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SUMMARY

Recent advances in both technology and technique in realm of ventral herniarepair /
abdominal wall reconstruction have led to improvements in recurrence rates and patient
outcomes across the field. With the advent of prosthetic mesh implants recurrence rates have
decreased significantly compared to primary repair. Operative methods however, remain less
standardized relying on expert opinion and retrospective review to guide clinical practice. There
remains alack of objective datain regards to innovationsin surgical technique.

The retrorectus Rives-Stoppa repair has gained traction as the gold-standard for complex
herniarepair. However, this approach can be combined with either traditional anterior
component separation or more recently various posterior component separation techniques to
obtain myofascial advancement for restoration of lineaaba. Our clinical experience with novel
transversus abdominis release (TAR) as a method of posterior component separation (PCS) has
been quite favorable with low recurrence rates and low perioperative morbidity. Despite the
improvements seen in our practice and the relatively widespread adoption of the technique, there
islittle objective data as to how our improvement in technique affects the abdomina wall from
the surgical and dynamic perspective.

Our hypothesisis that compared to traditional anterior component separation (ACS)
during retrorectus ventral herniarepair, posterior component separation via transversus
abdominis release results in a significant improvement in the amount of fascial advancement
obtained and a consequent decrease in tension required for medialization and restoration of linea
alba. This dynamic benefit is coupled with creation of alarge plane for sublay mesh placement
while preserving the neurovascular perforators to the rectus along with avoidance of large
subcutaneous flaps, al of which lead to a durable and effective repair. Based on our clinical
results as well as preliminary data generated in the patient population, we believe that an
objective and demonstrable improvement in terms of myofascial advancement can be evidenced
in a cadaveric model. Using this data we hope to provide concrete evidence for a novel technique
in massive/ complex ventral herniarepair. Hopefully, continued standardization in operative
technique will maintain the trend towards lower recurrence rates and improved patient outcomes
mirroring those seen with advances in technology.

BACKGROUND

Incisional hernia following laparotomy occursin 10-23% of cases'™. Owing to this
statistic and a growing population, ventral hernia repair represents an ever increasing number of
annually performed surgical procedures, nearing 350,000 cases per year in the US*. Despite the
ubiquity in practice, thereis alack of standardization in treatment methodology due to variability
in patient presentation and hernia characteristics. Even with advances in technology and
technique, recurrence rates following initial repair remain high with reported incidence of 25-



54% following primary tissue repair and up to 32% for open mesh repair in some series™ 8.
While use of mesh reinforcement has become standard practice for the vast mgjority of hernia
repairs, with significant reductions in hernia recurrence compared to primary repair, the actual
placement of mesh into the abdominal wall continues vary in location and technique utilized for
deployment?®.

The Rives-Stoppa technique pioneered in the 1970s brought a paradigm shift to hernia
repair with the novel placement of prosthetic mesh between the rectus abdominis muscle and the
posterior rectus sheath. While the durability of this repair exceeded the standard at that time,
dissection was nonetheless limited laterally by the border of the posterior rectus sheath (linea
semilunaris) approximately 6-8cm from midline'®!!. Consequently, the size of implantable mesh
was limited by this plane rendering it essentially unsuitable for massive hernias with associated
loss of domain. Additionally in cases with significant loss of domain, traditional Rives-Stoppa
repair did not offer alarge degree of myofascial advancement to allow complete restoration of
the linea alba and visceral sac. Previously, techniques such as bridged or inlay repair were used
to overcome these issues. More recently, advances such as component separation and
preperitoneal repair were devel oped to address these shortcomings?12,

Landmark work in the 1990s by Ramirez with component separation in a cadaveric
model pioneered myofascia advancement. Thiswork has been pivotal in the modern field of
herniarepair. With anterior component separation, benefits were seen with reduction in tension
along the repair and myofascial advancement allowing for closure of large abdominal defects
without need for prosthetic mesh'*. Subsequent improvements seen in recurrence rates led to
adoption of the Rives-Stoppa repair with component separation as the gold standard in patient
care by the American Hernia Society in 2004>"°,

More recently, our group developed a novel advancement to open posterior component
separation (PCS) viathe transversus abdominisrelease (TAR). After laparotomy and compl ete
adhesiolysis, the posterior rectus sheath isincised approximately 1cm from the edge (Figure 1).

