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In our practice, we have noticed an increased number of patients requiring mesh removal
due to a systemic reaction to their implant. We present our experience in diagnosing and
treating a subpopulation of patients who require mesh removal due to a possible mesh
implant illness (MII). All patients who underwent mesh removal for indication of mesh reaction
were captured from a hernia database. Data extraction focused on the patients’
predisposing medical conditions, presenting symptoms suggestive of mesh implant
iliness, types of implants to which reaction occurred, and postoperative outcome after
mesh removal. Over almost 7 years, 165 patients had mesh removed. Indication for mesh
removal was probable Ml in 28 (17%). Most were in females (60%), average age was
46 years, with average pre-operative pain score 5.4/10. All patients underwent complete
mesh removal. Sixteen (57%) required tissue repair of their hernia; 4 (14%) had hybrid mesh
implanted. Nineteen (68%) had improvement and/or resolution of their MIl symptoms within
the first month after removal. We present insight into a unique but rising incidence of patients
who suffer from systemic reaction following mesh implantation. Predisposing factors include
female sex, history of autoimmune disorder, and multiple medical and environmental allergies
and sensitivities. Presenting symptoms included spontaneous rashes, erythema and edema
over the area of implant, arthralgia, headaches, and chronic fatigue. Long-term follow up
after mesh removal confirmed resolution of symptoms after mesh removal. We hope this
*Correspondence:  provides greater attention to patients who present with vague, non-specific but debilitating
Shinn Towrgh symptoms after mesh implantation.
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Fadaee N, Huynh D, Mesh implantation for hernia repair has become standard practice for the majority of hernia repairs
Khanmohammed Z, Mazer L, Capati/ (1), Mesh-based hernia repairs have been shown to be a durable solution, however, postoperative

and Towfigh S (2023) Patients With

. ) ' . complications, such as chronic postoperative pain, remain a concern. Chronic pain following mesh
Systemic Reaction to Their Hernia

Mesh: An Infroduction to Mash inguinal hernia repair is either neuropathic and/or nociceptive (2). In our practice, which specializes

Implant liness. in the management of complications after herniorrhaphy, we have noticed an increasing incidence of
J. Abdom. Wall Surg. 2:10983. a new cause of complications after mesh-based hernia repairs: a systemic reaction to the mesh
doi: 10.3389/jaws.2023.10983 material (3).
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FIGURE 1 | Abdominal wall macular rash after open ventral hernia repair
with 4.3 cm round onlay mesh. This is a direct dermatologic reaction to the
mesh and not considered a systemic Mil.

To date, there have been few investigations into the
inflammatory response to mesh (4, 5). These show variability
in patients’ responses to mesh and suggest there is a group of
patients who are “high responders.” This subpopulation exhibits a
significantly more virulent immunologic response to mesh in
comparison to their peers (6). This inflammatory response to
implant material has been termed “autoimmune/inflammatory
syndrome induced by adjuvants (ASIA)” or “Shoenfeld’s
syndrome” after Dr. Yehuda Shoenfeld who first acknowledged
this reaction (7).

ASIA/Shoenfeld’s syndrome may occur as a reaction to any
implant. Given that this syndrome is considered to occur only in a
small subset of patients, there is limited in vivo data and even less
description of the clinical consequences of these reactions. Only one
study has described ASIA in a population of patients after mesh
implantation, such as for hernia repair and pelvic organ prolapse
surgery (8). Others have shown ASIA in patients after silicone breast
implantation (9-14).

We have an interest to evaluate ASIA specifically among patients
undergoing hernia repair surgery. We chose the term mesh implant
illness (MII) to refer to the subset of patients with ASIA whose illness
stems from a systemic reaction to their mesh implant. This
terminology stems from the well established term, breast implant
illness (BII), which refers to the subset of patients with reactions to
breast implants. We reviewed MII patients’ clinical findings and
followed their outcomes after mesh removal, with the goal of
developing a comprehensive plan of care for patients with MIL

MATERIALS AND METHODS

Records were reviewed from all patients who underwent implant
removal following a hernia repair at a single surgeon center (ST)

Systemic Reaction to Hernia Mesh

between August 2013 and June 2020. Data was extracted from a
prospectively maintained hernia database.

A systemic mesh reaction captured as MII was defined as any
post-herniorrhaphy illness that was not locally neuropathic or
nociceptive. All attempts were made to rule out other causes of
their illness, which typically included gastroenterologic, urologic,
gynecologic, orthopedic, rheumatologic, allergic, immunogenic,
dermatologic, neurologic, and/or infectious workups (Figure 1).
Patients with suspected chronic mesh infection, who had findings
of inflammation on preoperative imagine or abnormalities in
blood testing suggestive of chronic infection (for example,
abnormal CBC, differentials, ESR, other inflammatory
markers) were not included in this population. Data collection
included patient demographics, medical history, surgical history,
allergy history, family history, presenting symptoms, hernia type,
operative details, implant material removed, and postoperative
outcomes. Patients were followed up in person and by phone.
Short-term follow-up is defined as within 30 days after surgery.

Statistical analyses included Fisher’s exact and Chi-square test.

RESULTS

Over a span of almost 7 years, 191 of 847 (23%) hernia-related
operations involved implant removal. Of these, 165 (86%)
patients had one or more meshes removed. Others involved
suture and/or tack removal only and were excluded from our
analysis. We divided our mesh removal population into two
groups: Patients with MII and those without MII. Among
patients who underwent mesh removal, 28 (17%) had mesh
removed for the postoperative diagnosis of probable MII,
while 137 (83%) had mesh removed for other reasons such as
pain, meshoma, infection, neuralgia, and/or hernia recurrence
(Table 1). Among the 28 patients with a likely MII, 16 (57%) were
female, average age was 46 years (range 22-68), and average BMI
was 24.8 kg/m” (range 17.64-32.80) (Table 2). Seven MII patients
(25%) had their original hernia repair and mesh placement
performed by us.

All of the patients with suspected MII had at least one of the
following new symptoms as part of their syndrome: chronic
fatigue (23, 82%), bloating with or without nausea (18, 64%),
local swelling (16, 57%), joint pain (14, 50%), rash or erythema
(13, 46%), headaches (12, 43%), fevers (9, 32%), and
fibromyalgia (3, 11%) (Table 3). Of those with new and
inexplicable rashes, 8 (62%) had a body rash distant from the
area of mesh implant, e.g. along the neck, chest and back
(Figure 2A). Symptoms began shortly after the mesh
implant. Seven patients (25%) reported immediate start of
symptoms, ie., within days of their hernia surgery with
mesh. Two patients (7%) reported symptoms within weeks,
and 4 (14%) reported symptoms within 4 months
postoperatively. The majority (23, 82%) of patients also
complained of pain at the surgical site. The average pre-
operative pain score was 5.4/10 (range 1-10).

Three patients with suspected MII (11%) had a known
personal history of an autoimmune and/or inflammatory
disorder prior to the mesh implantation. An additional
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TABLE 1 | Operative details for patients that underwent mesh removal due to
mesh implant illness (MIl) or other reasons (non-Mil).

Mil Non-Mil p
N =28 N =137
Indication for removal, N (%)
Pain 23 (82%) 101 (74%) NS
Recurrence 8 (29%) 46 (34%) NS
Neurectomy 6 (21%) 34 (25%) NS
Neuralgia 5 (18%) 11 (8%) NS
Meshoma 3 (11%) 54 (39%) 0.003
Numbness 2 (7%) 2 (1%) NS
Infection 1 (4%) 25 (18%) NS
Index Surgical Approach®
Open 13 (47%) 82 (60%) NS
Laparoscopic 13 (43%) 43 (31%) NS
Robotic 3 (13%) 7 (5%) NS

Time to Mesh Removal

Average 3.5 years (3 months - 4 years (12 days - NS
(range) 26 years) 27 years)
Mesh Removal Approach®
Robotic 14 (60%) 43 (31%) NS
Open 10 (36%) 71 (52%) NS
Laparoscopic 4 (14%) 21 (15%) NS
Combination 0 (0%) 2 (1%) NS

2Some patients had multiple prior repairs.
PSome patients had multiple meshes removed.

TABLE 2 | Demographics of patients that underwent mesh removal due to mesh
implant illness (Mll) or other reasons (non-Mill).

Mil Non-MiIl p
N =28 N =137
Age, mean (range) 46 (22-69) 54 (21-81) 0.005
Sex, male (%) 12 (43%) 84 (61%) NS
BMI, kg/m?, mean (range) 24.8 (17.6-32.8) 26.8 (17.8-43.9) NS
@History of Autoimmune, Yes (%) 3 (11%) 8 (6%) NS

aSome patients have multiple autoimmune disorders.

3 patients (11%) had a family history of autoimmune and/or
inflammatory disorder without themselves having known
autoimmune and/or inflammatory disorder. Postoperatively,
after initial mesh implantation, 12 more patients (43%) were
diagnosed with autoimmune and/or inflammatory disorders, for
a total of 15 (54%) with a personal history. These included:
Hashimoto’s thyroiditis (3), Chronic Fatigue Syndrome (5),
Fibromyalgia (2), Lyme Disease (2), Ehlers-Danlos Syndrome
(1), Autoimmune Urticaria (1), Mast Cell Activation Syndrome
(1), Lupus Erythematosus (1), Common  Variable
Immunodeficiency (1), and Lichen Planus (1). Eleven (39%)
had multiple allergies and sensitivities to medications, foods,
implants and environmental pathogens. In the non-MII group,
8/137 (6%) patients had a known personal history or
autoimmune and/or inflammatory diagnosis prior to their
mesh removal. These included Sjogren’s Syndrome (3),
fibromyalgia (2), Lupus Erythematosus (1), Grave’s Disease

Systemic Reaction to Hernia Mesh

TABLE 3 | Symptoms prior to mesh removal in patients with suspected mesh
implant illness (MIl).

Symptoms, N (%) Mil
N =28
Fatigue 23 (82%)
Bloating 18 (64%)
Swelling 16 (67%)
Joint Pain 14 (50%)
Rash 13 (46%)
Full Body 8 (62%)
Localized 5 (38%)
Headache 12 (43%)
Fevers 9 (32%)
Fibromyalgia 3 (11%)

FIGURE 2 | Neck and back maculopapular rashes (A) after inguinal
hernia repair with onlay mesh and (B) resolution after mesh removal.

(1), Celiac Disease (1), Common Variable Immunodeficiency
(1), Fibromyalgia (1), Ulcerative Colitis (1) and Crohn’s
Disease (1).

All patients with suspected MII underwent extensive testing to
help explain their new postoperative symptoms, including
evaluations by gastroenterologists, neurologists, dermatologists,
allergy/immunologists, orthopedic surgeons, urologists, and/or
rheumatologists. This included blood testing to rule out disorders
other than MII. All patients with MII had normal blood testing as
it related to inflammatory and autoimmune markers. Seven
patients underwent preoperative allergy and immunology
evaluation, which included skin patch testing against various
sutures and meshes.

