAPP. This is known as the  totally 
extraperitoneal repair  (TEP).     

 The  intraperitoneal onlay mesh repair  (IPOM) is the only truly 
minimally invasive laparoscopic hernia repair because a radical dissection 
of the preperitoneal space is avoided. The principle is that by placing a 
large overlapping prosthesis as in the TAPP and TEP one layer deeper, 
that is, directly on the peritoneum, a dissection of the preperitoneal space 
can be avoided. The IPOM however never became popular because of the 
reluctance of surgeons to place prosthetic material in the abdominal 
cavity in contact with intra-abdominal viscera. However, with the IPOM 
technique now being used routinely for ventral hernias and because of the 
development of better prosthetic materials, interest in the technique has 
been renewed especially in TAPP or TEP operations when it is determined 
that adequate peritoneal coverage of prosthesis is not possible. 

 Detailed descriptions of these procedures are provided elsewhere in this 
manual. What follows though is an abbreviated discussion of the technical 
aspects of the two commonly performed laparoscopic herniorrhaphies as 
well as the conventional open inguinal herniorrhaphies in order to better 
place our comparison of the two approaches into perspective. 

   Transabdominal Preperitoneal (TAPP) Repair 

 After obtaining peritoneal access at the umbilicus, diagnostic 
laparoscopy is performed to rule out any unrelated pathology, and both 
myopectineal ori fi ces are inspected. Two additional trocar sleeves are 
placed on either side of the umbilicus. The peritoneum is incised 
transversely to a point medial to the anterior superior iliac spine, staying 
approximately 2 cm above the internal inguinal ring on the side of the 
hernia defect. A combination of blunt and sharp dissection is performed 
in the preperitoneal space to expose the critical anatomical landmarks 
with the judicious use of electrocautery. Both pubic tubercles, the inferior 
epigastric vessels, Cooper’s ligament, and the iliopubic tract are 
identi fi ed. The spermatic cord structures are mobilized and the peritoneal 
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 fl ap is dissected well proximal to the bifurcation of the vas deferens and 
the internal spermatic vessels. A direct hernia sac easily reduces during 
the preperitoneal dissection. A small indirect hernia sac can be dissected 
away from the cord structures and reduced. A large prosthesis (at least 
15 × 10 cm) is placed to generously cover the entire myopectineal ori fi ce, 
including the site of potential weakness for a femoral hernia. Slitting of 
the mesh laterally to create a new deep ring is optional. If mesh  fi xation 
is chosen, it is begun at the contralateral pubic tubercle medially 
extending onto the anterior abdominal wall at least 4 cm superior to the 
hernia defect, to the anterior superior iliac spine laterally, and to the 
tissue just above Cooper’s ligament inferiorly. The most common 
prosthetic mesh devices are made from polypropylene or polyester, 
materials known to erode into intra-abdominal viscera on occasion. 
Therefore, meticulous peritoneal coverage of the prosthesis is essential. 
The goal is isolation of the prosthesis from the viscera.  

   Totally Extraperitoneal (TEP) Repair 

 A three-trocar approach for the TEP repair is used. An infraumbilical 
incision is performed and either the ipsilateral or contralateral anterior 
rectus sheath is entered vertically, depending upon the preference of the 
surgeon. The posterior sheath is visualized after retraction of the rectus 
muscle, and blunt dissection develops the space between the rectus 
muscle and the posterior rectus sheath, to allow placement of a trocar 
sleeve to begin gas insuf fl ation. Additional trocar sleeves are then placed 
into this space, either in the midline or laterally. A popular adjunct for 
creating the preperitoneal space is to use a dissecting balloon. Once the 
preperitoneal space has been completely developed, the operation 
proceeds in a fashion identical to the TAPP repair. Unlike the TAPP 
repair, closure of a peritoneal  fl ap is not necessary.   

   Open Inguinal Hernia Repair 

 Conventional open tissue repairs were the mainstay for inguinal hernias 
for most of the twentieth century. Indeed, there have been at least 70 different 
named tissue repairs described in the literature since the time of Bassini  [  4  ] . 
However, in the late 1990s, Lichtenstein and colleagues  [  5  ]  revolutionized 
the approach to inguinal hernia repair by popularizing the routine use of 
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prosthetic material to bridge the hernia defect rather than approximate tissue 
structures that were not normally in apposition as is performed in the tissue 
repairs. Many techniques for placement of a prosthesis are described in the 
literature, which are grouped under the heading of tension-free repairs or 
TFR. Numerous randomized controlled clinical trials as well as systematic 
reviews of the same have unequivocally shown that the TFR procedures are 
superior to the tissue repairs for most parameters analyzed. The only 
exception might be the Shouldice tissue repair but only when performed in 
a specialty center such as the Shouldice clinic. Therefore, for the purposes 
of our comparison, only the TFR approach will be considered. 

 The procedure as described by Lichtenstein is considered the gold 
standard TFR. In this technique, the groin is initially prepared by dividing 
the external oblique aponeurosis through the external inguinal ring 
followed by mobilization of the cord structures from the inguinal  fl oor. 
Next, the indirect or direct hernia sac and its contents are reduced into 
the preperitoneal space after being dissected away from surrounding 
structures. Instead of approximating anatomical structures as in tissue 
repairs, a large space is created beneath the aponeurosis of the external 
oblique from a point at least 2 cm medial to the pubic tubercle to the 
anterior superior iliac spine laterally which allows the placement of a 
large  fl at mesh prosthesis widely overlapping the areas where direct and 
indirect hernias occur. The mesh is sutured to the anterior rectus sheath 
2 cm  medial  to the pubic tubercle, and this suture is then continued 
laterally in a running fashion, securing the caudal edge of the prosthesis 
to either side of the pubic tubercle and the inguinal ligament to the level 
of the internal ring. The mesh is then slit to accommodate the cord 
structures and the tails thus created are passed beneath the external 
oblique to the anterior superior iliac spine with the superior tail 
overlapping the inferior. A so-called shutter valve stitch approximates 
the inferior surface of the superior tail to the inferior surface of the 
inferior tail and the inguinal ligament. The mesh is then trimmed in situ 
and  fi xed to the rectus sheath medially and the internal oblique muscle 
cranially with a few interrupted sutures. The external oblique aponeurosis 
is again closed over the cord structures and the skin is approximated. 

 Multiple other mesh-based TFR techniques have now been described in 
the literature, most notable of which is the plug and patch mesh hernioplasty 
 [  6  ] , which remains a popular alternative to the classic Lichtenstein. The 
preperitoneal space can also be accessed using an open approach as 
originally described by Stoppa  [  7  ]  but now adapted to a more minimally 
invasive open technique such as the Kugel  [  8  ] . The Prolene Hernia System 
 [  9  ]  exploits both the conventional anterior space and the preperitoneal by 
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using a bilayer prosthesis consisting of two  fl at pieces of mesh connected 
by a polypropylene cylinder. For the purpose of the comparison in this 
chapter, all of these mesh-based procedures will be considered equivalent 
when performed by a surgeon experienced in a particular operation. 

   LIH Versus TFR 

   The Veterans Affairs Cooperative Studies Program 456: 
“Open Mesh Versus Laparoscopic Mesh Repair 
of Inguinal Hernia”  [  10  ]  

 This landmark study was published in 2004 in the New England 
Journal of Medicine. This was a well-funded study, which was carefully 
developed with clear-cut methods. The study surgeons were experienced 
with both techniques but for the most part did not have a specialty interest 
in inguinal hernia repair. This was by design because the goal of the study 
was to compare LIH to TFR in a setting of general practice rather than a 
specialty hernia center. The primary outcome was recurrence at 2 years. 
The results were unfavorable for LIH not only in terms of recurrence but 
also in many other parameters studied when compared to other randomized 
controlled trials especially those performed in laparoscopic centers of 
excellence. It has been criticized by LIH proponents that the surgeons 
were less skilled. The study certainly cannot be completely discounted 
though and may indeed be more re fl ective of how these procedures are 
performed in general practice. Because of the large number of patients 
involved (2,164), the study can dominate meta-analysis, and this will be 
pointed out as we contrast and compare TFR to LIH.    

   Repair or No Repair? 

 The initial question to be answered is whether an inguinal hernia needs 
to be repaired at all? For a patient presenting with signi fi cant symptoms, 
the answer is obviously yes. For patient presenting with minimal or no 
symptoms, the answer is not clear. A multicenter, prospective, randomized 
controlled trial of watchful waiting versus elective repair published in 
JAMA in 2006  [  11  ]  has shown that “a strategy of watchful waiting is a 
safe and acceptable option for men with asymptomatic or minimally 
symptomatic inguinal hernias.” In this study, hernia accidents (de fi ned as 



21919. Laparoscopic Versus Open Repair for the Uncomplicated

a strangulation or a bowel obstruction) were uncommon at a rate of 1.8 per 
1,000 patient years, which translates into a cumulative risk of one  fi fth of 
1% per year. At 2 years, 23% of the watchful waiting patients had crossed 
over to receive surgical repair, but that still left the majority that had 
avoided an operation. Further analysis of the data in this study showed that 
watchful waiting approach was cost effective  [  12  ]  and that patients who 
ultimately cross over to operation because of symptoms do as well as those 
who proceed with immediate repair  [  13  ] . Longer-term results are pending. 
O’Dwyer  [  14  ]  performed a similar randomized controlled trial but at a 
single specialized institution in Scotland and did not report as favorable 
results. At 1 year, there was a trend, which suggested that operating on 
asymptomatic patients might improve quality of life and reduce potentially 
serious morbidity. In a second publication, using Kaplan–Meier estimates, 
these investigators predict a conversion rate from observation to operation 
of 84% at 7.5 years. They concluded “there seems little point in watchful 
waiting because the majority of patients will require an operation in the 
foreseeable future.” This study was limited to patients older than 55 years 
of age who had to have a visible bulge to qualify for watchful waiting. 
Thus, the population was older and had more advanced hernias than in the 
former study, there were signi fi cantly smaller number of patients (160), 
and revised calculations were needed after the study had been initiated due 
to slow accrual to achieve 80% power. (The percentage of asymptomatic 
patients who were expected to develop pain was changed from 15% to 
20%.) As a result of these trials, many surgeons and patients opt for 
watchful waiting approach for minimally symptomatic inguinal hernias. 
The recent guidelines published by the European Hernia Society 
recommend that watchful waiting is an acceptable option for men with 
minimally symptomatic or asymptomatic inguinal hernia  [  15  ] . Of note, 
these studies recruited only men with inguinal hernias. This is because the 
natural history of a groin hernia is worse in women than in men  [  16  ] , and 
hence, all women should be offered repair regardless of symptoms.  

   What Repair, Laparoscopic or Open? 

   Anesthesia 

 Laparoscopic repair of inguinal hernia almost always requires general 
anesthesia, while open repair can be easily performed under local or 
regional anesthesia. The use of local anesthesia has been shown to result 
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in shorter duration of admission, less postoperative pain, and fewer 
micturition dif fi culties  [  17  ] . The patient satisfaction rates are also high. 
Despite the powerful argument in favor of local anesthesia for a 
conventional inguinal herniorrhaphy, it is underutilized as it is used in 
only 6–18% open repairs  [  18  ] . Thus, the importance of this argument for 
conventional surgery is greatly diminished.  

   Early Complications 

 There is a higher rate of rare but serious intraoperative complications 
with the laparoscopic approach. Major vascular and visceral (especially 
bladder) injury has been reported and is seen more commonly with the 
TAPP procedure (0.65% versus 0–0.17% for TEP and open mesh repair). 
Trocar sleeve site hernias and intestinal obstruction due to inadequate 
peritoneal closure or adhesions are also theoretically more likely with 
the TAPP procedure. Other local complications including hematoma and 
wound infection are more often seen with open approach, while seroma 
formation is common with laparoscopic approach. 

 In the Veterans Affairs (VA) cooperative trial discussed above  [  10  ] , the 
overall incidence of intraoperative and immediate postoperative 
complications was higher in the laparoscopic group including life-threatening 
events. However, in a meta-analysis performed by Schmedt et al.  [  19  ] , a 
signi fi cantly higher total morbidity was found for the Lichtenstein repair 
compared to laparoscopic repair when the VA trial was excluded.  

   Late Complications 

   Recurrence 

 Recurrence of the hernia remains the most import parameter to 
measure the ef fi cacy of an inguinal hernia repair. Since 1996, a number 
of randomized trials have compared laparoscopic and open mesh repairs 
of inguinal hernias (Table  19.1 ). In the VA trial, the recurrence rate was 
signi fi cantly higher among patients with unilateral inguinal hernia in the 
laparoscopic group than in the open group (10.1% versus 4.0%; OR 2.9; 
95% CI, 1.8–4.5). However, the study also has shown that in the hands of 
highly experienced surgeons (>250 laparoscopic hernia repairs), the 
recurrence rate was comparable between laparoscopic and open repairs 
(5.1% versus 4.1%; OR 1.3; 95% CI, 0.6–2.7). Similarly, Langeveld 
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et al.  [  20  ]  have shown that experience decreases the incidence of 
recurrence with laparoscopic approach.  

 On further meta-analysis performed by the European Hernia Society 
working group on data with a minimum of 4 years follow-up, the 
Lichtenstein technique performs slightly but not signi fi cantly better 
concerning the recurrence, OR of 1.16 (95% CI, 0.63–2.16). 

 The literature considering recurrence after TAPP versus TEP is not 
elaborate. At the time of a meta-analysis published in 2005, there was 
only one randomized controlled study  [  21  ] , and it included a small number 
of patients. The meta-analysis  [  22  ]  showed that there were no differences 
between the two groups, but con fi dence intervals were all very wide, and 
hence, it does not rule out clinically important differences.  

   Chronic Pain 

 Early literature which discussed the incidence of chronic pain such as 
the VA trial  [  10  ]  or a meta-analysis performed by the respected European 
hernia trialist group  [  23  ]  showed little difference between the laparoscopic 
and open repair. However, Table  19.2  is a representative collection of 
relatively recent studies, which consistently show that LIH performs 
better than TFR in this regard. Aasvang and colleagues  [  24  ]  studied 464 
patients from Denmark and Germany using sophisticated tools designed 
to identify risk factors for postoperative pain. They determined that TFR 
was a risk factor for chronic pain at 6 months. Based on this literature, 
the European Hernia Society guidelines  [  15  ]  state, “When only 
considering chronic pain, endoscopic surgery is superior to open mesh.”  

 Most of the literature dealing with chronic groin pain is relatively 
short term. However, Eklund et al.  [  25  ]  published a randomized controlled 
trial comparing TEP LIH with a Lichtenstein TFR, which showed that 
the frequency of any degree of chronic pain up to 5 years after operation 
was twice as high in the Lichtenstein group as in the TEP group. Moderate 
to severe pain occurred in 1.9% patients in the TEP group versus 3.5% in 
the Lichtenstein group at 5 years. They conclude, “the present study 
demonstrated an advantage of TEP over Lichtenstein hernia repair with 
respect to chronic postoperative pain at long-term follow-up.”   

   Contralateral Hernia 

 The ability to easily explore the opposite groin at the time of LIH has 
resulted in an incidence of contralateral hernia much higher than one 
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   Table 19.3.    Studies reporting incidence of contralateral hernia.   

 Author, year  Intervention 
 Total number 
of patients 

 Incidence of 
contralateral 
hernia (%) 

 Phillips et al. 1998  Diagnostic laparoscopy 
followed by TEP 

 73  50 

 Evans et al. 2000  TAPP  2,000  22 
 Ferzli et al. 2000  TEP  552  11.2 
 Koehler et al. 2002  Diagnostic laparoscopy 

followed by TEP 
 69  13 

 Singhal et al. 2005  TAPP procedure  377  18.8 
 Oleynikov et al. 2007  TEP  100  22 

   TEP  totally extraperitoneal hernia repair,  TAPP  transabdominal preperitoneal hernia 
repair  

would have predicted in the prelaparoscopic era. Table  19.3  is a listing 
of LIH publications where the contralateral hernia incidence was 
recorded. One can appreciate a rate between 11% and 50%. These 
incidentally found hernias can easily be repaired through the same 
access ports as the index hernia, and the morbidity has been shown to be 
similar in both unilateral and bilateral laparoscopic repairs  [  26  ] . Not 
surprisingly, LIH enthusiasts have used this fact as an argument to 
support LIH. However, there are two problems with routine repair of a 
contralateral hernia. The  fi rst is that a consistent de fi nition of an 
incidental hernia does not exist, and therefore, what one surgeon calls a 
normal variant, another might call a hernia. The second problem revolves 
around the issue discussed above, chronic groin pain. Since the vast 
majority of these patients are asymptomatic, a strong argument can be 
made for doing nothing and take a “watchful waiting” approach. The 
rationale for this is to avoid a chronic postherniorrhaphy groin pain 
syndrome in a patient who was previously asymptomatic. For these 
reasons, debate continues whether there is a role for treatment on the 
contralateral side, if the patient is asymptomatic. Surgeons who favor 
the TEP approach using a balloon dissector to create the preperitoneal 
space tend to have the lowest threshold for contralateral repair because 
invariably the contralateral preperitoneal space is at least partially 
developed which makes subsequent TEP repair more dif fi cult. In 
addition, this partial dissection is thought to increase the occurrence of 
a contralateral hernia.   
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   Cost-Effectiveness 

 From a hospital standpoint, the laparoscopic approach is associated 
with higher costs compared to the open approach. However, from a 
socioeconomic perspective, laparoscopic approach is more cost effective. 
McCormack et al.  [  27  ]  reviewed the cost-effectiveness in 2005 and at 
that time showed that when productivity costs and quality of life are 
included in the analyses, laparoscopic approach was advantageous. 
However, this study based primarily on randomized trials performed in 
the late 1990s, and at that time, the operative times were longer for the 
laparoscopic approach compared to open. With increasing expertise, the 
operative times are equal if not better, and hence, the cost analysis would 
probably favor laparoscopic approach. The problem with this analysis is 
that the funding for the direct medical costs and socioeconomic costs 
does not come from the same “pot.” Although there have been studies 
showing equivalent  fi nancial expenditure when a concerted effort is 
made to minimize items such as disposables for LIH, these tend to be 
 fl awed because a concerted effort to control the TFR costs is not included. 
Just as any gambler knows that in the end, the house is always going to 
win based on basic mathematics; it is impossible to take an operation 
which can be performed even without an anesthesiologist which only 
requires a few instruments, some suture, and a relatively cheap prosthesis 
(TFR) and try to argue cost equivalence for an operation which must be 
performed under general anesthesia and has expensive high-tech 
equipment needs which must be amortized (LIH). Depending upon the 
 fi nal form of health care reform, which is now inevitable, this could 
represent a severe threat to LIH.   

   Future Pelvic Surgery 

 An advantage of the TFR procedure is that it does not enter the 
preperitoneal space and, therefore, does not affect future operations such 
as prostatectomy, which might need to be performed later in life. The 
laparoscopic approach, on the other hand, enters the retropubic 
preperitoneal space and, with placement of mesh, results in scarring. 
Although recent literature suggests that prostatectomy is technically 
possible, it is more dif fi cult  [  28  ] . The general consensus at present is to 
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avoid LIH in patients with a strong family history of prostate cancer and 
to perform prostate cancer screening in elderly male patients undergoing 
laparoscopic inguinal hernia repair.  

   Recommendations 

   Watchful Waiting 

 Adult male with minimal or asymptomatic unilateral inguinal hernia 

   Open Repair 

    Large scrotal hernia  
  Patient who cannot tolerate general anesthesia  
  Recurrent hernia when original was performed in the preperitoneal 

space  
  ↑ risk for prostate cancer     

   Laparoscopic Repair 

     Recurrent hernia when original was performed in the conventional 
anterior space  
  Bilateral hernias  
  Women with groin hernia  
  Sports hernia     

   Laparoscopic or Open Repair 

    Choice for the uncomplicated unilateral hernias should depend on the 
surgeon’s expertise.           
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    20.     Polyester, Polypropylene, 
ePTFE for Inguinal Hernias: 
Does It Really Matter?       

     Dmitry   Oleynikov       and    Matthew   Goede       

    For over 20 years, following studies demonstrating the Lichtenstein 
technique, inguinal hernia repair has been routinely performed with the 
use of a prosthetic mesh device. The closure of inguinal hernias with 
mesh without tension has become the new standard of care for hernia 
repair. It is clear that tension-free hernia repair with mesh is superior to 
tissue repair alone, especially when considering the risk of recurrence. 
However, early studies did not differentiate between different mesh 
products, because at that time, few meshes were commercially available 
for surgeons to use. For instance, all original data demonstrating the 
effectiveness of the Lichtenstein repair is limited to the utilization of 
heavyweight polypropylene mesh  [  1  ] . 

 Ever since the use of polypropylene mesh was described by Usher in 
1959 for the repair of inguinal hernias  [  2  ] , surgeons have been in search 
of the perfect mesh. Prior to the use of polypropylene, which has been 
the predominant mesh used in the repair of the inguinal hernia for the last 
50 years, Koontz described the use of tantalum wire mesh in 1951  [  3  ] . 
Numerous other materials have been described in the repair of inguinal 
hernias, including those comprised of nylon and stainless steel. 

 The ideal mesh needs to be strong enough to resist bursting pressures 
generated by the abdomen. It should be chemically inert, so as not to 
cause an in fl ammatory or foreign-body reaction, be noncarcinogenic, 
and lack properties that would cause allergic or hypersensitivity reactions. 
Mesh must have speci fi c mechanical properties so that it can be easily 
and inexpensively fabricated, modi fi ed, or cut without unraveling or 
losing its shape. Mesh needs to have good handling features 
intraoperatively, be sterilizable, and be resistant to infection. Most 
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importantly, mesh must be able to be easily incorporated into the 
surrounding tissues and allow for long-term reinforcement of the 
tissues. 

 Recently, as new mesh options have become available and long-term 
follow-up has been performed, mesh material has been studied for its 
relative advantages, disadvantages, costs, and rates of recurrences 
(Fig.  20.1  and Table  20.1 ). Initially, studies only reviewed recurrence 
rates for a number of mesh products. As evidence was reported related to 
the likelihood of heavyweight polypropylene shrinkage while in the host 
body due to a severe reaction, new materials that were less likely to 
shrink began to be introduced. Shrinkage was not the only problem noted 

  Fig. 20.1.    Number of published studies based on mesh type. See Table  20.1  for 
details.       

   Table 20.1.    Number of published studies based on mesh type.   

 Polyester (107)  ePTFE (44)  Polypropylene (556) 

 # of patients  5,175  837  70,725 
 Recurrence (%)  0.7–3  1–4  1–9 
 Infection (%)  0–1  0–2  0–1 
 Chronic pain (%)  0.5–3  2–7  2–10 

  See Fig.  20.1   
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with traditional mesh use; rates of infection were also reviewed. Authors 
found that certain meshes were more likely to be colonized by bacteria, 
and clearance of bacteria was impossible in certain mesh types. Weight 
of the mesh contributed to chronic pelvic discomfort and pain, which 
was also noted in recent studies as a factor for choosing the proper mesh. 
Careful strength analysis of different types of mesh demonstrated that 
meshes were overengineered, and their relative thickness and constitutions 
were far heavier than the typical forces they were experiencing while 
implanted in the groin region. Finally, cost has recently become a 
determining factor in many institutions related to mesh choice, be it for 
contracting or other preferences. Only certain meshes are now available 
at hospitals, thus further limiting the choice of physicians in those 
institutions. New surgical techniques of mesh placement, such as using a 
plug in the indirect hernia space or placing the mesh in the preperitoneal 
space, has further complicated the best-mesh question as the performance 
of these meshes differ in the performance of traditionally anterior mesh 
patches as described by Lichtenstein.   

   Tissue Repair Versus Mesh Repair 

 Although some centers claim recurrence rates with primary tissue 
repairs that are equivalent to that of tension-free mesh repairs, large 
studies have shown inferior results with tissue repair. Proponents of 
tissue repairs cite the multiple but rare complications associated with 
mesh-like chronic pain or infection. However, a meta-analysis of over 
11,000 patients showed that the use of mesh, placed either open or 
laparoscopically, decreased both the recurrence rate and the incidence of 
chronic pain  [  4  ] . And while it may be true that implantation of a foreign 
body might introduce some new complications like infection or migration 
of the mesh, it appears that these are rare events and occur in less than 
1% of cases in which they are used. Since most tissue repairs are 
performed with suture made of the same material most mesh is made of, 
even tissue repairs have some degree of foreign-body reaction. It appears 
that in mesh repairs, the in fl ammatory reaction is short and self-limiting. 
In a study by Di Vita  [  5  ] , in fl ammatory markers were measured following 
Bassini and Lichtenstein hernia repairs. They found a signi fi cant increase 
in leukocytosis 6 and 24 h after a Lichtenstein repair, but not in a Bassini 
repair. After Lichtenstein repair, the  fi brinogen levels were signi fi cantly 
increased at 24 and 48 h, and the alpha-1 antitrypsin levels were 
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signi fi cantly increased at 6, 24, and 48 h, without a corresponding 
increase seen in the Bassini repairs. Interleukin-6 (IL-6) and C-reactive 
protein (CRP) increased in both repairs but was signi fi cantly higher in 
the Lichtenstein group. Interestingly though, by postoperative day 7, the 
markers had returned to their baselines in both groups. Despite the 
increases in in fl ammatory markers, the patients in the Lichtenstein group 
had signi fi cantly less postoperative pain.  

   Choice of Mesh Repair 

 The choice of mesh is largely based on the technique being performed. 
The requirements for an intraperitoneal onlay mesh (IPOM) are 
signi fi cantly different than those for a recurrent hernia being repaired in 
an open Lichtenstein technique. All of the commercially available mesh 
products have literature to support their use and acceptable complication 
and recurrence rates. However, there is very little comparative data 
between the different mesh products. The three materials currently used 
in the majority of inguinal hernia repairs have more than a 40-year track 
record. Usher described the use of polypropylene in 1959, Calne 
described the use of polyester in 1967  [  6  ] , and Copello described the use 
of Te fl on (PTFE) in 1968  [  7  ] . However, polypropylene has approximately 
four times as many articles published about it than does polyester or 
ePTFE  [  8  ] . 

 All of the current commercially available meshes have foreign-body 
reactions. Insertion of a prosthetic starts a biochemical cascade that leads 
to the eventual incorporation of the prosthetic. Fibrinogen, 
immunoglobulins, and albumin begin to coat the material after it is 
implanted. Cellular elements, including platelets, macrophages, and 
neutrophils, followed by  fi broblasts and smooth muscle cells, then 
migrate into the prosthetic. However, the degree of this response and the 
overall result is signi fi cantly different between materials. While this 
in fl ammatory response may or may not bene fi t the strength of an inguinal 
repair, it has signi fi cantly different repercussions when it is placed in the 
vicinity of other tissue, for example, the iliac vessels, spermatic cord, or 
bowel. 

 In an attempt to optimize this in fl ammatory reaction, manufacturers 
have begun to coat the base mesh with several substances that would 
improve some characteristics of the mesh:  fl uoropolymers, titanium, 
 d -glucan, silicone, and omega-3 fatty acids have all been used to try to 
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decrease the in fl ammatory response to a mesh polymer, usually 
polypropylene. 

 When contact with the abdominal viscera is anticipated, be it from 
the rarely performed IPOM or during a preperitoneal open or laparoscopic 
repair in which the peritoneum is signi fi cantly torn and total coverage of 
the mesh is no longer possible, a mesh that does not react with the bowel 
is necessary. Until recently, microporous ePTFE was the only acceptable 
option. However, there are now multiple meshes that have a polypropylene 
or polyester base with some kind of anti-adhesion barrier (e.g., collagen, 
hyaluronic acid, omega-3 fatty acids, or cellulose) to prevent integration 
with the bowel. ePTFE is known for its relative inertness. It was initially 
developed as a vascular conduit because of this feature, but its use was 
soon expanded to tissue reinforcement. While inertness is a useful feature 
when near abdominal viscera, its inability to incorporate into surrounding 
tissues makes the repair rely heavily on the mesh  fi xation for durability. 

 In laparoscopic preperitoneal repairs, a major determinant of mesh 
selection is the handling properties of the material. Because of the limited 
space, especially in a total extraperitoneal (TEP) repair, a mesh with 
some memory favors deployment, retention, and  fi xation. However, with 
traditional polypropylene mesh, as memory is increased, the compliance 
decreases, which leads to an increase in foreign-body sensation. Several 
designs have been developed, be it anatomic or 3-dimensional shapes, 
which allow the mesh to rest in the myopectineal ori fi ce, thereby allowing 
a lighter-weight polypropylene mesh to be used. Polyester mesh has 
good memory and increased compliance, which makes its use in TEP 
repairs appealing. Shah retrospectively compared polypropylene and 
polyester mesh used in laparoscopic repairs  [  9  ] . The authors conclude 
that polyester had a signi fi cantly lower incidence of chronic pain and 
foreign-body sensation as well as the sensation of a mass in the groin 
compared with polypropylene. 

 While mesh infection in inguinal hernia repair is uncommon, mesh 
that would be completely resistant to infection would be ideal  [  10  ] . 
There are several characteristics of a mesh that affect its resistance to 
infection. Microporous meshes which have pores less than 10    μ m cannot 
accommodate macrophages but can allow the passage and presence of 
bacteria, leading them to be more susceptible to infection. This is the 
reason that infected ePTFE requires removal to clear the infection. Also, 
the construction of the mesh can provide interstices in which bacteria can 
“hide” and lead to persistent infection. Multi fi lament, woven, or knitted 
meshes like Dacron and some other polyester and polypropylene meshes 
have been reported to have this bacterial harboring effect. The use of 
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mono fi lament polypropylene in infected  fi elds has been described, with 
successful outcomes at times. It appears that with the development of 
biologic prosthetics, the use of synthetic prosthetics in infected  fi elds 
will become more of historical interest. 

 The overall result in hernia repair is to obliterate the defect and relieve 
the symptoms of the patient. The cure cannot be worse than the disease. 
Therefore, in an attempt to decrease the symptoms of the repair, namely, 
pain and foreign-body sensation, lightweight meshes have gained 
popularity recently. The density of a mesh seems to have a role in how a 
prosthetic behaves once it is implanted. Less dense mesh can minimize 
contracture and pain; however, the optimal density and pore size are yet 
to be determined. In an innovative study by Agarwal  [  11  ] , patients with 
bilateral inguinal hernias underwent TEP repairs with heavyweight 
polypropylene mesh implanted in one groin and reduced-polypropylene 
large-pore lightweight mesh implanted in the other groin, thereby serving 
as the control. All the patients reported a difference between the two 
sides, and there was less foreign-body sensation in the lightweight 
polypropylene side in the short term. At 1 year, the incidence of pain was 
similar for both heavyweight and lightweight polypropylene. In a meta-
analysis that evaluated heavyweight, lightweight, and partially absorbable 
meshes performed by Markar, they found that prolonged pain and 
foreign-body sensation was almost double in the heavyweight mesh 
group, while the recurrence rates were the same between all the classes 
of mesh  [  4  ] . 

 While it seems logical that strength would be a major determinant in 
mesh choice, the breaking strength of most of the commercially available 
meshes far exceeds the forces generated by the abdominal cavity. 
However, with the transition toward more lightweight meshes, there are 
several meshes available today that are equal to or slightly less than the 
burst strength of the abdominal wall. A comprehensive study by Deeken 
 [  12  ]  was performed looking at nine different FDA-approved meshes. 
Suture retention exceeded 20 N, the tear strength of the abdominal wall, 
in all of the meshes except for the polypropylene-poliglecaprone mesh. 
Tear resistance was less than 20 N in woven PTFE, two con fi gurations of 
lightweight polypropylene, and polypropylene-poliglecaprone. To further 
complicate the issue, for some meshes, the suture retention strength, 
tensile testing, and tear resistance were different based on the orientation 
of the mesh. However, strength alone cannot be the determinate for an 
appropriate mesh. Mesh that is overly stiff can lead to the sensation of a 
foreign body. Tantalum and stainless steel wire meshes were some of the 
initially described hernia meshes, but they were rapidly abandoned, 
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partially due to their rigidity and the chronic discomfort they imposed on 
the patient. The development of biologic prosthetics opens a new area of 
research into inguinal repairs. The proponents of biologics state that the 
use of mesh combines the bene fi ts of both tissue and mesh repairs. The 
use of the biologic prosthetic allows for a tension-free repair. The mesh 
leaves no foreign body behind as the biologic is replaced with native 
collagen. When new collagen is produced in a wound, it has a strength of 
approximately 75% of the native connective tissue, which would seem to 
favor the use of prosthetic mesh for the foreseeable future. It may be that 
the selection of mesh is more of an academic problem. There have been 
multiple studies showing successful and durable repairs with minimal 
complications using such low-cost materials like nylon or polyethylene 
mosquito netting  [  13  ] . The use of mosquito netting sheds light on an 
important but frequently overlooked concept in mesh repairs—cost. As 
newer mesh is developed with features such as self-adhering cleats, 
partially absorbable mesh, and impregnated mesh, one needs to weigh 
the improvement in performance and intraoperative handling over the 
increase in cost (Table  20.2 ). There is also data that seems to suggest that 
choice of mesh may outweigh the operative technique. Champault looked 
at both laparoscopic and open Lichtenstein repairs that used either 
polypropylene or beta- d -glucan-coated lightweight polypropylene mesh. 
While the incidence of chronic pain was the same between the two 

   Table 20.2.    Cost of mesh per cm 2a .   

 Company  Weight 
 Dominant 
material  Design 

 Cost 
per cm 2  

 Covidien  Medium  Polyester  Multi fi lament  $0.44 
 Light  Polyester  Mono fi lament  $0.46 
 Light  Polyester  Self- fi xating  $1.54 
 Heavy  Polypropylene  Mono/multi   $0.68 
 Heavy  Polypropylene  Open weave  $0.98 

 Ethicon  Light  Polypropylene  Mono fi lament  $0.53 
 Heavy  Polypropylene  Knitted  $0.31 
 Light  Polyester  Knitted  $0.51 

 Bard Davol  Light  Polypropylene  Mono fi lament  $0.24 
 Heavy  Polypropylene  Mono fi lament  $0.38 
 Medium  Polypropylene  Knitted mono fi lament  $1.42 
 Light  Polypropylene  Knitted mono fi lament  $1.69 

 Columnar  Heavy  Polyester  Mosquito net  <$0.01 
 Gore  Medium/

heavy 
 PTFE (te fl on)  Knitted mono fi lament  $0.86 

   a All costs are approximate retail catalog prices  
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techniques, the incidence of chronic pain was less in patients with the 
 d -glucan-coated mesh independent of the technique  [  14  ] .   

   Conclusion 

 Considering that factors such as the  fi bril size, pore size, and pliability 
within the same material all play into the behavior of a prosthetic, it 
quickly becomes near impossible to fully elucidate a comparison between 
different prosthetics. Even though multiple prosthetics are made from 
the same material, there are other factors, such as geometry of the weave 
and size of the  fi bers, that will cause two meshes made of the same 
material to behave very differently once implanted into a patient. The 
majority of the inguinal hernia literature as it pertains to mesh is between 
different manufacturing techniques within the same material (heavyweight 
vs. lightweight mesh). In the short term, it appears that lightweight mesh 
may be less symptomatic, but long-term bene fi ts seem to be less apparent 
as many implanted heavyweight products have led to terri fi c results when 
used by experienced hands. 

 Differences in mesh material, technique, and location of mesh all 
contribute to the dif fi culty in deciding what speci fi c mesh product to use. 
In conclusion, the surgical technique and the overall size of the mesh 
placed during a laparoscopic inguinal hernia repair matter more so than 
the actual mesh material.      
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       The dif fi culties of obtaining a “radical cure” in the 
large ventral hernia are well known, and from time 
to time various new principles have been 
suggested. 

 H.C. Wardleworth Nuttall, FRCS, 1926   

 Despite numerous advances in surgical techniques over the last 
century, successful long-term treatment of ventral hernias remains a 
challenge for general surgeons. With a reported incidence between 9 and 
20% after laparotomy, incisional hernias occur when there is a protrusion 
of intra-abdominal contents through a postoperative abdominal wall 
defect. They range from small, isolated fascial defects to large, complex 
recurrent hernias with visceral involvement. Laparoscopy has helped 
limit the need for laparotomy, but incisional hernias from prior midline 
and transverse incisions as well as trocar and extraction sites continue to 
pose a risk of life-threatening bowel obstruction and ischemia. Some 
100,000–200,000 incisional hernia repairs are performed annually in the 
United States with estimated rates of reoperation within 5 years of 12% 
following the  fi rst repair and 23% following the second repair  [  1  ] . 
Methods of repair have changed over time and continue to vary across 
institutions. In the last three decades, several randomized controlled 
trials (RCTs) helped to compare surgical techniques and support 
standardized approaches to treating patients with incisional hernias. The 
aim of this chapter is to review the evolving management of ventral and 
incisional hernias over the last 100 years with an emphasis on evidence-
based literature. 
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   Prevention 

 A number of patient risk factors have been implicated in incisional 
hernia formation, including obesity, chronic obstructive pulmonary 
disease, immunosuppression, and steroid use. The development of 
postoperative wound infection is also a particularly important predictor 
of subsequent hernia formation. While many of these patient factors are 
unavoidable, technical aspects of wound closure are important to consider 
in hernia prevention. Surgical residents of past and present have been 
lectured on the value of meticulous fascial closure technique in the 
prevention of subsequent dehiscence. Taking wide tissue bites, 
maintaining short intervals between stitches, and placing nonstrangulating 
tension on sutures while knot-tying are thought to keep sutures from 
tearing through fascial edges  [  2  ] . Early descriptions of midline laparotomy 
closure included continuous and interrupted suturing with either rapidly 
or slowly absorbable suture material. In 2010, a meta-analysis of 14 
RCTs evaluating techniques of elective midline laparotomy closure in 
6,752 aggregated patients de fi nitively concluded that an elective primary 
or secondary midline laparotomy has the lowest chance of progressing to 
an incisional hernia when the fascia is closed in a continuous technique 
using slowly absorbable suture  [  3  ] . 

 In addition to closure technique, incisional direction has been 
suggested as a risk factor for hernia formation. Some surgeons argue that 
the closure of a transverse incision allows sutures to be placed 
perpendicular to the dominant fascial collagen bundles, thus theoretically 
reducing the risk of sutures tearing through fascia. Transverse incisions 
are also more often closed in two layers, offering greater wound strength. 
The latest Cochrane review examining pooled data from 7 RCTs 
comparing transverse and midline incisions for various abdominal 
operations suggested a lower incidence of incisional hernia following 
transverse laparotomy. However, the length and location of the incisions 
varied across studies and follow-up ranged from 4 months to 4 years. 
Long-term data on these patients would help support the notion that risk 
of hernia formation should be considered when planning the direction of 
a laparotomy incision  [  4  ] . 

 Finally, the concept of prophylactic use of mesh during laparotomy 
closure in clean cases has become popularized over the last decade. Data 
from a RCT comparing primary versus mesh closure in 85 patients 
undergoing open abdominal aortic aneurysm repair between 2003 and 
2007 found a signi fi cantly lower rate of incisional hernia formation over 
3 years without mesh infections when a prophylactic mesh was used  [  5  ] .  
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   Manual Reduction 

 The emergency department often requests surgical consultation for 
suspected incarcerated ventral hernias. Patients typically present with 
pain centered over a new and persistent bulge in the abdominal wall. 
Obstructive symptoms are often present. Rarely, patients with a delayed 
presentation may be  fl oridly septic from strangulated bowel. Fever, 
tachycardia, and leukocytosis with neutrophil predominance must be 
noted. Abdominal scars should correspond to the given surgical history. 
A tender, irreducible mass associated with a surgical scar suggests an 
incarcerated incisional hernia. In the patient with a known chronically 
incarcerated hernia, signi fi cant tenderness in other areas of the abdomen 
should raise suspicion for other diagnoses. 

 For centuries, manual reduction or “taxis” was the only treatment for 
incarcerated ventral hernias. In the late 1800s and early 1900s, surgeons 
began to warn against the risk of returning compromised bowel to the 
abdomen. Today, the question of when reduction is safe persists. 
Erythema and crepitus over the hernia with associated peritonitis indicate 
bowel ischemia, and immediate operative repair is usually indicated 
without attempts at reduction. However, a delayed surgical approach 
without reduction of herniated contents, when the patient is severely 
dehydrated, has severe obesity and/or loss of abdominal domain, and 
other extenuating circumstances may be appropriate if there is no 
suspicion of strangulation. When overt stigmata of strangulation are 
absent, successful reduction with delayed repair may avoid the increased 
risks of emergent surgery in a patient with multiple comorbidities. 
Harissis et al. followed 101 patients with incarcerated anterior abdominal 
wall hernias after attempted reduction. In 60% of cases, the hernia was 
successfully reduced, and the patient showed no signs of occult bowel 
ischemia during 24-h observation. Although most underwent elective 
repair within 30 days, some patients were lost to follow-up. In patients 
with anticipated noncompliance with follow-up instructions, strong 
consideration should be given to inpatient repair after hernia reduction 
and medical optimization  [  6  ] .  
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   Primary Suture Repair 

 For much of the twentieth century, ventral and incisional hernia repairs 
were repaired primarily using suture alone. Primary incisional hernia 
repair involves incising the skin through the prior scar and dissecting 
down to the defect. The hernia sac is isolated and excised. Healthy fascial 
edges are identi fi ed and joined together using nonabsorbable or slowly 
absorbable sutures. It is now believed that more than half of all primary 
ventral hernia repairs eventually fail, but the technique remains an option 
in grossly contaminated cases where nonabsorbable mesh is contraindicated 
or regions where mesh is unavailable. Many surgeons believe that small 
defects less than 2 cm may be amenable to primary suture repair without 
a long-term increase in recurrence risk compared to a mesh repair, but 
data supporting this conclusion is lacking.  

   Component Separation 

 By the early 1900s, surgeons had recognized the challenges in 
obtaining a lasting ventral hernia repair. The introduction of relaxing 
aponeurotic incisions was an important step toward reducing tension in 
primary suture repairs. In 1926, Nuttall described a method of “rectus 
transplantation” in which the inferior edge of the rectus muscle was 
detached from the pubic symphysis and transposed to the contralateral 
side as an adjunct to a primary suture repair. The method of component 
separation used today, however, is adapted from the technique described 
by Ramirez et al. in 1990. This method initially requires dissection of 
skin and subcutaneous fat away from the anterior rectus sheath and the 
external oblique aponeurosis. The latter is then incised longitudinally 
about 2 cm lateral to the rectus sheath and extended in either direction as 
needed. Taking advantage of a relatively avascular plane, the external 
oblique is then separated from the internal oblique muscle. For further 
tension release, the posterior rectus sheath can be divided from the rectal 
muscle. Recent descriptions of endoscopic and laparoscopic approaches 
to component separation remain to be tested in high numbers. Despite 
these advances in surgical technique, primary ventral hernia repairs 
continue to be associated with high recurrence rates  [  7,   8  ] .  
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   Mesh-Based Repair 

 In the late 1800s, Billroth foresaw the development of prosthetic 
mesh when he wrote, “If we could arti fi cially produce tissues of the 
density and toughness of fascia and tendon the secret of the radical cure 
of hernia would be discovered.” Over the next century, surgeons came to 
envision an “ideal” mesh that would have several additional qualities. In 
a concise summary, Shankaran et al. described this ideal prosthesis as 
noncarcinogenic; capable of being sterilized; chemically inert; unlikely 
to produce a signi fi cant host immune response; resistant to mechanical 
forces, infection, and visceral adhesions; and amenable to mass 
fabrication in an affordable manner  [  10,   11  ] . 

 The  fi rst prosthetic mesh was developed in 1900 when Witzel and 
Goepel made silver  fi ligrees by hand in Germany. Silver was thought to be 
bacteriocidal, but its rigidity, slow disintegration, and propensity toward 
sinus tract formation were problematic. Tantalum and stainless steel 
meshes were introduced in the 1940s and 1950s, respectively, but their 
stiffness caused patient discomfort. The development of  fl exible plastic-
based prostheses in the mid-1900s was a major advance in hernia repair. 
Nylon mesh was used in inguinal hernia repairs during World War II, but 
its susceptibility to weakening from denaturation and hydrolysis was a 
disadvantage. In the late 1950s, Usher  fi rst described the use of a knitted, 
polypropylene mesh for incisional hernia based on animal studies. 
Polypropylene would go on to become the most widely utilized mesh for 
ventral hernia repair today. Flexible and relatively affordable, polypropylene 
mesh could be easily placed as an “overlay” to buttress a primary fascial 
repair anteriorly. With their description of mesh placement in the 
“preperitoneal” plane immediately posterior to the rectus muscle, Rives 
and Stoppa, using a polyester mesh, independently helped to popularize 
mesh repair. The creation of composite prostheses combining polypropylene 
with adhesion-resistant coatings further expanded its versatility as an 
“underlay” beneath the fascia within the peritoneum or as an “inlay” to 
bridge a fascial defect. Polyester and expanded polytetra fl uoroethylene 
prostheses have become increasingly popular in recent years  [  9,   10,   11  ] . 

 During the 1990s, Luijendkil et al. conducted the  fi rst multicenter 
RCT comparing outcomes of suture versus underlay polypropylene mesh 
repair of primary and  fi rst-time recurrent incisional hernia in 181 elective 
surgical patients. The 3-year recurrence rate was 46% for suture repair 
and 23% for mesh repair. In a follow-up study, the authors found a 10-year 
recurrence rate of 63% for suture repair and 32% for mesh repair with no 
signi fi cant difference in complications. Aside from suture repair, wound 
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infection and history of abdominal aortic aneurysm were independent risk 
factors for recurrence. Hernia size did not affect the recurrence rate. Based 
on this data, surgeons were encouraged to “abandon” primary suture 
repair of incisional hernias, even for small defects  [  12,   13  ] . 

 In a retrospective analysis of incisional hernia repairs at 16 Veterans 
Affairs Medical Centers (VAMC) between 1997 and 2002, Hawn et al. 
found that the underlay mesh position, whether laparoscopic or open, was 
speci fi cally associated with a signi fi cantly reduced risk of recurrence 
compared to suture repairs. On the other hand, onlay or inlay mesh placement, 
which comprised 30% of the repairs, did not appear to reduce the recurrence 
risk when compared to suture repairs. There was no data suggesting that 
mesh placement affected rates of enterocutaneous  fi stula development  [  14  ] . 

 Interestingly, despite strong evidence supporting the utilization of 
mesh in incisional hernia repairs, signi fi cant variability in the practice 
still existed across the United States at the turn of the century. Using the 
same VAMC data, Gray et al. showed that mesh was used in only 70% of 
cases. The strongest predictor of mesh use was the hospital where the 
operation was performed, with rates varying from 40% at one facility to 
90% at another. Long-term facility-level analysis of this data showed that 
the rate of mesh use at the hospital level was signi fi cantly associated with 
the 5-year hospital recurrence rate for all cases. Speci fi cally, a 3% 
decrease in the recurrence rate was associated with every 10% increase 
in the rate of mesh use. Other complications and patient satisfaction was 
not correlated with the hospital rate of mesh placement  [  15,   16  ] .  

   Advent of Laparoscopy 

 After the  fi rst laparoscopic cholecystectomy by Muhe in 1985, 
minimally invasive surgery was rapidly expanded to other common 
operations in general surgery with the hopes of reducing postoperative 
pain and length of stay. Leblanc is credited for having described the  fi rst 
laparoscopic ventral hernia repair in 1992. After pneumoperitoneum is 
achieved and trocars are inserted, the fascial defect is visualized. Any 
omental and intestinal adhesions are lysed to clear an approximately 
4-cm circumferential margin of healthy fascia. The mesh is tailored to 
the size and shape of the defect, and sutures may be placed for transfascial 
 fi xation. The mesh is inserted into the abdomen, and sutures are passed 
through fascia using a suture passer. Circumferential  fi xation is achieved 
using tacks or additional transfascial sutures. A speci fi c advantage of the 
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laparoscopic approach is the ability to view the fascial defect and identify 
visceral involvement while avoiding the pitfalls of a tedious anterior 
dissection. Additionally, contact between the mesh and skin  fl ora is 
theoretically substantially reduced as the mesh is inserted into the 
abdomen through a trocar. On the other hand, achieving laparoscopic 
access involves inherent risks of inadvertent vascular or visceral injury. 
An extensive lysis of adhesions, which is often required in complex 
incisional hernias, is also considerably more challenging with the 
physical constraints of laparoscopy. 

 Although some early voices called for widespread adoption of 
laparoscopic ventral hernia repair, it was not until recently that randomized 
studies demonstrated its ef fi cacy. Between 2004 and 2007, Itani et al. 
performed an RCT across 4 VAMCs, assigning 146 patients with ventral 
hernias to an open or laparoscopic repair. The laparoscopic group had 
signi fi cantly lower pain scores, a shorter return to work activities, and 
fewer complications such as wound infections and seroma formation at 
8 weeks. The authors noted, however, serious complications such as 
bowel injury, sepsis, and anesthesia-related problems only occurred in 
the laparoscopic group. Overall rates of recurrence were similar in the 2 
groups at 2-year follow-up  [  17  ] . 

 Questions remain regarding technical aspects of laparoscopic ventral 
hernia repair, particularly with respect to the method of mesh  fi xation to 
the abdominal wall. In a recent study by Bansal et al., 68 patients with 
ventral hernias were randomized to laparoscopic repair with tacker  fi xation 
after placement of four transfacial sutures or laparoscopic repair with 
suture  fi xation alone. Use of sutures alone was associated with signi fi cantly 
longer operative time but less postoperative pain. No recurrences were 
found in the short 3-month follow-up period. In an observational study 
comparing 27 patients who underwent suture repairs to 21 patients who 
had tack repairs, the recurrence rate was 14% at 18-month follow-up, but 
no association with repair method was identi fi ed  [  18,   19  ] . 

 Evidence suggests that as experience with laparoscopic abdominal 
wall hernia repair grows, long-term outcomes will improve. LeBlanc et al. 
compared their  fi rst 100 and second 100 laparoscopic ventral hernia 
repairs and found that the later group had a lower recurrence rate, despite 
older mean age and higher number of comorbidities. Traditional support 
for an open approach to incarcerated hernias has also been challenged as 
some studies suggest acceptable outcomes when emergent laparoscopic 
repair is performed in experienced hands. Further studies are needed to 
evaluate the long-term outcomes of laparoscopic repair methods  [  20,   21  ] .  
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   Strategies for Contaminated Cases 

 Ventral hernia repair in a contaminated setting is a uniquely 
challenging problem for the general surgeon. Mesh infection is a feared 
postoperative complication often requiring emergency mesh removal. 
The usual culprit is  Staphylococcus aureus , often methicillin resistant. 
Mesh infection is of special concern in contaminated cases. Contamination 
may be present at the outset from a coexisting ostomy, an enterocutaneous 
 fi stula, a chronically infected wound, an infected mesh from a previous 
repair, or strangulated bowel. Additionally, any clean case may become 
contaminated after inadvertent bowel injury or concomitant bowel 
resection. The traditional approach to ventral hernia repair in the presence 
of contamination was limited to primary repair with or without component 
separation. Over the last decade, however, surgeons have increasingly 
utilized biologic mesh derived from bovine or human acellular dermal 
matrix (HADM) in these repairs. The use of biologic mesh for ventral 
hernia repair is discussed in detail elsewhere in this manual. One ongoing 
concern is the signi fi cant cost of biologic mesh products, and this remains 
a potential barrier to widespread use  [  22  ] .  

   Conclusion 

 Ventral hernia repair has considerably evolved over the last 100 years. 
Use of synthetic mesh has become widespread and is associated with a 
lower long-term recurrence rate. Familiarity with laparoscopic repair 
methods is growing across academic and community settings. Continuous 
advances in mesh technology may help to achieve improved mesh 
prostheses. Many challenges remain, however. Standardized descriptions 
of hernias and repair methods are needed so that prospective data analysis 
is more accurate. Additional well-designed studies are needed to 
understand long-term outcomes of various repair methods. Finally, as 
improved mesh prostheses are developed, the overall value to the patient 
and system must be taken into consideration to allow general utilization. 
It will become increasingly important to understand the value of the mesh 
and the entire treatment regimen, rather than focusing on costs alone.      
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    22.     Tissue Ingrowth: The Mesh–Tissue 
Interface: What Do We Know So Far?       

     Gregory   J.   Mancini        and    A.   Mariah   Alexander         

    For any given hernia patient, the primary challenge is for the surgeon 
to utilize a technique and a prosthetic choice (given the anatomy, 
intraoperative  fi ndings, and defect size) that combined will provide the 
best overlap and optimize the surface area of the mesh/tissue interface. 
Due to the importance of tissue ingrowth at this mesh/tissue interface 
(MTI) in preventing recurrence, the MTI may very well be the most 
important aspect involved with a hernia repair. Examining the 
prosthetics used in hernia surgery has only recently garnered attention in 
the literature. The title itself infers a challenge to a long-held axiom that 
the mesh materials are inert in the human body. Any general surgeon 
who has had the opportunity to operate in a mesh-occupied surgical  fi eld 
can validate that the material explanted often has little in common with 
the original material implanted. Questions persist about what is happening 
at the mesh–tissue interface after the material is surgically placed. This 
chapter will focus in the interactions of prosthetic mesh material with the 
host tissues in the dynamics of hernia surgery. 

   Background: History of Mesh Implants 

 Early modern records of hernia repair show Witzel and Geopel utilizing 
gold and silver wires interwoven in a  fi ligree pattern and implanted as a 
prosthetic mesh. Gold and silver  fi ligree materials gave way to stainless 
steel mesh in the 1940s. The plastics revolution of the 1950s and 1960s 
provided the early building block for mesh materials still widely used 
today: polypropylene, polyester, and polytetra fl uoroethylene (PTFE) 
mesh. Polyester was knitted into braided mesh fabric in the 1950s and 
become the  fi rst multi fi lament, macroporous, nonmetallic mesh to be 
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widely adopted in hernia repair. Dr. Francis Usher is widely credited with 
the development of surgical polypropylene. He published his  fi ndings in 
 JAMA  in 1962 regarding a new synthetic, nonabsorbable, mono fi lament 
mesh used to close contaminated wounds  [  1  ] . This polypropylene 
mono fi lament was later woven for mesh production. W.L. Gore developed 
the process of    expanding PTFE (ePTFE) to create a soft,  fl exible, and 
durable microporous sheet mesh that gained broad application in 
laparoscopic ventral hernia repair in the 1990s. These three mesh materials 
account for over 90% of the mesh market worldwide.  

   The Ideal Situation 

 Hernias occur because of a mismatch between the regional strength of 
the abdominal wall fascia and the tensile forces generated during active 
living. Ideally, any material or technique used in hernia repair would shift the 
balance in favor of abdominal wall integrity. The high recurrence rates 
observed in primary suture repair techniques motivated surgeons to look into 
permanent implantable material. The material would have optimal tensile 
strength to bolster the integrity of the abdominal wall and withstand the 
stressors of vigorous physical activities. Yet it would remain as soft,  fl exible, 
compliant, and as dynamic as the muscles and fascia that the material 
supports. Additionally the material would be inexpensive, easily sterilized, 
chemically inert, noncarcinogenic, and hypoallergenic. Creating the ideal 
hernia material poses a tremendous challenge to our biomedical engineers 
and industry partners. Options include synthetic nonabsorbable materials, 
synthetic absorbable materials, and nonsynthetic or biologic materials.  

   Current State of the Art 

 Realistically, the ideal mesh has yet to be created. Many of the 
synthetic mesh materials available today ful fi ll much of the requirements 
outlined, so much so that prosthetic mesh is used in the vast majority 
hernia repairs worldwide. The widespread utilization of mesh combined 
with the prevalence of hernia disease has allowed surgeons to observe 
the shortcomings of these materials. Hernia recurrence became an 
accepted consequence of primary suture repair herniorrhaphy. The mesh 
era introduced lower hernia recurrence rates along with unforeseen and 
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unexpected new problems. Mesh infections, erosions, migration, and 
loss of biocompliance, though rare occurrences, have been seen with 
nearly every type of prosthetic material used in hernia surgery (Figs.  22.1 , 
 22.2 ,  22.3 , and  22.4 ). Recent mesh explant studies by Ramshaw et al. 
have begun to characterize the chemical and mechanical alterations that 

  Fig. 22.1.    Explanted ePTFE/polypropylene composite mesh after failed hernia 
repair shows mesh contraction.       

  Fig. 22.2.    Explanted intra-abdominal mesh material with erosion into the small 
bowel visceral.       
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  Fig. 22.3.    CT scan of the abdomen shows retraction of the mesh implant from 
the left rectus muscle of abdominal wall allowing hernia recurrence.       

  Fig. 22.4.    Explanted polypropylene mesh material that shows dense  fi brosis 
within the surrounding soft tissue.       
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the mesh undergoes in vivo  [  2  ] . There is a puzzling disconnect between 
the millions of well-healed mesh hernia repairs and the poorly tolerated 
but well-documented mesh repair complications.      

   Host Response to Foreign Material 

 A fundamental principle of prosthetic implant use in hernia surgery 
is that the host response to the material has a common in fl ammatory 
pathway. The phases of normal wound healing, hemostasis, in fl ammation, 
proliferation, and remodeling, are well understood. What is less well 
understood is how wound healing is affected by the presence of a 
prosthetic mesh implant. Assertions that synthetic materials have inert 
characteristics have been shown to be less than true  [  3–  5  ] . The implant 
undergoes an assault by the host immune response,  fi rst, as a bystander 
in the acute phase and then chronically as it is recognized as nonself. 

 Incorporation begins at the time of implantation. Tissue trauma 
occurs during the process of hernia repair, such that acute phase reactants 
are recruited to the injury site. The implant is subjected to the neutrophil 
and macrophage oxidative stress that can begin the chemical alteration of 
the implant. It is unlikely, due to the short duration, that the mesh 
experiences signi fi cant chemical or mechanical alterations occurring in 
this phase of wound healing. 

 As the tissues begin to heal, the normal transition to  fi broblast recruitment 
and collagen deposition is disrupted by a chronic foreign body response. A 
cell-mediated chronic in fl ammatory reaction to the implant chemo-attracts 
T cells and more macrophages. At this phase, the macrophages assume an 
activated morphology producing abundant amounts of hydrolytic enzymes 
that further chemically alter the mesh material  [  6–  8  ] . 

 The chronic immune response to the mesh is focused at the implant–
host interface. This is only part of the healing process underway in at the 
surgical site. Around the implant, normal revascularization occurs with 
development of granulation tissue and collagen remodeling. The amount 
of chemical alteration of the mesh and the degree of collagen disruption 
seen at the implant–host interface depends both on the properties of the 
mesh implant and the individual host immune system. The variety of 
mesh products combined with wide variance in the host immune response 
may account for the broad spectrum of observations seen in clinical 
practice  [  9–  11  ] . 
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 In summary, at the host–implant interface, two major processes are 
taking place. The host reaction to the prosthetic causes a chemical change 
in the material that can lead to mechanical changes such as mesh 
shrinkage, stiffening, and fracture. Likewise, the prosthetic causes a 
chronic host response that disrupts collagen deposition and remodeling 
process that may lead to tissue scari fi cation, contracture, or encapsulation. 
The subsequent sections of this chapter will look at how different 
prosthetic materials, different surgical techniques, and different patient 
characteristics may alter this common in fl ammatory pathway.  

   Material Basics 

 Polypropylene mesh begins as mono fi lament that synthesized through 
a controlled polymerization of propylene chains. The mono fi lament is 
then woven in to a mesh implant. Different proprietary weave techniques 
account for the wide variety of commercial products in the marketplace. 
Inspection of the macrostructure of the mesh reveals polypropylene 
implants with different material weight, pore size, tensile strength, 
and  fl exibility. At a molecular level, all polypropylene meshes share a 
common morphology. The propylene chains are carbon backbone with 
hydrogen and methyl side chains. Degradation occurs when free radicals 
and oxygen attack the methyl groups creating chain fractures and cross-
links  [  12  ] . Additionally, aldehydes and carboxylic acid are produced as 
chemical by-products. Evidence of this happening in vivo comes from 
Cozad et al. explant study. The materials were harvested and then tested 
utilizing spectral and thermal analysis  [  2  ] . 

 Polyethylene terephthalate (PET) is a synthetic polyester polymer 
created by combining ethylglycol and terephthalic acid. Like 
polypropylene, polyester is a created by polymerization of a base 
monomer into long chains. Similarly, polyester has a carbon backbone. 
   The ester side chains of polyester con fi rm differently the surface 
interactions as compared to polypropylene materials. Polyester has 
hydrophilic properties that attract water molecules to its surface. In 
biologic systems, polyester’s hydrophilic properties may insulate the 
implant from the oxidative stresses generated in the host immune 
response. Cozar’s synthetic mesh explant study showed that polyester 
mesh experiences both chemical and mechanical degradation in vivo. 
Concerns that the braided and woven pattern of polyester mesh may 
provide a greater surface area for bacterial colonization have been 
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disproven. An animal study in which polyester mesh was intentionally 
inoculated with bioluminescent staphylococcus at the time of implantation 
showed signi fi cant clearance by postoperative day one  [  13  ] . 

 PTFE is essentially a long-carbon chain backbone with  fl uoride 
atoms as side groups. The carbon–carbon and carbon– fl uoride covalent 
bonds of this compound provide chemical and mechanical stability. 
Expanded polytetra fl uoroethylene (ePTFE) used in implants is made in a 
proprietary process by combining PTFE nodes that are interconnected by 
PTFE  fi brils. ePTFE’s synthetic manufacturing process yields a 
microporous sheet of material that has air spaces between the PTFE 
nodes allowing for air  fl ow but hydrophobic making it waterproof. 
Though chemically stable, in vivo studies have shown mechanical 
changes in ePTFE. Schoenmaeckers et al. looked at ePTFE shrinkage 
after laparoscopic ventral hernia repair in 40 patients. Surface area 
shrinkage rates observed ranged from 0 to 24%, with a mean of 7.5% 
after an average 17.9 months after implantation  [  14  ] . 

   Mesh Weight (Density) 

 The concept of mesh weight or density has mainly pertained to 
discussions about polypropylene mesh. Hernia recurrence with this 
material appeared to be related to mesh contraction or shrinkage allowing 
separation from the fascial edge. The early heavyweight polypropylene 
mesh contains 80 g/m 2  of polypropylene and provided tensile strengths 
of 90 N/cm. Tensiometry studies showed that this mesh product had 
tensile strengths logarithmically greater than that of healthy fascia (12–
16 N/cm). Conversely, newly designed lightweight mesh contains 30 g/
m 2  of polypropylene and provides 30–40 N/cm of tensile strength.    As 
data emerged about chronic host response causing mechanical changes 
in the mesh, a new concept evolved. Less synthetic material would elicit 
less host in fl ammation, a thereby reduced mesh contraction  [  15,   16  ] . 
This concept of the impact of mesh weight on mesh contraction has not 
been applied to PET of ePTFE.  

   Mesh Pore Size 

 Good integration into the host tissue is a desired quality of a hernia 
material. The pores within the mesh allow for host collagen deposition, 
thereby strengthening the integration of the mesh to the abdominal wall. 
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This concept is why most all hernia implants utilize a woven mesh 
design. Early polypropylene and polyester mesh materials were often 
constructed by large  fi bers interlocked by tight weaves, making small 
pore sizes of less than 1 mm (1,000 microns). Despite this small pore 
size, early polypropylene and polyester meshes are still considered 
macroporous. Newer polyester and polypropylene materials are woven 
with smaller  fi bers or mono fi laments and use a looser weave patterns that 
provide larger pore sizes  [  17,   18  ] . 

 This contrasts with ePTFE that has an average pore size of 3 microns, 
making it microporous. In comparison, the average size of a platelet is 3 
microns, a water droplet is 10 microns, a macrophage is 21 microns, and 
a  fi broblast is 30 microns. The microporous structure of ePTFE limits 
the depth of cellular in fi ltration within the material and thereby limits the 
degree of tissue incorporation. This attribute can be favorable when 
the mesh is implanted near anatomic structures, like intestinal serosa, 
where tissue ingrowth is not desired. The chronic foreign body response 
is limited to the ePTFE surface which produces a dense, collagen-rich 
 fi brous capsule. Studies on larger pore (30–90 micron) ePTFE implants 
are in progress to assess if mesh encapsulation can be converted to mesh 
integration  [  19  ] .   