Figure 1: Incision of the
posterior rectus fascia
0.5-1cm from edge.

From Novitsky et al.,
Am J Surg. 2012; 204:
709-716.

After development of the retrorectus plane asin the Rives-Stoppa repair, dissection is
carried laterally past linea semilunaris. Thisis accomplished with incision of the posterior rectus



sheath, specifically the posterior lamina of the internal oblique fascia. The incision is made on
the ventral aspect of the posterior rectus sheath, usually 0.5cm medial to the perforating
neurovascular bundles to the rectus abdominis. Thisis also media to the junction between
anterior/posterior sheaths (linea semilunaris). Thisincision allows exposure of the underlying
transversus abdominis muscle, which is then isolated from the underlying transversalis fascia and
peritoneum with aright angle and divided along its length. The avascular plane beneath the
transversus muscle is developed bluntly and carried laterally towards the psoas laterally, to the
xiphoid process / diaphragm superiorly, and pubic symphysisinferiorly (Figure 2). Thisrelease
allowsfor significant posterior sheath advancement, preservation of existing neurovascular
bundles to the rectus abdominis, avoidance of subcutaneous tissue undermining and ultimately

much larger area for prosthetic implantation?.
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Figure 2: Division of the
transversus abdominis
and development of
pre-transversalis/pre-
peritoneal plane.

From Novitsky et al.,
Am J Surg. 2012; 204:
709-716.

We believe that this technique is superior to traditional ACS both in regards to amount of
myofascial advancement obtained and reduction in tension across the repair. The improvement in
myofascial advancement occurs two-fold both in anterior and posterior components as the
incision of the posterior lamina of the internal oblique frees the anterior components from the
posterior and allows independent advancement of both layers. In addressing massive hernias
with loss of domain, added myofascial advancement may often be the difference in the ability to
close an abdomen with restoration of the midline versus failure to do so. Additionaly, the
reduction of tension across the repair adheres to established principles of tension-free hernia
repair that are common to all hernias. Finally, the location of the mesh is critical for not only
excellent overlap but also in terms of avoiding intra-abdominal adhesions and infection (Figure
3). The sublay repair allows placement of mesh away from both bowel by avoiding the underlay
position and infections from superficial sources that affect the onlay position®. Additionally the
plane devel oped during dissection is far larger than those limited by linea semilunaris allowing

placement of large prosthetic mesh for visceral sac reinforcement.




Figure 3:
Deployment of
mesh and re-
creation of
midline with
closure of the
anterior sheath.
From Novitsky
etal., AmJ
Surg. 2012; 204:
709-716.

While our published clinical results have been favorable, few objective measures exist to
document the improved medialization and reduction in tension seen with PCSviaTAR
compared to traditional component separation. While this technique has gained traction amongst
collaborating surgeons and across the herniaworld, its penetrance as a standard of care has not
been achieved despite its stated benefits. Ultimately practice patterns for surgeons continue to
vary widely informed often by tradition or expert opinion.

We believe strongly that this method of herniarepair alows us the optimal space for
deployment of mesh along with the largest amount of myofascial advancement possible. For
massive and/or complex herniarepair, this may be the next step in reducing recurrence rates and
mesh complications. To that end, we aim to objectively demonstrate the improvementsin
myofascial advancement and reduction in tension using a cadaveric model, mirroring some of the
work pioneered by Ramirez in the 1990s. Hopefully our findings will add to the evolution of
complex herniarepair and provide surgeons across the field objective and concrete data to
determine which technique to employ when repairing complex ventral hernias. Our hope isthat a
broad exposure to this data will continue to improve patient outcomes with quality repair
techniques being utilized across the spectrum.

