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Abstract
Building a tertiary referral center of excellence for complex abdominal wall reconstruction is a multi-step process
that requires many elements to garner and promote success. Ultimately the creation of such a center is important
for continual improvement of abdominal wall reconstruction outcomes by decreasing complications, recurrences,
length of hospital stay, hospital readmissions, and overall costs. Establishing a center of excellence incorporates
several key components including the surgeon’s desires and expertise, institutional participation, multidisciplinary
collaboration, outcomes research and innovation, and financial stability. This article outlines the principal
elements of building a sustainable, functional, and successful center of excellence for complex abdominal wall
reconstruction.
Keywords: Complex abdominal wall reconstruction, center of excellence

INTRODUCTION
Over 1 million hernia surgeries are performed in the United States annually, making hernia repair the most
common general surgery procedure performed by surgeons across the country[1-3]. Hernias occur due to
a variety of factors, including prior abdominal surgery, increased intraabdominal pressure secondary to
chronic cough or obesity, and compromised connective tissue integrity as a result of genetics, infection and
other factors. The incidence of abdominal hernia needing surgery is estimated to be as high as 20%-30%
in the literature[4-7]. Due to the large number of patients requiring hernia repair, it is estimated that a 1%
reduction in hernia recurrence would save $32 million annually in healthcare[1]. While personal health
consequences are supremely important, these data highlight the significant financial implications for
both hospitals and patients in hernia prevention and durability of repair. Of those patients undergoing
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ventral hernia repair, it is estimated that as many as 12%-52% will have a hernia recurrence, which
ultimately leads to more surgery, reduced quality of life, prolonged recovery, a greater chance of future
failure, and increasing healthcare costs[8-12]. It is estimated that each failed hernia repair results in higher
morbidity, cost, and risk of recurrence for each subsequent repair[13-15]. All these factors combined make
a compelling argument for optimizing the index hernia repair for patients to decrease recurrence rates
and cost, ultimately improving patient outcomes. This leads to preoperative optimization of modifiable
patient comorbidities, increasing patient education, and streamlining operative and postoperative factors to
provide the best care.

BUILDING A CENTER OF EXCELLENCE
What does it mean to be a center of excellence?

The trend towards building “centers of excellence” is not a new concept in surgery. Within recent years,
driven by national policies considering outcome measures, there has been a drive towards improved
outcomes and decreased complications, length of hospital stay, and hospital readmissions[16,17]. This is backed
by data and evidence from across many surgical specialties, including oncologic, bariatric, orthopedic, and
cardiovascular surgery, in which better surgical outcomes are seen at established high-volume specialized
centers[18-28]. The trend of improved outcomes at high-volume specialty centers is especially noticeable for
complex procedures. While the current literature does not provide a full explanation for this association,
the improvement in outcomes is likely linked to an increased surgical skill set from high-volume repetition
(practice makes perfect model), selective-referral patterns, and accessibility to additional specialized
resources for more comprehensive perioperative care[27]. The literature also demonstrates that associated
surgical fellowships also improve surgical outcomes[29-31]. This is most ardently demonstrated in bariatric
surgery, which has reinforced the development of a bariatric center of excellence (COE)[32,33]. The term COE
has been widely adopted by many fields of surgery, but what does it truly mean to be a COE? This article
will describe the foundations of a COE for complex abdominal wall reconstruction (AWR) and the key
components needed to build a multidisciplinary practice centered on improvement of patient outcomes
and development of new techniques for advancement of surgical practice.
Establishing a multidisciplinary AWR center