   Animal Experimentation of Mesh–Tissue Interface 

 While there may not be one “best” product, animal experiments at the 
very least have proven that the products indeed are NOT created equal. 
Animal studies have helped show that the tissue ingrowth begins early 
and increases in strength over time. In a porcine laparoscopic ventral 
hernia model, Majercik et al.  [  20  ]  demonstrated that the bulk of tissue 
ingrowth occurs during the  fi rst 2 weeks after inserting a polypropylene 
mesh, and by 4 weeks, the strength of the ingrowth had already reached 
a strength equivalent to 95% of the peak strength seen at 12 weeks. By 
 fi xing sheets of polypropylene and ePTFE composite mesh to the 
abdominal walls and then harvesting them at different time intervals (2, 
4, 6, and 12 weeks), the authors were able to demonstrate a peel strength 
of 0.83 pounds at 2 weeks, of 1.06 pounds at 4 weeks, and 1.13 pounds 
at 12 weeks (5 N). Histologic examination of specimens showed complete 
cellular in fi ltration into and through the entire layer of the polypropylene 
up to the ePTFE layer. This study, which looked at the peel strength of 
the polypropylene layer used in a heavyweight polypropylene/ePTFE 
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composite mesh, concluded that the bulk of tissue ingrowth happens 
during the  fi rst 2 weeks after implantation. At 4 weeks, the strength then 
increases to a value that is equivalent to 94% of the peak strength 
measured at 12 weeks postimplantation.  [  20  ]  

 Interestingly, not all biomaterials are incorporated into native tissue 
by this cellular phenomenon equally. As early as 1995, Bellón et al. 
published results that compared the cellular response to, and subsequent 
tissue integration of, two different mesh prostheses in a rabbit model 
 [  21  ] . At the time, products were made of only one material, either 
heavyweight polypropylene or ePTFE. The authors suspected the two 
materials incited different levels of in fl ammation and therefore implanted 
these two meshes into the anterior abdominal wall of rabbits, ensuring 
that each mesh was exposed to the peritoneal cavity. Necropsy was 
performed at 14, 30, 60, and 90 days. Microscopically, the host tissue 
response differed between the ePTFE and the polypropylene. At the 
2-week point, the ePTFE formed a  fi brous capsule without cellular 
in fi ltration. Conversely, the polypropylene was integrated throughout 
with loose collagen  fi bers and had cellular in fi ltration consisting of 
macrophages and myo fi broblasts. Collagen  fi bers and neovascular 
capillaries were not readily visible on the ePTFE until 2 months after 
implantation. By 3 months postimplantation, the capsule tissue was 
substantial, and the cell population had stabilized consisting of mostly 
 fi broblasts. In contrast, the polypropylene mesh demonstrated early and 
complete integration into the host tissue. The process of angiogenesis 
began within the  fi rst 2 weeks and cells were distributed within the pores 
of the mesh. They concluded that polypropylene incited a more intense 
in fl ammatory foreign body reaction and that polypropylene had superior 
tissue integration. Therefore, ePTFE was more suitable for implantation 
intraperitoneally where it would be exposed to the viscera and that 
polypropylene would be better suited for tissue integration. 

 The evolution of laparoscopic hernia repair pushed mesh development 
to meet the unique needs of the peritoneal cavity. Two different surface 
were required, one surface that optimized tissue integration at the 
abdominal wall (macroporous) and another to limit visceral adhesions 
and ingrowth (microporous). The  fi rst of this kind paired heavyweight 
polypropylene/ePTFE in a composite mesh. Ianatti et al. studied the 
differences in the strength of tissue attachment to the two different 
materials in a porcine model. Again, the meshes were evaluated at 
different time intervals (2, 4, 6, and 12 weeks). The results showed that 
the strength of tissue ingrowth was signi fi cantly higher for the 
polypropylene composite graft relative to the strength of ingrowth into 
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the pure ePTFE material at each time point. For example, at 2, 4, and 
12 weeks, the mean peel strength for the ePTFE was 0.50 pounds, 0.53 
pounds, and 0.51 pounds, respectively (0.51 pounds equals 2.27 N). This 
was signi fi cantly less than the peel strength of the polypropylene at 2, 4, 
and 12 weeks respectively being 0.825, 1.06, and 1.12 pounds ( p  < 0.05) 
(equivalent to 3.68, 4.70, and 5.0 N)  [  22  ] . 

 The authors then looked at histology slides and found at 2 weeks, 
the macroporous polypropylene component of the composite mesh was 
entirely in fi ltrated with  fi broblasts and in fl ammatory cells with collagen 
deposition occurring throughout the polypropylene. The microporous 
surface of the ePTFE, however, showed no cellular penetration through 
the ePTFE at 2 weeks. There were obvious differences in the histologic 
reaction and peel strengths between the different biomaterials 
suggesting that tissue ingrowth and peel strength was superior for the 
polypropylene layer of the polypropylene/ePTFE composite mesh 
compared to a pure ePTFE material against the peritoneum. The tissue 
ingrowth maturation process for the polypropylene seems to reach 74% 
of its max by 2 weeks and 95% of its maximum by 4 weeks. The 
strength then plateaus after a 12-week period of time in animal studies; 
however, there may be evidence that cellular turnover continues for up 
to a year, and the severity of the continuing process may be dependent 
on the type of mesh implanted. 

 This degree of in fl ammation produced in response to various mesh 
products was recently studied using immunohistochemical testing for 
Ki-67, which is an accepted and established marker of cell proliferation 
and turnover. In a rabbit study that compared tissue ingrowth analysis 
between a control of polypropylene and three mesh products: a 
heavyweight polypropylene/ePTFE composite mesh (hPP), pure ePTFE 
(ePTFE), and a reduced weight polypropylene/oxidized regenerated 
cellulose composite mesh (rPP), the authors looked at results at both 4 
and 12 months postimplantation. The authors found that the hPP mesh 
had signi fi cantly higher Ki-67 levels than the rPP and the ePTFE groups 
at 4 months. At 12 months, a signi fi cant decrease in Ki-67 scores from 
the 4-month point was found in the rPP group only, while the hPP group 
maintained elevated levels of Ki-67. This interesting  fi nding suggests 
that the heavyweight polypropylene-based mesh material incites an 
ongoing in fl ammatory process and scar remodeling that lasts even 1 year 
later. This  fi nding was not seen with the lightweight polypropylene 
product or with the pure ePTFE. The translation of this  fi nding into a 
human clinical setting remains unknown but may suggest that heavyweight 
polypropylene may have poor long-term biocompatibility compared to 
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lightweight polypropylene and ePTFE.    This poor biocompatibility may 
lead to poor mesh compliance and  [  23  ] . 

 The compliance of the mesh implants may change over time for two 
reasons. First, a thicker scar plate may form as a result of chronic 
in fl ammation and collagen turnover. Second, the chronic in fl ammatory 
process may cause chemical alterations to the material structure. Both 
likely impact the long-term loss of mesh compliance in the mesh seen in 
human explant studies. With loss of mesh compliance, the abdominal 
wall becomes less pliable resulting in physical discomfort, limitations in 
daily activities, and overall dissatisfaction. The group from Charlotte, 
North Carolina, performed a rabbit comparison study, and within that 
study, they reported on mesh compliance 1 year after implant. Using a 
differentiated variable reluctance transducer (DVRT) that provided 
measurements of the axial forces required to stretch the mesh, the group 
reported compliance data on pure polypropylene, a composite mesh of 
polypropylene and ePTFE, pure ePTFE, and a composite of lightweight 
polypropylene and an oxidized cellulose layer. At 1 year, they showed 
that the compliance of the pure two-sided ePTFE mesh was superior to 
the other three meshes  [  24  ] . 

 Interestingly, using the same DVRT method to then analyze the peel 
strength of the mesh products, the group did not demonstrate a signi fi cant 
difference in peel strengths between those four materials, although the 
heavyweight polypropylene/ePTFE composite trended toward having 
the greatest peel strength. Having no signi fi cant differences in the tissue 
ingrowth to ePTFE, lightweight polypropylene composite mesh, and 
heavyweight polypropylene composite mesh has been shown in a number 
of rabbit studies published by the same group  [  24–  26  ] . This  fi nding is 
not consistent with other published rabbit and porcine studies that 
compared the same products  [  22,   27  ]  and may be related to factors that 
include the type of animal model used and the method of obtaining and 
calculating the peel strength. In conclusion, while the polypropylene-
based mesh materials show superior tissue ingrowth and superior peel 
strengths, the long-term loss of material compliance may result in 
increased mesh failures at the mesh–tissue interface. 

 In a porcine adhesiogenic laparoscopic ventral hernia model, McGinty 
et al. compared the 3D polyester/anti-adhesive collagen composite mesh 
to the pure, two-layered ePTFE mesh (DualMesh ® , Gore, Arizona) and 
used heavyweight polypropylene as a control. After laparoscopic 
insertion and survival for 4 weeks, the peel strength of the mesh from the 
abdominal wall was analyzed using a digital tensiometer and found to be 
signi fi cantly less for the pure ePTFE than for the polyester/anti-adhesive 
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collagen composite mesh or the pure polypropylene control (1.3 N/cm 
vs. 2.8 N/cm,  p  = 0.001 vs. 2.1 N/cm,  p  = 0.05, respectively). Histologically, 
there was excellent  fi brous growth into and through the polypropylene 
and the polyester component of the composite mesh. There was no tissue 
growth through the ePTFE. This  fi nding supports the notion that complete 
tissue ingrowth can be found in a 3D polyester mesh and that this leads 
to superior adherence strength when compared to the peel strength seen 
with pure two-sided ePTFE  [  28  ] . 

 In another study, the 3D polyester/anti-adhesive collagen composite 
mesh was compared to a heavyweight polypropylene/ePTFE composite 
mesh (heavyweight polypropylene parietal layer)  [  29  ] . The same porcine 
model was used. A pure polypropylene mesh was used as a control. While 
the study reported on a number of variables, regarding the issue of tissue 
ingrowth as measured by the peel strength of the mesh from the abdominal 
wall, the authors concluded that the polyester composite product and the 
polypropylene composite product had no signi fi cant difference in abdominal 
wall adherence. This result suggests that in this study, a 3D polyester mesh 
has similar  fi brous ingrowth properties as the polypropylene mesh  [  29  ] . 

 In another prospective animal study using the same adhesiogenic 
porcine model, polyester/anti-adhesive collagen composite mesh was 
compared to a composite mesh made of lightweight, polydioxanone 
polymer-encapsulated polypropylene on the peritoneal surface and 
oxidized regenerated cellulose as the anti-adhesive barrier on the visceral 
surface  [  30  ] . A regular polypropylene was inserted as a control. After 
1 month, the mesh was harvested and as part of the evaluation, peak peel 
strength was measured using a digital force gage tensiometer (Omega 
DFG51-10 microprocessor-based digital force gage,   http://www.omega.
com    ). The results showed that in this study, the peel strength was 
signi fi cantly higher for the 3D polyester composite mesh than for the 
encapsulated lightweight polypropylene composite mesh (17.2 N vs. 
10.7 N), respectively ( p  < 0.002)  [  30  ] . The bottom line conclusion is that 
the synthetic mesh materials are not equal, and in any given scenario, 
each of the mesh materials will behave differently.  

   Clinical Observations and Explant Findings 

 The base chemical composition, the material density, and the woven 
macrostructure design of a    have an interrelated impact on how the mesh 
will be received by the host immune system. The overall trend in mesh 

http://www.omega.com
http://www.omega.com
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design is to create an implant that has a more physiologic biocompatibility 
with the host. This means that the mesh can withstand the physiologic 
stress experience by the abdominal wall and can remain minimally 
altered by the host immune response over the life span of the host. The 
market response to this trend has been the development of mono fi lament 
materials woven into lightweight (<30 g/m 2 ) mesh with wide pore spaces 
 [  31,   32  ] . More data is needed to determine whether the newer lightweight 
and large pore macroporous materials will deliver the desired result. 

   Does the Patient Matter? 

 To date, the primary focus on improving hernia outcomes has been 
on the surgical technique. Though evolving surgical technique is crucial 
to improved outcomes, the patient’s individual physiology is major 
factor that must be considered. Knowing our patients unique social 
habits, genetic constitution, current medical comorbidities, and past 
surgical history is just the beginning of the hernia planning process. 
With imperfect techniques, imperfect materials, and imperfect patients, 
successful hernia surgery requires the surgeon to choose an 
individualized “best- fi t” scenario. This contrasts to usual surgical 
thinking that tries to de fi ne a single standard surgical technique and 
apply it to all patients. 

 The lifestyle choices that patients make often play a signi fi cant role 
in hernia occurrence or recurrence after surgery. The most detrimental 
choice is that of smoking tobacco. Aside from the pulmonary function 
compromise that increases perioperative morbidity and mortality, 
smoking has a direct impact on wound healing and tissue remodeling. 
Smokers have twice the inguinal hernia recurrence rates and four times 
ventral hernia recurrence rates compare to nonsmokers. Basic science 
studies show that type I and III collagen synthesis rates are negatively 
affected. Also, matrix metalloproteinases, enzymes responsible for 
collagen degradation, are expressed in higher levels  [  33  ] . Together, the 
biologic imbalance induced by smoking shifts the wound healing toward 
low-quality collagen with decreased tensile strength. In the case of a 
primary hernia, the fascial integrity weakens over time. In the case of 
hernia recurrence after mesh implantation, poor collagen integration may 
allow failure at the tissue–mesh interface. 

 Genetic constitution plays a signi fi cant role in hernia development. 
Rare but well-documented collagen synthesis disorders such as Marfan 
and Ehlers–Danlos syndromes have high incidence of hernia. Inherited 
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disorders such as homocystinuria, elastosis, and congenital hip dislocation 
have also shown to have an elevated incidence of hernia. Common 
histologic  fi ndings of all these conditions are poorly organized collagen 
macrostructure. Altered cross-linking within between collagen  fi bers as 
well as altered ratios of type I and III collagen content is seen. Similarly, 
genetic causes of poor tissue remodeling, as observed in aortic aneurysmal 
disease, have increased hernia incidence. Genetic overexpression of 
tissue matrix metalloproteinases leads to excessive destruction the 
extracellular matrix and tissue growth factors. Altering the cell signaling 
for local  fi broblasts and removing critical tissue scaffolding impair 
collagen synthesis and remodeling  [  34,   35  ] . 

 The classic predictors for poor wound healing such as malnutrition, 
obesity, diabetes mellitus, corticosteroid use, immunosuppression, and 
active infection effect hernia outcomes. Malnutrition and corticosteroids 
suppress immune function thereby reducing collagen deposition. Obesity 
generates elevated tensile forces that may overwhelm  fi xation techniques 
at the tissue–host interface and is associated with increased surgical site 
infections. Diabetes impairs macrophage function and  fi broblast 
migration and alters the balance between the accumulation of ECM 
components and their remodeling by MMPs  [  36  ] .   

   Summary 

 Mesh implants require suf fi cient integration within the host tissue to 
prevent dislocation and reduce recurrences, and knowledge regarding 
tissue ingrowth at the mesh–tissue interface is still evolving. Successful 
outcomes from a hernia operation are dependent on optimizing for each 
individual patient the choice of the surgical technique and the implant 
materials. We know that the prosthetic materials we implant in patients 
during a hernia repair are not inert to the body’s immune response and, 
on the contrary, are likely to dictate the  fi nal strength of the MTI ingrowth. 
The base material composition and three-dimensional macrostructure of 
the mesh impact the body’s response. We know that an individual’s 
immune response to the implant is highly variable and poorly understood, 
and genetic variance in the immune response may have a signi fi cant role 
in modulating the foreign body response. We know that mesh materials 
are implanted in a wide variety of locations in the body and applied with 
different surgical techniques. Further human basic science and clinical 
research is needed in this area.      
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    23.     Patient Comorbidities Complicating 
a Hernia Repair: The Preoperative 
Workup and Postoperative Planning       

     Scott   Philipp         

     Abdominal wall hernias are a common problem encountered by 
medical practitioners. Their contribution to chronic pain and loss of form 
and function are reasons why they often come to the attention of the 
hernia surgeon. Hernia surgery continues to evolve at a frantic pace, with 
many differing techniques and products available, and better results 
being reported. However, complications from hernia surgery still abound 
and recurrence rates, especially in certain patient populations, leave the 
surgical community looking for better answers. As we continue to learn 
and improve, several comorbid conditions need to be considered prior to 
embarking on the surgical treatment of an abdominal wall hernia. 
Recognizing the presence of these potentially complicating factors and 
optimizing them prior to surgery will ideally increase the success of the 
surgery and the positive impact on the patient’s quality of life. 

   Comorbid Conditions and Considerations 

   Surgical History 

 It is of primary importance to elicit a complete history of any previous 
abdominal surgery prior to proceeding with repair of an abdominal wall 
hernia. If previous operations were performed at outside institutions, then 
efforts should be made to obtain those operative reports to assist in 
preoperative planning. The presence of intra-abdominal scar tissue cannot 
be evaluated preoperatively although it should always be considered and 
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appropriate preparations be made. This includes the possibility of dense 
adhesions with involvement of omentum, small and large bowel, and other 
intra-abdominal structures. This risk is potentially increased if the patient 
has a previous history of serious intra-abdominal infection. Taking down 
adhesions is usually necessary for the successful completion of a ventral 
hernia repair and can signi fi cantly increase operative times and operative 
risk. If one or more previous attempts at hernia repair have already been 
made, then this risk is ampli fi ed. The previous placement of mesh can also 
add complexity and risk. It is potentially helpful to discover the material, 
size, and position of all previously placed pieces of foreign materials, and 
this information should be considered during operative planning. The 
possibility of mesh migration, contraction, erosion, eventration, and dense 
adhesion to intra-abdominal organs should be anticipated.  

   Morbid Obesity 

 The incidence of morbid obesity in our communities is growing. The 
impact of obesity on hernia surgery is still being investigated although it 
is known to be associated with increased hernia recurrence rates  [  1  ] . 
There are now several retrospective reviews investigating the impact of 
morbid obesity on hernia repair outcomes. The largest study looking at 
patients undergoing laparoscopic ventral hernia repair found that a 
preoperative BMI greater than 40 imparted an increased risk of recurrence 
without increased perioperative morbidity  [  2  ] . The results of several 
other smaller studies are divided  [  3–  6  ] . Morbid obesity increases risk for 
recurrence and postoperative complications after inguinal hernia repair 
as well  [  7  ] . Current expert opinion considers morbid obesity a potentially 
correctable risk factor for postoperative complications, and hernia 
recurrence and efforts should be made for patients to lose weight prior to 
proceeding with an elective hernia repair, ideally to a BMI less than 35. 
A recent survey found morbid obesity to be the number one cited 
contraindication to ventral hernia repair among surgeons  [  8  ] .  

   Smoking 

 The physiologic impact of tobacco smoking has been well-de fi ned. In 
addition to its effects on the cardiovascular, pulmonary, and nervous 
systems, it can prevent appropriate wound healing and impairs the immune 
system. Effects include impaired tissue oxygenation, peripheral 
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vasoconstriction, hyperglycemia, insulin resistance, impairment of growth 
factors, and immune modulators, among others. In clinical studies, smoking 
has been shown to signi fi cantly increase perioperative morbidity, particularly 
wound infection and hernia recurrence, after ventral and inguinal hernia 
repair  [  9,   10  ] . It is also a risk factor for development of an incisional hernia 
after other operations  [  11  ] . Smoking is a modi fi able risk factor, and 
therefore, all efforts should be made to help a patient quit smoking prior to 
elective surgery. It should not delay surgery that is urgent or emergent, 
although patients should be informed of the impact it could have on their 
recovery and outcome. For elective hernia repair in patients at high risk for 
perioperative morbidity, preoperative smoking cessation is mandatory in 
my opinion, and patient noncompliance should prompt rescheduling at a 
later time. Smoking cessation should be for at least 1 month prior to surgery 
to avoid increased pulmonary complications  [  12  ] . Compliance can be 
veri fi ed by performing a test for urine cotinine, a metabolite of nicotine.  

   Age 

 There is no contraindication to elective hernia repair based on age 
alone. As the population continues to live longer, more patients will 
present with hernias later in life. Surgical repair should be considered if 
the expected improvement in patient quality of life exceeds the potential 
risks based on other factors.  

   Diabetes 

 Hyperglycemia can adversely affect wound healing and the immune 
response which increases perioperative morbidity. Patients should have 
optimal control of their blood glucose levels before proceeding with an 
elective hernia repair. Strict postoperative glycemic control is also 
important, especially for more complex hernia repairs. Aggressive therapy 
should target blood glucose levels to a range of 80–150 mg/dL  [  13  ] .  

   Pulmonary Disease 

 There are two things that need to be considered regarding pulmonary 
function prior to proceeding with a hernia repair:  fi rst, the impact of 
anesthesia—general versus spinal versus local—on the lungs; and second, 
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the potential impact of the hernia repair on pulmonary function. Patients 
with physical limitations due to their disease or those on supplemental 
oxygen should avoid general anesthesia if possible. In the case of large 
symptomatic abdominal wall hernias in which there is no feasible 
anesthetic alternative, the potential risks should be discussed with the 
patient and weighed against the expected bene fi ts of the operation. 
Operative time should be minimized, and local anesthetic should be used 
to reduce narcotic requirements. For large hernias with loss of abdominal 
domain, it is important to consider the impact of hernia repair, with 
restoration of abdominal contents into the true abdominal cavity, on the 
diaphragm. Pulmonary peak inspiratory pressures should be measured 
both before and after abdominal wall closure when increased abdominal 
pressure due to hernia repair is suspected. A signi fi cant increase in pressure 
should prompt reevaluation of the closure technique by the surgeon as this 
patient is potentially at risk for post-op pulmonary failure.  

   Cardiac Disease 

 Estimation of cardiac risk prior to surgery should be performed based 
on current American College of Cardiology (ACC) and American Heart 
Association (AHA) guidelines which emphasize three elements: patient-
speci fi c clinical variables, exercise capacity, and surgery-speci fi c risk. A 
detailed history and physical examination is necessary to determine need 
for further cardiac testing. Elective surgery should be delayed in patients 
with active or unstable cardiac disease. Emergent surgery (e.g., 
strangulated hernia) should not be delayed for further cardiac testing as 
risk assessment would not alter management.  

   Chronic Constipation and Urologic Conditions 

 Ongoing conditions that chronically increase intra-abdominal 
pressure should be identi fi ed and treatment initiated prior to elective 
hernia repair. Patients with chronic constipation should be counseled to 
increase their dietary  fi ber intake and prescribed  fi ber supplementation 
and stool softeners. Colonoscopy should be considered in the appropriate 
clinical situations. Those with urinary retention or over fl ow incontinence 
should be started on appropriate treatment such that urinary symptoms of 
frequency and straining are resolved. Dysuria should be investigated 
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with urinalysis and hematuria with urologic consultation and cystoscopy 
prior to elective hernia repair.  

   Surgeon Experience and Institutional Capabilities 

 Hernia surgeons are confronted with a wide spectrum of disease, 
from simple low-risk operations in young, healthy patients, to technically 
complicated operations in patients with multiple comorbid conditions. 
There are several approaches to surgical treatment, including open and 
laparoscopic techniques, and many options for mesh materials. Surgeon 
experience and institutional capabilities are important factors to consider 
prior to proceeding with surgical treatment. Mesh materials of appropriate 
size should be con fi rmed available prior to starting surgery. Complications 
need to be anticipated and plans available should they occur. During 
laparoscopic surgery, conversion to open should never be considered 
failure if it is done for the bene fi t of the patient. Hernia surgery can be 
very complicated and dif fi cult—calling for assistance should be 
considered during dif fi cult situations.  

   Summary 

 There are many comorbid conditions and other issues to consider 
when preparing for a hernia repair. It is important to optimize the patient’s 
medical condition(s), nutrition, and overall health prior to proceeding 
with repair. Patients should be given realistic expectations regarding 
surgical outcomes and have a clear understanding of the goals of surgical 
treatment. This is especially important for patients with complex or 
recurrent hernias. This will allow for a shared decision process to occur 
between the patient, family, and care team.   

   Preoperative Workup 

 At the initial surgical consultation, a complete history and physical 
examination should be performed. This will elicit the potential complexity 
of the hernia repair and expose patient risk factors for perioperative 
morbidity and mortality. Also, a clear understanding of symptoms caused 
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by the hernia and the impact on quality of life can be established. Risks 
and bene fi ts of surgery can then be discussed and identi fi ed risk factors 
worked up further with noninvasive cardiac studies, laboratory testing, 
and radiographic imaging. 

   Cardiac Testing 

 Patients with cardiac risk factors and those undergoing intermediate 
and high risk surgical procedures based on ACC/AHA guidelines should 
be sent for noninvasive cardiac testing. Patients with severe or unstable 
heart disease should have elective surgery delayed until appropriate 
cardiac intervention is performed.  

   Laboratory Studies 

 Blood testing should be performed based on identi fi able risk factors 
found during initial history and physical examination. Complete blood 
count and coagulation factors should be tested to evaluate for occult 
infections, anemia, platelet disorders, and coagulopathy. Chemistry 
testing should be performed to evaluate for hepatic and renal disease, 
electrolyte imbalance, hyperglycemia, and thyroid function. A 
hemoglobin A1c can evaluate long-term glycemic control. Urine cotinine 
testing is useful for evaluating compliance with smoking cessation.  

   Radiographic Imaging 

 Radiographic imaging should not be routinely used for diagnosis and 
planning of surgical repair of hernias. Pelvic ultrasound can sometimes 
be useful in the diagnosis of occult inguinal hernia when patient history 
is convincing for a hernia, but physical examination is unrevealing. 
Abdominopelvic computed tomography is a useful adjunct in certain 
patient populations, particularly those with recurrent and/or complex 
hernias, multiple hernias, hernias in challenging or uncommon locations, 
and when physical examination is limited or unrevealing.   
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   Informed Consent 

 Appropriately preparing a patient for their upcoming hernia surgery 
is such a complex and important task that it deserves its own section to 
adequately discuss it (Tables  23.1  and  23.2 ). Most patients will come to 
this discussion with some preconceived notions, either from research, 
experience shared from a friend or relative, or personal experience. In 
general, hernia surgery is regarded as routine, low-risk, and easy from 
which to recover. However, hernias come in all shapes and sizes and 
carry signi fi cantly different degrees of risk and expected outcomes. It is 
important to have a detailed discussion regarding indications for surgery, 
preoperative risk factors, surgical plans and contingencies, operative and 
postoperative risks, and realistic expectations for recovery and long-term 
outcome. It is equally important to involve the patient and their 
preferences and wishes in the surgical planning as much as possible.    

   Perioperative Considerations 

 The identity of the patient should be con fi rmed, and informed consent 
should be reviewed with all questions answered prior to anesthesia 
induction. NPO status and medications should be con fi rmed. If a bowel 

   Table 23.1.       Informed consent for  ventral  hernia repair.   

 Bleeding 
 Infection 
 Visceral organ injury 
 Intestinal injury 
 Enterocutaneous  fi stula 
 Nerve damage 
 Chronic pain 
 Seroma 
 Hernia recurrence 
 Myocardial infarction 
 Stroke 
 Pulmonary failure 
 Ventilator dependence 
 Renal failure 
 Deep venous thrombosis 
 Pulmonary embolism 
 Need for further treatments and/or operations 
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prep has been performed, then appropriate completion should be veri fi ed. 
   Preoperative studies and labs should be reviewed. Type and crossmatch 
should be sent and blood products con fi rmed available for selected 
patients. For diabetic patients, a blood glucose level should be checked 
and insulin treatment given if necessary. For patients who recently quit 
smoking, a urine cotinine test should be performed to verify compliance. 
Preoperative subcutaneous heparin should be administered, and lower 
extremity intermittent pneumatic compression devices should be initiated 
based on the 2008 Chest guidelines for DVT prophylaxis  [  14  ] . 
Perioperative antibiotics should be initiated within 1 h of surgical start 
time. Prior to moving the patient to the operating room, the surgical plan, 
perioperative considerations, and potential concerns should be discussed 
with the anesthesiologist. For large abdominal wall reconstructions, 
preoperative placement of an epidural catheter for pain management 
after surgery should be considered. If need for an ICU bed is anticipated, 
this should be con fi rmed prior to surgery. Also, necessary suture and 
mesh materials should be con fi rmed available. 

 Intraoperative considerations include surgical technique and choice of 
suture and mesh materials. This will be discussed in detail throughout 
other sections of this text. Regardless of the operation performed, an 

   Table 23.2.    Informed consent for  inguinal  hernia repair.   

 Bleeding 
 Infection 
 Visceral organ injury 
 Bladder injury 
 Intestinal injury 
 Injury to vas deferens 
 Injury to testicular vasculature 
 Ischemic orchitis 
 Nerve damage 
 Chronic pain 
 Seroma 
 Hernia recurrence 
 Myocardial infarction 
 Stroke 
 Pulmonary failure 
 Ventilator dependence 
 Renal failure 
 Deep venous thrombosis 
 Pulmonary embolism 
 Need for further treatments and/or operations 
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emphasis on good surgical technique, strict adherence to sterility, 
meticulous hemostasis, and avoidance of complications is ideal. Changing 
the surgical plan and/or asking for assistance should never be considered 
a failure if done in the best interest of the patient. It is necessary to 
maintain good communication with the anesthesiologist and surgical 
team, keeping them informed of progress and problems when they arise. 
Whenever possible, local anesthetic should be used to decrease 
intraoperative anesthetic requirements and initial postoperative narcotic 
requirements. Antibiotics should be redosed during surgery as necessary.  

   Postoperative Planning 

 The vast majority of umbilical hernia, inguinal hernia, and small 
ventral hernia repairs are performed in the outpatient setting. Patients are 
discharged from the recovery room after appropriate criteria are met. For 
most ventral hernia repairs patients, an abdominal binder is placed to be 
worn for comfort as needed. Activity is restricted based on the procedure 
performed and the preference of the surgeon. In general, laparoscopic 
procedures allow for a faster return to full activity than open procedures. 
Oral narcotics should be given for expected incisional pain and stool 
softeners for constipation. Patients with urinary retention should have a 
Foley catheter placed and be started on alpha blockers. The catheter can 
be removed and a postvoid residual checked in 1 week. Persistent urinary 
retention or an elevated postvoid residual should prompt referral to a 
urologist for further evaluation. Patients should be evaluated once at 
1–4 weeks after surgery to verify successful hernia repair and appropriate 
patient recovery. 

 Those patients with signi fi cant comorbidities and/or complex hernia 
repairs will require inpatient admission. Close monitoring for 
complications and initiation of preventive measures are essential. 

   Abdominal Compartment Syndrome 

 Abdominal distension, pulmonary failure, and oliguria are 
manifestations of abdominal compartment syndrome and should prompt 
measurement of bladder pressure. Routine bladder pressures should be 
measured for patients at high risk for abdominal compartment syndrome. 



280 S. Philipp

Surgical abdominal decompression should be considered in patients with 
bladder pressures above 25 mmHg and associated end-organ failure.  

   Atelectasis/Pneumonia 

 Preventative measures for atelectasis and pneumonia include early 
initiation of incentive spirometry, keeping the head of the bed elevated 
above 30°, early patient mobilization, and use of chlorhexidine 
mouthwash  [  15  ] .  

   Deep Venous Thrombosis and Pulmonary Embolism 

 Preoperative administration of heparin, intraoperative use of 
intermittent pneumatic compression devices, and post-op need for 
unfractionated heparin or low molecular weight heparin are based on 2008 
chest guidelines for DVT prophylaxis  [  14  ] . All patients should be 
mobilized quickly and physical therapist assistance used early as needed 
by the patient.  

   Enterotomy 

 A missed or delayed enterotomy is the number one cause for 
perioperative mortality after ventral hernia repair  [  16  ] . Making this 
diagnosis requires a high index of suspicion and demands prompt surgical 
intervention.  

   Paralytic Ileus 

 This is relatively common after complex hernia repairs that involve 
extensive intra-abdominal adhesiolysis and can be a source of frustration 
for patients. Several things can be done to facilitate the return of bowel 
function including frequent ambulation, adequate intravenous  fl uid 
hydration, aggressive correction of electrolyte imbalance, and use of 
nonnarcotic medications for pain control, among others. Alvimopan, a 
selective opioid receptor antagonist, has been shown to reduce hospital 
length of stay and time to GI recovery after abdominal surgery and may 
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be of bene fi t in post-op hernia patients although this has not been studied 
 [  17  ] . A paralytic ileus lasting longer than 7 days should prompt further 
workup to rule out other causes such as a mechanical bowel obstruction 
or intra-abdominal source of infection.  

   Pain Management 

 Selected patients should be offered an epidural catheter that can be 
placed prior to surgery and then used afterward for pain management. 
Intraoperative usage of local anesthetic should be liberal. Local anesthetic 
infusion pumps are available and can provide effective pain relief when 
used by experienced surgeons in selected situations. Otherwise, pain should 
be controlled using narcotics and nonsteroidal anti-in fl ammatory drugs.   

   Summary 

 Abdominal wall hernias are found in all patient populations and 
involve a wide spectrum of complexity. An understanding of how 
comorbid conditions will impact the surgical repair of hernias is critical 
to achieving successful outcomes. This includes thorough identi fi cation 
of comorbid conditions and other potential risk factors followed by 
medical optimization and maximal risk reduction prior to surgery. It also 
includes meticulous preparation including consideration of surgical 
technique, availability of materials, and understanding of institutional 
capabilities, good intraoperative communication and surgical judgment, 
and optimal postoperative prophylaxis and identi fi cation of complications. 
Most important is the emphasis on good communication with the patient. 
It is critical to have a thorough discussion of the risks and bene fi ts of 
surgery and set realistic expectations for recovery and long-term results.      
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    24.     What Is a Complex Abdominal 
Wall?       

     Mickey   M.   Ott        and    Jose   J.   Diaz   Jr.        

     The term  complex abdominal wall  has a number of interpretations 
but generally refers to a patient’s abdomen that contains a ventral or an 
incisional hernia or defect plus one or more of the following characteristics 
(Fig.  24.1 ): 

    (a)     Any additional condition that would be classi fi ed as a clean 
contaminated or a contaminated  fi eld (including but not limited 
to stomas)  

    (b)    An enterocutaneous  fi stula  
    (c)    A history of, or an ongoing, mesh or wound infection  
    (d)    A large-sized defect (often de fi ned as >10 cm in diameter)  
    (e)    Loss of domain  
    (f)    One or more recurrences     

 Patients with complex abdominal walls will seek surgical repair for a 
variety of reasons. A surgeon who wishes to approach the repair of a 
complex abdominal wall should be trained in and ready to employ a 
variety of techniques as needed to achieve a good outcome. One technique 
will not be appropriate for every patient, and outcomes will depend on 
the choice of technique as well as mesh implant for each individual 
scenario. 

 Techniques employed, and thus outcomes achieved, will vary 
depending on the patient and the comorbid conditions, the type of hernia, 
and on the skill set of the surgeon. Procedures that may be needed include, 
but are not limited to, the ability to perform extensive adhesiolysis, open 
component releases, endoscopic component releases, small and large 
bowel resections, enterostomies, advancement  fl aps, skin grafts, staged 
repairs, and laparoscopy. Surgeons must be familiar with a variety of 
implantable prosthetic materials, as the appropriate implantable mesh 
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may vary depending on the patient. Materials for complex abdominal 
wall repairs include choosing between the synthetics, the biologics, the 
absorbable materials, or opting to use no mesh at the time. Finally, 
anticipating the aftercare is paramount. Taking on a patient with a complex 
abdomen requires that there be an experienced intensive care unit available 
that is familiar with these patients and their postoperative management. 

   The Evolution of Damage Control Surgery 

 To better understand the complex abdominal wall, it is important to 
identify some of the etiologies (Table  24.1 ). One of the primary reasons 
why surgeons may be seeing an increased number of these complex 
patients is the increasing frequency with which surgeons are using the 
open abdomen technique. The term  open abdomen technique  refers to an 
abbreviated operation, leaving the abdominal fascia open, and creating a 
temporizing abdominal closure.  

 In the late 1970s and early 1980s, reports of improved outcomes in 
coagulopathic trauma patients who had abdominal packing and 
abbreviated laparotomy began to be published  [  1,   2  ] . Dr. Harlan Stone 
et al. described this strategy, “…This technique of initial abortion of 
laparotomy, establishment of intra-abdominal pack tamponade, and then 
completion of the surgical procedure once coagulation has returned to an 
acceptable level has proven to be lifesaving in previously non-salvageable 

  Fig. 24.1.    The complex abdominal wall.       
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situations”  [  3  ] . The technique was further re fi ned in the 1990s and was 
eventually coined “damage control”  [  4–  8  ] . This concept recognized that 
critically ill patients can only tolerate a certain level of insult before 
reaching physiologic exhaustion. In an effort to de fi nitively repair a 
patient’s injury, longer operative procedures only contributed to the 
development of the deadly triad of hypothermia, acidosis, and 
coagulopathy. Damage control surgery is characterized by three distinct 
phases: (1) an abbreviated laparotomy that controls bleeding and 
intestinal contamination, (2) leaving the OR with the abdomen “open” 
and continuing resuscitation with correction of coagulopathy in the ICU, 
and (3) returning to the OR for completion of the de fi nitive operation and 
staged abdominal wall repair  [  7–  10  ] . Although this approach has clearly 
demonstrated improved outcomes, it has resulted in unexpected 
consequences. These patients who previously had not survived now have 
a complex abdominal wall de fi ned as those patients with a planned 
ventral hernia with or without a skin graft, intestinal stomas,  fi stulas, and 
complicated infections. This can also include loss of domain, loss of 
abdominal wall tissue, and/or infected prosthetic mesh.  

   Table 24.1.    Conditions contributing to the complex abdominal 
wall hernia.   

 Intra-abdominal 
  Trauma—damage control 
  Emergency general and vascular surgery 
  Abdominal compartment syndrome 
  Visceral edema 
  Pancreatitis 
  Intra-abdominal sepsis/lack of source control 
  Intestinal  fi stulas, ostomies 
 Abdominal wall 
  Loss of domain 
  Necrotizing fasciitis/loss of abdominal wall tissue 
  Multiple hernia repair and resultant abdominal wall compromise 
  Chronic prosthetic mesh infection 
 Patient comorbidities 
  Smoking 
  Malnutrition 
  COPD 
  Cardiac/PVD 
  Diabetes mellitus 
  Steroid use 
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   Intra-abdominal Hypertension and Abdominal 
Compartment Syndrome 

 Another clinical situation seen with increasing frequency is the use of 
the open abdomen technique for the management of intra-abdominal 
hypertension (IAH) and the prevention and treatment of abdominal 
compartment syndrome (ACS) (Fig.  24.2 ). IAH and ACS lie on a 
continuum of disease process and refer to increasing pressure in the 
peritoneal space that is subsequently transferred to the abdominal viscera. 
The presence of IAH has been shown to be independently associated 
with an increase in mortality  [  11–  14  ] . This clinical situation is often seen 
in those patients requiring massive resuscitation after signi fi cant trauma 
and/or hemorrhage. IAH and ACS are relatively new terms that began to 
be reported in the 1980s and 1990s. In 1984, Kron et al. described four 
patients after AAA repair who developed abdominal distension, oliguria, 
and increasing airway pressures  [  15  ] . These symptoms were relieved 
with abdominal decompression. Since that time, the understanding and 
management of IAH and ACS has continued to evolve and in 2005; the 
World Society of Abdominal Compartment Syndrome met to establish a 
set of treatment guidelines  [  16,   17  ] . These focused on (1) the need for 
early serial intra-abdominal pressure (IAP) monitoring when IAH/ACS 
risk factors are present; (2) improving abdominal wall compliance 
through sedation, analgesia, and/or pharmacologic paralysis; (3) 
evacuating intraluminal contents through nasogastric or rectal 
decompression; (4) evacuating abdominal  fl uid collections via 

  Fig. 24.2.    Abdominal compartment syndrome.       
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percutaneous drainage; (5) correcting positive  fl uid balance through the 
use of hypertonic  fl uids, colloids, and careful diuresis; (6) supporting 
organ function with vasopressors and judicious goal-directed  fl uid 
resuscitation to maintain an abdominal perfusion pressure [calculated as 
mean arterial pressure (MAP—IAP)] of greater than 60 mmHg; and (7) 
early surgical intervention when IAP exceeds 25 mmHg. These guidelines 
highlight the importance of both nonoperative strategies to prevent and 
reduce elevated IAP, as well as early operative intervention for progressive 
organ failure. The treatment for ACS is abdominal decompression, but 
again, these patients are then faced with the morbidity of the open 
abdomen and the possibility of failure to close the fascia in the midline.   

   Other Indications for the Open Abdomen 

 The open abdomen technique has been employed not only for trauma 
but for general surgery patients as well  [  18,   19  ] . In 1981, John H. Duff et al. 
described 18 patients with severe abdominal sepsis treated by leaving the 
abdomen open. The technique allowed for wide abdominal drainage, easy 
access to the abdomen without re-laparotomy, and avoided the complications 
associated with closing an infected wound. Severe pancreatitis has also 
been treated in a similar fashion. In 1986, Dr. Michael Wertheimer described 
his experience with ten patients with necrotizing pancreatitis  [  20  ] . Use of 
the open abdomen technique allowed for optimum wound toilet, prevented 
recurrent episodes of sepsis, was able to be performed at bedside in the 
ICU and was associated with improved outcomes.  

   Intestinal Fistulae, Presence of a Stoma, 
and Infected Mesh 

 Frequently, those patients undergoing damage control in the setting 
of trauma or emergency general surgery develop complications, and one 
of the more morbid is the development of an enterocutaneous or 
enteroatmospheric  fi stula. The treatment of the patient with an enteric 
 fi stula is associated with a signi fi cant resource burden, increasing both 
intensive care unit and hospital length of stay, and signi fi cantly increasing 
hospital charges  [  21  ] . More importantly, they become a signi fi cant 
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burden to the patient who likely requires tedious wound care, long-term 
parenteral nutrition, and frequent bouts of sepsis. 

 The operation to repair an intestinal  fi stula is associated with an 
increased risk of infection, risk of recurrent  fi stulae, and the increased 
risk of hernia recurrence. The key management issues are the eradication 
of sepsis, drainage of any intra-abdominal abscess, local wound control 
of intestinal contents, optimizing nutrition status, and delayed 
reconstruction (Fig.  24.3 )  [  22,   23  ] . Achieving these goals is no easy task, 
and many novel techniques have been developed to aid in the management 
of a  fi stula (Fig.  24.4 ). Restoration of abdominal continuity at the time of 
abdominal wall reconstruction has been demonstrated to be safe and is 
the preferred treatment for enterocutaneous  fi stulas  [  24,   25  ] .   

 Not unlike an enteric  fi stula, just the presence of an ileostomy or 
colostomy can increase operative morbidity during ventral hernia repair. 

  Fig. 24.3.    Intestinal  fi stula complicating the open abdomen  fl ow diagram.       
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In 2009, a multi-institutional trial was undertaken, examining 240 
patients with a complex ventral hernia repair  [  26  ] . The authors 
demonstrated that although ostomy takedown and/or  fi stula takedown 
can be performed at the same time as ventral hernia repair, this was 
associated with an increased risk of hernia recurrence and wound 
infection. The group concluded that if the microbiologic burden is too 
high, the surgeon can consider a staged procedure, performing the ostomy 
takedown, but repairing the ventral hernia at a later date. The use of mesh 
in this clinical situation is controversial as there is a high probability of 
chronic mesh infection (discussed in Chap.   44    ).  

   Patient Comorbidities 

 Smoking has been shown to increase the risk of hernia recurrence 
signi fi cantly  [  27  ] . It is imperative that surgeons insist on abstinence prior 
to undergoing a complex abdominal wall reconstruction. Obesity causes 
increased tension on the abdominal wall, both externally from a large 
panus, and internally from a large visceral mass. This too has been 

  Fig. 24.4.    A “ fl oating stoma” has been created using multiple ostomy wafers to 
create a cylinder around the  fi stula opening and then surrounding the “stoma” 
with a VAC dressing. The VAC will control any spillage and assist with wound 
healing, and an ostomy bag can be placed on the  fl oating stoma to collect 
intestinal contents by dependent drainage.       
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associated with increased risk of wound infection and hernia recurrence 
 [  26  ] . Malnutrition signi fi cantly increases overall patient morbidity and 
mortality, and every effort should be made to optimize a patient’s nutritional 
status prior to tackling their complex abdominal wall  [  28  ] . If the patient 
has a proximal  fi stula or proximal diverting ostomy, this may require long-
term parenteral nutrition. Chronic obstructive pulmonary disease (COPD) 
and diabetes mellitus (DM) have also been identi fi ed as risk factors for 
hernia development and recurrence  [  28  ] . Medications such as corticosteroids 
or chemotherapeutic agents may also inhibit wound healing  [  27  ] .  

   Treatment Options: The Open Abdomen 

 Figure  24.5  refers to a treatment algorithm for closure of the open 
abdomen.  

 Early de fi nitive abdominal closure (EDAC) refers to those techniques 
that result in a de fi nitive repair during the initial hospitalization. Three 
techniques have been described to achieve EDAC: (1) delayed pimary fascial 
closure, (2) fascial bridge closure, and (3) acute components separation. 

  Fig. 24.5.    The closure of the open abdomen in trauma, emergency general, and 
vascular surgery  fl ow diagram.       
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   Delayed Primary Fascial Closure 

 Delayed primary fascial closure refers to the bringing together of the 
patient’s native fascia by maintaining tension on the fascia until visceral 
edema resolves or serially tightening the abdominal wall until closure is 
achieved. Three major techniques to achieve delayed primary fascial 
closure have shown to be safe and effective including vacuum-assisted 
closure devices (VACD), the Wittmann Patch (WP), and dynamic/serial 
fascial tightening with or without the use of temporary mesh. Greater 
than 80% of patient’s will achieve fascial closure using these techniques 
 [  9,   29–  32  ] . Ideally, this is achieved within the  fi rst week after the initial 
operation, as the risk of complications dramatically increases after 
1 week  [  32  ] .  

   Fascial Bridge Closure 

 When delayed primary fascial closure fails, bridging the fascia with 
biologic mesh can be considered  [  9,   26  ] . Occasionally, this type of repair 
will be “de fi nitive,” and the patient will never need another operation. 
However, recent data suggests that the likelihood of abdominal wall 
laxity and recurrent hernia is high  [  33,   34  ] .  

   Acute Components Separation 

 Performing component separation procedure in the acute setting of 
failed primary fascial closure has been described  [  35  ] . However, in the 
setting of ongoing peritonitis, or systemic in fl ammatory response 
syndrome (SIRS), this is not recommended. Moreover, if this procedure 
fails, the surgeon has now lost the chance to perhaps achieve fascial 
closure at a later time when conditions are more optimal.   

   Treatment Options: Planned Ventral Hernia 

 Once it has been determined that the EDAC cannot be performed due 
to either massive visceral edema, loss of domain, and/or loss of abdominal 
wall tissue, the only option left is a planned ventral hernia (Fig.  24.6 ). 
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This technique, described by Fabian et al., involves achieving visceral 
coverage with STSG or skin only closure and returning at a later date to 
 fi x the abdominal wall defect  [  36  ] . Ideally, the abdominal wall 
reconstruction is not performed until 3–12 months after the original 
operation to allow for the development of a “neo-peritoneum” and a 
softening of intra-abdominal adhesions.  

   Treatment Options: Abdominal Wall Reconstruction 

 Abdominal wall reconstruction in the patient with a complex 
abdominal wall requires signi fi cant preoperative planning (Fig.  24.7 ). As 
discussed previously, optimizing nutritional status, smoking cessation, 
adequate blood glucose control, and pulmonary and cardiac clearance 
are essential prior to undergoing this complex operation. Patients need to 
be counseled that they may require time in the intensive care unit, may 
require mechanical ventilation postoperatively, and are at signi fi cant risk 
for perioperative complications  [  37,   38  ] .  

 An important step to remember prior to attempting abdominal wall 
reconstruction is reducing the bio-burden in the operative  fi eld. If  fi stula 
or ostomy output is poorly controlled, or there is a chronically infected 
wound or mesh, a staged procedure may be preferable, or the procedure 

  Fig. 24.6.    Planned ventral hernia.       
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should be delayed. The Ventral Hernia Working Group has helped 
develop a hernia grading system that can assist the surgeon in evaluating 
a patient’s risk for complications  [  39  ] .

    (a)    Grade 1 = low risk. These patients are at low risk for complications, 
having had no history of wound infection and an uncomplicated 
past medical history. By de fi nition, almost none of the patients 
with a complex abdominal wall fall under this category.  

    (b)    Grade 2 = comorbid.    Includes patients who smoke; are obese, 
diabetic, immunosuppressed, and malnourished; and have 
COPD or other factors associated with poor wound healing.  

    (c)    Grade 3 = potentially contaminated. Includes patients who have 
had a previous wound infection, have a stoma or  fi stula present, 
or have violation of the GI tract during their procedure.  

    (d)    Grade 4 = infected. These patients have had gross contamination 
and/or active infection.     

 Although, this grading system still requires validation, it provides a 
resource for surgeons to assist their clinical decision making and counsel 
their patients. 

 The primary goal in reconstructing the complex abdominal wall is 
reapproximating the midline to the greatest extent possible. This 
should be accomplished using component separation when appropriate 

  Fig. 24.7    Abdominal wall reconstruction.       
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 [  33,   39–  41  ] . Our group favors component separation with the use of a 
biologic mesh underlay or onlay to maximize support. The reasoning 
behind the choice of a biologic mesh is that the majority of these patients 
will have multiple risk factors for recurrence and/or surgical site infection. 
Technical details of component separation and other techniques for repair 
of the complex abdominal wall are discussed elsewhere in this book.   

   Conclusion 

 The complex abdominal wall provides a unique challenge for a 
surgeon. Understanding the etiology of this clinical entity, meticulous 
perioperative planning, management of patient risk factors, and a 
systematic approach to the management of these patients will lead the 
best outcomes.      
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       Background on Hernia Mesh for Ventral Repair 

 Ventral hernia repair is a common procedure with over 250,000 
repairs each year in the United States  [  1  ] . Most ventral hernias are 
repaired using tension-free type of repair, but prior to 1970, tension 
(primary suture) repair was common. Due to the high tension and stress 
placed on either side of the defect, this tension-type repair led to many 
complications, such as pain, discomfort, and recurrence  [  2–  8  ] . To reduce 
complications, a mesh that could bridge the defect and/or reinforce the 
abdominal wall was introduced that led to a tension-free type of repair. 
In 1959, Usher and colleagues are credited with the  fi rst modern tension-
free repair when they utilized a synthetic polymeric material, a 
polypropylene mono fi lament mesh known then as Marlex. However, this 
need for reinforcement materials was noted as far back as the 1900s. 
Much earlier, mesh material designs were investigated such as silver 
mesh (1900 and 1940s), tantalum (1948), and stainless steel (1950s)  [  8  ] . 
The problems stemming from these metallic meshes were disintegration 
of the metal, metallic fatigue, and fracture, and thus, metallic meshes 
were discontinued. 

 The utilization of mesh to bridge the hernia defect led to the reduction 
of recurrences and alleviated some complications. Many studies have 
been performed detailing the ability of hernia mesh to reduce compli-
cations and recurrences  [  9–  13  ] . For example, in a study from the 
Netherlands, hernia recurrence with a sutured tissue repair resulted in a 
63% recurrence rate, as opposed to a 32% recurrence rate using a 
prosthetic  [  13  ] . Unfortunately, even with a mesh scaffold, the recurrence 
rates are still very high with the standard ventral hernia repair. For 
example, Luijendijk et al. performed a prospective clinical study that 
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demonstrated an approximate 25% recurrence rate of ventral hernias 
repaired with synthetic mesh within 3 years  [  14  ] . Another study showed 
reoperation rates of 12.3% at 5 years and 23% at 13 years when using 
hernia mesh for ventral repair  [  15  ] . 

 Many of the complications that result when synthetic mesh is used 
are potentially due to the body’s foreign body response. Initially, an 
aggressive foreign body response was touted as necessary since it 
resulted in scar plate formation that, for all intents and purposes, 
reinforced the abdominal wall. However, it has since been discovered 
that this response may also lead to mesh degradation and other 
complications. Numerous studies have shown shrinkage, contraction, 
and distortion of the hernia mesh that have led to pain and recurrence 
 [  16–  20  ] . The use of mesh in ventral hernia repair also presented such 
complications as visceral adhesions, erosion into the bowel, extrusion of 
the repair materials, and infection  [  1  ] . Figure  25.1  displays an explanted 
hernia mesh. Scar tissue, contraction, and distortion of the mesh are 
apparent, which may be due to excess foreign body response, mismatch 
of material-tissue properties, and/or non-inertness of the mesh (oxidation, 
hydrolysis, etc.), which all could be enhanced by particular patient 
demographics  [  16,   17  ] .  

  Fig. 25.1.    Explanted polypropylene mesh.       
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 Surgeons are faced with controversies and a general lack of consensus 
on what type of repair should be reinforced, what type of mesh material 
to use (synthetic vs. biologic), and what type of technique to use for 
repair. To improve the outcome of ventral hernia repair, Breuing and 
colleagues  [  1  ]  developed an algorithm, which provided  fl owcharts for 
treatment considerations for incisional ventral hernia repair. Their 
algorithm took into account the surgical technique (laparascopic vs. 
open), the size of the defect (less than or greater than 2 cm), and patient 
assessment for risk of surgical-site occurrence or hernia recurrence. 
Their group, the Ventral Hernia Working Group, was established to 
evaluate new technologies and techniques in ventral hernia repair. While 
the group did mention mesh materials in a broad sense, detailed 
algorithms are also needed for choosing the “best” hernia mesh for the 
patient. 

 Today’s mesh can be broadly classi fi ed as synthetic, biologic, or 
resorbable. This chapter will not address the biologic hernia mesh but 
will investigate the state of the current permanent synthetic and resorbable 
synthetic mesh.  

   Current Mesh Materials 

 An ideal mesh for laparoscopic ventral hernia repair would elicit the 
correct physiological response such as no adhesion formation on the 
visceral side, no infection, no allergic or hypersensitivity reaction, limited 
foreign body reaction, and adequate biocompatibility to recapitulate 
tissue. But the mesh material would ideally also possess certain engineering 
properties such as strength, ease of handling, proper mechanical strains 
(similar to the abdominal wall), be sterilizable, be inert to body and tissue 
 fl uids, and be capable to be fabricated in different forms (knits, 
mono fi laments, etc.). Unfortunately, there will never be an ideal mesh 
because of the complex and variable interactions between the various 
types of mesh and the complex characteristics and responses presented by 
different groups of patients. However, using the principles of complexity 
science, it should be possible over time to make better and better mesh 
decisions for various techniques and patient groups (clusters). 

 The three main types of hernia mesh materials are polypropy-
lene, polyethylene terephthalate, and    expanded polytetra fl uoroethylene 
(ePTFE). Polypropylene is a semicrystalline material with hydrophobic 
tendency. Typically polypropylene  fi bers are extruded and then are 
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woven or knitted into particular mono fi lament or multi fi lament designs. 
These designs dictate the overall mechanical strength and strain of the 
mesh. Initially, most polypropylene hernia mesh utilized a small, 
dense pore design. These “heavyweight mesh” had small pores and a 
surface area greater than 90 g/m 2  area of material, which resulted in an 
intense foreign body response. The resulting rigid scar plate formed due 
to granuloma bridging between the small pores. Numerous clinical 
problems such as mesh extrusion and bowel  fi stulas, which have 
occurred with heavyweight polypropylene, have been well documented 
in literature  [  21  ] . 

 To reduce the foreign body response and granuloma bridging  [  22  ] , 
mid- and lightweight polypropylene mesh with larger pores (>1 mm), 
and smaller  fi laments were designed that still could withstand the intra-
abdominal pressures but also would have less material per square meter. 
While clinical evidence has demonstrated that the ef fi cacy of most 
lightweight meshes are an improvement over the heavyweight mesh in 
some patient groups and clinical uses, granulomas and scar tissue 
formation may still occur  [  23  ] . Additionally, lighter weight mesh with 
larger, open pore design may suffer from premature failure due to mesh 
displacement or rupture  [  24  ] . 

 Polyethylene terephthalate, commonly known as PET or polyester, is 
another popular hernia mesh. Like polypropylene, PET can also be 
extruded into synthetic  fi bers wherein it can be woven into a variety of 
mesh designs; PET is also less hydrophobic than polypropylene. Clinical 
evidence has also shown a considerable in fl ammatory reaction with gross 
tissue ingrowth into the macroporous interstices of the mesh, causing 
variable degrees of scar formation. To mitigate some of the in fl ammatory 
response and ingrowth potential when placed in contact with the viscera, 
coated PET mesh became available (Table  25.1 ).  

 Polytetra fl uoroethylene (PTFE) is a  fl uorocarbon-based polymer and 
is a commonly utilized mesh material. Unlike polypropylene and PET, 
PTFE is extremely hydrophobic and one of the most chemically inert 
polymers. Also utilized as a hernia mesh material is ePTFE, which is 
produced by stretching a sheet of PTFE, creating micropores. 
Unfortunately, clinical data has shown that the microporous structure 
results in poor integration and scar tissue formation, resulting in mesh 
contraction and shrinkage  [  25  ] . To allow better tissue integration, PTFE 
mesh is available in an open macroporous, mono fi lament design (In fi nit ®  
by W.L. Gore and Associates). Another macroporous PTFE mesh is 
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MotifMESH™ (Proxy Biomedical). Because these mesh are macroporous, 
neither of these products are designed for intraperitoneal use. 

   Coatings 

 Because of the adverse effects noted clinically with some of the 
uncoated mesh materials, newer designs have incorporated coatings. 
These meshes are sometimes noted as barrier mesh and are considered 
the “second-generation” mesh, with the goal of providing a protective 
layer to prevent adhesion to the intraperitoneal contents. There are many 
meshes on the market that have been coated with absorbable or permanent 
coatings in order to reduce the severity of the in fl ammatory response, 
reduce adhesions, and lead to less  fi brosis and contraction of the mesh 
 [  26  ] . Table  25.1  provides a partial list of some of the currently available 
coated mesh. 

 Studies have shown that these coatings help reduce adhesions and the 
severity of the in fl ammatory response. While the short-term outcome is 
promising, clinical evidence has also shown that some of the coatings are 

   Table 25.1.    A partial list of commercially available coated mesh.   

 Brand  Coating/mesh 

 C-Qur (atrium)  Omega-3 fatty acid over lightweight 
polypropylene 

 Parietex composite (covidien)  Collagen-polyethylene glycol-glycerol over 
PET 

 Proceed (ethicon)  Oxidized regenerated cellulose over 
polypropylene encapsulated by 
polydioxanone 

 Sepramesh IP composite (Bard)  Hydrogel layer (sodium hyaluronate, 
carboxymethylcellulose, polyethylene 
glycol) over polypropylene co-knitted 
with polyglycolic acid  fi bers 

 Ti-Mesh (Biomet, Inc.)  Covalently bonded titanized surface over 
polypropylene (light- to medium weight) 

 PolyPro Mesh (STS)  Polyether urethane urea over polypropylene 

  It should be noted that some have microporous coatings which are designed for intra-
abdominal placement and others (Ti-Mesh and PolyPro Mesh) are macroporous and 
could induce bowel erosion if place in the peritoneal cavity  
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unstable over time and disintegrate, thus potentially leaving the 
underlying material susceptible to adhesion formation and materials 
degradation  [  27  ] . Durable, longer-lasting coatings are needed for better 
long-term clinical outcomes.  

   Resorbable Mesh Materials 

 An alternative to permanent synthetic mesh are the resorbable mesh. 
Resorbable mesh is attractive due to their reduce risks of adhesion 
formations and absence of long-term foreign body responses. The 
resorbable mesh is typically composed of copolymerized forms of 
polylactic acid, polyglycolic acid, polyglactin, and/or polycaprolactone. 
The challenge for absorbable mesh is the degradation rate; too fast of 
degradation could result in loss of mesh strength, resulting in recurrences. 
Too slow of degradation could result in long-term foreign body responses. 
While the number of resorbable mesh on the market is few, a new mesh 
currently on the market is TIGR Matrix surgical mesh (Novus Scienti fi c). 
TIGR mesh knits two polymers with different resorbable rates, a fast 
and a slow degradation rate, so that that strength and integrity of the 
mesh is secured while reducing in fl ammatory response. Another recently 
available resorbable mesh is GORE BIO-A (W.L. Gore). This resorbable 
synthetic has a faster resorption pro fi le and is microporous compared 
with TIGR matrix mesh. While resorbable mesh may not be applicable 
to every hernia procedure, there may be some procedures where 
resorbable mesh will be the mesh of choice.   

   Choosing the Best Mesh 

 While polypropylene, PET, and PTFE make up the majority of current 
hernia mesh materials, there are over 80 different types of hernia mesh 
available  [  1  ] . Given that the properties of the mesh can vary considerably, 
choosing the best mesh for a particular patient population and/or 
procedure can be confusing. Thus, it is not surprising that investigators 
have performed controlled prospective and retrospective case studies in 
order to formulate different algorithms and suggestions of mesh usage 
 [  28  ] . Unfortunately, there are some inherent concerns with these studies 
in that there is usually not enough patient data to support the given 
recommendations  [  1  ] . 
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 Since not all hernias are alike and they can differ signi fi cantly in size 
and complexity, the choice of mesh should be based on risk of adhesions, 
risk of infections, surgeon familiarity, cost, and patient characteristics. In 
particular, patient characteristics such as BMI, diabetes, tobacco use, 
second surgeries, previous hernias need to be considered. For example, 
in an unpublished study performed by our group, polypropylene mesh 
explanted from high BMI patients have shown more adverse foreign 
body reaction than mesh explanted from low BMI patients. Studies that 
take into account patient demographics need to be performed in order to 
fully characterize patient-material effects and eventually be utilized to 
develop algorithms that match the best mesh for a particular patient 
population. 

 From a materials point of view, the best mesh would be one where the 
engineering properties of the mesh matches the engineering properties of 
the abdominal wall. For example, the tensile strength and strain of the 
mesh material should be equivalent to that of the abdominal wall. 
Excessive tensile strength or overengineered mesh materials may 
decrease mesh  fl exibility and compliance, which can result in excessive 
in fl ammation and scarring. A mesh that is too rigid and is implanted in 
compliant abdominal tissue, for example, could incite severe in fl ammatory 
responses. Thus, the abdominal wall biomechanics need to be well 
understood as well as the mechanics of the mesh materials in order to 
design optimal mesh implants for hernia repair. 

 Many studies have investigated the abdominal wall biomechanics 
 [  29  ] . For example, force-elongation response of human abdominal wall 
was recently determined using tensile tests  [  29  ] . When applying an 
approximately 20 kPa of abdominal pressure, a corresponding biaxial 
force of about 3.4 N/mm in the transverse and 1.5 N/mm in the 
longitudinal direction occurs along with a compliance ratio of about 2:1 
between the longitudinal and transversal directions. When applying a 
transverse and longitudinal strains both in the order of 6%, the authors 
also determined that Young’s modulus in the transversal direction was 
about 50 kPa while the Young’s modulus was about 20 kPa in longitudinal 
direction. Studies like these can help develop mathematical models of 
the abdominal wall which will assist in optimal mesh design. 

 There have been many studies that have investigated mesh material 
properties  [  30  ] . A recent study by Deeken et al.  [  30  ]  investigated 
physicomechanical properties of polypropylene, PET, and PTFE hernia 
mesh. While most of the mesh materials are overengineered, signi fi cant 
differences in mechanical properties were found in relation to orientation 
of the mesh, which highlights the need to understand mesh design, 
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particularly the weave of the mesh. The design of the weave will dictate 
the shape of the interstices and thus in fl uence the overall mechanical 
properties and ultimately, the foreign body response. While there are 
numerous weave designs for hernia mesh that display hexagonal pores, 
square pores, irregular pores, triangulated pores, etc., there has been 
surprisingly little scienti fi c evidence in predicting which mesh weave 
would elicit better clinical results. The lack of studies has resulted in a 
plethora of mesh designs. In addition, the weave design will impart either 
isotropic or anisotropic properties of the mesh. Isotropic mesh designs 
display equal mechanical properties in any direction of applied stress, 
while anisotropic mesh display different mechanical properties depending 
upon the direction of applied stress. Anisotropic mesh design results in a 
mesh that is stronger in one direction than in the other so that it may be 
possible to initiate different complexities of the foreign body response. 
In addition, when stress is applied to mesh (such as coughing, jumping), 

   Table 25.2.    Mesh-tissue response.   

 Mesh physical characteristics  Noted tissue responses 
 Interstices greater than 75  m m  Allows passage of macrophages, 

 fi broblasts, blood vessels; reduces risk 
of infection 

 Interstices less than 10  m m  Leads to rigid scar plate formation due to 
granuloma bridging; restricts passages 
of macrophages that may lead to 
infection 

 Interstices less than 1.00 mm  Leads to rigid scar plate formation 
 Density (heavyweight vs. 

lightweight) 
 A more severe foreign body reaction (FBR) 

is noted with heavyweight mesh 
 Tensile strengths of synthetic mesh  Almost all mesh are overengineered, 

causing compliance mismatch between 
the mesh and tissue that can result in 
enhanced FBR 

 Strains at physiological loads  Mesh with less strain than tissue can result 
in enhanced FBR 

 Coating or composite type of 
coating 

 Initial FBR is reduced, adhesions reduced, 
but long-term performance needs to be 
characterized 

 Filament diameter (smaller diameter 
 fi laments have more compliance, 
 fl exibility) 

 Less FBR with smaller diameter  fi laments 
but too small of  fi laments may lead to 
breakage 

 Isotropic or anisotropic behavior of 
mesh (based on weave) 

 Tissue response of different mesh designs 
has yet to be investigated 

 Pore design (hexagonal pores, 
square pores, etc.) 

 Tissue response of different mesh designs 
has yet to be investigated 
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the mesh can change shape dramatically depending upon the weave, 
which can lead to enhanced in fl ammatory and foreign body response. 
Modeling of weave designs in conjunction with the biomechanics of the 
abdominal wall could possibility lead to better mesh designs and thus 
better clinical outcomes. Table  25.2  summarizes some of the engineered 
mesh materials factors that may in fl uence tissue response.   