PRELIMINARY WORK

In recent years there has been a shift at our institution from anterior and/or endoscopic
component separation to PCS via TAR which has become standard practice during repair of
massive ventral hernias. Due to the aforementioned limitations of the Rives-Stoppa repair, our
modification to PCS with dissection and eventual division of the transversus abdomina muscle
allows afar larger areafor prosthetic mesh reinforcement of the visceral sac with excellent mesh
overlap. In our recent publication we have shown a4.7% recurrence rate at 26 months with low
perioperative morbidity in the setting of arobust herniarepair’®. Since that time we have shown
the efficacy of the TAR procedurein avariety of complex patient populations including patients
who previously had undergone anterior component separation®’~2°,

To expand on these findings, in collaboration with Dr. William Hope, an intraoperative
model was constructed to obtain tension data in patients undergoing laparotomies and open
ventral herniarepairs at New Hanover Regional Medical Center (Wilmington, NC). This model



was used to obtain measurements of tension needed to bring the fascial edgesto midline
following laparotomy and adhesiolysis. The apparatus used consisted of two Kocher clamps
placed onto the mid-portion of the fascia and tension measured with fishing scales attached to the
clamps. A tota of nineteen patients had abdominal wall tension measurements taken during
surgery. Ventral herniarepair was performed in thirteen of the patients, eight of which had some
form of component separation. Average length of the fascial incision was 21cm. Average overall
tension needed to bring the fascia edge to midline was 6.7 pounds. Median tension for patients
without abdominal wall hernias was less than in patients with hernias, but not significantly so
(3.0 Ibs vs. 5.8 |bs, p=0.3499). In those patients with abdominal wall hernias undergoing some
form of component separation there was a significant difference in median abdominal wall
tension prior to component separation compared to after (7.9 lbsvs. 2.5 lbs, p=0.0078).

This model showed a straightforward and replicable method by which to objectively
measure improvements in fascial advancement and tension across a surgical wound during hernia
repair or ssmply abdominal surgery. Further expansion of this data was completed with another
fifteen observations, 12 (80.0%) were Caucasian and 8 (53.3%) were male, with a median age of
58.0 years (Table 1). Ten patients had at |east one previous |aparotomy (64.3%), and 3 (20.0%)
were diabetic. No patients were taking steroids. The median incision length was 21.0 cm. The
median wound length was 13.0 cm.

Table 1. Patient Characteristics

Characteristic N(%) or Median[Q1-Q3]
Age 58.0 [50.0-65.0]
Gender Male 8(53.3
Female 7 (46.7)
Race Caucasian 12 (80.0)
African American 3(20.0)
Previous Laparotomy (N = 14) 8(64.3)
Diabetes 3(20.0)
Steroids 0(0)
Smoking Status Current 3(20.0)
Former 5(33.3)
Never 7 (46.7)
Wound Length (cm) 13.0[0.2-25.0]
Incision Length (cm) 21.0[18.0-25.0]

There was a significant reduction in tension before component separation and after
performing the Rives separation (p = 0.0185, Figure 4). Thereisatrend for reduced tension using
the TAR method, but this trend was not significant (p = 0.0918), and there were no significant
differences between the Rives and TAR methods (p = 0.5955). Data were analyzed with arepeated
measures ANOVA, and differences between individual groups were analyzed by least square
differences.

Given the small sample size and the relatively variability in patient presentation we believe that
while the model is effective at reliably measuring tension, further standardization is needed to



elucidate any difference between the methods. To this end, our proposal of a cadaveric study will
allow for areplicable and valid method by which to do so. We believe that this data will spur
further discussion on the current standards of complex herniarepair and possibly have an impact
on which surgical method is superior.

