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Introduction

Few surgical diagnoses have the degree of impact on the worldwide healthcare system as
that of the inguinal hernia. It is estimated that approximately 20 million inguinal hernia repairs
are performed each year throughout the world, with as many as 700,000 of these performed
in the United States alone.? The lifetime risk of developing a groin hernia is estimated at 27%-
43% in men and 3%-6% in women,” most of which will ultimately require repair. Operation
to repair inguinal hernias are often successful initially, but have historically been plagued by
complications including (but not limited to) recurrence and chronic groin pain, with considerable
variation as to the reported incidences of both.> Obviously, it is of great interest when possible
for surgeons to define best practices that allow durable inguinal hernia repairs that are cost
effective and are associated with minimal morbidity. This continues to be a challenge since the
current treatment of inguinal hernia is not standardized, despite the publication of several well-
researched guidelines manuscripts.®

To fully understand the scope of this monograph, some historical context is necessary. The
first inguinal hernia repairs were performed in the 1500s. These were tissue-based repairs in-
volving resection of the hernia sac and simple reapproximation of the muscular and fascial com-
ponents surrounding the defect.> At the time, surgeons had little understanding of the complex
anatomical relationships of the tissue planes they were working within, but this changed in the
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early 1800s with the work of Dr. Astley Cooper, whose elegant work on the subject of inguinal
anatomy and inguinal hernia was instantly regarded as a seminal contribution to the medical
literature.® Further work followed by giants such as Franz Hesselbach, Antonio Scarpa, and Jules
Cloquet who collectively, along with Cooper, provided the surgical community with the under-
standing of inguinal anatomy and function that to this day provides the basis for modern in-
guinal hernia repair techniques. The significance of their work and its place in surgical history
are further evidenced by the eponyms that bear their names within the inguinal anatomy, many
of which are perhaps the most well-known eponyms in use in surgery worldwide.®

The better understanding of the inguinal anatomy provided by the anatomical studies by
Cooper and colleagues paved the way for the subsequent tissue repair techniques that followed.
The most common of these were the Bassini, Shouldice, and McVay repairs. A discussion of the
nuances of the different tissue repairs is beyond the scope of this chapter, but for the reader’s
perspective we will offer a few generalizations. This typically involved reapproximation of the
layers of the inguinal canal to the shelving edge of the inguinal ligament, either en masse
(Bassini) or as individual layers (Shouldice). The McVay repair is similar to that of the Bsssini
except that the first few sutures were placed between the conjoined tendon/transversus abdo-
minis arch and the Cooper (pectineal) ligament, transitioning to the inguinal ligament at the
point that the femoral vein was encountered.” Although the Shouldice repair is the most exten-
sively studied and has yielded the best outcomes of the open repairs, the underlying theme of
these repairs is that they involved reapproximating structures that were anatomically never to-
gether before so, by definition, they were all performed under tension. This led to unacceptably
high recurrence rates with tissue repairs and to the widespread use of synthetic prosthetic mesh
materials to avoid tension and support the repair.> Of note, a tension-free tissue repair - the De-
sarda repair - has been developed. In the Desarda repair, the external oblique is transposed un-
der the spermatic cord to cover the inguinal floor and then incised and sutured to the conjoined
tendon, thereby forming an autogenous bridging patch.® Although this repair is interesting and
has yielded promising results in small studies, it lacks the long-term follow-up to endorse it as
a viable alternative at this time. In fact, recent guidelines support only the Shouldice repair as
the standard against which tissue-based repairs should be measured.’

Synthetic mesh was first developed in the 1950s, and was at that time suggested to be used
only in patients with large or recurrent defects that were felt to carry a higher risk of recurrence
and typically placed over a Bassini repair as a means of reinforcement. However, it was the rou-
tine use of polypropylene mesh placed in a tension-free manner that was perhaps the biggest
innovation in hernia surgery since the famous anatomical treatises of Cooper. This technique,
described in 1986, involved the placement of a sheet of polypropylene mesh over the inguinal
floor with no attempt at reapproximation of the conjoined tendon to the inguinal ligament, fol-
lowed by immediate ambulation and early return to normal activities as tolerated. Perhaps the
most significant advantage of the Lichtenstein repair was the reproducibility of its excellent re-
sults by other surgeons - a phenomenon that had been unobtainable with the Shouldice re-
pair.? Since then, a variety of open mesh-based tension-free repairs have emerged. These have
included the “plug and patch” repair, bilayer polypropylene repair (Gilbert), and open preperi-
toneal approaches (transinguinal and transrectus). In recently released guidelines however, the
Lichtenstein remains by consensus the “gold standard” open mesh repair, the most extensively
studied, and the repair by which other open repairs are judged.’

Laparoendoscopic repair of inguinal hernia, in which the hernia sac is dissected free from the
spermatic cord and the entire myopectineal orifice is covered with prosthetic mesh may be per-
formed either laparoscopically (transabdominal preperitoneal (TAPP) or totally extraperitoneal
preperitoneal (TEP), or robotically TAPP (rTAPP). The utilization of laparo-endoscopic techniques
ranges from 55% in highly resourced countries to 0% in areas where resources are more sparser.’
Although initial large scale randomized trials suggested that the laparo-endoscopic approach was
inferior, subsequent analysis of these studies have suggested that success is more dependent on
the skill of the operating surgeon - more specifically the number of cases he or she has per-
formed to acquire the necessary proficiency to achieve excellent results with these techniques.!®
In any case, subsequent studies have indicated acceptable recurrence rates as well as perhaps



B.K. Richmond, C. Totten and J.S. Roth et al./Current Problems in Surgery 56 (2019) 100645 3

lower rates of acute and chronic pain with the laparo-endoscopic technique. In addition, the
ability to exclude and treat a femoral defect without extending the scope of the operation is an-
other theoretical advantage.” Whether or not technical advantages provided by robotic-wristed
instruments and the lack of need for the use of expensive disposable dissecting balloons in per-
forming a rTAPP provide any advantage to the robotic approach over conventional laparoscopy is
another actively debated issue. All of these issues are explored more thoroughly in subsequent
sections of the chapter.

As one can tell, the choices for the repair are many and varied, and this fact suggests that
a “one size fits all best method” does not exist. Rather, one should view all of the different
approaches as additional tools to add to one’s armamentarium. So then, how does one choose
which repair to employ and when? In the context of inguinal hernia repair we believe that
there are several key considerations for the surgeon in choosing which approach to employ.
However, before discussing these considerations one important point must be stressed. All of
the recommendations made in the subsequent section must be considered within the context
of the skill and experience of the individual surgeon and his or her level of experience with
a given approach. Subsequently, the approach to each individual patient and their hernia must
be tailored accordingly with safety and avoidance of operative and postoperative morbidity as a
primary goal. Too often we have seen patients injured when a new technique is performed by a
surgeon without adequate training or expertise in that particular procedure. Remember, primum
non nocere. First, do no harm.

It is our goal to critically evaluate, compare and contrast the 3 major categories of inguinal
hernia repair techniques: open, laparoscopic (both TAPP and TEP), and robotic (rTAPP). To do
this effectively and objectively, we have identified 5 key areas for consideration by the surgeon
in choosing his or her operative approach. Each has been given its own section later in the
monograph. These include:

Consideration of recurrence rates

Recurrences after inguinal hernia are troublesome and costly. Traditionally, recurrence rates
have been used as perhaps the most important benchmark when assessing the adequacy of an
inguinal hernia repair. Presuming that the repairs are properly performed, are there substan-
tial differences in recurrence rates between the open, laparoscopic, and robotic approaches? If
so, which repairs are the most and least favorable, and how do we as surgeons integrate this
information into an evidence-based choice?

Considerations regarding pain - Both acute and chronic

Both acute and chronic pain after inguinal hernia repair have emerged as major consider-
ations for the practicing surgeon today. Reducing acute pain may facilitate an earlier return
to normal activities, including work, and is associated with greater overall patient satisfaction.
Chronic pain represents a significant challenge for the clinician. It is thought to occur in 1%-12%
of patients, with an overall incidence of debilitating pain from 0.5% to 6%.° The treatment of
chronic groin pain after hernia repair represents a significant challenge, so prevention of this
condition is a topic of major interest. In this section differences in the magnitude and incidence
of both acute and chronic pain with the different approaches are discussed. In addition, factors
predisposing to chronic pain as well as strategies for the prevention and treatment of chronic
pain are presented.

Cost considerations

Is one approach clearly advantageous over another in terms of cost to the healthcare sys-
tem? Initial criticisms of laparo-endoscopic approaches focused heavily on this issue, touting
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higher procedural costs associated with an endoscopic approach when compared with an open
approach. This has been challenged in recent years, but it remains a significant point of debate
when comparing the 2 approaches, and the addition of robotic inguinal hernia repair has only
served to further fuel the debate.

Considerations relating to the learning curve of the various repairs

As mentioned previously, the learning curve has been linked to differences in outcomes in
inguinal hernia repair, especially in laparoscopic repairs.'® How much is this a factor today,
especially as more and more surgeons are obtaining experience with laparoscopic and robotic
technologies in their residencies and fellowships? How many cases are adequate to perform la-
paroscopic or robotic procedures proficiently, and how can proficiency be assessed objectively
and consistently? Also, in a world where the paradigm for repair may be shifting more toward
the laparoscopic approach, is it possible that the proficiency of surgeons in open repairs will
suffer, much as the proficiency with tissue repairs has suffered as mesh-based repairs have be-
come the standard in adult inguinal hernia repairs? All of these are reasonable and pertinent
questions.

Consideration of special circumstances: Are there any specific clinical circumstances which clearly
favor one approach over another?

Current expert opinion states that there is likely no single “best approach” to the treatment
of inguinal hernia.> Rather, each approach should be viewed as a tool for the hernia surgeon’s
toolbox and should be used when clinical circumstances dictate. Simply put, are there cases - for
example the acutely incarcerated hernia or the giant inguinoscrotal hernia, for example - that
should be treated with one particular approach in most cases? In this section, specific clinical
scenarios are discussed, with an emphasis on which procedural characteristics may provide an
advantage leading to a superior result if used in a given particular clinical scenario.

Hernia surgery is currently undergoing a renaissance period in the United States and world-
wide with the advent of better evidence-based clinical guidelines,” a greater understanding of
the hernia patient and the specific challenges associated with this unique disease process, higher
quality published outcomes data, and more elegant techniques for repair. Indeed, it is an exciting
time to be a hernia surgeon. We hope that the following sections help to advance the reader’s
knowledge and understanding of this ever-evolving field of surgery.