   Future of Hernia Mesh Materials 

 For all intents and purposes, the goal of hernia mesh is to bridge the 
hernia defect while providing the mechanical strength and  fi xation which 
is important for repair. An ideal mesh would match the mesh material 
properties to that of the tissue while eliciting favorable tissue responses 
and avoiding any material changes/degradation (shrinkage, oxidation, 
etc.). Unfortunately, such a mesh does not currently exist. Added to the 
challenge of designing an optimal mesh is patient response to mesh 
materials may be different. Implementing continuous quality improvement 
projects would help in deciphering the optimal mesh design parameters 
as well as targeting particular patient populations. Until an optimal mesh 
can be designed, surgeons will have to rely on their own clinical 
experiences in choosing the best mesh for their patients.      
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        26. Biologic Prosthetics: What Are 
They and How Do They Interact 
with the Body?       

     Gina   L.   Adrales         and    Elizabeth   Honigsberg        

     Biologic mesh was developed to address the shortcomings of 
permanent synthetic mesh, such as chronic in fl ammation and foreign 
body reaction, stiffness, and mesh infection. Since the introduction of 
biologic prosthetics, the market has been rife with new biologic materials 
attached to largely unsupported claims of superiority and safety. 
Although the status of literature on biologic mesh is improving, the 
current data are comprised mainly from animal studies and level III 
evidence. Over the last decade, surgeons have utilized biologic mesh in 
a variety of cases including primary and recurrent hernia repair, hernia 
prophylaxis, and the most widely used application, hernia repair in the 
contaminated  fi eld. The following chapter reviews the origin, structure, 
and mechanics of biologic mesh and concludes with the current 
indications and shortcomings of biologic prosthetics. 

   Biologic Prosthetics 

   Material Source 

 First introduced in 1999, biologic prosthetics have been implemented 
broadly by the surgical community, particularly for complex abdominal 
wall hernia repair. Bioprosthetics are designed to be acellular, absorbable, 
three-dimensional extracellular matrices of largely type I collagen, 
elastin, proteoglycans, and growth factors  [  1  ] . Biologic meshes are 
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derived from a variety of collagen-rich sources that differ by donor 
(human, porcine, bovine) and by site (dermis, intestinal submucosa, and 
pericardium). Biologic meshes are characterized broadly as allografts 
(human cadaver source) or heterografts/xenografts (bovine and porcine 
sources). Xenografts are regulated by the Food and Drug Administration 
(FDA), whereas allografts are largely regulated by tissue banks  [  2  ] . 
Thirteen FDA-approved products currently are available for use and are 
classi fi ed according to source material and processing (Table  26.1 ).   

   Material Processing 

 Although the basic construct of biologic mesh as a collagen scaffold 
is shared by various brands of biologic mesh, the processing of the mesh 
varies widely. Generally, allografts are minimally processed whereas 
xenografts require additional processing to inhibit immunogenicity  [  3  ] . 
Mesh manufacturing is a largely proprietary process, and as such, speci fi c 
details regarding methods for decellularization, cross-linking, and 
sterilization are often unclear (except what is contained in published 
patents). Additionally, the sources of human dermis, in terms of donor 
age and body part, are uncertain. However, each company may have 
different criteria for acceptable tissue. 

 The tissues are procured and treated to remove cellular elements, 
leaving the biologic mesh collagen scaffold. The cells are removed from 
the grafts by various methods: physical means such as desiccation, 
chemical processes, or enzymatic reactions. Some of the products are 
terminally sterilized while others are not, resulting in variations in storage 
and pre-use hydration requirements. Sterilization options include gamma 
radiation, ethylene oxide, or hydrogen peroxide. 

 Natural cross-links of hydrogen bonds stabilize the triple helix 
collagen structure present in bioprosthetics against enzymatic degradation 
by collagenase. These natural cross-links weaken with time, permitting 
binding of the collagenase at the receptor level and breakdown of the 
collagen. This allows for remodeling and repair of the tissue. Ideally, 
the collagen scaffold of the biomaterial should not degrade fully before 
the host can adequately remodel the site with ingrowth of host cells. 
To address the major shortcoming of biologic mesh, namely, premature 
degradation and subsequent weakness and laxity, some manufacturers 
elect to intentionally crosslink the mesh through chemical processing to 
prevent collagenase binding at the enzyme receptor. This results in 
supraphysiologic levels of covalent collagen cross-linked bonds with the 
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goal of creating a more durable biomaterial  [  3  ] . Whereas un-cross-linked 
biologic mesh may degrade within months, highly cross-linked mesh 
may persist for years  [  4–  6  ] . In a rodent model of ventral hernias, Gaertner 
demonstrated the durability of cross-linked biologics compared to non-
cross-linked bioprosthetics  [  7  ] . At 6 months, the cross-linked meshes 
were grossly intact, whereas the non-cross-linked mesh was absent. This 
correlated with signi fi cantly decreased tensile strength of the non-cross-
linked meshes. 

 Intentional cross-linking may decrease mesh degradation and 
 fi broblast encapsulation but could also adversely alter the extracellular 
matrix structure to limit cell in fi ltration and negatively impact the 
remodeling process and reduce ingrowth  [  3,   8  ] . Liang et al. demonstrated 
that a higher degree of cross-linking in bovine pericardium was associated 
with persistence at 1 year after implantation but also limited cell 
in fi ltration with tissue regeneration restricted to the periphery of the 
mesh  [  9  ] . Decreased cell in fi ltration may have negative consequences 
such as reducing angiogenesis, mesh incorporation, and resistance to 
infection  [  9  ] . It is important to note that these effects will vary between 
various patient clusters and cannot yet be predicted for each individual 
patient.  

   The Biology of Biologic Mesh 

 The structure of biologic mesh is meant to favor prosthetic 
incorporation. Biologic meshes demonstrate superior biocompatibility 
as compared to synthetic meshes  [  10  ] . Native tissue growth into the 
bioprosthesis theoretically contributes to the strength of the biomaterial. 
Unlike synthetic mesh, the acellular scaffold of collagen, elastin, and 
extracellular matrix contains residual growth factors that ideally will 
attract host endothelial cells and  fi broblasts. The porosity of the biologic 
graft permits migration of host cells and adherence, promotes 
angiogenesis, and allows collagen deposition and remodeling to replace 
the graft with host tissue. As described by Melman et al., remodeling is 
characterized by six factors: cellular in fi ltrate, individual cell types, 
neovascularization, extracellular matrix deposition, scaffold degradation, 
and  fi brous encapsulation  [  10  ] . Graft degeneration must be balanced 
with native tissue ingrowth as the host response to the biologic graft can 
either result in integration of the mesh or a disproportionate in fl ammatory 
response leading to excessive  fi brosis and scarring, mesh encapsulation, 
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and excessive mesh degradation, all of which ultimately leads to mesh 
failure  [  11  ] . 

 In fl ammation and wound healing are critical to the integration of 
biologic prostheses with host tissue  [  12  ] . Monocytes and macrophages 
are the key cells in this process. Various cytokines are involved including 
IL-1 b  that stimulates  fi broblast proliferation, IL-8 that stimulate both 
neutrophils and endothelial proliferation, and VEGF that promotes 
angiogenesis. Cytokine expression varies depending on the implanted 
bioprosthesis. Biologic mesh is designed to elicit a minimal chronic 
in fl ammatory response. Animal studies have shown, however, that the 
in fl ammatory in fi ltrate and subsequent adhesion formation to the 
biomaterial vary from mesh to mesh  [  13  ] . Orenstein et al. demonstrated 
that AlloMax (CR Bard) induced the greatest expression of VEGF, IL-8, 
and IL-6 compared to AlloDerm (LifeCell), FlexHD (MTF), and Gore 
BioA (W.L. Gore) in an in vitro study. Interestingly, AlloDerm was the 
lowest inducer of cytokines  [  12  ] . The difference in immunologic response 
is most likely related to differences in the processing and/or sterilization 
of the different biologic grafts. The inconsistent host in fl ammatory 
response to individual bioprostheses has clinical implications, as other 
authors have demonstrated variable levels of mesh degradation in animal 
models, with durability of some materials at 9 months postimplantation, 
while others undergo signi fi cant degradation  [  14  ] . Mesh degradation 
ultimately correlates with mesh strength, critical in the setting of 
abdominal wall defect repair. 

 As previously noted, cross-linking also affects the remodeling 
process. Animal models of abdominal wall hernias have demonstrated 
that in the short-term, non-cross-linked biologic grafts stimulate more 
favorable remodeling factors with signi fi cantly increased earlier cellular 
in fi ltration, extracellular matrix deposition, and neovascularization  [  3, 
  15  ] . However, over time, cross-linked biologic meshes showed similar 
histological results as compared to the non-cross-linked materials. 
Additionally, these early histologic differences did not correlate with 
signi fi cant differences in the tensile strength of the mesh repair, regardless 
of cross-linking. 

 Biologic prostheses are thought to be resistant to infection due to 
neovascularization during the remodeling process. However, the ability 
to clear bacteria is variable among biologic prostheses. In a rodent model 
of infected hernia repair, non-cross-linked biomeshes demonstrated 
signi fi cantly higher rates of bacterial clearance than cross-linked meshes 
 [  16  ] . Cross-linking may prevent  fi broblast in fi ltration and tissue ingrowth, 
thus retarding the host’s ability to clear bacteria. This  fi nding was 
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supported in a retrospective review of patients undergoing complex 
ventral hernia repair: cross-linked porcine biomeshes showed relatively 
higher rates of infection and subsequent explantation compared to non-
cross-linked meshes  [  17  ] . This contradicts the widely held belief that all 
biologic grafts do not need to be removed if infected.  

   Current Indications 

 The theoretical advantage of biologic mesh over synthetic mesh in 
certain clinical situations has appealed to surgeons, mostly in the United 
States. These meshes are not yet widely favored in Europe and elsewhere 
in part due to the high cost of the biologic mesh over its cheaper and 
more widely applicable synthetic mesh counterpart. Biologic prostheses 
have been utilized as biologic dressings, maxillofacial reconstruction, 
breast reconstruction, and in various challenging surgical scenarios, 
including complex abdominal wall reconstruction and management of 
enterocutaneous  fi stulas  [  1  ] . 

 The use of biologic mesh in primary or recurrent ventral or inguinal 
hernia repair in the uncontaminated and previously uninfected  fi eld is 
dif fi cult to justify due to the high material cost without obvious added 
bene fi t. There is very little data regarding the performance of biologic 
mesh in these settings. The poor performance of the mesh in terms of 
laxity in a bridging repair makes this an unacceptable repair in the 
uncontaminated setting. Blatnik et al. documented a recurrence rate of 
80% for bridging repair with acellular dermal matrix at an average cost 
of $5,100 per patient, comparing the repair to an “expensive hernia sac.” 
 [  18  ]  The laxity associated with biologic mesh has been documented in 
other series  [  19  ] . 

 The use of allograft or xenograft as reinforcement of a primary ventral 
hernia repair is felt to be a more sound approach. This  fi ts with what we 
know of the science of biologic meshes in that placement in well-
vascularized tissue is favorable for the ingrowth and remodeling process. 
Rosen’s group at Case Western investigated this and found a reduction in 
ventral hernia recurrence rate with a components separation midline 
repair reinforced with acellular dermal matrix (20%) compared to the 
80% recurrence after bridging allograft repair  [  20  ] . 

 The presence of contamination may limit the applicability of 
permanent synthetic mesh in some hernia repairs. Biologic mesh may be 
acceptable for this purpose or for placement in open wounds as a staged 
closure in complex abdominal wall reconstruction. There is limited data 
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in both of these areas, with some noting a high risk of hernia recurrence 
and associated infection. The data is mostly limited to animal models 
and case series  [  21,   22  ] . However, the lack of suitable alternatives has 
made biologic mesh attractive for contaminated  fi eld hernia repair. 

 The role of biologic mesh has been explored in prevention of 
parastomal hernias with promising results  [  23  ] . Biologic mesh has also 
been used in the treatment of parastomal hernias where infection is a 
concern  [  24  ] . With increasing reports of prophylactic synthetic mesh 
placement at the time of ostomy construction, the use of biologic mesh 
in this preventative setting may decline  [  25,   26  ] . 

 Biologic mesh has been utilized in the reinforcement of paraesophageal 
hernia repair. The randomized controlled trial of mesh repair for 
paraesophageal hernia lead by Oelschlager is one of the only level I 
human studies of biologic mesh  [  27  ] . This study showed a decreased risk 
of hernia recurrence with mesh repair, from 24 to 9%. The recommendation 
for mesh reinforced hiatal repair is made with some caution; signi fi cant 
mesh complications, ranging from mesh erosion to esophageal stenosis 
and  fi brosis as well as a recurrence rate closer to that of the non-mesh 
group, were documented in a follow-up study  [  28  ] .  

   Limitations 

 Biologic mesh materials have not escaped the complications often 
associated with synthetic mesh, such as infection and hernia recurrence 
 [  2,   28–  30  ] . There are also additional limitations unique to this group of 
prosthetics. Concern exists over the potential for disease transmission with 
the use of biologic mesh  [  1  ] . Although these materials are processed and 
often sterilized, there are reported cases of transmission of prion-related 
disease from allografts. There are no reported cases of HIV transmission, 
although the risk of HIV transmission is estimated at one in 1.67 million 
 [  1,   31  ] . Despite processing to decellularize biologic mesh, DNA fragments 
have been shown to remain in tested samples  [  32  ] . This could have other 
implications regarding heterografts and the host immune response. 

 Another disadvantage is the signi fi cant cost of biologic mesh materials. 
In general, these grafts cost ten times more than the synthetic equivalent, 
although heterografts on average cost 20% less than allografts  [  1,   2  ] . 

 Finally, an often overlooked consideration is the impact of cultural or 
religious beliefs on patients’ acceptance of biologic grafts. The source 
and processing of the biologic mesh should be considered and discussed 
with the patient in the process of informed consent  [  33  ] .   
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   Conclusion 

 In summary, biologic grafts represent a major advancement in 
complex hernia repair. Further investigation regarding the appropriate 
indications and performance of the grafts based on individual properties 
such as cross-linking is needed. Given the high cost of most of these 
materials and the limited available data, biologic mesh should be used 
judiciously and only when permanent synthetic mesh is deemed 
inappropriate, such as in the contaminated  fi eld. The FDA reported 
complications of these materials, such as visceral erosion, warrant 
caution, and sound surgical judgment  [  2,   29,   30  ] .      
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        27. Open Component Separation 
for Abdominal Wall Reconstruction       

     David   Earle           

       The occurrence of ventral hernia as a sequence of abdominal section 
is so common that it should command our thoughtful consideration. 
B. Brindley Eads, M.D. 1901   

 Reconstructive surgery has been de fi ned as trying to make something 
abnormal normal. This is in contrast to cosmetic surgery, the goal of 
which is to make something normal, better—at least in the eyes of the 
beholder. It is important to note that there is no consensus on a single 
de fi nition of abdominal wall reconstruction, although many use this term 
to refer to complex abdominal wall hernia repairs that involve some sort 
of component separation technique as part of the procedure. Complex 
ventral hernia repair has been an underestimated disease by surgeons and 
patients alike for years, unless you happen to be the patient or surgeon 
facing such a daunting task. This sentiment was speci fi cally noted in the 
closing remarks of the discussion of an article about incisional hernia 
repair in 1978 by Dr. Harold Harrower from Providence, Rhode Island, 
who stated, “Junior house of fi cers tend to underestimate the complexity 
of incisional hernia repairs. Supervision by senior surgeons improves 
their understanding of the problem and the results”  [  1  ] . Local abdominal 
wall musculoaponeurotic  fl aps have been utilized as far back as 1894 
when Gerseny of Vienna described splitting the rectus fascia  [  2  ] . Charles 
Gibson suggested that these local  fl aps are only intended for dif fi cult 
cases that “would have been denied operative relief or subjected to some 
procedure of doubtful value, such as the implantation of a  fi ligree”  [  3  ] . 
Ramirez described “separation of components” in 1990 as a potential 
solution to repairing large ventral hernias  [  4  ] . His primary goal was to be 
able to mobilize  fl aps of the musculoaponeurotic abdominal wall such 
that they could possibly be reapproximated, or reconstructed. What he 
did not take in to account in his manuscript were the short and long term 
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physiologic issues associated with this. The anterior  fi bers of the external 
oblique muscles, acting bilaterally, are responsible for trunk  fl exion. This 
action pulls the midline from both sides, in essence pulling the linea alba 
“apart.” After an external oblique “release,” at least in the short term, the 
absence of the force of the external oblique muscles creating tension on 
the midline closure may serve as one mechanism for successful healing 
of the midline repair. 

    In addition, there is no mutually agreed upon de fi nition of “component 
separation” save for the fact that some of the aponeuroses, muscles, or 
overlying sheathes of the abdominal wall are in some way divided and/
or mobilized to enable closure of the defect. All muscles and aponeurosis 
have been mobilized in some way, and many series do not even have a 
single method of reconstruction, variably utilizing a variety of prosthetics 
in a variety of locations within the abdominal wall, making comparisons 
of outcomes nearly impossible  [  5,   6  ] . 

 Additionally, it appears that the external oblique is the least important 
of the  fl ank muscles in terms of respiratory assistance based on 
electromyography studies  [  7,   8  ]  and lumbar spine support  [  9  ] , making 
this a logical choice for division and separation as part of an abdominal 
wall reconstruction. 

 This chapter will focus on separation of the external oblique muscle 
with detachment of its medial insertion just lateral to the rectus muscle, 
combined with posterior rectus sheath mobilization. This is currently the 
most widely practiced method for component separation utilized for the 
purpose of a midline abdominal wall reconstruction. For the remaining part 
of this chapter, the term component separation (CS) will refer to release of 
the external oblique and posterior rectus sheath as described above. 
Additionally, prosthetic-related issues such as type and placement are 
beyond the scope of this chapter and are discussed elsewhere in this book. 

   Indications and Relative Contraindications 

 It is important to note that a component separation technique is only one 
technical part of an abdominal wall reconstruction. Other technical 
components of an abdominal wall reconstruction include suturing technique, 
prosthetic use and placement, management of the excess skin and 
subcutaneous tissue, and management of concomitant procedures such as 
gastrointestinal and gynecological procedures to name a few. In general, the 
indications for utilizing a component separation technique should be based 
on the aligned goals of the patient and surgeon, anatomic details of the 
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hernia (size, shape, and location), and the clinical scenario (medical history, 
urgency of operation). While there are exceptions to every rule, this technique 
should be utilized when there is a signi fi cant deformity of the abdominal, 
and correction of that deformity is important to the patient. In general, it is 
appropriate to consider CS as part of an abdominal wall reconstruction 
when there is a medium to large size defect (Fig.  27.1 ), reduction of the 
viscera is feasible (not limited by obesity or loss of domain), and the patient 
is not actively smoking. A list of factors associated with the decision making 
about abdominal wall reconstruction utilizing CS is listed in Table  27.1 .   

 Clinical examples of when you may not want to perform CS as part 
of the operation include morbid obesity with a large defect and no major 
deformity. This is particularly true if the fat distribution has a signi fi cant 
visceral component, making reduction of the viscera with complete 
closure of the midline tenuous or not possible. Currently, there is no way 
to determine this other than looking at the patient and/or a CT scan of the 
abdomen and estimating whether or not the viscera will  fi t inside a closed 
abdominal wall. Component separation generally requires the tissues to 
heal together, and active smoking is known to increase wound 
complications and reduce healing and would be considered a relative 
contraindication in a completely elective setting  [  6  ] .  

  Fig. 27.1.    Sizing the hernia defect. Midline hernia defects are measured as the 
gap between the medial borders of the rectus muscles as one defect, regardless of 
the size and number of hernia sacs seen on the physical examination. This may 
be accomplished with physical examination alone or with CT scanning depending 
on the clinical scenario. Small (<5 cm), medium (5–10 cm), and large (>10 cm) 
defects are based on the width between the rectus muscles, not the length of the 
defect. Component separation should usually be done for medium-sized defects 
where deformity is a signi fi cant problem, or avoidance of a permanent synthetic 
prosthesis is desired for infectious related concerns. Most large defects should be 
repaired with the assistance of a component separation technique, unless limited 
by obesity or active smoking.       
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   Technique 

 The concept is straightforward, but there are clearly some technical 
pitfalls and pearls that are important to a successful outcome. The steps 
of this procedure are (in no particular order):

   1.     Division of the medial attachment of the external oblique muscle 
only (lateral to the rectus abdominis muscle)  .

   2.    Separation of the internal and external oblique muscles  .
   3.    Mobilization of the posterior rectus sheath  .
   4.     Midline closure (commonly performed with closure of the 

posterior rectus sheath, followed by closure of the linea alba/
anterior rectus sheath to approximate the rectus muscles).     

 The order of the procedures will depend on the operative plan, which 
in turn depends somewhat on the goals of the operation. For example, if 
there is signi fi cant excess skin and subcutaneous tissue from a large 
hernia sac and/or signi fi cant weight loss, this is often excised as part of 
the operation to avoid problems with postoperative seroma, excessive 
tension on the closure due to the weight of the excess tissue, and persistent 
abdominal wall deformity. If this portion of the operation is being done 
 fi rst, then the incision for this will dictate exposure for the external oblique 
release. In the case where the incision for this will allow fairly easy access 
to the full length of the medial attachment of the external oblique, this 
portion of the CS can be performed through the existing incision. In the 
case where the incision is not enough to allow proper exposure, large skin 

   Table 27.1.    Indications and relative contraindications for utilizing component 
separation techniques.   

 Indications 
 Relative contraindications 
(precautions) 

 Defect size medium to large  X 
 Deformity signi fi cant  X 
 Patient desires correction of 

deformity 
 X 

 Obesity—limiting reduction 
of viscera 

 X 

 Active smoking  X 
 Active infection  X 

  In general, most of the indications should be present, and as many as possible relative 
contraindications should be absent. Combined excision of excess skin and subcutane-
ous tissue may also be employed, and nicotine testing can con fi rm smoking cessation. 
Control of infection preoperatively is best when possible  
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 fl aps from the midline incision or laterally based vertical  fl aps or “tunnels” 
can be utilized for proper exposure. If excess skin excision is not being 
performed, then large skin  fl aps from a midline incision or transverse 
laterally based incisions will be required for exposure of the external 
oblique medially. It is important to note that the blood supply to the skin 
of the abdominal wall comes from the laterally based intercostal, 
subcostal, and lumbar arteries, and medially based deep inferior and 
superior epigastric arteries, along with direct branches of cutaneous 
vessels from the circum fl ex iliac and super fi cial epigastric networks  [  10  ] . 
These perforator sparing have been utilized to reduce wound complication 
rates, primarily related to tissue ischemia and infection. 

   Open Exposure of the External Oblique 

 When gaining exposure to the anterior abdominal wall for the external 
oblique release, preservation of as much of the blood supply as possible 
is important to avoid wound complications. Raising large  fl aps of skin 
from a midline incision was originally described and has been associated 
with signi fi cant wound morbidity. Sparing the periumbilical perforators 
(based on the deep epigastric network) is advantageous to reducing 
ischemia of the wound edges, which in turn reduces wound complications. 
This can be accomplished with transverse incisions in the lateral 
abdomen, through which laterally based vertical  fl aps (lateral to the 
periumbilical perforators) are raised to expose the medial border of the 
external oblique along its length. Lighted retractors or a laparoscope can 
be used to assist in lighting and retraction. Alternatively, if there is the 
need for a long, inferior transverse incision to excise excess skin, 
subcutaneous tissue, and hernia sac, laterally based vertical  fl aps can be 
made from below, also using lighted retractors or a laparoscope as needed 
for lighting and retraction. These techniques are collectively referred to 
as “perforator-sparing” CS techniques.  

   External Oblique Division and Separation 

 There are two steps in the external oblique release—(1) division of 
the medial attachment and (2) separation of the external and internal 
oblique muscles. With all open techniques, the  fi rst step is to divide the 
medial attachment of the external oblique. 
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 Full division will extend from above the costal margin to near the 
inguinal ligament. For defects that are con fi ned to the lower or upper 
abdomen, the division may be con fi ned to the relevant portion only, 
particularly if the defect is not too large. Partial division of the medial 
attachment of the external oblique however may not yield the best bene fi t 
in terms of postoperative tension caused by lateral muscle contracture 
during a variety of Valsalva maneuvers. One of the major pitfalls of this 
is dividing the common attachment to the entire lateral muscle complex. 
To avoid this, it is usually easiest to start over the external oblique muscle 
 fi bers, rather than over the aponeurosis. This is best accomplished by 
scoring the overlying fascia with a monopolar instrument where you can 
visualize the muscle belly. Once the muscle  fi bers are exposed, separate 
the external oblique muscle  fi bers with a blunt-tipped clamp, spreading 
the  fi bers in a plane parallel to the direction they are positioned 
anatomically. Once the whitish color of the internal oblique fascia is 
identi fi ed, you do not want to continue any deeper. The clamp can then 
be placed in between the oblique muscles, parallel to the insertion of the 
external oblique, and the monopolar electrosurgical device utilized to 
divide the muscle longitudinally along its length. The laterally cut edge 
still can then be grasped with Allis clamps to lift the external oblique to 
allow the separation of the oblique muscles to occur. 

 Separating the oblique muscles is very straightforward, as they are 
only held together by a network of  fl imsy  fi bro-areolar connective tissue. 
Each strand of connective tissue is not strong, but collectively they act as 
resisters in series and are very strong. This separation is more important 
for medial mobilization and closure and does not contribute to the 
concept of postoperative tension during Valsalva maneuvers. With Allis 
clamps lifting the cut edge of the laterally attached external oblique, 
simple blunt dissection is then utilized to accomplish the separation of 
the two oblique muscles. At the lateral aspect of the separation will be 
neurovascular bundles, and identi fi cation of these should serve as the 
terminus of the separation. Knowledge of these, along with the expected 
position of the origins of the oblique muscles, should minimize the risk 
of injuring these neurovascular structures.  

   Posterior Rectus Sheath 

 It is important to identify the medial border of the rectus muscle prior 
to beginning. This can best be accomplished by lifting the edge of the 
laparotomy incision near the abdominal wall with Kocher clamps. Grasp 
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the hernia sac to avoid damaging the portion of the rectus sheath you will 
eventually be sewing together. Then, by visual inspection and manual 
palpation, you should be able to identify the medial border of the rectus 
muscle. Use the monopolar cautery to longitudinally make an incision at 
the medial border of the rectus, or slightly anteriorly. Once you identify 
the muscle  fi bers, enlarge the opening until you can insert an index  fi nger 
which can be used to sweep the posterior rectus sheath away from the 
muscle and as a marker for where to continue the division of the posterior 
rectus sheath. This should be accomplished along the length of the 
incision, making sure to go both above and below the borders of the 
hernia defect. For a long midline incision, this typically extends from the 
xiphoid process to the pubic symphysis. Below the arcuate line, the 
mobilization consists of the bladder and extraperitoneal fat in the space 
of Retzius. Pitfalls of this include dividing the posterior rectus sheath too 
far posteriorly, as this will increase the dif fi culty in closing this layer if 
that technique is being utilized. Existing or previous ostomies placed 
through the rectus muscle can make this mobilization dif fi cult at the 
location of the current or former ostomy. If the posterior sheath is to be 
closed, then this site can be closed transversely once the midline is 
closed. When closing the posterior rectus sheath, take care not to put 
sudden tension on the sutures while pulling them taut after placement. 
Also, pulling at a low angle (laterally) rather than a 90° angle (straight 
up) can avoid tearing the posterior sheath. It is also important to utilize 
the short suture technique described by Isrealsson and colleagues to 
distribute the tension over a wider surface area  [  11  ] . 

 Despite an initial tension on the closure, once the posterior sheath is 
completely closed, the tension often seems negligible. The closure should 
generally be accomplished vertically until the arcuate line is reached, at 
which point the peritoneum overlying the bladder mobilization can be 
brought up and closed to the arcuate line transversely. Long-acting 
absorbable suture is probably the best, and the use of barbed suture 
material may distribute the tension over an even greater surface area and 
reduce the chance of dehiscence and make this often dif fi cult closure 
more easily accomplished by the surgeon.  

   The Anterior Rectus Sheath and Linea Alba 

 Once the posterior rectus sheath has been mobilized (and closed in 
many cases), the rectus muscles are then reapproximated by suturing 
together the anterior sheath, scar tissue, and remains of the linea alba. It 
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is important to note that the sutures should again be placed with the short 
suture technique, taking care to avoid incorporating muscle tissue and/or 
attenuated scar/anterior sheath. This will minimize tissue ischemia and 
allow the rectus muscles to be reapproximated  [  12  ] .    While the short 
suture technique was proven to reduce hernia formation and infection 
rates for closure of primary and midline laparotomies, its use in abdominal 
wall reconstruction is logical, as the technique is based on the physics of 
broadening the surface area over which the tension will be distributed 
and reducing the amount of tissue within the suture line, thus reducing 
tissue ischemia within the suture line. These facts are no different for 
hernia repair than for primary laparotomy closure.   

   Outcomes 

 Recurrence rates of primary closure of incisional hernia vary widely 
but are generally considered to be high and are reported to be 63% in a 
long-term follow-up study of primary vs. prosthetic repair  [  13  ] . 

 Primary closure with the addition of a component separation (without 
the use of mesh and without the short suture technique) reduces recurrence 
rates to between 0 and 20%  [  5  ] . When utilizing large skin  fl aps from a 
midline incision to expose the external oblique muscles, wound 
complication rates related to ischemia (20%), infection (40%), and 
dehiscence (43%) are often serious and require reoperation in as much as 
20% of the cases  [  10  ] . Utilizing a perforator-sparing or endoscopic 
technique, the rate of serious wound complications decreases dramatically 
 [  14–  17  ] . 

 It is important to note, however, that the suturing technique is also 
likely to in fl uence the recurrence rates. As mentioned above, the 
principles of the short suture technique should be no different for hernia 
repair than for primary laparotomy closure. Furthermore, if a suture fails 
after utilizing the short suture technique, the resulting gap in the tissue is 
small and more likely to be  fi lled in with scar tissue rather than develop 
into another hernia defect  [  12  ] . It is therefore logical that application of 
the short suture technique for midline closure of hernia defect after a 
component separation would serve to further reduce the recurrence rates. 
Use of a prosthesis is also a factor that will undoubtedly affect recurrence 
rates but is beyond the scope of this chapter. It is also worth mentioning 
that a recurrence is not the sole metric of success or failure. For example, 
consider a patient with a 15-cm-wide midline defect and overlying skin 
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graft that is completely disabled from the abdominal wall defect. Repair 
of this hernia utilizing a component separation technique without a 
permanent prosthesis might result in a small recurrence at the superior 
aspect of the midline closure. Despite the fact that there is a recurrent 
hernia, the patient is typically still fully functional without symptoms 
and has many options for repair, or observation. From the typical patient’s 
perspective, despite the existence of a recurrent hernia, the operation was 
a complete success.  

   Conclusion 

 In summary, open component separation can be described by a variety 
of techniques. The most commonly utilized technique involves detaching 
the insertion of the external oblique along its length lateral to the rectus 
abdominis muscles and separating the external oblique muscle from the 
internal oblique. This may be accomplished with or without the 
mobilization of the posterior rectus sheath and with or without the use of 
a prosthetic. Primary closure of the midline (posterior and anterior rectus 
sheaths) should be performed using a short suture technique in which 
5–8-mm bites of tissue are taken with each bite in terms of both depth 
and travel, taking care to avoid incorporating muscle and attenuated 
fascia within the suture line. This technique should be used selectively 
for patients with medium to large defects as described in Table  27.1 . The 
bene fi ts of component separation performed in this manner are twofold: 
(1) medial mobilization of the rectus muscles and (2) reduced 
postoperative tension on the midline closure. Recurrence rates in the 
5–20% range should be expected, and recurrences are typically smaller 
and easier to deal with compared to the hernia at the time of reconstruction 
with CS. A perforator-sparing technique is best when possible and should 
yield wound complication rates that should be less than 10% and 
generally minor in severity.      
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    28.     Endoscopic Component Separation       

     Michael   J.   Rosen           

       Indications and Contraindications 

 Abdominal wall reconstruction is a major surgical procedure requiring 
careful preoperative clearance. Smoking cessation and weight loss are 
strongly encouraged (I believe smoking cessation is mandatory), 
nutritional status is optimized, and cardiac status is strati fi ed. Indications 
for an endoscopic component separation include those defects that the 
surgeon feels will not be reapproximated without myofascial advancement 
 fl aps. There is no absolute minimal or maximal defect that precludes this 
procedure although some general recommendations can be made. Defects 
less than 8–10 cm wide often do not require additional release. Defects 
over 20 cm wide are often too large to bring together with a standard 
endoscopic component separation. Defects close to the xiphoid process 
or suprapubic area will not obtain similar advancement as those around 
the umbilicus. Another major consideration that is dif fi cult to measure 
preoperatively is the innate compliance of the abdominal wall. Multiply 
recurrent hernias often have stiff noncompliant abdominal walls, and this 
procedure will not result in substantial myofascial advancement. 

 This procedure can be performed at the time of open abdominal wall 
reconstruction or as an entirely minimally invasive reconstruction using 
laparoscopic techniques to repair the hernia defect. Both will be described 
below. In general, if the surgeon is performing an open reconstruction 
and the placement of the mesh requires large skin undermining, an open 
component separation should be performed. Likewise, if excess skin is 
being resected or a panniculectomy is planned, an open approach is 
warranted. If the procedure is being performed entirely laparoscopically, 
defects smaller than 6 cm in width usually do not require an endoscopic 
component separation and can often be closed with standard techniques. 
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 The endoscopic component separation provides approximately up to 
85 % of the release as a standard open procedure. Therefore, if the 
surgeon deems a component separation is necessary, the endoscopic 
approach is usually warranted. However, in patients with prior transverse 
incisions extending into the lateral abdominal wall, or have undergone a 
prior open component separation, the endoscopic approach is relatively 
contraindicated. In these cases, the balloon dissectors will often tear the 
abdominal wall if excessive scar tissue is present and the planes are 
 fi xed.  

   Patient Preparation and Room Setup 

 Equipment needs include a 10-mm, 30° laparoscope; preperitoneal 
inguinal hernia balloon dissector (Covidien, Norwalk, CT); 30-mL 
balloon-tipped trocar (Covidien, Norwalk, CT); laparoscopic trocar, an 
ultrasonic dissector or LigaSure™ device (Covidien, Norwalk, CT); and/
or laparoscopic scissors with cautery. Patients receive appropriate 
preoperative antibiotics and invasive monitoring as needed. Epidural 
catheters may be placed for postoperative pain control (routine in my 
practice). 

   Patient Positioning 

 Patients are placed in the supine position with both arms abducted. 
Access to the posterior axillary line is important to place the lateral 
abdominal trocar during the endoscopic component separation and can 
be limited if the arm is tucked at the sides.  

   Trocar Position of Endoscopic Component Separation 

 Three trocars per side are placed. The initial port is placed off the tip 
of the 11th rib and provides access for the balloon dissector. Another 
port is placed in the posterior axillary line just inferior to the initial port. 
A third port is placed through the released external oblique, in line with 
the cephalad transection point.   
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   The Technique of Endoscopic Component 
Separation 

    A cutdown incision is performed off the tip of the eleventh rib. It is 
critical that this incision is made lateral to the linea semilunaris to avoid 
placing the balloon in the rectus sheath. This port should be placed lateral 
enough to allow space between the linea semilunaris and the trocar, 
enabling complete cephalad dissection. In my opinion, this is the most 
important step in the operation, and the anatomy must be clearly 
identi fi ed. Therefore, in obese patients, I extend this incision to the 
appropriate size to permit clear identi fi cation of the  fi bers of the external 
oblique. The subcutaneous tissue and Scarpa fascia are bluntly separated, 
and the external oblique is grasped with Kocher clamps.  

  If a midline open incision has been performed, the lateral edge of the 
rectus muscle may be palpated through the incision and may help to 
better determine the location for the initial 10-mm endoscopic incision.  

  Depending on how far lateral you have performed your cutdown, the 
external oblique can be only fascia or fascia and muscle. It is important 
to con fi rm this anatomy, to avoid cutting too deep into the internal 
oblique. The external oblique  fi bers are split and bluntly separated. An S 
retractor gently creates the plane underneath the external oblique and 
above the internal oblique heading in a caudal direction.  

  A standard preperitoneal inguinal hernia balloon dissector is placed 
underneath the external oblique and passed inferiorly toward the pubic 
tubercle. This balloon should be guided laterally to avoid injuring the 
linea semilunaris. If prior transverse incisions are encountered, the 
balloon might not be able to traverse the scar tissue and should be aborted 
and the intermuscular space created under direct vision.  

  The balloon is insuf fl ated under direct vision, and the orientation of 
the external oblique  fi bers (“hands in pockets”), internal oblique  fi bers 
(“hands on the hips”), and the linea semilunaris are identi fi ed.  

  The shape of the standard preperitoneal inguinal hernia balloon 
dissector usually does not permit cephalad dissection of the external 
oblique off the costal margin. Therefore, the balloon is removed, and a 
 fi nger is placed in the intermuscular space, and the dissection is bluntly 
carried out over the costal margin using a sweeping motion. If this space 
is not created at this point, the dissection planes can be confusing 
laparoscopically and may result in a technical error. Remember the 
external oblique inserts 5–7 cm above the costal margin and should be 
cleared off the costal margin to permit the muscles to slide medially.  
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  A balloon-tipped trocar is secured in the space to prevent air leakage. 
One should avoid the use of a triangular-shaped structural balloon at this 
point because it can result in obliteration of the dissection space. 
Insuf fl ation pressures of 10–12 mmHg are used.  

  The inferior space can be bluntly created with a 30°, 10-mm 
laparoscope to complete the dissection of the intermuscular space to the 
posterior axillary line and inguinal ligament.  

  The second port is placed in the posterior axillary line. This port is 
placed as far laterally as possible to provide the appropriate angle to 
release the external oblique, 2 cm lateral to the linea semilunaris.  

     Using scissors with cautery, in the posterior axillary port, and the 
camera in the cutdown port, the external oblique is incised from the 
cephalad as much as possible to the inguinal ligament/pubic tubercle. 
Great care should be taken to complete the release lateral to the linea 
semilunaris.  

  Extra release can be achieved by continuing the dissection super fi cially 
through Scarpa fascia. The majority of the blood supply runs super fi cial 
to this layer and will not be disturbed.  

  The third port is placed through the released external oblique in the 
lower abdomen. This port is placed medial to the original cutdown port 
in the line that the external oblique will be transected when going over 
the costal margin. This orientation is important because the cephalad 
portion of the dissection can be challenging as it is performed in a reverse 
camera orientation.  

  The camera is then placed in the lower abdominal trocar, and the 
scissors are placed in the lateral port, and the cephalad dissection is 
completed separating the external oblique off the costal margin. The 
external oblique is carefully separated off the costal margin to provide a 
clear plane and trajectory when transecting the external oblique. This 
avoids releasing the linea semilunaris or dissecting underneath the costal 
margin.  

  Once the dissection of the external oblique is completed, the camera 
is positioned in the lateral port, and the LigaSure™ ultrasonic dissector 
is placed in the inferior port. Since the external oblique is fairly muscular 
at the cephalad portion, I prefer to use LigaSure™, as simple cautery can 
result in troublesome bleeding.  

  The external oblique is transected several centimeters above the 
costal margin. The exact cephalad extent of the transection of the external 
oblique is variable, but it should be at least 5 cm above the superior extent 
of the hernia defect and, likely, at least 3–4 cm above the costal margin.  
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  A bilateral component separation is preferred in most patients to 
provide symmetric distribution of tension on the closure.  

  The next steps depend on whether the endoscopic component 
separation is being performed in conjunction with an open mesh 
placement or as an entirely minimally invasive repair.    

   Open Mesh Placement 

    Midline laparotomy is performed (if not performed before the 
endoscopic component separation), and bowel work is completed as 
necessary.     

   Retrorectus Placement 

    My preferred space for mesh placement is in the posterior rectus 
space. By using this technique, skin  fl aps are not necessary for wide 
mesh overlap. Drains are routinely placed above the mesh and below the 
rectus muscle. Although some authors describe continuing the dissection 
through the linea semilunaris into the lateral abdominal plane during a 
retrorectus repair, this should be avoided if a component separation has 
been performed. If the external oblique is released and then the transversus 
abdominis is intentionally or unintentionally released, the lateral 
abdominal wall is only supported by the internal oblique, which likely 
will result in at least a bulge if not a hernia.      

   Minimally Invasive Abdominal Wall 
Reconstruction 

 In patients with defects less than 10–12 cm, without a complex scar 
requiring revision, and in who a standard laparoscopic ventral hernia 
repair with mesh is not deemed suf fi cient an entirely minimally invasive 
reconstruction can be performed. In this repair, the endoscopic component 
separation is preformed  fi rst to avoid leaking from the ports. After 
completing the bilateral components separation, the ports for the 
intraperitoneal hernia repair are then placed into the abdominal cavity. 
The posterior surface of the entire anterior abdominal wall is freed of 
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adhesions. The hernia defect is measured internally using spinal needles 
in conjunction with a 15-cm ruler in a rostrocaudal and medial-lateral 
orientation. 

 Next, the fascial defect is reapproximated. We do not typically excise 
the hernia sac or remove the peritoneum from the fascia, but this is an 
option. A small stab wound in the skin is made just above the hernia, and 
a suture passer is placed with a #1 polypropylene suture through the skin 
and through the fascial edge of the hernia defect. This is retrieved with a 
laparoscopic grasper, the suture passer is then removed and passed 
through the same skin incision to the contralateral side of the hernia 
defect, and the suture is retrieved. A series of these interrupted sutures 
are placed throughout the length of the hernia defect to allow a secure 
musculofascial approximation. The insuf fl ation pressure is decreased, 
and the sutures are tied with the knots below the skin on the fascia. Given 
the fact that these sutures are typically placed under a fair amount of 
tension, the repair may become disrupted. Therefore, we feel it is 
important to size the mesh based on the original measurements of the 
defect with at least 4 cm of overlap. An appropriately sized piece of 
prosthesis is placed intraperitoneally and secured with transfascial 
sutures. A laparoscopic tacker is then used to secure the mesh to the 
abdominal wall. Placing additional transfascial sutures can off-weight 
the forces on the midline closure to the lateral abdominal wall with the 
mesh.  

   Complications 

 The absence of skin  fl aps signi fi cantly reduces wound morbidity. We 
have experienced one case of a postoperative hematoma at the external 
oblique muscular release above the costal margin. At that location, the 
external oblique is quite muscular and should be controlled with the 
LigaSure to prevent this complication. 

 Similar to open component separation, it is important to avoid 
transecting the linea semilunaris. If one divides this structure, there is a 
full thickness defect in the lateral abdominal wall that will result in a 
hernia that may be dif fi cult to repair. Maintaining the transection line at 
least 2 cm lateral to the linea semilunaris can avoid this problem. Patients 
with massive hernias (>20 cm) or loss of domain should typically be 
approached with other reconstructive measures, as an endoscopic 
component separation often is not adequate.      
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    29.     Technique: Laparoscopic 
Ventral/Incisional Hernia Repair       

     Archana   Ramaswamy          

     Ventral hernias may be primary or incisional. Primary central hernias 
may be classi fi ed as umbilical, paraumbilical, lumbar, epigastric, and 
spigelian. Incisional hernias have incidence rates greater than 15% and 
are likely related to incision size, as well as closure technique  [  1  ] , 
postoperative complications such as infection and patient factors 
including diabetes, smoking, and immunosuppressant use. Patients seek 
repair most commonly for discomfort, decreased abdominal wall 
function, and less commonly for bowel obstruction or bowel ischemia. It 
is estimated that 300,000 ventral hernias are repaired in Europe and 
400,000 in the USA each year  [  2  ] . 

   History of Laparoscopic Ventral Hernia Repair 

 Open suture ventral hernia repair was the standard of care for many 
years. The long-term outcomes of this technique were questioned when 
recurrence rates of 18–63% were published  [  3  ] . Open repair with mesh 
was then demonstrated to have lower recurrence rates in a randomized 
study of moderate size hernias (<6 cm) where recurrence rates were 
statistically lower in the mesh group (43% vs. 23%) at 3 years  [  4  ] . As 
mesh utilization for open ventral hernia repair was being adopted, various 
locations were being utilized for mesh placement including inlay, onlay, 
and underlay (retrorectus, extra- and intraperitoneal). The lowest 
recurrence rates were noted with underlay placement  [  5  ] . In parallel with 
these studies was the publication of the  fi rst technical description of 
laparoscopic ventral hernia repair  [  6  ] . The technique described in 1993 
utilized PTFE mesh with  fi xation with staples to the anterior abdominal 
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wall. There have been various mesh and  fi xation options introduced since 
then, but the basic technique has remained unchanged.  

   Patient Selection 

 As there is still limited penetration of laparoscopic ventral hernia 
repair among general surgeons, complex cases should be reserved to those 
past their learning curve. Though there is no de fi ned learning curve for 
this procedure, the most severe complications are related to laparoscopic 
adhesiolysis and bowel injury  [  7  ] . Operative time (including abdominal 
access, adhesiolysis, and mesh placement) is increased when associated 
with patient variables comprising the following: greater BMI, higher ASA 
classi fi cation, prior ventral hernia repairs, suprapubic location, bowel 
adhesion to the abdominal wall or hernia sac, larger hernia defect, 
incarcerated hernia contents, and decreased postgraduate year of the 
surgical assistant  [  8  ] . Though some of these are variables only identi fi able 
intraoperatively, others can be assessed preoperatively to select operative 
candidates. Appropriate case selection for the novice includes primary 
hernias or  fi rst-time incisional hernias of small to moderate size in normal-
weight healthy patients. Once a comfort level is reached with 
straightforward cases, then, atypical locations, recurrent hernias, large 
defects, and components separation may be added to the surgeon’s 
armamentarium. Operative planning can be aided by CT scans to de fi ne 
hernia size and potential issues with loss of domain. Patient comorbidities, 
such as diabetes, immunosuppression, obesity, and smoking, may be 
related to increased complications, complexity of surgery, and recurrence 
 [  9–  12  ] . These factors should be addressed preoperatively when possible.  

   Operative Setup 

 The patient is placed supine, with alterations in positioning for 
atypical locations. The arms are generally both tucked if the patient’s 
girth allows it, to allow the surgeon enough mobility to perform 
adhesiolysis and  fi xation in the lower quadrants. A Foley catheter may be 
placed if a lengthy procedure is envisioned, or if the hernia extends well 
below the umbilicus. A monitor on each side of the table is necessary as 
the surgeon/assistant will frequently need to work from both sides of the 
patient for adhesiolysis and for mesh  fi xation (Fig.  29.1 ).   
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   Abdominal Access 

 Access methods have been described via closed techniques (Veress 
needle and optical trocar) as well as open techniques. The basic concept 
is to gain access away from the hernia defect, in an area which should 
presumably have a paucity of adhesions (Fig.  29.2 ).   

   Adhesiolysis and Hernia Reduction 

 Adhesiolysis and hernia reduction may be straightforward or may 
take up the majority of the operative time. Hernia size and number of 
previous repairs may help predict an increased time for adhesiolysis 
and aid operative planning  [  8  ] . Adhesiolysis is generally safer using 
blunt and sharp dissection with avoidance of energy sources. Energy 
sources may cause an injury which is not visible at the time of surgery 
but may have a lateral thermal spread, which can result in a delayed leak. 
A missed bowel injury is also possible when dissecting without the use 

  Fig. 29.1.    Patient and monitor positioning.       
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of energy sources. The bowel should be examined after completion of 
adhesiolysis. Though most serosal injuries are unlikely to be signi fi cant, 
their closure is recommended to avoid the uncommon instances where it 
may progress to a full-thickness injury. Management of bowel injury is 
discussed elsewhere. Bleeding may occur during adhesiolysis and can 
usually be managed by application of clips, or focal use of energy. 

 Complete adhesiolysis of the abdominal wall is generally performed 
since hernias other than the palpable one are not infrequently identi fi ed. 
At the least, 5 cm of abdominal wall needs to be cleared on either side of 
the fascial defect to allow adequate overlap of mesh with healthy fascia. 
Inferiorly, this may require mobilization of the bladder and identi fi cation 
of Cooper’s ligament and superiorly, transection of the falciform 
ligament. With umbilical hernias, it is important to remember that it is 
often preperitoneal fat which is herniated, and an adequate laparoscopic 
hernia repair cannot be completed without preperitoneal dissection and 
reduction of these contents. 

 Reduction of chronically incarcerated contents may be challenging. 
A hand-over-hand technique and use of external pressure may be helpful. 
If no progress is being made, consideration should be given to making a 
small incision over the hernia defect and performing adhesiolysis within 
the sac to allow reduction, or to converting to a completely open approach 
(Figs.  29.3  and  29.4 ).    

  Fig. 29.2.    Recommended locations for port insertion.       
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   Hernia Sizing and Mesh Selection 

 The hernia defect may be measured intracorporeally using a suture 
held between two graspers. Alternatively, the defect can be measured 
externally using small-gauge or spinal needles. The defect edges are 

  Fig. 29.3.    Initial view of unreduced hernia.       

  Fig. 29.4.    Hernia defect following hernia reduction.       
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marked on the abdominal wall, and a ruler used to measure the defect 
size. The measurements may be more accurate with the abdomen 
desuf fl ated. This external method can be used in most patients with 
small- to medium-sized hernias who are not obese. In obese individuals 
and/or those with complex hernias, the discrepancy between intra-
abdominal and extra-abdominal measurements may be signi fi cant and 
leads to oversizing of the mesh. Mesh should be selected to provide 
~5-cm overlap onto healthy tissue. A Swiss cheese defect may require 
less, and a large single defect may require a larger piece of mesh. The 
mesh should be marked, generally in one location (e.g., top). This will 
help orient the mesh internally both in the craniocaudal plane and 
with regard to the side which will lie toward the abdominal wall. There 
are different methods of mesh  fi xation which guide any further 
preparation of the mesh prior to insertion. Most experts do feel that 
transfascial sutures are necessary and will place four cardinal sutures 
through the mesh with the tails being left long to grasp and bring out. 
Permanent suture is generally recommended in this situation, and 
   Gore-Tex ®  suture is used by many. The mesh should then be centered 
on the hernia defect, and the abdominal wall marked for location of 
suture retrieval. Recently, there have been advocates of midline closure 
in laparoscopic ventral hernia repair. This will be discussed elsewhere 
in detail, but closure can be accomplished with transfascial sutures. 
The width of the mesh when the midline has been closed may not have 
to based on the original preclosure hernia defect, though this is not 
clear, since some of these sutures placed under tension can be 
occasionally be heard breaking when the patient is extubated and 
coughs forcefully.  

   Mesh Insertion and Fixation 

 The mesh can be rolled tightly and inserted through the 10-mm port 
or the incision with the port removed. A laparoscopic grasper inserted 
through a trocar on the contralateral side and brought out through the 
10-mm port incision can facilitate this task. The mesh can then be 
unrolled using two graspers. The cardinal transfascial sutures can then be 
retrieved (Fig.  29.5 ). The mesh should be stretched out, after retrieval of 
the  fi rst two sutures, to con fi rm the position of planned retrieval of the 
remaining sutures (Fig.  29.6 ). These can then be tied down, and point 
 fi xation undertaken around the circumference of the mesh at 1–2-cm 
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intervals (Fig.  29.7 ). Additional transfascial sutures may be placed at 
3–5-cm intervals. This basic technique has been described with outcomes 
published on a case series of 850 patients with a recurrence rate of 4.7% 
and a mesh infection rate of 0.7%  [  13  ] . Others have questioned the need 
for transfascial sutures and have described the double-crown technique, 
which utilizes two rows of point  fi xation without transfascial suture 
 fi xation. Results have been published demonstrating low recurrence rates 

  Fig. 29.5.    Retrieval of  fi rst transfascial suture.       

  Fig. 29.6.    Retrieval of  fi nal cardinal transfascial suture.       
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 [  14,   15  ] , though the purported bene fi t of decreased pain due to lack of 
transfascial  fi xation has not borne out in a randomized trial  [  16  ] .     

   Outcomes 

 Speci fi c complications and their management are discussed elsewhere. 
Generally speaking, laparoscopic ventral hernia repair has been increasing 
in practice without the bene fi t of impressive randomized trial data. Most 
of the randomized studies have been small, so summary measures have 
been examined. A meta-analysis of eight randomized trials demonstrated 
hospital stay and infection rates (not requiring mesh removal) which 
favored laparoscopy but no differences in bowel injury, seroma, and 
hernia recurrence  [  17  ] . A systematic review of 11 randomized trials and 
comparative studies concluded that there was no evidence that the 
laparoscopic approach is better or worse than open, though the data 
suggested that the laparoscopic approach is associated with a lower 
recurrence rate, shorter hospital stay, and fewer complications  [  18  ] . A 
recent Cochrane review identi fi ed 11 randomized trials and concluded 
that there appeared to be a lower wound infection rate in the laparoscopic 
group, with a shorter hospital stay in the majority of studies, but no 
differences were identi fi ed in recurrence rates  [  2  ] . A summary of the 
randomized trials is presented in Table  29.1 .   

  Fig. 29.7    Circumferential tacking.       
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   Conclusion 

 Laparoscopic ventral hernia repair is a procedure which is gaining 
popularity. It has an unknown but probably short learning curve for 
simple cases; however, atypical locations and complex cases should be 
reserved for when expertise has been gained. Level 1 studies have 
provided limited evidence of clear superiority over open repair, but many 
have been plagued with short follow-up (<2 years).      
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    30.     Loss of Abdominal Domain       

     Victor   B.   Tsirline       ,    Igor   Belyansky    ,    David   A.   Klima    , 
and    B.   Todd   Heniford      

     Over two million laparotomies are performed every year in the United 
States. 5% to 20% of these cases lead to incisional hernia formation  [  1  ] , 
some leading to large abdominal wall defects with loss of domain. 
Approximately 160,000 ventral hernia repairs are performed annually, 
with a recurrence rate of 5–20% in uncomplicated hernias and low-risk 
individuals. The success of the hernia operations diminishes with larger 
hernia defects, obesity, and multiple reoperations  [  2  ] . In patients with 
complex abdominal hernias and loss of domain, recurrence rates of up to 
67% have been reported  [  3  ] . Such cases require particular expertise in 
evaluation, counseling, and multimodality treatment in order to achieve 
long-term success. This chapter will address some of the theoretical 
principles and practical considerations in the management of patients 
with loss of abdominal domain. 

   De fi nitions 

 In 1943, Dr. Ivan Goni Moreno published a paper on the treatment of 
chronic abdominal hernias where the visceral contents have lost their 
“derecho de domicilio” (right of domain). The literature most commonly 
de fi nes loss of abdominal domain as the inability of the abdominal cavity 
to accommodate the viscera, without prohibitively high intraabdominal 
pressures (>15 mmHg)  [  2  ] . Chevrel in 1987 described abdominal ventral 
hernias whose contents were held in place by adhesions and not reducible, 
thus losing their right of domain  [  4  ] , as applied to large abdominal 
defects >10–15 cm  [  5  ]  or areas >100–225 cm 2   [  6,   7  ] . Others have de fi ned 
loss of domain as extrusion of 15–20% or more of abdominal volume 
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 [  8  ] , as reducing such or greater volume of tissue into the abdominal 
cavity is likely to require signi fi cant physiologic adaptation. Most experts 
agree that evisceration of more than 50% of abdominal contents into the 
hernia requires specialized strategies for successful repair  [  9  ] .  

   Pathophysiology and Biomechanics 

 Loss of abdominal domain implies the absence of mechanical strength 
in the anterior abdominal wall, with unopposed protrusion of the 
abdominal viscera, leading to loss of structural integrity of the torso. The 
pathophysiology and biomechanics differ from those of ordinary ventral 
hernias, where tissue herniates through a well-de fi ned fascial defect due 
to increased intraabdominal pressure and may result in incarceration and 
strangulation. Patients may experience discomfort due to intermittent 
herniation/reduction, acute obstruction, or chronic mental strangulation 
in the ventral defect. In contrast, with loss of abdominal domain, there is 
lack of con fi nement of the intraabdominal contents, resulting in low 
intraabdominal pressure and chronic, gravity-induced stretch of the 
viscera. Voluntary straining and postural re fl ex contraction of the residual 
abdominal muscles lead to progressive retraction laterally because the 
muscles on each side of the hernia are not mechanically coupled.  

   Causes and Challenges 

 Ventral hernias of all sizes tend to enlarge over time. As the abdominal 
circumference increases, the tension in the abdominal wall and at the 
edge of the growing defect increases according to LaPlace’s law. 
Eventually, this leads to loss of domain with musculofascial tissues 
retracting laterally. The challenge in repairing such defects, rather than 
bridging a gap and preventing recurrence, is the restoration of a 
physiologic, mechanical, and functional covering around the eviscerated 
abdominal structures, if possible. 

 Patient history is important, as loss of domain often results from an 
abdominal catastrophe requiring either extensive abdominal debridement, 
such as traumatic injuries or infection, or a prolonged open abdomen, 
due to peritonitis and intestinal edema  [  10–  12  ] . In the latter case, the 
abdominal wall recedes laterally due to the unopposed lateral forces on 
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the oblique muscles. During the acute hospitalization, the abdominal 
wall coverage may be temporized by using an absorbable mesh or a 
biologic graft, which usually stretches over time. Epidermal coverage in 
the acute setting is often accomplished using split-thickness skin grafts, 
which are aesthetically unappealing and lack thermal, mechanical, and 
regenerative properties of natural cutaneous and subcutaneous tissues.  

   Morbidity of Loss of Domain 

 Loss of abdominal domain is often morbid, and patients usually 
describe poor overall quality of life. This comes from a combination of 
postural musculoskeletal dysfunction, chronic gastrointestinal pathology, 
and psychosocial issues. Lack of abdominal functional musculature 
causes signi fi cant activity limitation and leads to chronic progressive 
strain on the lumbar spine, often resulting in chronic back pain. Obesity 
is commonplace among patients with loss of domain, as a result of 
restricted mobility. Gastrointestinal dysfunction with pain and chronic 
intestinal incarceration is common. Abdominal wall dysfunction often 
produces signi fi cant thoracic impairment. Spinal kyphosis resulting from 
loss of anterior torsal integrity can lead to reduced thoracic volume and 
decreases the inspiratory capacity. Lack of abdominal muscular function 
can also reduce inspired volumes. 

 Finally, the cosmetic considerations add to the overall morbidity. The 
dis fi gured abdomen, distorted by scars, obesity, and inability to exercise 
maintain a normal physical appearance, carries a large psychological 
burden. Many patients with loss of abdominal domain are signi fi cantly 
distressed and unable to change the progressive course of their condition 
without surgical intervention.  

   Evaluation 

   General Preoperative Considerations 

 Taking into account preoperative considerations, patients with loss of 
abdominal domain may be classi fi ed into discrete categories based on 
the following  [  13  ] :
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   Presence of contamination  • 
  Size of the fascial defect  • 
  Volume of the hernia sac relative to peritoneum    • 

 Patients with loss of domain not only present with dif fi cult to repair 
abdominal wall defects but they often have dramatically thin or excess 
skin, chronic nonhealing abdominal wounds,  fi stulas, and stomas. These 
issues signi fi cantly complicate the general problems of returning the 
bowel to the peritoneal cavity and closing the abdomen. The issues above 
require planning, preparation, and technical factors that exponentially 
add to the dif fi culty of the abdominal reconstruction. Management of the 
chronic wounds,  fi stulas, stomas, etc., requires signi fi cantly greater time 
commitment, tools, and frequently a team approach. Each complicating 
factor may change the approach, mesh choice, position of the mesh, and 
closure techniques.  

   Volume Measurement 

 Preoperative physical examination is important; however, it is 
somewhat unreliable in estimating the hernia sac volume for multiple 
reasons. External circumference of the hernia sac has been shown to 
have poor correlation to the hernia sac volume  [  14  ] . Therefore, 
preoperative imaging is often helpful. CT of the abdomen may suggest 
whether abdominal wall reconstruction will be feasible. There has been 
considerable interest in CT volumetric analysis of patients with loss of 
domain undergoing abdominal reconstruction  [  15–  17  ] . Both the 
peritoneal cavity and the hernia sac can be approximated as ellipse, with 
craniocaudal (D 

 CC 
 ), anteroposterior (D 

 AP 
 ), and horizontal (D 

 H 
 ) diameter 

measurements from the CT slices  [  17  ] . In this model, the volume of each 
compartment can be estimated as

     = ´ ´ ´Volume D D D .
6

π
CC AP H

    

 Advanced geometric models can be employed in computer-aided CT 
volumetrics to yield more accurate results. Incisional hernia volume of less 
than 20% of peritoneal volume was found to be highly predictive of being 
able to reduce the hernia contents and close the abdomen without causing 
a compartment syndrome. Patients whose hernia sac volume was more than 
20% of the peritoneal volume could require bridging devices or visceral 
resection and risked excessive abdominal pressures postoperatively  [  15  ] . 
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While the latter group had slightly higher BMI (39 kg/m 2  vs. 37 kg/m 2 ), 
this was not an independent predictor of postoperative compartment 
syndrome. The surface area of the hernia was not useful in predicting the 
feasibility of the operation.   

   Preoperative Preparation 

 Preoperative preparation is an important part of repairing large 
hernias. Patients’ quality of life should be taken into account in setting 
realistic postoperative expectations with regard to the rehabilitation 
process, goal activity level, and aesthetics. Patients must be warned of 
the very high likelihood of wound complications, which will require 
additional time and effort on their part throughout the recovery period. 
Serious systemic complications and even mortality are more than just 
theoretical risks in major abdominal wall reconstructions. 

 Preoperative weight loss can dramatically aid the success of the 
operation and lower the incidence of postoperative complications. 
Reduction in the intraabdominal fat content will effectively result in 
lower intraabdominal pressures after return of hernia sac contents into 
the peritoneal cavity and can reduce the need for component separation. 
Cardiovascular, pulmonary, and endocrine bene fi ts of weight loss reduce 
the risk of anesthesia-related complications, and improved baseline 
mobility hastens postoperative rehabilitation and lowers the incidence of 
deep vein thrombosis. Weight loss reduces intraabdominal pressure  [  18  ] , 
which correlates with a signi fi cant incidence of recurrence  [  1  ] . There are 
also studies that have demonstrated a correlation with an increased 
infection rate in patients with a higher body mass index. Preoperative 
weight loss should be attempted, whether through lifestyle modi fi cation 
or surgically—unfortunately, the latter option is often not feasible. 

 Smoking cessation is a must. Given the ultimate increase in 
intraabdominal pressure when a large hernia is repaired, maximizing a 
patient’s pulmonary function is appropriate. Cigarette smoking effect on 
tissue perfusion is an extremely important concern. Wound infection rates 
are signi fi cantly higher in smokers. However, if a patient quits smoking for 
as little as 3 weeks prior to a major operation, he can reduce the possibility 
of infection as much as 50%  [  19  ] . In our specialized hernia center, we 
conduct preoperative urine cotinine testing (positive for approximately 
2 weeks after smoke exposure) prior to proceeding with a restoration of 
abdominal domain. If it is positive, the operation may be canceled. 
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 In addition to the standard preoperative antibiotic and thromboembolic 
prophylaxis, many surgeons prescribe a bowel prep the day before 
surgery in order to minimize contamination in case bowel resection has 
to be performed, although the incidence of central volume-related 
problems at the time of surgery carries its own set of risks. Some advocate 
low- fi ber diet the week prior to surgery  [  16  ] . Routine use of prophylactic 
inferior vena cava  fi lters has been described, particularly with the use of 
preoperative progressive pneumoperitoneum (PPP)  [  9  ] . 

   Preoperative Progressive Pneumoperitoneum 

 Pioneered by an Argentinian surgeon Ivan Goni Moreno in 1940s, 
this technique is based on the principle of progressive stretching of the 
abdominal wall in order to lengthen the musculofascial tissues that are 
used for subsequent abdominal reconstruction. Three weeks prior to 
surgery, a tunneled, intraperitoneal catheter is inserted with a subcutaneous 
port or penetrating the skin. Every other day, the abdomen is insuf fl ated 
with sterile air, with the gas acting as a tissue expander. There is no 
consensus on the type of gas, the optimal amount of insuf fl ation, or 
duration of therapy. 