Establishing a tertiary referral and care center for AWR is a concept that has solidified in the past decade[17,34-36].
Recognition of hernia surgery as a challenging endeavor fraught with unique challenges has led to the
development of several specialized AWR centers[34-36]. There is a paucity of literature available regarding
which healthcare systems would qualify as a COE. From the literature, we see how the German Hernia
Society has created a 3-tier accreditation system for hernia repair centers, stratifying centers based on
volume, outcome evaluation, academic involvement, hernia research, and participation in multicenter
databases[37]. In addition to traditional measures of success, such as hernia recurrence and pure clinical
outcomes, there is a push to include patient quality of life, focus on research, and continual participation
in ongoing academics to bolster the current advancements in surgery[37]. Williams et al.[35] described the
establishment of a hernia referral center, which led to an increase in the complexity of the patients referred,
including a 48% increase in recurrent hernias, increasing patient comorbidities, and overall complexity.
Raigani et al.[36] describe a similar trend of increasing complexity in 2014, in which patients traveling
over 100 miles were more likely to have active mesh infections and increased length of stay. Both studies
highlight that increasing hernia complexity combined with patient comorbidity and operative difficulty
should lead to increasing postoperative complications. However, in practice, complex patients treated at
tertiary referral centers do not have a proportional increase in adverse outcomes or complications due to
expertise provided at these centers[35,36].
The European Hernia Society has also developed an expert consensus comprising 18 surgeons across
Europe to form the ACCESS Group (Hernia Accreditation and Certification of Centers and Surgeons -
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Working Group) to formulate scientifically based requirements for hernia centers and hernia specialists[38].
They propose that an adequately prepared hernia center will have the following components: accredited/
certified by a national or international hernia society, perform higher case volume hernia surgery compared
to average, experienced surgeons beyond their learning curve, evidence-based clinical treatment, document
outcomes in hernia registry or database, and perform follow-up comparisons of outcomes with benchmark
data for continual improvement [38]. These recommended requirements have been put forth so that
healthcare systems can develop their own programs, while taking into account specific healthcare system
constraints[38].
At the authors’ own institution, a hernia center has been established since 2004, due to increasing
patient numbers, complexity of abdominal wall hernias, and outside referrals. Since that time, a growing
network of general surgeons, plastic surgeons, infectious disease specialists, allergists, radiologists,
orthopedic surgeons, geriatricians, and sports medicine, research, and support staff have been recruited
in a multidisciplinary fashion to coordinate complex care for patients. This coordinated problem-solving
approach has allowed the hospital system to increase annual case volume by 234%, annual billing by 713%,
in-state referrals by 340%, and out of state referrals by 540%[35]. Using a model of concentrated, high-quality
patient-centered, patient-specific care in both the inpatient and outpatient setting has led to a streamlined
perioperative process that reduces preoperative modifiable comorbidities, increases patient education
and high-volume technical operations, combined with specific goal-oriented postoperative management
strategies, and ultimately smooth transitions of care. All these combined efforts have led to decreasing
recurrence rates and improved patient outcomes and quality of life[39]. This comprehensive care has also
allowed for continued academic improvement and research, to analyze outcomes for further improvement.
Regardless of the approach, whether a government-driven model like the one in Germany or a surgeondriven model such as at the authors’ institution, they both emphasize similar core characteristics
encompassing high-quality, financially sustainable, multidisciplinary care, with the ability for continual
improvement through academic research and outcomes analysis. An AWR COE should be able to confer
the benefits of the institution to the patient in a standardized manner with reproducible and reliable
outcomes for complex hernia patients. Cherla et al.[40] described a significant reduction in surgical site
infections in over 600 patients from 13.5 to 1.5% over a period of one year, despite increasing complexity of
cases, due to appropriate patient referral, improved preoperative management of patient comorbidities, and
internal consistency of treatment principles across all surgeons participating in AWR. The true hallmark
of a COE is the ability to mitigate increasing risk factors in complex patients and still provide successful
clinical outcomes with low hernia recurrence, infections, length of stay, and cost, while simultaneously
improving quality of life.
While no strict criteria exist indicating which patients should be referred to a AWR COE, some general
considerations that may warrant referral are: surgeon experience and comfort performing hernia
operations, patient complexity including presence of mesh infections or fistulas, loss of domain, need
for components separation technique, lack of hospital resources such as Botox and plastic surgery, and
multiple recurrent hernias with many prior operations. Ultimately, referral is dependent on a recognition
for a higher level of care due to increasing patient complexity and the ability of a COE to provide patientspecific care with improved hernia outcomes and decreased recurrence rates[27,35,36,39,40].
Having a COE is beneficial not only to patients but to parent institutions as well by increasing surgical
volume, complexity, and reputational benefits, which will draw additional resources and talent and expand
the infrastructure already implemented. Additionally, the treatment of a large volume of patients, as seen
at our institution, can be and has been the driving force for innovative research focusing on preoperative
optimization, operative techniques, and postoperative quality of life. Integration of academic research in
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AWR allows for quality improvement as institutions can follow their own long-term outcomes for selfevaluation, and eventual growth and improvement.