Consideration of recurrence rates

With an estimated 20 million cases performed around the world annually, the inguinal hernia
repair is a procedure known and often practiced by the general surgeon.> As with any operative
procedure, the ultimate measure of success is often reflected in the outcomes. Here, we discuss
one of the most important benchmarks of a successful hernia repair: a consideration of the
recurrence rates of the various repair methods. In this section, we review the recurrence rates of
the most common and accepted open methods (Shouldice and Lichtenstein), laparoscopic (TAPP
and TEP), and robotically assisted TAPP (rTAPP) approaches to inguinal hernia repair.

Recurrence rates among the population of primary inguinal hernia repairs may reach as high
as 15%, with large studies reporting rates ranging anywhere from 1.7% to 10%."" A recurrent
inguinal hernia contributes to morbidity in several ways, including increased financial burden
on the healthcare system and a negative impact on the patients’ quality of life. When performed
with experience, highly specialized centers have successfully demonstrated long-term recurrence
rates as low as 1%.2 Although considerations relating to the effect of the learning curve of the
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laparoscopic approaches (TAPP, TEP, and rTAPP) on observed recurrence rates have been a point
of discussion, the potential effects of this phenomenon will be explored in a subsequent sec-
tion. This discussion presumes that the repairs studied were performed by a surgeon skilled in
the described approach, and focuses on the recurrence rates that are inherent to the approach
itself. Having said this, it is important to be aware of the patient factors that may contribute
to recurrence independent of the chosen operative technique. These include the female sex'3
and surgeon volume (<5 cases annually).* Risk factors for recurrence that have moderate level
supporting evidence include the presence of a sliding inguinal hernia, disorders of collagen for-
mation, obesity, and cases in which repair was completed under local anesthesia.” The presence
of postoperative hematoma'® or the necessity of an emergent inguinal repair'® have not defini-
tively been shown to contribute to increased recurrence rates, although they may compromise
other benchmarks of a successful repair.

Recurrence rates reported in the literature are often presented as retrospective case series
from single institutions without the benefit of randomization or prospective study, and with
follow-up periods of significantly varying length.'” In addition, the reported recurrence rates are
often determined by rates of reoperation, so it assumed that actual recurrence rates may be as
much as twice the rate that is reported, since some patients with recurrence do not undergo
reoperation - either at the same center or at all.'! National registries have helped to clarify this
issue, since they capture patients that are followed up within the entire country, providing a
much broader follow-up than that of an institutional registry. The Danish Hernia Database and
the Swedish Hernia Registry are 2 such examples. The Danish database captures 98% of inguinal
hernia repairs in the country and the Swedish database captures approximately 80%.'81?

The recently developed Americas Hernia Society Quality Collaborative, in which members of
the Americas Hernia Society report their results into a standardized database, may provide an-
other mechanism by which this problem may be studied more effectively.

Now that we have acknowledged the risk factors contributing to increased recurrence and the
limitations of the available literature in determining these rates, we may focus on the different
operative techniques employed today.

The anterior approach remains the most common approach to the repair of inguinal hernia.”
These include nonmesh tissue-based repairs and tension-free mesh repairs. Based on the 2009
European Guidelines, the grade A-level recommendation to approaching symptomatic inguinal
hernia in male adults over the age of 30 years is a tension-free mesh repair.”?? Of the non-
mesh tissue repairs, the Shouldice operation has been reviewed the most thoroughly.” A 2012
Cochrane review included all randomized controlled trials assessing the results of the Shouldice
operation vs other mesh (Lichtenstein) and nonmesh techniques (Bassini, McVay).2! The review
included adults older than 18 years of either sex presenting with a primary inguinal hernia de-
fined specifically as a groin protrusion. Recurrence was defined as a clinically appreciated bulge
or protrusion worsened by a Valsalva maneuver in the previously operated groin. In all, 2566
Shouldice repairs were compared to 1122 Lichtenstein/plug and patch repairs, and 1608 by non-
mesh Bassini or McVay techniques. The Shouldice operation was the superior nonmesh repair
with an observed recurrence rate of 4.4%, compared to 6.9% with either the Bassini or McVay
repair. However, the Shouldice repair was found to be inferior to the Lichtenstein repair, with
reported rates of recurrence of 3.6% for the Shouldice repair compared to 0.8% with the Licht-
enstein repair - findings consistent with and supportive of the 2009 European guidelines.???!
Although the benefits of mesh repair in emergent hernia cases (where incarceration occurs but
bowel resection does not) outweigh the risks of introducing foreign material,>? there is insuf-
ficient evidence to support mesh use in strangulated cases where bowel resection is needed.?3
This, along with considerations of the cost, unavailability, learning curve, and patient refusal of
mesh demonstrates the need for the general surgeon to be familiar with and consider nonmesh
repairs in select scenarios where the placement of mesh is ill-advised, while acknowledging the
increased risks of recurrence with tissue-based repairs.

Dr. Irving L. Lichtenstein first described his now well-known and often practiced tension-free
mesh repair in 1989 in The Tension-Free Hernioplasty.>* There, he details the 2 predominant rea-
sons for failure of an open nonmesh repair: (1) unnatural apposition of tendinous structures in
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an attempt to reinforce the canal floor at the pubic tubercle and leading to suture line tension;
and (2) an absence of bordering stitches at the medial and lateral ends of a nonmesh repair
that fail to offer a method of force distribution, predisposing to tearing and, as Lichtenstein de-
scribes, an unzippering effect over time. With the introduction of mesh reinforcement of the
canal floor without formal reconstruction and reapproximation, tension is avoided. Among 1000
operations, Lichtenstein did not report a single case of recurrence in the 6-year follow-up pe-
riod.2* Evidence 30 years later continues to support low recurrence rates with the Lichtenstein
tension-free mesh repair in comparison to nonmesh tissue repair techniques. The Danish Hernia
Database with more than 10,000 inguinal hernia repairs annually, describes a recurrence rate
after 96 months at 8% for nonmesh repair vs 3% for the Lichtenstein technique.®

In the decades since the advent of the Lichtenstein technique, other tension-free mesh-
based repairs have been explored, including use of preformed polypropylene plug systems, self-
gripping mesh, and the more common plug-and-patch, explored first by Rutkow and Robbin in
1993.2° The plug-and-patch method is a mesh-based technique meant to offer less anatomical
dissection, reduced operative time, minimal postoperative discomfort, and reduced recurrence
rates, even compared to the Lichtenstein technique.?>26 Rutkow and Robbin reported recurrence
rates of less than 0.2% after 2060 patch-and-plug repairs after follow-up of approximately 6
years.2> Although an attractively low recurrence rate, these results have been difficult to repro-
duce. A meta-analysis of 7 randomized controlled trials comparing Lichtenstein to the plug-and-
patch demonstrated no significant differences in recurrence rates along a range of long-term
follow-up periods.2® The plug-and-patch technique is an acceptable technique for treatment of
primary inguinal hernias when considering recurrence rate as the primary outcome.” However,
the generally shorter operative time2® of the plug-and-match does not overcome the disadvan-
tages of introducing increased foreign material (compared to a simple flat mesh in the Licht-
enstein), additional costs, the violation of both the anterior and preperitoneal planes by plug
placement, and concern of mesh migration and tissue erosion.” For these reasons, the Lichten-
stein repair is still considered the recommended mesh-based open approach to the treatment of
inguinal hernia, and the use of the hernia plug is specifically discouraged in recently published
expert consensus.’

Within the last few decades, and with the advent of minimally invasive surgery and the
emergence of laparoscopy, many procedures that were historically performed open are now of-
ten performed laparoscopically. The 2 prevailing laparoscopic repairs today are the TAPP repair
and TEP repair.

In both laparoscopic repairs, mesh is placed in the preperitoneal plane but via different ap-
proaches. In TAPP, this is accomplished by an intraperitoneal approach in which the peritoneum
is opened to expose the myopectineal orifice. In the TEP repair, the preperitoneal space is en-
tered in an extraperitoneal fashion and expanded by the use of an inflatable dissection balloon.?
A multicenter retrospective study involving 7 centers specialized in laparoscopic hernia repair
reviewed 10,053 hernias repaired by either the TAPP or TEP approach.?’ In all, 89% of these
patients were followed for at least 6 months, with a subsequent median follow-up duration of
3 years. The recurrence rate for these specialized centers ranged from 0.1% to 0.9%; the inci-
dence of recurrence was 0.46% by the TAPP approach and 0.22% with TEP. Similarly, an anal-
ysis of various series comparing TAPP and TEP published from 1990 to 1998 demonstrated a
recurrence rate of 1.33% for TAPP and 0.6% for TEP, compared to rates of 0.77% for TAPP and
0.54% for TEP the very following decade (1999-2008).° In light of these data, there is insuffi-
cient high-level evidence to recommend one technique definitively over the other. Current ex-
pert consensus states that when learning curve is accounted for, both TAPP and TEP laparoscopic
techniques have similarly low recurrence rates and are both suitable choices for inguinal hernia
repair.”

When comparing between the standard Lichtenstein repair and the laparoscopic TAPP or TEP
techniques, there is currently insufficient evidence to suggest a clinically significant difference in
recurrence rates.> A 2004 meta-analysis of 34 randomized controlled trials compared open mesh
repairs with TAPP and TEP on multiple outcome measurements, including recurrence rates.”® Of
these, 23 trials focused specifically on the comparison between the Lichtenstein repair and the
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laparoscopic approaches (4550 total patients). On initial evaluation, recurrence rates were found
to be significantly higher for TAPP and TEP methods at 5.5% compared to Lichtenstein at 2.7%.
However, after exclusion of the Veterans Affairs Multicenter Trial,'” the recurrence difference
was no longer statistically significant.” The exclusion of patients in the aforementioned VA trial
is worthy of some explanation. First, the age of the patients enrolled in the VA Multicenter
Trial was on average higher. In addition, this population had lower overall health-related quality
of life scores than the general population. Second, the learning curve of the surgeons involved
was an issue, with some having less experience than others in laparoscopic repair techniques.
Finally, the mesh size utilized in the laparoscopic repairs in the VA Multicenter Trial was re-
stricted (rather than being tailored to the size needed to effectively cover the myopectineal ori-
fice), whereas the other studies in the meta-analysis were not.>!0

The 2014 European Hernia Society (EHS) guidelines reviewed pooled data from 7 studies
evaluating recurrence rates after Lichtenstein repair vs laparoscopic repair, all with a minimum
follow-up of 4 years.?? As before, after exclusion of a single study?? wherein a single operator
contributed to 33% of TEP recurrences due to lack of surgical expertise (learning curve set at 25
laparoscopic repairs), the guidelines found no significant difference in recurrence rates between
TAPP and TEP repairs vs Lichtenstein technique.?? After careful review of available evidence, la-
paroscopic techniques - assuming sufficient operative experience - offer similar recurrence rates
as the Lichtenstein repair.