 McAdory et al. described using medical grade air insuf fl ated to the 
degree tolerated by patient, every 1–2 days for 7 days, followed by repeat 
CT scan; based on whether the abdominal viscera returned into the 
abdomen or not, the therapy was continued, or surgery was undertaken 
 [  9  ] . Dumont et al. in France used every other day insuf fl ation of air for 
2 weeks, as long as the patients remained asymptomatic of shoulder pain, 
shortness of breath, or subcutaneous emphysema  [  14  ] . Mayagoitia and 
colleagues in Mexico used Seldinger technique to place a percutaneous 
catheter, with daily insuf fl ation of atmospheric air at 1,000–2,000 cc, not 
to exceed the abdominal pressure of 15 mmHg, continued for 9–15 days 
for ventral abdominal defects  [  20  ] . Toniato et al. from Italy performed 
progressive pneumoperitoneum on an outpatient basis using a 
percutaneous catheter inserted in the left iliac region to insuf fl ate nitrous 
oxide every other day for 8–16 days, each session using 1,000–1,500 cc 
more than the previous, for a total of up to 38 L  [  16  ] . A similar approach 
was reported by Caldironi et al. 10 years prior  [  21  ] . Willis et al. from 
Aachen, Germany used daily injections of air via percutaneous catheter 
placed in the left upper quadrant, ranging from 1,000 to 4,000 cc based 
on patient symptoms of shoulder pain or maximum intraabdominal 
pressure of 15 mmHg  [  22  ] .  
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   Effects of Progressive Pneumoperitoneum 

 Despite over two dozen reports in the literature describing the utility 
of progressive preoperative pneumoperitoneum in the treatment of 
patients with loss of abdominal domain, little quantitative data has been 
collected. A recent CT-based analysis of 61 patients undergoing 
preoperative pneumoperitoneum for 2 weeks showed an increase of 
rectus abdominis muscle width from approximately 10–11 cm on each 
side and the length of anterolateral muscles from an average of 20–24 cm, 
despite insuf fl ation of a total of 13 L of air on average  [  14  ] . Such small 
geometric yield could hardly facilitate bridging of giant ventral defects 
measuring on average 10 cm across in this study. Therefore, it has been 
suggested that progressive preoperative pneumoperitoneum works 
primarily by forcing preoperative physiologic adaptation to higher 
intraabdominal pressures, allowing the patients to tolerate greater 
aponeurotic tension postoperatively. We  fi nd it most effective in patients 
with loss of domain through small defects. A venous thromboembolic 
event is a possibility during progressive pneumoperitoneum. Inability to 
tolerate progressive pneumoperitoneum may be a marker of postoperative 
inability to tolerate increased intraabdominal pressures and may be a 
contraindication for proceeding with the operation  [  16  ] .   

   Surgical Techniques 

 Surgeons performing complex abdominal wall reconstructions should 
have in their arsenal a number of techniques speci fi cally developed for 
such extreme ventral hernias. The goals are similar to any hernia repair: 
restoration of the abdominal wall continuity with native tissues and/or 
permanent prosthesis with ample mesh-fascial overlap and without 
excessive tension or intraabdominal pressure. The challenges in patients 
with loss of domain stem from (1) excessive extra-abdominal visceral 
content, (2) lack of lateral musculofascial tissue for adequate mesh 
 fi xation, (3) altered abdominal wall mechanics and three-dimensional 
nature of the defect, and (4) the presence of contamination either from 
wound infections or exposure to intestinal contents via  fi stula, stomas, or 
concomitant bowel resection  [  8  ] . 

 Many techniques have been developed to address the above challenges. 
Native tissue coverage for loss of domain restoration is important but not 
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always attainable. It provides not only a durable, adaptive, and fairly 
infection resistant barrier but, importantly, an innervated musculofascial 
anterior mechanical support. To accomplish this task, surgeons have used 
fascial tissue expanders to stretch receded fascia, progressive 
pneumoperitoneum, and serial prosthesis placements such as with a repair 
of a congenital gastroschisis. Many authors recommend separation of 
component whenever possible to achieve midline fascial reapproximation. 
Pedicle  fl aps have been utilized but do not maintain true muscle contraction 
and will stretch or    protrude with time. 

   Prosthetic Mesh Reinforcement 

 The use of mesh in repair of incisional and ventral hernias has been 
shown to reduce recurrence by 50% or more compared to primary repair 
 [  23  ] . In the case of giant ventral hernias and loss of abdominal domain, 
some form of reinforcement is mandatory in order to provide supporting 
framework for the newly reconstructed abdominal wall  [  24  ] . Still prosthetic 
reinforcement is not a simple and complete answer in these patients. Inlay 
fascial reinforcement has been shown to have inferior durability compared 
to fascial sublay or onlay mesh placement  [  25  ]  and has a limited role in 
the reconstruction of the abdominal domain. While the onlay mesh 
technique has the advantage of ease of placement for small ventral hernias, 
its use in complex abdominal reconstructions is more dif fi cult to justify 
due to the higher risk of postoperative wound complications  [  7  ] . 

 Alternatively, a two-layer reinforcement of the abdominal wall has 
been described  [  26  ] . This technique involves intraperitoneal placement 
of a coated synthetic sublay and a second synthetic fascial onlay. The 
advantages of this approach are wide mesh-tissue overlap and more even 
distribution of tension forces between tissue planes. The use of a 
lightweight, large pore polypropylene may lead to a reduced foreign body 
sensation and a reduced risk of infection  [  27  ] . Advocates of this approach 
argue that it obviates the need for native tissue reinforcement vis-a-vis 
component separation; however, no comparative data are available.  

   Preperitoneal Reinforcement 

 In most patients with loss of abdominal domain, despite often far 
lateral recession of the musculofascial tissues, the peritoneum is present 
and typically readily identi fi able throughout the visceral coverage. Once 
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identi fi ed, the preperitoneal plane can be developed laterally to the psoas 
muscles, inferiorly below the pubis, and onto the diaphragm superiorly. 
The peritoneum can then be closed over the intestine with a running 
absorbable suture  [  28  ] . Such wide preperitoneal dissection and closure of 
the peritoneum yields several advantages. Closing the peritoneum makes 
it so no bowel retraction is needed while the components’ separation is 
performed or, more importantly, the mesh is placed. Additionally, 
dissection and closure of the peritoneum allows the surgeon to separate 
the mesh from the intestine and, therefore, select a mesh without the 
costly barriers that are designed to prevent intestinal ingrowth. As well, 
mesh can be placed to cover the entire abdomen and beyond—the  fl ank 
and diaphragm. It allows a surgeon to cover or reinforce an aggressive 
components separation with mesh, extending it beyond the cut edges of 
the external oblique. An attempt is made to close the fascia in the midline, 
in order to restore functional abdominal wall and provide a native tissue 
barrier between the underlying mesh and the super fi cial tissues, as the 
risk of wound complication is high in these patients. Panniculectomy is 
performed as necessary, and talc is applied subcutaneously as a rule to 
reduce seroma formation and lower the risk of subsequent wound 
infections and breakdown  [  29  ] .  

   Mesh Fixation 

 Loss of domain repairs is often hindered by the need for suf fi cient and 
strong tissue on which to anchor the mesh. The use of metal supports to 
secure mesh to bone has been suggested  [  30  ] ; however, long-term 
discomfort, technical complexity, and complications inherent to the use 
of prosthetic materials have limited the widespread use of this method 
 [  2  ] . The standard for  fi xation in large hernias, whether performed open or 
laparoscopically, is full thickness, permanent sutures. Their holding 
strength is 2.5-fold greater than tacks  [  31  ] , they can be easily applied at 
the pubis, edge of the ribs, or iliac crest, and they are truly cost effective.  

   Biologic Mesh for Loss of Domain 

 The role of biologic mesh for abdominal wall reconstruction is fairly 
specialized, and its use should be judicious  [  32  ] . Biologic prostheses can 
stretch over time when used as a bridge, and most will eventually lose 
structural strength and event rate. Data for cases where it is used as a 
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buttress for fascial reinforcement appear more promising. The patients 
should be counseled about the goals and expectations of mesh selection, 
especially in light of very high costs of bioprosthetics.  

   Separation of Components 

 Various authors advocate the use of temporary, biologic, or composite 
materials  [  33  ] , but most agree that native tissue coverage should be 
maximized during abdominal wall reconstruction for loss of domain  [  8  ] . 
The value of primary fascial closure in large ventral defects with loss of 
abdominal domain has been documented in multiple studies  [  34,   35  ] . In 
patients with loss of abdominal domain, lack of native, innervated tissue 
leads to diminished mobility and can result in increased mesh sensation 
and impaired dynamics of the trunk. Component separation,  fi rst 
described in the US literature by Ramirez in 1990, is the  fi rst-line strategy 
to extend the musculofascial coverage of the abdomen  [  36  ] . Component 
separation may be performed in several ways: by dividing the anterior or 
posterior rectus sheath, the external or internal oblique fascia, or 
transversus abdominis or certain combinations of Fig.  30.1 . Patients with 
loss of abdominal domain must be carefully assessed intraoperatively for 
the presence and integrity of the rectus abdominis and oblique muscle 
bilaterally, and the feasibility of component separation in the light severe 
lateral recession and the choice of procedure must be made accordingly 
 [  37  ] . The risk of lateral recurrence must not be ignored; in patients with 
loss of domain, this is especially pertinent and is yet another reason for 
wide prosthetic reinforcement. The major limitation of this technique in 
the face of domain loss is lack of suf fi cient native tissue to afford a 
durable abdominal closure  [  33  ] . Patient satisfaction and quality of life 
improvement are high  [  38  ] .   

   Tissue Grafts and Abdominoplasty 

 The inability to accomplish native skin and subcutaneous closure has 
been correlated with an up to 30% recurrence rate  [  39,   40  ] , although the 
causal relationship has not been proven. When the residual abdominal 
tissue is insuf fi cient to provide coverage, autologous tissue grafts may be 
an appropriate alternative, but they are infrequently used. These may be 
musculofascial or musculocutaneous  fl aps and are usually supplied by one 
major artery. Tensor fascia lata  fl ap was the earliest, described in 1946, 
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  Fig. 30.1.    Anatomic diagram of abdominal components separation techniques.       
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and may be suitable for lower abdominal wall defects  [  41  ] . It may be 
performed as a simple, rotational, or free  fl ap; however, they are extremely 
painful. Other options include latissimus dorsi and rectus femoris  fl aps; 
however, up to 50% shrinkage of the denervated muscular component 
results in high recurrence rate  [  42  ] . Recently, the use of anterolateral thigh 
free  fl ap has been reported with promising results  [  43,   44  ] . Overall, the 
results of the tissue transfer  fl aps have been discouraging because of the 
insuf fi cient tensile strength, risk of  fl ap necrosis, donor site complications, 
and lack of muscle innervation, which results in eventration. 

 In addition to preoperative pneumoperitoneum described earlier, 
tissue expanders have been used with moderate success. These can be 
placed subcutaneously, between internal and external oblique or 
transversus abdominis muscles  [  42  ] . There are case reports of autologous 
tissue expansion by virtue of pregnancy leading to successful primary 
repair with fair outcomes. The role of endogenous hormones in facilitating 
tissue expansion and long-term effects remains unclear. In general, tissue 
expansion is more effective for subcutaneous tissues compared to 
musculofascial components.  

   Reconstruction in a Contaminated Field 

 Abdominal wall reconstruction should be performed acute in the 
presence of a contaminated  fi eld or bowel edema. In such cases, various 
strategies have been used, all providing the temporary coverage while 
the bowel edema subsides and the infection resolves. The simplest acute 
method is the use of negative pressure closure, where the omentum or 
arti fi cial protective covering is placed over the bowel and the abdominal 
wall is bridged with a sponge or towel and gentle continuous suction is 
applied over the top, such as with the use of the wound VAC  [  45  ] . Vicryl 
mesh may be used as temporary coverage, with a later skin graft, when gross 
infection or contamination is present. Because the material dissolves in 
2–4 weeks, 100% hernia recurrence rate is to be expected. Despite its 
temporary nature, Vicryl stimulates a signi fi cant in fl ammatory reaction, 
and bowel  fi stulization has been reported  [  46  ] . Biologic mesh provides 
another coverage option in a contaminated  fi eld, leading to at least 80% 
hernia recurrence without subsequent de fi nitive reconstruction. Traditionally, 
the use of heavyweight polypropylene mesh in contaminated  fi eld was 
contraindicated due to high infection rates, mesh extrusion, and 
 fi stulization rates of up to 50% in the acute management  [  47  ] . The newer 
lightweight polypropylene prostheses are less in fl ammatory and more 
amenable to bacterial eradication.  
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   Staged Repair with Serial Excisions 

 Aside from the added time, resources, and expenses, the use of serial 
mesh excisions provides a robust method for loss of domain reconstruction 
 [  10,   33  ] . This approach takes advantage of the adaptive elasticity of the 
muscle and fascia of the abdominal wall, in a sense, reversing the process of 
loss of abdominal domain. The  fi rst operation proceeds similarly to other 
techniques. Once the eviscerated contents are reduced into the abdomen, the 
dimensions of the ventral defect are measured, and exactly shaped Gore-Tex 
prosthesis is sutured in the inlay position under moderate tension to produce 
gradual medialization of the edges of the defect. The super fi cial wound is 
closed in the usual fashion. Patients are taken back to the operating room 
repeatedly every 2–4 days. At surgery, the tension on the mesh is qualitatively 
ascertained, and several centimeters of mesh are excised from the middle, 
and the mesh is sutured together to maintain medial tension on the edges of 
the defect. In the  fi nal stage, the mesh is completely excised, and the fascia 
is closed primarily in the midline, with optional sublay mesh reinforcement. 
Component separation may be added to facilitate midline closure  [  33  ] .  

   Laparoscopic Repair 

 Patients with loss of abdominal domain are often not considered 
minimally invasive candidates, and most surgeons use open repairs for 
these hernias. Nonetheless, the feasibility of a laparoscopic repair of giant 
ventral hernias has been demonstrated in multiple studies  [  2,   48  ] . 
Laparoscopic approaches carry low wound complication rate, which can 
bene fi t patients who otherwise suffer 30–50% complication rates. The 
laparoscopic technique is an intraperitoneal sublay—similar to conventional 
ventral hernia repairs. Please refer to the Laparoscopic Repair chapter in 
this text. The laparoscopic approach for loss of domain requires an 
alteration of this technique including trocar placement above the mesh.   

   Outcomes and Complications 

   Postoperative Management 

 Patients with loss of abdominal domain who undergo extensive 
abdominal wall reconstructions are particularly prone to wound-related 
complications. The use of JP drains, subcutaneous and over the mesh, are 
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commonplace. Abdominal binders are used for patient comfort only and 
have not been shown to impact rates of seroma formation. The use of 
subcutaneous talc after fascial closure has proven to reduce the 
postoperative seroma formation, decrease drain duration, and lower 
subsequent wound complications  [  29  ] . Previously, wound complication 
rates of 30–50% were not uncommon. Fortunately, most wound problems 
are limited in nature and respond to local wound care and antibiotics. 
Early mobilization, respiratory therapy, and rehabilitation are important 
in this population. Pain control can be an issue, and epidural anesthesia is 
often employed.  

   Long-Term Outcomes 

 Although wound complications are common in the short term, the 
majority of patients are fully recovered by 6 months after the operation. 
Satisfaction levels are high among patients, even those who suffer wound 
complications, because of the dramatically improved quality of life. The 
literature suggests good results long term after staged abdominal 
reconstructions using a combination of prosthetic reinforcement and 
separation of components. DiCocco et al. reported at a mean follow-up 
of 5 years, recurrence rate of 14%, with approximately half occurring 
within 18 months and the rest within 48 months after the abdominal 
reconstruction. They showed no association of recurrence with 
comorbidities, defect size, or time to reconstruction; however, female 
gender and BMI were associated with higher recurrence rates  [  49  ] . Long-
term quality of life is similar among patients undergoing conventional 
open ventral hernia repairs and those with components separation  [  38  ] .       

   References 

    1.    Heniford BT, et al. Laparoscopic repair of ventral hernias: nine years’ experience with 
850 consecutive hernias. Ann Surg. 2003;238(3):391–9. discussion 399–400.  

    2.    Baghai M, et al. Technique of laparoscopic ventral hernia repair can be modi fi ed to 
successfully repair large defects in patients with loss of domain. Surg Innov. 
2009;16(1):38–45.  

    3.    Park A, Birch DW, Lovrics P. Laparoscopic and open incisional hernia repair: a 
comparison study. Surgery. 1998;124(4):816–21. discussion 821–2.  

    4.    Chevrel JP, Caix M. Surgery of the abdominal wall. Berlin: Springer; 1987.  



36730. Loss of Abdominal Domain

    5.    Korenkov M, et al. Classi fi cation and surgical treatment of incisional hernia. Results 
of an experts’ meeting. Langenbecks Arch Surg. 2001;386(1):65–73.  

    6.    Parker 3rd HH, et al. Laparoscopic repair of large incisional hernias. Am Surg. 
2002;68(6):530–3. discussion 533–4.  

    7.    Bernard C, et al. Repair of giant incisional abdominal wall hernias using open 
intraperitoneal mesh. Hernia. 2007;11(4):315–20.  

    8.    Kingsnorth AN, et al. Open mesh repair of incisional hernias with signi fi cant loss of 
domain. Ann R Coll Surg Engl. 2004;86(5):363–6.  

    9.    McAdory RS, Cobb WS, Carbonell AM. Progressive preoperative pneumoperitoneum 
for hernias with loss of domain. Am Surg. 2009;75(6):504–8. discussion 508–9.  

    10.    Vertrees A, et al. Early de fi nitive abdominal closure using serial closure technique on 
injured soldiers returning from Afghanistan and Iraq. J Am Coll Surg. 
2006;202(5):762–72.  

    11.    Xiao SC, et al. Repair of complex abdominal wall defects from high-voltage electric 
injury with two layers of acellular dermal matrix: a case report. J Burn Care Res. 
2009;30(2):352–4.  

    12.    Tang R, et al. Immediate repair of major abdominal wall defect after extensive tumor 
excision in patients with abdominal wall neoplasm: a prospective review of 27 cases. 
Ann Surg Oncol. 2009;16(10):2895–907.  

    13.      Rosen M. Loss of domain - de fi nition and management. SAGES 12th world congress 
of endoscopic surgery. Washington, DC. April 15, 2010.  

    14.    Dumont F, et al. Progressive pneumoperitoneum increases the length of abdominal 
muscles. Hernia. 2009;13(2):183–7.  

    15.    Sabbagh C, et al. Peritoneal volume is predictive of tension-free fascia closure of large 
incisional hernias with loss of domain: a prospective study. Hernia. 2011;15(5):559–65.  

    16.    Toniato A, et al. Incisional hernia treatment with progressive pneumoperitoneum and 
retromuscular prosthetic hernioplasty. Langenbecks Arch Surg. 2002;387(5–6):246–8.  

    17.    Tanaka EY, et al. A computerized tomography scan method for calculating the hernia 
sac and abdominal cavity volume in complex large incisional hernia with loss of 
domain. Hernia. 2010;14(1):63–9.  

    18.    Cobb WS, et al. Normal intraabdominal pressure in healthy adults. J Surg Res. 
2005;129(2):231–5.  

    19.    Lindstrom D, et al. Effects of a perioperative smoking cessation intervention on 
postoperative complications: a randomized trial. Ann Surg. 2008;248(5):739–45.  

    20.    Mayagoitia JC, et al. Preoperative progressive pneumoperitoneum in patients with 
abdominal-wall hernias. Hernia. 2006;10(3):213–7.  

    21.    Caldironi MW, et al. Progressive pneumoperitoneum in the management of giant 
incisional hernias: a study of 41 patients. Br J Surg. 1990;77(3):306–7.  

    22.    Willis S, Schumpelick V. Use of progressive pneumoperitoneum in the repair of giant 
hernias. Hernia. 2000;4(2):105–11.  

    23.    Luijendijk RW, et al. A comparison of suture repair with mesh repair for incisional 
hernia. N Engl J Med. 2000;343(6):392–8.  

    24.    Joels CS, et al. Abdominal wall reconstruction after temporary abdominal closure: a 
ten-year review. Surg Innov. 2006;13(4):223–30.  



368 V.B. Tsirline et al.

    25.    de Vries Reilingh TS, et al. Repair of large midline incisional hernias with polypropylene 
mesh: comparison of three operative techniques. Hernia. 2004;8(1):56–9.  

    26.    Moreno-Egea A, et al. Repair of complex incisional hernias using double prosthetic 
repair: single-surgeon experience with 50 cases. Surgery. 2010;148(1):140–4.  

    27.    Cobb WS, Kercher KW, Heniford BT. The argument for lightweight polypropylene 
mesh in hernia repair. Surg Innov. 2005;12(1):63–9.  

    28.    Novitsky YW, et al. Open preperitoneal retrofascial mesh repair for multiply recurrent 
ventral incisional hernias. J Am Coll Surg. 2006;203(3):283–9.  

    29.    Klima DA, et al. Application of subcutaneous talc in hernia repair and wide 
subcutaneous dissection dramatically reduces seroma formation and post-operative 
wound complications. Am Surg. 2011;77(7):888–94.  

    30.    Yee JA, et al. Bone anchor mesh  fi xation for complex laparoscopic ventral hernia 
repair. Surg Innov. 2008;15(4):292–6.  

    31.    Joels CS, et al. Evaluation of adhesion formation, mesh  fi xation strength, and 
hydroxyproline content after intraabdominal placement of polytetra fl uoroethylene 
mesh secured using titanium spiral tacks, nitinol anchors, and polypropylene suture or 
polyglactin 910 suture. Surg Endosc. 2005;19(6):780–5.  

    32.    Pomahac B, A fl aki P. Use of a non-cross-linked porcine dermal scaffold in abdominal 
wall reconstruction. Am J Surg. 2010;199(1):22–7.  

    33.    Lipman J, Medalie D, Rosen MJ. Staged repair of massive incisional hernias with loss 
of abdominal domain: a novel approach. Am J Surg. 2008;195(1):84–8.  

    34.    Lowe 3rd JB, et al. Risks associated with “components separation” for closure of 
complex abdominal wall defects. Plast Reconstr Surg. 2003;111(3):1276–83. quiz 
1284–5; discussion 1286–8.  

    35.    Rios A, et al. Factors that affect recurrence after incisional herniorrhaphy with 
prosthetic material. Eur J Surg. 2001;167(11):855–9.  

    36.    Ramirez OM, Ruas E, Dellon AL. “Components separation” method for closure of 
abdominal-wall defects: an anatomic and clinical study. Plast Reconstr Surg. 
1990;86(3):519–26.  

    37.    Levine JP, Karp NS. Restoration of abdominal wall integrity as a salvage procedure in 
dif fi cult recurrent abdominal wall hernias using a method of wide myofascial release. 
Plast Reconstr Surg. 2001;107(3):707–16. discussion 717–8.  

    38.    Klima DA, et al. Prospective comparison of component separation versus conventional 
open ventral hernia repair in patients with large ventral hernias. San Francisco: 
American Hernia Society; 2011.  

    39.    Girotto JA, et al. Recalcitrant abdominal wall hernias: long-term superiority of 
autologous tissue repair. Plast Reconstr Surg. 2003;112(1):106–14.  

    40.    Lowe JB, et al. Endoscopically assisted “components separation” for closure of 
abdominal wall defects. Plast Reconstr Surg. 2000;105(2):720–9. quiz 730.  

    41.    Wangensteen OH. Repair of large abdominal defects by pedicled fascial  fl aps. Surg 
Gynecol Obstet. 1946;82:144–50.  

    42.    Van Geffen HJ, Simmermacher RK. Incisional hernia repair: abdominoplasty, tissue 
expansion, and methods of augmentation. World J Surg. 2005;29(8):1080–5.  



36930. Loss of Abdominal Domain

    43.    Kuo YR, et al. One-stage reconstruction of large midline abdominal wall defects using 
a composite free anterolateral thigh  fl ap with vascularized fascia lata. Ann Surg. 
2004;239(3):352–8.  

    44.    Berrevoet F, et al. The anterolateral thigh  fl ap for complicated abdominal wall 
reconstruction after giant incisional hernia repair. Acta Chir Belg. 2010;110(3):376–82.  

    45.    Miller PR, et al. Prospective evaluation of vacuum-assisted fascial closure after open 
abdomen: planned ventral hernia rate is substantially reduced. Ann Surg. 
2004;239(5):608–14. discussion 614–6.  

    46.    Fabian TC, et al. Planned ventral hernia. Staged management for acute abdominal wall 
defects. Ann Surg. 1994;219(6):643–50. discussion 651–3.  

    47.    Jernigan TW, et al. Staged management of giant abdominal wall defects: acute and 
long-term results. Ann Surg. 2003;238(3):349–55. discussion 355–7.  

    48.    Ferrari GC, et al. Laparoscopic management of incisional hernias  ³ 15 cm in diameter. 
Hernia. 2008;12(6):571–6.  

    49.    DiCocco JM, et al. Long-term follow-up of abdominal wall reconstruction after 
planned ventral hernia: a 15-year experience. J Am Coll Surg. 2010;210(5):686–95. 
695–8.     



371B.P. Jacob and B. Ramshaw (eds.), The SAGES Manual of Hernia Repair, 
DOI 10.1007/978-1-4614-4824-2_31, 
© Springer Science+Business Media New York 2013

    31.     Drains, Pain Pumps, 
and Abdominal Binders       

     Chris   Edwards         

     Some aspects of surgery rely heavily on science to tell the surgeon 
how to perform a certain procedure or determine which adjunctive 
modality should be used at a certain time. Some aspects of surgery rely 
on surgical science to develop algorithms of patient care and to standardize 
best practices. Some aspects of surgery rely more heavily on tradition 
than on hard scienti fi c fact usually in areas where surgical science is hard 
to produce or inconsistent. Some areas are a true blend of the science of 
surgery and the art of surgery. This is certainly true when discussing 
current strategies regarding drains, pain pumps, and abdominal binders 
for the laparoscopic treatment of hernia. 

 This is certainly one area where surgical science is lacking. There 
simply is a paucity of true surgical research in this area of hernia repair. 
Many surgeons    rely on the advice of others and the traditions that have 
been passed down from their mentors as to when these adjuncts to hernia 
repair are used. This chapter is an attempt to consolidate what little 
research is available and to provide the author’s current practice regarding 
the use of drains, pain pumps, and abdominal binders for laparoscopic 
hernia repair. 

   Drains 

 There are many types of drains available for surgical practice today. 
Open or closed drainage of hernia repair has been described. The scope 
of this writing is not to describe the types of drains available but to 
describe the use during laparoscopic hernia repair. 
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 The primary purpose of the use of any drain is to be able to evacuate 
blood, pus, or  fl uid from a surgical site. The bene fi ts of this in hernia 
repair may be to decrease seroma formation, to remove infected material 
from a surgical site, or to allow more rapid healing of wounds by the use 
of negative pressure. Drains used for open treatment of hernia are often 
used to evacuate the accumulation of seroma  fl uid. 

 The use of drains during laparoscopic hernia repair is often 
controversial. There truly is minimal data published on this topic. The 
use of drains for laparoscopic hernia repair should be balanced by the 
possibility of introducing an outside contaminant with the bene fi t of 
removing seroma  fl uid. Closed suction drains placed over a permanent 
prosthetic material should be avoided as the author feels this can lead to 
a portal of infection to the mesh often used for laparoscopic hernia repair. 
One of the key bene fi ts of laparoscopic hernia repair is the decreased risk 
of wound infection and mesh infection  [  1,   2  ] . It simply does not make 
sense to leave a tract for the possible contamination of a mesh material 
by the use of a drain. 

 However, the data on the use of drains during laparoscopic mesh 
hernia repair is minimal. In fact, Kaafarani et al. list the placement of a 
surgical drain as an independent risk factor for the development of 
surgical site infection after laparoscopic ventral hernia repair  [  3  ] . Other 
studies have found inconclusive evidence on whether the use of a drain 
over mesh hernia repairs yields an increase in surgical site infections or 
not during incisional hernia repair  [  4  ] . 

 One recent study is worth looking into that advocates the use of 
closed suction drainage during laparoscopic total extraperitoneal (TEP) 
inguinal hernia repair. This study by Ismail et al. reviewed 929 patients 
(1,753) hernias where laparoscopic TEP hernia repair was performed. 
Eight hundred forty-nine (1,607) patients had drains placed where 80 
(146) patients did not. Seroma formation was signi fi cantly less in the 
drain group (0.75 %) compared to the open group (15.1 %). No infections 
were identi fi ed in either group supporting the use of drains in this 
procedure  [  5  ] . Still, the data suggesting routine drainage for mesh hernia 
repair is sparse, and the author does not recommend the use of drains in 
this setting. Furthermore, the author feels that the risk of even one mesh 
infection during laparoscopic repair outweighs the bene fi ts of decreased 
seroma formation that typically clears spontaneously without 
complication. 

 However, one example where drains should be used liberally is in 
abdominal wall reconstruction. Drains should be used during component’s 
release incisional hernia repair in the submuscular spaces that are created 
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during this particular type of procedure. Drains used in this fashion will 
help reduce seroma formation and allow the negative pressure to help 
“seal” these spaces and improve healing. Furthermore, the evacuation of 
this  fl uid can certainly help limit the accumulation of old hematoma and 
seroma that can predispose to abscess formation in the often medically 
complex patients where this procedure is performed. The technique 
should attempt to separate any prosthetic with drains to limit contamination 
of the mesh. These drains left in the submuscular spaces should be left 
longer than most other procedures where mesh is used typically. Most 
surgeons remove drains when the volume of  fl uid being drained reaches 
a certain minimal amount.    However, with components release where 
large sub- or intramuscular  fl aps are created, the author feels it is useful 
to leave these drains in for 2–3 weeks sometimes for the negative pressure 
to help close these spaces and speed healing. 

 Overall, minimal data supports the use of drains during laparoscopic 
mesh hernia repair. Several studies emphasize the use of drains to 
increase the incidence of surgical site and mesh infections when used in 
this matter. Some studies may demonstrate the use of drains to decrease 
seroma rates, but the author feels that the prevention of this relatively 
benign complication not to be worth the risk of mesh infection that the 
drain may cause. If the surgeon can separate the mesh from the site 
needed for drainage however as in certain abdominal wall reconstruction 
techniques, then drains may prove useful. More data needs to be 
evaluated.  

   Binders 

 Many surgeons feel that the use of abdominal binders after 
laparoscopic ventral hernia repair may have many advantages. The 
possible advantages include less pain, possibility of lower recurrence, 
and the possibility of fewer seromas. Like the use of drains after 
laparoscopic hernia repair, there is a paucity of data for this. 

 The most common binders used in the United States are relatively 
inexpensive elasticized products with Velcro  fi xation. The bene fi ts of 
these binders are that they are cheap and easy to place. They are also 
readily available at any medical supply store. These are usually placed 
immediately after the procedure. Many surgeons claim that these binders 
add support to the repair; however, there is no clear evidence in the 
literature to support this for laparoscopic repair. 



374 C. Edwards

 One of the most common  fi ndings after laparoscopic incisional hernia 
repair is postoperative seroma. These are all usually benign but can be 
disconcerting to the patient and confused with early recurrence to the 
inexperienced clinician. Dr. LeBlanc feels that the use of binders may 
decrease the incidence of this common  fi nding after surgery  [  6  ] . However, 
this author could not  fi nd any comparative analysis in the literature to 
support this. 

 There does seem to be some support in the literature for the use of 
binders to bene fi t postoperative pain after laparoscopic hernia repair. 
Cheifetz et al. found a signi fi cant reduction in pain 1, 3, and 5 days after 
surgery with the use of binders. They also found improvement in the ability 
to ambulate afterward in a randomized control trial  [  7  ] . Larson et al. also 
demonstrated an improvement in pain scores of about half that without 
binders in a prospective randomized control study of 54 patients  [  8  ] . 

 A criticism of binders is that there may be a decrease in the patient’s 
ability to breathe. This may lead to poor respiratory function and the 
associated problems of atelectasis, postoperative fever, and pneumonia 
following an especially painful procedure. Larson and Chei fi tz groups 
both looked at this as well and found no reduction in pulmonary function 
as measured by pulmonary function testing with the use of abdominal 
binders after major abdominal surgery  [  7,   8  ] . 

 The author feels that binders can help with pain if the patient feels 
that this will be the case. The authors do not routinely use binders after 
laparoscopic ventral hernia repair unless asked by the patient. There is 
no clear evidence that binders reduce the incidence of seroma formation 
or reduce the recurrence rate. However, pain control does seem to be 
improved. The drawback however is that many patients feel that the 
binder is “prescribed” for them and they often wear it to excess, including 
in the shower. The author has seen some very foul binders come back in 
to the of fi ce raising the question of hygiene for these patients. Overall, 
binders may have a utility for pain control but have not shown a clear cut 
bene fi t in other postoperative improvements in laparoscopic incisional 
hernia repair.  

   Pain Pumps 

 Pain control after laparoscopic surgery is a huge topic and best suited for 
its own chapter. The general feeling that the laparoscopic approach is a less 
painful approach should not mean to say that laparoscopic treatment of 
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hernia is a painless procedure. In fact, the author believes that the laparoscopic 
approach provides access to perform a much more thorough dissection than 
an open approach. The laparoscopic approach also allows for more broad 
mesh placement which can irritate a very sensitive peritoneum and provide 
signi fi cant postoperative pain. The use of postoperative pain pumps can be 
one way to minimize this pain after surgery. 

 Pain control after laparoscopic surgery can consist of a variety of 
modalities. Intravenous and oral narcotics, anti-in fl ammatory, epidural 
catheter infusions, regional anesthetic blocks, and placement of pain 
pumps are a few of these modalities. This discussion will center on what 
the literature supports for the placement of pain pumps after laparoscopic 
hernia repair. 

 Epidural catheter pumps have been demonstrated to be a successful 
pain control strategy for a number of open procedures. However, the 
routine use of epidural catheters for laparoscopic hernia repair is not 
universally accepted or understood. There is minimal data supporting 
this. This author feels however that a laparoscopic repair of a large 
ventral hernia is a very painful procedure. This author also routinely uses 
epidural catheter and patient-controlled pumps for its administration 
after their repair. The data is not published yet, but this author has seen a 
reduction in length of stay by 2 days as well as a faster recovery of 
gastrointestinal function after the use of epidural catheters for laparoscopic 
repair of ventral hernias over 30 cm 2 . In fact, an ad hoc analysis of the 
authors’ data supported early closure of the trial due to favorable results. 
These  fi ndings are to be presented later this year. 

 There are problems associated with epidural catheters however. 
Weakness and numbness are some common side effects. Urinary retention 
is also common. A lot of these factors are technique driven and depend 
on the anesthetists’ skill at placing the catheter. In summary, it is 
reasonable to consider an epidural catheter for pain control after any 
large laparoscopic ventral hernia repair. 

 The uses of regional anesthetic pumps are commonplace as well. The 
most common is a Silastic-type catheter attached to a continuously 
infusing reservoir of local anesthetic designed to administer a set amount 
of local anesthesia to the surgery site. The use for open inguinal hernia 
repair is present with Stewart et al. and Sanchez et al. presenting their 
data in 2004 demonstrating lower mean pain scores and less rescue 
aesthesia with the use of these pumps in open inguinal hernia repair. This 
difference persisted even after removal of the pump  [  9,   10  ] . However, 
Rosen et al. did not see a difference in pain scores with the use of these 
pumps after laparoscopic ventral hernia repairs in 73 patients  [  11  ] . 
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 An interesting corollary of this is the use of regional block anesthesia 
with or without the use of pumps. There has been interest in the 
administration of local anesthetic to the preperitoneal space for the use 
of both open and laparoscopic procedures. This is commonly called 
   transversus abdominis plane (TAP) block. Heil et al. reported a bene fi t in 
pain scores when used for outpatient open inguinal hernia repair  [  12  ] , 
while Ahmed et al. reported a bene fi t with laparoscopic incisional hernia 
repair  [  13  ] . Data on this technique is sparse but carries the bene fi t of no 
additional short-term catheter.  

   Conclusion 

 The use of drains, binders, and pain pumps is largely driven by anecdotal 
evidence only. Few studies really support or disprove these techniques in 
regard to laparoscopic hernia repair. However, these techniques may prove 
bene fi cial in the long run and require further study.      
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    32.     Skin Necrosis After Open 
Component Separation: Prevention 
and Management       

     Jignesh   V.   Unadkat     and    Dinakar   Golla         

     Component separation as popularized by Ramirez et al.  [  1  ]  has been 
the mainstay of autologous abdominal wall reconstruction for complex 
defects especially with loss of domain. This method allows closure of 
signi fi cant midline defects up to 12, 20, and 10 cm in the upper, middle, 
and lower abdomen, respectively  [  2  ] . Using this technique, hernia 
recurrence rates have been signi fi cantly reduced compared to primary 
repair  [  3  ] . One obvious drawback of the procedure is the extensive 
dissection of the skin and subcutaneous tissue to access the external 
oblique muscle for subsequent release. Signi fi cantly higher wound 
complication rates have been reported with skin necrosis occurring in up 
to 40 % of the patients  [  4  ] . In the presence of preexisting infection, this 
rate is even higher  [  5  ] . 

   Anatomy 

 The abdominal wall has a robust blood supply  [  6  ] . Huger divided the 
anterior abdominal wall into three zones. Zones I and II, the mid-abdomen 
and lower abdomen, respectively, are supplied by the vascular arcade of 
the superior and inferior deep epigastric arteries supplemented by 
branches from the super fi cial inferior epigastric and super fi cial circum fl ex 
iliac arteries to the lower abdominal wall. Zone III is supplied by the 
intercostal, subcostal, and lumbar arteries that course toward the midline. 
The neurovascular bundle exists between the internal oblique and 
transversalis muscles. As such, there is a relatively avascular and nerve-
sparing plane between the external and internal oblique muscles, 
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providing the anatomic basis for separating the component parts of the 
abdominal wall musculature. Blood supply to the skin is provided by 
super fi cial and deep vascular systems. In the lower abdomen, direct 
super fi cial cutaneous supply comes from super fi cial circum fl ex and 
super fi cial inferior epigastric arteries and in the upper abdomen from the 
branches off of the subcostal and intercostal arteries. These branches 
originate lateral and course toward the midline. In the midline, the 
abdomen is supplied predominantly by the indirect blood supply coming 
via the musculocutaneous perforators off the deep epigastric arcade. 
These perforators are predominantly grouped around the umbilicus.  

   Pathophysiology 

 Midline incision to access the hernia sac divides any crossing blood 
vessels. As such, the midline skin relies on the blood supply from lateral 
sources and deep sources, that is, the periumbilical perforators. In a wide 
abdomen, wherein the midline skin is distant from the lateral limits of 
the abdomen, direct lateral super fi cial blood supply is limited. 
Furthermore, wide undermining of the subcutaneous  fl aps to access the 
external oblique muscle divides the musculocutaneous perforators, 
thereby rendering the abdominal midline skin and subcutaneous areas 
avascular. This consequently leads to skin infection and necrosis  [  7  ]  and 
fat necrosis leading to tissue loss, leaving the midline facial closure 
exposed and prone to infections  [  8  ] .  

   Prevention 

 Clearly, gentle skin and soft tissue handling is a prerequisite in 
preventing most wound complications. One must be cognizant of 
potential wound healing complications in patients with several 
comorbidities including but not limited to obesity, diabetes, smoking, 
and immunosuppressed status. Following component separation, the key 
to preventing skin necrosis lies in prevention of severance of blood 
supply to the abdominal skin:

    1.    Careful planning of incision and assessment of any previous 
abdominal scars will allow preservation of blood supply to the 
midline skin. Presence of right subcostal scar would preclude 
undermining of the right adipocutaneous  fl ap superiorly. 
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Similarly, transverse scar for renal transplantation would 
preclude undermining of lower adipocutaneous  fl aps.  

    2.    Preventing widespread undermining of the adipocutaneous 
 fl aps would prevent disruption of blood supply to the medial 
skin edges. A number of methods have been undertaken to 
access the external oblique musculature without signi fi cant 
undermining of the adipocutaneous  fl aps. Maas et al.  [  9  ]  used a 
separate longitudinal incision 15 cm laterally from the medial 
skin edge to access the external oblique aponeurosis. In their 
small series of four patients, none had hernia recurrence or skin 
necrosis. Lowe et al.  [  10  ]  used balloon dissection of a 
subcutaneous pocket via two small lateral incisions on either 
side of the abdomen to access the external oblique. Following 
this, the external oblique muscle was released endoscopically. 
In their series of 37 patients, none of the endoscopic group 
patients had any infection, ischemia, or dehiscence compared to 
the open approach groups of patients.  

    3.    Preserving the periumbilical musculocutaneous perforators 
would maintain blood supply to the medial skin edges. 
Dumanian et al.  [  8  ]  carefully dissected the adipocutaneous  fl aps 
off the external oblique muscle taking care to preserve the 
periumbilical perforators. They performed lateral dissection 
from the defect edges to expose the linea semilunaris both 
superior and inferior to the umbilicus and connecting the two 
areas via a tunnel lateral to the perforators. Using this technique, 
in a series of 41 patients, they obtained signi fi cantly lower 
incidence of super fi cial skin complications even in the presence 
of contamination/enterocutaneous  fi stulae. A modi fi cation 
described later  [  3  ]  involved the use of 6–8-cm transverse 
subcostal incisions bilaterally to access the linea semilunaris 
rather than any subcutaneous dissections.  

    4.    A simple key to prevent skin necrosis would be to predict its 
occurrence. This idealistic approach, albeit with extreme 
uncertainty, can be adapted in a patient such as one who is an 
overweight individual with diabetes, who has had multiple 
previous abdominal surgeries, and presents with gross 
contamination. Excising the excess medial tissue, enough to 
allow primary closure, much like a vertical panniculectomy, would 
remove the potentially threatened skin and subcutaneous tissue that 
may have gone onto ischemic necrosis. In addition, infraumbilical 
hernias maybe approached via a standard panniculectomy 
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approach with excision of threatened tissue at closure. Some 
authors  [  3  ]  have implemented short-term subatmospheric pressure 
dressings as an immediate dressing. This has led to decreased soft 
tissue loss and consequent infections.      

   Management 

 Management of skin necrosis following component separation 
presents a potential challenge. Firstly, the patient usually has had multiple 
abdominal surgeries, often through the same incision. Repeated attempts 
at hernia repair induce signi fi cant scar formation within the potential 
dead space created by elevation of adipocutaneous  fl aps. This scar is 
avascular which potentiates wound complications. In addition, many 
patients have had prior infections or infected mesh repairs. Several 
patients have numerous comorbidities further impairing the ability for 
wound healing. 

 Once skin and soft tissue necrosis has occurred, complete debridement 
of the necrotic tissues is mandated. All attempts to maintain integrity of 
the underlying fascial closure should be made. Soft tissue debridement 
can be undertaken using chemical, mechanical, or surgical methods. 
Chemical methods involve usage of enzymatic agents. Mechanical 
debridements involve regular dressing changes using wet-to-dry dressings 
or moist dressings as warranted. Above methods help in situations where 
in there is limited or super fi cial tissue necrosis. Full-thickness 
adipocutaneous necrosis warrants excision of the affected area either by 
the bedside or in the of fi ce or in the operative room depending on the 
extent of involvement. 

 Once all necrotic tissue is excised, the next step would be reconstructing 
the defect. Depending on the amount of abdominal soft tissue excess, it 
may be possible to advance the remaining abdominal wall to approximate 
in the midline. Sometimes, depending on the status of the wound and the 
condition of the patient, it may be necessary to temporize the wound 
before implementing  fi nal reconstruction. Application of subatmospheric 
pressure dressing, especially in abdominal contaminated  fi elds, has been 
shown to enable the growth of healthy granulation tissue  [  11  ] . 
Subsequently, these areas can be reconstructed by advancing surrounding 
healthy tissue as described above or application of a split-thickness skin 
graft.  
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   Conclusion 

 Hernia repair using the component separation method is safe, effective, 
and reliable. Using the standard open technique, undermining of the 
adipocutaneous tissue to access and release the external oblique musculature 
is fraught with increased incidence of skin and subcutaneous tissue necrosis. 
Good planning and several modi fi cations to the standard technique have 
demonstrated effectiveness in reduction in the rate of wound complications.      
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    33.     Recurrent Incisional Hernia Repair       

     John   G.   Linn     and    Dean   J.   Mikami         

     Repairing recurrent incisional hernias comprises thousands of 
operations performed nationwide each year. Patients suffering from these 
abdominal wall defects constitute a true challenge to general, minimally 
invasive, and plastic surgeons across the country. Traditional approaches 
to repairing these hernias, including open suture and mesh repair, have 
been plagued by repeated recurrences in both the short and long term. 
Other options, such as abdominal wall myofascial advancement  fl aps 
and laparoscopic approaches to incisional hernias have been proposed as 
superior alternatives with the potential for lower recurrence rates. Dozens 
of different mesh prostheses are available for recurrent hernia repairs, yet 
none offers a panacea immune to recurrence or other complications. 
Knowledge of all these options is required to provide the best possible 
care for patients with these dif fi cult problems. 

   Scope of the Problem 

 In 1997, Luijendijk published a series of primary midline incisional 
hernias repaired using an interrupted mattress suture, vertical Mayo 
repair. They demonstrated a recurrence rate of nearly 50% at 5-year 
follow-up  [  1  ] . Later, the same group published the results of a multicenter 
trial which randomized patients to either mesh or primary suture repair 
of incisional hernias. Recurrence rates of 43% with primary suture repair 
and 24% with mesh repair were seen at 3-year follow-up  [  2  ] . While this 
second paper is often used to demonstrate the superiority of mesh repair 
compared to suture repair, the fact remains that despite good surgical 
technique using prosthetic, up to 1/4 of patients will suffer from a hernia 
recurrence in only 3 years. For those repaired primarily, the risk of 
recurrence is even higher, creating a huge group of patients with recurrent 
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hernias that seek further surgical treatment. In 1993, Hesselink examined 
a series of over 300 patients who underwent primary incisional hernia 
repair and concluded that better techniques in hernia surgery were badly 
needed  [  3  ] . A population-based study of incisional hernia repairs in 
Washington state in 2003 demonstrated that despite signi fi cant increase 
in the use of mesh over a 12-year period, the cumulative reoperation rate, 
used as a surrogate for recurrence, was over 20%  [  4  ] .  

   Etiology and Pathophysiology of Recurrence 

 While the problem is signi fi cant, the underlying etiology of recurrence 
after a previous hernia repair is still poorly understood. Traditional 
surgical teaching links hernia recurrence to tension either created or not 
relieved during the repair operation. The use of “tension-free mesh repair” 
in inguinal hernias has certainly offered an improvement in recurrence 
rate from tissue repair alone. However, surgeons tend to believe that most 
of their own incisional hernia repairs are done without tension, and most 
published series describe a tension-free technique. Still, incisional hernia 
repairs recur at an extremely high rate. Therefore, the pathophysiology of 
recurrence likely has more to it than simply tension alone. 

 Patient-related factors, such as obesity, diabetes, tobacco use, and 
medications that impair wound healing such as steroids, have often been 
cited as risk factors for incisional hernia recurrence  [  5,   6  ] . Many of these 
factors, however, are dif fi cult to cure or alter when patients present with 
symptomatic hernias. Patients with these comorbid conditions will 
continue to present with recurrent incisional hernias, and surgeons should 
focus on aspects of repair that can be controlled. 

 Local wound problems such as wound infection, hematoma, or mesh 
infection requiring removal seem to predispose patients to recurrence as 
well  [  7  ] . Providing adequate tissue coverage of mesh prostheses, 
judicious use of subcutaneous drains that may serve as routes of bacterial 
infection, and careful hemostatic technique may minimize the potential 
for these complications that have long-term consequences. 

 Mesh prostheses, which should probably be utilized for almost all 
recurrent incisional hernias, have different degrees of tensile strength, 
cross-linking, elasticity, durability, and contraction/shrinkage after 
implantation. Animal data suggests that using polypropylene mesh 
probably alters the elastic properties of the abdominal wall  [  8  ] , which 
may help decrease recurrence. Elasticity will likely vary with different 
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types of mesh, and poor understanding of this factor may predispose 
some patients to recurrence. 

 While surgical factors are important to consider, molecular alterations 
in collagen composition may prove to be underlying causes of hernia 
recurrence. A decrease in the ratio of type I to type III collagen has been 
implicated in the pathogenesis of inguinal hernia recurrence  [  9  ] . While 
matrix metalloproteinases (MMPs) have been implicated in the 
pathogenesis of both abdominal aortic aneurysm formation and inguinal 
hernia recurrence  [  10  ] , their role in incisional hernia recurrence has been 
more dif fi cult to elucidate and remains controversial  [  10,   11  ] . Some data 
suggests that  fi broblast expression of MMPs may vary with the type of 
prosthetic material  [  11  ] . 

 The last factor that surgeons can control is the technical aspects of 
mesh placement and  fi xation. Awad and colleagues performed an 
exhaustive review of technical factors that led to recurrence in published 
series of ventral hernia repair with mesh over the last 40 years. Types of 
mesh placement described included the following: (1) sandwich, in 
which prostheses are placed both anterior and posterior to the fascia; (2) 
onlay, in which mesh prostheses are secured to the anterior surface of the 
fascia, which is closed primarily; (3) inlay, in which the mesh is used as 
a bridge between two sides of fascia; (4) retrorectus or Rives-Stoppa 
repair, in which the mesh is placed deep to the rectus muscles between 
the anterior and posterior fascia layers, which are both closed primarily; 
and (5) intraperitoneal, as performed with a laparoscopic incisional 
hernia repair. Recurrence rates were highest among patients undergoing 
inlay and onlay mesh placement, which is supported by other reviews 
 [  12,   13  ] . Speci fi c etiologies of hernia recurrence that seemed most 
common were inadequate mesh  fi xation, lateral mesh detachment, and 
mesh infection. Based on these  fi ndings, they proposed a speci fi c 
classi fi cation system for mechanism of recurrence. Technical factors 
include mesh infection, mesh lateral distraction secondary to either 
inadequate  fi xation or inadequate overlap, and “missed” hernia  [  12  ] . 
Wassenaar reported a series of recurrences after 505 laparoscopic 
hernia repairs with    polytetra fl uoroethylene (PTFE). Interestingly, patients 
undergoing non-midline hernia repair, such as subcostal incisional 
hernia, had a much higher recurrence rate. While the groups were not 
equal due to a much smaller number of subcostal hernias, it does suggest 
that laparoscopic repair of subcostal incisional hernias is more dif fi cult 
than midline hernias and that technical failure may increase recurrence 
rates. Most midline incisional hernia recurrences were immediately 
adjacent to the edge of the mesh, suggesting either a missed hernia or an 
overall weakness of the previously closed fascia  [  14  ] .  
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   Speci fi c Challenges 

 Recurrent incisional hernias may present speci fi c challenges during 
repair which are usually irrelevant to primary incisional hernia. Several 
unanswered questions remain regarding these challenges. For those 
hernias previously repaired with mesh, should it be removed at a second 
operation? Should colostomies be resited during the repair of recurrent 
incisional and parastomal hernias? Should the presence of these factors 
dictate which type of prosthetic is selected? Patients with prior colostomy 
or ileostomy incisions have additional levels of complexity that may 
make further recurrence even more dif fi cult to prevent. Abdominal wall 
vascular supply may be interrupted so that standard repair techniques 
cannot be applied. 

 Finally, the repair of recurrent incisional hernias lends itself well to 
the old adage that “the  fi rst repair has the best chance to be the last 
repair.” These patients have already failed an attempt at repair, and the 
likelihood of success probably decreases with each subsequent recurrence 
 [  3  ] . While surgeons cannot realistically expect to have recurrence-free 
complex hernia practices, proper patient selection, timing of surgery, and 
choice of surgical approach are paramount in the battle to minimize 
recurrence in this challenging patient population.  

   Open and Laparoscopic Approaches 
to Recurrent Incisional Hernias 

   Modi fi ed Rives-Stoppa Repair 

 Careful consideration of mesh placement relative to the anterior 
rectus sheath fascia should be included in the discussion of open recurrent 
incisional hernia repair. As suggested by the review from Awad previously 
cited, inlay and onlay open mesh repairs tend toward higher recurrence 
rates compared to sublay or underlay techniques. 

 The most commonly described technique for open mesh underlay is 
a modi fi cation of the Rives-Stoppa repair  [  15  ] . For the purposes of this 
discussion, this includes techniques described as “preperitoneal,” 
“extraperitoneal,” or “retromuscular” as well. Speci fi cally, this technique 
involves several steps: (1) complete dissection and reduction of the 
hernia sac and its contents into the abdominal cavity, which may include 
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lysis of adhesions and removal of other prosthetic material; (2) creation 
of a wide retrorectus plane, in which the posterior rectus sheath and 
peritoneum are dissected off the posterior surface of the rectus abdominis 
muscle and potentially further extended to the most lateral aspects of the 
abdominal wall; (3) primary closure of the posterior rectus sheath and/or 
peritoneum, to create a natural tissue barrier to avoid prosthetic contact 
with the viscera; (4) placement of a widely overlapped, permanent mesh 
prosthesis into the retrorectus space and securing it circumferentially; 
and (5) closure of the anterior rectus sheath  [  16  ] . 

 This technique offers several advantages that help counteract some of 
the factors that may lead to recurrence. It is done in a relative tension-
free fashion and excludes the mesh prosthesis from the viscera, reducing 
the potential for mesh infection and  fi stula formation. The retrorectus 
space is well vascularized, and the size of the space allows for a huge 
surface area for tissue ingrowth into the mesh. Finally, it theoretically 
allows the mesh to augment the strength of the abdominal wall when 
intra-abdominal pressure increases since the mesh lies deep to the 
anterior fascia  [  17  ] . 

 Data supporting the use of this approach for recurrent incisional 
hernias are included in larger series of open Stoppa repairs for all 
incisional hernias. The Mayo Clinic series of 254 patients with complex 
incisional hernias repaired using this technique included 76 patients with 
recurrent hernias, some multiply recurrent. The majority of these hernias 
were midline incisional hernias, and most were repaired using 
polypropylene mesh. Overall hernia recurrence with mean follow-up of 
70 months was 5%, though this was for the entire cohort, not just recurrent 
hernias. Interestingly, recurrence was much more common in patients 
who had wound infections  [  17  ] . Novitsky et al. published a series of 32 
patients who underwent repair of  multiply  recurrent incisional hernias 
with open preperitoneal technique. Over half the patients were morbidly 
obese, and comorbidities such as diabetes, pulmonary disease, and 
smoking were common. Again, polypropylene mesh was used with very 
large surface area for ingrowth (mean 937 cm  [  2  ] ). Mean follow-up of 
28 months yielded only a single recurrence, occurring in a patient who 
required partial mesh removal due to infection. In their discussion, the 
authors stress the advantage of wide mesh overlap, which in some cases 
measured 8–10 cm  [  18  ] . Another series with mean follow-up of 
34 months included 15 recurrent hernias repaired with modi fi ed Rives-
Stoppa technique; only 1 recurrence occurred in a patient requiring mesh 
removal for infection  [  19  ] . 
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 There are drawbacks to this approach, however. The retromuscular 
dissection can be bloody, and it creates a large space which can be a 
source of hemorrhage in the early postoperative period. Additionally, the 
neurovascular innervation to the muscles of the abdominal wall lies just 
lateral to the rectus muscle, and signi fi cant long-term morbidity can 
result if this is injured. An earlier series reported high long-term 
postoperative pain scores in a signi fi cant proportion of patients, occurring 
in up to 27%. The use of slowly absorbing sutures may help minimize 
this potential complication.  

   Laparoscopic Recurrent Incisional Hernia Repair 

 Laparoscopic incisional hernia repair was introduced in the 1990s 
with the potential advantages of smaller incisions, less postoperative 
narcotic use, shorter hospital stay, and faster return to normal activity 
compared to open repair  [  20,   21  ] . The laparoscopic repair is performed 
with 3–5 ports placed on the lateral aspect of the abdominal wall. Once 
adhesiolysis and hernia reduction are completed, the mesh is inserted 
through a port and af fi xed to the abdominal wall. This can be achieved in 
a number of ways, with transfascial sutures, tacking devices, and adhesive 
sealants. This offers the same theoretical advantage as the Stoppa repair, 
with the mesh placed posterior to the abdominal wall as an augmentation. 
It also allows the surgeon to visualize the entire abdominal wall, 
preventing the potential for missed hernias described by Wassenaar  [  14  ] . 
It allows a potentially more accurate estimation of mesh overlap at the 
edges of the defect, which may help prevent the “edge of the mesh” 
recurrences described by Awad. 

 Several series of laparoscopic repair of recurrent incisional hernia 
have shown durability of the repairs at intermediate follow-up. Verbo 
and colleagues published a series of 41 recurrent hernias repaired using 
PTFE mesh. Patients underwent clinical exam and ultrasound examination 
at 6 and 12 months postoperatively, and only 1 recurrence was identi fi ed 
at mean follow-up of 38 months  [  22  ] . A prospective study by Uranues 
showed only three recurrences in 85 patients undergoing laparoscopic 
repair of multiply recurrent hernias with mean follow-up of 41 months. 
Interestingly, patients were followed with health-related quality of life 
scoring 2 years after surgery, and scores were signi fi cantly improved 
 [  23  ] . Both series included patients with larger hernias, and many had 
prior mesh repairs. 
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 The question of superiority between laparoscopic and open recurrent 
incisional hernia repairs has not been borne out in the literature. Bingener 
compared two cohorts of patients undergoing laparoscopic incisional 
hernia repair to a group of patients undergoing open mesh  onlay , which 
showed equivalent recurrence at long-term follow-up. Patients undergoing 
open repair had twice the rate of major morbidity as patients in the 
laparoscopic cohort  [  24  ] . A meta-analysis of randomized controlled trials 
comparing laparoscopic and open repair of any incisional hernia, not only 
recurrent hernias, showed no signi fi cant difference in recurrence rate 
between the two approaches. Laparoscopic hernia repair had a relative 
risk = 0.22 of wound infection compared to open repair. There was also a 
trend toward decreased mesh infection and bleeding complications with 
the laparoscopic approach  [  25  ] . An earlier series from the Cleveland 
Clinic showed similar recurrence rates for laparoscopic and open hernia 
repairs; however, patients who required conversion to open repair from a 
laparoscopic attempt had signi fi cantly higher recurrence. It is important 
to note the follow-up period in this study was 5 years, and the 25–30% 
overall recurrence rate after mesh repair may be a more accurate estimation 
of long-term recurrence with either technique  [  26  ] . 

 Re fi nements to the technique of laparoscopic hernia repair may help 
reduce recurrence rates in these complex hernias. A major difference 
between the laparoscopic and open repairs is that open repair usually 
involves closure of the fascia anterior to the mesh underlay, which 
increases the surface area for potential mesh ingrowth and adds another 
barrier to mesh infection. Traditionally, laparoscopic hernia repair has 
not included primary closure of the fascial defect with mesh underlay. 
Some data suggests that this may reduce recurrence rate compared to 
standard techniques; this also creates a greater surface area for 
laparoscopic mesh  fi xation to the fascia, preventing mesh migration  [  27, 
  28  ] . Laparoscopic approaches to recurrent incisional hernias will likely 
continue to increase in utilization, and other technical considerations 
may help prevent recurrence.  

   Component Separation 

 While laparoscopic and open Stoppa repairs of recurrent incisional 
hernias rely heavily on prosthetic augmentation of the abdominal wall, 
autologous tissue closure of large, midline incisional hernia defects can 
be accomplished with abdominal wall component separation. This repair 
can be extremely valuable in patients with obvious contraindication to 
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synthetic mesh placement, such as in contaminated  fi elds. Synonymous 
techniques include “separation of parts,” “bilateral myofascial release,” 
and “sliding myofascial  fl ap.” Described by Ramirez in 1990, this 
technique allows a surgeon to increase the volume of the abdominal 
cavity by transposing the muscle layers of the abdominal wall while 
preserving neurovascular supply. 

 For recurrent incisional hernia repair that likely involves visceral 
adhesions, this technique requires several steps: (1) the abdomen is 
entered through a midline incision and a complete lysis of adhesions 
is performed; (2) the lateral most aspect of the rectus abdominis muscle is 
palpated; (3) the skin and subcutaneous fat are elevated from the anterior 
fascia, taking care to preserve the perforating branches of the epigastric 
and circum fl ex iliac vessels; (4) the external oblique aponeurosis is 
incised 2 cm lateral to the rectus muscle border and carried cranially to 
the costal margin, then caudally to the iliac crest; (5) the external and 
internal oblique muscles are bluntly separated from one another, allowing 
a release of the external layer so the rectus muscle may be advanced, 
tension-free, to the midline; (6) the same steps are repeated on the 
opposite side. This allows for advancement of the rectus muscle 3–5 cm 
in the upper abdomen, 7–10 cm in the mid abdomen, and 1–3 cm in the 
lower abdomen. If additional release is required, the posterior sheath can 
be separated from the rectus muscle, though this increases the risk of 
lateral abdominal wall defects postoperatively  [  29  ] . This allows closure 
of defects up to 15–20 cm in the midline with the standard approach, 
though other authors would dispute that such a large degree of 
mobilization is routinely achieved  [  30  ] . 

 Results of component separation for recurrent incisional hernia 
should be considered in light of the types of hernias for which the 
technique is usually applied: very large, multiply recurrent hernias in 
challenging patients that may involve removal of other mesh prostheses 
or skin-graft removal. DiBello published a series of 35 patients with 
large (>10 cm), recurrent incisional hernias repaired with component 
separation and selective mesh underlay. Mean follow-up of 22 months 
yielded a recurrence rate of 9%  [  31  ] . Another retrospective cohort study 
of 284 patients with recurrent hernias demonstrated a recurrence rate of 
22% in hernias repaired with component separation  [  32  ] . 

 While these results are very good for large, recurrent incisional 
hernias, the operation carries signi fi cant risk of wound complications 
due to the large subcutaneous space created by the super fi cial dissection, 
which may predispose patients to infection. A series from the Netherlands 
demonstrated a 32% wound complication rate in 43 patients undergoing 
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component separation for large incisional hernias  [  33  ] . A modi fi cation 
of the midline-subcutaneous dissection technique, popularized by 
Dumanian and others, avoids the creation of these large subcutaneous 
 fl aps. Instead, 6–8-cm transverse incisions are created at the anterior 
axillary line just below the costal margin. With the assistance of long, 
narrow retractors, the external oblique muscle is divided adjacent to the 
semilunar line, and this is carried from the costal margin to the iliac crest 
 [  34  ] . This allows preservation of the perforator blood supply to the skin 
and subcutaneous fat, which is particularly important in patients who 
have undergone prior stoma creation, which interrupts abdominal wall 
blood supply  [  29  ] . Others have used a combined endoscopic-open 
approach to component separation. This uses two or three trocars placed 
on either lateral abdominal wall. Using a technique similar to totally 
extraperitoneal laparoscopic inguinal hernia repair, the external oblique 
is incised, and the space between the external and internal oblique layers 
is balloon dissected. The external oblique fascia is divided vertically as 
with open component separation, and the dissection is repeated on the 
contralateral side  [  30,   35  ] . This may offer some bene fi t to standard open 
fascial release, but probably does not offer signi fi cant advantage over the 
technique that uses bilateral transverse incisions. 

 The use of mesh underlay for augmentation may provide additional 
value in combination with component separation. Some authors advocate 
the use of a dual-sided mesh such as PTFE or a coated polyester mesh 
placed intra-abdominally  [  31  ] . Others will place soft polypropylene 
intra-abdominally with omental coverage of the viscera  [  34  ] . One series 
showed zero recurrences with soft polypropylene mesh underlay in 18 
patients at 1-year follow-up  [  34  ] .  

   Special Techniques 

 Repair of recurrent incisional hernias in challenging patient 
populations, such as the morbidly obese, deserves special attention. 
These patients are more likely to develop primary incisional hernias, and 
recurrence rates after incisional hernia repair in the obese are higher than 
in lean patients  [  5,   36  ] . While the lofty goal of signi fi cant weight loss 
prior to elective hernia repair is admirable, the success and compliance 
with this plan is probably suboptimal. Wound complications after 
infraumbilical hernia repair are dif fi cult to prevent, and removal of the 
redundant skin and subcutaneous fat over the infraumbilical abdomen 
during recurrent hernia repair may improve wound complication rates. 



396 J.G. Linn and D.J. Mikami

Given the association between wound complications, mesh infection, 
and hernia recurrence, consideration of this technique should be given to 
obese patients with lower midline incisional hernias. A series of 24 
component separation hernia repairs combined with panniculectomy in 
obese patients showed four recurrences at 1 year  [  37  ] . In another study, 
a retromuscular mesh repair combined with a panniculectomy in 47 
patients for repair of recurrent incisional hernias produced a recurrence 
rate of 8%  [  38  ] . However, others have demonstrated a signi fi cantly 
higher rate of wound complications  with  panniculectomy  [  39  ] . We would 
suggest that this combined approach to recurrent hernia repair with 
pannus removal should be carefully applied in select patients who will 
derive the greatest bene fi t from it.   

   Summary 

 Recurrent incisional hernias continue to be a challenging problem for 
both patients and surgeons. While the use of prosthetic material for 
nearly all recurrent hernias and advances in the knowledge of 
pathophysiology of hernia recurrence have helped reduce both recurrence 
rates and operative morbidity, a signi fi cant number of patients will 
unfortunately suffer yet another recurrent hernia. Basic investigation into 
the molecular mechanisms behind hernia recurrence will continue. 
Careful attention to the factors that lead to these recurrences may help in 
the planning of future operations. Re fi nements in surgical technique will 
continue to evolve. We remain optimistic that these advances will help 
our understanding of the appropriate treatments for recurrent hernias, 
reducing both the morbidity and the rate of recurrence.      
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    34.     Chronic Mesh Infections       

     Andrei   Churyla     and    Andrew   B.   Lederman         

     The use of synthetic mesh has become the standard for repair of many 
types of hernias since mesh repairs have signi fi cantly lower rates of 
hernia recurrence  [  1–  3  ] . However, with the use of synthetic meshes 
comes the risk of infection. While the majority of mesh infections are 
acute infections, presenting either early in the postoperative period or as 
delayed infections, chronic mesh infections may also develop. 