KEY COMPONENTS OF A SUCCESSFUL HERNIA CENTER
There are several key components that all successful tertiary care AWR COEs will require: surgeon
experience and expertise, support of parent institution, interdisciplinary collaboration, commitment to
current evidence-based practice and continual outcome assessment, and financial stability.
Surgical expertise

Operative technique and anatomical mastery
Education and specialization in AWR and hernia surgery with good operative technique is a foundational
building block of a successful hernia center. As with many other experts in their respective fields, practice
makes perfect and having the appropriate experience and training is important in AWR [27,28]. Surgeons
specializing in AWR may have training in general, minimally invasive, robotic, and plastic surgery, or a
combination of all these techniques in their armamentarium. Proper knowledge of the relevant anatomy
and of the appropriate surgical technique and tissue planes cannot be understated to perform the optimal
surgery, and the ability to innovate and create new techniques for hernia repair is also important. Once
mastery is achieved, continued education and involvement in academic research and conferences are also
important to sustain a level of high-quality care. Having surgical fellows and training programs also fosters
excellence within a center and improves outcomes[29-31]. Attending and hosting AWR courses can also be
utilized as a tool for maintaining expertise.
Perioperative management
In addition to the appropriate technical skills, surgeons must also possess the clinical acumen to provide
appropriate perioperative care for complex AWR patients. Being able to successfully navigate complex
patient records with multiple prior abdominal surgeries, complications, and hernia repairs is very helpful
in formulating the next clinical care steps. Routinely, outside hospital records and CT scans are obtained.
Once an assessment has been made, along with a thorough history and physical examination, identification
of the patient’s specific risk factors is made, and pre-habilitation as needed precedes surgery[39]. Sometimes,
a patient may not be ready for surgery for several months after their initial consultation to optimize their
specific comorbidities.
Risk models commonly used include the Ventral Hernia Risk Score, the Ventral Hernia Working Group
Grade, Centers of Disease Control and Prevention Wound Class, and Hernia Wound Risk Assessment
tool. An application designed by our institution known as the Carolinas Equation for Determining
Associated Risks is commonly employed to calculate a patient’s postoperative cost and risk of wound
complications[41-45]. Utilization of this application has decreased cost and wound complications specific to
our center and has been recognized across the world as an accurate predictor of risk[46].
Specifically, the risk factors and comorbidities addressed by the assessments are geared towards prevention
of hernia recurrence, need for additional surgery, prevention of complications, and decreasing costs[39,45,46].
To accomplish this goal, associated complications or comorbidities that contribute to recurrence such as
infection, obesity, tobacco use, and diabetes are factors that warrant careful attention. Having a comprehensive
approach to patient care and tailored patient counseling prior to surgery is an important keystone in the
patients’ postoperative course and outcomes. Optimization is not limited to informing patients about their
risk, it also includes patient-specific interventions and confirmation of success.
Strategies for optimization include weight loss for patients who are obese with BMI ≥ 30 kg/m2 by not only
providing patient education, but also dietary plans, multidisciplinary follow-up with bariatric dieticians,
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establishing specific weight loss goals, and follow-up appointments with healthcare providers prior to
scheduling surgery. Smoking cessation is mandatory and confirmed with nicotine tests on follow-up clinic
visits and prior to surgery. Glycemic control defined as a hemoglobin A1c less than 7.2% is used on the basis
of internal validation for risk calculations as well as international consensus[47-51]. All these interventions are
achieved through a healthcare network in conjunction with a multidisciplinary team involving the primary
care provider, dietician, bariatricians, bariatric surgeons, and other healthcare providers. Ultimately, these
efforts are geared towards preventing wound complications postoperatively, since obesity, active smoking,
and diabetes are all independent predictors for increasing wound complications and recurrence in AWR
patients[39,47-54]. In addition, patients also undergo preoperative screening to make sure all preoperative work
up is completed from a cardiopulmonary and anesthesia standpoint.
Patients who have had multiple hernia surgeries also undergo preoperative CT scans to assess hernia
defect size and better understand surgical anatomy. Often, prior meshes, as well as other abnormalities that
may impact the surgery are seen on CT and can be used for perioperative planning. In patients who have
large defect sizes and loss of domain that may make fascial closure difficult, they can be considered for
preoperative botulinum toxin injection and be counseled concerning the need for components separation.
Preoperative planning for success is perhaps the most important component to providing a successful
surgery. Appropriate patient selection, risk factor modification, and sound surgical planning prior to a
procedure is crucial to a successful index operation or durable recurrent hernia repair.
Institutional participation