Figure 4. Tension before and after Component Separation
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Given the variability in hernia presentation among patients and small sample size above,
we also obtained data from a single cadaver to test our apparatus and proof of concept. Our
apparatus consisted of a pulley-system with clamps attached to the fascia and both 2.51b/5.01b
weights needed for myofascial advancement. Once |laparotomy was made we attached three
towel clampsto the fascia at upper, middle, and lower positions (Figure 5a). Neutral position was
established on the wire of the apparatus and marked with a hemostat at the edge of the pulley
(Figure 5b). Once weight is applied the new position marked again with a hemostat on the wire,
the distance between hemostats is measured to obtain measurements for myofascial advancement
(Figure 5¢). We believe this dynamic wire measuring system allows for the most accurate and
reproducible distance measurement compared to a stationary grid applied to the abdomen.

We then performed anterior component separation on the left side beginning with
subcutaneous flap creation. Again advancement in measured at this point using the same method
of clamps and weights. Anterior component separation is performed with release of the external
oblique fascia and then release of the muscle (Figure 6a). Repeat measurements were obtained of
the anterior fascia. We then moved the apparatus to the contralateral side and performed asimple
retrorectus (Rives-Stoppa) dissection. M easurements were obtained for anterior and posterior
layers and then posterior component separation was performed viarelease of the transversus
abdominis. Finally measurements were obtained for both anterior and posterior components for
all locations (Figure 6b).



Figure 5a: Test apparatusin place following midline laparotomy
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Figure 5c: Test apparatus with measurement methodol ogy
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Our test subject was a 61 year-old female with no prior abdominal surgeries. We
performed a midline laparotomy and assessed advancement with 2.5 and 5.0lbs along with
maximal advancement, defined as myofascial advancement at which point further tension
applied does not result in further gains or fascial disruption (tearing). We obtained anterior and
posterior component measurements following both anterior and posterior component separation
combined with retrorectus plane development.

We found that the apparatus allowed for easy and reproducible measurement of
myofascial advancement. The use of the wire for measurement removes any variability of grid or
ruler placed over or under the abdominal wall as this often introduces error in establishing a
neutral position and angles based on the height of the apparatus. Furthermore the use of towel
clamps at three locations allows for even application of tension along the abdominal wall and
allows us to note whether clamps are in the wrong position immediately as one or more may not
apply any tension. We believe this model and apparatus will alow usto obtain alarge amount of
reproducible data and allow us to compare the various operative techniques available to
surgeons. A summary of data generated from the first cadaver islisted in Table 2.



Figure 6a: Test apparatus measuring anterior component separation
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Table 2: Preliminary Datafrom First Cadaver (all data presented as advancement in centimeters)

Midline Laparotomy Anterior Component Separation
Whole Fascia Anterior Adv - SQ Flap Anterior Adv - EO Release
2.5lb 5lb Max 2.51b 5lb Max 2.51b 5lb Max
Right 2.0 2.0 5.3
Left 2.0 2.3 4.6 3.2 4.7 6.4 4.3 5.6 6.9
Anterior Advancement Posterior Advancement
{ 2.5b 5b  Max 2.51b 5b  Max
Right 2.2 3.0 6.0 4.8 6.2 8.0

Posterior Component Separation (TAR)

Anterior Advancement Posterior Advancement
2.51b 5lb Max 2.51b 5lb Max
Right 6.2 7.5 8.6 10.3 11.8 14.5

Our initial results reveal that in general only approximately 2cm of medialization can be
obtained with nominal forces of 2.5/51bs with a maximum of approximately 5cm following
midline laparotomy. Anterior sheath advancement is extended another 2cm beyond that point
following anterior component separation, less so with only subcutaneous flap creation prior to
release of the external oblique. Contrastingly, limited retrorectus (Rives Stoppa) dissection does
not allow for a significant amount of anterior sheath advancement and in fact anterior component
separation offers better medialization. However the posterior sheath was advanced 8.0cm
maximally with retrorectus plane development. Interestingly once posterior component
separation via TAR was performed, the anterior sheath was able to be advanced 8.6cm compared
to 6.9cm for ACS and importantly, more than 6cm was gained in posterior sheath advancement.