 Chronic mesh infections can result from various clinical scenarios. 
Often chronic infections result from untreated or incompletely treated 
acute infections or from attempts at mesh salvage when acutely infected. 
While mesh explantation is the primary treatment for acute mesh 
infection, attempts at mesh salvage via antibiotics and percutaneous 
drainage, dressing changes, or negative pressure wound therapy may 
result in chronic infection. 

   Presentation 

 Synthetic mesh can harbor bacteria and may present as an indolent 
infection several years after implantation  [  4,   5  ] . Chronic mesh infections 
may present without an acute phase, as a chronic non-healing wound, 
sinus tract, or a wound with cycles of spontaneous closure followed by 
wound dehiscence and drainage. Sinus tracts or associated enterocutaneous 
 fi stulae tend to be very low output and may even appear to heal only to 
spontaneously drain in the future. 

 Diagnosis is usually based on a history of mesh implantation and the 
presence of an associated chronic wound. A history of postoperative 
wound infection, previous mesh infections, or sepsis should raise a 
suspicion of mesh infection. Systemic signs of infection are variable. 
Fever, leukocytosis, elevated erythrocyte sedimentation rate or other 
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markers of in fl ammation are unreliable indicators of chronic mesh 
infection. Imaging with CT scan, white blood cell nuclear medicine scan, 
or sinogram may be useful to demonstrate in fl ammation or  fl uid around 
mesh, but the diagnostic yield is variable. The best diagnostic test is 
usually to probe an open wound with a cotton swab or  fi nger, often 
making the diagnosis by palpating the rough edge of exposed mesh. 
Percutaneous drainage of suspected infections or  fl uid collections might 
prove infection, but also introduce the risk of infecting a potentially 
sterile mesh; drainage is more useful as a therapeutic maneuver for 
known infections rather than a diagnostic test.  

   Biomaterials 

 The type of mesh may in fl uence the risk of developing chronic 
infections. The ability of bacteria to adhere to mesh is affected by the 
surface area of the mesh, the hydrophilic or hydrophobic nature of the 
material, and the pore size of the mesh. Additionally, mesh coatings and 
composite meshes made of more than one type of material also in fl uence 
the potential for infections. 

 Multi fi lament meshes, typically made from polypropylene, have a 
signi fi cantly greater surface area for bacterial adherence and may be 
more prone to infection. This results in a higher rate of  fi stula formation 
and persistence of bacteria when attempts are made to salvage mesh 
 [  6,   7  ] . Mono fi lament mesh limits the adherence of bacteria and may be 
less prone to chronic infection. 

 Microporous mesh, such as PTFE or ePTFE with a pore <10  m m, will 
allow adherence of bacteria, but the pores are too small to admit 
leukocytes. This small pore size limits the propensity to form adhesions 
but increases the risk of infection. When mesh gets infected, microporous 
mesh generally cannot be salvaged since infection cannot be cleared 
through immune response. In contrast, macroporous prostheses, typically 
polypropylene or polyester, allow for ingrowth of  fi broblasts, 
macrophages, and collagen  fi bers. While this ingrowth may limit the risk 
of infection, it increases mesh contraction with scar formation. Although 
macroporous mesh may have a lower risk of infection, the higher risk of 
adhesion formation, erosion, and  fi stula formation make it a poor choice 
inside the peritoneum. 

 Composite mesh such as combination ePTFE and polypropylene 
presents a different problem. The different components stimulate a 
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different immune response, causing  fi broblast ingrowth,  fi brin deposition, 
and mesh contraction at different rates depending on the layer. As the 
two layers of mesh contract at different rates, the layers tend to delaminate 
despite sutures securing them together. The mesh delamination creates a 
dead space between the mesh layers that may be prone to infection. 
Furthermore, the delamination may expose adhesiogenic polypropylene 
mesh to the bowel, that could lead to  fi stula formation. 

 Mesh coatings such as carboxymethylcellulose-sodium hyaluronate 
are highly hydrophilic and have been demonstrated in vitro to separate 
from the less hydrophilic polypropylene mesh. This leads to an increase 
in bacterial adherence compared to uncoated mesh  [  8  ] .  

   Microbiology 

 Infection of a bioprosthesis by bacteria is dependent upon the ability 
of bacteria to adhere to mesh. While surface characteristics of the 
prosthetic play a role, adhesion is partly a function of the hydrophobicity 
and hydrophilicity of the microorganism itself  [  8  ] . For example, a 
hydrophobic organism such as Staphylococci binds with dif fi culty to a 
hydrophilic surface  [  9  ] . Gram-negative bacteria such as  Escherichia coli  
and  Pseudomonas aeruginosa  bind with dif fi culty to hydrophobic mesh 
such as PTFE  [  10  ] . 

 The source of the bacterial inoculation is frequently skin  fl ora, either 
from contamination during the time of mesh placement or from 
postoperative wound complications. Staphylococcus species, including 
methicillin-sensitive  Staphylococcus aureus  (MSSA), methicillin-
resistant  Staphylococcus aureus  (MRSA),  Staphylococcus epidermidis , 
and  Streptococcus  species including group B organisms are common 
isolates. Skin  fl ora that produce bio fi lms on the prosthetics, such as  S. 
epidermidis , are particularly dif fi cult to eradicate, and are often the 
reason for the chronic nature of the mesh infection. Antibiotic therapy 
with a  fi rst-generation cephalosporin or vancomycin may be useful in 
conjunction with surgical drainage or mesh explantation. 

 Gram-negative bacteria, including  Enterobacteriaceae  and anaerobic 
bacteria are less common isolates. Potential sources of contamination 
include direct contamination from wound infections, intra-abdominal 
infections or  fi stulae, or rarely hematogenous seeding. Rarely, fungal or 
atypical organisms can cause chronic mesh infections.  
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   Management 

 Chronic mesh infections have an indolent presentation without signs 
of systemic infection. This allows for careful planning to control 
infection, remove unsalvageable mesh, resect gastrointestinal  fi stulae, 
and repair any resulting hernia. The standard for chronic mesh infection 
is mesh explantation and reconstruction. Prior to surgery, any cellulitis or 
acute abscess is controlled with antibiotics and drainage as necessary. 
Suspected  fi stulae may be studied with CT or sinogram to demonstrate 
the anatomy. The operative approach generally involves resection of 
sinus tracts, removing the infected mesh, and reconstructing the 
abdominal wall. Chronic gastrointestinal  fi stulae are resected, and an 
anastomosis can usually be safely created as long as the patient has fully 
recovered from previous abdominal surgery and has a good nutrition 
status. Reconstruction of the abdominal wall is often the most dif fi cult 
task and may be accomplished with primary closure or component 
separation techniques. Biologic mesh may be useful as an adjunct to 
reinforce the tissue repair. Implantation of a prosthetic is not recommended 
due to the high risk of recurrent infection. Delayed closure after mesh 
explantation is also reported, utilizing negative pressure wound therapy 
(NPWT) or other wound care techniques as an interim. 

 Mesh salvage has also been reported but has limited success. This 
approach uses long-term antibiotic therapy, minimal debridement of 
visibly infected tissue or mesh, and often NPWT. Mesh salvage is only 
possible when infection is limited and the majority of mesh is incorporated 
into the abdominal wall. Although there are case reports of successful 
mesh salvage of PTFE, since PTFE is microporous and tends to have 
limited incorporation, it is much less likely to be successfully treated 
nonoperatively when compared to macroporous mesh. 

 Percutaneous drainage, open drainage, or serial debridements are 
usually necessary in order to achieve success with mesh salvage. These 
patients can usually be managed as an outpatient and rarely require 
inpatient care or procedures. There are several reports that describe good 
outcomes with long-term antibiotic irrigation of infected sinus tracts or 
cavities with mesh involvement  [  11  ] . The local or topical application of 
high-concentration antibiotics may help with mesh salvage. 

 The salvage of chronically infected mesh is only possible in certain 
circumstances  [  12  ] . The infection needs to be isolated to a small portion 
of the mesh, not involving the entire mesh. Macroporous mesh that 
allows for greater encapsulation with scar has a higher rate of mesh 
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salvage than microporous mesh. While there are case reports of PTFE 
salvage, the lack of incorporation of PTFE into tissue generally precludes 
mesh salvage.      
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    35.     Adhesions After Lap Ventral: 
Do They Matter?       

     Dennis   L.   Fowler         

       The Incidence and Consequences 
of Intra-abdominal Adhesions 

 Intra-abdominal adhesions are the cause of signi fi cant morbidity and 
mortality. Beyond the technical challenge posed by adhesions, they cause 
enormous human suffering and cost to society. In 1994, a comprehensive 
report based on the National Hospital Discharge Survey indicated that 
303,836 patients underwent adhesiolysis  [  1  ] . These procedures were 
associated with 846,415 inpatient days and incurred $1.3 billion in 
hospital and surgeon costs. Ten years later, those numbers had increased 
slightly. In 2004, more than 342,000 patients underwent adhesiolysis  [  2  ] . 
Many other patients who did not require adhesiolysis were admitted to 
the hospital with either a bowel obstruction or complaints of pain caused 
by adhesions. Many other patients are af fl icted with infertility caused by 
adhesions  [  3–  5  ] . 

 In addition to the human and  fi nancial cost of treating conditions that are 
caused by adhesions, they are commonly the cause of adverse consequences 
during surgery for conditions unrelated to the adhesions themselves. The 
presence of adhesions increases the chance of converting a laparoscopic 
operation to an open operation, increases the time required to enter the 
abdomen, and is the primary cause of bowel injury at the time of trocar 
insertion during laparoscopic surgery  [  6  ] . In short, adhesions are frequently 
the cause of a signi fi cant technical complication during an operation. 

 Although any condition inciting an in fl ammatory response may cause 
intra-abdominal adhesions, by far, the most common cause of adhesions is 
previous surgery. Until the late twentieth century, surgeons performed 
essentially all abdominal surgery with an open laparotomy, and up to 95% 
of patients who undergo a laparotomy develop adhesions  [  7,   8  ] . Depending 
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on the underlying disease and the nature of the procedure at the time of the 
primary surgical procedure, up to 30% of patients will develop a bowel 
obstruction secondary to adhesions after a laparotomy.  [  9  ]  After any colon 
resection, patients have a 5–10% chance of an adhesion-related admission 
within 5 years, and the incidence of adhesion-related admission within 
5 years after proctocolectomy is 15.4%  [  10,   11  ] . 

 The size and orientation of the laparotomy incision may be factors in 
the development of adhesions, but there is no reliable method to prevent 
adhesions during surgery  [  12  ] . Anecdotal experience and some initial 
observational studies suggested that laparoscopic surgery resulted in 
fewer and less severe adhesions than those caused by laparotomy  [  13  ] ; 
however, other studies regarding adhesions after colorectal surgery 
suggest that the incidence of adhesions is not signi fi cantly different 
between open and laparoscopic colectomy  [  14  ] . 

 Some of the important factors that increase the likelihood of extensive 
adhesion formation include ischemia, surgical trauma, in fl ammation, 
hemorrhage, thermal injury, and reactions to foreign bodies  [  15  ] . Although 
foreign bodies such as gloves, powders, sutures, sponges, and irrigating 
solutions all incite a response that can lead to adhesion formation, the 
foreign body of most concern in this discussion is hernia mesh.  

   Prosthetic Mesh as a Cause of Adhesions 

 Most surgeons have seen extensive, dense adhesions between 
polypropylene mesh and viscera at the time of re-exploration in patients 
with previously placed intraperitoneal mesh. Because these  fi ndings 
often led to dif fi cult operations and sometimes caused complications, 
surgeons became reluctant to place mesh intraperitoneally. The occasional 
occurrence of these extremely dif fi cult situations has led to attempts to 
develop mesh that would incite fewer adhesions. The main concern on 
reoperation after previous intra-abdominal mesh placement is the 
ingrowth that can occur between the viscera and a macroporous mesh. 
Adherence (adhesions) without ingrowth results in minimal to moderate 
effort to lyse the adhesions. But, with ingrowth, the mesh may need to be 
cut off of the abdominal wall, or a bowel resection may need to be 
performed to complete an operation. In rare cases, ingrowth may also 
lead to  fi stula or abscess formation. 

 There is no widely accepted method for determining the extent and 
density of adhesions in the peritoneal cavity short of abdominal 
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exploration. Because it is unethical to subject patients to repeat laparotomy 
or laparoscopy simply to explore for the presence of adhesions, 
investigators cannot conclusively determine the extent and density of 
adhesions formed after mesh placement. We really only know the extent 
of adhesion formation in the small, but signi fi cant, percent of patients 
who require a repeat operation after mesh placement. For this reason, to 
evaluate meshes that were designed to prevent adhesions, investigators 
have documented for several types of new meshes the extent and density 
of adhesion formation at either laparoscopy or necropsy in several animal 
studies  [  16–  27  ] . 

 These studies typically compare the extent and severity of adhesion 
formation after placement of a composite mesh (two layers) or coated 
mesh (single layer) with the extent and severity of adhesion formation 
after placement of a single-layer uncoated mesh, usually polypropylene. 
The composite mesh is designed to enable excellent tissue ingrowth into 
one layer while preventing adhesion formation and/or ingrowth into the 
other layer. The layer designed to lie against the abdominal wall is called 
the parietal layer, and the layer designed to lie against the omentum or 
viscera is called the visceral layer. 

 The parietal layer is usually a porous synthetic mesh with interstices 
into which the body can grow. The porous layer should enable  fi rm 
incorporation of the mesh into the parietes. The visceral layer is 
microporous, usually either expanded polytetra fl uoroethylene (ePTFE) 
or an anti-adhesive material such as a hydrophilic anti-adhesive 
collagen layer, a hyaluronate/carboxymethylcellulose combination, or 
polyvinylidene  fl uoride although other materials have also been tested. 
A coated mesh is a single-layer mesh that is coated with a material to 
prevent adhesions, such as a hydrogel. 

 Most studies in the animals documented tissue ingrowth into the 
parietal layer of the composite or coated mesh that was equivalent to 
ingrowth into plain polypropylene but with fewer and less dense adhesions 
to the visceral layer than to plain polypropylene. Based on the results of 
animal studies, surgeons often choose a composite mesh hoping that fewer 
serious adhesions will form. However, there are no human studies 
con fi rming this. Despite the belief that the composite meshes cause fewer 
intraperitoneal adhesions, there continues to be occasional anecdotal 
reports of serious adhesions caused by composite meshes  [  28  ]  (Fig.  35.1 ).  

 Some investigators have reported successful identi fi cation and 
documentation of the location and density of intraperitoneal adhesions 
with the use of abdominal ultrasound  [  29  ] ; however, not all investigators 
have found the use of ultrasound to accurately identify adhesions.  
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   Conclusions 

 There is no experimental evidence from human studies that one mesh 
is better than another, despite evidence in animal studies that some 
meshes incite fewer and less dense adhesions. However, the severity of 
the adhesion problem is clear, and the role of mesh in the formation of 
adhesions is clear. Based on the evidence from animal studies and solid 
theoretical reasons, the use of a composite mesh with an anti-adhesive 
layer seems appropriate when hernia repair requires intraperitoneal mesh 
 [  30  ] .  

   Summary 

 Adhesions are a serious and very signi fi cant cause of morbidity and 
mortality in the USA. Many synthetic mesh products incite extensive and 
dense adhesion formation in the abdominal cavity if placed 
intraperitoneally. Because it is necessary to use mesh in many patients 
who require hernia repair, it is theoretically and experimentally desirable 
to use a mesh designed to reduce adhesion formation if intraperitoneal 
placement of mesh is necessary.      

  Fig. 35.1.    Intraoperative photograph showing dense adhesions between a composite 
mesh and the small intestine.       
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    36.     Chronic Pain After Ventral Hernia 
Repair       

     Victor   B.   Tsirline    ,    David   A.   Klima    ,    Igor   Belyansky    , 
and    Kent   W.   Kercher         

     Prior to the widespread use of synthetic mesh for ventral hernia repair 
(VHR), recurrence after primary fascial repair was an accepted yet 
disappointing complication in up to 67% of repairs  [  1  ] . Mesh reinforcement 
has now helped to drastically reduce recurrence rates to <10% in a 
majority of studies  [  1–  6  ]  with only the most complicated repairs having 
higher recurrence rates of up to 29%  [  7–  10  ] . With an ever increasing 
number of VHR performed in the United States (now reaching an 
estimated 250,000 annually)  [  11  ]  and advancements in hernia repair 
techniques and materials, attention has become increasingly focused on 
functional outcomes, quality-of-life measures, and aesthetics. Chronic 
pain, speci fi cally, has dominated the literature with regard to inguinal 
hernia repair for years and more recently has become a major focus in 
VHR  [  12,   13  ] . While the incidence of chronic pain after VHR is variable, 
surgeons may choose not to operate on an asymptomatic patient for fear 
of the chronic consequences patients may face. In the subsequent text, we 
seek to de fi ne chronic pain and help identify the etiologies, treatments, 
and plausible efforts to avoid pain in this relatively common procedure. 

   De fi nitions 

 The International Association for the Study of Pain (IASP) de fi nes 
chronic pain as pain lasting more than 3 months after insult. In de fi ning 
post-herniorrhaphy pain, it is important to distinguish between surgical 
and neuropathic pain. Surgical pain is inevitable, generally uniform, and 
resolves over time. It arises from a combination of sharp skin incision, 
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tension at the  fi xation points, and postoperative in fl ammation due to 
tissue dissection and mesh implantation. The healing and scarring is 90% 
complete at 6 weeks and most patients have no signs of surgical pain by 
6 months. In contrast, neuropathic pain is typically caused by direct 
injury to a sensory nerve. This trauma can subsequently result in 
spontaneous  fi ring of the injured or impinged neuronal  fi bers and aberrant 
repair of the nerve  fi bers leading to chronic pain sensation. Neuropathic 
pain may present as chronic pain sensation, hyperesthesia, sensitivity to 
temperature or light touch, altered sensation, or even phantom pain 
(rarely in the case of hernia repair). While neuropathic pain may be 
con fi ned to the speci fi c area of injury, it can frequently be referred to 
speci fi c anatomic areas innervated by the injured nerve, which may be 
remote from the site of herniorrhaphy, thus making identi fi cation of the 
offending source dif fi cult.  

   Incidence 

 While most surgeons utilize 3 months as a de fi ning time point for 
chronic pain, de fi nitions are mixed throughout the literature with 
differences in severity and duration as the predominate causes for 
discrepancy. Because of this variability, the reported rate of chronic pain 
can be as high as 43%  [  14  ] . However, review of the literature using the 
above guidelines suggests that the rate of signi fi cant chronic postoperative 
pain after VHR is 1–6%  [  12,   13,   15  ] . As with inguinal herniorrhaphy, it 
has been noted that younger patients have a greater tendency to report 
persistent pain than older patients  [  16  ] . Whether recurrent or  fi rst-time 
hernia repairs are associated with a greater likelihood of chronic pain is 
not clear, with mixed results reported in the literature. Several recent 
studies found no effect of hernia location or mesh size on subacute 
postoperative pain scores  [  16,   17  ] .  

   Causes of Chronic Pain 

 The causes of chronic pain after ventral hernia repair are unfortunately 
poorly understood. Despite this, surgeon experience and literature have 
focused on one of three major etiologies, which include transfascial 
 fi xation, mesh selection, and surgical technique. Other less likely 
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etiologies of chronic pain include adhesions and microabrasion of the 
parietal peritoneum. Nonetheless, recent studies have established that 
preoperative pain is likely the best predictor of postoperative pain and 
should be controlled for in all studies evaluating chronic pain. In fact, a 
recent review of 226 VHR in patients who were asymptomatic or 
minimally symptomatic preoperatively yielded no patients with chronic 
postoperative pain  [  18  ] . 

   Sutures, Tacks, and Glue 

 The placement of mesh, while bene fi cial for limiting hernia 
recurrence, is not without consequences. Fixation of mesh to the 
abdominal wall is an important step in minimizing recurrences. 
Transfascial sutures have become the most commonly utilized  fi xation 
technique in both laparoscopic and open repairs. Patients who experience 
prolonged postoperative pain after ventral or incisional hernia repair 
often complain of focal pain at the site of transfascial suture  fi xation. 
This is usually described as a pulling sensation exacerbated by abdominal 
stretch, leading many surgeons to believe that chronic pain arises 
predominantly from the transfascial  fi xation. The  fi nding that local 
anesthetic injection at suture sites sometimes resolves this chronic 
problem further supports this notion  [  19  ] . The mechanism of transfascial 
suture site pain is poorly understood; possible explanations include 
intercostal nerve entrapment, local muscle ischemia, and mesh contraction 
leading to persistent nerve irritation. Opponents argue that patients report 
persistent pain in 7.4% of cases without transabdominal suture  fi xation 
 [  20  ]  and 2.5% of cases where only  fi brin glue is used for  fi xation  [  21, 
  22  ] . Other authors have reported statistically higher pain scores with 
suture  fi xation during the  fi rst month postoperatively with no differences 
at 6 months and thereafter  [  23  ] . 

 Tacks, fascial staples, and other mechanical anchoring devices also 
embed themselves in the fascia and are used primarily in laparoscopic 
repair. They, however, do not traverse the entire abdominal wall and thus 
are theorized to cause less pain and nerve impingement. In a randomized 
trial of metallic tacks versus absorbable or nonabsorbable suture  fi xation, 
Wassenaar showed no difference in pain between groups at 6 weeks or 
3 months postoperatively or any difference in change from preoperative 
to postoperative pain levels  [  24  ] . Similar  fi ndings were reported in case–
control studies comparing multiple (20 or more) transfascial sutures with 
tacks, limited transfascial sutures (typically four) with tacks, and tacks 
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alone  [  25,   26  ] . In a recent series of 1,242 laparoscopic VHR, transfascial 
suture  fi xation plus tacks was associated with slightly higher incidence 
of chronic pain (16.4%) compared to tacks alone (13.3%) but did not 
reach statistical signi fi cance ( p  < 0.078)  [  27  ] . While  fi brin glue holds 
promise in reducing the incidence of chronic pain, randomized prospective 
trials comparing glue against tacks and transabdominal sutures are 
needed to establish its ef fi cacy and con fi rm its utility with regard to 
durability, safety, recurrence rates, and complications related to mesh 
displacement.  

   Laparoscopic Versus Open Repair 

 Multiple studies over the past decade have documented improved 
patient satisfaction with laparoscopic compared to open repairs  [  16,   17, 
  28  ] . However, in long-term follow-up, postoperative chronic pain 
occurred in 10–19% of patients after abdominal wall hernia repair, with 
no signi fi cant difference in the median visual analog scale (VAS) score 
between open and laparoscopic groups  [  29  ] . While surgical pain, hospital 
length of stay, and recovery time are usually less after laparoscopic repair, 
it is important to distinguish these from chronic postoperative pain. The 
former is likely secondary to smaller incisions and less surgical pain, 
while the latter is more likely a combination of the prosthesis,  fi xation, 
technique, and patient-related factors than the surgical approach.  

   Effects of Mesh 

 While the routine use of mesh in hernia repair has overwhelmingly 
reduced recurrence rates, it has brought about new challenges such as 
altered abdominal wall compliance, adhesion formation, and foreign-
body reaction—all of which could contribute to chronic postoperative 
pain  [  25,   30  ] . The in fl ammatory reaction associated with mesh enhances 
scar formation and potentially strengthens the repair but is inevitably 
associated with some degree of added discomfort. The in fl ammatory-
mediated process of scar formation and remodeling is almost complete 
by 90 days and is thus likely not the cause of chronic pain. The mesh 
material itself tends to undergo contraction, with traditional heavyweight 
polypropylene, contracting up to 12% despite proper  fi xation  [  23  ] . At the 
extremes, in patients with mesh-related pain, mesh shrinkage of up to 
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63% has been documented  [  25  ] . Mesh shrinkage may continue for 
6 months or longer, resulting in pain from tissue abrasion, tension on the 
transfascial sutures, and foreign-body sensation. The role of mesh 
contraction is supported by  fi ndings of reduced postoperative pain with 
lightweight mesh compared to heavyweight mesh, the latter being more 
prone to contraction and  fi brosis. In a study comparing Marlex (Bard, 
heavyweight), Atrium (medium weight), and Vypro (Ethicon, lightweight) 
meshes, after 4 months postoperatively, paraesthesias were noted in 58%, 
16%, and 4% of patients, respectively. Patients complained of symptoms 
during activity in 17%, 16%, and 7%, and at rest in 9%, 3%, and 0% of 
cases, respectively  [  31  ] .  

   Other Theories 

 While surgical technique, mesh type, and mechanical  fi xation are 
major factors in postoperative pain after VHR, there are other 
considerations that may be important. Adhesions have been suggested by 
Carbajo et al. as 7.4% of patients in their series reported prolonged 
postoperative pain despite the absence of transfascial mesh  fi xation  [  20  ] . 
Others have demonstrated the role of polyester-based materials in 
adhesion formation leading to visceral pain  [  17  ] . These authors and 
others have argued that adhesion formation could be a signi fi cant source 
of postoperative pain and emphasized the value of complete adhesiolysis 
during incisional hernia repair  [  32,   33  ] . Adhesiolysis does come with its 
own risk, and we do not necessarily adhere to this model, especially if 
the adhesions do not interfere with the placement of the mesh or the 
adequacy of hernia repair. Microabrasion of the highly sensitive parietal 
peritoneum may also be a cause of chronic pain, especially with the 
implant of mesh, which may be continuously irritated by wrinkles or 
contraction of the prosthetic. This may perhaps lead to more generalized 
chronic pain which cannot be well localized.   

   Time Course of Chronic Pain 

 Most patients undergoing ventral or incisional hernia repair, whether 
open or laparoscopic, experience a signi fi cant amount of surgical pain, 
requiring intravenous or enteral narcotic medications. Acute postoperative 
pain typically begins to resolve within 1–2 weeks after surgery. The hernia 
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literature commonly documents mild to moderate pain at 6-week follow-up, 
with signi fi cant reduction by 6 months after surgery  [  29  ] . In most studies 
comparing different mesh types, implantation techniques, and  fi xation 
modalities, no differences in pain are seen between groups at 6 months 
postoperatively  [  17,   34  ] . Therefore, it may be prudent to postpone surgical 
revisions due to persistent pain until 6 months after surgery or later. Nerve 
irritation will often resolve spontaneously as the in fl ammatory response 
subsides and the scar tissue reorganizes. We have found in our experience 
consistent trends of slightly increased pain by 1 month postoperatively 
compared to preoperative levels, with signi fi cant decline in pain by 6 months 
after surgery, with similar levels at 1-year and 2-year follow-up  [  18  ] .  

   Patient Satisfaction 

 Patient satisfaction after VHR is >85% in most studies, despite 
20–38% of patients experiencing occasional pain, 43% altered abdominal 
wall mobility, 31% foreign-body sensation, and 13% using medications 
for pain relief  [  35,   36  ] . On the other hand, functional outcome and 
recurrence appears to play a major role in patient satisfaction. Snyder 
et al. showed that patients who had a recurrence were four times more 
likely to report unsatisfactory outcomes  [  16  ] . In addition, patients with 
active recurrence were more likely to have moderate to severe sensory 
and affective pain, higher levels of pain at rest, and more movement 
limitation secondary to pain. The type of repair alone did not appear to 
have an effect on patient satisfaction. Multiple studies document overall 
improved quality of life (physical and mental component summary scores 
on the Short Form SF-36 questionnaire) in patients after surgery compared 
to before surgery, for both open and laparoscopic procedures  [  24,   37  ] , 
despite the real incidence of chronic pain in some of these patients.  

   Pain Assessment 

 Patient quality of life and satisfaction with surgery should be 
differentiated from pain and discomfort related to abdominal defect 
repair and mesh implantation. SF-36 is a well-established quality-of-life 
instrument, which takes into account the patient’s psychological 
perception, emotions, attitudes, and physical capabilities. While SF-36 
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provides a global quality-of-life picture, pain assessment is most 
commonly performed and reported in the literature on a subjective visual 
analog scale (0–10 or 0–100, the upper limit being the worst possible 
pain). Lack of speci fi c de fi nition of the VAS scale as well as variation in 
the meaning of “worst pain ever” between individuals or throughout the 
course of treatment serves as a major source of type I error in identifying 
statistically signi fi cant differences in pain between groups. Furthermore, 
there is no uniform agreement on what constitutes a clinically signi fi cant 
score or change on the VAS scale. 

 More robust and extensively validated instruments for postoperative 
pain and functional assessment are available such as the Carolinas 
Comfort Scale™ (CCS) and McGill Pain Scale  [  38  ] . The CCS is a 
23-item questionnaire through which patients report not only pain but 
also severity of mesh sensation and degree of movement limitation on a 
6-point Likert scale for a prede fi ned set of activities such as sitting, 
walking, coughing, and exercise. The Carolinas Comfort Scale has been 
shown to be more sensitive and speci fi c for hernia repair outcomes than 
generic health questionnaires  [  39  ]  and should be strongly considered for 
measuring hernia surgery quality-of-life outcomes.  

   Treatment 

 The most common treatment of acute postoperative pain is systemic 
or oral opioid analgesia, despite the recognized side effects of nausea, 
constipation, pruritus, and sedation. The use of local anesthesia has been 
advocated based, and several randomized trials have been conducted for 
inguinal herniorrhaphy analgesia  [  40,   41  ] . Patients who received 
bupivacaine infusion pumps had signi fi cantly lower narcotic requirements 
during the  fi rst  fi ve postoperative days; many (up to 24%) required no 
narcotic medications. Some authors suggest that, unlike systemic 
narcotics, the use of local anesthesia to prevent the sensation of pain may 
be associated with less catecholamine release, less vasoconstriction, 
better tissue perfusion, and ultimately improved wound healing. 
Additionally, local anesthetic infusion provides faster therapeutic levels 
than systemic opioids, with signi fi cantly better pain control on 
postoperative day 1  [  41  ] . The use of elastomeric pumps has shown 
promise in reducing narcotic requirements and hospital stay after donor 
nephrectomy and colon resection. However, a recent randomized double-
blind trial showed no differences in pain levels, narcotic requirements 
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(40.8–44.5 mg/day vs. 32.1–52.2 mg/day for the  fi rst three postoperative 
days), return of bowel function (2.7 days vs. 2.6 days), or hospital stay 
(3.7 days vs. 3.6 days)  [  42  ] . 

 Chronic pain after hernia repair has many potential causes and is 
likely multifactorial. The importance of perioperative pain control cannot 
be understated, because incisional pain, if inadequately controlled, may 
sensitize the patient to subsequent discomfort related to tissue healing 
and remodeling. At 6 weeks postoperative, most patients have only mild 
to moderate pain which continues to improve over time. Therefore, 
reassurance and supplementation with oral nonsteroidal anti-in fl ammatory 
medications is a prudent initial strategy. An exception to this strategy 
may be the rare patient with severe, focal, neuropathic pain immediately 
after surgery, indicating mechanical nerve entrapment, which demands 
prompt surgical revision. Analgesics such as gabapentin and pregabalin 
have been extensively investigated for the treatment and prevention of 
postoperative pain after many operations including inguinal hernia 
repairs  [  43,   44  ] . When oral analgesic therapy fails and persistent pain is 
well localized, as may be the case in 1–3% of the patients  [  12,   19,   45  ] , 
injection of local anesthetic should be performed. The transabdominal 
suture site is injected circumferentially with 25–30 mL of 0.25% 
bupivacaine with 1:200,000 epinephrine and 1% lidocaine at the level of 
the abdominal musculature, using a blunted 22-G needle. The needle is 
blunted so that the surgeon can feel the tip of the needle penetrate the 
anterior fascia. The majority of patients (92%) have complete relief of 
their symptoms and require only a single injection  [  19  ] . The theory is 
that the temporary blockade of the afferent pain signal allows the 
hypersensitivity to subside, resulting in a “resetting” of the sensory 
nerves with subsequent long-term pain relief.  

   Techniques for Prevention 

 Despite many controversies in the literature regarding various 
operative approaches, mesh choices, and repair techniques, the following 
principles should be considered in an attempt to reduce the risk of chronic 
postoperative pain. Patients with evidence of extensive adhesions may 
bene fi t from an open, extraperitoneal approach to eliminate intraperitoneal 
sources of pain. Laparoscopy minimizes the skin and subcutaneous soft 
tissue dissection with resultant in fl ammatory response at the risk of 
transabdominal suture pain and peritoneal irritation by the prosthetic. 
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In either case, liberal use of local anesthesia around sutures sites should 
be employed at the time of surgery to minimize the risk of pain 
sensitization. Lightweight mesh materials are less prone to shrinkage, 
postoperative scarring, and adhesion formation and are generally favored; 
however, they should not be used at the expense of the durability of the 
repair. Given the surgeon’s individual experience, skill set, and judgment, 
a mesh should be chosen that will provide the most durable repair, since 
recurrence is a strong predictor of chronic pain, whether physiologic or 
psychological in nature. Likewise, a  fi xation method should be chosen 
based on its durability; a combination of four transfascial sutures and 
non-excessive use of tacks spaced evenly at 5–7 mm along the entire 
mesh perimeter is a reasonable starting point. Excessive traction on the 
transfascial  fi xation sutures or stretching of the mesh should be avoided 
as this can lead to persistent pain, possibly on the basis of tissue ischemia. 
For this reason, the insuf fl ation should be reduced during laparoscopic 
mesh  fi xation in order to bring the abdominal wall to its resting 
con fi guration prior to tying down the transfascial  fi xation sutures. 

 Selective strategies for suture  fi xation in laparoscopic ventral hernia 
repair may be an appropriate response to the recognition that suture 
 fi xation of mesh contributes to acute and chronic postoperative pain. 
Despite this reality, more aggressive mesh  fi xation is probably warranted 
in patients at high risk for hernia recurrence. This approach includes the 
use of multiple transfascial  fi xation sutures, additional tacks, and 
generous (5 cm or more) mesh-fascial overlap on all sides of the defect. 
High-risk patients may be identi fi ed preoperatively based on the presence 
of morbid obesity (up to  fi vefold higher recurrence risk), multiple 
previous recurrences, and comorbidities that may impair wound healing, 
as well as large (>10 cm), central defects as opposed to “Swiss cheese” 
defects  [  46  ] . While aggressive  fi xation strategies in high-risk patients 
may increase postoperative discomfort or mesh sensation, the bene fi t of 
avoiding recurrence is unequivocal in select patient groups. In contrast, 
fewer sutures are probably required in nonobese patients with small 
fascial defects in whom wide mesh overlap can be achieved.  

   Summary 

 Chronic pain after ventral hernia repair is complex in nature and is 
likely multifactorial in etiology. While no strategy has been shown to 
completely eliminate pain after VHR, we advocate the use of light- to 
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mid-weight mesh with a limited number of transabdominal sutures and/
or tacks. Laparoscopy may limit immediate postoperative surgical pain 
but does not appear to have an effect on the incidence of chronic 
postoperative pain. Any changes in mesh choice or surgical technique 
should not come at the expense of a durable repair as hernia recurrence in 
and of itself can result in signi fi cant postoperative pain and discomfort 
along with the need for reoperation. Postoperative pain control, 
nonsteroidal anti-in fl ammatory therapy, and reassurance for up to 6 weeks 
are effective in treating postoperative pain in the majority of patients. 
When severe, focal, neuropathic pain is present immediately after surgery, 
local injection or surgical release may be necessary. Chronic pain after 
VHR is a more challenging problem. Effective management in these 
patients often requires a combination of local injection, formal sensory 
nerve blocks, and the use of systemic neuropathic pain modulators.      
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    37.     Enterotomy During Hernia Repair       

     Ross   F.   Goldberg     and    C.   Daniel   Smith           

     An obvious enterotomy or bowel injury that can lead to an enterotomy 
can occur during abdominal access, lysis of adhesions, or hernia reduction 
during any hernia repair  [  1  ] . 

   Incidence 

 In a recent review of the literature, the enterotomy rate during ventral 
hernia repair (of over 3,900 patients) was determined to be 1.78%  [  2  ] . 
Eighty-two percent of these enterotomies are noticed at the time of the 
operation (total of 1.5% of all patients), while the remainder go 
unrecognized  [  2  ] . The overall incidence of occult enterotomies was 
0.33%, resulting in the death of 2.8% of patients  [  2  ] . It was also found 
that these enterotomies could occur in either a laparoscopic or open 
hernia repair, and some are missed even during an open repair  [  2  ] .  

   Diagnosis 

 Recognized enterotomies are, by namesake, apparent during the 
operation. Spillage of the intestinal contents is sometimes evident, 
indicating that there is a perforation of the bowel wall. However, 
sometimes an enterotomy can be made without spillage, and therefore 
high index of suspicion is paramount. Whether operating with the 
laparoscope or open techniques, if there is a chance an enterotomy was 
made, the surgeon should do everything to ensure it was treated. 

 Occult enterotomies are more dif fi cult to diagnose. As the name 
would suggest, these injuries are not recognized during the operation and 
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are found postoperatively. If a patient    develops fever, tachycardia, pain, 
or abdominal distention in the immediate postoperative setting, bowel 
injury with possible intestinal spillage needs to be seriously considered. 
This concern increases if the patient has a concurrent leukocytosis. If a 
patient develops these symptoms, especially within the  fi rst few days 
after the hernia repair, radiographic imaging, such as CT scans, usually 
does not provide de fi nitive diagnosis of bowel injury. If there is a concern 
for a bowel injury, the best approach for diagnosis is early reoperation, 
either through a laparoscopic or open approach. A CT scan failing to 
demonstrate extravasation of contrast does not rule out a bowel 
enterotomy, and this fact cannot be overstated enough. If there is a chance 
that a patient is decompensating because of an enterotomy, and there is 
no other feasible explanation for the current symptoms, then the patient 
should be explored.  

   Management 

 There are a variety of approaches to repairing an enterotomy, which 
is dependent on several situational factors including whether the injury is 
found at the time of the primary operation or in the postoperative period. 
Factors that help decide the appropriate course of action include the 
patient’s medical condition, the type of bowel injured (the majority being 
small bowel), the presence and amount of gross spillage, the extent of the 
lysis of adhesions, and the size of the hernia defect  [  1  ] . The approach to 
the repair is also dependent on the surgeon’s comfort level and experience, 
requiring the surgeon to use their best judgment in any given situation. 

   Enterotomy/Bowel Injury at the Time of Primary 
Operation 

 In the case of a bowel injury recognized at the time of the primary 
surgery, one option to consider is immediate conversion from a 
laparoscopic to an open operation, allowing for either a primary repair of 
the injured bowel or a bowel resection with primary anastomosis. This 
would then allow for completion of the adhesiolysis. Depending on the 
nature and severity of the injury, along with the surgeon’s experience, the 



42537. Enterotomy During Hernia Repair

injury can also be repaired laparoscopically. Regardless of the approach 
to repairing the bowel, it is imperative that the rest of the bowel be 
examined to rule out other potential injuries. 

 The hernia itself could then be repaired from a few approaches. First, 
there is the primary repair, using suture material only with no mesh 
implantation. If this approach is feasible, it removes the possibility of 
foreign material becoming infected due to possible contamination from 
the bowel. But this approach still leaves the patient at risk for recurrence, 
especially if the hernia defect is large in size and under tension when 
repaired. The patient can also be followed for several months, and once 
they are healed from their enterotomy repair, they could be offered 
another operation at which the permanent mesh can be placed. 

 Another approach would be to use a temporary mesh, either a biologic 
or a mesh made of an absorbable material. This approach allows for a 
hernia repair while reducing the risk of a mesh infection. Even the 
timeline to insert such a mesh in the face of an enterotomy is up for 
debate in the literature. One approach is to place the mesh in the same 
operative setting, immediately after the enterotomy is repaired.    Another 
approach is to repair the enterotomy, temporarily close the incision by 
just suturing skin closed and place the patient on antibiotics anywhere 
from 3 days to 1 week, then returning the patient to the operating room 
to place a permanent mesh prior to the formation of any dense intestinal 
adhesions. The purpose of this delayed approach is to further reduce the 
risk of infection in the setting of the hernia repair. While the risk is less, 
there is still a chance for mesh infection, requiring further interventions 
including possible mesh removal and wound debridement. 

 Another suggested approach is that if the injury is recognized early, 
with limited spillage, then the injury can be repaired primarily and the 
prosthetic repair completed at that time. While there is some data on this 
approach, the number of patients treated this way is very small. The 
obvious concern is that with a prosthetic mesh and potential for infection, 
further operative interventions if the mesh becomes infected may be 
necessary. 

 A recent review of the literature by LeBlanc et al. helps re fl ect the 
different approaches used for recognition and repair of enterotomies and 
subsequent hernia repairs, shown here in Table  37.1   [  2  ] .  

 Regardless of the approach taken, it is paramount that these issues be 
discussed with the patient preoperatively. It is imperative that the patient 
be made aware of the possible issues that could occur and different 
avenues of repair of an injury if it were to occur.  
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   Concern for Enterotomy/Bowel Injury 
at Time of Primary Operation 

 If there is a concern for an injury while performing the primary 
operation, the bowel should be run in its entirety once more. If there is an 
area of concern, or an area of serosal injury, suturing can be done to 
attempt to prevent an eventual enterotomy; this can be done 
laparoscopically. If there is high suspicion, and laparoscopic exploration 
fails to reveal the location, then conversion to open should occur and the 
bowel should be run extracorporeally. If there is no gross spillage, 
according to the literature review, the surgeon may choose to proceed 
with synthetic mesh implantation, but the patient needs to be closely 
monitored postoperatively for any signs of sepsis, including fever, 
tachycardia, leukocytosis, and abdominal pain that is out of proportion. 
Should that occur, then the patient must be returned to the operating 
room to have the mesh removed. 

   Table 37.1.    Method of recognized enterotomy repair and hernia repair  [  2  ].    

 Reference  Conversion 

 Method of 
enterotomy repair 

 Method of hernia 
repair 

 Open  Lap  Open  Lap 
 Kyzer  [  3  ]   2/2  2  0  2  0 
 Roth  [  4  ]   1/2  1  1  1  1 a  
 Birgisson  [  5  ]   0/2  0  2  0  1, 1 a  
 Parker  [  6  ]   1/2  1  1  0  2 a  
 Bageacu  [  7  ]   3/3  3  0  3  0 
 Ben-Haim  [  8  ]   4/4  4  0  4  0 
 Berger  [  9  ]   2/3  2  1  0  2, 1 a  
 Gillian  [  10  ]   0/3  0  3  0  3 
 Eid  [  11  ]   1/1  1  0  1  0 
 Carbajo  [  12  ]   1/9  1  8  1  8 
 LeBlanc  [  13  ]   2/2  2  0  2  0 
 Heniford  [  14  ]   2/12  2  10  1  7, 4 a  
 Franklin  [  15  ]   0/5  0  5  0  5 
 Holzman  [  16  ]   1/1  1  0  1  0 
 Ramshaw  [  17  ]   0/1  0  1  0  1 
 Robbins  [  18  ]   1/1  1  0  1  0 
 Wright  [  19  ]   3/3  3  0  3  0 
 Total (%)  24/56 (43)  24/56 (43)  32/56 (57)  20/56 (36)  27/56 (48) 

 9/56 (16) a  

  From Ref.  [  2  ]  with permission 
  a Delayed laparoscopic repair  
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 The only sure way to prevent a mesh infection in the setting of an 
intraoperative enterotomy is to avoid any implantation of synthetic 
nonabsorbable mesh. An enterotomy and the surgeon’s plan, should one 
occur, should be discussed with the patient ahead of time and included in 
the informed consent.  

   Occult Enterotomy/Bowel Injury 

 If there is a missed or delayed thermal injury that results in enterotomy, 
the patient will present with signs and symptoms of sepsis. If there is 
concern for or evidence of a bowel injury, then an emergent operation is 
warranted; typically this should be done via an open approach. With the 
presence of gross spillage, the mesh has to be removed regardless of any 
other intervention. This is then followed by a thorough examination of 
the abdominal cavity, with either direct repair of the injured bowel or, 
more likely, resection of the injured segment of bowel. Depending on the 
amount of intestinal spillage, a decision can be made either to anastomose 
in that setting or to bring out an ostomy and plan for a delayed repair. In 
the setting of gross sepsis, the hernia defect can be closed primarily or 
with an absorbable product, with the plan on returning to the operating 
room at a later date for a more de fi nitive repair.   

   Avoidance 

 While a bowel injury can always occur during these operations, care 
must be taken to decrease the risk of an injury as much as possible. When 
gaining abdominal access, it is recommended to always enter the 
abdomen under direct vision, especially in a patient with previous 
abdominal operations. This can be done either via an open Hassan 
technique, or using an optical trocar. These approaches help to reduce 
the incidence of trocar injury to the underlying bowel. 

 When performing adhesiolysis, it is recommended to only use cold 
instruments, such as laparoscopic shears. An energy source should never 
be attached to the instrument performing the dissection, thereby removing 
the risk of thermal injury to underlying tissue/bowel. 

 Finally, if there is a concern for bowel injury, or there is an area of 
bowel that could be problematic in the future, the area can be buttressed 
with simple serosal sutures. All of this can be performed laparoscopically. 



428 R.F. Goldberg and C.D. Smith

 At the end of every hernia repair, the involved or manipulated bowel 
should be visualized to look for any signs of injury, and this  fi nal 
assessment and absence of bowel injury are documented in the operative 
note. This becomes important in cases of occult injury to document 
nothing at the time of surgery.  

   Conclusion 

 There is no standard approach to enterotomy management in the 
setting of a hernia repair. The factors affecting the treatment path include 
the severity and nature of the injured bowel, presence of gross spillage, 
and surgeon’s expertise and comfort level, which results in options for 
both laparoscopic and open repairs. As demonstrated in the literature, 
multiple options exist, and all are reasonable choices, as long as they are 
done safely, minimizing the risk to the patient.      
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    38.     Chronic Seroma       

     Morris   Franklin   Jr.       ,    Richard   Alexander    ,    Gerardo 
  Lozano    , and    Karla   Russek       

       De fi nition 

 A seroma is a collection of lique fi ed fat, serum, and lymphatic  fl uid 
in a closed space. The  fl uid is usually clear, yellow, and somewhat 
viscous and is found in the subcutaneous layer of the skin. Seromas 
represent the most benign complications after an operative procedure 
and are particularly likely to occur when large skin  fl aps are developed in 
the course of the operation, as is often seen with mastectomy, axillary 
dissection, groin dissection, and large ventral hernias  [  1  ] . 

 There has been no consistent de fi nition of chronic seroma in the 
literature, although it has been documented most frequently when it is 
symptomatic, bothersome to the patient, palpable,  fl uctuant, tense, and 
requires at least one needle aspiration  [  2–  4  ] . In contrast, in a published 
study  [  5  ] , seroma was documented only when multiple aspirations were 
required, or if insertion of a new drain was necessary in persistent cases. 
Similarly, other studies used the term seroma if a veri fi ed volume of 
more than 5–20 ml of  fl uid was obtained by puncture and aspiration  [  6  ] , 
whereas some studies have used ultrasonography to verify seroma  [  7  ] . 

 Seroma formation is one of the most commonly reported complications 
after laparoscopic and open hernia surgery. It occurs early after operation 
in virtually all patients, to some extent. Virtually all seromas resolve 
spontaneously over a period of weeks to months, with fewer than 5% 
persisting for more than 8 weeks. Because of this, seromas are rarely 
clinically signi fi cant  [  8  ] .  
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   Physiology 

 Postoperative  fl uid collections represent sequelae of events that 
ultimately contribute to negative soft tissue healing events  [  9  ] . It has 
been demonstrated that seroma is not merely an accumulation of serum, 
but exudate resulting from an acute in fl ammatory reaction, and concluded 
that seroma formation re fl ects an increased intensity and prolongation of 
the  fi rst phase of wound repair. Mc Caul et al.  [  10  ]  have also demonstrated 
that drainage  fl uid has a composition different from that of lymph but 
similar to that of in fl ammatory exudate. 

 Seroma formation can be seen as a consequence of the in fl ammatory 
foreign body reaction with monocytes and macrophages involved at the 
interface of connective tissue and implant. These cells produce a variety 
of cytokines, which regulate the local immune response, wound healing, 
and scar formation  [  11  ] . 

 On the other hand, Wu et al.  [  12  ]  have reported an increase of vascular 
endothelial growth factor (VEGF) and a decrease of endostatin in 
drainage  fl uid immediately after surgery. VEGF is a known mediator of 
angiogenesis, vascular proliferation, and permeability, and endostatin is 
a potent inhibitor of angiogenesis  [  13,   14  ] . Therefore, these changes may 
not only re fl ect induction of angiogenesis as a physiologic response to 
operative trauma but also enhanced accumulation of  fl uid. 

 Heidemann et al. showed that stabilizing the pH value in the environment 
of implants for several weeks improves the biocompatibility by reducing 
adverse tissue reactions  [  15  ] . Though the risk of seroma formation 
increases when mesh is used for repair, little is known about the genesis of 
seroma formation. Alloplastic mesh prosthesis leads to a multitude of 
tissue reactions, including the postoperative release of cytokines and the 
formation of seroma sometimes persistent for months  [  16  ] .  

   Presentation 

 A seroma is usually manifested as a localized and well-circumscribed 
swelling, pressure or discomfort, and occasional drainage of clear liquid 
from the immature surgical wound. A study by Bernatchez et al.  [  11  ]  
showed that the total drainage output within the  fi rst few postoperative 
days was signi fi cantly elevated in patients with subsequent seroma 
formation.  
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   Prevention 

 Prevention of seroma formation may be achieved by placing suction 
drains under the skin or in any potential dead space created. Premature 
removal of drains frequently results in large seromas that require 
aspiration under sterile conditions, followed by placement of a pressure 
dressing. Abdominal binders worn by patients for up to 6 weeks after the 
hernia repair have been advocated by surgeons as they believe the extra 
pressure applied across the abdominal wall may increase  fl uid movement 
and decrease the incidence of seroma formation  [  17  ] . 

 The effects of electrocautery on tissues are an acknowledged risk 
factor for seroma formation. Two prospective clinical trials were 
conducted where randomized breast cancer patients underwent surgery 
with electrocautery and scalpel, respectively; they con fi rmed a lower 
incidence of seroma formation with the latter technique. However, few 
surgeons are willing to relinquish the convenience and improved 
hemostasis associated with electrocautery dissection  [  4  ] . 

 In cases of hernia surgery, it has been suggested that cauterization of 
the hernia sac together with a central full-thickness suture to reduce dead 
space seems to prevent seroma formation  [  18  ] . 

 There have been attempts to prevent or decrease seroma formation as 
the application of tetracycline and/or bovine thrombin as sclerosing 
agents, but they have not worked well. Fibrin glues, patches, and sealants 
appear promising, but they too have proven to not be useful for the 
prevention of seromas. Additional strategies promoted especially for 
open-component separation techniques include quilting sutures to  fi x the 
skin  fl aps to the abdominal wall and minimize dead space and the use of 
aerosolized talc to induce tissue adherence of skin  fl aps to the abdominal 
wall musculofascial in the early postoperative period.  

   Treatment 

 A seroma that reaccumulates after several aspirations can be evacuated 
by opening the incision and packing the wound with saline-moistened 
gauze to allow healing by secondary intention. In the presence of 
synthetic mesh, the best option may be open drainage in the operating 
room with the incision closed to avoid exposure and infection of the 
mesh; closed suction drains are generally placed. An infected seroma is 
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also treated by open drainage, typically without skin closure. However, 
the presence of synthetic mesh in these cases may prevent the wound 
from healing. Management of the mesh depends on the severity and 
extent of infection. In the absence of severe sepsis, spreading cellulitis, 
or the presence of localized infection, the mesh can be left in situ and 
removed at a later date when the acute infectious process has resolved. 
Granulation tissue may grow into and over the mesh. This is especially 
true for the less dense, wider pore types of mesh and least likely for 
PTFE mesh. If the mesh does not integrate well into the tissue and signs 
of infection are not resolving, the mesh will most likely need to be 
removed and the wound managed with open wound care  [  1  ] .      
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    39.     Bridging Versus Closing the Defect 
During Laparoscopic Ventral Hernia 
Repair       

     Yuri   W.   Novitsky           

       Bene fi ts of Laparoscopy in Ventral Hernia Repair 

 Hernia repair continues to be one of the most common procedures 
performed by general surgeons. With the advent of laparoscopy, 
minimally invasive techniques have been employed in abdominal wall 
reconstructions in an effort to reduce postoperative morbidity and wound 
complications. In fact, over the last decade, laparoscopic repair has been 
utilized for repairs of many ventral hernia defects due to its ef fi cacy and 
safety  [  1–  3  ] . Compared to open repairs, laparoscopic ventral hernia 
repair (LVHR) has been shown to result in reduced wound complications, 
quicker recovery of bowel function, shorter hospital stay, and improved 
cosmesis  [  4–  6  ] . In addition, appropriately performed laparoscopic repair 
has also been associated with low recurrence rates  [  1,   5,   7  ] . Not 
surprisingly, LVHR has been proposed as the gold standard for many 
ventral hernia repairs  [  7,   8  ] .  

   Drawbacks of Traditional LVHR 

 Despite a multitude of perioperative advantages, there are several 
drawbacks to the use of laparoscopic techniques. Postoperative seroma is 
a common complication of a traditional LVHR  [  9  ] . Reduction of the 
viscera followed by mesh “patching” of the hernia defect results in a 
potential space that is  fi lled with serous  fl uid postoperatively. Such 
seromas are common and typically do not require intervention; however, 
they may be a source of postoperative discomfort and wound-related 
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morbidity. Furthermore, traditional laparoscopic repairs have been 
associated with bulging at the site of the hernia repair. While laparoscopic 
underlay mesh repair is a true “tension-free” technique, it leaves behind 
adynamic, “bridged” areas of the abdominal wall. Lack of anatomic 
reconstruction and medialization of rectus muscles, in turn, often leads 
to various degrees of visceral bulging at the site of a hernia defect. 
Although this fact has received little attention in the majority of LVHR 
literature, practicing surgeons have long been frustrated by this 
shortcoming of a traditional laparoscopic technique.  

   Goals of Repair 

 As with any other surgical procedure, there are several goals that 
should be achieved during a given ventral hernia repair. First, the 
operation needs to be conducted safely with minimal risks to the patient. 
This is achieved via proper patient selection, careful abdominal access, 
and meticulous adhesiolysis, among other are key safety principles. Next, a 
surgeon should strive to minimize postoperative infectious complications 
and limit other long-term adverse side effects of a herniorrhaphy. 
Appropriate mesh selection is paramount, especially during laparoscopic 
ventral hernia repair. Finally, an operation should be aimed at providing 
a durable and lasting repair with minimal chance of recurrence. Important 
principles in this regard have been reported to be complete adhesiolysis, 
appropriate mesh sizing with suf fi cient overlap, as well as permanent 
transabdominal  fi xation. In addition to these principles, reconstruction of 
an abdominal wall that resembles native anatomy has recently emerged 
as another key component of a ventral hernia repair. 

   Defect Closure 

 When addressing ventral hernia repair, abdominal wall mechanics/
physics is an important topic that necessitates some discussion. Pascal’s 
principle states that pressure applied to a con fi ned  fl uid is transmitted 
throughout the  fl uid and container walls by the same amount  [  10  ] . 
Additionally, a hernia defect is akin to a vascular aneurysm, with respect 
to a focal weakness or thinning of its wall. According to an extension of 
the law of Laplace  [  11  ] , as the abdominal wall radius increases and 
thickness decreases, wall tension across the hernia defect is greatly 
increased. Because a hernia defect provides an outlet for abdominal 
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pressure, the force applied across the defect is increased substantially. As 
discussed by Agarwal et al.  [  8  ] , mesh covering the defect in a traditional 
“bridged” fashion bears this multiplied intra-abdominal pressure point, 
possibly leading to mesh instability, excessive suture tension, and bulging 
 [  8  ] . Thus, it can be hypothesized that by closure of the defect, abdominal 
wall integrity is restored, leading to equalized pressure and tension across 
the abdominal wall and intra-abdominally placed mesh. 

 Overall, it appears that the impetus for the modern trend of “anatomic” 
repairs stems from surgeons’ three major frustrations associated with 
traditional repairs: seromas, persistence of palpable defect, and bulging at 
the site of a “bridged” defect. By closing the defect, the rectus abdominis 
muscles are re-approximated, and the major insertion point of abdominal 
musculature, the linea alba, is restored. Closure of the defect results in a 
near total decrease of the “dead” space and thus minimizes the risks of 
postoperative seromas. Although objective data are lacking, hernia repair 
with defect closure also likely contributes to restoration of a functional and 
dynamic abdominal wall. We recently reported our early experience with 
routine defect closure during laparoscopic hernia repair  [  12  ] . Our    
laparoscopic “shoelace” repair combined techniques of both primary 
defect closure and mesh prosthesis placement for reinforcement. Although 
we were not able to evaluate “functionality” of the abdominal wall, routine 
defect closure resulted in subjective elimination of adynamic areas of the 
abdominal wall and postoperative bulging at the site of the hernia defects.   

   Technical Considerations and Outcomes 

 Several techniques for defect closure have recently been described. 
Palanivelu et al. have utilized continuous intracorporeal sutures for defect 
closure with subsequent intraperitoneal onlay mesh repair  [  13  ] . However, 
in addition to technical challenges of this approach, running closure may 
not be applicable to wider defects. Agarwal et al. presented a series of 
patients undergoing laparoscopic ventral hernia repair with rather 
cumbersome transabdominal “double-breasted” defect closure. They 
achieved fascial closure with interrupted sutures followed by mesh 
reinforcement  [  14  ] . They reported no infectious complications, no visible 
bulging, and no recurrences at mean follow-up of 34 months. Cheala et al. 
published a series of nearly 400 patients with defect closure. They utilized 
a laparoscopic “transparietal U reverse suturing technique.” In short, the 
stitch is placed transabdominally along one side of the defect, and a 
horizontal mattress stitch is formed intracorporeally through the 
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contralateral side. The tail of the stitch is then retrieved through the 
original skin incision utilizing a suture passer. At a mean follow-up of 
28 months, they reported 2% rate of seromas, 1.8% rate of chronic pain, 
and only a 1.5% recurrence rate. Importantly, they found a 1.3% incidence 
of postoperative bulging at the site of the hernia defect. The authors 
emphasized the importance of complete “reconstructive” defect closure to 
minimize complications and recurrences  [  15  ] . As mentioned above, we 
recently reported our series of 47 consecutive patients undergoing LVHR 
with defect closure  [  12  ] . Our technique has several unique elements. 
Brie fl y, we achieve pneumoperitoneum using an optical trocar in the 
subcostal area. The hernia sac is usually left in situ. Using a laparoscopic 
suture passer, the hernia defect is closed with multiple  fi gure-of-eight 
stitches using a permanent mono fi lament suture. Each stitch is placed 
through a stab incision in the skin (traversing the hernia sac) and 
incorporates 1–2 cm of fascia on each side. Once all the stitches are 
placed, the pneumoperitoneum is released, and the knots are tied in the 
subcutaneous tissue. To facilitate closure, the knots are tied sequentially, 
starting at the superior and inferior aspects of the defect  fi rst and moving 
toward the center. The mesh is then tailored to achieve at least a 5-cm 
overlap above and below the defect. Importantly, the width of the mesh is 
not calculated according to the original width of the defect. Instead, we 
use 14–16 cm wide mesh which allows for about 7–8 cm of overlap in 
each lateral direction from the newly re-created linea alba/midline. The 
use of narrower meshes facilitates mesh positioning and allows us to avoid 
“bisecting” the abdominal cavity with large, wide meshes. Furthermore, 
smaller meshes should result in a reduction in the overall foreign body 
response and  fi brotic reactions to the mesh. With diminished lateral scar 
tissue to the mesh, patients should experience improved mobility and 
decreased long-term postoperative discomfort. Such reduction in the 
width of the mesh implant is one of the major bene fi ts of our laparoscopic 
“shoelacing” technique. The mesh is then secured with transabdominal 
sutures and tacks. Finally, full-thickness, nonabsorbable U-stitches are 
placed every 3–4 cm on each side of the midline closure. These stitches 
are a key component to our technique as they transfer any tension at the 
midline closure throughout the large portion of the mesh. We strongly 
believe that these “buttress” stitches not only allow for “downsizing” of 
the mesh width but also relieve tension in the newly re-created linea alba 
and assist with creation of physiologic tension throughout the entire 
abdominal wall. Not surprising, we found no instances of postoperative 
seromas or bulging at the hernia site. In addition, we detected no 
recurrences at a mean 10-month follow-up  [  12  ] .  
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   Defect Closure: Who Needs It? 

 A major goal of any ventral hernia repair should be the reconstructions 
of a functional, dynamic abdominal wall. Traditional LVHR relies on 
intraperitoneal “patching” of defects as an underlay. However, such 
bridging technique fails to close the actual defect and may result in 
adynamic areas of abdominal wall. Clinically, this may lead to bulging at 
the site of hernia repair, especially in the long term. Moreover, signi fi cant 
seroma accumulation may occur in the created dead space above the 
mesh patch. By closing the hernia defect, medialization of the rectus 
muscles occurs, clearly allowing for a better functional and cosmetic 
reconstruction. Two major reasons exist against routine application of 
defect closure during LVHR. First, this step adds time to the operation as 
well as an additional technical challenge. Secondly, transabdominal 
closure of large defects seems to cause signi fi cant additional incisional 
discomfort with unclear long-term implications on chronic pain. As a 
result, the pros and cons of defect closures have to be compared on an 
individual patient-to-patient basis. In my view, most defects in younger, 
active patients should be closed routinely. In addition, thinner patients 
are more likely to notice persistent defects and bulging and would also 
bene fi t from defect closure during LVHR. Older patients, on the other 
hand, are unlikely to derive any bene fi ts from a “dynamic” reconstructed 
abdominal wall and are likely best served by a traditional LVHR. 
Similarly, morbidly obese patients are less likely to enjoy the bene fi ts of 
defect closure. As defect closure gains wider implementation, the bene fi ts 
and disadvantages of this approach should become clearer. A recently 
initiated prospective randomized trial at out institution should add to the 
knowledge base of LVHR with defect closure. This type of evidence may 
help to determine the subgroup of patients who stand to bene fi t from this 
modi fi cation of a traditional LVHR technique.      
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    40.     Bridging versus Closing the Defect 
During Laparoscopic Ventral Hernia 
Repair: It Is OK to Bridge       

     Stephen   M.   Kavic     and    Adrian   Park         

     Our surgical approach to the repair of incisional and ventral hernias has 
evolved dramatically only over the last two decades. Reports that surgeons 
yearly repair nearly 200,000 incisional hernias in the United States  [  1  ]  
contribute to making the lowly hernia a most important topic of discussion .  
This chapter reviews the rationale for laparoscopic ventral hernia repair 
and discusses the advantages offered by using a permanent prosthetic for 
bridging the hernia defect. In considering the optimal management and 
repair of hernias, we take into account conceptual arguments, technical 
considerations, practical advantages, and experience. 

   Bridging Versus Closing: Hernia 
Consequences and Repair 

 The pathophysiology of hernia formation is well described in detail 
in this volume’s earlier chapters and elsewhere  [  2  ] . Failure of a defect 
once established to heal is due to the pressure that remains and exceeds 
the native resistance of the abdominal wall  [  3  ] . As such, any repair of an 
incisional or ventral hernia must address the pressures that exist on the 
anterior abdominal wall in order to optimize the repair and to minimize 
the likelihood of recurrence. 

 It is commonly stated that the forces that create a hernia will actually 
reinforce the strength of a laparoscopic repair  [  4  ] . Pascal’s principle—
modi fi ed to the irregular contour of the abdominal wall—suggests that 
the intra-abdominal pressure will maintain the prosthetic against the 
inner aspects of the abdominal wall  [  2  ] . 
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 In the abdominal midline, hernias most commonly develop in the 
postoperative setting. This represents the simplest scenario of acquired 
hernia development, where the surgically altered tissues no longer have 
structural integrity. 

 Pain is widely recognized as the predominant symptom of ventral or 
incisional hernias. Activity limitation and aesthetic distress may also 
present as reasons to repair. In addressing the symptoms, the surgeon, 
mindful of incarceration risk, avoids the life-threatening complication of 
strangulation, estimated to occur in approximately 5 % of patients with a 
ventral hernia  [  5,   6  ] . 

 Traditionally, hernia repairs have been accomplished with an open 
incision, reduction of hernia contents, excision of the sac, and primary 
repair of the native fascia. The hernia recurrence rate, however, was 
found to be unacceptably high. As recognized with inguinal hernias 
many decades ago, the enemy of a primary repair is tension. As ventral 
hernias enlarge, it becomes increasingly dif fi cult to reapproximate the 
tissues without undue tension. 