Building a hernia COE requires many resources and buy in from all participants, most importantly from
the parent institution. Understanding the value of having a hernia COE and the additional value it brings to
an institution will allow the parent institution to participate, promote and use available resources to bring
recognition to the AWR center[55].
Creating visibility
Marketing and creating a presence through advertising by various means will help facilitate referrals
and increase patient volume. Additional promotion should include a dedicated website and social
media presence, featured articles in local media, press releases, distribution of brochures, peer-reviewed
publications, national conference presentation and recognition, and education of other healthcare providers
within the system to increase the referral base.
Dedicated ancillary support
Other keys to making a successful COE is having dedicated personnel specific to the program who can
espouse the key principles of the hernia center and who understand how to support the program and help
it grow. These are a team of advanced care practitioners (nurse practitioners and physician assistants) who
are trained to specifically take care of hernia patients, surgical schedulers with knowledge of operative
needs, insurance and billing specialists to help obtain coverage and payment for specific interventions that
are hernia specific. In an academic center, having designated research personnel and statisticians, as well as
staff assistants and coordinators are also important and can significantly improve care by simply associating
behavior and outcomes in the center.
Coordination of care
Having a nationally renowned AWR center with a wide referral base also means attracting patients from
a larger catchment area with patients traveling from out of state for consultation, perioperative care, and
surgery. Being able to coordinate alignment of clinic times for multiple consultants, operative scheduling
and travel plans, and allowing for smooth integration of care in a new healthcare system by obtaining prior
medical records and imaging are all tasks that will need to be completed for successful and streamlined
care.
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Interdisciplinary collaboration

Building a network of specialists
Surgery alone is not enough for success in complex AWR patients who often will require a multi-faceted
approach to ensure they are prepared, optimized, and ultimately ready to undergo surgery. As previously
discussed, having a support network of ancillary staff and physicians with aligned goals in a coordinated
effort is essential. Building a network of physicians who intimately understand the unique challenges that
AWR patients face and how to intervene in these problems will be beneficial.
Potential areas of collaboration
Much of specialist collaboration is planned prior to the operation by recognizing areas of improvement.
Preoperative consultation of bariatricians, dieticians, primary care doctors, and endocrinologists to
help with management of comorbidities including weight loss, glycemic control, and smoking cessation
is important. There should be consideration of a prior history of thromboembolism and the use of
anticoagulation medications. This would would lead to decisions concerning which patients would
benefit from an inferior vena cava filter and the management of anticoagulated medications to limit the
risk of adverse events including stroke, pulmonary embolism, while attempting to mitigate the chance of
postoperative bleeding or hematoma. Consulting with radiology regarding CT scan findings can be helpful
to decide which patients with larger hernia defects would benefit from preoperative Botox injection[56].
Radiologists can also participate greatly in drain placement, injection of steroids or other drugs in specific
areas, and diagnosis and management of pain in patients. Patients might also benefit from a consult with
plastic surgery regarding advancement flaps or perhaps the need for concomitant panniculectomy during
the hernia repair itself. Some patients may also need simultaneous intraabdominal procedure such as
enterocutaneous fistula takedown, biliary surgery, colon resection, ostomy revision or reversal, etc., and
having the appropriate consulting surgeons available is necessary. Other patients who have had prior hernia
repairs with complications of prior or existing infection or have extensive antibiotic allergies may also
benefit from an infectious disease consult.
Intraoperatively, having an anesthesia team focused on multimodal pain management is extremely helpful
to limit postoperative narcotic requirement, improve postoperative mobility, and ultimately reduce the
length of hospital stay[57-59]. Setting forth an intraoperative protocol for pain management including the use
of a lidocaine drip, dexmedetomidine, and liposomal bupivicaine by performing transversus abdominis
plane blocks will be helpful in terms of limiting overall narcotic use (ERAS). Postoperative use of patientcontrolled analgesia, early mobility, and introduction of scheduled Tylenol, gabapentin, and ibuprofen will
also be key to decreasing ileus, decreasing narcotic use, and decreasing hospital length of stay[57-59].
Postoperative consultation with geriatricians to manage older patients with frailty, limited mobility,
declining mental status, and polypharmacy can significantly improve the postoperative recovery process
for that subset of patients[60]. Managing inpatient and outpatient complications will also be important
as the need arises. Also necessary will be utilizing resources of interventional radiology to drain any
postoperative fluid collection, consultation with infectious disease physicians for treatment of surgical site
occurrences, the need for physical therapy and social work, and rarely the need for intensivist care or other
subspecialists.
The underlying vital concept is to generate harmony between care teams, and that predominantly relies
on leadership, adequate communication of ideas and responsibilities, and a healthy relationship between
all members of the healthcare network. Indeed, identifying experts and leaders in each field will influence
the success of a patient’s ultimate outcome and success of the AWR center. Great teamwork with careful
coordination is indispensable in a well-run and organized complex AWR COE.
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Outcomes research and innovation