All 28 patients with suspected MII had one or more mesh
implants removed. The most common type of mesh material
removed was polypropylene (20, 71%) (Table 5). All patients
underwent complete mesh removal. This occurred on average
3.5years after mesh implantation (range 3 months-26 years).
Patients had mesh removed from the pelvis (20, 71%) and
from the anterior abdominal wall (8, 29%) via robotic (14,
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TABLE 4 | Post-operative outcomes of patients that underwent complete mesh
removal due to mesh implant ilness (MIl).

MiIl (N = 28)

Hospital Length of Stay, mean (range) 2.8 (2-5)
Complications

Pain requiring intervention 2

Urinary retention 1

Seroma 1
Post-operative pain at short-term followup, average 4.4/10
Postoperative pain at long-term followup, average 3.4/10

50%), open (10, 36%) or laparoscopic (5, 14%) approach. In
general, meshes placed as an onlay were removed via open
technique and those placed as a sublay were removed via
laparoscopic or robotic approach. Our techniques have been
previously described (15, 16).

Sixteen (57%) of the mesh removals among patients with MII
were performed as an outpatient. Most (21/28, 75%) operations
were performed under general anesthesia. Nearly half (12/28,
43%) of the operations were performed as an inpatient with an
average length of stay of 2.8 nights (range 2-5). Upon mesh
removal, 16 (57%) patients underwent tissue-based hernia repair
without mesh, 7 (25%) patients had complete mesh removal with
no repair of their hernia, 4 (14%) patients had a hybrid mesh
implanted, and 1 (4%) patient had their hernia repaired with a
different material of synthetic mesh.

The average postoperative pain score upon initial short-term
follow up was 4.4/10 (range 1-10). The average time to short-
term follow up was 11 days (range 1 day-21 days). Pain score on
long-term follow up was 3.4/10 (range 0-8) with an average
follow-up time of 2.3years (range 1.8 months-6.2 years)
(Table 4). Four patients (14%) could not be reached for long-
term follow up. No patients experienced bowel obstruction, deep
venous thrombosis, pneumonia, peripheral nerve injury, sepsis,
pulmonary embolism, urinary tract infection, surgical site
infection, ileus, hematoma, or non-healing wound (Table 4).

After mesh removal, 19/28 (68%) patients had improvement
and/or resolution of their systemic MII symptoms within the first
month. Figure 2B shows resolution of rashes after mesh removal
from an inguinal hernia repair. Upon long-term followup, 18/28
(64%) had resolution of their MII symptoms.

DISCUSSION

To date, mesh-related complications following inguinal hernia
repair have been termed post-inguinal herniorrhaphy chronic
pain, often due to mechanical complications, such as meshoma,
mesh erosion, and nerve entrapment (17). We present a new
subset of patients with mesh-related complications who present
with a wide syndrome of non-mechanical systemic reactions to
their mesh implant consistent with ASIA or Shoenfeld’s
syndrome (7, 8). We term this sub-population of ASIA as
patients with mesh implant illness (MII).

Systemic Reaction to Hernia Mesh

It is unclear why a patient may develop MIL. Some have
categorized these systemic reactions to implants as mediated
by a foreign body reaction to the implant, an upregulation in
systemic inflammatory markers in response to the implant, a
response to the in vivo degradation and absorption of the implant,
and/or being a high responder to the implant (6, 18). Meanwhile,
there is no objective proof that any of these mechanisms are the
underlying causes of ASIA (18). In vitro trials by Schachtrupp
et al., show markedly disparate responses in monocyte reaction to
polypropylene mesh (6). While these trials did not extend to the
in vivo or clinical setting, they propose a monocyte-macrophage
response to be contributing to the variable response to implants.
Studies on explanted hernia mesh have shown varying degrees of
chemical degradation of the implant, suggesting that mesh is not
an inert implant in all patients (19). Moreover, we have previously
analyzed the clinical significance of explanted mesh pathology
evaluation between mesh reaction and non-reaction groups and
have found them to be similar (20). In both groups, commonly
noted pathology findings included foreign-body reaction, fibrosis,
and chronic inflammation (20). At this time, we do not have
enough studies to define MII or ASIA to be due to any single or
series of abnormalities. We recommend research into more
detailed immunologic and inflammatory responses at the
tissue level of explanted mesh in patients with suspected MII
or ASIA.

In our practice, we see this variance in response to mesh
implantation clinically. That is, though most patients have
positive outcomes after their hernia repair with mesh, there is
a subset of patients who exhibit severe systemic responses after
hernia mesh implantation, such as fatigue, bloating, body
swelling, joint pain, rash, headaches, fevers, and fibromyalgia
(Table 3). In our study, we noted mesh reactions in patients with
polypropylene (71%) as well as other materials, such as polyester
(7%), cadaveric tissue (11%), and possibly ePTFE (11%)
(Table 5). Meanwhile, the in vitro study looking at blood
monocytes showed reactions primarily to polypropylene
mesh (6).

While individual variability seems to be a determinant in MII,
factors such as the size and/or number of implanted meshes,
i.e., the load of implant on the body, may play a factor in MII and
ASIA. In one study, the severity of oxidative stress and
immunologic reaction to polypropylene were directly related
to the amount of material implanted per cm® (21). This may
explain why 5 (18%) of our patients expressed MII symptoms
only after multiple mesh repairs were performed, a larger mesh
was placed, and/or after exposure to other implants, such as
breast implants and dental implants. This suggests that the
amount of foreign body implants, as well as the quality and
quantity of the implant, may contribute to an augmented
inflammatory and/or immune response in certain patients.

The systemic inflammatory symptoms observed in our
patients with MII are consistent with that described in the
literature on silicone breast implants (22). Breast implants
were introduced to the U.S. market in 1962. In 1980, there was
a concern that silicone-based breast implants were responsible
for systemic autoimmune disorders, including fibromyalgia,
rheumatoid arthritis, lupus, and other connective tissue
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TABLE 5 | Mesh material removed in patients that underwent mesh removal due
to mesh implant illness (Mll) or other reasons (non-Mill) show no significant
difference (p < 0.05).

Mesh material removed Mil Non-MiIl p
N =28 N =137
Polypropylene 20 (71%) 107 (78%) NS
Polypropylene + ePTFE 3 (11%) 12 (9%) NS
Polyester 2 (7%) 4 (3%) NS
Hybrid 2 (7%) 3 (2%) NS
Biologic 1 (4%) 3 (2%) NS
Polypropylene + Hybrid 0 (0%) 1 (1%) NS
ePTFE 0 (0%) 6 (4%) NS
Unknown 0 (0%) 1 (1%) NS

diseases (23). Due to these concerns, a moratorium on silicone
implants was issued in 1992 (21). Further studies at the time
failed to confirm a direct association between the silicone
breast implants and these systemic symptoms. As a result,
the moratorium was lifted in 1999, with the FDA approving
two silicone-based implants. As of 2011, the FDA maintains
the position that current evidence does not definitively support
these systemic complications, lacking power and long-term
data (23). More recently, a large population after-market study
indeed showed higher risk of serious illness in patients with
silicone-based breast implants (22). This has been termed by
various groups as silicone implant incompatibility syndrome
or, more simply, breast implant illness (BII). BII is now
considered a subset of ASIA/Shoenfeld’s syndrome (9-14).
As of September 2022, the FDA has issued a safety statement
confirming reports of squamous cell carcinoma and various
lymphomas in the scar tissues (capsule) that forms around
breast implants (24). Some suggest these underlying incidents
are related to autoimmunity hyperstimulation by the implants
(25, 26).

There is no consensus on the treatment of patients with
MIL. In our practice, we have taken several different
approaches in regards to treating our population of patients
with suspected MII. All patients underwent complete mesh
removal. It is very important that the suspected implant is fully
removed, as partial mesh removal, which may be appropriate
for some patients with post-herniorrhaphy chronic pain, is an
inadequate procedure for patients with suspected MII. The
treatment plan should be carefully determined preoperatively.
In our practice, we had 16 (57%) patients undergo a non-mesh
tissue-based hernia repair, 7 (25%) required no repair of their
hernia, and 4 (14%) patients had their hernia repaired using a
hybrid mesh of biologic with a small percentage of permanent
suture. We did have one patient who had their hernia repaired
with polyester mesh after showing reaction to polypropylene.

In retrospect, we do not recommend replacing one
permanent synthetic implant with another in these patients.
Based on our experience and also the findings of this study, we
recommend erring on preventing implantation of any other
forms of synthetic or permanent mesh upon initial mesh

Systemic Reaction to Hernia Mesh

removal. However, in some situations, it is not technically
possible to complete a mesh removal operation without
reinserting some sort of mesh. In those situations where it
is absolutely necessary to use an implant, we recommend using
an implant with low inflammatory potential, such as a pure
biologic mesh or a hybrid mesh with a predominance of
biologic tissue. Though unproven, there are theories that
such mesh types that have a lower inflammatory potential
than standard synthetic and permanent meshes may be less
likely to elicit ASIA. That said, 11% of our patients in this study
developed MII after implantation of biologic mesh. At this
time, we cannot make judgements about the relationship
between the type of mesh and risk of MII. Further studies
with a larger sample size may be able to shed light on this
relationship.

The outcomes from the use of permanent suture, such as
polypropylene, polyester, nylon, or PTFE, is unclear in these
patients. Though it is considered standard of care for hernia
repairs to use permanent suture, it is unclear if the sutures
themselves may elicit a reaction. In our study, two patients
who had MII underwent mesh removal and tissue-based
hernia repair with polyester and polypropylene. Though
both improved after mesh removal, they both required
removal of their permanent sutures in order to be cured of
their ASIA symptoms, showing that in some patients, even the
use of permanent sutures may induce an abnormal systemic
reaction.

Furthermore, we noticed our mesh reaction population
included 3 patients (11%) with a history of an autoimmune
disorder and 11 patients (39%) with a history of multiple
allergies to either food or medications. Although patients
with suspected MII were almost two times more likely to
have a history of autoimmune disease, 6% of non-MII
patients also had a history of autoimmune disease. Thus,
patients with autoimmune diseases can safely have mesh
implants without MII. In certain circumstances, we conduct
allergy testing and skin patch testing on patients to help
determine to what mesh or sutures they may react. That said,
at this time, allergy testing is not considered standard of care as
we have shown the results in our experience to be inaccurate
with low sensitivity (27).