 Primary repair was compared with mesh use in a multicenter trial 
conducted by Luijendijk et al. Its convincingly decisive conclusion 
demonstrated reduction in the recurrence rate of midline abdominal 
herniation with the use of mesh  [  7  ] . Systematic reviews, since undertaken, 
have strongly promoted the employment of mesh, relating its use to an at 
least 50 % decrease in the rate of hernia recurrence  [  8,   9  ] . Little debate 
remains regarding the use of mesh, now considered the gold standard of 
abdominal wall hernia repair. 

 Components separation also has been advocated as a means of 
minimizing the tension on a midline closure  [  10,   11  ] . Several disadvantages 
are, however, associated with this technique. It is a substantial operative 
procedure. Although occasionally performed with laparoscopic 
assistance, the greatest tension decrease is achieved when done in an 
open fashion, and this is accompanied with increased wound complication 
risks ranging from overt infection to skin necrosis. When the ultimate 
measure of an operation—its success rate at treating the underlying 
condition—is applied to separation of components for hernia repair, the 
recurrence rates that have been produced are variable at best and often 
disappointing  [  12,   13  ] . Better operative results are achieved with this 
technique when it is augmented with use of resorbable mesh, an addition 
that may considerably increase the expense of the procedure  [  14  ] . 

 Bridging a hernia defect satis fi es the conceptual requirements of a 
successful hernia repair. Speci fi cally, it addresses the pressures that 
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perpetuate a hernia, avoids the consequence of strangulation of entrapped 
viscera, and provides for a tension-free environment to maintain durability 
of repair.  

   Technical Considerations 

 Laparoscopic ventral hernia repair is a well-established technique. 
The procedure may be complicated but has the advantage of conceptual 
simplicity. After adhesiolysis through a lateral approach, a bridging mesh 
may be introduced and secured intracorporeally, deep to the fascia and 
the peritoneum. Care is taken to ensure adequate overlap—generally 
considered to be 5 cm or greater—of the hernia defect. 

 Importantly, use of a bridging mesh largely preserves the abdominal 
domain. Although the physical space for the viscera is necessarily smaller 
than that of the extended hernia sac, the volume of the abdominal 
compartment is retained. In reapproximating the midline, too signi fi cant 
a decrease in the abdominal cylinder could occur, resulting at the extreme 
in compressed viscera and development of the abdominal compartment 
syndrome. More commonly, the patient suffers some degree of 
diaphragmatic restriction and pulmonary compromise.  

   Practical Advantages 

 Use of mesh in laparoscopic ventral hernia repair to bridge a hernia 
defect is safe, rapid, and ef fi cacious as research has demonstrated. Even 
in the face of such data, some may claim that it remains a fundamentally 
better operation to align and approximate the edges of the hernia defect. 
The arguments for this go beyond the desire to add a novel approach to 
hernia repair. Speci fi cally, the detractors of the established technique 
may challenge the modi fi cations of the fundamental technique, the 
functional result of the repair, and the cosmetic outcome. 

 No substitute exists, however, for actual data. In the case of bridging the 
laparoscopic hernia defect, many large-scale series—summarized in 
Table  40.1 —demonstrate excellent long-term outcomes. In fact, laparoscopic 
ventral hernia repair may be considered the standard of care  [  34  ] .   
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   Modi fi cations 

 Type of mesh used and the means of mesh  fi xation constitute the 
most common modi fi cations in the laparoscopic ventral hernia repair. 
Although initially the types of mesh were fairly limited, a large variety 
of available implants now exists  [  35  ] . With these mesh materials, it is 
entirely probable that some will prove to be superior in the long term, 
and some may even prove unacceptable. Regarding biologic mesh, the 
argument has been advanced that its use in bridging a defect does not 
result in a durable hernia repair  [  13  ] . Derisively, its use has been labeled 
as resulting in the “world’s most expensive hernia sac”  [  14  ] . The 
contention is easily avoided through use of a permanent prosthetic.  

   Mesh Fixation 

 The standard of mesh  fi xation remains permanent trans-fascial sutures 
accompanied by edge  fi xation  [  36  ] . The degree of overlap of the hernia 
defect has been recommended to be 5 cm by most authorities, and many 
place tacking points approximately 1 cm apart along the circumference. 
However, there is substantial variation in this model, and it is this 
variation that may account for differences in result.  

   Functional Repair Results 

 A criticism of the bridging technique centers on the fact that it does 
not recreate physiology, only static anatomy. The abdominal wall 
continues to move and  fl ex, which may lead to distortion of properly 
placed mesh  [  37  ] . Additionally, even if the mesh itself is  fl exible, the 
scar tissue surrounding the operative site may not be, leading to poor 
functional outcomes. Although mesh repairs resolve the majority of 
hernia complications, they are imperfect substitutes for the patient’s 
actual abdominal wall. 

 The abdominal wall is indeed a complex arrangement of overlapping 
layers of muscle and connective tissue. Yet, it is precisely this complexity 
that should dissuade us from oversimpli fi ed attempts to re-create the dynamic 
interplay of its individual layers. It is possible to bridge the defect and achieve 
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a functional result. It may not be possible to reapproximate the midline in 
mass fashion and achieve a complete restoration of normal function. 

 It has been recently suggested that primary closure of the defect may 
be accomplished laparoscopically with improved physiologic results 
 [  38  ] . Little data exists, however, to support this claim. There have been 
no studies documenting signi fi cant impairment of abdominal wall 
function using bridging techniques nor demonstrations of superior 
function with midline closure. At present, what constitutes the most 
optimal functional outcome of abdominal wall remains speculative only.  

   Cosmetic Repair Results 

 Few would argue against the cosmetic bene fi ts of laparoscopic 
surgery in comparison with open surgery. Some advantages, however, 
exist in regard to open excisional techniques that may be potentially 
contributory to a cosmetically superior result. 

 The skin and hernia sac is left in situ above a bridging hernia repair. 
In most instances, this does not result in any signi fi cant complication or 
cosmetic deformity. It is true that a widened scar from initial incision is 
better addressed by excision. Circumstances where the skin does not 
have an acceptable appearance following laparoscopic repair may be 
addressed at any point in a secondary operation. In addition, some centers 
have suggested that the positive impact of laparoscopic surgery is more 
pronounced in patients with larger hernias, and laparoscopy is more 
strongly indicated in patients with large defects  [  39  ] . 

 Although the development of a seroma may be a consequence of a 
laparoscopic ventral hernia repair, it is seldom of true clinical signi fi cance. 
The use of a postoperative abdominal binder has been advocated to 
minimize seroma formation, with at least some anecdotal success  [  40  ] . 
Reports regarding the high rate of seroma resolution without intervention 
as well as the excellent cosmetic results of the laparoscopic technique are 
common  [  41  ] .  

   Conclusion 

 The laparoscopic ventral hernia repair is the standard of care for the 
repair of incisional and ventral hernias. As described, it involves bridging 
the fascial defect, which produces good results that have been reproduced 
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in multiple centers. Although select patients may be considered for open 
repairs or alternative approaches, bridging the defect remains the quality 
option and should remain the standard approach for laparoscopic repair.      
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    41.     The Bariatric Patient with 
a Complex Ventral Hernia       

     Jenny   J.   Choi     and    Alfons   Pomp         

     The overall incidence and complexity of ventral and incisional hernias 
have increased. Patients live longer, accumulating comorbidities, and 
undergo more surgeries. Moreover, obesity is now a worldwide epidemic. 
Wound infections and incisional hernia formation more frequently complicate 
laparotomies on obese patients with a large abdominal girth. The management 
of hernias continues to evolve as we learn more about genetic predisposition 
and the pathophysiology of the disease. There are now multiple options for 
hernia repair. What historically began as the primary repair of simple ventral 
hernias has evolved to mesh repair of larger hernias and now encompasses 
complex procedures such as multiple layers of component separation 
complemented with synthetic and biologic mesh. With increasing numbers 
of bariatric procedures performed, hernias in these patients have now 
emerged as an important topic that needs to be addressed both preoperatively 
and postoperatively. 

 Morbidly obese patients are at an increased risk for primary as well 
as incisional hernias. Studies have shown that obese patients have 
increased intra-abdominal pressures (IAP) when compared to normal 
weight control patients  [  1,   2  ] . When comparing obese patients (mean 
BMI 55 ± 2 kg/m 2 ) to controls, the mean IAP for the morbidly obese 
group was 12 ± 0.8 cm H 

2
 O, signi fi cantly increased when compared to 

controls with IAP = 0 ± 2 cm H 
2
 O. Obese patients consistently had 

elevated intra-abdominal pressures when compared to normal-weighed 
controls during the activities of daily living such as walking, climbing 
stairs, coughing, and lifting. Increased IAP puts added stress on the 
abdominal wall and tensile strength of the mesh. Obese patients are 
also more likely to be af fl icted with weight-related comorbidities, 
which also predispose the development of hernias. A study looking at 
62 patients with a mean BMI of 49 revealed that systemic hypertension, 
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the American Society of Anesthesiologists (ASA) physical status score, 
and body mass index (BMI) were predictors of elevated IAP  [  3  ] . Risk 
factors for developing abdominal wall hernias include smoking, 
advanced age, wound infection, multiple surgeries, and chronic medical 
conditions such as chronic obstructive pulmonary disease, diabetes, 
and immunosuppression. Given these  fi ndings, it is not surprising that 
potential bariatric patients are more predisposed to primary ventral 
hernias as well as developing postoperative hernias.    Open bariatric 
surgery is associated with an incidence of incisional hernias of ~20% 
 [  4–  6  ] . With laparoscopy now more customary, the number of large 
incisional hernias has decreased, but port-site hernias can still occur. 
The speci fi c incidence of port hernias in the bariatric surgery population 
is not known, but in general, these hernias typically occur within 
3–4 years after surgery at rates of 0.8–2.8%  [  7,   8  ] . 

 The recurrence rates of incisional hernias have also been shown to be 
higher in the obese population. Many studies have shown a statistically 
signi fi cant higher incidence of incisional hernia in patients with BMI > 35 
 [  9–  12  ] . However, a retrospective study of 168 patients, speci fi cally 
comparing morbidly obese to normal body weight patients, showed no 
difference in the complication or recurrence rates at 19-month follow-up 
after laparoscopic hernia repair  [  13  ] . Regardless, the morbidly obese 
patients tend to have larger fascial defects, and recurrence may occur up 
to 10 years postoperatively  [  14  ] . Thus, the timing of most durable ventral 
hernia repair may well be after signi fi cant weight loss which is usually 
accompanied by at least a partial resolution of medical comorbidities. 

   Management 

 The management of concomitant ventral hernia at the time of primary 
bariatric surgery remains controversial. Datta et al. have shown that the 
incidence of ventral hernia at the time of gastric bypass was quite 
common. Of the 325 patients operated in their series, 26 had a ventral 
hernia, an incidence of 8%  [  15  ] . This rate is even higher when combined 
with those patients who also have known and symptomatic incisional or 
ventral hernias. The ultimate goal is to perform the primary bariatric 
surgery safely and avoid postoperative complications. However, there 
may be an increased risk of complications if these hernias are not 
addressed at the time of primary bariatric surgery. 
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 Currently, there is no consensus regarding the best option for bariatric 
surgery patients with ventral hernias. There are essentially three surgical 
options when an unsuspected hernia is encountered during the 
performance of a gastric bypass, which is de fi ned as a clean-contaminated 
case. The most straightforward option is to simply note the presence of 
the hernia in the operative report and “leave it alone.” This approach 
offers certain advantages including expediting the operative time and 
avoiding hernia repair complications. The downside is painful 
incarceration and/or bowel obstructions that are the well-documented 
possible sequelae of untreated hernias, and immediate postoperative 
gastric bypass patients have even greater risks. Incarceration and potential 
proximal bowel obstruction can stress fresh anastomoses, and disruption 
can cause leaks. Given that these patients are already considerably 
medically compromised due to their morbid obesity, this can be a 
potentially life-threatening complication. 

 Another option is primary closure, especially in smaller (<3–4 cm) 
hernias, a strategy which sidesteps the potential of mesh placement in a 
clean-contaminated  fi eld. This approach may not be appropriate as an 
oft-cited study suggests that more than one-third of patients who had 
deferred treatment of their hernias during laparoscopic Roux-en-Y 
gastric bypass experienced subsequent development of small bowel 
obstruction. 85 patients who had ventral hernias at the time of gastric 
bypass had either no treatment, primary repair, or repair with small 
intestinal submucosa (SIS). There was a 22% recurrence in the primary 
repair group, and 36% developed bowel obstruction due to incarceration 
in no treatment group  [  16  ] . 

 Another smaller study examined 27 preoperative bariatric patients 
with complex recurrent ventral hernias. Seven patients underwent ventral 
hernia repair simultaneously (primary and biologic mesh), and all others 
were deferred. All seven of the repaired hernias recurred, and one patient 
in the deferred group needed an urgent operation for incarceration  [  17  ] . 
Clearly, there is a relatively high risk of complications if complex hernias 
are not treated at the time of gastric bypass. 

 For simple small defects that measure <3–4 cm and already have 
viable omentum in the hernia sac and are out of the operative  fi eld, 
the risk of incarceration still appears minimal, and these may be left 
in situ. The omentum in the sac may actually act like a “plug” and 
prevent bowel incarceration and obstruction. Then there are small 
hernias that are symptomatic or do not contain anything within the 
hernia sac. While all symptomatic hernias must be addressed at the 
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time of bariatric surgery since clinical symptoms are likely secondary 
to intermittent bowel incarceration and obstruction, these small-
necked hernias may be more likely to cause incarceration (or a partial 
Richter’s type hernia). Postoperative ileus and bowel distension is 
common after bariatric surgery, which may increase the risk of 
incarceration. Small defects <3–4 cm may be closed primarily with a 
suture passer at the time of bariatric surgery. Although, as mentioned, 
the recurrence may be as high as 25%, this may bridge the patients 
during the early, crucial postoperative period  [  16  ] . 

 For larger symptomatic hernias and complex hernias, studies have 
shown that the rate of hernia recurrence is largely based on initial size of 
the defect, and these hernias cannot be closed primarily  [  13  ] . The best 
option may be repair with biologic or synthetic mesh. Recurrent hernias 
with multiple small defects or those with mesh from previous surgeries 
are also dif fi cult to deal with. Since the likelihood of recurrence and 
bowel obstruction is high, these hernias must also be addressed, likely 
with mesh. 

 Surgeons are justi fi ably concerned with mesh infection and recurrence 
of hernia when performing primary clean-contaminated bariatric surgery 
concomitantly with complex hernia repair. The previously cited study by 
Eid et al. showed no recurrence of hernia when mesh repair with SIS was 
performed. However, there were signi fi cant perioperative complications 
as wound infection occurred in 25% and seroma in 33% of these patients 
 [  16  ] . Biologic mesh is not an ideal solution. It is expensive, and signi fi cant 
rates of early and midterm recurrences, especially when this type of 
mesh is used to bridge fascial defects, have been reported  [  18  ] . Another, 
more recent, retrospective study of 325 gastric patients, 26 of whom had 
ventral hernia, underwent primary and prosthetic mesh repair. 
Surprisingly, 2 of the 8 patients who had primary repair had postoperative 
small bowel obstruction, while those with mesh repair had none  [  15  ] . 
This same study also showed no mesh infection when gastric bypass was 
performed simultaneously with synthetic mesh ventral hernia repair. 
Thus, it appears that complex hernias may be repaired with either 
synthetic or biologic mesh, depending on the surgeon’s comfort level. 

 Now that sleeve gastrectomy is an accepted part of the bariatric 
armamentarium  [  19  ] , this may be the bariatric procedure of choice if a 
patient has a complex hernia. Sleeve gastrectomy allows for minimal 
manipulation of the bowel and does not dislocate the bowel that then 
may potentially incarcerate. The peritoneum is never appreciably exposed 
to enteric contents, and there is minimal risk of mesh infection. These 
patients are less likely to develop ileus or bowel distension since there 
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are no anastomoses. For those with a large complex hernia or those with 
chronically incarcerated but nonobstructed bowel, sleeve gastrectomy 
may be a very safe option. 

 Occasionally, there are large, complex hernias that may preclude the 
surgeon from performing any intra-abdominal procedure prior to 
repairing the hernia. These hernias need to be repaired as a separate 
procedure prior to any elective bariatric surgery. Those patients with 
very large, chronic incisional hernias (>25–30 cm) will pose a problem 
for the surgeon in many aspects. Given the lack of fascia and chronically 
distended bowel, access into the peritoneum for insuf fl ation to perform 
laparoscopy or adequate exposure for open surgery may be nearly 
impossible. The loss of domain with pneumoperitoneum will also be 
prohibitive for this type of patient, and ventilation, venous return, and 
tissue oxygenation will be compromised. This can lead to multiple 
complications including prolonged intubation, cardiac depression, and 
poor wound healing  [  20,   21  ] . Thus, the hernia must be dealt with  fi rst. In 
this scenario, the patient may need component separation and a staged 
ventral hernia repair prior to an elective bariatric surgery  [  22  ] . 

 Another subset of patients with chronic  fi stulas or infected mesh from 
previous hernia repair will also require de fi nitive hernia repair prior to 
bariatric surgery. The presence of an ongoing infection and further 
exposure of mesh will put the patient at risk for multiple postoperative 
complications. An attempt to remove the infected mesh in order to 
completely resolve the infection should be done before proceeding with 
(elective) bariatric surgery.  

   Conclusion 

 Whether an incisional hernia is simple or large and complex, the 
repair must be tailored to each individual bariatric patient. Clearly the 
lowest recurrence and complication rates will be realized if hernia repair 
is deferred until maximal weight loss is accomplished, with the added 
bene fi t that concurrent abdominoplasty can be performed. For some, 
small, incidentally discovered hernias, deferred management may be 
appropriate, but close follow-up is necessary. There appears to be good 
data at present however to make a case that primary repair is usually not 
suf fi cient as de fi nitive therapy even for small, but clinically signi fi cant, 
defects, but it still may be applicable as a bridge repair during the 
immediate postoperative period. While infection rates are not common 
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when prosthetics are used concomitantly with gastric bypass, mesh use 
in clean-contaminated cases remains debatable. If biologic mesh is used, 
substantial recurrence rates (and expense!) are important considerations. 
Despite some encouraging safety data that synthetic mesh should be 
considered in the repertoire of techniques to repair incisional hernia 
during gastric bypass, the use of this type of prosthetic material remains 
controversial.      
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    42.     Open Versus Endoscopic 
Component Separation: How to Choose 
One or the Other       

     Eduardo   Parra-Davila       ,    Juan   J.   Diaz-Hernandez    , 
and    Carlos   M.   Ortiz-Ortiz      

     The repair of massive ventral hernias has remained a challenging 
problem for surgeons. Primary repair is rarely successful and has 
associated recurrence rates of 18–62% depending on the defect size 
 [  1–  4  ] . The addition of synthetic mesh decreases recurrence rates 
signi fi cantly from 2 to 32%  [  1,   3–  6  ] . The use of large sheets of synthetic 
material for hernia repair often results in a rigid, noncompliant, adynamic 
abdominal wall and in most cases is contraindicated in the setting of 
contamination. The principles of ventral hernia repair are well 
established: wound closure should be free of excessive tension, sutures 
should be placed in healthy tissue, and strong suture material should be 
used to support the wound through the critical period of healing  [  7  ] . 

 To allow a patient who presents with a ventral hernia to regain 
dynamic support of the abdominal wall, the fascial edges need to be 
reapproximated. This may not be an appropriate repair for all patients, 
but techniques that ease tension on the midline and have less potential 
complications will probably increase in popularity. 

 Open separation of components, as championed by Ramirez  [  8  ] , has 
enable rectus muscle medialization in patients with midline defect up to 
20 cm in size. Several series have reported recurrence rates from 5 to 
30%  [  9–  11  ] . More recently, the component separation technique (CST) 
has been performed with several modi fi cations including reinforcement 
with biological or synthetic mesh to improve results. Additionally, the 
endoscopic approach has been described by Rosen  [  12  ] . 
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   Description of Component Separation Technique 
and Modi fi cations 

   Open Component Separation Technique 

 The incision at the skin is done longitudinally or horizontally 
(suprapubic) in most cases. The skin and subcutaneous fat are dissected 
free from the anterior rectus sheath and the aponeurosis of the external 
oblique muscle. The aponeurosis of the external oblique muscle is 
transected longitudinally about 3 cm lateral from the rectus sheath, 
including the muscular part that inserts on the thoracic wall, which 
extends at least 5–7 cm cranially of the costal margin. The external 
oblique muscle is separated from the internal oblique muscle as far lateral 
as possible. The posterior rectal sheath is separated from the rectus 
abdominis muscle if tension-free closure is not possible. The fascia is 
closed in the midline with a running #1 PDS (polydioxanone) suture of 
at least four times the length of the incision. The skin is closed over at 
least two suction drains.  

   Open Component Separation Technique 
with Reinforcement of Mesh 

 Same technique as described above but with the following reinforcement 
with mesh:

    (a)    Onlay synthetic large pore or biological mesh.  
    (b)     Underlay intraperitoneal (with adhesion barrier) or biological 

mesh.  
    (c)     Retromuscular mesh placement (large pore synthetic or biolog-

ic).  
    (d)     Preperitoneal mesh placement (allows a macroporous mesh to 

be placed with wider coverage than the lateral border or the rec-
tus muscle).  

    (e)     Bridging an already component separation that does not reach 
for complete closure of the midline. Mesh reinforcement is usu-

ally underlain (biologic or synthetic).      
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   Endoscopic Component Separation Technique 

 The operation can begin with a 1-cm incision made just below the 
costal margin or at the lower quadrants of the abdomen, depending on 
surgeon’s preference. Alternatively, a midline open incision with lysis of 
adhesions can be performed  fi rst. The endoscopic incision is made lateral 
to the rectus abdominis muscle. If an open midline incision is already 
made, it can help to identify the lateral border of the rectus muscle by 
palpating it through the midline incision. The subcutaneous tissue is 
dissected to expose the external oblique fascia. The aponeurosis is 
separated, and further dissection follows the direction of the muscle 
 fi bers encountering the space between the external and the internal 
oblique muscle. The hernia balloon dissector is introduced, and the space 
is created usually with several insuf fl ations with the balloon pump. Then 
a balloon port is inserted to maintain insuf fl ation of 10–12 mmHg. The 
5-mm 30° laparoscope is used to place a second 5-mm trocar laterally at 
the posterior axillary line approximately at the level of the umbilicus. 
With a grasper and/or scissors, the space is completed to expose the 
external oblique aponeurosis from the costal margin to the inguinal 
ligament. Then the external oblique is released under direct visualization 
using coagulating scissors.  

   Endoscopic CST with Laparoscopic Ventral 
Hernia Repair 

 The endoscopic CST is performed as described as above, without a 
midline open incision. After this, the trocars are placed intraperitoneally 
for the dissection and reduction of the hernia contents. The hernia defect 
is closed with sutures to approximate the fascia to the midline. This 
technique can also be followed by intraperitoneal reinforcement with 
synthetic (with adhesion barrier) or biological mesh. 

 There have been reports of accomplishing an average of 86% of 
the myofascial advancement using the endoscopic CST approach 
without the elevation of the skin  fl aps. Any additional release can be 
achieved with incision of the posterior rectus sheath if necessary  [  12  ]  
(Figs.  42.1  and  42.2 ).    
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  Fig. 42.1.    Endoscopic separation of external oblique fascia.       

  Fig. 42.2.    Laparoscopic closure of hernia defect.       
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   Open Ventral Hernia Repair with Endoscopic 
Component Separation 

 This technique includes the usual dissection for the open ventral 
hernia repair combined with the endoscopic approach for the 
component separation technique to avoid the open dissection of the 
abdominal wall  fl aps. The reinforcement of the repair is performed 
usually intraperitoneally with synthetic (with adhesion barrier) or 
biological mesh. The fascia is approximated at the midline with a 
running #1 PDS (polydioxanone) suture.   

   Indications for CST 

     (a)    Limited contaminated or clean contaminated  fi elds.  
    (b)    History of recurrence after several previous repairs.  
    (c)    Large hernia defects including loss of domain.  
    (d)     When restoration of physiology of abdominal wall is imperative 

(patient with hernia and neo-bladder).  
    (e)    Cosmetic restoration.  

    (f)    Hernia with tension when attempting closure of fascia.     

    There are a number of surgeon-, hernia type, and patient-dependent 
factors that will eventually contribute to the surgical techniques chosen 
to complete any given hernia operation. Some of the intraoperative 
decisions regarding choosing a component release may be in fl uenced by 
the following hernia and patient characteristics: 

   Extension of Hernia Sac Laterally to the Semilunaris 
Line and Complex Surgery that Involves the Lateral 
Abdominal Wall 

 The  fi brosis and/or scar tissue from previous surgery makes the 
endoscopic CST approach more dif fi cult. The CST in these patients is 
usually performed by open technique (Fig.  42.3 ).   
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   Need for Wound Revision 

 If the dissection requires a vast removal of soft tissue, the endoscopic 
approach may not provide an advantage. This dissection will expose 
most of the area needed to perform an open CST.  

   Need for Mesh Explantation 

 To be able to remove an onlay mesh, a vast subcutaneous  fl ap 
dissection is required, making an open CST a better choice (Fig.  42.4 ). If 
the mesh was placed as an underlay, the CST can be performed 
endoscopically or open depending on the surgeon’s preference since the 
subcutaneous space has not been violated.   

   Presence of Ostomy 

 Most surgeons do not perform a bilateral CST in the presence of an 
ostomy (Fig.  42.5 ). The unilateral approach for the CST can be performed 
open or endoscopically, including mesh reinforcement.   

  Fig. 42.3.    Multiple and extensive abdominal wall surgeries.       
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  Fig. 42.4.    Removal of infected onlay mesh.       

  Fig. 42.5.    Multiple parastomal hernia repairs.       

   Need for Panniculectomy 

 This technique requires bilateral abdominal wall  fl aps that will expose 
the aponeurosis of the external oblique for open CST (Fig.  42.6 ).   
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   Presence of Abdominal Contamination 

 In the setting of limited and controlled contamination, the endoscopic 
approach provides the release of the fascia in a clean space not in 
continuity with the midline incision. This potentially decreases the 
incidence of postoperative wound infections.  

   Intraoperative Assessment of Tension 

 During the operation, if an open midline incision is made  fi rst, an 
assessment of tension and abdominal wall compliance can be done by 
placing clamps on rectus muscle medial fascia and pulling them to the 
midline. Although this is a very imprecise measure, this may help determine 
the best approach for component separation: open or endoscopic. 

 In summary, the Achilles tendon of the open CST is the wound 
infection, hematoma, seroma, and abdominal wall  fl ap necrosis that are 
reported in 12–67% of cases  [  8–  11,   13–  19  ] . Other reports in the literature 
show an overall complication rates that were similar for endoscopic CST 
(32%) and open CST (35%). Comparison between endoscopic CST and 
open CST showed comparable hernia recurrence rates (endoscopic CST 
17% and open CST 21%)  [  20  ] . 

  Fig. 42.6.    Medically necessary panniculectomy.       
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 We believe that medialization of the rectus muscle is imperative 
for improving abdominal wall function. The CST with muscle 
advancement increases the abdominal wall circumference to enlarge 
the intraperitoneal space for those patients af fl icted with large ventral 
hernias and loss of domain. The placement of mesh for reinforcement 
of the repair decreases the recurrence rate of the CST, and the rectus 
medialization decreases the risk of mesh eventration. This technique 
is not indicated for the small “average” ventral hernia when the fascia 
can be easily approximated or in patients with multiple small (<2 cm) 
“Swiss cheese” hernias. In our experience with open CST, we have 
accomplished more advancement of the abdominal wall when 
compared to the endoscopic CST. For this reason, we use the 
endoscopic CST for selected cases of midsize (<10 cm), usually 
midline primary or  fi rst recurrent hernias. Please refer to Fig.  42.7  for 
a decision-making  fl owchart.        

-History of multiple hernia repair
-Large Hernia Defect

-Need for Cosmetic Restoration
-Hernia with tension when attempting closure of fascial defect

Laparoscopic vs Open CST

Laparoscopic Ventral
Hernia Repair or Open
Ventral Hernia Repair

with Mesh

Need for CST

Yes

Laparoscopic CST

Open CST

Hernia defect <10 cm.

Hernia defect >10 cm.

-Presence of limited abdominal contamination
-Concomitant Visceral procedures

-Mesh explantation when mesh is explanted laparscopically
-Hernia with current ostomy (unilateral CST)

Small to mid size hernia under tension to close defect

-Complex Lateral Abdominal wall surgery
-Loss of Domain to accomplish closure of defect vs decreasing the size of defect before mesh placement

-Need for Panniculectomy or extensive skin mobilization
-Mesh explantation when previous mesh placed as onlay

-Hernia with current ostomy (unifateral CST)

No

  Fig. 42.7.    A decision-making  fl owchart for the need for CST.       
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    43.     Absorbable Fixation Materials: 
A Critical Appraisal       

     Kevin   El-Hayek     and    Matthew   Kroh          

    Hernia repair is one of the most common procedures performed 
around the world, with an estimated 1,000,000 such repairs being 
performed per year in the United States alone  [  1–  4  ] . The most common 
types include repairs of inguinal, ventral or incisional, and hiatal hernias. 
Standard herniorrhaphy prior to the 1950s primarily involved direct 
tissue re-approximation; however, this technique was associated with 
reported recurrence rates of 25–54%  [  5–  9  ] . Subsequent development of 
prosthetic mesh implantation decreased recurrence rates signi fi cantly; 
however, a trade-off of more mesh-related complications has ensued. 
These complications include infection, visceral adhesions,  fi stulae, and 
obstructions among others  [  10,   11  ] . In response to these complications, 
more sophisticated mesh products have been designed to provide a 
durable repair with adequate tissue ingrowth while maintaining a less 
in fl ammatory barrier against the intra-abdominal viscera. 

 In conjunction with increased technology of mesh products,  fi xation 
devices have evolved as well. Historically, the only options for mesh 
 fi xation were sutures of varying degrees of absorbability and permanence. 
The in fl ux of laparoscopy in general surgery has ushered in new options 
for  fi xation, including tacking devices and sealants. Laparoscopic ventral 
hernia repair is associated with lower recurrence rates, lower mesh 
infection rates, fewer postoperative complications, and shorter hospital 
stays  [  12–  14  ] . Though the majority of operative repairs, including 
laparoscopy, are performed using permanent sutures or tacks, there is 
currently an opportunity to limit the amount of foreign material by using 
absorbable  fi xation devices. The goal of this chapter is to review the 
materials and methods involved in the use of absorbable  fi xation for 
inguinal and ventral hernias. 
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   Principles of Mesh Fixation 

 The physical and physiologic changes that exist at the time of hernia 
repair and subsequent to implantation ultimately dictate long-term ef fi cacy. 
Discussion of  fi xation devices is therefore dependent on a brief review of 
their interactions with various mesh types. Mesh material is a critical 
consideration when preparing to repair a hernia. Characteristics of mesh to 
consider prior to implantation include material, pore size, and density  [  15, 
  16  ] . Mesh material will dictate the degree of in fl ammatory response and 
the ultimate scar plate that is deposited. This interaction will in large part 
determine the strength of a repair. Pro-in fl ammatory materials such as 
polypropylene and polyester generate excellent tissue ingrowth but are 
also prone to adhesion formation when exposed to viscera  [  10  ] . The 
structure of mesh will also guide tissue ingrowth and ultimately stability. 
The porosity of the mesh weave will to varying degrees allow for native 
tissue in fi ltration. Microporous mesh (<10–75  m m) such as ePTFE has the 
advantage of causing less visceral adhesions; however, tissue ingrowth is 
also decreased. Macroporous (>75  m m) mesh provides much better tissue 
ingrowth; however, this mesh can lead to more dense adhesions  [  15,   16  ] . 
Consideration of porosity is important when selecting  fi xation devices as 
mesh that is less porous will require greater  fi xation than mesh that allows 
for better tissue ingrowth. Finally, mesh density may dictate  fi xation 
material penetration, which in turn determines adequate security. 

 Once the mesh is chosen, how to secure the mesh becomes relevant. 
The  fi xation technique must provide adequate stability to ensure that the 
mesh does not migrate. Migration and mesh shrinkage are two common 
causes of hernia recurrence. During ventral hernia repair, data has shown 
that greater fascial overlap, typically at least 3–5 cm, will decrease 
recurrence rates  [  17  ] . If the  fi xation material and method do not provide 
adequate strength to maintain proper orientation, the mesh can pull away 
due to normal body movements. The time and strength required of such 
a  fi xation device is variable based on anatomic location of mesh repair, 
for example, inguinal versus abdominal wall, and the speci fi c to the type 
of mesh used, based on material and porosity. 

 In addition to adequate strength,  fi xation materials must provide 
durability. Additionally, mesh  fi xation involves limiting postoperative 
complications such as foreign body reaction, infection, and pain. There 
are many absorbable materials in use today which purport to have many 
of these positive properties while limiting the negative properties of 
mesh  fi xation.  
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   Composition and Properties of Absorbable 
Fixation Materials 

 Currently, permanent  fi xation is commonly used for hernia repair. 
Speci fi cally for abdominal wall repair with synthetic mesh, permanent 
transfascial suture  fi xation has shown excellent strength  [  18,   19  ] . 
Transfascial  fi xation with permanent suture remains the gold standard in 
laparoscopic ventral hernia repair, but these are not without complication 
 [  20  ] . When used to secure mesh laparoscopically, transfascial  fi xation 
sutures traverse all layers of the abdominal wall in a mass closure 
technique. From a strength standpoint, this is ideal. In a porcine model of 
mean tensile strength, transfascial sutures were found to be 2.5 times 
stronger than tack placement in securing polypropylene mesh  [  19  ] . 
However, this technique can also result in signi fi cant patient pain. Studies 
have shown that placement of sutures using this technique for mesh 
 fi xation during ventral hernia repair can result in chronic and often 
dif fi cult to manage pain  [  21,   22  ] . Even after surgical suture removal, 
pain may not be mitigated in these patients. Though still considered the 
most durable long-term option for mesh  fi xation, these unique 
complications from permanent suture  fi xation have prompted investigation 
into other materials. 

   Absorbable Suture 

 Sutures are foreign bodies and as such, illicit reaction from adjacent 
tissue. The development of absorbable suture was designed to limit this 
reaction as most tissues, once approximated, will adhere to one another 
without permanent  fi xation. There are numerous types of absorbable 
sutures. The main variants include material, braidedness, and absorption 
pro fi le. These sutures range from beef or sheep submucosa to synthetic 
material such as polyglactin and poliglecaprone. Their absorption 
pro fi les vary from 40 to >200 days. The main mechanism for absorption 
is via hydrolization and enzymatic degradation when the body 
recognizes this foreign material  [  23  ] . Transfascial suture  fi xation is 
currently the most common form of mesh  fi xation during open and 
laparoscopic ventral hernia repair, and typically this is performed with 
permanent suture.  
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   Absorbable Fasteners 

 Though transfascial suture  fi xation is the most common method to 
secure mesh, there is a trend toward fastening devices such as tacks. 
These devices are more common in laparoscopic repair but are also 
used during open repair. The technology has evolved and includes 
medical skin staples, helical fasteners, and other specialty tacking 
devices  [  24,   25  ] . Tack  fi xation of mesh during laparoscopic hernia 
repair has the advantage of being relatively easy to dispense and to 
secure the mesh, but the depth of penetration into the soft tissue is 
limited by the design of the tack, the thickness of mesh being used, and 
the adequacy with which the tack is seated into the abdominal wall. 
These concerns have prompted many surgeons to use tacks in conjunction 
with transfascial suture  fi xation, with the idea that the tacks will help 
position the mesh for ultimate transfascial suture placement. Tacks also 
keep the periphery of the mesh annealed to the abdominal wall until 
re-peritonealization takes place, a process that typically takes 7–10 days 
 [  6  ] . The suture is then designed to stabilize the mesh for robust tissue 
ingrowth and durable mesh  fi xation. With mesh products that allow for 
fast and signi fi cant tissue ingrowth, some authors have proposed not 
using transfascial suture  fi xation, though studies have shown increased 
rates of hernia recurrence when PTFE mesh is used without suture 
 fi xation  [  12  ] . However, composite materials may allow better tissue 
ingrowth resulting in accelerated healing times and stronger repairs 
 [  26  ] . Other authors have shown that use of tacks as an adjunct or 
replacement for sutures reduces time and possibly even postoperative 
pain  [  22  ] . 

 Permanent metallic  fi xation devices work well in securing the mesh 
long enough for reperitonealization and stabilization. However, concerns 
exist about leaving these permanent materials in place. Complications 
such as adhesions to metallic tack heads and tack migration from the 
abdominal wall into the viscera have been shown to result in small bowel 
obstruction and even perforation  [  27–  30  ] . Such complications have led 
to the development of absorbable  fi xation devices. There are currently 
three companies with absorbable  fi xation systems on the market: 
Covidien (AbsorbaTack™), Bard Davol (SorbaFix™, PermaSorb™), 
and Ethicon (Securestrap™). 

   Covidien: AbsorbaTack™ 

 The Covidien AbsorbaTack™ was released in 2008. There are both 
long and short 5-mm versions of the delivery system for use in 
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laparoscopic and open repair. These devices have 15 or 30 tacks for the 
long delivery system and 20 tacks for the short delivery system. There is 
no pilot tip in this design for engaging soft tissue. The fasteners are 
composed of poly(glycolide-co- l -lactide) (PGLA) and have a tapered 
screwlike tip. There is a 1.0-mm head with a total length of 5.1 mm. A 
signi fi cant absorption period occurs at 3–5 months via hydrolysis into 
glycolic and lactic acid, which are then metabolized completely by 
12 months. When in vitro shear strength was tested by Covidien, 
AbsorbaTack™ screws had 39 lbf initially, which ultimately degraded to 
19 lbf at 8 weeks  [  31  ] .  

   Bard Davol: SorbaFix™ and PermaSorb™ 

 The Bard Davol SorbaFix™ was released in 2009. A 5-mm delivery 
system is used with either 15 or 30 fasteners. Fasteners are composed 
of poly( d , l )-lactide (PDLLA) and are shaped with a blunt screwlike 
tip. The head length is 0.8 mm with a 6.7-mm total length. There is a 
sharp pilot tip on the delivery system that is needed for engaging tissue. 
Material degradation involves a process of hydrolysis and enzymatic 
metabolism. Sixty days postimplantation, the fastener maintains 100% 
of original strength, while degradation is nearly complete at 1 year. 
Preclinical, company-based studies revealed that burst strength 
remained seven times higher than the intra-abdominal pressure 
requirement at 56 days  [  32  ] . 

 The Bard Davol PermaSorb™ is another option for hernia  fi xation 
and differs mainly in design when compared to SorbaFix™. The 
PermaSorb fasteners are also made of PDLLA but are con fi gured with 
two staggered hooklike projections off a central shaft to allow for a mesh 
and tissue  fi xation. Because the fasteners are composed of the same 
material as SorbaFix™, the absorption pro fi les are similar.  

   Ethicon: Securestrap™ 

 The Securestrap was released by Ethicon in 2011. A 5-mm delivery 
system is used with 25 total fasteners. These fasteners are designed in a 
strap-like con fi guration with  fi xation points on both sides. When fully 
deployed, there is a low-pro fi le area exposed which is designed to limit 
foreign body reaction. Ethicon sponsored studies revealed that the 
Securestrap™ maintained signi fi cant shear strength in relation to angle 
of deployment. Absorption occurs via a hydrolysis and metabolism 
mechanism  [  33  ] .   
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   Fibrin Sealants 

 Interest in adhesive products for hernia  fi xation stemmed from a desire 
to limit the foreign body reaction following placement of mesh and 
permanent suture in hernia repair. The  fi rst materials used were synthetic 
cyanoacrylate-based glues, and while they showed promise for hernia 
 fi xation, they were also associated with cytotoxicity, carcinogenicity, and 
severe tissue in fl ammation  [  34–  37  ] . Due to these unwanted side effects, 
the use of nonsynthetic  fi brin sealant products has been recommended in 
lieu of synthetic-based glues. Baxter Healthcare offers two such options 
for  fi brin sealant products: Tisseel™ and Artiss™. 

   Baxter Healthcare: Tisseel™ and Artiss™ 

 Tisseel™ and Artiss™ are adhesive agents procured from human 
 fi brinogen and thrombin. An initial formulation of Tisseel™ received 
FDA approval in 1998, while an upgraded formulation received approval 
in 2006. Artiss™ was approved for use in 2008. The concentration of 
human thrombin is 500 IU/ml in Tisseel™ and 4 IU/ml in Artiss™. When 
mixed with human  fi brinogen, these preparations mimic the  fi nal stage of 
blood coagulation pathway. Tisseel™ is indicated as an adjunct to 
hemostasis in several operations including those involving cardio-
pulmonary bypass as well as treatment of splenic injury following trauma. 
It is also indicated for use as an adjunct to prevent anastomotic leakage in 
colonic anastomoses. Indication for use of Artiss™ is limited to prepared 
wound beds for patients undergoing autologous skin grafting. There is no 
indication for hemostasis. Fibrin sealant use in hernia repair is considered 
“off-label”; however, investigators have studied it in both animal and 
human trials  [  38,   39  ] . It is important to note that while these sealants are 
considered absorbable, there is a small risk of human disease transmission 
as they are procured from human plasma.    

   Clinical Use of Absorbable Fixation Materials 

   Inguinal Hernia Repair 

 The typical method of mesh  fi xation in open repair of inguinal hernia 
is that of direct suture. In a large cohort study, Novik et al. studied the use 
of permanent suture, long-term absorbable suture (i.e., PDS), and short-
term absorbable suture (i.e., Vicryl)  fi xation of mesh in over 80,000 
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Lichtenstein herniorrhaphies  [  40  ] . This group found that there was no 
advantage in using permanent versus long-term absorbable suture in 
terms of hernia recurrence. However, the use of short-term absorbable 
suture was associated with a twofold increased risk of hernia recurrence 
versus long-term absorbable or permanent suture, discouraging use of 
short-term absorbable sutures for open hernia repair. 

 For laparoscopic inguinal herniorrhaphy, the discussion regarding 
mesh  fi xation is more controversial, with multiple questions regarding 
type and extent of  fi xation  [  41  ] . Lau performed a randomized trial 
comparing mechanical stapling versus  fi brin sealant in patients 
undergoing bilateral endoscopic totally extraperitoneal inguinal 
hernioplasty (TEP). In this study, he found a signi fi cant reduction in 
postoperative analgesics in the  fi brin sealant group; however, there was a 
higher incidence of postoperative seroma in this group when compared 
to the mechanical staple group (17.4% vs. 5.3%)  [  42  ] . Because of such 
 fi ndings, investigators began to study non fi xation in laparoscopic inguinal 
hernia repair, hoping to  fi nd equivalent outcomes with less pain and 
seroma. A multicenter, blinded, randomized trial by Taylor et al. sought 
to evaluate this postulate. In this study, investigators learned that 
following unilateral repair, the non fi xated group had signi fi cantly less 
groin pain. Likewise, following bilateral repair when each side was 
randomized to  fi xation or non fi xation, the non fi xated side was more 
comfortable than the  fi xated side (47% vs. 9%;  P  = 0.006). When more 
than six tacks were used, there was also greater pain than when six or 
fewer tacks were used (40% vs. 22%;  P  = 0.008)  [  43  ] .  

   Incisional/Ventral Hernia Repair 

 Data regarding absorbable  fi xation methods during open ventral 
hernia repair is relatively sparse, being limited to animal studies and 
small case series. A comparative study by Grommes et al. in a porcine 
ventral hernia model tested nonabsorbable suture, absorbable suture, 
 fi brin glue, and non fi xation of retrorectus mesh implantation. In this 
study, there was no mesh dislocation or migration, and tensile strength of 
mesh integration was similar in all four groups. The technique of this 
repair did require fascial re-approximation in front of the mesh  [  44  ] . 

 Similar to laparoscopic inguinal hernia repair, a signi fi cant controversy 
exists in relation to mesh  fi xation during laparoscopic ventral hernia 
repair. There are several key differences that make mesh  fi xation a more 
complex discussion in laparoscopy. While hernia sac excision and 
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abdominal wall dissection is common in open repair, often the hernia sac 
and abdominal wall tissue are not disturbed during laparoscopic repair. 
Such differences allow for different variety of mesh choice for open 
repair, as intraperitoneal exposure of the mesh can be avoided. During 
laparoscopy, the mesh is typically placed in an intraperitoneal position, 
with at least one aspect exposed to viscera. For this reason, mesh selection 
becomes paramount. First, in order to limit intraperitoneal complications 
such as adhesions or  fi stulae, anti-adhesive barriers should be employed 
on the visceral side of the mesh  [  6  ] . Also, signi fi cant overlap of 3–5 cm 
around the defect is important to allow for adequate ingrowth and to 
compensate for possible mesh shrinkage, as the area covering the defect 
will not be in contact with any tissue in many cases  [  17  ] . 

 In a porcine model of hernia repair comparing absorbable tacks to 
metal tacks, Duffey et al. showed equivalent mesh incorporation with 
both permanent and absorbable fasteners. In this model, transfascial 
 fi xation was not used  [  45  ] . Hollinsky et al. studied mesh  fi xation via 
transfascial  fi xation, a permanent fastener (Covidien ProTack™), and 
two absorbable fasteners (Covidien AbsorbaTack™, and I-Clip™) in 
rats. Retention strength was signi fi cantly higher (8.7 N/cm  [  2  ] ) in the 
transfascial  fi xation group than that of ProTack™ (5.6 N/cm  [  2  ] ) or 
AbsorbaTack™ (5.7 N/cm  [  2  ] ). The authors also found that the I-Clip™ 
had poor retention strength, while the ProTack™ was associated with 
signi fi cantly more adhesions  [  46  ] . 

 In humans, signi fi cant debate regarding increased postoperative pain 
with use of transfascial  fi xation led several investigators to compare this 
approach with alternative  fi xation materials. Beldi et al. found that pain at 
6 weeks was signi fi cantly higher when transfascial  fi xation sutures were 
used compared with tacks in a series of laparoscopic hernia repairs. While 
recurrence rates were similar at 6 months, this group did note that mesh 
shrinkage was also greater with metal tack  fi xation  [  47  ] . Morales-Conde 
proposed a “double-crown” technique using permanent fasteners and 
reported a 2.14% recurrence rate after 140 repairs  [  48  ] . Wassenaar et al. 
also compared three groups of patients who underwent laparoscopic ventral 
hernia repair: those with absorbable sutures and tack  fi xation, those with 
double-crown tack  fi xation and no sutures, and those with nonabsorbable 
suture with tack  fi xation. These investigators found no difference in 
postoperative pain or quality of life scores at 2 weeks, 6 weeks, and 3 months 
postoperatively  [  49  ] . Likewise, Nguyen et al. showed equivalent narcotic 
usage, hospital stay, and return to work in patients who underwent either 
primarily transfascial  fi xation versus primarily tack  fi xation  [  50  ] .   
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   Conclusion 

 Based on a critical review of the literature, there are still many 
unanswered questions regarding the use of absorbable  fi xation materials. 
Two inseparable factors for successful hernia repair are mesh selection 
and mesh  fi xation, and inappropriate choice of either can lead to operative 
failure. Currently, absorbable  fi xation methods appear to show promise, 
but further study needs to more clearly evaluate the device ef fi cacy 
against proposed bene fi ts of less foreign material. Future studies should 
be aimed at areas such as cost analysis, non fi xation methods, and long-
term outcomes.      
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    44.     Biologic Mesh: When and Why—A 
Critical Appraisal       

     Jaime   A.   Cavallo    ,    Corey   R.   Deeken    , 
and    Brent   D.   Matthews               

   Ventral Hernia Repair Reinforcement 

 The US Markets for Soft Tissue Repair Report prepared by the 
Millennium Research Group estimates that 305,900 ventral hernia repair 
were performed in the United States in 2006  [  1  ] , reaf fi rming ventral 
hernia repair as one of the most common procedures in general surgery. 
The 10-year cumulative rate of recurrence for suture repair of ventral 
hernias is as high as 63%, which contributes to the high incidence of 
repair  [  2  ] . Signi fi cant risk factors for recurrence include surgical 
technique, history of previous failed hernia repairs, large hernia size, 
obesity, smoking habits, and patient comorbidities that contribute to 
diminished soft tissue integrity. To reduce recurrence to a 10-year 
cumulative rate <32%, level A and B evidence supports reinforcement 
with synthetic or biologic materials for all incisional ventral hernia 
repairs  [  2,   3  ] . Likely attributable to these evidence-based recommendations 
for material reinforcement, it is estimated that synthetic or biologic 
reinforcement materials were used in nearly 95% of the ventral hernias 
performed in the United States in 2006  [  1  ] . Market analysts predict a 7% 
annual growth rate in the $1 billion United States soft tissue repair 
device industry, largely impelled by costly biologic scaffold materials for 
ventral hernia repair. The aging patient population, the prevalence of 
comorbidities contributing to diminished soft tissue integrity, the high 
incidence of obesity, and the rising demand for bariatric procedures with 
high potential for sequelae of incisional ventral hernias are major factors 
driving the anticipated market expansion for ventral hernia reinforcement 
materials. In particular, demand for biologic scaffold materials is expected 
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to expand based on preclinical evidence that biologic materials enable 
revascularization of soft tissue repair sites and improved pathogen 
clearance in contaminated and infected surgical sites  [  4,   5  ] , clinical 
evidence that biologic materials do not necessarily require removal when 
exposed or infected  [  6–  8  ] .  

   Biologic Scaffolds for Abdominal Wall 
Reconstruction 

 As the strength layer of the abdominal wall, fascial layers are 
composed predominantly of  fi broblasts and the extracellular matrix 
components that these cells secrete: collagen, elastin, proteoglycans, and 
 fi bronectin. A high collagen and elastin content is responsible for the 
great tensile strength and elasticity of fascia. The consistency of fascia is 
determined by the total proteoglycan surface area, which is responsible 
for binding cations and attracting water molecules. Fibronectins aid in the 
attachment of cells to the extracellular matrix and therefore play an 
important role in wound healing. 

 Biologic scaffolds composed of mammalian extracellular matrices 
possess favorable characteristics for cell attachment, proliferation, and 
differentiation and therefore serve as archetypal substrates for soft tissue 
repair. The ideal biologic scaffold for abdominal wall reconstruction 
closely resembles the native extracellular matrix of the host tissue, 
possesses biomechanical properties that approximate the dynamics of the 
abdominal wall, gradually degrades to allow for neovascularization and 
high-integrity host tissue regeneration, avoids a biologic footprint that 
could elicit a chronic in fl ammatory immune response and  fi brosis from 
the host, resists new infection and optimizes pathogen clearance from 
contaminated and infected surgical sites, and provides an effective and 
durable soft tissue repair. Biologic grafts used in abdominal wall soft 
tissue repair are mostly porous acellular extracellular matrix constructs 
from dermal, fascial, pericardial, or intestinal submucosal tissue of 
cadaveric human, porcine, or bovine origin (Table  44.1 ). The characteristics 
of the native species, donor, and tissue type of the scaffold determine the 
remnant three-dimensional protein infrastructure following proprietary 
manufacturing processes to decellularize, enhance, and sterilize the 
material for clinical use. Some remaining source growth factors remain in 
the scaffold and serve as chemotactic signals for host  fi broblasts and 
endothelial cells after implantation. The gradual degradation of the 
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biologic scaffold by host macrophages and matrix metalloproteinases 
(MMPs) allows for simultaneous tissue remodeling through in fi ltration of 
host cells, neovascularization, and regeneration of the dynamic 
extracellular matrix. A semiquantitative histologic scoring system for 
biologic scaffold tissue remodeling has been described on the basis of six 
characteristics: cellular in fi ltration, cellular types present, host extracellular 
matrix deposition, scaffold degradation,  fi brous encapsulation, and 
neovascularization (Table  44.2 ). Biologic scaffolds possess varying 
degrees of biocompatibility and biodegradability based on their resulting 
molecular composition and can therefore have substantial impact on the 
host tissue response, the constructive remodeling of the substrate tissue, 
and the integrity of the tissue repair.    

   Modi fi cations During Manufacture 

 During manufacture into biologic scaffolds, mammalian extracellular 
matrices undergo a variety of chemical and mechanical processes to 
render the scaffold free of immunogenic agents and safe for therapeutic 
application: decellularization, sterilization, and preservation for storage. 
Ideally, manufacturing processes should achieve these objectives while 
minimizing disruption to the native scaffold structure. The molecular 
structures of the extracellular matrix components are conserved across 
animal species and demonstrate immunologic tolerance as allografts and 
xenografts  [  9  ] . Manufacturing processes that alter the molecules of the 
native scaffold may lead to more rapid in vivo degradation of the scaffold, 
in fl ammatory cell response, and  fi brotic encapsulation preventing 
cellular in fi ltration and neovascularization, thus ultimately favoring scar 
formation rather than constructive tissue remodeling in the host  [  10  ] . 

 Detergents used to extract cells and antigenic agents from the scaffold 
have the ability to deform collagen and negatively impact the mechanical 
properties of the scaffold  [  11  ] . For Food and Drug Administration (FDA) 
clearance of all xenographic scaffolds, the products must be sterilized to 
reduce the risk of infectious disease transmission. Chemical sterilization 
with glutaraldehyde or ethylene oxide may leave residual by-products 
that elicit an in fl ammatory response and alter the mechanical properties 
of the scaffold, whereas radiation sterilization may disrupt the native 
scaffold architecture, cause unintended molecular bonding, and alter the 
mechanical properties of the scaffold  [  9,   11,   12  ] . Materials that remain 
hydrated during storage tend to evacuate soluble growth factors, while 
scaffolds that are preserved in dehydrated form can develop ultrastructural 
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collapse, unintended molecular bonding, and restricted cellular in fi ltration 
 [  8,   13  ] . Manufacturing processes have also been shown to greatly affect 
the macrophage pro fi le of the host response and the pathway to 
constructive remodeling versus chronic in fl ammation and scar formation 
 [  14  ] . Manufacturing processes, therefore, have the potential to produce 
direct effects on the durability of the tissue repair and the clinical 
treatment outcomes. Many of these processes remain proprietary, 
deterring further scienti fi c investigation of their potential impact on 
clinical outcomes. 

   Collagen Cross-linking 

 Collagen cross-linking processes create bonds between collagen triple 
helices intending to stabilize the scaffold and reduce enzymatic degradation 
by MMPs. Often, these processes do not confer control over the degree of 
collagen cross-linking, create short and in fl exible bonds that restrict early 
cellular in fi ltration, or leave residual chemical by-products that elicit an 
in fl ammatory response  [  10,   11,   15,   16  ] . Various degrees of collagen cross-
linking may also occur as an unintended consequence of other proprietary 
manufacturing processes. The clinical bene fi t of cross-linked collagen 
scaffolds remains to be proven. Preclinical studies by Deeken et al. have 
demonstrated no signi fi cant difference in the tensile strength  [  17  ]  of the 
surgical repair site (Fig.  44.1 ) and earlier cellular in fi ltration, extracellular 
matrix deposition, and neovascularization in non-cross-linked materials 
compared to cross-linked materials explanted from a porcine model of 
ventral hernia repair. However, by 12 months postimplantation, cross-linked 
and non-cross-linked explants demonstrated no signi fi cant differences in 
cell types, cellular in fi ltration, scaffold degradation, extracellular matrix 
deposition,  fi brotic encapsulation, or neovascularization  [  18,   19  ]  (Fig.  44.2 ). 
Further investigation of the comparative clinical effectiveness of cross-
linked and non-cross-linked materials is warranted.    

   Scaffold Fenestration 

 A host in fl ammatory cell response to a biologic scaffold may elicit 
 fi brotic encapsulation of the graft leading to a reduction in both in fi ltration 
of host cells and neovascularization. The resulting dead space at the 
graft-tissue interface may lead to increased clinical incidence of seromas, 
wound complications, and infections  [  20–  23  ] . Fenestrated grafts that 
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allow the passage of  fl uid and the deposition of host tissue through pores 
have been proposed as one potential solution. Preclinical studies by 
Matthews et al. have demonstrated increased tissue incorporation at 
fenestrated sites compared with nonfenestrated grafts up to 6 months 
postimplantation in a porcine model of ventral hernia repair  [  24,   25  ]  
(Fig.  44.3 ). Conclusive long-term clinical studies comparing the clinical 
effectiveness of commercially available fenestrated and nonfenestrated 
scaffolds are lacking.   

   De Novo Scaffold Properties 

 The de novo biomechanical, thermal, and degradation properties of 
12 biologic scaffolds FDA-approved for abdominal wall reconstruction 
applications were recently evaluated  [  26  ] . Thermal analysis using 
modulated differential scanning calorimetry demonstrated signi fi cantly 
higher melting temperatures for cross-linked bovine pericardium and 
porcine dermis compared to their non-cross-linked counterparts. 
Degradation by collagenase digestion assay revealed signi fi cantly 
longer resistance to enzymatic digestion by cross-linked bovine 
pericardium compared to non-cross-linked bovine pericardium. The 
suture retention strengths for all 12 scaffolds exceeded the threshold 
value of 20 N suggested for hernia repair applications  [  27,   28  ]  (range 
23.75–127.20 N), with cross-linked materials generally exhibiting lower 
suture retention strengths than non-cross-linked materials. The tear 
resistance for only 6 of the 12 scaffolds exceeded the threshold value of 

  Fig. 44.1.    Biomechanical properties of cross-linked and non-cross-linked 
biologic scaffolds explanted from a porcine model of ventral hernia repair. 
Biomechanical characteristics of mesh-repaired sites over time compared with 
de novo strength and native porcine abdominal wall: ( a ) maximum load (Newtons 
[N]), ( b ) tensile strength (N/cm), and ( c ) stiffness (N/mm). All four meshes were 
signi fi cantly stronger and stiffer at time 0 compared with their corresponding 
repair sites (mesh-abdominal wall tissue composites) after 1, 6, or 12 months 
( p  < 0.01 for all comparisons). Although signi fi cant differences were observed 
between the strength and stiffness for each of the four meshes at time 0, no 
signi fi cant differences in strength or stiffness were observed between mesh-
repair sites at 1, 6, or 12 months due to the type of mesh used to repair the defect 
( p  > 0.05 in all cases). In addition, no signi fi cant differences in strength or 
stiffness of the repair sites were detected over time for any of the meshes studied 
( p  > 0.05 in all cases). Abd = abdominal (From ref.  [  19  ] , with permission).       
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20 N suggested for hernia repair applications  [  27,   28  ]  (range 10.10–
84.73 N), with cross-linked materials exhibiting signi fi cantly lower tear 
resistance strengths than non-cross-linked materials. The uniaxial 
tensile strength was signi fi cantly greater for cross-linked compared to 
non-cross-linked bovine pericardium. The ball burst strength of all 12 
scaffolds exceeded the 50 N/cm threshold suggested for hernia repair 
applications  [  27,   28  ]  (range 66.2–1028.0 N/cm), and 9 of the 12 scaffolds 
exhibited ball burst strain within the physiologic range of 10–30% 
suggested for hernia repair applications  [  27,   28  ]  (range 5.85–26.22%). 
Cross-linked materials generally exhibited signi fi cantly lower ball burst 
strengths compared to non-cross-linked materials. No clear trends were 

  Fig. 44.2.    Tissue remodeling characteristics of cross-linked and non-cross-
linked biologic scaffolds explanted from a porcine model of ventral hernia repair. 
Histologic scores, separated by mesh type and length of time in vivo: ( a ) cellular 
in fi ltration scores, ( b ) cell type scores, ( c ) extracellular matrix (ECM) deposition 
scores, ( d ) scaffold degradation scores, ( e )  fi brous encapsulation scores, and 
( f ) neovascularization scores (From ref.  [  19  ] , with permission).       
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otherwise noted between cross-linked and non-cross-linked materials, 
suggesting the potential role of source factors and other proprietary 
manufacturing processes.   

   Appropriate and Inappropriate Indications for Use 

   Graded Risk for Postoperative Surgical Site 
Occurrence 

 As an instrument to assist surgeons in stratifying the risk of a postopera-
tive surgical site occurrence (SSO) after abdominal wall reconstruction, 
the Ventral Hernia Working Group (VHWG) developed a novel grading 

  Fig. 44.3.    Tissue remodeling characteristics of fenestrated and nonfenestrated 
biologic scaffolds explanted from a porcine model of ventral hernia repair. 
Histologic scores of biopsies at the fenestration sites of a fenestrated cross-linked 
porcine dermal matrix (FM) compared to biopsies of a nonfenestrated cross-
linked porcine dermal matrix (NFM) explanted after 6 months from a porcine 
model of ventral hernia repair: cellular in fi ltration scores, cellular type scores, 
extracellular matrix (ECM) deposition scores, scaffold degradation scores, 
 fi brous encapsulation scores, and neovascularization scores  [  25  ] .       
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system based on characteristics of both the patient and the hernia defect 
 [  29  ] . Grade 1 (low-risk) ventral hernias are clean, uncontaminated 
surgical sites of patients without a history of comorbidities or wound 
infection. The VHWG recommends that patient factors and the clinical 
judgment of the surgeon should be weighed in the choice of appropriate 
repair materials for grade 1 ventral hernias. Grade 2 (comorbid) ventral 
hernias are clean, uncontaminated surgical sites of patients with 
comorbidities that increase the risk for surgical-site infection. The 
VHWG notes that the relative contribution of different patient 
comorbidities (i.e., diabetes mellitus, obesity) to the risk of a surgical 
site occurrence is a matter of consideration and debate. Therefore, the 
VHWG advises that surgeons must continue to rely on their clinical 
judgment for the identi fi cation and appropriate treatment of grade 2 
ventral hernias until comparative data is available. The VHWG suggests 
that patients with comorbidities associated with an increased risk of 
surgical site infection may bene fi t from reinforcement of grade 2 ventral 
hernias with biologic scaffolds rather than synthetic repair materials. 
However, given the high cost of biologic scaffolds (Table  44.1 ) and the 
insuf fi cient evidence that biologic scaffolds confer clinical bene fi t over 
synthetic reinforcement materials for the repair of clean, uncontaminated 
hernia defects  [  30  ] , it is dif fi cult to justify routine use of biologic 
scaffolds for grade 1 or grade 2 ventral hernias. Grade 3 (contaminated) 
ventral hernias are contaminated or potentially contaminated surgical 
sites, including surgical sites in proximity to a stoma or a violation of 
the gastrointestinal tract, or with a prior history of infection. Grade 4 
(infected) ventral hernias are surgical sites with active infection, infected 
foreign body, or septic dehiscence. Based on level A and B evidence, 
the VHWG contraindicates the use of synthetic reinforcement materials 
and instead advocates the use of biologic scaffold reinforcement for 
grade 3 and 4 ventral hernias. Twelve-month interim results of the 
RICH trial demonstrate safe, de fi nitive, single-stage reconstruction 
using Strattice™ Reconstructive Tissue Matrix for 80% of studied 
contaminated and infected ventral incisional hernias, further reinforcing 
this VHWG recommendation  [  31  ] . It should be noted, however, that a 
recent warning issued by the FDA to the study sponsors cautions 
against the as-yet unapproved use of Strattice™ Reconstructive Tissue 
Matrix for the reinforcement of contaminated or infected soft tissue 
repair sites.  [  32  ] . Level B evidence supports the reduction of bioburden 
prior to reinforcement material placement and de fi nitive repair of 
infected defects  [  29,   33  ] . A delayed approach to repair should be 
considered in the setting of gross, uncontrolled contamination of the 
surgical site.  
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   Prophylaxis for Parastomal Hernias 

 Parastomal hernias, or incisional hernias at the site of a stoma, are 
a frequent and highly morbid complication of stoma formation. The 
incidence of parastomal hernia is as high as 48%  [  34  ] , and as many as 
30% of parastomal hernias require surgical intervention for pain, bowel 
obstruction, or  fi stulation  [  35  ] . Recurrence rates for surgical repair of 
parastomal hernias range between 30 and 76%  [  36  ] . Attention has 
therefore been focused on parastomal hernia prevention. Strong 
evidence supports the prophylactic reinforcement of stomas with 
prosthetic mesh to signi fi cantly reduce the incidence of parastomal 
herniation  [  37–  40  ] . Prophylactic reinforcement of stomal sites using 
biologic or composite reinforcement materials at the time of stoma 
creation is associated with a 77% relative risk reduction in the incidence 
of parastomal herniation compared to conventional stoma formation 
 [  36  ] . Given concern for adhesion, erosion,  fi stulation, and mesh 
infection with synthetic material reinforcement in close proximity to 
the bowel, biologic scaffolds have been favored for both parastomal 
hernia prophylaxis and repair. However, given similar rates of recurrence 
and complications associated with the use of both synthetic and biologic 
scaffolds for parastomal hernia repair, some surgeons argue that 
insuf fi cient evidence exists to justify the preferred use of expensive 
biologic scaffolds  [  41  ] .  

   Bridging Abdominal Wall Defects 

 Reinforcement of soft tissue defects with repair material without 
primary closure of the fascial layer, otherwise referred to as the bridging 
of soft tissue defects, is strongly discouraged in ventral hernia repair. 
Bridging ventral incisional hernias with biologic scaffolds without 
reducing the size and the overdue tension of the fascial defect has been 
associated with an 80% rate of hernia recurrence  [  42,   43  ] . Abdominal 
wall component separation to approximate the fascial edges of the defect 
for primary closure with material reinforcement of the repair is an 
acceptable alternative with more favorable recurrence rates (0–20%) 
compared to bridging defects with repair material  [  42,   44,   45  ] . 