Analysis of outcomes and participation in clinical research has been demonstrated to have an association
with improved postoperative outcomes. Involvement in multicenter hernia registry has also been linked
to improved outcomes due to awareness of surveillance (Hawthorne effect), or self-selection bias in which
participating centers have higher vested interest in overall hernia outcomes[37,38,61,62]. The ability to maintain
a prospective database with long-term analysis of hernia recurrence rates, quality of life, and postoperative
outcomes is the only way to understand if implemented techniques and interventions achieve their goal
and meet patient satisfaction[63-66].
Promotion of a rich research environment by having a diverse group of research personnel for each step
of the process will streamline data collection, consent of patients, institutional review board approval,
data analysis, and ultimately abstract submissions, presentations, and preparation of manuscripts for
publication. These tasks can be done with dedicated research staff including research managers, data
collection specialists, residents, and fellows. Having a surgical fellowship encourages continual learning,
improvement, introduction of new techniques and the ability to sustain academic productivity[29-31]. In
many ways, academic research can complement a clinically busy workload. Research can also be funded
by obtaining sponsors and grants, including but not limited to national sponsors (National Institutes of
Health, Department of Defense), surgical associations, industry, and hospital-specific internal funding.
Collaboration with other hernia centers encourages shared learning, data collection, and increased
statistical power. It also allows for the identification of reproducible outcomes that can then be generalized.
Participation in hernia registries can go a long way in terms of gaining new data and information.
Collaboration can be more formalized through registered databases, at national and international academic
meetings, but it can also be informal through social media and other various idea and information sharing
platforms.
Financial independence and sustainability

The financial investment needed for establishing an AWR COE can be substantial but will be offset by
the financial benefits of having a tertiary care referral center that will generate revenue from a growing
patient network, referral patterns, and decreasing cost of complications, recurrence, and reoperations.
Negotiation of resources is unique in each institution and building a COE will be a long-term investment
that will ultimately improve the reputation of the parent institution, establish patient care practices that will
decrease postoperative cost, length of stay and financial burden of complex patients. Building a sustainable
and streamlined process only leads to a more efficient and cost-effective system that focuses on decreasing
healthcare costs. A recent review demonstrated that by modifying risk factors alone in over 700 patients,
there was a decrease in postoperative wound-related complications from 40.8% to 20.6%, with an estimated
savings of over $4 million[46]. Postoperative billing should also reflect the complexity of the work performed
by the healthcare team and should consider recurrence, incarceration, mesh excisions, components
separation, and documentation of advancement flaps and soft tissue rearrangements needed after the
hernia repair itself. These combined interventions of generating referral patterns, increasing productivity
in clinical activity, research reputation, and decreasing healthcare costs are worthwhile institutional
investments.

CONCLUSION
The marker of a successful AWR program is multifactorial with many key components. In a system
that works well, all participants should collaborate and benefit from the COE, including the institution,
surgeons, physicians, care providers, and above all the patients. Increased case volume, complexity and
referrals together will be one indication of success, but other measurable indicators include long-term
patient outcomes and hernia recurrence rates.
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