We aim to provide insight based on our experiences into the
presentation and treatment options of this subset of patients
experiencing MII after mesh-based hernia repair. In patients
who we suspect to have MII, we perform complete mesh
removal and limit the tendency toward further mesh use.
However, our practice and knowledge about this entity is
currently evolving. There remains much to be studied about
this subset of patients and the cause of their reaction, as we do
not know enough about why patients develop ASIA or MII, nor
which patients are likely to develop these systemic reactions to
their implants in order to help prevent this life-altering
problem. Further studies are also needed to develop an
algorithm and/or diagnostic tool to determine patients’
susceptibility to MIL.
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INTRODUCTION

Incisional hernias are associated with increased cost to the patient and hospital, and decreased
quality of life for patients. Furthermore, the rate of hernia recurrence increases with each subsequent
repair, which further compounds this cost and morbidity (1). The rate of incisional hernia requiring
operative intervention in high-risk patients approaches 70%, costing the United States greater than
$3 (2). billion dollars (2, 3). The true incidence of incisional hernia ranges with estimates from 2% to
50% and are due to both surgical and patient factors (4). In a study conducted from 2010 to
2014 utilizing a Nationwide Readmission Database analyzing 15, 935 patients undergoing incisional
hernia repair, 19% of them were readmitted within 1 year of their index operation. Of these patients,
35% required reoperation and overall, 5% of them had recurrence of their incisional hernia and
intensified the burden to patients and on the healthcare system (5). Incisional hernias develop in 13%
(0%-36%) of all patients after any type of midline abdominal incision and one third (35%) will
undergo subsequent repair. More-over, signs of a stabilized incidence (not an increasing incidence)
in the USA were recently reported (6-8). While some risk factors for incisional hernia formation are
non-modifiable, there has recently been an interest in surgical modifiable risk factors that can help
decrease the incidence of incisional hernia.

One of the most important risk factors for formation of incisional hernia that the surgeon can
impact relates to the closure of the abdominal incision. The two most studied factors associated with
abdominal wall closure and hernia prevention relate to the suturing technique of the abdomen and
the use of prophylactic mesh augmentation (PMA). There is strong evidence to support using specific
suturing techniques, such as the so-called short stitch technique, as well as the use of prophylactic
mesh (6). Despite well-supported evidence and recent guidelines, skepticism and a perceived lack of
adoption of certain surgical techniques that could impact incisional hernia rates remain.

This paper reviews and explores some presumed reasons why hernia prevention techniques are
not followed despite evidence to support their practice. Possible reasons for the lack of adoption are
explored, ranging from distrust in the evidence to concern of complication, cost, and societal factors.
Strategies to help improve awareness and mitigate some of these factors are also discussed, with some
recommendations given on how to move this area forward in the future.

METHODS

A review of the literature including meta-analyses, randomized controlled trials, prospective cohort
studies, and surveys was performed related to hernia prevention, including abdominal wall closure
and prophylactic mesh, focusing on reasons why surgeons do not adhere to evidence-based practices.
Secondary to paucity of published literature on this subject, expert opinions and theories based on
opinion and experiences were hypothesized.
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TABLE 1 | Review of literature with common reasons documented on reasons PMA is not used.

Study Type of Publication Publication Type of support (1-4)*

[Ref] Date

(1) Systemic literature review July 2015 Financial 2

4) Systemic Literature Search November Lack of knowledge/

2020 expertise (4)

) Systematic literature search January 2022 Technique 4

(10) Survey April 2019 Technique 4

(15) Prospective Cohort Study February 2018 Complications 3

(18) Multicenter double-blind Aug 2017 Lack of Evidence 1
randomized controlled trial

(20) Randomized control trial May 2021 Complications 3

(21) Multicenter randomized control April 2016 Lack of Evidence
trial 1 Technique 4

(22) Meta-analysis June 2020 Lack of Evidence 1

*1. Lack of evidence/literature.

2. Financial.

3. Complications.

4. Lack of training/knowledge/expertise.

RESULTS

The reasons behind the lack of use of PM for IH prevention have
not been well studied. We found four main reasons cited by
surgeons (Table 1). The first reason is a perceived lack of
evidence and literature base to support its use. While there is
strong and emerging evidence to support PM in subsets of
populations, the data tends to be short term and clustered to
European centers. This leads surgeons to question the long-term
outcomes, as well as the applicability to their practice. The second
reason is concerns over financial implications of using PM. While
every country has different healthcare systems and finances, the
addition of mesh at an index operation often financially impacts
the hospital system and surgeon, which is currently unfavorable in
many instances and can lead to long-term positive financial
implications being overlooked. The third reason is that surgeons
seem concerned about complications associated with prophylactic
procedures, especially mesh-related complications in the context of
current medicolegal climates present in many countries today.
Lastly, while the placement of mesh and knowledge of the
abdominal wall may seem routine to hernia surgeons, many
other surgeons lack the training, knowledge, and expertise to
place PM, which likely contributes to its limited use.

DISCUSSION

This review highlights some of the often-cited reasons why hernia
prevention principles are not practiced. Addressing these

Summary

Cost-utility analysis of Primary Suture Closure (PSC) vs. PMA for
laparotomy closure demonstrates PMA to be more effective, less costly,
and overall, more cost-effective than PSC

Evidence supports PMA, with significant reduction in incisional hernia rate.
Implementation is limited. Surgeons should be questioning why they are not
using mesh reinforcement, specifically in high-risk patients
Recommendations for elective midline closure technique. Guidance in
selecting the optimal approach and location of abdominal wall incisions
Applications of hernia prevention principles and their controversy

The use of PMA in colorectal surgery, when using an algorithm for patient
selection, is an effective measure for prevention of IH- at the expense of
other known possible complications

Randomization of 480 patients for closure: PSC, onlay or sublay. There was
a significant reduction in incidence of IH with onlay mesh reinforcement-
showing potential to become standard of treatment in high-risk patients
PMA is not associated with increased incidence, severity, or need of
infectious complications compared to PCS

PMA during AAA repair is safe and effective in preventing IH, with proven
2 years follow up and only added mean operative time of 16 min

PMA using onlay technique, specifically in high-risk patients, leads to
significant reduction in IH

concerns will increase implementation and help facilitate these
techniques becoming more widely practiced.

It is very unlikely to change surgeons’ practices if they do not
believe in what they are doing or do not feel that their current
practice is optimal. Disbelief and lack of awareness of current
evidence are cited reasons for why surgeons have failed to
embrace hernia prevention strategies. A recent survey by
Fischer et al. explored reasons why surgeons did not practice
current hernia prevention strategies (1). A total of 497 surgeons
were included in the survey, most of whom do practice some of
the recommended suturing techniques. Slowly absorbing sutures
were used by 81% of respondents with 63% stating they closed
using a 4:1 suture to wound (S:W) length ratio (although they did
not routinely measure) and 58% stating they used the short stitch
technique (although they did not routinely measure) (10, 11).
Only 3% and 4% of respondents stated they have never heard of
the 4:1 S:W length ratio and the short stitch technique,
respectively. While these numbers relay adherence to suturing
techniques, it must be remembered that this survey is likely biased
and may not represent current practices in the United States and
Europe, as this survey was sent to members of the European and
American Hernia Society, as well as through an online Facebook
group mostly comprised of hernia surgeons. It is also important
to note that while the majority of surgeons stated they used a 4:
1 S:W length ratio and short stitch technique, only 16% and 14%,
respectively, of respondents reported measuring their ratios,
which is a recommended practice (16, 10). There was less
familiarity and trust of the literature for the use of PMA, with
11% of respondents stating they were unfamiliar with the
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literature and 23% of respondents stating they were unconvinced
of the efficacy of the use of PMA.10 Despite this, it is has been
proposed that high-risk patients, including those with morbid
obesity, diabetes, and hypertension, could provide the most cost-
effective and efficient way to target individuals that could benefit
from PMA (1).

While there is evidence to support abdominal wall closures
techniques and PMA, well-designed prospective randomized
trials are needed. Replicating short stitch technique trials in a
more diverse patient population that includes obese patients is
also needed, as this patient population was not captured in many
of the initial studies. Given the associated risks and concerns of
PMA, this may not be appropriate for all patients, but utilizing
risk calculators to identify high-risk patients who would benefit
from more aggressive prevention strategies is needed.
Additionally, ideal closure methods for emergent surgeries are
another understudied group. Ultimately, algorithms and
guidelines on when to use specific prevention strategies in
specific clinical situations will be helpful in guiding and
supporting surgeons.

Cost is often a barrier for new procedures and devices to
overcome prior to widespread adoption. This variable can be
difficult to elucidate and is frequently used to support one’s bias
or opinion without performing a comprehensive cost-benefit
analysis, which accounts for the long-term cost savings
associated with preventative strategies. Alli V et al. used a
large administrative database with over 14,000 patients to
show that incisional hernia were common and increased the
cost of care for individuals from 97% to 310% over 3 years (17).
Gillion et al. reported the cost burden of incisional hernias in
France and found that reducing the incidence of incisional hernia
by 5% could result in a national cost savings of 4 million euros per
year (18). Despite these data, cost is often cited as a cause for
concern for lack of adoption of some hernia prevention
principles. Even in comparing suture closure methods where
the cost of a prosthetic material is not being considered, some
surgeons argue the extra time it takes to perform a short stitch
suture closure may be associated with higher operating room
costs. Interestingly, the STITCH trial noted an increase of only
16 min between methods (19). The main cost concerns, however,
relate to the use of prophylactic mesh as a cost-saving endeavor in
hernia prevention despite good evidence to the contrary.

Time associated with the placement of PMA has also been
cited as a reason why surgeons may not want to perform,
although in the survey by Fischer et al. only 6% of
respondents state this was the reason for not practicing (10).
Studies have reported that the extra time for mesh placement
ranges between ten to 20 min and is dependent on the technique
performed (17-20). One way to address this barrier to adoption is
to make the technique of PMA straightforward and reproducible.
Onlay techniques, which have been shown to have similar efficacy
in the PRIMA trial and easier and quicker fixation strategies, are
being studied to help to try to improve efficiency (12).

An additional financial consideration for these techniques is
reimbursement. This is further complicated by the concept of
closing teams in which a surgical team will participate in the
abdominal closure alone for a primary abdominal operation, such

Why are Hernia Prevention Techniques not Implemented

as Abdominal Aortic Aneurysm repair, which is the setting in
which PMA is employed rather than during incisional hernia
repair in which mesh placement is included in the primary
procedure code. Whether PMA is performed by a closing
team or the primary surgeon, it is important that the
providers employing hernia prevention strategies are
compensated for their time and expertise. A significant
development for this was the approval of CPT code
specifically for PMA, 0437T. This tracking code is reportedly
beginning to help surgeons get reimbursed and, with additional
use and outcome data, will hopefully transition to a reliable
reimbursement code for performing PMA.

Related to cost, it is imperative that surgeons performing
hernia prevention strategies, such as PMA, get reimbursed for
their work and hopefully the tracking code will soon become a
permanent code. Healthcare policymakers and insurers will also
need to help ensure that ultimately what is good for the patient
can be safely implemented into practice through a holistic
approach to patient care.

Another often-cited reason for the lack of adoption of hernia
prevention techniques is a concern for associated complications.
This most often relates to the use of prophylactic mesh, but also
regarding the concern that small stitch techniques may lead to
abdominal dehiscence or burst abdomen, especially in the obese
population. Another concern relates to the use of mesh in patients
that may not have gotten a hernia and the overtreatment that
would occur by using the mesh. In these patients, you subject a
patient to potential mesh related complications and infectious
complications for no reason, hence why risk prediction models
are so important in these patients.