We believe these are promising preliminary data points worthy of further investigation. A
larger sample size will allow us to determine if these isolated findings can be generalized.
Furthermore we will be able to statistically compare the advancement offered along with
isolation of upper, middle, and inferior portions of the abdominal wall to determine which
techniques may be optimal for specific hernialocations. Additionally further testing including
tensiometric analysis for force required for myofascia advancement will allow us to determine
which technique offers the best reduction of tension across the closure.



HYPOTHESIS

We hypothesize that our modification of PCS with TAR during abdominal wall
reconstruction allows for greater fascial advancement for both anterior and posterior components
compared to traditional anterior component separation. Consequently we also believe this
advancement allows for less tension needed to achieve medialization and restoration of linea
alba. In concert, these two principles allow for closure of large defects with reduced tension
acrosstherepair.

SPECIFIC AIMS

Aim 1: Determine maximal amount of myofascial advancement (medialization of linea
alba) towards/ past midline obtained for ACS versus PCS and TAR in the same
specimen for whole fascia and subsequently in the sub-xiphoid, mid-abdominal, and
suprapubic regions separately for both anterior and posterior components.
0 Hypothesis. The measured amount of advancement using PCSvia TAR will
exceed that of ACS combined with retrorectus repair overall.
Aim 2: Compare amount of medialization obtained with standard tensile force of 2.5 and
5.0 pounds evenly applied to the fascia with each release overall and in each region (sub-
xiphoid, mid-abdominal, and suprapubic).
0 Hypothesis: A greater amount advancement will be obtained at a standard tension
of 2.5/5.0 Ibsfor PCSviaTAR compared to ACS, implying lesstension on a
closed wound with PCS and TAR.
Aim 3: Determine the amount of force (Ibs or N) needed to advance anterior and
posterior components 5cm / 10cm and beyond (if possible).
0 Hypothesis: A lesser amount of force will be required to advance 5/10cm for
PCSviaTAR compared to ACS.
Aim 4: Determine any segmental advantages in advancement ACS versus PCS and TAR
in sub-xiphoid, mid-abdominal, and suprapubic regions.
0 Hypothesis: Regardless of location in abdomen a greater amount of fascial
advancement will be obtained with PCS and TAR making it the superior choice
for both high and low occurring hernias.

RESEARCH METHODS

Subjects:

A total of ten fresh cadaver torsos will be obtained from UT Southwestern Willed Body Program
(Ddllas, TX). Exclusion criteriawill be BM1>35, prior abdominal surgeries, prior abdominal
trauma (penetrating or blunt requiring hospitalization), or rectus diastasis.

Procedure:
Each cadaver will have a midline laparotomy and examination of the abdomen. Any adhesions to



the abdominal wall will be taken down and recorded using the modified Diamond Adhesion
Scale (0, 0%; 1, 1-25%; 2, 26-50%; and 3, > 50%). After evaluation of the abdominal contents,
anterior component separation will be performed on one side of the abdomen determined
randomly and posterior component separation with transversus abdominis release will be
performed on the contralateral side. Additionally we will perform retrorectus plane devel opment
on both sides to allow for measurement of anterior and posterior components separately. Three
Kocher or towel clamps will be placed along the fascia evenly at the quarter, midpoint, and
three-quarter division. A straight metal plate with attachment points will be attached to each
clamp, as seen in the test apparatus. A pulley with steel wire will connect the meta plate
connected to the clamps to the weight which will hang off the side of the bed. Advancement
from resting (neutral) position will be measured for the entire fascia for each side using
hemostats clamped to the wire for 2.51bs, 5.0Ibs and then maximal (as defined above). Then
using aMecmesin BFG 200N Force Gauge (Slinfold, West Sussex, UK) the force needed to
advance 5/10cm and beyond in 5cm increments will be measured for each side again. Finaly the
abdominal wall will be divided into three sections — sub-xiphoid, mid-abdominal, and supra-
pubic with repeat measurements using a single clamp in each of these sections. All
measurements will be performed three times to avoid discrepancies.