An increasing number of procedures once performed laparoscopically are now being per-
formed using a robotically assisted approach. Inguinal hernia repair via a robotically assisted
TAPP (rTAPP) is one such procedure. Proponents of this approach have touted an enhanced vi-
sualization of the operative field and increased dexterity and degree of motion offered by the
robotic platform over standard laparoscopic approaches.’!

A 2017 single institution study reported the results of 159 inguinal hernia repairs performed
on 82 consecutive patients by the robotically assisted TAPP approach.?! This study assessed long-
term quality of life outcomes, including a reported recurrence in only one single case (0.6%).
The study was plagued by a low response rate to the follow-up survey (29 patients, response
rate 35.4%). It has been suggested by some that this is reflective of high patient satisfaction by
the failure of the patients to report complications or recurrences, although the validity of this
conclusion is questionable.

A 2019 meta-analysis of 16 studies comparing tension-free mesh-based Lichtenstein, laparo-
scopic TAPP and TEP, and robotically assisted TAPP offered additional insight into reported re-
currence rates.3? Of the 51,037 patients available for study, 103 (0.2%) underwent rTAPP inter-
vention. Follow-up ranging from 1 to 60 months revealed no statistically significant difference
in recurrence rates between rTAPP and Lichtenstein (odds ratio (OR) 0.98; 95% confidence in-
terval (CI) 0.45-2.10). Although no direct comparisons were made between rTAPP and TAPP or
TEP, the meta-analysis suggests comparable recurrence rates among the 4 techniques.?? Notable
limitations include heterogenous postoperative follow-up lengths and limited numbers of rTAPP
cases. Current evidence suggests similar recurrence rates in robotically assisted TAPP technique
when compared to established Lichtenstein technique. This is logical, since the technique of the
I'TAPP is essentially identical to that of the laparoscopic TAPP with respect to technique of dis-
section and mesh placement. For these reasons, it is likely that rTAPP will compare favorably
with the other 3 established techniques with respect to recurrence rates as more data becomes
available.

Considerations regarding pain - Both acute and chronic

Pain after groin hernia repair remains a topic of great interest to surgeons and patients. The
problem of chronic groin pain is a significant one and one that is likely underreported in the
hernia literature. The incidence of chronic groin pain is estimated to be approximately 10%-12%,
with the incidence of debilitating chronic symptoms present in 0.5%-6% of patients.” The specific
definition of chronic groin pain is pain lasting longer than 3 months after hernia repair, and its
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incidence has consistently been used as a benchmark to evaluate outcomes after inguinal hernia
repair, with the goal obviously being to define practices that effectively reduce its incidence.*
Consequently, knowledge of each approach’s effect on the incidence of chronic groin pain is of
great interest to hernia surgeons.

Before one can critically evaluate the procedural aspects related to groin pain that derive
from the specific approach to repair, one must be aware of the patient factors that may pre-
dispose patients to the development of chronic pain postoperatively. These factors are elegantly
described in the International Endohernia Society (IEHS) guidelines and include young age at
time of repair, high pain intensity level prior to repair, lower preoperative optimism, impair-
ment of daily activities, operation for recurrence, and genetic predisposition (via identification
of the DQB1*03:3 human leucocyte antigen (HLA) haplotype) in the at-risk patient. If these
clinical factors are present then it may be worthwhile to counsel these patients preoperatively
regarding their postoperative pain expectations.”** In addition, and not specifically related to
the chosen operative approach, rates of chronic pain are higher after procedures performed by
less experienced surgeons and in those performed outside of specialized high-volume hernia
centers.>3433

Procedural factors not associated with the chosen operative procedure may also play a role
and are worthy of mention. As mentioned above, the degree of pain experienced is substan-
tially higher at all points of time when hernia repairs are performed by low volume surgeons —
including rates of development of chronic pain.>>> The groin is richly innervated and several im-
portant nerves are at risk for injury or entrapment regardless of which technique is chosen for
repair. During open hernia repair, identification of the highly variable distribution of the nerves
is important,>®> but extensive dissection and/or neurolysis of the inguinal nerves (ilioinguinal, il-
iohypogastric, and genitofemoral) has been shown to correlate with higher rates of chronic groin
pain and thus should be avoided.” It has been suggested that routine neurectomy might be ben-
eficial in reducing observed rates of chronic groin pain, but the literature regarding this proce-
dure has failed to show significant benefit, so expert consensus recommends against its routine
practice.”36-3% That said, it is recommended that the “at risk” partially transected, entrapped
or traumatized nerve be resected to avoid preventable painful sequelae. This practice is known
as “pragmatic” nerve resection and has been endorsed in recent guidelines.”>3° In laparoscopic
and robotic procedures, dissection and fixation lateral to the internal ring should be specifi-
cally avoided to avoid nerve injury within the “triangle of pain.” It is further recommended
that the patient who awakens with excruciating pain of a neuropathic nature undergo imme-
diate re-exploration to identify a technical error and by doing so, free or transect what would
be assumed to be an entrapped or injured nerve in hopes of preventing chronic pain.> In addi-
tion, the occurrence of perioperative complications such as hematoma, infection, or seroma also
correlate with an increased incidence of chronic pain, further accentuating the importance of
cautious, meticulous technique in hernia repair.>*° The nerves commonly encountered in open
repairs are shown in Fig. 1, while the nerves encountered in the preperitoneal approach used
for laparoscopic and robotic repairs are displayed in Fig. 2.

Mesh use in general, when compared to open tissue repairs, reduces the incidence of groin
pain by facilitating a tension-free repair.> The type and weight of mesh used in both open and
laparoscopic/robotic repairs has been a subject of considerable interest among surgeons in recent
years. In general, flat meshes are preferable owing to an overall decreased volume of foreign ma-
terial when compared to formed or shaped mesh devices and complications related to the use
of mesh devices.”2* The mesh plug seems exceptionally problematic and has been associated
with erosion and migration into adjacent tissue planes and organs. In addition, proper place-
ment of the plug requires its insertion into the preperitoneal space, thereby violating both the
anterior and posterior planes and therefore complicating repair of recurrences via both anterior
and posterior approaches. For these reasons, it is recommended by expert consensus that mesh
plug repairs be specifically avoided.’

Mesh fixation has also been shown to affect the incidence of chronic pain and relates to
fixation technique regardless of procedural choice. Generally speaking, and as it relates to the
development of chronic groin pain, the less fixation the better. In laparoscopic repairs, recent
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Fig. 1. Anatomy of nerves encountered in open inguinal hernia repair. (From Malangoni and colleagues."”)

Fig. 2. Anatomy of nerves encountered in preperitoneal hernia repair. (From Ferzli GS, Edwards ED. Laparoscopic
preperitoneal hernia repair. In: Frantzides CT, Carlson MA, eds. Atlas of Minimally Invasive Surgery. Philadelphia, PA:
Elsevier Saunders; 2009:213.)

guidelines call for minimal or no fixation in both TAPP and TEP repairs, with the exception be-
ing large direct defects in which more points of fixation may be required to minimize recur-
rences.”>* The use of tacking devices or sutures (regardless of approach - open, laparoscopic,
or robotic) are correlated with higher postoperative pain than in procedures where tissue glue
is used, suggesting that this may be a preferable technique for fixation when required.” Inter-
estingly, self-gripping meshes although typically implanted with minimal or no fixation, have



10 B.K. Richmond, C. Totten and J.S. Roth et al./Current Problems in Surgery 56 (2019) 100645

not been shown to reduce the amount of groin pain regardless of the operative approach.*"*2 If
suture or tack fixation is used, care should be taken not to place the fixation directly into the
periosteum, as this tissue plane is highly innervated and doing so may increase rates of chronic
groin pain postoperatively.”*3> As mentioned previously, lateral fixation should be strictly avoided
in TAPP and TEP repairs, lest the surgeon violate the delicate innervation located within the “tri-
angle of pain.”

The issue of mesh weight has been another area of debate. It has been suggested that the use
of lighter weight mesh (LWM) may be associated with a lower incidence of chronic postopera-
tive groin pain than heavyweight mesh (HWM). Unfortunately, there is no universally accepted
definition as to what constitutes a LWM vs a HWM.> This controversy has been examined in
a variety of randomized controlled trials and then further analyzed via systematic review and
meta-analysis. It appears that the use of LWM is not associated with higher rates of recurrence
and may be associated with a lower sensation of foreign body, a faster recovery time, and less
acute postoperative pain.*4*° In addition, a meta-analysis published in 2012 by Sajid and col-
leagues did find a reduction of chronic pain in open repairs with the use of LWM over HWM,*6
but this finding has not been consistently demonstrated in other studies. Consequently, recent
consensus statements do not endorse the use of LWM over HWM specifically.” Still, the authors
feel that advocating the use of LWM over HWM is warranted based on the reduction in acute
pain alone, once again with no increase in rates of recurrence. Additional randomized controlled
trials may aid in further clarifying this issue.

Severe and poorly managed acute postoperative pain is recognized as a risk factor for the de-
velopment of chronic pain?’; therefore a comprehensive strategy for acute postoperative pain
management should routinely be employed. The initial oral agents should be a combination
of acetaminophen and nonsteroidal anti-inflammatory agents, with oral opioids added only if
this combination is inadequate or if contraindications to elements of the nonopioid regimen are
present.” The use of long acting local anesthetics (bupivacaine) is also of interest. The use of
bupivacaine infiltration has been studied in open inguinal hernia repair and does appear to be
superior to placebo for the management of acute postoperative pain. This has been indicated by
the finding of lower postoperative pain scores, less supplementary analgesic use, and longer time
to first analgesic request.*® The benefit of local anesthetics appears to be greatest in infiltration
or field blocks delivered via both subcutaneous and subfascial injection.*® Whether or not there
is additional benefit to be gained by injecting local anesthetics prior to incision (preemptive
analgesia) is controversial and expert consensus takes no firm position on this.> Furthermore,
the use of local anesthetics appears to be beneficial only in the management of acute pain. No
benefit in the reduction of chronic groin pain with local anesthetic infiltration has been ob-
served. The use of catheter/reservoir devices that slowly infuse local anesthetics into the wound
have been studied on a small scale and appear to be superior to placebo in reducing pain as
well, but further randomized controlled trials are necessary before these can be recommended
over simple tissue infiltration.””