The use of prophylactic mesh is particularly sensitive towards
today’s medical legal climate, highlighted by class action lawsuits
for mesh failures. The survey by Fischer et al. saw that the most
common reason for not using PMA was fear of mesh infection or
mesh-related complications, cited by 46% of respondents (10).
Although there is a large amount of fear related to the use of
PMA, data regarding its benefits should be thoughtfully
considered. The concept of “primum non-nocere: first do no
harm” can be seen from both aspects of using or not using
prophylactic mesh. As the data from the PRIMA trial suggests,
the use of prophylactic mesh decreases risk of incisional hernia
formation among high-risk patients. However, it is important to
note that we do not know what risk of hernia development
justifies using prophylactic mesh and therefore should be
cautious in applying this concept broadly without discretion (22).

There have been two landmark randomized controlled trials
(RCT) assessing incidence of incisional hernia after midline
laparotomy. The PRIMA trial included 480 patients across
12 different countries undergoing elective midline laparotomy
for abdominal aortic aneurysm repair or with body mass index of
27 kg/m” or higher and incidence of incisional hernia formation
over a two-year follow-up period. Patients were randomly
assigned to one of three groups, including primary suture
repair, sublay mesh repair, or onlay mesh repair. A significant
reduction in the incidence of incisional hernia was achieved
with onlay mesh reinforcement compared with sublay
mesh reinforcement and primary suture only. There was
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no difference in rate of infection, re-intervention, or
re-admissions between groups (12). This study suggests that
PMA in an onlay fashion should be a new standard treatment
for high-risk patients undergoing midline laparotomy. Van den
Dop et al. further elucidated that there is no increased incidence,
severity, or need for invasive treatment of infectious complications
in the PRIMA trial PMA group compared to suture closure (13).

Another multicenter RCT by Muysoms et al. assessed the
incidence of incisional hernia at two-year follow-up after
conventional closure versus PMA with a large-pore
polypropylene mesh in a retromuscular fashion for patients
undergoing midline laparotomy for elective abdominal aortic
aneurysm repair. There were no adverse effects seen related to
PMA, apart from an increased mean time to closure of the
abdominal wall for the PMA group compared with the control
group. Specifically, this was 46 min compared to 30 min, and
there was a significant reduction in incidence of incisional hernia
from 28% in the conventional closure group to 0% in the PMA
group (14). Both RCTs suggest that PMA results in decreased
incidence of incisional hernia, with no difference in infectious
complication rate.

Studies have shown that lack of education contributes to the
low use of prophylactic mesh. In the survey by Fischer et al. 11%
were unfamiliar with the literature, 24% were familiar but would
still not use, 12% were unfamiliar enough with the methods to
correctly execute, and 23% were unconvinced of the benefits (10).

This would suggest that education for the general surgeon
population should be two-fold. First would require education
about the safety and efficacy of using prophylactic mesh. Safety
concerns mainly include concern for elevated surgical site
infections (SSI) with the use of prophylactic mesh. 46.9% of
surgeons surveyed do not use prophylactic mesh due to concern
for SSI or other mesh complications.10 Systematic reviews by
Depudyt et al. and Jairam et al. showed no difference in overall
infection when evaluating RCTs and cohort studies (15, 4). There
is also evidence indicating that prophylactic mesh has a lower rate
of SSI compared to mesh that is placed for the repair of an
incisional hernia.4 The second part of surgeon education would
be addressing unfamiliarity with surgical techniques. This is a
less common reason for not using prophylactic mesh, however
it is still prevalent with 12% of surgeons reporting not being
comfortable with mesh insertion (neither sublay nor onlay) (10).
Although sublay mesh is known to be more physiological, it is
also more technically demanding than onlay mesh repairs. The
2017 PRIMA follow-up study determined that onlay mesh and
sublay mesh were equivalent in effectiveness (12). The ability to
place mesh in either position may lead to more surgeons adopting
the use of prophylactic mesh placement, depending on their
comfort level with either procedure. In the small percentage of
surgeons that are unfamiliar with either, it will be important to
encourage CME, videos, and other learning opportunities to help
increase surgeons’ comfort levels, so they use mesh more
routinely.

Teaching and education are also important components of
ensuring new techniques related to hernia prevention get

Why are Hernia Prevention Techniques not Implemented

implemented safely. Education and training must be available
at all levels, including medical students, residents, and fellows as
well as practicing surgeons with methods based on each learner’s
needs. It is imperative that education is performed as a surgical
community and not siloed, as many surgical subspecialties will
need to be involved. To leverage expertise, partnerships with
surgical societies, along with industry and surgical educators,
should be established.

Lastly, and most importantly, we as surgeons must be vigilant
to ensure that we care for our patients in the best way possible and
take part in shared decision-making related to hernia prevention.
This involves making sure we are up-to-date on new technologies,
practicing evidence-based medicine, and following our outcomes.
There are many groups and societies that have implemented or
are in the process of implementing registries for abdominal wall
closure and prophylactic mesh. These registries are important for
patient safety and will help with research, including long-term
outcomes.

In conclusion, there are several cited reasons why hernia
prevention strategies are not implemented. While some of the
reasons have validity and need attention, most are due to lack of
awareness and unwarranted fear. Efforts are currently underway
to help promote hernia prevention principles. These need to be
expanded through the support of many stakeholders, including
surgeons, industry, societies, and healthcare policymakers.
Ultimately, by working together, we can make a major
impact on patient care and help alleviate the burden of
incisional hernias.
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The majority of inguinal hernia repairs worldwide are performed on an outpatient basis.
However, incarceration and concern for strangulation of abdominal contents necessitates
emergent repair in order to address visceral ischemia. In the setting of salvageable
ischemia, this necessitates release of strangulation of blood supply by the hernia
defect and reduction of visceral contents into the abdominal cavity. In certain cases,
this cannot be achieved with simple manual reduction, and requires enlargement of the
aperture of the hernia defect with releasing incisions in order to allow reduction. We aim to
describe strategies for releasing incisions via open, laparoscopic, and robotic approaches
in emergency inguinal hernia repair.

Keywords: inguinal hernia, hernia repair, robotic surgery, releasing incision, emergency hernia surgery

INTRODUCTION

Inguinal hernia repairs are one of the more common general surgical procedures performed
worldwide, with estimates of greater than 20 million repairs performed annually worldwide and
over 800,000 annually in the United States [1]. Studies have estimated approximately 9% of
inguinal hernia repairs are performed emergently, most often because of incarceration,
strangulation, and visceral compromise [2]. Emergent inguinal hernia repairs comprise
significantly higher risk of morbidity and mortality compared to elective repair, up to 32%
and 5%-5.5% compared to 8% and 0.2%-0.5% after elective repair, with the majority of risk due
to visceral compromise due to strangulation [3-5]. In particular, these risks are elevated in
individuals over 65 years of age, female patients, femoral hernias (especially right sided femoral
hernias), those with prolonged symptom duration or multiple hernia-related hospitalizations in
OPEN ACCESS . ; . .
the year prior to presentation, bowel obstruction, and delay in treatment [3].
*Correspondence: Inguinal hernias may be congenital or acquired. Regardless of cause, the principal of abdominal
Zachary N. Weitzner  wall hernia formation is a defect in the musculo-aponeurotic wall allowing protrusion of subfascial
zweitzner@mednet.ucla.edu  contents through the defect, either from the peritoneum, pre-peritoneal space, or retroperitoneum.
David C. Chen  'With advancements in cross-sectional imaging, exceedingly small hernia defects are being detected,
dechen@mednet.ucla.edu with openings too small to allow herniation of structures. Similarly, hernia defects with exceptionally
large apertures allow for free movement of structures. Hernia incarceration occurs when structures
within the hernia sac are unable to be reduced back into their anatomical space, potentially leading to
strangulation, when the blood flow to hernia structures becomes obstructed leading to ischemia. In
defect apertures of intermediate size, structures within the hernia sac may be constricted at the level
of the defect. This initially impedes the venous outflow resulting in edema and expansion of hernia
Role of Releasing Incisions i StTUCtUTeS, further preventing reduction of structures. Eventually, this edema leads to restriction of
Emergency Inguinal Hernia Reparr arterial inflow causing ischemia.
J. Abdom. Wall Surg. 2:11378. The mainstay of emergent hernia repair is to address the visceral compromise with reduction of
doi: 10.3389/jaws.2023.11378 ~ hernia contents prior to the development of irreducible ischemia and subsequent repair of the hernia.
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It is important to recognize and prioritize in these circumstances,
hernia is a secondary problem. Efforts to reverse visceral
ischemia, prevent or control enteric spillage, and limit
systemic sepsis are the priorities to limit morbidity and
mortality associated with strangulated hernias. However,
reduction of hernia contents, even operatively, is occasionally
not possible due to the amount of visceral edema in the herniated
structures resulting in a size mismatch between the herniated
structures and hernia defect aperture. Additionally, strain on
edematous, distended, and compromised bowel risks perforation
and wound contamination, increasing the risk of morbidity. To
allow safe reduction, releasing incisions may be required to
enlarge the defect and reduce herniated viscera. This may be
performed via an open approach, but can also be utilized in
emergent minimally invasive laparoscopic and robotic hernia
repairs. While releasing incisions have been described in
operative lectures, anecdotes, and discussions, there is a
paucity of literature describing their role in the practical
management of emergency hernia surgery.

RELEASING INCISIONS IN OPEN SURGERY

The inguinal canal is a tubular structure comprised of four walls
and two openings. The anterior wall is formed from the
aponeurosis of the external and internal oblique muscles.
Through the anterior wall, the superficial or external ring is
formed in an opening of the anterior wall. This opening
transitions to the covering of the inguinal contents. The deep
ring, also known as the internal ring, is formed from the floor of
the canal, which is comprised of the transversalis fascia and
conjoint tendon. The roof of the canal is formed from the
transversus abdominis, internal oblique, and part of the
external oblique. The inferior wall of the canal is formed by
the inguinal and lacunar ligaments [6].

In open inguinal hernia repair, the anterior wall is opened
along the extent of the canal inferomedially to the external ring.
Emergent repair involves reduction of dilated and strangulated
viscera and reinforcement of the floor of the canal. Due to
compression of venous outflow in strangulation, herniated
visceral contents swell significantly after passing through the
hernia defect, often making reduction difficult. In the majority
of cases, application of circumferential pressure to squeeze edema
out of the herniated viscera allows for ample size reduction to
allow reduction of herniated contents through the hernia
aperture. However, in emergency cases in which this fails and
acute incarceration precipitates impending strangulation or
perforation, the aperture size may be enlarged to allow for safe
reduction of hernia contents.

For indirect hernias, the viscera is herniated through the deep
ring. Thus, when indirect hernia contents cannot be reduced
manually through the deep ring, releasing incisions may be
required to release the tension and allow for reduction of
herniated viscera. In relation to the deep ring, the transversus
abdominis marks the superior border, with the ilioinguinal nerve
coursing posterior to it superolaterally. The inferior epigastric
vessels mark the medial border of the deep ring, and the iliac

Releasing Incisions in Inguinal Hernia

vessels inferiorly. Thus, releasing incisions should be aimed
cephalad and medially in the transversus abdominis muscle to
avoid injury to the ilioinguinal nerve and inferior epigastric
vessels. The iliohypogastric nerve typically courses cephalad
and medial to the internal ring and can often be identified
and avoided when opening the aperture of this orifice. In
some cases, the iliohypogastric nerve may follow a
subaponeurotic course running deep to this area, so releasing
incisions should be made superficially in the fascial ring only and
the extent minimized to limit potential transection (Figure 1).