 It should be emphasized that characterization studies and clinical 
trials evaluating the comparative effectiveness of available biologic 
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scaffolds in ventral hernia repair are limited. Further comparative 
investigation is warranted to inform surgeon selection of appropriate 
biologic scaffold materials for different clinical circumstances.       
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    45.     Parastomal Hernia Repair: Latest 
Updates       

     Chee-Chee   H.   Stucky     and    Kristi   L.   Harold                

 Creation of an ostomy is a widely performed surgical procedure. 
Enterostomies and colostomies are frequently formed as temporary or 
permanent fecal diversions in the setting of in fl ammatory bowel disease, 
carcinoma, trauma, or incontinence. Ileal conduits are also common 
urinary diversion stomas formed for the treatment of urogenital diseases 
including carcinoma and urinary incontinence. All of these stoma 
variations have the potential for hernia development through the fascial 
defect created in the abdominal wall at the time of formation. In fact, 
parastomal hernias are considered the most common late complication of 
stoma formation and typically occur within the  fi rst 2 years following 
creation  [  1–  3  ] . The risk of occurrence also increases with time  [  4,   5  ] . 

 The incidence of parastomal hernias ranges between 30 and 50%; 
however, with increasing use of computed tomography imaging, detection 
of asymptomatic parastomal hernias is increasing  [  2,   6,   7  ] . Comorbidities 
predisposing patients to poor fascial integrity and increased intra-
abdominal pressure are the main risk factors associated with parastomal 
hernia formation. These include older age, obesity, emphysema (chronic 
cough), steroid use, malignancy, malnutrition, and wound infection  [  5, 
  8–  10  ] . Groups have also suggested that the type of stoma in fl uences the 
incidence of parastomal hernia with paracolostomy hernias thought to be 
more common than paraileostomy hernias due to larger fascial defects. 
Reports on this topic demonstrate mixed results  [  11  ] . 

 The majority of patients (up to 70%) with parastomal hernias will not 
require surgical intervention  [  1  ] . Nonoperative management includes 
weight loss, abdominal binders, hernia support belts, and  fl exible, low-
pro fi le (or  fl angeless) pouching systems which may be more easily applied 
in the setting of the hernia  [  10,   12  ] . Surgical intervention is indicated when 
secondary complications arise such as obstruction, pain, bleeding, and 
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poorly  fi tting stoma appliances resulting in skin breakdown secondary to 
leakage of urine or intestinal contents. Stomal prolapse is often confused 
with parastomal herniation; however, this situation is less likely to result 
in functional compromise and therefore should be distinguished from 
herniation  [  3  ] . Parastomal hernia repair techniques include open suture 
repair of the fascial defect, stoma relocation to the contralateral side of 
the abdominal wall, and, more recently, reinforcement of the fascia with 
mesh either in an open or laparoscopic fashion. This chapter reviews 
the various methods of parastomal hernia repair as well as describes the 
latest updates regarding these techniques. 

   Open Repair 

 The most de fi nitive method in repairing parastomal hernias is reversal 
of the stoma. Unfortunately, this is not always a feasible option. Therefore, 
many other methods have been described with variable success. A simple 
and local option is primary fascial repair of the parastomal defect. While 
this approach is quick and easy to perform, the risk of hernia recurrence 
is quite high with reports ranging from 46 to 100%  [  13,   14  ] . 

 Relocating the stoma to the contralateral side of the abdominal wall 
has been considered more successful than primary repair in terms of 
hernia recurrence. Studies have demonstrated recurrence rates of 
30–50%; however, this technique by de fi nition results in multiple sites 
for potential hernia formation including the original stoma defect, the 
new stoma defect, and the laparotomy incision used to relocate the stoma 
 [  14  ] . Therefore, this method is not considered an ideal option for 
treatment of parastomal hernias. 

 More de fi nitive management of these hernias has been established 
with the use of prosthetic mesh reinforcement as a tension-free repair. 
This may be done with either an onlay, sublay, or intraperitoneal 
approach. The latter approach has been shown to have a low recurrence 
rate of approximately 11% likely due to adequate mesh overlap on the 
abdominal fascia  [  2  ] . However, this technique requires a laparotomy 
incision and thus introduces the risks of further herniation as well as 
potential surgical site infection and subsequent mesh contamination. 
The use of laparoscopy in parastomal hernia repair has gained acceptance 
as a means of minimizing both the incision size and the potential for 
surgical site contamination while still adequately exposing the hernia 
defect for suf fi cient mesh overlap.  
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   Laparoscopic Repair 

 With the popularization of laparoscopic parastomal hernia repair, two 
techniques adapted from open intraperitoneal repairs are predominantly 
used. The  fi rst technique incorporates a procedure described by 
Sugarbaker et al. in 1985  [  15,   16  ] . In this technique, the bowel is tunneled 
super fi cially and laterally above the mesh, thereby creating a  fl ap valve 
to prevent further herniation. In the original description, the mesh was 
sutured to the fascial edges as an inlay, but today, this procedure is 
performed similarly to a ventral hernia repair where the mesh overlaps 
the fascial edges by several centimeters. 

 The keyhole technique is another method used to repair parastomal 
hernias  [  17–  19  ] . The mesh has a “keyhole” shape or a slit cut into it 
allowing the mesh to be wrapped completely around the ostomy with 
the edges of the mesh then sutured to the abdominal wall. Although 
the concept of this technique is to reinforce the ostomy while covering 
the hernia defect, the recurrence rates can be unacceptably high. 
Therefore, we have directed our laparoscopic parastomal hernia 
repair practice to performing a modi fi ed Sugarbaker technique as 
described below. 

   Laparoscopic Technique 

 The patient is placed in a supine position, and general anesthesia is 
induced with both arms tucked at the sides. All patients are given a  fi rst 
generation cephalosporin (or appropriate substitute in the case of an 
allergy) within 1 h of incision. The abdomen, including the ostomy, is 
prepped and draped. A sterile Foley catheter is then inserted into the 
ostomy, and the balloon  fi lled to assist with identi fi cation of the correct 
intestinal loop when lysing adhesions (Fig.  45.1 ). We use a Ioban drape 
(3M Company, St. Paul, MN, USA) to cover the abdomen and stoma as 
well as to mark the abdomen later when measuring for mesh size.  

 The peritoneal cavity is accessed using a Veress needle inserted in 
the left subcostal margin in the midclavicular line. Once adequate 
pneumoperitoneum (15 mmHg of carbon dioxide) is achieved, a 5-mm 
   OPTIVIEW port is placed superolaterally on the side contralateral to 
the ostomy. Two additional 5-mm trocars are placed on this contralateral 
side: one laterally on the level of the ostomy and the other inferolaterally 
to the ostomy (Fig.  45.2 ). Adhesiolysis is then performed using sharp 
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dissection. At this stage, external manipulation of the Foley catheter 
placed in the stoma assists in identifying the ostomy intestinal loop 
(Fig.  45.3 ). Adhesiolysis is complete when the entire abdominal wall is 
visualized and the intestinal loop ending in the ostomy is circumferentially 
free of adhesions. At this time, spinal needles and an intra-abdominal 
ruler are used to measure the extent of the hernia defect, including any 
other coexisting ventral hernias. The defect is also measured and marked 
on the outside of the abdomen to ensure proper centering of the mesh 
(Fig.  45.4 ).    

 A sheet of    GORE DUALMESH (W.L. Gore, Inc. Flagstaff, AZ), 
made from expanded polytetra fl uoroethylene (ePTFE), is trimmed to a 
size allowing for 5 cm of overlap beyond the dimensions of the fascial 
defect. The mesh is marked for appropriate intra-abdominal orientation. 
A single 0-Gore-Tex suture is placed at the edge of the mesh on three of 
four sides. Two sutures are placed on the fourth side (either inferior or 

  Fig. 45.1.    A Foley balloon 
catheter in the ostomy to 
assist with localization of 
the correct intestinal loop 
when performing 
adhesiolysis.       
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lateral edge) where the intestinal loop ending in the stoma will exit the 
created mesh  fl ap valve (Fig.  45.4 ). The mesh is then rolled into a scroll 
to facilitate unfurling once introduced into the abdomen. 

 A 12-mm port is then introduced in a position which will later be 
covered by the mesh to prevent future trocar site herniation (Fig.  45.2 ). 
The scrolled-up mesh is inserted through this 12-mm port. The open 
jaws of a laparoscopic atraumatic bowel grasper are used to measure a 
5-cm overlap from the edges of the fascial defect corresponding to the 
 fi ve points on the mesh where the Gore-Tex sutures were placed. These 
positions are aligned with the outside measurements and individually 
marked with spinal needles. A suture passer is used to transfer the Gore-

  Fig. 45.2.    Laparoscopic parastomal hernia port placement.       
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Tex sutures back through the fascia at these points. The mesh is then 
tacked circumferentially with spiral tacks except at the exit site of the 
stoma bowel loop (Fig.  45.5 ). Additional transfascial sutures are placed 
around the mesh every 4–5 cm circumferentially for  fi xation. All knots 
are tied in the subcutaneous tissue, and the port sites are closed after 
thorough evaluation of the  fi nal repair  [  20,   21  ] .    

   Outcomes 

   Laparoscopic Versus Open Techniques 

 While long-term follow-up is not readily available speci fi cally for 
laparoscopic parastomal hernia repair, its popularity over open repair 
stems from the same advantages of using laparoscopy in ventral or 
incisional hernia repairs  [  22  ] . These include decreased surgical site 
infection rate, decreased length of hospital stay, and earlier return to 
activities of daily living. Recurrence rates of incisional hernias have 
also been shown to be lower than in open repairs in many large studies 
 [  22,   23  ] . 

  Fig. 45.3.    Identi fi cation of intestinal loop containing ostomy and Foley catheter.       
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  Fig. 45.4.    ( a ) Intra-abdominal view of hernia defect marked by spinal needles. 
( b ) Measurement of defect on outside of abdominal wall for appropriate mesh 
centering. ( c ) Gore-Tex sutures placed at  fi ve points along the mesh for parastomal 
hernia repair using the Sugarbaker technique.         

 In 2007, our institution reviewed 49 patients undergoing repair of 
symptomatic parastomal hernias  [  24  ] . Thirty patients underwent 
conventional open repair (total of 39 procedures), while 19 patients 
underwent successful laparoscopic repair. The postoperative follow-up 
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  Fig. 45.5.    Final orientation of the mesh with the loop of bowel containing the 
ostomy exiting at the  fl ap valve.       

Fig. 45.4. (continued)
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was signi fi cantly shorter in the laparoscopic group (20 months vs. 
65 months open repair,  p   £  0.0001), and, therefore, recurrence rates could 
not be appropriately compared. Complication rates were, however, 
equivalent, making laparoscopy a feasible approach at that time. 
Long-term follow-up is necessary to distinguish the major advantages of 
laparoscopic parastomal hernia repair.  

   Sugarbaker Versus Keyhole Techniques 

 Both the Sugarbaker and keyhole parastomal hernia repair techniques 
have been modi fi ed over the last several years. Despite improvements in 
the keyhole technique, current studies still demonstrate a recurrence rate 
of approximately 37–73%  [  25–  27  ] . Our institution’s series of 21 
consecutive patients, all undergoing successful laparoscopic parastomal 
hernia repair with nonslit ePTFE mesh (Sugarbaker technique), 
demonstrated a 5% recurrence rate (1 patient) with a mean follow-up of 
32 months (range = 1–63 months)  [  28  ] . This is similar to studies by 
Mancini et al. and Berger et al., both of which evaluated outcomes in 25 
patients undergoing consecutive laparoscopic parastomal hernia repair at 
their individual institutions. These groups reported recurrence rates of 
4% and 0%, respectively, while applying some variation of the Sugarbaker 
technique  [  16,   29  ] .  

   Prosthetic Mesh 

 Initially, the main concerns with using prosthetic mesh in parastomal 
hernia repairs were exposure to and therefore potential erosion through 
the bowel wall as well as a source of adhesion development and intestinal 
obstruction. Polypropylene mesh has been particularly implicated in 
these complications, and therefore, using unprotected polypropylene 
mesh in the intraperitoneal laparoscopic repair has been essentially 
abandoned  [  30,   31  ] . 

 Another common prosthetic mesh used in these repairs is ePTFE. 
This material has low bioavailability and therefore causes minimal 
adhesions and is less likely to become infected. The advantages to using 
ePTFE are offset by the lack of rigidity and poor memory making 
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recurrence of the hernia possible despite adequate coverage of the defect. 
A study by Hansson et al. demonstrated a high recurrence rate with using 
ePTFE in the keyhole repair  [  27  ] . In these cases, shrinkage of the mesh 
at the site of the central hole, thereby making the hole larger, was the 
suggested cause of failure. 

 In light of the mesh-related complications, the focus of surgeons 
performing these repairs is now aimed toward identifying the ideal 
prosthetic mesh for this speci fi c type of hernia. A recent study by Wara 
et al. reviewed results from 72 consecutive patients undergoing 
laparoscopic parastomal hernia repair (keyhole technique) with a bilayer 
mesh  [  32  ] . The polypropylene layer was placed on the parietal side, and 
the ePTFE later was placed toward the viscera. While this group reported 
substantial postoperative morbidity, including late mesh-related 
complications of abscesses and bowel  fi stulas requiring mesh removal, 
their recurrence rate of 3% was remarkably low for this technique  [  32  ] . 
In our repair, we also incorporate a dual-sided mesh composed entirely 
of ePTFE but with two different surfaces designed for host tissue 
incorporation on one textured side and minimal tissue attachment on the 
other smooth side. Our results, when evaluating both recurrence and 
overall complication rates, were similar to the Wara study but with fewer 
bowel injuries and therefore less abscess formation  [  28  ] . Therefore, 
standardization of a single mesh used in these cases may be less of an 
issue as surgeons become more experienced in the laparoscopic technique 
and the rate intra-abdominal complications decreases.   

   Parastomal Hernia Prevention 

 While the rate of parastomal hernia formation is quoted at 50%, many 
authors believe the actual rate is closer to 100%. Thus, prevention of 
hernia formation is ideal. Many groups have recently studied the 
effectiveness of placing a nonslit mesh prosthesis as a prophylactic 
reinforcement at the time of initial stoma creation. A prospective 
randomized trial performed by Jänes et al. compared the incidence of 
hernia development in 54 patients receiving either conventional 
colostomy formation without mesh reinforcement or UltraPro mesh 
placed in a sublay position at the time of colostomy formation  [  33  ] . With 
5-year follow-up, their conclusions favored using mesh reinforcement 
citing a parastomal hernia incidence of 13% (vs. 81% with conventional 
colostomy,  p  < 0.001). Their success was also supported by the fact that 
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there were no mesh infections, no strictures, and no  fi stulas noted in 
either the mesh or conventional groups, making the use of prophylactic 
mesh reinforcement safe as well as effective. Two other randomized 
controlled trials with shorter follow-up have demonstrated similarly 
promising results  [  34,   35  ] . 

 Given the substantial evidence supporting the use of prophylactic mesh 
reinforcement, some surgeons advocate this practice with every ostomy 
creation. Limitations to this becoming standard of care include persistent 
concerns of mesh complications and lack of evidence indicating an ideal 
prosthetic material. Regardless, these signi fi cantly decreased parastomal 
hernia incidences at the very least warrant consideration of using 
prophylactic mesh reinforcement when permanent ostomies are created.  

   Summary 

 The incidence of parastomal hernia formation is high ranging from 30 
to 50%. The majority of these may be managed conservatively; however, 
indications for repair include pain, obstruction, bleeding, and poorly  fi tting 
stoma appliances resulting in poor quality of life. Repairs are typically 
performed either in an open fashion or laparoscopically. Modi fi cations of 
two main techniques involving mesh reinforcement—the keyhole technique 
and the Sugarbaker technique—are typically used. Open repair involves 
the risks of incisional hernia development and presumably higher rates of 
wound infections. Laparoscopic repair may be more tedious and dif fi cult 
to detect enterotomies at the time of adhesiolysis but minimizes the risk of 
incisional hernia while producing similar if not improved parastomal 
hernia recurrence rates. Prevention of parastomal hernia formation is ideal 
and may be attainable with the use of prophylactically placed mesh 
reinforcement at the time of ostomy creation.      
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    46.     Repair of Paraesophageal Hernia       

     Steven   P.   Bowers          

     Paraesophageal hiatal hernia (PEH) is one in which there is a  fi xed 
peritoneal sac above the diaphragm. This peritoneal sac is responsible 
for the unique spectrum of symptoms of PEH and also for the propensity 
for gastric volvulus and incarceration of viscera in the hernia sac. 
Although hiatal hernias are classi fi ed based on the anatomical location 
of the fundus of the stomach and the gastroesophageal junction, this 
classi fi cation has little bearing on the decision-making process of 
whether to repair a hiatal hernia. And for all hiatal hernias classi fi ed as 
types 1 through 4 that have a  fi xed hiatal sac, the technique of repair 
must include reduction of the peritoneal sac. This chapter will then 
focus on those aspects of paraesophageal hernia that directly impact 
surgical decision making. 

   Clinical Presentation 

 The paraesophageal hernia is more common in females, and its 
prevalence increases with age and obesity. Because of reconstitution of 
the angle of His above the diaphragm in many patients with PEH, the 
PEH is not uniformly associated with typical gastroesophageal re fl ux 
symptoms, and due to compression or angulation of the distal esophagus, 
dysphagia is a common symptom. Compression of the stomach at the 
hiatus is responsible for the most common symptoms of paraesophageal 
hernia, chest pain, and emesis and also for the development of erosions 
at the aspect of the stomach that is raked over the hiatus with respiration. 
Occult anemia and even acute hemorrhage can result from these lesions 
called Cameron’s ulcers. 
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 It is the natural history of PEH to gradually grow over time, 
ultimately culminating in the majority of the stomach lying in the 
mediastinum, potentially with omentum, colon, and even retroperitoneal 
structures. In order for the stomach to  fi t into the mediastinal peritoneal 
sac, it is obligated to be rotated in one of several patterns. Organo-axial 
volvulus denotes anterior rotation of the stomach along an axis made 
by the esophageal and pyloric attachments of the stomach and is 
surprisingly well tolerated from a symptom perspective. Mesentero-
axial volvulus denotes either anterior or posterior rotation of the antrum 
cephalad about the axis made by the left gastric and short gastric 
vessels. It is this pattern of volvulus that is at highest risk for 
incarceration of the antrum at the hiatal opening, causing obstruction 
of the midstomach with or without compression of the blood supply to 
the upper stomach. 

 Acute obstruction due to gastric volvulus is a rare event and presents 
with a clinical scenario of retching without emesis, chest pain, and failure 
to pass a decompressive gastric tube (Borchardt’s triad). Urgent repair 
for either acute hemorrhage or incarceration is reported in fewer than 5% 
of patients undergoing repair of PEH. There is a substantial amount of 
data to support nonoperative management of minimally symptomatic 
and uncomplicated paraesophageal hernia.  

   Patient Evaluation 

 Paraesophageal hernia is often found as a retrocardiac air bubble on 
chest radiograph or as an incidental  fi nding on CT scan. Upper GI 
contrast study is used to assess the type and size of hiatal hernia and 
detect esophageal stricture or gastric volvulus and is helpful for 
preoperative planning. Upper endoscopy can be challenging in patients 
with gastric volvulus, but should be performed before PEH repair to 
exclude dysplastic Barrett’s esophagus. Because many symptoms of 
paraesophageal hernia are not related to re fl ux, ambulatory pH testing is 
not an essential part of the preoperative evaluation. The esophageal 
stationary manometry catheter is unlikely to be passed successfully in 
PEH patients and has only a limited impact on operation even when 
correctly passed and interpreted. Gastric emptying study is also dif fi cult 
to interpret in the setting of intrathoracic stomach and therefore has little 
to add in preoperative evaluation.  
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   Surgical Technique 

 The author favors a laparoscopic transabdominal approach to repair 
of paraesophageal hernia due to the decreased morbidity of the approach. 
Visualization and esophageal mobilization are improved with lapa-
roscopy compared to open operation, but population studies reveal open 
and transthoracic repair techniques are still prevalent in the United 
States. Gastropexy without excision of the sac or repair of the hiatus is 
an option to prevent complications of volvulus in frail and ill patients 
with symptomatic PEH. 

   Patient Positioning 

 The author favors operating with the patient in the split leg position, 
with the surgeon standing between the outstretched legs. A  fi ve-port 
approach is used, with port position similar to that of fundoplication.  

   Reduction of the Sac 

 The short gastric vessels are  fi rst divided with ultrasonic shears to 
expose the base of the left crus and fully mobilize the fundus of the 
stomach (Fig.  46.1 ). Using scissors with cautery, the leading edge of the 
peritoneum overlying the left pillar of the crus is incised from the base 
of the left crus in an anterior direction around the hiatus (Fig.  46.2 ). 
After dividing the hepatogastric ligament, the peritoneum at the leading 
edge of the right pillar of the crus is similarly divided from the base of 
the hiatus to the apex (Fig.  46.3 ). It is important to preserve the 
peritoneum of the crura to allow for more secure crural closure. A 
posterior window is dissected under direct visualization in the avascular 
retroesophageal space, and the hiatal contents are encircled with a 
rubber drain to allow retraction.    

 The sac is separated from the crural muscle and pleura and delivered 
into the abdomen. Once the sac is reduced into the abdomen, the Penrose 
drain enables esophageal retraction and ensures the vagus nerves are 
kept against the esophagus to avoid injury. The sac is excised from the 
attachments to the fundus—the right-sided sac contains the lesser curve 
mesentery of the stomach and cannot be fully excised. It is not uncommon 
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  Fig. 46.1.    The short gastric vessels are completely divided to expose the base of 
the left crus.       

  Fig. 46.2.    The peritoneum overlying the left crus is incised from base to apex.       
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to have a posterior lipoma of the sac, and this should be completely 
mobilized along with the sac to completely free the esophagus and fundus 
of the stomach from their posterior attachments.  

   Esophageal Mobilization 

 The mediastinal esophagus should be mobilized until the 
gastroesophageal junction remains comfortably in the abdomen without 
tension. The author prefers starting in the retroesophageal space and 
proceeding anteriorly, with dissection of both pleurae. Blunt dissection 
aided by the ultrasonic shears enables dissection to the level of the mid- 
to upper pericardium. The space anterior and left of the esophagus 
generally has the most dif fi cult periesophageal adhesions, and this area 
is dissected last. Adequate esophageal mobilization is ensured when, 

  Fig. 46.3.    The peritoneum overlying the right crus is incised and the sac is reduced.       
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after closure of the hiatus, there is greater than 3 cm of esophagus lying 
below the diaphragm without caudal traction on the drain. Endoscopy is 
recommended in cases of high mediastinal dissection, both to assess for 
esophageal injury and to de fi nitively identify the location of the 
gastroesophageal junction (GEJ). 

 It is imperative, even when Collis gastroplasty is to be performed, to 
mobilize the esophagus such that GEJ lies comfortably below the 
diaphragm, as the fundoplication must include the GEJ. If the esophageal 
mobilization is restricted by tension on the vagus nerves, detachment of 
the vagal branches to the upper stomach, unilateral vagotomy, or 
transthoracic esophageal mobilization may be required to establish 
adequate esophageal length. If endoscopic assessment reveals inadequate 
esophageal length after mediastinal mobilization, the surgeon should 
consider Collis gastroplasty as an esophageal lengthening procedure.  

   Crural Closure 

 Crural closure should be performed such that the crura approximate 
the empty esophagus without constriction. A combination of interrupted 
simple and mattress sutures with cardiovascular pledgets is preferred by 
the author (Fig.  46.4 ). Because dysphagia may be decreased with some 
component of anterior crural closure, a consideration is given to place at 
least one anterior suture if more than three sutures are required for 
closure. The author decreases the pneumoperitoneum pressure when 
placing and securing the crural closures sutures.   

   Fundoplication 

 Although patients with PEH may not have GERD symptoms 
preoperatively, a third will complain of GERD or have endoscopic 
evidence of GERD following PEH repair without antire fl ux operation. It 
is therefore preferred to perform a fundoplication in all patients 
undergoing repair of paraesophageal hernia. Fundoplication increases 
the bulk of the gastroesophageal junction and may serve as a buttress 
preventing recurrence. Gastropexy of the fundoplication may further 
secure the stomach within the abdomen. 



52746. Repair of Paraesophageal Hernia

 An intraoperative assessment of the adequacy of the fundus of the 
stomach to comfortably create a Nissen fundoplication around an 
intraesophageal bougie is a crucial factor in helping decide what type of 
fundoplication is to be performed. If the fundus is thickened or  fi brotic, 
a complete Nissen fundoplication may increase the risk of postoperative 
dysphagia. In this situation, a posterior hemifundoplication or anterior 
partial fundoplication should be considered.  

   Gastrostomy Tube 

 Selective use of percutaneous endoscopic gastrostomy (PEG) may be 
considered for patients in whom reduction of the hernia sac has been more 
dif fi cult or required extensive manipulation of the stomach, those requiring 
urgent operation, or those in whom adjunctive measures were required for 
the short esophagus. The gastrostomy tube serves as an effective 
gastropexy technique. In patients in whom a Collis gastroplasty has been 
performed, a Witzel-type gastrostomy using a Foley catheter is performed 
to avoid dragging the PEG button across the Collis staple line.  

  Fig. 46.4.    Simple and mattress suture closure of the hiatus such that the crura 
approximate the empty esophagus.       

 



528 S.P. Bowers

   Esophageal Lengthening 

 Authors reporting selective use of Collis gastroplasty report use of 
the technique in only 4–5% of patients undergoing hiatal hernia repair, 
although there are reports of less selective application of Collis 
gastroplasty in PEH patients. It has not been determined that use of 
Collis gastroplasty decreases the rate of reoperation for symptomatic 
recurrence. Long-term studies reveal that GERD-related outcomes are 
not as satisfactory in patients after Collis gastroplasty, because placing 
the fundoplication around the neoesophagus creates, at best, a slipped 
Nissen physiology. A highly selective use of the Collis gastroplasty is 
therefore encouraged. 

 When required, the author favors the stapled Collis gastroplasty to 
excise a triangular wedge of stomach at the angle of His, as this can 
increase the effective intra-abdominal length of esophagus by 2–3 cm. It 
is essential that the subsequent fundoplication includes the gastro-
esophageal junction to prevent an aperistaltic segment of neoesophagus 
above the fundoplication wrap and resultant two-compartment stomach 
physiology and dysphagia.  

   Mesh Repair of the Hiatal Defect 

 There is good evidence that both permanent and biological mesh 
reduce the short-term risk of radiological recurrence of PEH but that 
these bene fi ts may be limited to the short term. It is clear that reoperation 
in the setting of prior hiatal mesh is more dif fi cult and more morbid, and 
this should be factored into the decision to place hiatal mesh. 

 The use of biological or absorbable/nonpermanent mesh is 
recommended when concern for recurrence is especially high, as in 
patients undergoing an esophageal lengthening procedure and those 
with weak, thin or  fi brotic crura, or large hiatal defects with crura 
approximated under tension. The optimal material and optimal 
technique of placement have not been determined, but, when mesh 
buttress of the hiatus is indicated, the author favors the technique used 
by Ohlschlager et al. in their pivotal randomized controlled trial. One 
technique to avoid due to the potential of mesh erosion into the 
esophagus is complete encircling of the esophagus with permanent 
macroporous synthetic mesh.  
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   Obesity and Paraesophageal Hernia 

 In patients with class 2 obesity (BMI > 35) and paraesophageal hernia, 
it is optimal that the patient undergoes substantial weight loss prior to 
antire fl ux operation concomitant with PEH repair. The presence of fatty 
liver disease and visceral obesity signi fi cantly adds to the dif fi culty of 
PEH repair, and intra-abdominal pressure associated with obesity 
increases the risk of recurrent hiatal herniation, so a bariatric operation 
should be considered at the time of paraesophageal hernia repair. 

 Until longer term studies of patients undergoing sleeve gastrectomy 
at the time of PEH repair are reported, it is the author’s opinion that the 
Roux-en-Y gastric bypass should be considered the standard operation 
for patients with morbid obesity and large hiatal hernia or paraesophageal 
hernia.       
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    47.     Challenging Hernia Locations: 
Flank Hernias       

     Gregory   F.   Dakin        and    Michael   L.   Kendrick          

 Flank, or lumbar, hernias result from defects in the posterolateral 
abdominal wall. These are rare hernias, with several studies indicating 
as few as 300 cases reported in the literature. Flank hernias can be either 
acquired, usually from trauma or incisional, or congenital which 
generally occur in two anatomic locations: the inferior or superior 
lumbar triangles. Lumbar hernias are challenging to repair, principally 
because the boundaries of the defect are bony (iliac crest or 12th rib), 
thus making mesh  fi xation dif fi cult. Given the rare nature of these 
defects, there is no consensus on technique of repair, nor are there 
signi fi cant prospective trials. Minimally invasive techniques have been 
applied since 1996  [  1  ]  to these challenging defects. This chapter will 
review  fl ank hernias and discuss several technical considerations in 
performing laparoscopic repair. 

   History 

 The  fi rst publication on lumbar hernias was by Garangeot in 1731, 
though Barbette is credited with suggesting the existence of these hernias 
in 1672  [  2,   3  ] . The  fi rst surgical repair of a lumbar hernia was by Ravaton 
in 1750  [  2  ] , performed for an incarcerated hernia in a pregnant patient. 
Petit is credited with describing the anatomic boundaries of the inferior 
lumbar triangle in 1783, while nearly a century later in 1866, Grynfeltt 
described the separate superior lumbar triangle  [  3  ] . Lesshaft also 
described the superior triangle in 1870; thus, this space is often referred 
to as the “triangle of Grynfeltt-Lesshaft.” Early reports suggested that 
hernias of the inferior triangle were most common, but studies published 
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after 1920 indicated the superior triangle is the more common site of 
herniation. A posttraumatic hernia was  fi rst described by Selby in 1906, 
and post-incisional hernias were described in 1939 by Kelton  [  2,   3  ] .  

   Anatomy 

 The lumbar region is de fi ned anatomically as the area of the 
abdominal wall lateral to the midclavicular line between the ribs 
superiorly and the iliac crests inferiorly, extending posteriorly to the 
back. More precisely, the surgical anatomy of the lumbar portion of the 
abdominal wall is located between the lower edge of the 12th rib 
superiorly, the iliac crest inferiorly, the external oblique muscle laterally, 
and the erector spinae muscle medially  [  4  ] . A cross-sectional view of 
the abdomen in this area is useful to delineate the layers of the abdominal 
wall (from external to internal) (Fig.  47.1 ): (1) skin; (2) super fi cial 
fascia (membranous and fatty); (3) super fi cial muscle layer composed 
of external oblique anterolaterally and latissimus dorsi posterolaterally; 
(4) thoracolumbar (lumbodorsal) fascia, which is the union of all 
investing fasciae, covering muscles and their aponeuroses; (5) middle 
muscle layer, composed of the sacrospinalis muscle, internal oblique, 
and serratus posterior inferior muscles; (6) deep muscle layer, including 
the quadratus lumborum and psoas muscle; (7) transversalis fascia; (8) 
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  Fig. 47.1.    Cross-sectional view of the abdominal musculature.       
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preperitoneal fat; and (9) peritoneum  [  2,   3  ] . Knowledge of these layers 
is important for any surgical repair, especially when performing an 
extraperitoneal approach.  

 Most hernias in the lumbar region occur in two discrete areas of the 
 fl ank, either the superior or inferior lumbar triangle. There are occasionally 
more diffuse hernias that extend beyond the boundaries of these two 
spaces. Such diffuse hernias are larger and generally the result of either 
surgical incisions or signi fi cant trauma such as automobile accidents. 
Diffuse hernias will often extend beyond the anatomic boundaries of the 
 fl ank region to include portions of the rectus muscles anteriorly  [  2  ] . 

 The inferior lumbar (Petit’s) triangle is smaller than the superior 
triangle and is bounded by the iliac crest inferiorly (which forms the base 
of the triangle), the external oblique laterally, and the latissimus dorsi 
medially (Fig.  47.2 ). The roof of the triangle is the super fi cial fascia, and 
the  fl oor is the internal oblique muscle. Authors speculate on certain 
factors that may predispose to hernias in this area, including alterations 
in the origin of the external oblique muscle and a more medial latissimus, 
leading to a wider triangle base  [  2,   3  ] . Unlike the superior triangle, there 
are no nerves or blood vessels penetrating through this area to weaken 
the  fl oor and potentially lead to herniation  [  2  ] .  
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External oblique
muscle
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  Fig. 47.2.    View of boundaries of inferior and superior lumbar triangles.       
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 The superior (Grynfeltt-Lesshaft) triangle is bounded anteriorly by the 
posterior border of the internal oblique muscle, posteriorly by the anterior 
border of the sacrospinalis muscle, and the 12th rib and serratus posterior 
inferior muscle superiorly, which forms the base of this inverted triangular 
area  [  3  ]  (Fig.  47.2 ). The roof is formed by the external oblique and latissimus, 
while the  fl oor is formed by the transversalis fascia. There are several areas 
of natural weakness in the superior triangle, including beneath the rib where 
the transversalis fascia is not covered by the external oblique and the point 
of penetration of the 12th dorsal intercostal neurovascular pedicle  [  2  ] . 
Factors that may in fl uence herniation in the superior triangle include the 
size of the triangle, the length and angulation of the 12th rib, and the size of 
quadratus lumborum and serratus posterior muscles. Authors speculate that 
a tall thin person with sharply angulated 12th ribs will have a smaller 
superior triangle space and thus be less likely to form hernias than a shorter, 
obese person with more horizontal ribs and a larger triangle  [  2  ] .  

   Etiology 

 Lumbar hernias may be congenital or acquired (Table  47.1 ), with 
approximate incidences of 20% and 80%, respectively. Congenitally 
acquired lumbar hernias are reported rarely in the literature and can be 
due to neuropraxia, nerve entrapment, or abdominal masses  [  3  ] . Up to 
67% of congenital lumbar hernias are associated with other anomalies, 
including diaphragmatic hernia, ureteropelvic junction obstruction, 
hydrocephalus, renal agenesis, meningomyelocele, high anorectal 
malformations, and undescended testis  [  3,   5–  7  ] .  

 Acquired hernias account for approximately 80% of lumbar hernias 
 [  8  ]  overall and are classi fi ed as primary (spontaneous) or secondary if 
there is a causative factor. Primary acquired lumbar hernias represent 

   Table 47.1.    Classi fi cation of lumbar hernias.   

 I. Congenital 
 II. Acquired 
  a. Primary 
  b. Secondary 
   i. Post-incisional 
   ii. Traumatic 
   iii. Post-infectious 
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55% of acquired hernias and can be associated with several predisposing 
factors, such as excessive weight loss, advanced age, or pulmonary 
disease  [  8  ] . Secondary acquired hernias are caused by trauma, surgery, 
or infection (lumbar abscess). Lumbar hernias have been reported after a 
variety of surgical procedures, including nephrectomy, aortic aneurysm 
repair, iliac bone-graft harvest, and myocutaneous  fl ap harvest  [  9–  12  ] .  

   Diagnosis 

 Lumbar hernias can present with a variety of manifestations, largely 
dependent on the hernia contents. Lumbar hernias containing colon, 
spleen, and liver have all been reported  [  3  ] . A hernia sac may also be 
absent, as in the case of a protrusion of extraperitoneal fat. Symptoms 
can include back pain, abdominal discomfort, and a  fl ank mass. Pain can 
also be attributed to direct nerve compression. Many lumbar hernias, 
however, are asymptomatic. It is important to consider a wide differential 
diagnosis and exclude other common processes, such as  fl ank lipomas, 
hematomas from trauma, abscesses, or kidney tumors  [  2  ] . CT scan has 
become the imaging modality of choice to con fi rm the diagnosis  [  13  ]  
(Fig.  47.3 ). The natural history of lumbar hernias is not rigorously 
delineated,    due to their rare nature, though authors believe that, like other 
hernias, they tend to grow over time  [  2,   14  ] . Lumbar hernias have been 
reported to have a 25% risk of incarceration and an 8% risk of 
strangulation, making surgical repair a reasonable option  [  15  ] .   

   Surgical Technique 

 Before embarking on minimally invasive lumbar hernia repair, it is 
important to consider the size and character of the defect. Diffuse, large 
defects or defects that result from muscular atrophy (pseudohernia) may 
be best approached with an open technique that will allow approximation 
of the muscular layers to provide an adequate functional and cosmetic 
result. However, smaller defects (<15 cm) can be repaired effectively 
with either retroperitoneal or transabdominal laparoscopic techniques. 
Regardless of the approach, dif fi culties with repair remain achieving 
adequate mesh overlap and  fi xation, owning to the  fi xed bony boundaries 
of these hernia defects. 
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   Laparoscopic Transabdominal Repair 

 The patient is placed in a semi-lateral decubitus position with a 45° 
elevation of the side ipsilateral to the hernia, which allows the patient to 
be rotated either fully  fl at or to a full lateral position to optimize 
visualization. Access to the abdomen is gained via the umbilicus, and a 
10-mm port is placed. 5-mm ports are then placed in the midline above 
and below the umbilicus, with the exact position being determined by the 
location and size of the hernia defect. If necessary, an additional 5-mm 
port can be placed more laterally to facilitate dissection. The hernia 
contents are reduced, and any adhesions to the sac are divided. Frequently, 
adequate exposure of the defect will require mobilization of the colon 
and abdominal viscera medially. The psoas muscle is fully exposed with 
this maneuver and represents a useful anatomical landmark. Inferiorly, 
the dissection extends to Cooper’s ligament. For superior defects, the 
dissection will extend to the diaphragm above the costal margin. Care is 
taken to identify and preserve retroperitoneal anatomical structures such 
as the ureter and vasculature, as well as the lateral femoral cutaneous 
nerve at the anterior superior iliac spine to avoid injury. 

 Once the defect is exposed, it can be measured and the appropriate 
mesh selected. Any mesh with an adhesion barrier designed for intra-
abdominal use is an acceptable option (polypropylene, polyester, 

  Fig. 47.3.    CT scan showing lumbar hernia.       
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polytetra fl uoroethylene). The use of mesh with an adhesion barrier 
obviates the need to repair the peritoneal  fl aps over the mesh after its 
placement. The mesh should be sized to provide a wide overlap of the 
hernia defect (at least 4–5 cm, with some authors recommending up to 
10 cm  [  14  ] ). 

 A key component to the repair is adequate mesh  fi xation, which can 
be dif fi cult due to the bony boundaries of these hernias. Most authors 
utilize standard transfascial suture  fi xation  [  14,   16,   17  ] , while some have 
reported using only laparoscopic tacking devices  [  1,   18  ] . Posteromedial 
 fi xation is to the paraspinous muscles posterior to the psoas and can be 
accomplished with intracorporeally tied sutures or with full thickness 
sutures placed through small skin incisions just lateral to the spine. 
Superiorly, the mesh can be  fi xed external to the costal margin as long as 
there is adequate overlap up onto the diaphragm. Inferiorly and anteriorly, 
the mesh can be held in place with tacks and then additional sutures 
passed transfascially as in standard ventral hernia repair. 

 For inferior defects extending to the iliac crest, the mesh is  fi xed to 
Cooper’s ligament in addition to transfascial sutures just superior to the 
iliopubic tract  [  14  ] . The mesh must be cut so that there is enough overlap 
of the psoas and iliac crest. Perhaps a more reliable method of  fi xation is 
anchoring the mesh directly into the iliac crest itself. One technique is to 
drill through the iliac crest via one of the laparoscopic incisions and then 
pass a suture through the hole in the bone and anchor the mesh, akin to 
standard transfascial suture  fi xation  [  16  ] . Alternatively, titanium suture-
armed bone anchors (e.g., Mitek GII QuickAnchor, DePuy Mitek Inc, 
Raynham, MA, USA) can be drilled directly into the iliac crest via one 
of the 5-mm trocar sites, and then the sutures passed through the mesh 
and tied intracorporeally  [  19  ] . These bone anchors are routinely used in 
orthopedic surgery and carry a very low incidence of infection or adverse 
bone reaction.  

   Laparoscopic Extraperitoneal Repair 

 Totally, extraperitoneal approaches have also been described  [  20,   21  ] . 
The patient is again placed in a lateral decubitus position. An incision is 
made in the midaxillary line halfway between the 12th rib and the iliac 
crest. A muscle-splitting dissection is carried down to the peritoneum. 
This plane is either then dissected with blunt  fi nger dissection or a 
balloon dissector until enough space is created to permit additional trocar 
placement superiorly and inferiorly. The hernia contents are reduced, 
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and the dissection is carried posteriorly beyond the psoas and erector 
spinae muscles. A prosthetic mesh can then be positioned and anchored 
as previously described. In this setting, polypropylene mesh without an 
adhesion barrier can be used because the mesh is isolated from the 
abdominal cavity.   

   Results 

 Since the  fi rst description of minimally invasive  fl ank hernia repair by 
Burick in 1996  [  1  ] , numerous techniques have been described. However, 
virtually all of the reports in the literature are small non-comparative case 
series, making it dif fi cult to adequately assess the effectiveness of any one 
technique. The largest series to date is a retrospective review of 27 patients 
over a 4-year period that underwent laparoscopic  fl ank hernia repair  [  14  ] . 
This group repaired defects with an average operating time of 144 min 
with no conversions to open surgery. The mean length of hospital stay 
was 3.1 days with no postoperative complications. At a mean follow-up 
of 3.6 months, they found no recurrences. Two reoperations occurred, one 
for an unrelated midline hernia and one for removal of a previously placed 
 fl ank mesh. Three patients had chronic pain at the repair site; two of these 
responded to treatment by pain management specialists, and the third 
responded after removal of mesh that had been previously placed by an 
outside surgeon. 

 The only comparative study of lumbar hernia repair deserves mention. 
In 2005, Moreno-Egea  [  22  ]  conducted a prospective nonrandomized 
study of 16 patients who underwent repair of secondary lumbar hernias. 
Nine patients underwent laparoscopic repair with an adhesion barrier-
coated polyester mesh, and seven patients underwent open repair with a 
preperitoneally placed polypropylene mesh based on the surgeon’s 
discretion. The laparoscopic group had statistically signi fi cantly shorter 
operative times, shorter hospital stay, lower analgesic consumption, and 
quicker return to normal activity than the open group. While there were 
no recurrences in the laparoscopic group with 1–4 years follow-up, there 
were three recurrences in the open group during this time period. There 
was no statistical difference in cost between the procedures. Though 
there are obvious limitations to this study (nonrandomized, small sample 
size, possible selection bias, and short duration of follow-up), this is 
some evidence that the laparoscopic approach is an attractive option for 
patients with these rare hernias.  
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   Conclusions 

 Lumbar hernias are rare defects that present technical challenges to 
the surgeon because of the bony boundaries of the defects. Laparoscopic 
repair is an attractive option that has been shown to be successful in 
numerous small case reports and series. Whether one takes a 
transabdominal or preperitoneal approach, it is imperative to achieve 
adequate mesh overlap. Fixation of the mesh to strong muscle posteriorly 
and to ligamentous or bony boundaries inferiorly is necessary to minimize 
chances of recurrence. Thorough knowledge of the relevant anatomy is 
also important to minimize inadvertent injury to surrounding structures 
and chronic pain.      
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    48.     Challenging Hernia Locations: 
Suprapubic and Subxiphoid       

     John   R.   Romanelli           and    Jose   E.   Espinel      

     Incisional hernias develop in 11–20 % of patients undergoing 
laparotomy. Laparoscopic repair of these hernias is associated with less 
recurrence, shorter hospital stay, improved cosmesis in some patients, 
and most importantly, a reduced risk of wound infection. The terms 
suprapubic and parapubic are often used interchangeably. They refer to 
abdominal wall defects that are located just above the symphysis pubis. 
They often result from low midline and Pfannenstiel incisions used 
primarily for gynecologic, colorectal, and urological procedures. 

 Incisional hernias of the subxiphoid area may occur after an upper 
midline laparotomy incision, a median sternotomy, a mediastinal 
drainage tube incision, or a laparoscopic procedure. Incidence of 
incisional hernia after a sternotomy is 1.0–4.2 %. The majority of 
subxiphoidal hernias are asymptomatic due to the underlying liver, 
which prevents herniation of intestinal content. Because of the relative 
common mesh contraction of the prosthetic, 5-cm coverage of the 
defect in all directions is recommended. This is a dif fi cult task when 
the abdominal wall defect is close to bone and cartilage structures 
like the rib cage and xiphoid process. 

 We consider all defects within 5 cm of the pubis to be suprapubic in 
nature and use the repair described here as a technique. Similarly, we 
consider all defects within 5 cm of the xiphoid process to be subxiphoid, 
and again use the described technique. This ensures that there is adequate 
mesh overlap to help reduce the chance of recurrence. 
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   History 

 Supravesical hernias were  fi rst described by Sir Astley Cooper in 
1804  [  1  ] . This description originally detailed hernias de novo located 
within the supravesical fossa, or between the middle umbilical ligament 
and lateral umbilical ligament or the edge of the rectus sheath. Much 
more commonly, these defects are incisional hernias that are the result of 
either a midline laparotomy, with the hernia representing the inferior 
pole of the incision, or Pfannenstiel incisions. The earliest case report of 
a postoperative suprapubic hernia was in 1945 by Gerbode  [  2  ] . The term 
parapubic hernia  fi rst appeared in the literature in 1990, with a report by 
Bendavid from the Shouldice clinic in Toronto  [  3  ] . In this report, he 
speci fi cally called attention to hernias created by Pfannenstiel incisions, 
or lower midline laparotomies that extended down to the pubis. 

 The earliest mention of a hernia in the epigastrium came from Arnauld 
de Villeneuve in 1285, and the term epigastric hernia came from Leveille 
in 1812. These defects were again considered to be de novo defects, 
located in the upper midline between the xiphoid process and umbilicus. 
The term subxiphoid hernia refers to hernia defects located immediately 
adjacent to the xiphoid process and are typically incisional hernias. 
These often occur after median sternotomy or as a consequence of an 
incision for a mediastinal drainage tube after median sternotomy. The 
 fi rst report in the literature utilizing the term “subxiphoid hernia” and 
detailing a mesh repair of the said defect came in 1985 by Cohen and 
Starling  [  4  ] .  

   Anatomy 

 Suprapubic hernias are generally located in the midline, just cephalad 
to the pubis symphysis (Fig.  48.1 ). The lateral borders of the defect tend 
to be the rectus sheath on either side, and the most superior border tends 
to be the healed inferior end of the incision. Hernias along the pubis that 
are located lateral to the midline tend to be either supravesical or direct 
inguinal hernias. Other anatomic structures of consequence that must be 
kept in consideration during repair include but are not limited to the 
bladder, Cooper’s ligament, and the pubic arcuate ligament.  

 Subxiphoid hernias are also generally located in the midline, just 
caudad to the tip of the xiphoid process (Fig.  48.2 ). While generally 
located in the midline, these can be just lateral to the midline, 
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especially if caused by an incision from a prior mediastinal drainage 
tube. These defects tend to be surrounded by intact rectus abdominis. 
Other anatomic structures of consequence that must be kept in 
consideration during repair include, but are not limited to, the 11th 
rib with the underlying intercostal nerve and artery, the inferior end 
of the pleural space, and the diaphragm.   

  Fig. 48.1.    Suprapubic hernia—external view (Courtesy of David B. Earle, M.D., 
F.A.C.S., with permission).       

  Fig. 48.2.    Subxiphoid hernia—external view (Courtesy of David B. Earle, M.D., 
F.A.C.S., with permission).       
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   Etiology 

 Most of suprapubic and subxiphoid hernias are acquired defects, 
typically the result of a prior surgical incision. Suprapubic hernias are 
most common after Pfannenstiel incisions but also occur after midline 
laparotomies performed for obstetric/gynecologic, colorectal, urologic, 
or other general surgical indications which require anterior access to the 
pelvic cavity. Subxiphoid hernias are rare de novo but also typically 
result from a prior surgical incision. Median sternotomies are the main 
culprit, in which the incision was carried down inferior to the xiphoid 
process. Incisions from mediastinal drainage tubes may also cause 
hernias. A more frequent recent occurrence has been a hernia resulting 
from a laparoscopic operation (such as that frequently made for a 
laparoscopic cholecystectomy), although these tend to be more inferiorly 
located, as the pneumoperitoneum tends to add distance from the xiphoid 
process. All of these defects share one property in common: close 
proximity to bony structures, which can hamper attempts at repair with 
suf fi cient mesh overlap.  

   Diagnosis 

 Both suprapubic and subxiphoid hernias present with typical 
symptoms of an incisional hernia: pain, a bulge at the location, and often 
the feeling of a loss of abdominal wall strength. The pain component 
may be a more common feature, due to the irritation of the adjacent 
periosteum from the hernia sac. While these defects, like all abdominal 
wall defects, may contain abdominal viscera; frequently, they  do not   due 
to the proximity of bony structures. In the case of suprapubic hernias, the 
bladder may be a component of the hernia or the structural defect itself. 
The falciform ligament may incarcerate into a subxiphoid defect, which 
can cause a painful bulge. Given the frequency with which abdominal 
complaints are diagnosed with the aid of imaging, CT scan of the abdomen 
may be performed to aid in the diagnosis; that said, history of prior incision 
and a physical examination consistent with a palpable defect, which protrudes 
upon increase of intra-abdominal pressure, may be suf fi cient to make the 
diagnosis. In the case of suprapubic hernias, physical examination may 
reveal a reducible mass over the groin area, often mistaken with an inguinal 
hernia. Closer examination demonstrates the defect adjacent to the pubic 
bone and not from the external inguinal ring.  
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   Surgical Technique 

   Positioning and Preparation: Suprapubic 

 The patient undergoes general endotracheal intubation and is placed 
supine on the operating table. Both arms are tucked to the side of the 
patient when possible. A three-way Foley catheter is inserted to allow 
 fi lling of the bladder intraoperatively and help identi fi cation of its borders 
during dissection.  

   Access, Port Placement, and Technique: Suprapubic 

 Access to the abdominal cavity is via a Veress needle, and an open 
technique (Hasson) or a closed technique is based on surgeon’s experience. 
If a closed technique is chosen, an optical trocar is recommended. If the 
midline is to be avoided (e.g., due to the presence of a previous incision 
with anticipated adhesions), a left lateral subcostal incision off the tip of 
the 11th rib at the anterior axillary line is a safe place to insert the  fi rst 
trocar since the presence of preperitoneal fat and intra-abdominal adhesions 
in this location is rare. Two or three more trocars are placed under direct 
visualization. At least one of the trocars needs to be 12 mm in size to allow 
for the introduction of the prosthetic into the abdominal cavity. 

 The hernia contents are reduced, and adhesions are taken down 
sharply, when possible, with judicious use of ultrasonic dissection or 
electrocautery. The bladder is instilled with 250–400 cc of sterile water, 
often with the addition of blue dye, to aid in identi fi cation of an injury 
to the bladder during the dissection (Figs.  48.3  and  48.4 ). Then, a 
peritoneal  fl ap is developed to be able to visualize the pubic bone, 
Cooper’s ligament, inferior epigastric, and iliac vessels. This dissection 
resembles the one performed for a laparoscopic transabdominal (TAPP 
approach) inguinal hernia repair. The peritoneum is incised starting at 
the median umbilical fold using scissors (with or without cautery) in a 
horizontal pattern away from the midline. The length of the peritoneal 
 fl ap should equal the size of the mesh that is going to be used. The 
hernia defect is measured intracorporeally by a variety of techniques, 
ranging from a thin plastic metric ruler to placing two spinal needles 
and using a piece of measured umbilical tape. The overlap of the hernia 
inferiorly is calculated to overlap 2 cm below the pubic bone. Once the 
hernia defect is measured, an appropriate-sized mesh should be selected 
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that allows at least 4–5-cm overlap of the hernia defect in the cephalad 
and lateral dimensions. The choice of the prosthetic is up to the individual 
surgeon, and there is no clear data on the optimal prosthetic choice; 
polypropylene, polyester, PTFE, and biologic mesh have all been 
described for use in this indication.   

  Fig. 48.3.    Suprapubic hernia—internal view with bladder distention (Courtesy 
of David B. Earle, MD, FACS, with permission).       

  Fig. 48.4.    Suprapubic hernia—internal view with bladder  fl ap taken down 
(Courtesy of David B. Earle, MD, FACS, with permission).       
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 Pre-tied CV-0 PTFE sutures are placed in the midportion of the sides 
of the mesh to serve as initial transfascial  fi xation sutures. The mesh is 
placed intra-abdominally via the 12-mm trocar, and the sutures are 
retrieved with a suture passer on the preestablished skin sites. These 
sutures are pulled toward the abdominal wall, allowing the inferior portion 
of the mesh to be tacked to pubic bone and/or the pubic arcuate ligament 
medially and Cooper’s ligament laterally (Fig.  48.5 ). All pre-tied sutures 
are retrieved from the abdominal cavity with the suture passer and tied 
extracorporeally via small stab incisions. Some authors advocate the use 
of additional transfascial sutures, which are placed every 5 cm 
circumferentially around the mesh. Careful attention must be given not to 
place these sutures below the iliopubic tract to avoid injury to the cutaneous 
nerves. Further  fi xation is achieved with helical tacks 1 cm apart, to 
prevent herniation of abdominal viscera above the mesh.   

   Positioning and Preparation: Subxiphoid 

 The patient undergoes general endotracheal intubation and is placed 
supine on the operating table. Both arms can be tucked to the side of the 
patient; however, when performing surgery below the umbilicus, the 

  Fig. 48.5.    Suprapubic hernia—internal view with mesh placed over Cooper’s 
ligaments (indicated with asterisks) (Courtesy of David B. Earle, MD, FACS, 
with permission).       
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surgeons often need to stand above the umbilicus, thus necessitating the 
tucking of the arms. Similarly, for an operation such as a subxiphoid 
hernia repair, the surgeons need to stand below the umbilicus, and arm 
tucking is not necessary. No other special provisions are necessary to 
perform the repair.  

   Access, Port Placement, and Technique: Subxiphoid 

 After getting access to the abdominal cavity, adhesions are taken 
down from the anterior abdominal wall. Two other trocars are placed 
under direct visualization. The falciform ligament is dissected with an 
ultrasonic dissector or electrical diathermy. The subxiphoid hernia defect 
is measured intra-abdominally in a similar fashion to that described for 
the suprapubic hernia. The defect is measured in the longitudinal and 
transverse axis. Prosthetic material is chosen to the appropriate size 
required. It is important when deciding the mesh size to take into 
consideration any space between the edge of the defect and the xiphoid 
process itself. A 4–5-cm overlap of mesh in all directions should be taken 
into consideration when calculating the mesh size. Upon considering the 
superior overlap of the prosthetic, care must be taken not to reach the 
pericardium that lies directly behind and can be easily reached by a too 
extensive proximal dissection of the retroxiphoidal space. Further, 
allowing the mesh to lie freely over the liver generally comes without 
consequence and should be incorporated into the symmetry of the repair; 
in other words, given that the bony structures limit the size of the cephalad 
portion of the superior overlap, allowing the mesh to lie over the liver 
will account for this anatomically. 

 Pre-tied CV-0 PTFE sutures are placed on the mesh. The superior 
cardinal suture is placed toward the center of the mesh, which should be 
the  fi rst one to retrieve for easier manipulation of the mesh. Spiral tacks 
are placed over the costal margin, with care taken to avoid injury to the 
intercostal nerve and artery. When securing the mesh to the diaphragm, 
tacks are never used to avoid damage of the diaphragm, the pericardium, 
the pleural structures, or the heart. Intracorporeal stitches can be used to 
 fi x the mesh to the diaphragmatic peritoneal layer, if needed, or to the 
xiphoidal periosteum, allowing mesh overlap in a cephalad direction. A 
variety of tissue adhesives (glues) have also been used for this application. 
Additional transfascial sutures or tacks are placed, as described previously, 
up to the preference of the surgeon to allow for further  fi xation.   
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   Results 

 Like most ventral hernias, the major concern is providing the 
patient with a durable repair that can minimize recurrence. Although 
data on these defects is admittedly scarce, recurrence rates in the 
studies referenced in this bibliography range from 5.5% to 10.0 % 
 [  5–  7  ] . These rates are similar to many published series of laparoscopic 
ventral hernia repairs. 

 One recent study  [  5  ]  details 33 hernias repairs relevant to this chapter: 
18 suprapubic and 15 subxiphoidal. The mean operative time was 
161.8 min. One patient suffered an enterotomy; this was repaired 
laparoscopically. There were seven minor complications in this series; 
recurrence was 7.7 % at a mean follow-up of 37 months. 

 Another study of 36 suprapubic repairs  [  6  ]  performed with ePTFE 
prosthetics revealed similar results: a mean operative time of 178.7 min. 
Although the overall complication rate was higher (16.6 %), there were 
only two recurrences in this series, with a mean follow-up of 21 months. 
A change in the technique to mirror what is described in this chapter with 
tacking to Cooper’s ligament and the pubis revealed no known recurrences 
in the last 27 cases, however. 

 Still another series  [  7  ]  of ten subxiphoid poststernotomy hernia 
repairs produced similar data. Although the mean operative time was 
shorter (55 min), the minor complication rate (30 %) was higher, as was 
the recurrence rate (10 %). Given the small size of the series, however, it 
is dif fi cult to understand the relevance of these data aside from the 
description of the technique utilized. 

 Complications beyond recurrence for these hernia repairs are also 
similar to other laparoscopic ventral hernia repairs, such as bleeding, 
enterotomy or injury to other viscera, infection, chronic pain, seroma, 
and conversion to open surgery. This chapter will not delve into 
individual discussion around these points. There are two unique 
complications, one for suprapubic hernias and one for subxiphoid 
hernias, which bear special mention. 

 Bladder injury during suprapubic hernia repair could be a potential 
complication. Distention of the bladder preoperatively, as described 
earlier, can aid in visualizing the bladder to avoid injury. The use of 
colored dye in the sterile water solution can also give a visual clue to an 
injury; this is especially helpful if the injury is too small to be found. 
When possible, the injury should be repaired laparoscopically with a 
two-layer technique using absorbable suture such as polyglycolic acid, 
with continuous drainage of the bladder with an indwelling catheter until 
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a cystogram provides proof of healing (typically 7–10 days). If spillage 
was minimal, controlled, and there was no history of a urinary tract 
infection preoperatively, the procedure can be completed safely 
laparoscopically with concurrent prosthetic insertion, without additional 
risk of mesh infection. 

 In subxiphoid hernia repair, injury to the heart from the helical tacker 
could be a fatal complication, and it is incumbent on the surgeon to be 
aware of the cephalad limits of safety for utilizing the tacker. For this 
reason, we feel that the tacker should be used only as superiorly as the 
costal margin; the tacker can be used on the 11th rib, with attention 
placed on avoidance of injury to the intercostal artery and nerve. A recent 
report  [  8  ]  details  fi ve cases, four of which were fatal, of cardiac injury 
from tacks during ventral hernia repair. Similarly, injury to the structures 
contained within the pleural space or pneumothorax can result if 
transfascial sutures or tacks are placed above the costal margin. Further 
complicating matters is that the distention of the abdominal cavity by 
pneumoperitoneum can make it less clear for surgeons where the cephalad 
border of the abdomen is located; we believe that the costal margin is an 
anatomic constant, and as such, should be used as the “safety” margin 
during subxiphoid hernia repairs.  

   Conclusion 

 The only laparoscopic approach for repair of suprapubic and 
subxiphoidal incisional hernias is very challenging for inexperienced 
surgeons. The anatomically complex location and the need to  fi xate the 
mesh to bone and ligaments provide unique anatomic challenges which 
may make the approach technically more dif fi cult. Like most ventral 
hernia repairs, thorough knowledge of the anatomy will help the surgeon 
to avoid complications.      
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    49.     Hernias in the Pediatric Population       

     David   M.   Krpata     and    Todd   A.   Ponsky         

     Hernia repair, whether for inguinal or ventral hernias, offers different 
challenges in pediatrics than in the adult population. Of all hernia repairs 
performed by the pediatric surgeon, inguinal hernias are the most 
common. In addition to inguinal hernias, umbilical hernias and congenital 
abdominal wall defects comprise the great majority of hernias repaired 
in pediatrics. The pathophysiology, techniques, and controversies of 
these hernias will be discussed here. 

   Inguinal Hernias 

 Inguinal hernias in pediatrics are most commonly indirect inguinal 
hernias. The reported incidence of inguinal hernias in children is 0.8–
4.4%  [  1  ] , although the true incidence is dif fi cult to establish and may 
be higher than this. Most commonly, these hernias are right sided 
with approximately 2/3 of unilateral inguinal hernias being right 
sided  [  2,   3  ] . Prematurity has been established as a signi fi cant risk 
factor of inguinal hernias, increasing the incidence up to 30% for 
premature infants  [  3  ] . 

 The pathophysiology of the indirect inguinal hernia is based on 
the testicular descent and subsequent events that transpire, also 
explaining its dominance in young males. During embryologic 
development, the testes begin the process of dissention to the scrotum 
through hormonal signaling and shortening of the gubernaculum  [  4  ] . 
The processus vaginalis closes after the testis pass through, resulting 
in a completely intact peritoneum without communication into the 
internal ring (Fig.  49.1 ). Failure of this closure results in a patent 
processus vaginalis and puts patients at risk for developing an indirect 
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inguinal hernia (Fig.  49.2 ). This process is typically completed 
between 36 and 40 weeks gestational age, indicating why premature 
infants are at higher risk of developing an indirect inguinal hernia. 
Explaining the increased rate of right inguinal hernias is the fact that 
the left testis descends earlier than the right.   

  Fig. 49.1.    Laparoscopic 
view of normal inguinal 
anatomy in a child.       

  Fig. 49.2.    Laparoscopic 
view of an indirect inguinal 
hernia in a child.       
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   Diagnosis 

 The gold standard for diagnosis of inguinal hernias is a combination 
of physical examination, with presence of a groin bulge, coupled with a 
history reported by the parents of a bulging groin mass more prominent 
with activities causing increased intra-abdominal pressure, such as 
crying. These  fi ndings are certain to lead to surgical evaluation of the 
suspected groin and repair upon con fi rmation. The decision to operate 
can be more challenging when a parent gives a history of bulging in the 
groin, but the examiner cannot con fi rm the diagnosis on physical exam. 
To aid in con fi rming a diagnosis, the surgeon can suggest to the parents 
or guardian to photograph any bulging they notice and bring it in during 
subsequent visits. 

 The use of ultrasound offers an adjunct in the diagnosis of inguinal 
hernias. Initially studied for its role in evaluation of contralateral groin 
exploration, several studies have established ultrasonography as a highly 
accurate, inexpensive, and readily available technique for the diagnosis 
of patent processus vaginalis and indirect inguinal hernias  [  5–  9  ] .  

   Management 

 Undoubtedly, after diagnosis of an inguinal hernia in an infant or 
child, acute surgical therapy is necessary, although, unless incarcerated, 
it is not a surgical emergency. The timing of hernia repair in premies is 
challenging as the risks of anesthesia must be weighed against the risk of 
incarceration and possible strangulation. The incidence of incarceration 
has been described to be as high as 35% for infants under 12 months with 
a known hernia awaiting surgery  [  10  ] . Misra et al. reported an incidence 
of incarceration of 6% by limiting the wait for surgery to less than seven 
days  [  11  ] . In neonates, some advocate for repair of premature infants 
once they are ready for discharge from the neonatal unit. With such 
management, regular examination and hernia reduction should be 
performed to detect incarceration while in the NICU  [  12  ] . Others have 
shown a low risk (0%) of incarceration after discharge from the NICU 
followed by elective repair leaving the controversy of timing of inguinal 
hernia repair in premature infants still unclear  [  13  ] . Ultimately, the risks 
and bene fi ts of repair must be weighed against the risks of anesthesia and 
potential respiratory complications in premies.  
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   Surgical Techniques 

   Open Inguinal Hernia Repair 

 Open inguinal hernia repair in infants and children follows the same 
principles in anatomy and dissection as open inguinal hernia repair in 
adults. A 2- to 3- cm incision is made over the external ring. Dissection 
is carried down through Scarpa’s fascia to the external oblique 
aponeurosis. Once encountered, the external oblique aponeurosis is 
completely exposed, and the external inguinal ring is identi fi ed. The 
external oblique aponeurosis is incised sharply. The incision is extended 
along the  fi bers of the external oblique aponeurosis to the external 
inguinal ring, to expose the inguinal canal. 

 In males, the spermatic cord and its structures including the 
testicular artery, the pampiniform venous plexus, the genital branch 
of the genitofemoral nerve, the vas deferens, the cremasteric muscle 
 fi bers, the cremasteric vessels, and the lymphatics are identi fi ed, 
mobilized, and isolated. The indirect inguinal hernia sac is identi fi ed 
and carefully dissected free from the spermatic cord down to the 
internal ring. After freeing the hernia sac, it is then divided between 
two hemostats, twisted 360 degrees and suture ligated with absorbable 
suture. The  fl oor, transversalis fascia, of the inguinal canal should be 
inspected for direct hernias or any weakening. If either is found, a 
primary tissue repair should be performed to strengthen the  fl oor of 
the inguinal canal. The external oblique aponeurosis is reapproximated 
followed by reapproximation of Scarpa’s fascia. The skin is closed 
with subcuticular sutures.  