As one can appreciate, pain management after inguinal hernia repair is indeed a topic of
significant complexity and consequently requires a comprehensive and multifaceted strategy to
decrease the intensity of acute postoperative pain and avoid the problem of chronic groin pain
as much as possible. The above strategies are applicable to inguinal hernia repair in general and
are indeed valuable in that regard.

The question we now address is the one that most pertains to the debate that this chapter
attempts to answer: Do any of the approaches in use today - open, laparoscopic (TAPP or TEP),
or robotic (rTAPP) - convey any advantage in the reduction of acute or chronic pain, or both?
This subject has been of interest for some time and has been included (along with recurrence
rates, cost, and other variables) as an important metric in the evaluation of the various available
inguinal hernia repair techniques. Consequently, the results of these studies have been recently
analyzed in several meta-analyses and systematic reviews, allowing surgeons to benefit from
data derived from tens of thousands of patient outcomes.

A study published in 2016 by Takata and colleagues examined 334 patients who had un-
dergone 378 hernia repairs. These repairs performed were open onlay mesh repairs via the
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Lichtenstein or bilayer prosthesis repair (Gilbert — Prolene hernia system (PHS)) and com-
pared those outcomes against patients who had undergone repair via a preperitoneal technique,
either open (Kugel) or laparoscopic. In their study, mesh fixation in the laparoscopic group was
performed with 4-6 tacks and all operations included resident involvement but with the super-
vision of a specialist surgeon. The patients were followed from 2 to 3 weeks postoperatively at
intervals up to 1 year. Pain was assessed via a patient-reported numerical score. These scores
were lower for the patients who underwent laparoscopic repairs at the 2-3 week and 3-month
time intervals. Similarly, the pain scores were also lower at the 6-month mark for the laparo-
scopic approach as well, supporting the conclusion that an endoscopic approach is associated
with a lower incidence of pain - both acute and chronic.”!

Similar results have been reported by various authors, lending this topic to meta-analysis. In
2017, Scheurmann and colleagues published a systematic review and meta-analysis of the Licht-
enstein operation vs laparoscopic repair for the treatment of primary inguinal hernia. Eight ran-
domized controlled trials were included in the analysis. Outcome measures included duration
of operation, length of hospital stay, acute and chronic pain intensity, time to return to work,
hematoma, wound infection, neuralgia, numbness, scrotal swelling, seroma, and recurrence. In
this large series there were no significant differences in any of the outcome measures with the
exception of chronic postoperative pain, which was significantly lower in the laparoscopic group
(OR = 0.42; 95% confidence interval). This finding was observed despite the use of fixation tech-
niques that are in excess of what is currently recommended today. The benefit of a laparoscopic
approach was still realized in this series despite the fact that increased extent of tack fixation is
correlated with a higher incidence of chronic pain.>?

Lundstrom and colleagues recently published a cohort study of 22,917 patients studied
through a combination of patient-reported outcomes and Swedish national registry data. The ob-
ject of the study was to compare the results of various available hernia repairs including open
anterior mesh repair via the Lichtenstein or bilayer technique to that of open or laparoscopic
(TEP) preperitoneal approaches. The primary endpoints were that of chronic pain 1 year after
the operation and the rates of recurrence. The overall rate of development of chronic pain in the
series was substantially lower in the laparoscopic TEP repair group (OR 0.84; P= 0.013) when
compared to other repair techniques.”>

The results of these studies and others have led to recent consensus that laparoendoscopic
approaches (TEP or TAPP) are associated with lower rates of the development of chronic pain
than open repairs.”>* With the introduction of robotic technology, an increasing number of
patients are undergoing hernia repair via a rTAPP approach. Proponents of this approach have
touted increased technical ease of repair, shorter learning curve, and decreased cost related to
the elimination of expensive disposable dissecting balloons and tracking devices, and early data
suggest that it is technically feasible and safe. The issues relating to learning curve and cost are
addressed in subsequent sections; however, the issue of postoperative pain will be addressed in
this section.

Recently, robotic TAPP was compared to laparoscopic TAPP in a retrospective single-surgeon
experience by Waite and colleagues. Outcome measures included cost, feasibility, operative time,
and patient-reported pain scores among others. Of note, the average pain scores in this series
were significantly less than those of the laparoscopic group (2.5 vs 3.8, P= 0.02). Of note, mesh
use in both groups consisted of polypropylene mesh or self-fixing polyester mesh and fixation in
both groups did not differ and consisted of 1-2 tacks in the polypropylene mesh group and no
fixation in the self-fixing group. The authors hypothesized that suture fixation was less painful
than tack fixation, but this remains theoretical in nature. Unfortunately no information was pro-
vided regarding the development of chronic pain in this study, so the impact of the use of the
robotic approach on chronic pain cannot adequately be assessed.”*

A subsequent study by Bittner and colleagues examined patient perceptions of acute pain
and disruption following open, laparoscopic, and robotic approaches in 526 subjects. The re-
sults consisted of 526 subjects. Of these, 214 patients underwent open repair, 214 underwent
laparoscopic repair, and 83 underwent robotic inguinal hernia repair. There were no differences
in demographic or clinical characteristics. The robotic group reported significantly less acute
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postoperative pain than the open group (P< 0.01), but similar to that of the laparoscopic group
(p = 0.37). Once again, no assessment of the incidence of chronic groin pain was provided in
this series.”

Based on the available data it is the position of the authors that, with respect to
pain, laparoendoscopic approaches (laparoscopic or robotic) are associated with less acute
postoperative pain than open approaches. In addition, laparoscopic repairs are associated with
a lower incidence of chronic pain when compared with open repairs.” The similarities between
the technical aspects of robotic TAPP and laparoscopic repairs lead the authors to suspect that
the results of robotic TAPP will be comparable to that of laparoscopic TEP or TAPP with respect
to the incidence of chronic pain, but this hypothesis will need to be confirmed in future studies,
preferably via randomized controlled trials.

Cost considerations

Healthcare costs in the United States comprise 17.9% of gross domestic product in 2017, while
overall health lags behind other developed nations. Contributors to these high costs include the
cost of labor, goods, and administrative costs.’® These healthcare costs continue to escalate, with
healthcare spending projected to continue to outpace inflation.”’ In order to stem the tide of
rising healthcare costs, providing cost-effective treatment is imperative.

Inguinal hernia repair is one of the most common surgical procedures performed in the
United States. Although many techniques for inguinal hernia repair have been described, the
most commonly performed repairs include the Lichtenstein repair, laparoscopic repairs (TAPP
and TEP), and more recently the robotic TAPP (rTAPP) repair. Although each of these techniques
has unique advantages from a clinical perspective, the costs associated with each procedure
should be considered, especially with the excellent outcomes associated with all of the prevail-
ing repair techniques. Furthermore, in the fee-for-service healthcare system of the United States,
understanding the impact of any specific procedure upon provider costs, patient costs, employer
costs, and insurer costs provides unique insight into the conflicting interests among interested
parties and key stakeholders.

In assessing procedural costs there are several relevant considerations: patient out-of-pocket
costs, insurance provider payments, hospital labor costs, costs associated with loss of work, cost
of a recurrence, and impact upon long-term quality of life and patient function. The definition
of cost is often dependent on the lens through which cost is being evaluated. From a soci-
etal perspective, the direct cost of the procedure, loss of labor, and insurance premiums would
be major considerations. Because the United States is largely a fee-for-service healthcare sys-
tem, patients face concerns with copayments, deductibles, and lost wages. Healthcare insurance
companies aim to provide cost-effective long-term care for large populations, avoiding hospital
readmissions, postoperative complications, and recurrent procedures while employers bear costs
associated with healthcare insurance and loss of labor. All are drivers of costs for any given
procedure.

The healthcare system is further complicated by the system of reimbursement for physicians,
hospitals, and patient care facilities. Although the cost of care is an important metric, the net
revenue associated with a procedure is an additional consideration. Facility payments vary based
upon the type of procedure performed and as a result, the profitability of a procedure is based
upon the difference between revenue and expenses. Accordingly, it is feasible for procedures to
incur higher costs yet receive higher revenue resulting in greater profitability.

Furthermore, facilities will incur both direct and indirect costs. Direct costs are costs that
can be attributed to a specific department.”® These include operating room costs, disposable
supply costs, and staff salary and expenses. Indirect costs are costs not directly attributable to
any department such as housekeeping, laundry services, utilities, capital equipment, and service
contracts.”®

The Lichtenstein technique for inguinal hernia repair is generally considered to be the
most cost-effective repair due to the minimal supplies required. The procedure is typically
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performed in an outpatient setting with traditional surgical instrumentation, sutures, and low-
cost polypropylene mesh. In contrast, laparoscopic repairs necessitate the use of cameras, insuf-
flators, balloon dissectors, tracking devices, and trocars in addition to the costs incurred with an
open repair. Because of this, laparoscopic inguinal hernia repairs have higher perioperative and
short-term costs compared to open repairs.”® A 2012 study comparing techniques demonstrated
a significant difference in cost of supplies for Lichtenstein and laparoscopic repairs, respectively,
of $343 and $1611.5° A prospective multicenter randomized clinical trial by Eker and colleagues
found TEP repairs to be associated with higher operative costs in the short term compared to
the Lichtenstein repair, but total hospital costs were comparable.5! This is further supported by a
large prospective trial of more than 1000 patients demonstrating improved cost effectiveness of
laparoscopic inguinal hernia repair for unilateral primary and recurrent inguinal hernia repairs
2 years following initial operation,5? suggesting that downstream costs associated with factors
such as higher rates of chronic pain with open repairs resulting in additional treatment costs
may be relevant, as described below.