Direct inguinal hernias pass through Hesselbach’s Triangle
medial to the epigastric vessels in order to enter the inguinal
canal. The boundaries of the direct defect are defined by the
inguinal ligament inferolaterally, the deep ring and epigastric
vessels superiorly, and the conjoined tendon and lateral border of
the rectus medially. Opening the aperture of a direct defect in the
cephalad direction risks bleeding from the epigastric vessels or
injury to the spermatic cord. Inferolateral release in the inguinal
ligament is unnecessarily destabilizing and risks neurovascular
injury to the iliofemoral vessels, femoral nerve, anterior
cutaneous nerve of the thigh, and femoral branch of the
genitofemoral nerve. Thus, to minimize the risk of injury,
releasing incisions made in the setting of a strangulated direct
hernia should be made in inferomedially in the internal oblique or
transversalis fascia directed toward the conjoined tendon and
rectus abdominus muscle, as this is the safest border of the direct
space for enlargement (Figure 1). The iliohypogastric nerve runs
medial to the direct space coursing from the cephalad direction
and care should be taken to identify and preserve this structure if
possible.

Femoral hernia contents pass through the femoral canal
inferior to the inguinal ligament, lateral to the lacunar
ligament, above Cooper’s ligament, and medial to the femoral
vessels. Thus, releasing incisions can safely be made by either
opening the iliopubic tract if the floor of the inguinal canal is
exposed, or the roof of the femoral canal, the inguinal ligament, if
the thigh is exposed (Figures 1, 2). Incision towards the lateral
aspect of the femoral canal risk damage to the femoral vessels, and
medial incisions of Cooper’s ligament are inaccessible and
ineffective. If division of the inguinal ligament is performed
via and open approach, these should be repaired after visceral
reduction, as they provide significant stability and anchoring of
the anterior wall of the inguinal canal. In our practice, we
reconstruct the released inguinal ligament with a permanent 2-
0 Prolene suture.

RELEASING INCISIONS IN MINIMALLY
INVASIVE LAPAROSCOPIC SURGERY

Traditionally, the majority of emergent hernia surgery for
strangulation has been described via open approaches.
However, as the proportion of surgeons trained to perform
minimally inguinal hernia repairs increases, laparoscopy has
been shown to be a safe approach for emergent inguinal
hernia repair including in the context of acute incarceration
and  strangulation. This requires a comprehensive
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FIGURE 1 | Open Inguinal Hernia Releasing Incisions. Indirect, direct, and femoral hernia spaces are outlined in red. The optimal sites for releasing incisions are
marked with blue.

space into the suprainguinal and infrainguinal spaces, with direct
and indirect inguinal hernias coursing through the suprainguinal
space divided by the inferior epigastric vessels and femoral and
obturator hernias in the infrainguinal space (Figure 3).

Indirect hernias are bound inferomedially by the epigastric
vessels, inferolaterally by the iliopubic tract, and superiorly by the
transversus abdominis and internal oblique muscle. Additionally,
the spermatic cord traverses the internal ring from the inferior
direction. To release strangulated indirect hernias from this
posterior approach, releasing incisions should be made
superolaterally in the transversus abdominis and internal
oblique to avoid damage to the inferior epigastric vessels, cord,
and neurovascular structures below the iliopubic tract. The
genital nerve enters the inguinal canal from the inferolateral
direction and is thus avoided. The extent of the releasing incision
should be minimized to prevent inadvertent injury to the
ilioinguinal nerve which runs superficial and superior to this
space within the inguinal canal (Figure 3).

The direct space is bound inferolaterally by the iliopubic tract,
superolaterally by the inferior epigastric vessels, and medially by
the rectus abdominis. When releasing incisions are needed for
direct hernias from this posterior approach, releasing incisions
may be safely made towards the rectus abdominis in a
superomedial direction, avoiding injury to the inferior
understanding of the posterior anatomy of the inguinal canal  epigastric and cord vessels that run laterally to this space
from a posterior view, described by Daes and Felix as the “critical ~ (Figure 3). If incisions are made too deep, however, there may
view of the myopectineal orifice,” defined as the appropriate  be risk to the cord structures as they pass through the inguinal
exposure of the anatomy of the posterior inguinal canal prior to  canal anteriorly, so caution should be taken to pull towards the
mesh placement in laparoscopic and robotic inguinal hernia ~ muscle and peritoneum during dissection. The extent of the
approaches [7]. From this view, the iliopubic tract divides the  releasing incision should be minimized to prevent inadvertent

FIGURE 2 | Open Femoral Hernia Releasing Incision. The yellow line
marks the releasing incision of the inguinal ligament in femoral hernia repair.
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FIGURE 3 | Minimally Invasive Inguinal Hernia Releasing Incisions. Indirect, direct, and femoral hernia spaces are outlined in blue. The optimal sites for releasing

Medial

injury to the iliohypogastric nerve which runs superficial and
superomedial to this space within the anterior inguinal canal.

Femoral hernias are bound superomedially by the iliopubic
tract, medially by the lacunar ligament, superolaterally by the
femoral vessels, and inferiorly by Cooper’s ligament. Releasing
incisions should be made superomedially in the lacunar ligament
or directly though the iliopubic tract which is seen from this view
as the posterior aspect of the inguinal ligament. Releasing
incisions in these approaches avoid damage to the iliac vessels.
When mesh is placed in a posterior orientation from this
approach, the iliopubic tract does not require reconstruction,
in contrast to open femoral hernia releasing incisions, as the
posterior placed mesh covering the myopectineal orifice provides
support of the inguinal canal (Figure 3).

Obturator hernias are quite rare accounting for less than 1% of
abdominal wall hernias, and are more common in thin elderly
women, likely due to loss of supporting connective tissue and
wider female pelvis. Incarceration and strangulation is
occasionally encountered and poses a similar challenge.
Understanding the boundaries of the obturator foramen can
similarly direct a safe releasing incision in the setting of
incarceration. The superolateral boundary of the obturator
foramen heading in the direction of Cooper’s ligament is
bound by the superior pubis ramus and division will not
confer any significant release. An accessory obturator vein,
referred to as the corona mortis, will often connect the iliac
vein to the obturator vein and should be avoided. Posterolaterally,
the obturator nerve, artery and vein will travel along the inner
table of the pelvis and enter the obturator foramen. These

neurovascular structures should be preserved and avoided. In
the case of an incarcerated or strangulated obturator hernia, a
releasing incision in the obturator internus muscle of the
obturator membrane directed inferomedially heading directly
down the pelvis away from Coopers and the neurovascular
structures will allow for release and reduction of the contents
of the obturator canal.

From a technical standpoint, when performing laparoscopic
releasing incisions, we recommend using hook cautery with a
pulling technique to direct cautery posteriorly, away from cord
structures, neurovascular structures, and hernia contents.
Alternatively, harmonic scalpel may be used with the hot blade
oriented away from hernia contents in order to prevent inadvertent
thermal injury (Supplementary Video S1). Monopolar shears are
typically avoided or used only without energy to prevent secondary
thermal injury to the entrapped viscera.

RELEASING INCISIONS IN ROBOTIC
SURGERY

Robotic approaches to emergent inguinal hernia repair are
fundamentally the same as laparoscopic approaches, but with
the distinct advantages of increased instrument articulation and
enhanced optics and visualization. Use of robotic hook cautery
allows for greater precision while making releasing incisions to
allow incision of the aperture of the hernia neck by articulating
the hook into the defect. Robotic shears may also accomplish
similar maneuvers, and can be used without cautery or very focal
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energy depending on risk of thermal injury. Additionally, the
availability of in vivo fluorescence imaging with indocyanine
green (ICG) infusion provides an enhanced adjunct to assess
visceral viability in these challenging cases.

In both robotic and laparoscopic approaches, the view of the
myopectineal orifice allows intervention on incarcerated bowel
prior to reduction in cases where irreversible ischemia has
occurred prior to intervention. A vessel sealer may be used to
devascularize the loop of compromised bowel, preventing
systemic circulation of inflammatory cytokines after reducing
the loop and relieving strangulation. Additionally, a stapler may
be used to divide proximal and distal limbs of strangulated bowel
prior to reduction to prevent spillage.

CONCLUSION

Releasing incisions are beneficial in the technical management of
incarceration and strangulation in emergent inguinal hernia
management. A strong understanding of inguinal anatomy in
both anterior and posterior approaches helps minimize potential
collateral damage to both hernia contents and the native inguinal
canal in order to minimize secondary risk and safely manage
these challenging abdominal wall emergencies.
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Aquiles Garza*, Cesar Amaya-Romero and Gabriel Arevalo

Department of Surgery, Houston Methodist Willowbrook Hospital, Houston, TX, United States

Background: Our study addresses the gap in ventral hernia repair literature, regarding the
long-term effectiveness of robotic transabdominal retrorectus umbilical prosthetic repair
(r-TARUP) for primary and incisional ventral hernias. This study aimed to report the 3-year
recurrence rates and overall patient outcomes including quality of life.

Method: A retrospective review of prospective collected data analyzed 101 elective
r-TARUP patients from August 2018 to January 2022. Data collected included
demographics, hernia sizes, mesh types, postoperative outcomes and the European
Hernia Society Quality of Life questionnaire (EuraHS-Qol) before and after surgery.

Results: The average age of the group of patients was 53, having a mean body mass
index (BMI) of 32 kg/m, with 54% incisional and 46% primary hernias, with mean length
and width of 4.4 cm and 6.1 cm, utilizing synthetic 58% and bioabsorbable 42% mesh
types. The majority were classified as Centers of Disease Control and Prevention (CDC)
class | wounds. Postoperative complications included seroma (2%), hematoma (3%),
which required surgical intervention, with no significant correlation to mesh type. A strong
positive correlation was found between Transversus Abdominis Release (TAR) and
increased length of hospital stay (correlation coefficient: 0.731, p <0.001).
Preoperative quality of life assessments demonstrated statistically significant
improvements when compared to postoperative assessments at 3 years, with a mean
(+SD) of 61.61 £ 5.29 vs. 13.84 + 2.6 (p <0.001). Mean follow up of 34.4 months with no
hernia recurrence at 1 year and 3 recurrence at the 2-3 years follow up (3.2%).

Conclusion: The r-TARUP technique has proven to be safe and effective for repairing
primary and incisional ventral hernias, with a low recurrence rate during this follow up
period with a noticeable improvement in quality of life (QoL).