   Laparoscopic Inguinal Hernia Repair 

 With the advent of minimally invasive surgery, new approaches to old 
techniques have emerged. Several options for laparoscopic inguinal 
hernia repair exist, but the principle of high ligation of the hernia sac as 
in open repair persists. 

 The earliest experiences with a laparoscopic approach to inguinal 
hernia repair in children involve intracorporeal suturing of the peritoneal 
lining around the patent processus vaginalis, in a purse-string or Z-stitch 
fashion, resulting in hernia sac ligation  [  14–  16  ] . The SEAL, subcutaneous 
endoscopically assisted ligation, technique employees a single umbilical 
port to visualize the extraperitoneal passing of a suture around the 
internal ring  [  17  ] . Our preferred method of laparoscopic involves 
hydrodissection around the internal ring with bupivacaine or saline 
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to elevate the peritoneum off of the cord structures. Following 
hydrodissection, an eighteen-gauge spinal needle is inserted into the 
preperitoneal space at the 12 O’clock position of the internal ring. The 
needle is then passed 180 degrees around the internal ring as it passes 
between the peritoneum and the cord structures. The needle then 
perforates through the peritoneum into the peritoneal space. At this point, 
a looped 3-0 polypropylene suture is passed through the needle 
(Fig.  49.3 ). This process is repeated along the medial side of the internal 
ring resulting in two loops of polypropylene within the peritoneal cavity. 
One loop is then used to snare the opposing polypropylene and is pulled 
through the incision (Fig.  49.4 ). We then interlock the loop of 
polypropylene with a looped nonabsorbable braided polyester suture and 
exchange one around the internal ring for the other by pulling the 
polypropylene back through the incision. The looped end of the suture is 
cut and tied. This results in double ligation of the hernia sac with the 
nonabsorbable braided polyester suture (Fig.  49.5 ).    

 Proponents of the laparoscopic hernia repair in infants and children 
site a potentially less pain and potentially less visible scar, but most 
importantly, potential reduced risk of trauma to cord structures, thus 
theoretically reducing the risk of infertility and testicular atrophy as well. 
While there is no evidence to support this, infertility following open 
inguinal hernia repair was reported to be as high as 40% in men who 
have had childhood bilateral inguinal herniorrhaphy  [  18  ] . 

  Fig. 49.3.    The loop of 
polypropylene suture 
around the lateral portion 
of the internal ring after 
the needle is removed.       
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 The laparoscopic approach is also a nice option in recurrent hernias 
and incarcerated hernias. For recurrent hernias, the lap approach allows 
ligation of the hernia sac without entering into a reoperative  fi eld. For 
incarcerated hernias, the lap approach is helpful in assisting with 
reducing the bowel, assessing the viability of the incarcerated bowel, 

  Fig. 49.4.    Laparoscopic 
visualization of lateral 
polypropylene suture 
snaring the medial loop 
of polypropylene.       

  Fig. 49.5.    A closed 
indirect inguinal hernia 
following laparoscopic 
repair.       
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and allows for easy ligation of the sac despite an in fl amed inguinal 
canal. An additional advantage to the laparoscopic repair is the direct 
visualization of the contralateral side.   

   Contralateral Groin Exploration 

 The issue of contralateral groin exploration has been a heavily debated 
topic over the years. There are two parts to the question of contralateral 
groin exploration in a child with a unilateral hernia;  fi rst, should you look 
for contralateral defects, and second, if you  fi nd one, should it be  fi xed? 
For years, prophylactic contralateral groin exploration was common 
practice during repair of a unilateral inguinal hernia. This practice fell 
out of favor in the 1990s due to concerns of unnecessary damage to the 
testicular artery and vas deferens causing testicular atrophy and infertility 
during groin explorations, as well as the additional risk of wound 
infection. A major advancement in contralateral groin exploration was 
the technique of transinguinal laparoscopic examination of the 
contralateral groin. This technique allows for direct visualization of the 
contralateral internal ring without having to make additional incisions 
and possibly reducing the risk of injury to the vas deferens and associated 
infertility seen with open exploration  [  19  ] . In the instance that a 
contralateral patent processus vaginalis or indirect hernia is found, that 
groin can then be repaired through an additional incision on the 
contralateral side. One of the advantages to performing laparoscopic 
inguinal hernia repair is that both groins are directly visualized through 
the umbilical port, and if a contralateral hernia is found, it too can be 
repaired with the same laparoscopic approach that was used for the 
original hernia. 

 Once a contralateral patent processus vaginalis is found, the second 
question arises; should it be repaired. Rowe et al. reported that 40% of 
patent processus vaginalis will close in the  fi rst few months and 60% will 
close by 2 years of age  [  20  ] . In a meta-analysis reviewing the risk of 
metachronous hernia in infants and children, Miltenburg et al. reviewed 
over 15,310 patients  [  21  ] . This group found that 7% of patients who 
presented for a unilateral inguinal hernia developed a contralateral hernia 
with 90% of these developing in the  fi rst 5 years following surgery. From 
these  fi ndings, they concluded that if a patent processus vaginalis is 
found, it should be repaired, and patients who do not undergo contralateral 
exploration should be followed up for 5 years.  
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   Outcomes 

 The ultimate long-term outcome measure for inguinal hernia repair is 
recurrence. For open inguinal hernia repair in children, Ein et al., in the 
largest series of inguinal hernia repairs, reported a 1.2% recurrence rate 
in 6361 patients over a 35-year experience  [  3  ] . For laparoscopic repair, 
Montupet et al. recently reported a recurrence rate of 1.5% over a 15-year 
experience utilizing laparoscopic intracorporeal suture ligation of the 
hernia sac with a purse-string technique  [  22  ] .  

   Adolescent Inguinal Hernia 

 The adolescent inguinal hernia is a challenging dilemma for pediatric 
and adult general surgeons alike. Whether mesh should be used in this 
population and at what age mesh is acceptable is debatable. From the 
perspective of a pediatric surgeon, adolescent inguinal hernias are often 
indirect and are believed to be a patent processus vaginalis instead of a 
muscle or  fl oor defect as seen with most adult direct inguinal hernias and 
for this reason are typically treated with high ligation of the sac and not 
a mesh repair.   

   Umbilical Hernias 

 Congenital umbilical hernias are a common occurrence in infants and 
children. Their natural progression is such that most will close within this 
 fi rst 5 years of life, although one study has also reported the closure of 
congenital umbilical hernias until 14 years of age  [  23  ] . The incidence of 
umbilical hernias is higher in African American infants  [  23,   24  ] . The risk 
of incarceration with umbilical hernias is low, although there are several 
case reports in the literature describing this complication  [  25–  29  ] . 
Spontaneous rupture of congenital umbilical hernias and evisceration has 
been described in the literature as well  [  30,   31  ] . 

 Most surgeons will wait until 3–5 years of age before repairing an 
umbilical hernia. Indications for early repair of congenital umbilical 
hernias include pain, incarceration, and strangulation. Umbilical hernias 
are usually repaired through an infraumbilical incision through which 
the umbilical stalk is encircled. Once isolated, the umbilical stalk is 
incised leaving a hernia defect which is closed primarily with interrupted 
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sutures. This practice of umbilical herniorrhaphy has been a relatively 
unchanged procedure throughout the years with few iterations except for 
in case of large umbilical defects requiring umbilicoplasty as well  [  32  ] . 
Minimally invasive closure of pediatric umbilical hernias using injectable 
dextranomer microspheres and hyaluronic acid has also been described, 
but long-term follow-up is still needed  [  33  ] .  

   Congenital Abdominal Wall Defects 

 Gastroschisis and omphalocele, or exomphalos, are two congenital 
abdominal wall defects less frequently encountered than inguinal and 
umbilical hernias but are certainly of equal importance to the pediatric 
surgeon. Their presence provides many challenges to obstetricians, 
pediatricians, and pediatric surgeons alike. The incidence of gastroschisis 
is approximately 3 per 10,000 births and by some estimates is increasing 
 [  34  ] . Omphalocele has an incidence of about 2 per 10,000 births  [  35,   36  ] . 
The etiology and risk factors for their development are somewhat unclear, 
but gastroschisis is believed to be related more to environmental factors 
and less from genetic factors, whereas omphalocele is believed to be more 
genetic and less from environmental factors  [  37  ] . Classically, gastroschisis 
has been described as resulting from an ischemic insult during development 
that leads to impaired development of the abdominal wall  [  38  ] . 

 Anatomically, there are several features that can be used to differentiate 
between gastroschisis and omphalocele. First, gastroschisis is always 
found off the midline from the umbilicus, most commonly to the right of 
midline. Additionally, there is evisceration of abdominal viscera without 
a protective sac to contain them. To the contrary, an omphalocele is a 
midline defect with herniated abdominal contents that are contained 
within a membranous sac consisting of peritoneum, Wharton’s jelly, and 
amnion  [  39  ] . 

 From a surgical standpoint, the management of these two abnormalities 
can be very dif fi cult. Immediately after birth, neonates are evaluated and 
stabilized. Nasogastric tube decompression should be used for both 
abdominal wall defects. If a gastroschisis is present, the abdominal 
contents should be covered to reduce  fl uid losses from exposed bowel 
and broad-spectrum systemic antibiotics given. Once in the operating 
room, if possible, a gastroschisis should be primarily closed after 
inspecting for any associated bowel atresias. Some techniques to help 
reduce the abdominal contents included muscle relaxation, gastric 
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decompression, and enlarging the defect before closing it. If reduction 
and primary closure are not possible, silo placement with serial reduction 
can be employed. This involves  fi xation of a silo to the fascia surrounding 
the defect followed by daily reduction of the silo contents back into the 
abdominal cavity allowing the abdominal wall to stretch over time and 
eventually lead to complete reduction. After complete reduction, closure 
of the defect in the operating room can be performed. An alternative 
technique for closure of a gastroschisis is a sutureless repair utilizing the 
umbilical cord as a natural patch to cover the defect  [  40,   41  ] . Utilizing 
general anesthesia or sedation, the bowel is decompressed and reduced. 
The umbilical cord is placed over the defect, typically in a coil fashion, 
and a 2 × 2 Tegaderm dressing (3M Health Care, MN) is fashioned over 
top to reinforce the closure (Fig.  49.6 ). This method offers a simple, safe, 
and cosmetically appealing option.  

 In the case of omphalocele, as long as the peritoneal covering is intact 
and the abdominal contents are not exposed to the environment, neonates 
can be managed nonemergently and evaluated for additional congenital 
defects. Such defects often associated with omphalocele include 
Beckwith-Wiedemann syndrome, Cantrell pentalogy, bladder or cloacal 
exstrophy, and chromosomal trisomies. After stabilization and 
preoperative assessment is complete, smaller omphaloceles are typically 
closed in the  fi rst few days of life. This typically involves excision of the 
sac, ligation of the umbilical vessels, and primary closure of the defect. 
In the case of giant omphaloceles in which the abdominal domain is not 
suitable for complete visceral reduction, several techniques can be 
employed. As with gastroschisis, silo reduction over days can be used. If 

  Fig. 49.6.    Non-invasive 
closure of a gastroschisis.       
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the abdominal contents are not  fi xed to the omphalocele sac, the sac itself 
can be used as a silo, and sequential sac ligation can be performed. With 
this technique, as the viscera reduce, the sac is twisted and ligated daily 
with umbilical ties until fascial closure can be performed. An alternative, 
nonoperative approach involves treating the omphalocele sac with topical 
silver sulfadiazine, allowing epithelialization, and closing the defect 
weeks or months later  [  39,   42  ] . 

 Following repair of a gastroschisis or omphalocele, close monitoring 
in the NICU should be utilized. It is important to monitor intra-abdominal 
pressure as abdominal compartment syndrome is a potential complication 
of being overly aggressive with reduction. Intra-abdominal pressures 
should remain below 20 mmHg. The inhospital mortality of neonates 
with gastroschisis is <5%  [  43  ] , while outcomes for neonates with 
omphalocele tend to depend more on the associated chromosomal and 
structural abnormalities.  

   Summary 

 Pediatric inguinal hernia repair is a common procedure performed by 
pediatric surgeons. These hernias tend to be right sided and should be 
repaired soon after they are identi fi ed. Controversies, old and new, exist 
in their repair, including contralateral exploration and a newer debate 
over open versus laparoscopic repair. Umbilical hernias are very common 
but typically close on their own within the  fi rst 5 years of age. In 
congenital abdominal wall defects, the initial goal is stabilization and 
protection of the abdominal viscera. Once this goal is met, defects can be 
repaired primarily if the viscera are reducible and the fascia can be 
reapproximated. If the contents are not reducible, staged closure with 
progressive reduction of the viscera can be performed.      
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    50.     Spigelian Hernias: Diagnosis 
and Treatment       

     Marc   Miserez        and    Marc   H.F.   Schreinemacher          

 A spigelian hernia is the protrusion of preperitoneal fat or a peritoneal 
sac, either containing an intraperitoneal organ or not, through a defect in 
the spigelian aponeurosis  [  1  ] . 

   Anatomy and Pathophysiology 

 The spigelian aponeurosis is the aponeurosis of the transverse 
abdominal muscle limited laterally by the semilunar line and medially by 
the lateral edge of the rectus muscle  [  2  ]  (Fig.  50.1 ). The semilunar line is 
the transition from the muscular to the aponeurotic part of the transverse 
abdominal muscle, extending from the ninth rib to the pubis. The line 
was  fi rst described in the seventeenth century by Adriaan van den 
Spieghel, a Flemish anatomist working at the University of Padua  [  3  ] , 
and is also called the    linea Spigeli. The  fi rst description of a hernia 
through the spigelian aponeurosis followed in 1764 by Joseph Klinkosch, 
another Flemish anatomist  [  4  ] .  

 Ninety percent of all spigelian hernias occur in the transverse zone 
between the interspinal plane and the level of the umbilicus, the “spigelian 
belt”  [  1  ] . In this zone, the aponeurosis is at its widest, and the  fi bers of 
the transverse and internal oblique muscles run parallel, making them 
prone to separation  [  5,   6  ] . In addition, the intersection of the semilunar 
and arcuate line is especially weak, possibly related to a more muscular 
instead of aponeurotic part of the internal oblique muscle at that level 
 [  6  ] . Above the level of the umbilicus, the  fi bers of the transverse and 
internal oblique muscles cross at right angles, and even more cranial, the 
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musculoaponeurotic transition lies behind the rectus muscles resulting in 
the absence of a spigelian aponeurosis  [  2  ] . 

 A spigelian hernia most often penetrates the aponeuroses of the 
transverse and internal oblique muscles, while the aponeurosis of the 
external oblique muscle is generally thicker and stronger and therefore 
more resistant to herniation (Fig.  50.2 ). As a result, the hernia sac often 
expands in the space between the two oblique muscles thereby concealing 
the hernia and hindering correct diagnosis. The aponeurotic defect itself 
is often small (<2 cm in diameter) and has well-de fi ned margins  [  2,   7  ] . 
The natural course is thought to be in line with other ventral abdominal 

  Fig. 50.1.    Anatomy of the ventral abdominal wall. Schematic view of the ventral 
abdominal wall with the rectus muscle and external and internal oblique muscles 
removed. (1) transverse muscle, (2) posterior rectus sheath, (3) arcuate line 
(= semicircular line of Douglas), (4) semilunar line (= linea Spigeli), (5) spigelian 
aponeurosis, (6) spigelian belt, (7) medial of the epigastric vessels, (8) inferior 
epigastric vessels, (9) anterior superior iliac spine.       

 



  Fig. 50.2.    A schematic transverse section of different spigelian hernias. 
Cranial to the arcuate line, the hernia most often penetrates the spigelian 
aponeurosis in conjunction with the internal oblique aponeurosis ( a  and  a ’). 
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hernias meaning that defects are expected to enlarge over time. Finally, 
the so-called low spigelian hernias can be found medial to the inferior 
epigastric vessels within Hesselbach’s triangle. Because of this location, 
these hernias will be approached clinically as a direct inguinal hernia and 
treated accordingly  [  8  ] .   

Fig. 50.2 Other possibilities are that the hernia only penetrates the 
spigelian aponeurosis ( b ), or even the external oblique aponeurosis ( c ).  
In addition, the occurrence of a spigelian hernia caudally from the arcuate 
line  is shown ( d ). Seldom variants are the intravaginal hernia ( e ) and a 
spigelian hernia consisting only of preperitoneal fat ( f ).           
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Fig. 50.2. (continued).

   Etiology 

 Most spigelian hernias are considered to be acquired, although a 
congenital form is encountered in young children. In these children, 
an increased risk for cryptorchidism is observed leading to the 
suspicion of a congenital syndrome  [  9  ] . Based on a musculoaponeurotic 
defect etiology in acquired hernias, general risk factors for ventral 
abdominal hernias are considered to be of relevance for spigelian 
hernias as well.  
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   Epidemiology 

 Spigelian hernias are relatively rare with a reported prevalence of 
0.12–2% among all hernias  [  10–  12  ] . Among all incarcerated hernias, 
about 1.5% are spigelian hernias  [  13  ] . Incarceration can be as high as 
24%, and emergency procedures are performed in around 10% of patients 
presenting with a spigelian hernia  [  1,   14,   15  ] . The reason for this 
relatively high rate of incarceration might be related to the usual anatomy 
of the defect which is small and with well-de fi ned margins. Most patients 
described in the literature are between 60 and 80 years old (excluding the 
congenital form), predominantly female (1.4:1 ratio), and exhibit hernias 
more often on the right side (1.2:1 ratio).  

   Diagnosis 

   Signs and Symptoms 

 Diagnosing a spigelian hernia may be straight forward in case of a 
painful, reducible mass at the lateral edge of the rectus muscles, justifying 
an operative repair. However, the diagnosis is generally challenging 
because of the low incidence, vague symptoms, and the often very subtle 
or even absent clinical signs. First of all, the most common symptom in 
case of a spigelian hernia is abdominal pain which can vary in type and 
severity, often related to the content of the hernia. The pain is often 
aggravated by maneuvers that increase abdominal pressure and relieved 
by rest  [  11  ] . 

 Physical examination may show a palpable mass in the abdominal 
wall, but only about 60% of patients present with this  fi nding  [  14,   15  ] . 
This is because of the common position of the hernia sac between the 
external and internal oblique muscles due to which the intact external 
oblique muscle conceals the hernia. Larson and Farley report in 
nonincarcerated hernias complaints of pain in 20%, intermittent mass 
in 35%, pain combined with intermittent mass in 27%, and 4% 
asymptomatic  [  14  ] . In case of incarceration, signs and symptoms are 
regarded to be more evident. 

 History taking and physical examination together con fi rm the 
diagnosis in 29–73% of patients  [  15  ] . The above mentioned aspects 
together with the relatively high incarceration rate justify a high suspicion 
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for spigelian hernia in patients presenting with (vague or unusual) 
symptoms in the spigelian belt, in order not to delay diagnosis. Since 
pain can be musculotendinous or due to intraabdominal causes (e.g., 
diverticulitis and appendicitis), testing the abdominal wall with Valsalva 
maneuver provides more information  [  16,   17  ] . In addition, the  fi nding of 
a palpable mass within the abdominal wall goes with a differential 
diagnosis including another type of ventral hernia, lipoma, hematoma, 
cyst, abscess, neoplasm, or ectopic testis  [  18  ] .  

   Imaging: Ultrasound and Computed Tomography 

 One can conclude from the above that additional diagnostics are most 
often desirable in demonstrating a spigelian hernia and differentiating it 
from other pathology. In the literature, both ultrasound (US) and 
computed tomography (CT) have been used comparably to obtain the 
diagnosis  [  15  ] . 

 US is an easy-to-perform, inexpensive, radiation-free, and noninvasive 
imaging modality. It is dynamic in nature allowing for real-time straining 
and relaxing of the abdominal muscles and has a sensitivity of 83–100% 
 [  14,   15  ] . However, the results of US are operator dependent and may be 
much less sensitive in case of obesity or when the operator is not 
instructed to search for a spigelian hernia  [  7,   18  ] . 

 CT is another noninvasive imaging tool resulting in a sensitivity of 
68–100%  [  14  ] . The addition of Valsalva maneuver and thin slices during 
CT examination signi fi cantly improves the sensitivity for ventral 
abdominal wall hernias  [  19  ] . An important bene fi t of CT is the detailed 
information about the whole ventral abdominal wall, the content of the 
hernia sac, and the possible intraperitoneal pathology (Fig.  50.3 ). 
However, an abdominal CT entails a relatively high radiation exposure 
with its associated risks, is more expensive, and may include the use of 
oral, rectal, and intravenous contrast.   

   Laparoscopy 

 In case imaging techniques result in equivocal results, but the 
patient’s history and physical examination remains suspicious for a 
spigelian hernia, a diagnostic laparoscopy may ultimately be 
considered to con fi rm or exclude the diagnosis  [  16,   20  ] . Laparoscopy 



574 M. Miserez and M.H.F. Schreinemacher 

provides a direct inspection of the full ventral abdominal wall and 
possible hernias or other pathology. Furthermore, it provides an option 
for direct repair of the hernia. However, laparoscopy is an invasive 
procedure that may cause damage to intraperitoneal organs, and a 
hernia merely consisting of preperitoneal fat may be hard or even 
impossible to visualize in rare cases (Fig.  50.2 , f). In case of the latter, 
a laparoscopic extraperitoneal (or open anterior) exploration may be 
required for diagnosis.  

   Proposed Diagnostic Process 

 Figure  50.4  depicts a proposed diagnostic  fl ow chart for spigelian 
hernia in case of suggestive history and/or physical examination.    We 
advocate that the repair of the hernia should be preceded by simple 
laparoscopy to con fi rm the diagnosis and location and the content of the 
hernia and to potentially identify any other abdominal (wall) pathology 
 [  14  ] . Repair of the defect(s) may then be performed consecutively or via 
an open approach if the surgeon is not familiar with endoscopic 
techniques (Fig.  50.5 ).     

  Fig. 50.3.    CT scan with left-sided spigelian hernia with omentum in the hernia sac.       
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  Fig. 50.4.    Proposed diagnostic  fl ow chart for spigelian hernia.       

  Fig. 50.5.    Laparoscopic view of a left-sided spigelian hernia (same patient as 
in Fig.  50.3 ).       

   Treatment Options 

 In the treatment of spigelian hernias, two major questions exist. The 
 fi rst one concerns an open or laparoscopic mesh approach and the second 
whether a suture technique alone is still an option. Owing to the rarity of 
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spigelian hernias, only few studies and limited experience among 
surgeons are available. Nevertheless, we have formulated a proposal for 
the treatment of spigelian hernias based on best available evidence and 
our expert opinion (Fig.  50.6 ). Because of the increased risk for 
incarceration, it seems wise to advocate surgery also for asymptomatic 
spigelian hernias. However, this decision as well as the other treatment 
options described should be part of a shared decision process with an 
informed patient and family.  

  Fig. 50.6.    Proposed surgical treatment  fl ow chart for spigelian hernia.       
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   Open or Laparoscopic Mesh Placement 

 The laparoscopic repair of spigelian hernias is now well established 
 [  21,   22  ] . In 2002, the  fi rst and until now only randomized controlled trial 
on open and laparoscopic repair of spigelian hernias was published  [  23  ] . 
In this small trial, two groups of 11 patients with nonincarcerated hernias 
received a mesh either by open preperitoneal or laparoscopic repair (8 
totally extraperitoneal, 3 intraperitoneal). There were no recurrences at a 
mean of 3.4-year follow-up, but length of stay and morbidity was 
signi fi cantly reduced in case of laparoscopy. The totally extraperitoneal 
approach was associated with the shortest hospital stay (5–9 h) and has 
been reported by others as well to be successful  [  24  ] . We therefore 
consider it the method of choice. However, in order to perform this 
procedure successfully, the surgeon must have suf fi cient experience with 
laparoscopic totally extraperitoneal inguinal hernia repair. The approach 
is identical, but it is advocated to incise the posterior rectus sheath 
laterally at the semicircular line of Douglas in order to have suf fi cient 
space laterally for placing a mesh with suf fi cient overlap (3–5 cm) 
(Fig.  50.7 ). We also propose the use of a 5-mm-angled endoscope with 
the three trocars in the midline (Fig.  50.8 ) so that the position of the 

  Fig. 50.7.    Incision of the posterior rectus sheath laterally at the arcuate line in a 
totally extraperitoneal approach for laparoscopic repair of a left-sided spigelian 
hernia.       
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endoscope can be changed for obtaining the best view for dissection and 
placement of the mesh. Furthermore, the defect must generally be located 
well below the umbilicus in order to develop the preperitoneal plane 
adequately. As in laparoscopic inguinal hernia repair, also a 
transabdominal preperitoneal approach is possible  [  25,   26  ] . It offers a 
larger working space while mesh can still be placed preperitoneally after 
opening of the peritoneum. Otherwise, a laparoscopic intraperitoneal 
onlay mesh can be chosen  [  23,   27  ] . In these cases, as in laparoscopic 
incisional hernia repair, an adequate  fi xation of the intraperitoneal mesh 
is necessary. Although a laparoscopic technique might be especially 
useful in obese patients, the transabdominal approach may incur damage 
to the intestine, especially when adhesiolysis is required.   

 Opposed to the laparoscopic approach is the open mesh repair which 
was most dominant in the past century  [  15  ] . A transverse skin incision 
over the hernia, through the external oblique muscle is generally 
indicated.    However, if the hernia cannot be palpated preoperatively and 
diagnosed laparoscopically or if there are multiple defects, a vertical skin 
incision will provide a good preperitoneal exposure  [  1,   2  ] . This incision 
can be extended easily craniocaudally and to the peritoneal cavity. 
Especially in case of an incarcerated or strangulated hernia, laparoscopic 
reduction of the hernia content may be dif fi cult or even impossible 

  Fig. 50.8.    Positioning of trocars in a totally extraperitoneal approach for 
laparoscopic repair of a left-sided spigelian hernia (same patient as in Fig.  50.3 ).       
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 [  28,   29  ] . Conversion to an open repair may then be necessary, and a 
partial bowel resection can be performed via the hernia defect or widened 
(umbilical) trocar site. In open surgery, a  fl at mesh can be placed 
preperitoneally or intermuscular. With suf fi cient overlap (3–5 cm), 
 fi xation of the mesh is probably unnecessary in a preperitoneal position. 
In the intermuscular positioning, the lateral edge of the rectus sheath 
should be opened for adequate expansion and overlap of the mesh behind 
the rectus muscle  [  30  ] . Also, the use of an intraperitoneal mesh or a mesh 
device by open approach has been described  [  31,   32  ] .  

   Suture Technique 

 Following a landmark trial in 2000, tension-free mesh repair has 
become popularized since synthetic meshes reduced the recurrence rate 
of incisional hernias by about 50%  [  33  ] . In addition, the bene fi t of using 
mesh was not only found to be restricted to large hernia defects but also 
to defects  £ 10 cm  [  2  ] . Another study also showed hernias with a diameter 
of 4 cm or more resulting in high recurrence rates after suture repair  [  34  ] . 
Schumacher et al. found recurrence rates after umbilical hernia repair 
with sutures to be 6% in defects up to 1 cm, 4% in defects up to 2 cm, 
14% in defects up to 3 cm, 25% in defects up to 4 cm, and 54.4% in 
defects >4 cm  [  35  ] . 

 Spigelian hernias are generally smaller than 4 cm, and about 90% are 
reported to be small (<2 cm in diameter). Suture repair concerns the 
closure of the hernia sac with an absorbable suture and the use of a 
running nonabsorbable or slowly absorbable mono fi lament suture to 
close the defect in two layers:  fi rst the deep layer (internal oblique and 
transversus muscle-spigelian aponeurosis) and then the external oblique 
aponeurosis  [  36–  38  ] . Sutures are to be placed perpendicularly on the 
direction of the  fi bers. Also, laparoscopic suturing techniques have been 
described  [  15,   39  ] . 

 Recent biological insights have shown multiple types of hernia to 
be related to a systemic collagen disorder  [  40–  43  ] . What is more, most 
patients already display one or more risk factors for hernia development. 
Especially obesity is a major factor that shows high recurrence rates 
after ventral hernia repairs  [  44  ] . Since suture repair of spigelian 
hernias appears to have a lower recurrence rate compared to suture 
repair of inguinal and incisional hernias  [  1,   14  ] , it seems a valuable 
option in case of small hernias (<2 cm in diameter) without any risk 
factors, such as obesity, smoking, heavy lifting, or known collagen 
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disorders. However, we believe mesh repair can further reduce the risk 
for recurrence without increasing morbidity, such as postoperative 
(wound) complications, chronic pain, and adhesion formation, when 
placing the mesh extraperitoneally with minimal  fi xation, preferably 
by a totally extraperitoneal laparoscopic approach.       
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    51.     Hernia, Mesh, and Gynecology 
Procedures       

     Lauren   Rascoff          ,    Brian   P. Jacob    , and    Charles   Ascher-Walsh      

     Pelvic reconstructive surgeons, or urogynecologists, treat benign 
gynecologic conditions including pelvic organ prolapse and incontinence. 
Pelvic organ prolapse (POP) is the descent of the pelvic organs, including 
uterus, bladder, rectum, post-hysterectomy vaginal cuff, and small or 
large bowel, into the vaginal cavity. Stress urinary incontinence (SUI) is 
the involuntary leakage of urine on exertion, or while sneezing or 
laughing. These are common conditions—the lifetime risk of undergoing 
surgery for pelvic organ prolapse or incontinence, according to 
population-based studies, is 11–19%  [  1  ] . In addition, 6–29% of women 
who undergo surgical repair will need an additional surgery for recurrent 
prolapse or incontinence  [  2  ] . Risk factors for POP and SUI include 
parity, advanced age, and obesity, as well as chronic constipation  [  3  ] . 
Traditionally, prolapse was corrected using absorbable sutures. Given 
the high failure rates of these suture-only repairs and the success of mesh 
in general surgery, pelvic reconstructive surgeons began using synthetic 
mesh to augment prolapse repairs and treat stress urinary incontinence. 
Many studies have substantiated the ef fi cacy and safety of mesh in 
abdominal surgery; however, the quantity and quality of research done 
concerning the use of mesh in gynecologic surgery is mixed. There is 
even less research concerning the safety in using mesh to repair a hernia 
concomitantly with gynecologic surgery. The question then becomes, if 
a patient has a symptomatic hernia and wants a repair at the same time as 
her prolapse repair, does placement of transvaginal mesh have any 
bearing on a hernia surgeon’s decision to place mesh abdominally? Does 
it make a difference if the gynecologist opens the abdomen through the 
vagina during placement of the mesh? The main dif fi culty in answering 
these questions is that there are no studies on the topic. At this point in 
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time, more research needs to be done to fully address these issues. We 
will  fi rst give a detailed review of mesh in gynecologic surgery and then 
address these questions in more detail. 

   Grafts in Gynecologic Surgery 

 High failure rates with traditional surgeries for prolapse have led to 
the common use of grafts to repair pelvic  fl oor defects and to treat stress 
incontinence. Pelvic  fl oor defects are broadly characterized into three 
compartments—anterior (usually a cystocele), apical (usually uterine 
or vaginal cuff prolapse), or posterior (usually a rectocele). Pelvic  fl oor 
defect repairs can be repaired either abdominally or vaginally. The 
most commonly performed abdominal surgery for apical pelvic  fl oor 
defects that is loosely considered the gold standard for these types of 
defects is the sacrocolpopexy. This procedure, which can be done 
either laparoscopically—with or without robotic assistance—or via a 
laparotomy, involves the attachment of the top of the vagina or cervix 
(then called a sacrocervicopexy) to the promontorium of the sacrum. 
Because the vagina is not normally long enough to reach the sacrum, a 
graft is typically used to bridge the distance in this attachment. Although 
this procedure was originally done with permanent sutures or biologic 
grafts, currently, most pelvic surgeons opt for synthetic polypropylene 
mesh. Sacrocolpopexy has a reported success rate of 78–100% (no 
recurrent apical prolapse) and 58–100% (no recurrent prolapse in any 
compartment), as noted in a large review. Synthetic mesh erosion into the 
vagina, which is the most signi fi cant complication in many of the newer 
surgeries performed to treat prolapse, is reported to be 3.4%; however, 
rates vary by type of mesh, with polypropylene being 0.5% and non-
expanded polytetra fl uoroethylene being 5.5%  [  4  ] . There are two 
prospective, randomized trials comparing abdominal sacrocolpopexy 
with vaginal approaches to apical defects. One study followed 38 women 
in the abdominal group and 42 in the vaginal group for a mean of 
2.5 years. Results showed a higher reoperation rate in the vaginal group 
for recurrent prolapse and incontinence. In this study, suture-only 
techniques were used to suspend the vaginal cuff to the sacrum  [  5  ] . 
Another prospective study comparing sacrocolpopexy with mesh to 
vaginal sacrospinous repair without mesh showed similar objective and 
subjective cure rates and concluded that both approaches are highly 
effective in the treatment of apical prolapse  [  6  ] . There is very little 
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controversy regarding mesh in abdominal sacrocolpopexy given good 
prospective data and low erosion rates, especially when attaching the 
mesh to the cervix. 

 Grafts can be placed vaginally to treat anterior, apical, or posterior 
defects, and it is in this arena that the controversy arises. Traditionally, 
these defects were repaired with suture-only techniques. In the last 
10 years, vaginal mesh kits have been made commercially available, 
which can repair any or all three of the compartments from the vaginal 
route. Transvaginal mesh kits have been developed to provide an ef fi cient 
and minimally invasive approach to correct prolapse and as a response 
to high failure rates of traditional suture-only repairs. These kits are 
meant to be laid without tension and involve precut synthetic grafts with 
suspension of mesh arms either through sacrospinous ligaments, arcus 
tendineus fasciae pelvis, the obturator membrane, or iliococcygeus 
fascia. Transvaginal mesh kits were released into the market with very 
little data on their safety or ef fi cacy. Success rates seem to be high 
according to the data that we have; for example, a meta-analysis showed 
high success rates for apical support—88% at 6.5–19.5 months; however, 
complication rates also seem to be high  [  7  ] . Two studies comparing 
traditional transvaginal repair for apical prolapse and polypropylene 
mesh kits showed a very high erosion rate—16% and 36%  [  8,   9  ] . A large 
review showed similar results—vaginal mesh kits had lower reoperation 
rates for prolapse recurrence but higher complication rates as a result 
of mesh erosion and  fi stula  [  10  ] . One prospective case series followed 
110 patients for 3 months and found a recurrent prolapse rate of 4.7% 
and mesh erosion rate of 4.7%  [  11  ] . Similar data, although retrospective, 
looked at 120 patients at 13 months and found a 93% success rate and 
a mesh erosion rate, only in the anterior repair, of 3%  [  12  ] . Again, 
there are no long-term, large, prospective randomized trials looking at 
the safety and effectiveness of transvaginal mesh kits, and it is for 
this reason that we still have many unanswered questions regarding 
transvaginal mesh. 

 Graft material is also used to treat stress urinary incontinence, and 
midurethral slings are currently the gold standard operation. In one study, 
the objective cure rate after one midurethral sling placement (using 
polypropylene mesh) was 84.7% in a median 56-month follow-up  [  13  ] . 
Midurethral slings have been shown to be as effective as other surgical 
options for stress incontinence, such as retropubic colposuspension and 
bladder neck slings, but with shorter operative times and faster recovery; 
this was shown in a meta-analysis of 62 randomized trials  [  14  ] . In the 
same review, the perioperative complication rates did not differ among 
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midurethral slings and more traditional surgeries. The only exception is 
bladder perforation; however, the clinical signi fi cance of this is low. 
Erosion rate after one midurethral sling has been reported at 0.4%, in one 
series of 241 women  [  15  ] . Given a number of well-conducted prospective 
studies and low erosion rates, mesh use for SUI is, on the whole, widely 
accepted.  

   Types of Grafts 

 In pelvic reconstructive surgery, the  fi rst grafts adopted were 
biologic. For example, autologous fascia lata slings for incontinence 
were popular and continue to be used. Other donor sites include 
abdominal wall fascia and vaginal skin. Autografts have also been used 
in sacrocolpopexy, but there are only two small case series looking at its 
use  [  16,   17  ] . The potential advantage of autologous materials over 
synthetic materials is the histologic similarity and low erosion rates. 
The main drawback, however, is the need to harvest the graft and 
potential complications at the donor site. Allografts, or cadaveric grafts, 
have been used in gynecologic surgery. One source of allograft material 
is derived from human dermis; it is a processed, acellular material that 
was used in repairing anterior and posterior defects, as well as treatment 
of stress incontinence  [  18  ] . Additionally, processed fascia lata has also 
been used for slings and for repair of anterior and posterior defects. The 
literature supports autografts over allografts in treatment of stress 
incontinence. In one study of 47 patients, 41.7% of allograft patients 
demonstrated SUI postoperatively compared with 0% of autograft 
patients  [  19  ] . Xenografts have also been used in reconstructive surgery, 
notably porcine and bovine grafts. 

 Synthetic grafts are currently the preferred material in gynecologic 
surgery. The properties of an ideal graft are as follows: (1) 
noncarcinogenic, (2) durable and able to withstand physical pressures, 
(3) chemically inert or have a predictable tissue response, (4) nontoxic 
to the host, (5) easily manufacturable and widely available, (6) resistant 
to infection, and (7) affordable  [  20  ] . Mesh is classi fi ed according to 
type, pore size, and  fi lament number. Type I meshes are all polypropylene 
and are macroporous (pore size >75  m m) and mono fi lamentous. The 
advantage of type I mesh is their large interstices that allow passage of 
leukocytes and macrophages to  fi ght infection. Type II meshes are 
microporous (<10  m m) and multi fi lamentous. Type III meshes are 
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multi fi lamentous and can either have macroporous or microporous 
components. The disadvantage of type II and type III mesh is that 
multi fi lament mesh with small pore size allows the passage of small 
bacteria but not macrophages and leukocytes to  fi ght off infection. Type 
IV mesh is a polypropylene sheet—mono fi lament and submicroporous—
which is not used in pelvic surgery given its properties. 

 Polypropylene is popular among gynecologic surgeons for both 
abdominal and vaginal procedures because of its supposed inert behavior 
and ability to be recon fi gured in different ways. It is becoming clear, 
however, that polypropylene is actually not inert. In one study, 100 
vaginal mesh implants were explanted from patients secondary to 
complications and analyzed using histologic, microscopic, and chemical 
testing to determine degradation characteristics. The authors found that 
75% of the multi fi lament and 33.3% of the mono fi lament polypropylene 
meshes were degraded. None of the polyethylene terephthalate 
(polyester) meshes were degraded even after being in the body for 
3 years  [  21  ] . Additionally, this study found that low-weight meshes 
fared better than high-weight meshes, which is what gynecologists are 
currently using. This new data that polypropylene may not be as inert as 
gynecologists once thought is important and may shed light on erosion 
and infection rates.  

   Safety of Polypropylene Mesh 

 The Food and Drug Administration (FDA) has approved graft 
materials used in gynecologic surgery, since they are “equivalent” to 
existing materials already in use. However, this approval by the FDA 
does not speak to the graft safety or effectiveness. In 2008, the FDA put 
out a warning regarding mesh used in vaginal surgery for pelvic organ 
prolapse. The FDA received 1,000 reports from nine manufacturing 
companies regarding mesh complications. The warning did not specify 
the type of mesh used or the manufacturer. It did, however, indicate 
recommendations for physicians, which are as follows: (1) obtain 
specialized training for each mesh placement technique and be aware of 
its risks; (2) be vigilant for potential adverse events from the mesh, 
especially erosion and infection; (3) watch for complications associated 
with the tools used in transvaginal placement, especially bowel, bladder, 
and blood vessel perforations; (4) inform patients that implantation of 
surgical mesh is permanent, and that some complications associated with 
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the implanted mesh may require additional surgery that may or may not 
correct the complication; (5) inform patients about the potential for 
serious complications and their effect on quality of life, including pain 
during sexual intercourse, scarring, and narrowing of the vaginal wall (in 
POP repair); and (6) provide patients with a written copy of the patient 
labeling from the surgical mesh manufacturer, if available  [  22  ] . 

 On 13 July 2011, the FDA put out an additional warning regarding 
transvaginal mesh: “The FDA is issuing this update to inform you that 
serious complications associated with surgical mesh for transvaginal 
repair of POP are  not rare . This is a change from what the FDA previously 
reported on 20 Oct 2008. Furthermore, it is not clear that transvaginal 
POP repair with mesh is more effective than traditional non-mesh repair 
in all patients with POP and it may expose patients to greater risk.” As a 
result of this update and the numerous complications related to the use of 
mesh placed vaginally with these kits, a number of class action lawsuits 
have been created. Lawyers advertise in the media lumping together all 
types of treatments with synthetic mesh, making it more challenging to 
use these materials in any gynecologic surgery. Despite the new and 
increasing reports of mesh erosion, the FDA recommendations to the 
health care providers remain the same as the 2008 notice  [  23  ] . There are 
still many gynecologic surgeons who believe that its use enables better 
outcomes and continue to use it today.  

   Combined Hernia Repairs and Gynecologic 
Surgeries 

 When is it appropriate to do concomitant benign gynecologic 
surgeries and hernia repairs? Vaginal surgery does not preclude 
concomitant abdominal surgery. It is common practice for gynecologists 
to do both vaginal and abdominal procedures during the same case. 
Surgeons need to change gloves after completing the vaginal portion of 
a case and ensure a sterile setup abdominally. However, in light of the 
unknown long-term outcomes of placing mesh transvaginally, the 
question remains whether there is an increased infection and/or erosion 
rate of mesh placed during a hernia repair if it is done at the same time as 
a gynecologic procedure. What makes this question even more dif fi cult 
is that there are no studies on the topic. 

 A look at surgical site classi fi cations may give some insight into the 
vagina and the body’s response to mesh. There is a widely accepted 
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classi fi cation system for surgical sites, which was described 35 years ago 
by the National Academy of Sciences and the National Research Council 
 [  24  ] . The four categories are clean, clean-contaminated, contaminated, 
and dirty. Clean wounds are considered to be uninfected wounds in 
which a viscus was not entered. Clean-contaminated wounds are de fi ned 
as an operative site where a viscus is entered under controlled conditions 
without signi fi cant bacterial contamination. Contaminated wounds are 
de fi ned as procedures with spillage from a viscus, and dirty wounds 
include those that are infected or have existing perforated viscus. Vaginal 
surgery is considered to be a clean-contaminated operation. In a 
descriptive study done in 2001–2002, vaginal cultures were taken prior 
to the administration of antibiotics during a vaginal case and 30 and 
90 min after the start of the case with the goal to see bacterial colony 
counts in the vagina  [  25  ] .    The authors found that the highest total and 
anaerobic colony counts was at 30 min (52%), and it decreased to 41% 
at 90 min. Again, this was a descriptive pilot study, so statistical 
signi fi cance was not determined. However, this data may suggest either 
that the surgical scrub that is used is not killing off the bacteria or the 
preoperative antibiotics did not have time to affect vaginal colony counts. 
We also learn from this study that the clean-contaminated vagina cannot 
be fully sterilized. 

 We know that the vagina is colonized, so why doesn’t all mesh 
become infected or erode? Many factors in fl uence erosion, such as 
surface area of the mesh, pore size, infection, hematoma, elasticity of the 
mesh, and placement of the mesh. There are many techniques that may 
help to prevent infection or erosion of transvaginal mesh—a sheath 
around the mesh that is used for insertion, soaking the mesh in antibiotics 
prior to placing it, and routine parenteral antibiotics. In 1987, Gristina 
offered a conceptual way of understanding what happens to a foreign 
body as it is inserted into the body. He stated that there is a “race for the 
surface” of the mesh between host cells and bacteria, and if the host 
tissue wins, the material is less susceptible to bacterial colonization, 
subsequent infection, or erosion  [  26  ] . There are many factors involved in 
incorporation of foreign materials that we are still learning about. 

 In one study by Jacob BP et al., presented at the American Hernia 
Society 2012, designed to evaluate potential mesh contamination from 
insertion in a natural ori fi ce, like the vaginal canal, polypropylene was 
used to culture both the unprepped and Betadine™-prepped vaginal 
canal in ten humans during a laparoscopic-assisted or robotic-assisted 
hysterectomy, and the results compared to a third culture from a 
prepped skin incision in the same patients  [  27  ] . The results are shown 
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in Table  51.1 . Impressively, there was no contamination on any of the 
mesh when inserted in a Betadine™-prepped vaginal canal, while there 
was contamination in three cases when the mesh was inserted through 
a prepped skin incision. The results suggest that a prepped vaginal 
canal is an acceptable and sterile environment for polypropylene mesh 
insertion.  

 What to do in a speci fi c clinical scenario when a patient undergoing 
a gynecologic procedure has a symptomatic hernia requiring repair? As 
stated above, vaginal cases are clean-contaminated cases and therefore 
do not in and of themselves preclude simultaneous procedures. 
Additionally, if the transvaginal mesh were to erode or become infected, 
the disease state would be localized and will most likely not affect mesh 
placed abdominally. At this point in time, more research needs to be 
done in order to de fi nitively answer this question.      
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herniorrhaphy (LIH)  
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 challenges, patients , 359  
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 preperitoneal reinforcement , 

360–361  
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360  
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 tissue grafts and abdominoplasty , 
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 limitations , 318  
 loss of domain repairs 

 biological , 361–362  
 fi xation , 361  
 reinforcement , 360  

 materials factors , 307  
 materials properties , 305  
 PET   ( see  Polyethylene terephthalate 

(PET)) 
 polyester , 30  
 polyglactine-polypropylene , 32  
 polypropylene   ( see  Polypropylene) 
 prosthetic , 247  
 PTFE , 302  

 resorbable mesh , 304  
 salvage , 402  
 spigelian hernia 

 open/laparoscopic , 577  
 synthetic , 579  

 structure , 315  
 tantalum and stainless steel , 247  
 TAPP and TEP , 200  
 tensile strength and strain , 305  
 utilization , 299  
 VAMC , 248   

  Mesh placement and fi xation 
 inadvertent damage, nerves , 

152–153  
 intra-abdominal forces , 152  
 polypropylene and “shrinkage” , 152  
 tissue glues , 153  
 type and size , 152   

  Mesh repair 
 anesthesia , 45–46  
 cord retracted upward , 47–49  
 cost , 237  
 cremasteric muscle , 46  
 defi nition , 388  
 density , 236  
 genitofemoral nerve , 42–44  
 hernia sacs , 46–47  
 iliohypogastric nerve , 43, 45  
 ilioinguinal nerve , 42, 44  
 infection, inguinal hernia , 235  
 inguinal canal and pubic bone , 46  
 IPOM , 234  
 lower edges, tails , 49–50, 52  
 material, studies , 232, 233  
 nociceptive and neuropathic pain , 42  
 pain , 237–238  
 paraesophageal hernia   ( see  

Paraesophageal hernia) 
 recurrence 

 characteristics , 168  
 drawbacks , 169  
 Lichtenstein, Gilbert and 

Trabucco repair , 175, 176  
 rates , 168  
 site of incision , 168–169  
 treatment , 177  

 shrinkage , 232–233  
 skin incision , 46  
 standard mesh , 47, 48  
 suture repair , 387  
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Mesh repair (cont.)
 tails, mesh , 48, 50  
 tear strength , 236  
  vs.  tissue 

 IL-6 , 234  
 Lichtenstein , 233–234  
 proponents , 233  

 upper edge, mesh patch , 48–49, 51   
  Mesh-tissue interface (MTI) 

 abdomen , 255–256  
 animal experimentation 

 biomaterials , 261  
 3D polyester , 264  
 DVRT method , 263  
 laparoscopic hernia repair , 261  
 laparoscopic ventral hernia 

model , 263–264  
 macroporous polypropylene , 262  
 porcine laparoscopic ventral 

hernia model , 260  
 clinical observations and explant 

fi ndings 
 genetic constitution , 265–266  
 malnutrition and corticosteroids , 

266  
 physiologic stress , 264–265  
 smoking tobacco , 265  

 description , 253  
 ePTFE/polypropylene composite , 

255  
 host–implant interface , 257–258  
 immune response , 257  
 implants , 253–254  
 intra-abdominal , 255  
 material basics 

 PET , 258–259  
 polypropylene mesh , 258  
 pore size , 259–260  
 PTFE , 259  
 weight/density , 259  

 polypropylene , 255, 256  
 primary suture repair techniques , 

254  
 prosthetic implant , 257  
 synthetic materials , 254   

  Meyer’s technique , 188   
  Microbiology, chronic mesh infections , 

401   
  Microporous mesh , 400   

  Midline abdominal wall reconstruction. 
   See  Open component 
separation  

  Millikan modifi ed mesh-plug 
hernioplasty , 62–63   

  MMPs.    See  Matrix metalloproteinases 
(MMPs)  

  Monofi lament meshes , 400   
  Morbidly obese patients and hernia 

repair , 455–456   
  Multifi lament meshes , 400   
  Muschawek technique , 188    

  N 
  Neuralgia , 31, 59, 123, 125, 140, 209    

  O 
  Obturator hernia , 99–101   
  Omphalocele , 559   
  Open abdomen 

 acute components separation , 291  
 delayed primary fascial closure , 291  
 EDAC , 290  
 fascial bridge closure , 291  
 IAH , 286  
 indications , 287  
 intestinal fi stula , 288  
 trauma , 287  
 treatment algorithm , 290   

  Open component separation (CS) 
 aponeurosis and muscles , 324  
 complex ventral hernia repair , 323  
 external oblique , 324  
 indications and relative 

contraindications 
 abdominal wall reconstruction , 

325, 326  
 hernia defect, size , 325  
 important , 324–325  

 midline closure , 331  
 musculoaponeurotic fl aps , 323  
 primary closure , 330  
 prosthesis , 330–331  
 rectus muscles , 331  
 technique 

 anterior rectus sheath and linea 
alba , 329–330  



605Index

 external oblique division and 
separation , 327–328  

 incision, exposure , 326–327  
 open exposure, external oblique , 

327  
 posterior rectus sheath , 328–329  
 procedures , 326   

  Open inguinal hernia repair 
 abdomen and thighs , 88  
 anatomy and dissection , 554  
 description , 216  
  vs.  laparoscopic, cost , 129  
 laparoscopic TEP   ( see  Laparoscopic 

TEP) 
 LIH  vs.  TFR , 218  
 pain pumps , 375, 376  
 polyglactine-polypropylene , 32  
 polypropylene mesh , 29  
 POUR 

 anesthesia , 160–161  
 fl uid administration , 161  
 and laparoscopic, comparison , 

158  
 prolene hernia system , 217–218  
 prosthetics   ( see  Prosthetics, open 

inguinal hernia repair)  
  Open/laparoscopic mesh placement 

 posterior rectus sheath , 577  
 skin incision , 578–579  
 trocars position , 577–578   

  Open mesh placement , 337   
  Open ventral hernia repair , 348, 349   
  Open  vs.  endoscopic component 

separation.    See  Component 
separation technique (CST)   

  P 
  Pain pumps 

 data , 375  
 epidural catheter pumps , 375  
 laparoscopic surgery , 374–375  
 silastic-type catheter , 375  
 TAP , 376   

  Pampiniform venous plexus , 134, 135   
  Paraesophageal hernia 

 clinical presentation , 519–520  
 description , 519  
 patient evaluation , 520  

 surgical technique 
 crural closure , 524  
 esophageal lengthening  ( see  

Esophageal lengthening) 
 esophageal mobilization , 

523–524  
 fundoplication   ( see  

Fundoplication) 
 gastric vessels , 521–522  
 gastrostomy tube , 525  
 hiatal defect , 526  
 obesity and paraesophageal 

hernia , 527  
 patient position , 521  
 peritoneum , 521, 522   

  Parastomal hernia 
 description , 507  
 incidence , 507  
 laparoscopy   ( see  Laparoscopy) 
 open repair , 508  
 outcomes 

 laparoscopic  vs.  open techniques , 
512, 513, 515  

 prosthetic mesh , 515–516  
 sugarbaker , 515  

 parastomal hernia prevention , 
516–517  

 patients , 507–508   
  Parietal layer , 407   
  Pathophysiology 

 anatomy   ( see  Anatomy) 
 incisional hernia repair , 388–389  
 skin necrosis , 380   

  Pediatrics, hernia 
 congenital abdominal wall defects , 

559–561  
 inguinal hernias   ( see  Inguinal 

hernias) 
 umbilical hernias   ( see  Umbilical 

hernias)  
  Pelvic organ prolapse (POP) 

 factors , 581  
 SUI , 581   

  Persistent pain , 412, 413, 416, 
418, 419   

  Planned ventral hernia 
 abdominal wall reconstruction , 

292–294  
 EDAC , 291–292   
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  Plug and patch technique 
 Atrium ProLite Mesh and ProLoop , 

63–64  
 Bard PerFix plug , 59–61  
 complications , 61–62  
 description , 55  
 Ethicon Ultrapro Plug , 64–66  
 Gilbert plug and swatch 

 confi guration , 57–58  
 Marlex mesh , 57  
 types, inguinal hernias , 56–57  

 Gore Bioabsorbable Hernia Plug , 
66–67  

 hand-rolled umbrella/cone plug , 
58–59  

 Lichtenstein cylindrical plug , 55–56  
 Millikan modifi ed mesh-plug 

hernioplasty , 62–63  
 opinions , 67   

  Polyester.    See  Mesh repair  
  Polyethylene terephthalate (PET) 

 description , 258–259  
 infl ammatory reaction , 302   

  Polypropylene 
 abdominal and vaginal procedures , 

585  
 composite mesh , 400–401  
 fi bers , 301–302  
 heavyweight , 28, 302  
 lightweight , 29  
 mesh repair   ( see  Mesh repair) 
 multifi lament meshes , 400  
 PET , 302  
 properties , 305  
 safety , 585–586  
 titanium-coated monofi lament , 

31–32   
  Polytetrafl uoroethylene (PTFE) 

 description , 259  
 ePTFE , 302  
 mesh , 434  
 microporous , 402   

  POP.    See  Pelvic organ prolapse (POP)  
  Porous layer , 407   
  Postoperative urinary retention (POUR) 

 anesthesia , 160–161  
 bladder anatomy and physiology , 

159–160  
 description , 157  

 diagnosis and treatment , 163–164  
 intravenous fl uid administration , 

161–162  
 patient-specifi c factors , 160  
 postoperative pain and analgesia , 162  
 randomized trials and retrospective 

reports , 157–159  
 technical considerations , 161   

  POUR.    See  Postoperative urinary 
retention (POUR)  

  PPP.    See  Preoperative progressive 
pneumoperitoneum (PPP)  

  Preoperative progressive 
pneumoperitoneum (PPP) , 358   

  Preperitoneal approach 
 description , 107  
 dissection , 87  
 laparoscopic 

 TAPP , 108–111  
 TEP , 110  

 open , 108  
 pocket , 84, 85   

  Preperitoneal mesh 
 abdominal pressure , 20  
 advantages and disadvantages , 24  
 “buttress” technique , 171  
 description , 464  
 lightweight mesh , 21–22  
 nonabsorbing synthetic mesh , 21  
 plugs and PHS , 21  
 R2 recurrence , 175   

  Prevention, skin necrosis after open CS , 
380–382   

  Primary repair , 446   
  Prosthetic choice 

 laparoscopic inguinal hernia repair , 
27–34  

 open inguinal hernia repair , 19–25  
 ventral hernia mesh , 299–307   

  Prosthetic materials, hernia repair 
 hernia surgery , 255  
 type , 255   

  Prosthetic mesh 
 adhesions 

 composite meshes cause , 407  
 extent and density , 406–407  
 intra-abdominal mesh placement , 

406  
 parietal layer , 407  
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 porous and visceral layer , 407  
 severity , 407  
 small intestine and composite 

mesh , 407, 408  
 ePTFE , 515–516   

  Prosthetics 
 biologic   ( see  Biologic prosthetics) 
 open inguinal hernia repair 

 absorbable mesh , 22  
 advantages and disadvantages, 

mesh , 23, 24  
 “Bassini repair” , 20  
 biologic mesh , 23–25  
 description , 19  
 non-mesh repairs , 19  
 preperitoneal mesh   ( see  

Preperitoneal mesh) 
 self-fi xation mesh , 22  
 tension-free repairs , 20   

  PTFE.    See  Polytetrafl uoroethylene 
(PTFE)   

  Q 
  Quality of life, chronic pain , 411, 

416–417    

  R 
  Rectus muscle medialization , 440, 443   
  Recurrence 

 classifi cations and therapeutic de-
ductions , 172–174  

 description , 167  
 indications , 174–177  
 mesh repair   ( see  Mesh repair) 
 number of recurrences , 170  
 preperitoneal approach , 167–168  
 presence of sacs , 171  
 recommendations 

 endoscopic approach , 174  
 International Hernia Society , 174  
 Lichtenstein, Gilbert and 

Trabucco repair , 175  
 preperitoneal dissection , 175  

 site and size , 170  
 TAPP repair , 124–125  
 techniques 

 “buttress” , 171  

 laparoscopic/endoscopic hernia 
repair , 171–172  

 principles, Lichtenstein , 171  
 randomized controlled trials , 

172  
 type and number of defects , 169   

  Recurrent inguinal hernia.    See  
Recurrence  

  Retrorectus placement , 337   
  Rives-Stoppa repair 

 advantages , 391  
 disadvantages , 392  
 Mayo Clinic series , 391  
 open mesh underlay , 390  
 polypropylene mesh , 391  
 technique, steps , 390–391    

  S 
  Scaffold fenestration , 493, 495, 497   
  Scrotal hematoma , 139–140   
  Securestrap™ , 479   
  Seroma, chronic.    See  Chronic seroma  
  Shouldice repair 

 description , 19  
 modifi cations, tissue repair , 41  
  vs.  TAPP and Lichtenstein , 222, 

223, 225  
 testicular atrophy , 138  
 testicular ptosis , 139  
 TFR , 217   

  Skin necrosis after open CS 
 anatomy , 379–380  
 management , 382  
 pathophysiology , 380  
 prevention , 380–382   

  Spigelian hernia 
 anatomy and pathophysiology , 

567–570  
 diagnosis , 572–575  
 epidemiology , 572  
 etiology , 571  
 treatment , 575–580   

  Sports hernia 
 description , 181  
 diagnosis , 183  
 groin injuries , 181–182  
 management , 187  
 outcomes , 190  
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Sports hernia (cont.)
 pathophysiology 

 external oblique aponeurosis , 
185, 186  

 factors , 187  
 internal oblique aponeurosis , 

185–186  
 pelvic MRI , 184  
 postoperative care and rehabilitation , 

190–191  
 presentation , 182–183  
 rectus-adductor complex , 184, 185  
 surgical technique 

 adjunct procedures , 189  
 laparoscopic mesh repair , 189  
 Meyer’s technique , 188  
 Muschawek technique , 188  
 open tension-free mesh repair , 

188, 189   
  Staples in hernia repair , 201   
  Stapling 

 Cooper’s ligament , 206  
 device , 206  
 fi brin glue , 209  
 misplacement , 208  
 purpose , 206–207   

  Strangulated inguinal hernia 
 contamination, prosthetic choice , 

97–99  
 obturator hernia , 99–101  
 operative approaches   ( see  

Management, strangulated 
inguinal hernia) 

 pathophysiology , 91–92  
 presentation and diagnosis , 92–93   

  Strangulation.    See  Strangulated inguinal 
hernia  

  Stress urinary incontinence (SUI) , 581   
  Subxiphoid hernia 

 access, port placement and 
technique 

 bladder distention , 543–544, 546  
 bladder fl ap , 543–544, 546  
 Cooper’s ligament , 545  

 anatomy , 540–541  
 diagnosis , 542  
 etiology , 542  
 falciform ligament , 546  
 incisional , 539  

 outcomes 
 bladder injury , 547–548  
 heart , 548  

 pfannenstiel incisions , 540  
 positioning and preparation , 543, 

545–546   
  Sugarbaker  vs.  keyhole techniques , 515   
  SUI.    See  Stress urinary incontinence 

(SUI)  
  Suprapubic hernia.    See  Subxiphoid hernia  
  Surgical mesh , 401   
  Surgical site occurrence (SSO) , 497   
  Suture-only techniques , 583    

  T 
  Tacks, hernia repair , 197   
  TAP.    See  Transversus abdominis plane 

(TAP)  
  TAPP.    See  Transabdominal preperito-

neal repair (TAPP)  
  Tension-free repair (TFR) 

 evidence-based medicine , 50–53  
 nociceptive and neuropathic pain , 42  
 unilateral and bilateral inguinal 

hernias , 41   
  TEP.    See  Total extraperitoneal (TEP) 

repair  
  TEP and TAPP 

 complications , 118  
 learning curve , 118  
 postoperative pain , 117  
 recurrence rates , 118  
 reimbursement , 117  
 single incision/single port , 118   

  TEP comparison laparoscopic  vs.  open 
repair inguinal hernia.    See  
TEP and TAPP  

  TEP inguinal hernia repair 
 contraindication, anesthesia , 72  
 mesh placement , 76, 77  
 patient positioning and room setup , 

72–73  
 recurrent and bilateral hernias , 72  
 unilateral hernias , 71–72   

  Tissue ingrowth, hernia repair.   See  
Mesh-tissue interface (MTI)  

  Total extraperitoneal (TEP) repair 
 balloon dissectors , 148–149  
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 bladder , 149  
 bowel injuries , 144  
 defi nition , 116  
 fi rst trocar placement , 145–147  
 inadvertent damage, nerves , 149  
 laparoscopic TAPP   ( see  

Laparoscopic TEP and 
TAPP) 

 learning curve and complication 
rates , 143–144  

  vs.  TAPP   ( see  Transabdominal 
preperitoneal (TAPP)) 

 three-trocar approach , 216   
  Transabdominal preperitoneal (TAPP) 

repair 
 bladder , 149  
 bowel injuries , 144  
 complications   ( see  Complications, 

TAPP repair) 
 conversion , 198–199  
 cost , 127, 199  
 defi nition , 116  
 description , 197  
 elevation, peritoneum , 85–86  
 fi ngerbreadth , 147  
 Hasson’s trocar , 147  
 incision, peritoneum , 143  
 intraoperative complications , 199–200  
 IPOM , 87  
 laparoscopic TEP   ( see  Laparoscopic 

TEP and TAPP) 
 learning curve , 198  
 learning curve and complication 

rates , 143–144  
 Maryland dissector , 84  
 mesh fi xation , 86  
  vs.  open repair, recurrent hernias , 126  
 operative time , 198  
 pain , 200–201  
 peritoneum , 215  
 prosthetic mesh devices , 216  
 reduction, hernia sac , 84–85  
 reinforcement, myopectineal orifi ce , 

85  
 spermatic cord structures , 215–216  
 staples , 86–87  
 and TEP, strangulated inguinal 

hernia 
 advantage , 96  

 characteristics, ischemic , 95  
 necrotic small bowel , 95–96  
 trocars , 96–97  

 trocars , 83–84  
 umbilical ligaments , 81   

  Transfascial suture , 347   
  Transversus abdominis plane (TAP) , 376   
  Treatment, spigelian hernia 

 fl ow chart , 575–576  
 open/laparoscopic mesh placement , 

577–579  
 suture technique , 579–580   

  Trocar placement 
 Hasson’s trocar , 147  
 pneumoperitoneum , 147  
 Veress needle , 145–146   

  Trocar position, endoscopic component 
separation , 334    

  U 
  Umbilical hernias , 558–559   
  Urological complications, TAPP , 

122–123    

  V 
  VAMC.    See  Veterans Affairs Medical 

Centers (VAMC)  
  VAS.    See  Visual analog scale (VAS)  
  Vascular endothelial growth factor 

(VEGF) , 432   
  Vas deferens 

 arteries , 135–136  
 description , 135  
 obstruction , 139  
 pampiniform venous plexus , 135  
 sac dissection , 84–85  
 transection , 123, 139   

  VEGF.    See  Vascular endothelial growth 
factor (VEGF)  

  Ventral hernia 
 description , 459–460  
 incidence and complexity , 455  
 management   ( see  Management, 

ventral hernia) 
 morbidly obese patients , 455–456  
 recurrence rates , 456  
 repair reinforcement , 487–488   
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  Ventral hernia repair 
 abdominal wall , 463, 471  
 absorbable fi xation devices , 481–482  
 allograft/xenograft , 317  
 description , 299  
 endoscopic CST 

 laparoscopic , 465–466  
 open , 467  

 incisional hernia repair   ( see  Incisional 
hernia repair) 

 laparoscopic   ( see  Laparoscopic 
ventral hernia repair (LVHR)) 

 mesh   ( see  Mesh) 
 principles , 463  
 reinforcement mesh , 471   

  Ventral hernia working group (VHWG) , 
497   

  Ventral repair, mesh infection , 
250   

  Veterans Affairs Medical Centers 
(VAMC) , 248   

  Visceral layer , 407   
  Visual analog scale (VAS) , 417    

  W 
  Working trocars placement 

 bladder injury , 147  
 fi ngerbreadths , 147  
 inferior epigastric vessels , 

147–148   
  Wound complications after 

abdominal wall 
reconstruction , 380, 381          
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