In a 5-year prospective trial comparing TEP repair to the Lichtenstein repair, the cost of the
laparoscopic repair was more than 700 Euro greater per procedure. However, the cost of missed
work in the open group offset the cost savings resulting in a cost benefit in the Lichtenstein
group of only 292 Euro.5> However, a prospective randomized trial by lelpo and colleagues, com-
paring laparoscopic repair to the Lichtenstein approach for bilateral inguinal hernias favored a
laparoscopic repair.5 In this study, the incidence of postoperative complications (27.4% vs 8.6%, P
= 0.002) and incidence of chronic pain (11.9% vs 2.5%, P = 0.04) contributed to the greater costs
in the Lichtenstein group. Accordingly, despite the increased costs associated with both the oper-
ation and materials, the long-term results, in the opinion of the investigators, demonstrated an
overall net cost benefit with the laparoscopic approach. These data remain controversial how-
ever, and in a similar study the cost benefit of laparoscopic bilateral inguinal hernia repair was
not demonstrated. In a study by Hynes and colleagues, 2-year costs were less for open bilat-
eral inguinal hernia repairs and there was no difference in quality adjusted life years between
laparoscopic and open repairs.52

A 2014 analysis of 233,984 Medicare recipients evaluated the utilization and costs of care
for common laparoscopic procedures. Laparoscopic inguinal hernia repair was found to be as-
sociated with 50% more frequent complications, 0.35 fewer hospital days, similar hospital read-
mission rates, $1614 in increased Medicare claim costs, and $156 in reduced Medicare reim-
bursement. Although this study does not evaluate hospital costs, it provides unique insight into
the costs of inguinal hernia repair from the perspective of the insurer and clearly demonstrates
higher costs for a laparoscopic inguinal hernia repair.%®

Robotic inguinal hernia has emerged as an alternative to laparoscopic inguinal hernia and
has been performed with increasing frequency although it still represents the minority of in-
guinal hernia repairs.°® Enthusiasts have reported improved robotic outcomes relative to the
open approach.57%% A 2018 study of 510 hernia repairs demonstrated significant difference in
costs between robotic ($7162), laparoscopic ($4527), and open ($4264) inguinal hernia repair.?®
This study also evaluated hospital charges which were correspondingly increased for robotic
($27017), laparoscopic ($16016), and open ($14190) repairs. As this study did not report upon
net revenue for each procedure, it is unclear as to whether the increased charge resulted in
increased payments to offset the increased costs. Nevertheless, this study clearly demonstrates
increased costs associated with robotic inguinal hernia repair as well as an increased operative
time in the robotic group. Although speculative, the authors hypothesize the increased operative
times as an explanation for the increased incidence of wound complications in the robotic group
relative to the other technique,? which, if duplicated in subsequent studies, may further drive
the cost of robotic repairs upward due to higher downstream costs related to complications. This
hypothesis has not been well studied, however.

A multi-institutional study of 2405 cases of inguinal hernia which included 734 robotic and
1671 laparoscopic repairs demonstrated significantly greater total costs in the robotic group rel-
ative to laparoscopic repairs ($5517 vs $3269, P < 0.001). The increased costs for robotic pro-
cedures were attributed to the increased personnel costs, longer operative times, and increased
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medical device costs. Despite the higher costs in the robotic group, there was no clear superior-
ity in patient outcomes.”’

A single institutional study comparing laparoscopic and robotic inguinal repair demonstrated
the ability to perform robotic procedures at costs similar to laparoscopy ($3479 vs $3216, respec-
tively). The authors were able to achieve these results despite increased operative times (77.5 vs
60.7 minutes, P = 0.001) in the robotic group.®*

In general, short-term total costs associated with robotic inguinal hernia repair tend to be
higher than laparoscopic or Lichtenstein repairs.”*69-7! Fixed costs associated with robotic pro-
cedures far exceed fixed costs associated with laparoscopic surgery.”® A 2018 report estimates
average costs associated with robotic instruments and accessories at $1866 per case, with an
additional $1701 per procedure for system maintenance, resulting in per case costs of $3568
inclusive of capital expense. Preprogrammed limits on the lifespan of the instruments are a sig-
nificant contributor to this increased expense.’?

In conclusion, inguinal hernia repair costs vary significantly based upon the surgical ap-
proach. The Lichtenstein repair is associated with the lowest initial costs, but the laparoscopic
approaches may be equivalent when comparing total costs and long-term costs. Robotic inguinal
hernia repair is associated with overall higher costs than both laparoscopic and open repairs
with similar outcomes.

Considerations relating to the learning curve of the various repairs

Inguinal hernia repair remains one of the most common procedures performed by the general
surgeon and accounts for nearly 75% of all hernias, with nearly 20 million repairs annually.”” The
most commonly utilized techniques for inguinal hernia repair in the United States include the
Lichtenstein repair followed by laparoscopic repairs (TAPP and TEP) and, more recently, roboti-
cally assisted laparoendoscopic repairs (r'TAPP). Laparoscopic repairs may be performed through
a totally extraperitoneal approach (TEP) or by means of a TAPP approach while robotic-assisted
laparoscopic repairs are performed utilizing a transabdominal preperitoneal approach (rTAPP).
Each of these approaches require unique training and experience prior to obtaining competence.
Throughout the learning curve, surgeons gain knowledge and experience which impacts patient
outcomes prior to reaching a plateau in which patient outcomes are maximized and operative
time is constant. Although each of these approaches is utilized in the same anatomical region,
the learning curves for each of these procedures vary due to the unique skills required for each
of the procedures. Furthermore, ascending the learning curve in a structured environment with
safeguards to minimize patient complications is essential to patient safety.

The most common anterior approach for inguinal hernia repair is the open technique de-
scribed by Lichtenstein.? Briefly, the Lichtenstein repair involves a transverse incision over the
inguinal ligament extended through the soft tissues to the external oblique. The external oblique
fascia is divided through the external ring with dissection of the cord from the inguinal canal.
Dissection is performed to identify and dissect the hernia with careful attention to identify and
protect the ilioinguinal, iliohypogastric, and genitofemoral nerves. Mesh is utilized to reconstruct
the inguinal floor in a tension-free manner with careful attention to avoid entrapment of the
sensory nerves. The external oblique is then closed over the spermatic cord followed by skin
closure. This common approach for inguinal hernia repair has evolved as one of the most com-
monly performed procedures due to its infrequent complications, low recurrence rate, and short
learning curve.

Laparoscopic approaches for inguinal hernia repair have been utilized for more than 2
decades although they are performed far less frequently than open repairs. Although both are
unique, there are some similarities between the TEP and the TAPP repair which may impact the
learning curve for surgeons with competency in one of these approaches.

The TAPP repair is often considered to be easier to learn than the TEPP repair although
anatomically, the operations are similar except for the method utilized to access the preperi-
toneal space. The TAPP repair involves placement of intraperitoneal trocars to access the hernia.
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The peritoneum is incised in the pelvis with dissection of a peritoneal flap to expose the hernia.
Following complete dissection of the myopectineal orifice, a mesh is placed in the preperitoneal
space to cover the direct, indirect, and femoral space followed by closure of the peritoneal flap.
In distinction, the TEP approach is performed by accessing the extraperitoneal space at the um-
bilicus. Most commonly, the preperitoneal space is balloon dissected without violation of the
peritoneum. Following dissection of the preperitoneal space, additional trocars are placed and
utilized to identify and dissect hernias followed by mesh placement similar to mesh placement
in the TAPP approach. Although the TEP approach creates unique challenges associated with
working in a limited preperitoneal space, peritoneal closure after mesh placement is unneces-
sary because it was never violated.

Robotic approaches to inguinal hernia repair are generally performed by means of a TAPP ap-
proach (rTAPP), although some case reports of totally extraperitoneal robotic repairs have been
reported. The operative steps for a rTAPP mimic that of a laparoscopic TAPP except for the addi-
tional training and skills required to utilize the robotic platform.”?

Learning curve

The learning curve refers to the improvement in performance measures associated with in-
creasing surgical experience. Each procedure will have its own unique curve based upon the
complexity of the procedural elements. Furthermore, transference of skills between procedures
may occur as a result of prior experiences in similar types of procedures or tasks.

The surgical learning curve has 4 phases. The first phase begins with the commencement
of training and continues until acceptable standards of outcome measures are met. During this
initial phase, performance improvements are generally rapid and significant. The second phase
begins upon meeting acceptable standards and concludes at the time in which there is a plateau
in performance. Improvements in phase 2 are more gradual and additional experience only in-
crementally enhances performance. During the plateau phase, there is minimal improvement
with case volume. This represents the period in which the surgeon is capable of providing both
quality and expedience. The fourth phase occurs during the latter aspect of a surgeon’s career,
where the outcomes may decrease due to deteriorating manual dexterity, eyesight, memory, and
cognition.”* For the purposes of this discussion, our focus will be on the first 3 phases, with the
first 2 phases categorized as the learning phase.

Surgical measures of learning typically fall into 2 categories: measures of surgical process and
measures of patient outcomes. Intraoperative measures such as operative time and blood loss are
measures of the surgical process whereas length of stay, readmissions, surgical site infections,
and recurrence rates are measures of patient outcomes.’*

Open inguinal hernia repair is generally taught and learned more easily than laparoscopic or
robotic repairs. The surgical approach is through an anterior incision located over the groin, so
consequently the anatomical landmarks are more familiar to the surgeon and as a result, the
Lichtenstein technique requires fewer cases for surgical trainees and nonexperts to match the
patient outcomes of expert hernia surgeons.”” In a study by Wagner and colleagues, an aver-
age of approximately 5 Lichtenstein repairs were required to achieve proficiency with the tech-
nique.”® Because of the short learning curve and familiar anatomy as well as excellent long-term
outcomes, the Lichtenstein approach has been widely adopted across the United States, and con-
tinues to have a major presence in modern hernia surgery.

In contrast, laparoscopic inguinal hernia repairs are generally more difficult to master. The
laparoscopic repair is a posterior approach to the abdominal wall which requires an appreci-
ation of the anatomical landmarks from the undersurface of the abdominal wall. Additionally,
the skills required to perform a laparoscopic repair differ from open surgical techniques. As a
result of the less familiar anatomy and challenges with appreciating 3-dimensional anatomy on
a 2-dimensional monitor result in a learning curve reported to be as high as 100 cases in order
to have comparable recurrence rates as experts, with the first half of the cases being the most
critical, although some obtain competency sooner.”>
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Furthermore, the learning curves associated with laparoscopic TEP and TAPP repairs differ.
Significant variability in reaching a plateau is reported in the TEP repair. In a study by Lau and
colleagues of TEPP hernia repairs, operative duration of less than 1 hour is only achieved af-
ter a general surgeon performed 80 cases, while Choi and colleagues demonstrated a learning
curve of 60 cases to reach a plateau of less than 30 minutes.””’® A single surgeon case series
found operative times stabilized after 18 TEPP repairs for a newly licensed surgeon, with a mean
operating time of 62 minutes.”® Although there is no consensus on the exact number of proce-
dures, TEP repairs are associated with a longer learning curve than the Lichtenstein repair. With
respect to patient outcomes, there is a significantly higher rate of complications with laparo-
scopic repairs in the initial cases when compared to later cases. The complication rates for the
initial cases range from 11% to 33%, whereas the complication rates in the later cases range from
3% to 15%.89-83 Additionally, complication rates are significantly lower after the first 100 TEP re-
pairs.8% A similar trend is noted in recurrence rates, with the initial cases having a recurrence
rate of 8%-30% and the later cases with a rate of 0.1%-5%.10:80.83-86

The learning curve for TAPP repairs appears to be shorter than for TEP repairs, possibly due
to the familiar transabdominal anatomy of the TAPP relative to other laparoscopic operations
and the wider operative field relative to the TEP repair.®” In one study, operative times stabi-
lized following 65 procedures.®® Complication rates for the initial TAPP repairs range from 11%
to 16% while cases later in the learning curve demonstrate complications ranging from 0% to
8%. Recurrence rates also demonstrate a similar trend, ranging from 5% to 12% initially, and in-
frequent or no recurrences later in the learning curve.3%°0 However, there are far fewer studies
evaluating the learning curve associated with TAPP repairs, as compared to TEP repairs.