Statistical Analysis.

All datawill be recorded and evaluated by the primary investigators along with the Biostatistics
Department at Case Western Reserve University. Student’s t-test and paired-sample t-test will be
used to determine any significant differences. A Wilcoxon signed-rank test may be needed due to
small sample size. Advancement will be compared between techniques for anterior and posterior
components along with sub-sections.

Limitations and Alternatives:

One mgjor limitation of this project will be due to the lack of live human tissue. Despite use of
fresh cadavers, variances in tension will be generated compared to alive patient. Whilethisisa
limitation to the absolute numbers generated for advancement, the comparisons should be valid
given the same tissue characteristics on each side of the abdomen in the cadavers. Additionally,
the cadavers will not have had prior abdominal surgery or traumato allow for some
standardization of the sample, thisisin departure from the many variances encountered in the
clinical setting. Thus again while comparison of technique will be accomplished, the absolute
tension measurements may not be clinically relevant.

Anticipated Problems:

1. Discrepanciesin force data— multiple measurements will prevent single data point
variability, however if further variation is encountered, thiswill be addressed with
separate observers obtaining the data to ensure a simple difference in pulling/force
applied is not the reason for variance.



2. Inability to perform complete TAR/ACS due to unforeseen cadaveric factors — we will
only report data on fully operated specimens, ideally there should be no reason for
inability to divide the transversus or external oblique aponeurosis, however if thisis
encountered, only segmental analysis will be performed on that particular sample.

3. Measurements with force will change the pliability of tissue as the experiment progresses
— our preliminary model did not have much variance as the experiment progressed, but to
ensure that elasticity changes have minimal effect on the measurements, we will obtain
all numbersin a predetermined sequence for al specimens so any effect will be
minimized.
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Loca/Institutional Review Board

Approva has been obtained from our IRB to conduct a cadaveric study using the
aforementioned model.

Available Resources

Laboratories

Department of Surgery Skills Laboratory at Case Anima Resource Center (ARC)

The Department of Surgery is assigned space in the Biomedical Research Building at Case
Western Reserve University School of Medicine for large animal survival or non-survival
procedures as well as cadaver studies with bench and office space. The Animate Skills
Laboratory isan 1800 sq ft surgical area equipped with eight surgical stations used both for
research and training courses. Each station includes afully adjustable patient table, anesthesia,
ventilator, monitor, suction and electrocautery. Each station can be used for open, laparoscopic
or endoscopic procedures. Training courses have been conducted in laparoscopic colorectal
surgery, laparoscopic hernia surgery, advanced endoscopic skills, Oncoplastic breast surgery,
Natural Orifice (NOTES) surgery, ERCP techniques and others. The lab is aso equipped with a
cardiopulmonary bypass machine, cardiac output computer, ACT machine and blood gas
analyzer. The Department has an additional 400 sq ft wet lab and office space. The labs are
immediately adjacent to the Animal Resource Center which provides sterile survival operating
suites, additional equipment and supplies and veterinary and husbandry support. In this project,
we will use the facilities for dissection and work with cadavers.

Core Facilities

Computer

There is a complete computer network linking all involved facilities and hardware connections to
the parent CWRU system is available to all personnel for scientific writing, editing, and data
sharing. It is equipped with a complete set of word processing programs, and accessto all
experiment data and an in-house reference library is also provided. Access to the MEDLINE
literature database is also available to every computer.

Equipment

The above core facilities and laboratories will provide all necessary equipment for our
proposed study. The Mecmesin Force Gauge will be funded through the grant.
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