Keywords: ventral hernia, long-term, r-TARUP, incisional hernia, EuraHS-QoL, umbilical hernia, retromuscular

INTRODUCTION

Minimally invasive transabdominal approach to the retromuscular plane for ventral hernia repair
has been a topic of interest in the field of surgical abdominal wall reconstruction. Chowbey et al. [1]
and Schroeder [2] initially described this approach using a laparoscopic platform. Chowbey reported
an increased amount of dissection resulting in increased operative time; Schroeder reported it to be a
technically demanding procedure, and similarly reported increased operative times. The robotic
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transabdominal retromuscular umbilical prosthetic hernia repair
(r-TARUP) described by Dr. Filip Muysoms in 2018 [3] was
developed to ameliorate the challenges encountered during the
lateral transabdominal laparoscopic approach. Muysom was
noted to have a shorter operative time than that of the
laparoscopic transabdominal retrorectus technique described in
the literature. Using the robotic platform through a single-dock
lateral approach facilitates the dissection of the planes, and wrist
instruments improve suturing of the ipsilateral posterior rectus
sheath, thereby improving the overall operative time. Minimally
invasive transabdominal approach to the retromuscular plane for
ventral hernia repair has evolved over the years.

The use of robotic transabdominal retrorectus hernia repair
has been expanded to include the repair of concomitant rectus
diastasis by Cuccurullo et al. [4, 5] with a 1-year follow-up and for
more complex abdominal wall pathologies, such as the
management of parastomal hernias, first described by Maciel
et al. [6]. These studies demonstrated the safe, reproducible, and
potential applications of robotic transabdominal wall pathologies
including concomitant rectus diastasis and parastomal hernias.
However, there is limited information regarding the long-term
outcomes of transabdominal retrorectus repair in the treatment
of primary and incisional ventral hernias.

This study aims to present the 3-year recurrence rates and
identify factors that may predict hernia recurrence. Additionally,
we aim to report on the preoperative and postoperative quality of
life scores, utilizing a hernia-specific quality of life
assessment tool.

MATERIALS AND METHODS
Study Design

In accordance with Institutional Review Board (IRB) approval, a
retrospective analysis of prospectively collected data was
performed on patients who underwent the robotic
transabdominal retrorectus approach from August 2018 to
January 2022 at a single institution. The inclusion criterion
was the use of r-TARUP for the treatment of primary ventral
and incisional hernias in patients aged 18years and older.
Excluded from the study were patients who underwent hybrid
robotic abdominal wall repair, as well as those with flank hernias,
or parastomal defects. Patients who underwent laparoscopic
surgery were excluded from the study. The American Society
of Anesthesiologist (ASA) classification of 4 were excluded from
the study. The database was reviewed for demographics, risk
factors, hernia size, hernia type, mesh type and size, surgical
outcomes, length of hospital stay, and return to work. Hernia
defect characteristics adhered to the current ventral hernia
classification guidelines by the European Hernia Society [7].
Surgical outcomes included Wound Classification according
to the Centers for Disease Control and Prevention guidelines: I
Clean, II Clean-Contaminated, III Contaminated, IV Dirty [8],
Length of Stay, Return to Work, Surgical Site infection (SSI),
Surgical Site Occurrence (SSO), and Surgical Site Occurrence
requiring Procedural Intervention (SSOPI) [9]. The SSO
classification adhered to the VHWG [10], including seroma,

Robotic TARUP: Long-Term Outcomes

wound  dehiscence, enterocutaneous fistula, cellulitis,
hematoma, and delayed wound healing. We also measured the
recurrence rates and administered the validated hernia-specific
quality of life questionnaire.

Our study utilized the European Hernia Society Quality of Life
(EuraHS-QoL) questionnaire, proposed by the European Hernia
Society Working Group [11]. Developed with significant
contributions from Dr. Filip Muysoms. This specialized
instrument focuses on three critical variables: pain, activity
limitations, and cosmetic discomfort. It provides a
straightforward and comprehensive evaluation of a patient’s
wellbeing. Each variable is scored on an 11-point scale,
ranging from 0 (no discomfort) to 10 (severe discomfort);
with the domain scores summed to produce a total score from
0 to 90. Lower scores indicate a better quality of life, while higher
scores suggest a worse quality of life (Figure 1). The EuraHS-
QoL’s capability to assess patients before and after surgery, along
with its validated effectiveness and user-friendliness, led us to
prefer it over other instruments. For instance, the Hernia-Related
Quality of Life Survey (HerQLes) [12], although similar, does not
effectively capture more subjective aspects of quality of life such
as cosmesis and is more cumbersome to complete. Moreover, the
Carolinas Comfort Scale (CCS) [13, 14], while detailed, requires
answering 23 questions, which can also be cumbersome during
phone interviews. Its trademarked status also necessitates a
tedious licensing process and restricts publishing in open
access journals.

In this study, the handling of missing data for the quality of life
questionnaire was guided by a validated method developed by
Filip Muysoms [15] [Table 1]. The purpose of these criteria for
managing missing values is to address discrepancies that may
arise when patients respond to the questionnaire. Such
discrepancies can stem from human error, misunderstandings
of the questions, or specific responses like “I do not perform this
activity” in the domain addressing restrictions of activities.

Follow-up occurred at 2 weeks, 3 months, 12 months, and 2-
3years postoperatively. Quality of life assessments were
conducted preoperatively and at 3 months, 12 months and
3 years postoperative. For follow-ups beyond 12 months, a
telephone questionnaire was administered at two and 3 years
using the standardized Validated Ventral Hernia Repair-
Telephone Survey (VHR-TS) [16] [Table 2], along with the
EuraHS-QoL questionnaire. In-office visits were scheduled if
hernia-related complications were suspected.

Setting

The study was conducted at Willowbrook Methodist Hospital in
Houston, Texas, a regional teaching hospital, by two surgeons
employing the Intuitive Da Vinci Xi Surgical platform.

Standardized Work-Up Protocol

All patients received comprehensive information through oral
and presurgical documentation. Ventral hernias were
meticulously classified following the guidelines set by the
European Hernia Society (EHS) [7] and measured using
dynamic abdominal ultrasonography (US) or computed
tomography (CT) [17]. Following informed consent, each
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EuraHS-QoL Preoperative
[Pain at the site of the hernia
0 = no pain 10 = worst pain imaginable
In rest (lying down 0 1 2 3 4 5 6 7 8 9 10
During activities (walking, biking, sports)) 0 1 2 3 4 5 6 7 8 9 10
Worst pain felt during the last 0 1 2 3 4 5 6 7 8 9 10
Restrictions of activities because of oor discomfort at the site of the hernia
0 = no restriction 10 = completely restricted
Daily activities (inside the house)) O 1 2 3 4 5 6 7 8 9 10 X
Outside the house (walking, biking,d 0 1 2 3 4 5 6 7 8 9 10 X
During 0 1 2 3 4 5 6 7 8 9 10 X
During heavy labou 0 1 2 3 4 5 6 7 8 9 10 X
X = If you do not perform this activity
Cosmetic discomfort
0 = very beautiful 10 = extremely ugly
The shape of your abdomen| 0 1 2 3 4 5 6 7 8 9 10
The site of the hernia| 0 1 2 3 4 5 6 7 8 9 10
EuraHS-QolL Postoperative
Pain at the site of the hernia repair
| 0 = no pain 10 = worst pain imaginable
In rest (lylngdown)] 0 1 2 3 4 5 6 7 8 9 10
During activities (walking, biking, sports)) 0 1 2 3 4 5 6 7 8 9 10
Worst pain felt during the last 0 1 2 3 4 5 6 7 8 9 10
Restrictions of activities because of |
l 0 = no restriction 10 = completely restricted
Daily activities (inside the house)) 0 1 2 3 4 5 6 7 8 ) 10 X
Outside the house (walking, biking.d 0 1 2 3 E 5 6 7 8 9 10 X
During 0 1 2 3 4 5 6 7 8 9 10 X
During heavy labou 0 1 2 3 - 5 6 7 8 9 10 X
| X = If you do not perform this activity
0 = very beautiful 10 = extremely ugly
The shape of your abd 0 1 2 3 4 5 6 7 8 9 10
The site of the hernia and thescars| 0 1 =n|i=ze 4 5 6 7 8 S 10
FIGURE 1 | European hernia Society quality of life questionnaire.
TABLE 1 | Validating the EuraHS-QoL for missing data.
Domain Condition Action Taken
Pain Domain
1 question unanswered Replace with the mean of the two answered questions
2 or 3 questions unanswered Domain score considered missing
Restrictions Domain
1 or 2 questions unanswered Replace missing values with the mean of answered questions
3 or 4 questions unanswered Domain score considered missing
Cosmetic Domain
1 question unanswered Replace the missing value with the score from the other question
Both questions unanswered Domain score considered missing
Overall Score
1 domain score missing Use the mean of the remaining two domain scores
2 or more domain scores missing Overall score considered missing

Note: Muysoms et al. [15].
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TABLE 2 | Validated ventral hernia repair-telephone survey (VHR-TS).

1. Do you feel that your hernia is back?

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

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

4. Do you have any painful areas on your abdominal wall?

A positive answer to any of the questions is considered a recurrence until proven
otherwise

Note: Novitsky et al. [16].

FIGURE 2 | Spinal needle preventing medial or lateral deviation of the
incision after identification of the rectus muscle fibers.

patient with a complex ventral hernia underwent a specialized
Enhanced Recovery After Surgery (ERAS) [18-20] protocol
tailored to hernia-specific needs. Additionally, patients
completed the preoperative EuraHS-QoL questionnaire. We
provided active counseling and support to ensure that patients
achieved smoking cessation for at least 4 weeks before surgery,
achieved optimal glycemic control for diabetic patients, and
maintained an optimal mental, physical, and nutritional status.

Standardized r-TARUP Technique

Our standard lateral approach for the r-TARUP procedure begins
with establishing pneumoperitoneum at 12 mmHg using a Veress
needle. Three 8 mm trocars are placed laterally along the anterior
axillary line.

The Da Vinci Xi robot is docked from the patient’s right side.
Adhesiolysis and hernia content reduction proceed. The
ipsilateral PRS is opened at least 5 cm from the hernia’s lateral
border. Transabdominal spinal needles, placed by the bedside
assistant, help correct the orientation of the PRS longitudinal
incision to avoid lateral  deviations or  medial
wandering (Figure 2).

The longitudinal muscle fibers of the left rectus muscle are
exposed, and a lateral-to-medial dissection in the retromuscular
space is performed until the junction between the anterior and
posterior rectus fascia is identified.

A crossover maneuver is initiated by incising the medial aspect
of the PRS approximately 0.5-1 cm from its junction with the
anterior sheath, granting access to the preperitoneal space.
During this, the linea alba is kept ventral and the peritoneum

Robotic TARUP: Long-Term Outcomes

FIGURE 3 | (A) Opening of the posterior rectus fascia 0.5-1 cm before
its junction with the anterior rectus sheath. (B) Diastasis highlighted.
Shadowing fibers of the contralateral rectus muscle coming into view.

dorsal, and any concomitant diastasis is evaluated (Figures 3A,
B). The contralateral PRS is then opened, and retrorectus
dissection progresses from medial to lateral, identifying the
perforating neurovascular bundles and linea semilunaris
(Figure 4). Once cranial and caudal dissections adjacent to the
hernia defect are completed, the so-called “volcano sign” is
achieved (Figure 5), hernia sac and preperitoneal fat
reduction proceeds.