The use of robotic technology for inguinal hernia repair has recently evolved, although there
is limited evidence as to the nature of the learning curve for the procedure. Robotic TAPP is
identical to the laparoscopic TAPP procedure, although the learning curve also requires acqui-
sition of robotic skills. It has been demonstrated, however, that with ascension of the learning
curve, r'TAPP repairs demonstrate a decrease in operative time eventually equaling laparoscopic
TAPP repair times.’! This is not surprising, since all repairs studied show a decrease in opera-
tive time as experience increases.’? To date, there are no studies comparing the learning curve
for rTAPP repairs with laparoscopic TAPP repairs. Some argue that the learning curve for rTAPP
is likely to be shorter due to the advanced optics and wristed instruments associated with the
robotic platform - both of which are purported to result in improved visualization and ease of
dissection and suturing. In addition, because the anatomy of a TAPP repair is the same regard-
less of the approach, the robotic learning curve for those proficient in laparoscopic TAPP is likely
to be accelerated when compared to surgeons without significant laparoscopic experience. Con-
versely, it is unknown whether proficiency with rTAPP confers any advantage to ascending the
learning curve for traditional laparoscopic inguinal hernia repair. It is clear that further studies
are required to evaluate the various learning curves associated with these procedures and the
effects of the learning curve on patient outcomes.

In conclusion, the Lichtenstein repair has the shortest learning curve, whereas the TEP and
TAPP require significantly more cases to achieve proficiency. There is insufficient evidence to de-
termine where the rTAPP falls on the learning curve continuum. In addition to the advantages
and disadvantages of each technique, the surgeon’s specific expertise and position on the learn-
ing curve should be considered when determining the optimal approach for any inguinal hernia
repair.

Consideration of special circumstances: Are there any specific clinical circumstances
which favor one approach over another?

All hernia repairs should be performed in the safest and most effective way utilizing the
technical skills and resources available to each individual surgeon. Each technique has a learning
curve that must be worked through to allow equivalent outcomes. Once this is achieved the
well-rounded hernia surgeon is then armed with all of the state-of-the-art approaches to the
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task of inguinal hernia repair. In this situation, the choice of repair may still be affected by
surgeon or patient preference, but there may also be clear circumstances in which one technique
distinguishes itself as the procedure of choice. These unique circumstances are the focus of this
section.

There are certain situations where both open anterior and laproendoscopic posterior ap-
proaches have shown superiority based on the clinical scenario. In this section, we discuss the
recommendation from the guidelines published from the EHS, IEHS, European Association of En-
doscopic Surgery (EAES), and the HerniaSurge Group.>203493

Primary elective unilateral inguinal hernias in males

The EHS guidelines and general consensus for repair of a primary inguinal hernia in men
allows the surgeon to choose their most effective and safest approach. This includes open Licht-
enstein, and laparoscopic TAPP or TEP repair.2 In more recent years, synthetic plug and patch
repairs have fallen out of favor due to plug-related complications as well as use of double-
layered implants (such as the Gilbert prosthesis) that violate both the anterior and poste-
rior tissue planes.>?* In younger active men between the ages of 18 and 30, the laparoscopic
approach is favored as this population gains the most benefit from early mobility and re-
turn preoperative function with endoscopic approach.?> The laparoscopic approach is associ-
ated with a lower rate of infection, hematoma formation, and earlier resumption of activities,
with a lower risk of chronic nerve pain compared to open techniques in the general population
(P< 0.001).349>

Of note, large direct (M3) inguinal hernias that are approached via TEP or TAPP approach
must include mesh fixation to prevent recurrence.” The risk of mesh migration and thereby re-
currence was noted not only for these large direct defects, but also for combined hernias (OR
1.137) in analysis of the Herniamed registry study.?®

Robotic-assisted transabdominal preperitoneal (rTAPP) inguinal hernia repairs have become
more frequent in the United States. Gamagmi and colleagues published their experience com-
pared to a matched cohort of open repairs. The patient population was predominately male,
those with prior abdominal operations were more commonly performed open, and patients with
a larger BMI were guided toward rTAPP. At 30 days postoperatively, fewer patients reported com-
plications in the robotic group compared to the open group (P= 0.047). The reported complica-
tions within the open group were primarily groin and incisional pain and swelling. Operative
times were 28 minutes longer for the rTAPP approach; however, this study did include surgeons
in varying periods of their learning curve.%”

Primary elective unilateral inguinal hernias in females

Primary unilateral inguinal hernias in women should be repaired according to the surgeon’s
expertise. A review of the Danish Hernia Registry noted an increased risk of recurrence after
open primary repair in women compared to laparoscopic methods.?” Of the nearly 6000 pri-
mary elective inguinal hernias performed and studied, there was a 5.2% overall recurrence reop-
eration rate; of these 38% were due to a recurrent femoral hernia. It is unclear if these femoral
defects were either missed during the index open operation or true recurrences. Repair of a pri-
mary direct inguinal hernia was correlated with a higher reoperation rate of 11% compared to
3% after indirect hernias (OR = 2.4) for recurrent femoral hernias after direct hernia repair. All
femoral hernias noted at reoperation occurred following an initial anterior Lichtenstein index
repair. Laparoscopic approaches allow for visualization of the femoral space, in addition to rou-
tine mesh coverage of the entire myopectineal orifice. Consequently, this allows identification
of these femoral hernias, if present, and permits repair at the index operation. Based on this
registry, the multiple societies recommend a laparoscopic TAPP or TEP repair in women with
inguinal hernia.>20.34



18 B.K. Richmond, C. Totten and J.S. Roth et al./Current Problems in Surgery 56 (2019) 100645

If an open Lichtenstein approach is the only technique available to a particular surgeon, then
the patient must be counseled regarding the risk for recurrence or missed femoral hernias due
to this approach. The anterior approach in those with small indirect defects is appropriate since
the volume of recurrence or missed femoral hernia was less in this patient population (3%).%
Those with direct defects or femoral hernia complaints should be referred for laparoendoscopic
repair, provided the necessary expertise is available.

Primary bilateral inguinal hernia, independent of sex

A laparoendoscopic approach is recommended for treatment of bilateral inguinal hernias
identified preoperatively by physical examination or imaging (level 1B evidence).” Hernia guide-
lines cite the work of Feliu and colleagues in which patients undergoing bilateral Lichtenstein
vs bilateral TEP repairs were compared. The authors reported shorter operative times, shorter
hospital stays, and lower postoperative complication rates within the TEP group.’® The advan-
tages of faster recovery, lower risk of chronic pain, and cost-effectiveness are also supported as
reasons for a laparoendoscopic approach.>?° There is no clearly demonstrated advantage of the
TEP vs TAPP approach for bilateral repairs that is currently supported in the literature.”> There is
a clear advantage, however, for the TAPP approach in identifying an occult contralateral hernia,
as this is clearly evident from within the peritoneal space, and allows a diagnostic evaluation of
the contralateral side without disrupting the preperitoneal space. The incidence of occult her-
nias varies widely in the literature from 13% to 58% and the natural history of these hernias is
poorly understood.” Concomitant repair of an asymptomatic contralateral occult hernia is still
widely debated without clear recommendations to date. Additional studies are needed before
clear recommendations can be made regarding this clinical circumstance.

Primary inguinoscrotal hernia

Primary scrotal inguinal hernias are a complex condition whereby failure to dissect out the
large hernia sac from the cord structures and scrotum can result in persistent seroma. The EHS
recommends an open approach for repair of scrotal hernias.2%2° Limited series have been de-
scribed by expert robotic surgeons who report that, in expert hands, the robotic TAPP (rTAPP)
approach is preferred over standard laparoscopic approaches, owing to greater ease in dissec-
tion, dexterity of sac manipulation, and reduction in the risk of skin complications associated
with an open approach. An rTAPP approach in expert hands also allows for larger preperitoneal
mesh overlap. Inverting the lax fascia transversalis or attempts at closing the defect is currently
widely debated with concerns to variability in the nerve anatomy leading to entrapment as the
main concern. An increase in seroma formation is noted with posterior approaches, but most
resolve in 6-8 weeks.?® Please note that if significant skin resections are required due to a giant
scrotal hernia or ulcerations, then an open approach unequivocally becomes the procedure of
choice.

Previous lower midline incision

Many patients present with unilateral or bilateral symptomatic inguinal hernias after prior
midline incisions for abdominal exploration or cesarean section. The inguinal hernia approach
should be once again chosen based on individual upon surgeon expertise. For unilateral her-
nias, an open approach is appropriate; however, if endoscopic expertise is available, then the
TAPP technique is preferred over TEP due to balloon dissection limitations with prior midline
scarring. Expert TEP surgeons have published successful repairs on patients after prior lower
midline incisions with a modified unilateral port placement, however the skill required for this
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dissection limits its universal acceptance.'?C If bilateral hernias are present without significant
known intra-abdominal adhesions, then an endoscopic TAPP approach is favored after prior
lower midline, either laparoscopic or robotic.

Previous pelvic or lower abdominal surgery

Patients with inguinal hernia development after prior pelvic operations including prostate-
ctomy, cystectomy, or vascular interventions such as aortic-bifemoral graft or femoral-femoral
grafts, should be offered an open mesh technique as a preferred technique.?? Complex endo-
scopic preperitoneal repair can be technically possible in select patient situations, but should
only be performed by expert laparoscopic surgeons per the IEHS and EAES since these reopera-
tive endoscopic cases have a steep learning curve, longer operative times, and required multiple
techniques available to manage intraoperative complications and variations in scarring/available
tissue layers.3493

Elderly patient population

A patient’s fitness for surgery is not determined by age. After a through history and preoper-
ative evaluation, individuals identified with cardiac and pulmonary risk factors deemed unfit for
general anesthesia with a symptomatic inguinal hernia should undergo an open technique with
local or regional anesthesia.’?! Please note that the Swedish Hernia Registry did show increased
risk of recurrence after primary hernia repair under local anesthesia; however, the risk was low-
est with a Lichtenstein mesh repair.'® Some reports in the literature describe safe yet variable
experiences with TEP repairs performed under spinal or epidural anesthesia.'’2193 Of note, the
TEP procedure does require more minute ventilation when compared to a TAPP repair. Conse-
quently patients with chronic obstructive lung disease may be at greater risk of CO, retention
with the TEP approach.!%

A small cohort study in 2013 followed octogenarians, predominately male, undergoing endo-
scopic vs open hernia repairs for 31 months. Those with bilateral hernias were predominately
performed endoscopically under general anesthesia while two-thirds of open cases were per-
formed under local anesthesia with sedation. There were no differences in American Society
of Anesthesiologists (ASA) class (average ASA 3), morbidity (P = 1.0), or overall study duration
mortality (P = 0.5) with death occurring on average 18 months postoperatively from comor-
bidities.'%> More recently, individuals older than 70 were compared to a cohort younger than
70 undergoing TEP repairs with no difference reported in overall complications (P = 0.117),
anesthesia-related complications (P = 0.617), or operative times.!® Despite these results, con-
sensus guidelines support same day surgery with an open Lichtenstein operation under local
anesthetic for any ASA class IIl and IV individuals.>2°10!

Recurrence

The approach for repair of a recurrent inguinal hernia is based on surgeon expertise and
determining which anatomical layer is available and appropriate for reoperation. All recurrent
inguinal operations should include exploration for femoral hernias which have an incidence of
9%_35%_107,108

For those with the prior open anterior repair, the endoscopic approach during recurrent reop-
eration is performed in the preperitoneal layer which has not been previously dissected.??109 It
is important to review the patient’s operative reports, if available, to determine the exact nature
of the previous repair. Lichtenstein repairs do not violate the preperiteonal space. However, if a
plug or Gilbert hernia prosthesis (PHS) was placed at the index operation then the endoscopic
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surgeon must anticipate greater adhesions and mesh products in the preperitoneal space. CT
imaging for recurrent hernias without prior operative reports aids in operative planning. In
these cases, the anatomy of the myopectineal orifice will be altered and an understanding of the
preperitoneal space is paramount to reoperation. If PHS was placed, a TAPP approach, robotically
if available, allows for improved ease of dissection. Plugs can be dissected and manipulated from
an endoscopic TEP or TAPP approach, however the improved dexterity provided by the robotic
platform does aid in plug manipulation and resection if it is adherent to the cord structures or
vasculature. A systematic review published in 2019, noted a significantly shorter operative time
in cases for hernia recurrence for a TAPP repair compared to aTEP repair.''? In a Swedish Hernia
Registry study, posterior recurrent inguinal hernia repair reported a lower rate of second recur-
rence compared to a repeat open approach (5.6% vs 11%).!"! Per the EHS 2014 analysis, there is
a decreased incidence of chronic pain following recurrent inguinal hernia repair utilizing endo-
scopic approach (OR = 0.31).29

If the primary repair was a tissue repair, then either the anterior or posterior endoscopic or
open approach can be used for the recurrent repair.” For nonendoscopic surgeons the recurrent
open anterior repair should be via Lichtenstein repair with mesh implantation including femoral
space exploration.?’

For recurrences after prior endoscopic posterior repairs, the standard recommendation by
the EHS and HerniaSurge is that an anterior open Lichtenstein operation be performed.”?? Ex-
perienced minimally invasive surgeons may approach this from an endoscopic TAPP approach,
after careful planning with CT imaging to determine if the prior preperitoneal mesh has folded
and/or was undersized.!'? Review of prior operative reports are important, as some surgeons
have previously placed biologic or biosynthetic products in the posterior space. In these cases,
patients can undergo a recurrent endoscopic repair with fewer adhesions when compared with
synthetic implants. Repeat endoscopic repair requires the previous mesh to remain adherent to
the peritoneum during initial dissection to allow for identification of normal anatomical land-
marks down to the level of the cord structures and external iliac vessels which may shift with
mesh adhesions. It is important to dissect “outside in,” meaning lateral and midline attachments
prior to recurrent hernia sac or cord structures. Only after these structures are identified should
the surgeon move onto old mesh removal or partial removal from the peritoneum. Robotic ap-
proaches compared to laparoscopic mesh removal have been shown to have a significantly lower
incidence of both vascular injury (0 vs 5, P< 0.05) and nerve injury (1 vs 4).1

Patients with multiply recurrent hernias or failures of anterior and posterior repairs should
be evaluated by a hernia specialist due to the risk of testicular atrophy, chronic pain, and higher
risk of subsequent recurrence. Options available to these experienced specialists include re-
peat laparoscopy with either TAPP or modified intraperitoneal onlay mesh or repair by giant
prosthetic reinforcement of the visceral sac to be completed via an open midline preperitoneal
Stoppa repair.''?

Emergency intervention for symptomatic incarcerated or strangulated inguinal hernias

The risk of a direct or indirect inguinal hernia becoming incarnated is less than 3% per year.20
Femoral hernias occur more frequently in women and on the right, with a higher risk of in-
carceration and strangulation due to the narrow nature of the femoral canal.!'* Strangulation
with necrotic bowel requiring resection occurs in 7% of patients with delayed presentation of
24 hours, increasing to 33% for those admitted 48 hours after initial complaints. Acutely symp-
tomatic incarcerated or strangulated inguinal hernias constitute a surgical emergency. Bowel vi-
ability should be determined first by diagnostic laparoscopy with reduction of incarcerated or
strangulated contents under direct visualization from an intra-abdominal position.”> For con-
tents that do not reduce with insufflation or external manual pressure with intra-abdominal
lateralizing pressure, incising the cranial hernia ring may be necessary. Proper extension of the
hernia ring varies depending on the hernia location: direct - ventromedial, indirect - ventro-
lateral, or femoral by incising the lacunar ligament. Most frequently, demonstration of bowel or
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omental viability after reduction allows for progression of hernia repair simultaneously via the
surgeon’s preferred technique open anterior, or laparoscopic TEP or TAPP repair with mesh.!0!
If the bowel is viable but transmural peritonitis is present, then the hernia sac can be ligated
with a suture and an open anterior mesh repair performed after desufflation, leaving the peri-
toneum intact.'”! Independent risk factors in the literature for bowel resection include lack of
health insurance, obvious peritonitis, or femoral hernia."’> Lower wound morbidity and shorter
hospital stay have been published for laparoscopic emergency repairs compared to open explo-
ration without increases in operative time or recurrence.''® Emergent femoral hernias, similar to
elective cases, should be repaired with endoscopic techniques when expertise is available.!*

The guidelines for simultaneous mesh implantation at the time of bowel necrosis requiring
resection have varied over the years. The principles for mesh implantion should follow safe
surgical practices including physician judgement regarding the level of contamination. EHS,
EAES, and HerniaSurge consensus statement include that the use of mesh after bowel resec-
tion is weakly supported, with a need for definitive research on this complex topic. Due to the
infrequency of bowel resection required at the time of emergency inguinal surgery, randomized
controlled trials are not available in the literature. Prospectively collected experiences have re-
ported “feasible” TAPP repairs for incarceration, but only 11% of emergency cases required bowel
resection at the time of mesh implantation without an increase in morbidity.'’” Published re-
views report “safe” implantation of nonabsorbable mesh with acceptable, albeit higher wound
infection, and recurrence rates when bowel resection was required for clean contaminated Licht-
enstein repairs.!18119

Currently there is only level 2a evidence supporting the use of nonabsorbable mesh in clean-
contaminated cases where a bowel resection was completed extracorporeally with gauze or a
wound protector used with saline lavage following resection. Necrotic omental resection or in-
tracorporeal appendectomy were not considered complications for mesh implantation.>> In the
setting of an infected abdominal wall or contaminated or dirty cases then the sac should be lig-
ated or closed from a laparoscopic position without mesh implantation or via open tissue repair
depending on surgeon judgment and expertise.3*

Conclusions

In the last few years inguinal hernia repair has experienced a renaissance period, with the
result being an expanded range of available options for repair under various clinical circum-
stances. The data reviewed in this monograph demonstrate that there is no “one size fits all”
approach, and that what may be the right repair for one patient may not be the best choice for
another patient. All of the considerations-recurrence rates, costs both initial and downstream,
experience and learning curve, acute and chronic pain, and the individual clinical circumstances
of each case - should be considered in choosing the best repair for each patient. It behooves
the well-rounded hernia surgeon to be knowledgeable and experienced in all of the discussed
repairs, so the patient may be afforded the benefit of the correct choice for his or her circum-
stances. Well-researched guidelines are available for reference and should be regularly reviewed
and updated to maintain a uniform standard of practice among hernia surgeons. Finally, this dis-
cussion should be further explored via well-designed randomized controlled trials with a focus
on all of the pertinent outcome measures.

Acknowledgments

The authors would like to acknowledge Dr. Gina Adrales, Dr. William Hope, Dr. Archana Ra-
maswamy, and Dr. Benjamin Poulose, all of whom participated with Drs. Richmond and Roth in
a session addressing this topic at the 2018 American College of Surgeons Clinical Congress held
on October 24, 2018 in Boston, Massachusetts. It was the success of this session that provided
the impetus for this manuscript.