If inadequate mesh overlap, increased tension during midline
closure, or large peritoneal fenestrations are encountered,
unilateral robotic Transversus Abdominis Release (r-TAR)
may be safely performed, as described by Novitsky et al. [21].

The anterior fascial defect is closed with a running 1-
0 absorbable barbed suture for synthetic mesh and a 2-0 non-
absorbable suture for bioabsorbable mesh (Figure 6). Plication of
the hernial pseudo-sac is performed to reduce the risk of seroma
formation. For larger hernia sacs, a 15 Blake Jackson-Pratt drain
is inserted into the sac to decrease seroma formation. If diastasis
was present, inward plication using a horizontal mattress suture is
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semilunaris

Perito
neum

FIGURE 4 | Medial to lateral dissection within the contralateral
retrorectus space.

_Left rectus

Posterior RS

peritoneum

FIGURE 5 | Volcano sign. Bilateral retrorectus space connected medially
by the bridging peritoneum.

Robotic TARUP: Long-Term Outcomes

performed to minimize postoperative midline vertical ridges,
especially in thin patients. Mesh is inserted within the
retromuscular space, typically without fixation. Finally, the
ipsilateral posterior rectus sheath is closed with an absorbable
3-0 barbed suture, incorporating the ipsilateral mesh edge into
the suture line at the cranial and caudal borders (Figure 7).

Mesh Selection and Suture Rationale

In our study, the choice of mesh type was strategically guided
by clinical scenarios, surgeon preferences, and patient
requests. Primary ventral hernias and all clean-
contaminated cases were repaired using absorbable mesh,
per the surgeon’s preference. We avoided using absorbable
sutures with absorbable mesh to prevent suture absorption or
fracture during the mesh absorption period and potential rapid
hydrolysis before integration. Instead, we used permanent
sutures, crucial in the critical post-surgery weeks, to ensure
mesh integration and load transfer. Permanent sutures also
prevent bridging defects that could cause hernia recurrence if
absorbable sutures dissolve prematurely. This hypothesis
requires further validation.

For incisional hernias, which demonstrate different outcomes
compared to ventral hernias [22], we prioritized optimizing
prognosis. Consequently, we selected polypropylene mesh due
to its well-documented long-term efficacy in the literature.

Statistics

In this study, continuous variables were presented as mean *
standard deviation (SD), while categorical variables were
expressed as frequency (proportion). Comparative analyses were
performed to examine the differences in numerical outcomes, and in
categorical outcomes. Specific statistical tests included t-tests for
comparisons of means, particularly for analyzing the impact of
variables such as age and Body Mass Index (BMI) on surgical
outcomes. Chi-square and Fisher's exact tests were used for

help to decrease and distribute the tension.

FIGURE 6 | Closure of the hernia defect. Star marks the medial edge of the posterior rectus sheath. For larger defects, closing the cranial and caudal edges first can
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FIGURE 7 | Closure of the ipsilateral posterior rectus sheath with a
running absorbable barbed suture incorporating the mesh edge.

TABLE 3 | Patient demographics.

Patients (n = 101)

Age, years mean + SD [range] 53 + 13.3 [28-81]
Gender, n (%)
Female 43 (42.6)
Male 58 (57.4)
BMI, kg/m? mean + SD [range] 3210+ 5.6 [20.3-47]
Comorbities, n(%)
Diabetes 9 (8.91)
COPD 6 (5.94)
Immunosupression 8 (7.92)
Morbid Obesity 9 (8.91)
Smoker, n(%) 11 (10.89)
ASA Classification, n (%)
Class | 13 (12.87)
Class Il 77 (76.23)
Class Il 11 (10.89)
Wound class, n(%)
Clean 98 (97.1)
Clean contaminated 3(2.9)
Contaminated 0 (0)

Morbid obesity BMI =40 kg/m?.
BMI, body mass index; ASA, american society of anesthesiologists; COPD, chronic
obstructive pulmonary disease.

comparisons of categorical data, such as for evaluating the
association of mesh types with postoperative complications. The
Wilcoxon signed-rank test was used to compare paired data,
specifically in the analysis of preoperative and postoperative
EuraHS-QoL scores at 3years follow-up. Point-Biserial
correlation was applied to assess relationships involving
numerical and binary variables, such as examining the association
between Transversus Abdominis Release and the length of hospital
stay. All tests were two-sided, and a p-value < 0.05 was considered to
indicate statistical significance.

Statistical analyses were conducted using Python (Version
3.12.0, Wilmington, Delaware) on the Jupyter Notebook,

Robotic TARUP: Long-Term Outcomes

TABLE 4 | Hernia and mesh characteristics.
Patients (n = 101)

Hernia size, cm

Length 44 +15

Width 6.1 +1.1
Hernia type, n(%)

Incisional 54 (53.4)

Primary 47 (46.5)
Mesh type, n(%)

Synthetic 58 (57.4)

Bioabsorbable 43 (42.6)

Mesh size, cm? 105.05 + 44.92

Mean + Standard Deviation.

supported by libraries including Pandas, SciPy, and Matplotlib.
Microsoft Excel was used for initial data organization and
preliminary analysis.

RESULTS

Patient Demographics

A total of 101 patients who underwent r-TARUP mean age was
53 years (£13 years). The mean BMI was 32 kg/m2, indicating
that the patient group was primarily in the overweight to obese
category, surgical site conditions were predominantly “Clean”
with 97% of cases, followed by “Clean-Contaminated” cases
constituting 3% of the total [Table 3]. Regarding hernia types,
53% of the patients had incisional hernias, while the remaining
4% had primary ventral hernias. The dimensions of the hernia
fascial defects had a mean width of 6.1 cm and a mean length of
4.4 cm [Table 4]. In all repairs procedures, defect closure was
achieved in all the patients. Hernia repair was reinforced with
mesh placement in the sublay space for all patients; 57% of cases
utilized synthetic mesh, and 42% employed bioabsorbable mesh,
while the latter required permanent suture 0V-loc for the
defect closure.

In patients who required unilateral Transversus Abdominis
Release (TAR), a strong positive correlation was observed with an
increased length of hospital stay (correlation coefficient: 0.731, p
< 0.001) [Table 5].

Post-Operative Complications

Postoperative complications included symptomatic seroma (2%)
(2/101) in the subcutaneous space at 1-3 months postoperative
and hematoma (3%) (3/101) in the retromuscular space at
2 weeks postoperatively (Table 6). One patient had delayed
wound closure due to skin burn at the umbilicus. There were
no statistically significant differences in complications related to
mesh type, with p-values of 0.611 for seroma and
0.416 for hematoma.

Surgical site occurrence requiring procedural intervention was
5% (5/101), of which two patients required drainage of seroma,
one evacuation of hematoma from the retromuscular space.

The mean follow up of 34.4 months (range 4-42 months),
with no hernia recurrence within the first year follow up. Three
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TABLE 5 | Patient surgical outcomes.

ASPO

n =101

Surgical Site Occurrence, n(%)

Seroma -
Hematoma -
Delayed wound clossure -

Surgical Site Occurrence Requiring Procedural Intervention, n(%) -
Surgical Site Infection, n(%) -
Recurrence, n(%) -
TAR, n(%)

19 (18.8)

Robotic TARUP: Long-Term Outcomes

2 WPO 3 MPO 12 MPO 2-3 YPO
n =101 n =101 n =101 n =92
- 2(1.9 - -
3(29 - - _
1(1.4) - - -
329 2(1.9 - _
1(0. - - -
- - - 3 (3.2

ASPO, after surgery postoperative; WPO, weeks postopertive; MPO, months postoperative; YPO, years postopertive.

Surgical Wound class CDC guidelines.
TAR, transversus abdominis release.

TABLE 6 | Hospital stay & return to work outcomes.

Length of stay, days mean + SD

No TAR <0.1+£0.238 0.731*
W/TAR 2.3+047

Return to work, days mean + SD 6.2 +12

TAR, transversus abdominis release.

* p-value significance, p < 0.001.

Point-biserial correlation coefficient.

TABLE 7 | Overall scores EuraHS-QoL questionnaire.

Total overall scores

Preoperative, n = 101
Mean + SD 61,61 5,29
Range 48,24 72,93
Median (P25-P75) 61,99 (568.78-65.38)

3 Months Posoperative, n = 101
Mean + SD 21,25 4.75*
Range 12 31,08
Median (P25-P75) 21,42 (18.09-24.01)

12 Months Posoperative, n = 101
Mean + SD 16,32 3.33"
Range 7,04 24
Median (P25-P75) 16,81 (14.08-24.01)

3 Years Posoperative, n = 92
Mean + SD 13,84 2.6*
Range 5,02 20
Median (P25-P75) 14,19 (12.08-16.01)

*significant results compared to preop, p < 0.001.
Wilcoxon signed rank test for p-significance.

hernia recurrences were reported at 3-year follow-up. Nine
patients were considered lost to follow up beyond the
12 months follow up period, after three phone call attempts
and one email, representing a 91.09% retention rate.

Hernia recurrences were repaired robotically, with a
preperitoneal repair for an epigastric defect in a patient
with diastasis extending to the xiphoid process. The other

two recurrences were repaired using the intra-abdominal
preperitoneal underlay mesh (IPUM) technique.These two
recurrences were related to decreased mesh overlap at the
opening of the posterior rectus sheath flap. Two recurrences
occurred with synthetic polypropylene mesh and one with
bioabsorbable mesh, the latter in the epigastrium of a patient
with concomitant diastasis that was not addressed in the initial
surgery. Computed tomography imaging showed the
recurrence at 2years and 6 months postoperatively
(Supplementary Figure).

Patient-Reported Quality of Life

The European Hernia Society Quality of Life (EuraHS-QoL)
scores used in our study exhibited substantial postoperative
improvements. Assessments were conducted preoperatively
and at 3 months, 12months, 2years, and 3 years
postoperatively. The overall mean score decreased
significantly at 3 months (61.61 + 5.29 vs. 21.25 + 4.75, p
<0.001) [Table 7]. Individual domain median scores also
improved significantly at 3 months, with pain scores
decreasing from 4.7 to 2.1, restriction of activities scores
from 7.7 to 2.7, and cosmetic discomfort scores from 8.6 to
2.5. These changes were statistically significant (Wilcoxon
signed-rank test), demonstrating the positive impact of
surgery on the patients’ quality of life. The decrease in
cosmetic scores was particularly significant, indicating
greater improvement in this domain compared to pain and
restriction of activities at all postoperative time points
[Table 8] (Figure 8).

The use of corrected -values in this longitudinal study
accounted for multiple comparisons, thus averting the risk of
false positives. The substantial “Statistic” values derived from the
repeated-measures ANOVA (F-statistic = 23980.73, p <0.001)
and pairwise t-tests with Bonferroni correction confirmed that
there were statistically significant changes in QoL scores from
preoperative to 3 years postoperatively across the four time
points. All comparisons remained highly significant (p
<0.001) even after adjustment for multiple comparisons,
indicating that enhancements in QoL were consistently
significant at each pairwise comparison of time points.
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TABLE 8 | Domain scores EuraHS-QoL questionnaire.

Robotic TARUP: Long-Term Outcomes

n =101 n =101 n =101 n=92
Preoperative 3 MPO 12 MPO 3 YPO
EuraHS-QolL, mean + SD [median] 6.8 (0.5) [6.8] 2.3 (0.5) [2.3]" 1.8 (1.2 [1.7]" 1.5(0.2) [1.5]
Pain 4.7 (0.6) [4.7] 2.1 (0.6) [2]* 1.2 (0.9) [1.3] 1.2 (0.34) [1I*
Activities 7.5 1.7)[7.7] 2.7 (1.4) [2.7" 2.3 (1.4) [2]* 2.03 (0.6) [2]*
Cosmetic 8.6 (0.8) [8.5] 2.03 (0.9) [2.5] 1.6 (0.9) [1.5]* 1.1 (0.5) (1]*
MPO, months postopertive; YPO, years postopertive; EuraHS-QolL, European Hernia Society quality-of-life.
*significant results compared to preop, p < 0.001.
Wilcoxon signed rank test for p-significance.
12 . -
: p < 0.001 Preoperative
0 p < 0.001 b < 0.001 p < 0.001 . B3 MPO
g 3 7.7 (12 MPO
S 6.8
3 3 yro
= 6
=S 4.7
3 4
= 2.7 25
2 217 15 2 13 22 1.5
g b B i
EuraHS-QoL Pain Activities Cosmetic
FIGURE 8 | Preoperative vs. Postoperative overall.

DISCUSSION

Our findings reveal a compelling narrative about the advantages
of r-TARUP, showing a notably low recurrence rate of 2.97%,
with no statistical significance based on the type of mesh used.
Quality of life improvements were particularly notable in the
immediate postoperative period and were sustained over the 3-
year follow-up period.

This study provides a comprehensive analysis of the r-TARUP
hernia repair technique and reflects its efficacy and implications for
hernia repair. The technique’s ability to facilitate closure of hernia
defects, as reported in our results, with mean defect width
measurement of 6.1 [Table 4], highlights its effectiveness in
addressing small to moderate size hernias, although larger hernias
W3 (> 10 cm) can be address with adjuvant unilateral Transversus
Abdominis muscle Release (TAR), further enhancing its versatility.

In cases where there was tension in closing the hernia defect or
the posterior rectus sheath flap did not provide sufficient overlap
for the mesh ipsilaterally, our approach included a TAR
procedure as an adjunct to retrorectus release. As described by
Novitsky et al. [21, 23, 24], this technique involves opening the
posterior lamella of the internal oblique muscle, medial to the
linea semilunaris. This process exposes the transversalis muscle,
allowing it to be divided and released from its fascia, thus
providing additional medialization of the anterior fascia and
rectus muscle.

A key feature of the r-TARUP technique is its ability to
facilitate mesh placement in a well-vascularized retrorectus

space. This strategic placement is significant because it avoids
mesh placement within the abdominal cavity, thereby
potentially reducing the complications associated with
intraperitoneal mesh placement. A disadvantage of
r-TARUP repair is the ipsilateral opening of the posterior
rectus sheath to access the retrorectus space. Improper closure
can lead to intraparietal hernias. Therefore, it is crucial to
ensure that the posterior rectus sheath is properly closed at the
end of the procedure with careful checks for rent in the
peritoneum or sheath. Additionally, improper lateral
opening of the sheath without precise ultrasound guidance
or anatomical delineation increases the risk of neurovascular
bundle injury [25]. Such injury could lead to rectus muscle
atrophy and bulging.

In our study, we found that all hernia defects were successfully
closed by reconstructing the linea alba, which is crucial for
ensuring the integrity of abdominal wall repair. The use of
both synthetic and bioabsorbable meshes in our study aligns
with the current trends in hernia repair, and offers valuable
insights into the effectiveness of different materials.For the
bioabsorbable subset of patients, an extended follow-up period
of 5 years will be essential to provide comprehensive data on their
durability, recurrence rates [26].

Trials in hernia repair have consistently reported
improvements in quality of life following minimally
invasive techniques for abdominal wall hernia repair [27].
Our study aligns with these findings. In particular, we
emphasize the role of hernia-specific questionnaires [13,
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28], such as EuraHS-QoL, in accurately capturing patient
outcomes. Using this specific assessment in our study
provides a deeper and more precise understanding of
patients’ before and after surgical experiences. Although
other QoL assessments are available, the EuraHS-QoL has
been shown to be user-friendly and highly correlated with the
CCS, while offering a more detailed and precise evaluation of
quality of life [29]. HerQLes, another QoL scale, emphasizes
abdominal wall functionality—a pivotal aspect in evaluating
functional outcomes related to abdominal wall movement
that we may have overlooked by using the EuraHS-
QoL scale [12].

One advantage for the EuraHS-Qol is its ability to be
validated during inevitable circumstances such as inability
to understand the questions making it a precise tool that
avoids biases.

Significant improvements were noted from preoperative to
3 years postoperative, with the most substantial improvements
observed in the 3 months postoperative period for pain, activity
limitations, and aesthetic concerns (Table 8) (Figure 8).

A noteworthy finding of our study was the correlation between
the use of posterior component separation TAR and the duration
of hospital stay [Table 6]. Patients who did not require the
posterior component separation TAR procedure had shorter
hospital stays and fewer post-surgery restrictions, highlighting
the potential benefits of less invasive techniques for enhancing
patient recovery.

The increased hospital stay was due to the surgeon’s
preference for careful monitoring of several critical recovery
factors. Beyond drain monitoring, the overnight stay allowed
for observation of pain, monitoring and adherence to established
enhanced recovery protocols for diet and early ambulation which
are crucial to patient outcomes. These ERAS principles have been
previously described by Fayezizadeh et al. [30] and in recent
publications by Marckmann et al. [31].

The complication rates reported with other robotic
retromuscular repairs, such as r-TAR and r-eTEP, are
significantly low (9%) [32-35]. Postoperative complications
in our study occurred at an equal low-frequency, with a seroma
rate of 2%, hematoma rate of 3%, and surgical site infection
rate of 1%. The literature notes a lack of differentiation
between seroma rates within the subcutaneous tissue or
retromuscular space. In our study, seromas requiring
procedural intervention with a clinical duration greater than
1 month occurred in the subcutaneous space. This rate has
decreased since the installation of a tunneled 15 Blake JP drain
for large hernial sacs.

Hematomas requiring procedural intervention were located in
the retrorectus space and were effectively managed using a
laparoscopic approach in two patients, without requiring mesh
removal or debridement. The other patient required open
hematoma evacuation at the epigastrium and debridement of a
small segment of the free-floating mesh. Jackson-Pratt (JP) drain
catheters were placed during these interventions. It is important
to note that the drains are not routinely used in the TARUP
procedure, except in cases where a Transversus Abdominis
Release (TAR) procedure is performed. In this subset of

Robotic TARUP: Long-Term Outcomes

patients, none of the JP drains resulted in related
complications and the drains were typically removed between
postoperative days 7 and 10. This outcome highlights the selective
and effective use of JP drains in specific cases within our surgical
approach without introducing additional complications.

CDC Class II and IIT during the robotic incisional hernia
repair has been reported to affect the outcomes [36]. In the series,
wound contamination occurred in 2.9% of the cases, absorbable
mesh was used, surgical site infections occurred in 1%, and the
reported surgical site infections did not differ between the clean
and contaminated cases. The benefits of minimally invasive repair
and inset of wound infection complications are estimated 1.0%
[37]. In our study, the average BMI was 32.1 kg/m2 which is quite
normal today’s patient population in our geographic area, with an
obesity rate of 36.1% [38]. In addition, it was not a predictor of
wound infections in our study. The benefits of decreasing wound
infection in obese patients by utilizing minimally invasive surgery
for hernia repair were evident in our robotic approach, although
other patient comorbidities were maximized preoperatively as
part of our ERAS pathway, including optimization of diabetes and
smoking cessation.

Regarding the subset of patients who underwent absorbable
mesh implantation, we believe in the mesh’s ability to integrate
with host tissue, supporting fibroblast infiltration and collagen
deposition to restore tissue strength [39]. However, longer-
term follow-up extending to 5years or more is crucial to
provide more definitive data on the longevity of
retromuscular repairs with bioabsorbable mesh (P4HB) and
the incidence of late recurrence.

Our study’s 3-year follow-up demonstrated a low recurrence
rate of 2.97%, comparable to other MIS retromuscular repairs
described by Aliseda et al. [40] We noted that hernia recurrence
showed no significant dependence on mesh type. Instead,
recurrence rates were related to surgical technique rather than
mesh selection. A higher incidence of recurrence was observed in
the synthetic mesh group due to decreased mesh overlap.

The decreased mesh overlap at the ipsilateral opening of the
posterior rectus sheath is primarily caused by medial wandering
during the opening of the PRS. Notably, hernia recurrence in the
absorbable mesh group was identified in the epigastrium,
particularly at sites of rectus diastasis not fully addressed up to
the xiphoid process. To mitigate these issues, our current practice
includes the transabdominal placement of spinal needles. This
technique helps prevent medial deviation when opening the
posterior rectus sheath and ensures complete reconstruction of
the linea alba, especially in cases of diastasis.

The r-TARUP technique serves as a robust platform for more
complex robotic hernia repair procedures. Its utility extends to
techniques such as robotic Extended Totally Extraperitoneal
repair (¢TEP) and robotic Transversus Abdominis Release
(r-TAR), making it a pivotal development in hernia treatment
and during the robotic learning curve.

To optimize the application of the r-TARUP technique, it is
imperative to understand the abdominal wall anatomy, ensure
proper mesh overlap, and address concomitant diastasis to
achieve reproducible outcomes. Looking ahead, we advocate
for further research on absorbable mesh.
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STRENGTHS AND LIMITATIONS
Strengths

The strengths of our study include the 3-year outcomes for the
r-TARUP technique, which expand the body of literature on long-
term outcomes for ventral hernia repair. Moreover, by incorporating
Quality of Life assessments using the EuraHS-QoL scores, we
provided a more comprehensive evaluation of patient outcomes.
This highlights the positive long-term effects of the r-TARUP
technique on patient wellbeing over a 3-year follow-up period.

Limitations

Limitations of our study include those inherent to a single-institution
retrospective study. The study was conducted by two surgeons, which
may limit the generalizability of the results to broader populations.
Additionally, the relatively small sample size constraints our ability to
perform subgroup analyses. However, despite the small sample size,
our study has greater power than many existing studies in the
r-TARUP literature, for which are limited.

CONCLUSION

Our study confirms the safety, efficacy, and enduring success of
the r-TARUP technique in treating primary and incisional ventral
hernias. The main finding at the 3 years follow up was a low
recurrence rate, minimal postoperative complications, and a
noticeable improvement in quality of life.
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