22 B.K. Richmond, C. Totten and J.S. Roth et al./Current Problems in Surgery 56 (2019) 100645
References
1. Primatesta P, Goldacre MJ. Inguinal hernia repair: incidence of elective and emergency surgery, readmission and
mortality. Int | Epidemiol. 1996;25:835-839.
2. Rutkow IM. Demographic and socioeconomic aspects of hernia repair in the United States in 2003. Surg Clin.
2003;83:1045-1051.
3. Kingsnorth A, LeBlanc K. Hernias: inguinal and incisional. Lancet. 2003;362:1561-1571.
4. Fitzgibbons Jr RJ, Ramanan B, Arya S, et al. Long-term results of a randomized controlled trial of a nonoperative
strategy (watchful waiting) for men with minimally symptomatic inguinal hernias. Ann Surg. 2013;258:508-515.
5. HerniaSurge G. International guidelines for groin hernia management. Hernia. 2018;22:1-165.
6. Rutkow IM. A selective history of groin hernia surgery in the early 19th century. The anatomic atlases of Astley
Cooper, Franz Hesselbach, Antonio Scarpa, and Jules-Germain Cloquet. Surg Clin N Am. 1998;78:921-940 v.
7. Towfigh S. Inguinal hernia: four open approaches. Surg Clin N Am. 2018;98:623-636.
8. Ge H, Liang C, Xu Y, Ren S, Wu ]. Desarda versus Lichtenstein technique for the treatment of primary inguinal
hernia: a systematic review. Int J Surg. 2018;50:22-27.
9. Kurzer M, Belsham PA, Kark AE. The Lichtenstein repair. Surg Clin N Am. 1998;78:1025-1046.
10. Neumayer L, Giobbie-Hurder A, Jonasson O, et al. Open mesh versus laparoscopic mesh repair of inguinal hernia. N
Engl ] Med. 2004;350:1819-1827.
11. Bay-Nielsen M, Kehlet H, Strand L, et al. Quality assessment of 26,304 herniorrhaphies in Denmark: a prospective
nationwide study. Lancet. 2001;358:1124-1128.
12. Scheuerlein H, Schiller A, Schneider C, Scheidbach H, Tamme C, Kockerling F. Totally extraperitoneal repair of recur-
rent inguinal hernia. Surg Endosc. 2003;17:1072-1076.
13. Lau H, Fang C, Yuen WK, Patil NG. Risk factors for inguinal hernia in adult males: a case-control study. Surgery.
2007;141:262-266.
14. Nordin P, van der Linden W. Volume of procedures and risk of recurrence after repair of groin hernia: national
register study. BMJ. 2008;336:934-937.
15. Lundstrom K], Sandblom G, Smedberg S, Nordin P. Risk factors for complications in groin hernia surgery: a national
register study. Ann Surg. 2012;255:784-788.
16. Nordin P, Haapaniemi S, van der Linden W, Nilsson E. Choice of anesthesia and risk of reoperation for recurrence
in groin hernia repair. Ann Surg. 2004;240:187-192.
17. Malangoni M, Rosen M, Hernias. In: Sabiston D, ed. Sabiston Textbook Of Surgery: The Biological Basis Of Modern
Surgical Practice. 20th ed. Philadelphia, PA: Elsevier Saunders; 2019:1092-1119.
18. Dansk hernia database | Danish Hernia Database | Danmark. Dansk herniedatabase | Danish Hernia Database |
Danmark. 2019.
19. Nilsson E, Haapaniemi S. The Swedish hernia register: an eight year experience. Hernia. 2000;4:286-289.
20. Simons MP, Aufenacker T, Bay-Nielsen M, et al. European Hernia Society guidelines on the treatment of inguinal
hernia in adult patients. Hernia. 2009;13:343-403.
21. Amato B, Moja L, Panico S, et al. Shouldice technique versus other open techniques for inguinal hernia repair.

22.

23.

24.

25.
26.

2

28.

29.

30.

31

—_

32.

33.

34.

35.

~N

Cochrane Database Syst Rev. 2009;7(4) CD001543. doi:10.1002/14651858.CD001543.pub3.

Bittner R, Schwarz ]. Inguinal hernia repair: current surgical techniques. Langenbecks Arch Surg. 2012;397:271-
282.

Saggar VR, Sarangi R. Occult hernias and bilateral endoscopic total extraperitoneal inguinal hernia repair: is there
a need for prophylactic repair?: Results of endoscopic extraperitoneal repair over a period of 10 years. Hernia.
2007;11:47-49.

Lichtenstein IL, Shulman AG, Amid PK, Montllor MM. The tension-free hernioplasty. Am J Surg. 1989;157:188-193.
Robbins AW, Rutkow IM. The mesh-plug hernioplasty. Surg Clin N Am. 1993;73:501-512.

Li ], Ji Z, Li Y. Comparison of mesh-plug and Lichtenstein for inguinal hernia repair: a meta-analysis of randomized
controlled trials. Hernia. 2012;16:541-548.

Felix E, Scott S, Crafton B, et al. Causes of recurrence after laparoscopic hernioplasty. A multicenter study. Surg
Endosc. 1998;12:226-231.

Schmedt CG, Sauerland S, Bittner R. Comparison of endoscopic procedures vs Lichtenstein and other open
mesh techniques for inguinal hernia repair: a meta-analysis of randomized controlled trials. Surg Endosc.
2005;19:188-199.

Miserez M, Peeters E, Aufenacker T, et al. Update with level 1 studies of the European Hernia Society guidelines on
the treatment of inguinal hernia in adult patients. Hernia. 2014;18:151-163.

Eklund AS, Montgomery AK, Rasmussen IC, Sandbue RP, Bergkvist LA, Rudberg CR. Low recurrence rate after laparo-
scopic (TEP) and open (Lichtenstein) inguinal hernia repair: a randomized, multicenter trial with 5-year follow-up.
Ann Surg. 2009;249:33-38.

Iraniha A, Peloquin ]. Long-term quality of life and outcomes following robotic assisted TAPP inguinal hernia repair.
J Robot Surg. 2018;12:261-269.

Aiolfi A, Cavalli M, Micheletto G, et al. Primary inguinal hernia: systematic review and Bayesian network meta-anal-
ysis comparing open, laparoscopic transabdominal preperitoneal, totally extraperitoneal, and robotic preperitoneal
repair. Hernia. 2019;23(3):473-484.

Merskey HBN. Classification of chronic pain. Descriptions of chronic pain syndromes and definitions of pain
terms. Prepared by the International Association for the Study of Pain, Subcommittee on Taxonomy. Pain Suppl.
1986;3:51-226.

Bittner R, Arregui ME, Bisgaard T, et al. Guidelines for laparoscopic (TAPP) and endoscopic (TEP) treatment of in-
guinal hernia [International Endohernia Society (IEHS)]. Surg Endosc. 2011;25:2773-2843.

Bjurstrom MF, Nicol AL, Amid PK, Chen DC. Pain control following inguinal herniorrhaphy: current perspectives. |
Pain Res. 2014;7:277-290.


http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0001
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0001
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0001
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0002
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0002
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0003
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0003
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0003
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0004
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0004
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0004
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0004
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0004
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0005
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0005
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0006
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0006
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0007
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0007
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0008
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0008
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0008
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0008
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0008
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0008
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0009
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0009
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0009
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0009
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0010
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0010
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0010
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0010
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0010
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0011
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0011
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0011
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0011
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0011
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0012
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0012
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0012
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0012
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0012
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0012
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0012
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0013
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0013
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0013
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0013
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0013
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0014
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0014
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0014
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0015
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0015
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0015
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0015
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0015
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0016
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0016
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0016
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0016
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0016
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0017
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0017
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0017
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0017
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0018
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0018
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0018
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0019
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0019
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0019
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0019
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0019
https://doi.org/10.1002/14651858.CD001543.pub3
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0021
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0021
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0021
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0022
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0022
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0022
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0023
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0023
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0023
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0023
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0023
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0024
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0024
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0024
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0025
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0025
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0025
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0025
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0026
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0026
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0026
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0026
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0026
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0027
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0027
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0027
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0027
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0028
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0028
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0028
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0028
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0028
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0029
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0029
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0029
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0029
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0029
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0029
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0029
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0030
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0030
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0030
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0031
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0031
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0031
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0031
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0031
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0032
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0032
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0033
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0033
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0033
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0033
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0033
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0034
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0034
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0034
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0034
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0034

36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.
59.

60.
61.

62.

63.

64.

65.

66.

B.K. Richmond, C. Totten and J.S. Roth et al./Current Problems in Surgery 56 (2019) 100645 23

Alfieri S, Rotondi F, Di Giorgio A, et al. Influence of preservation versus division of ilioinguinal, iliohypogastric,
and genital nerves during open mesh herniorrhaphy: prospective multicentric study of chronic pain. Ann Surg.
2006;243:553-558.

Hsu W, Chen CS, Lee HC, et al. Preservation versus division of ilioinguinal nerve on open mesh repair of inguinal
hernia: a meta-analysis of randomized controlled trials. World J Surg. 2012;36:2311-2319.

Wijsmuller AR, van Veen RN, Bosch JL, et al. Nerve management during open hernia repair. Br | Surg.
2007;94:17-22.

Smeds S, Lofstrom L, Eriksson O. Influence of nerve identification and the resection of nerves ’at risk’ on postoper-
ative pain in open inguinal hernia repair. Hernia. 2010;14:265-270.

Kalliomaki ML, Meyerson ], Gunnarsson U, Gordh T, Sandblom G. Long-term pain after inguinal hernia re-
pair in a population-based cohort; risk factors and interference with daily activities. Eur J Pain. 2008;12:214-
225.

Bruna Esteban M, Cantos Pallares M, Artigues Sanchez de Rojas E, Vila M]. Prospective randomized trial of long-term
results of inguinal hernia repair using autoadhesive mesh compared to classic Lichtenstein technique with sutures
and polypropylene mesh. Cirugia Espanola. 2014;92:195-200.

Sanders DL, Nienhuijs S, Ziprin P, Miserez M, Gingell-Littlejohn M, Smeds S. Randomized clinical trial comparing
self-gripping mesh with suture fixation of lightweight polypropylene mesh in open inguinal hernia repair. Br J Surg.
2014;101:1373-1382 discussion 1382.

Cunningham ], Temple W], Mitchell P, Nixon JA, Preshaw RM, Hagen NA. Cooperative hernia study. Pain in the
postrepair patient. Ann Surg. 1996;224:598-602.

Chowbey PK, Garg N, Sharma A, et al. Prospective randomized clinical trial comparing lightweight mesh
and heavyweight polypropylene mesh in endoscopic totally extraperitoneal groin hernia repair. Surg Endosc.
2010;24:3073-3079.

Chui LB, Ng WT, Sze YS, Yuen KS, Wong YT, Kong CK. Prospective, randomized, controlled trial comparing
lightweight versus heavyweight mesh in chronic pain incidence after TEP repair of bilateral inguinal hernia. Surg
Endosc. 2010;24:2735-2738.

Sajid MS, Leaver C, Baig MK, Sains P. Systematic review and meta-analysis of the use of lightweight versus heavy-
weight mesh in open inguinal hernia repair. Br J Surg. 2012;99:29-37.

Werner MU, Bischoff JM. Persistent postsurgical pain: evidence from breast cancer surgery, groin hernia repair, and
lung cancer surgery. Curr Top Behav Neurosci. 2014;20:3-29.

Tverskoy M, Cozacov C, Ayache M, Bradley Jr EL, Kissin I. Postoperative pain after inguinal herniorrhaphy with
different types of anesthesia. Anesth Analg. 1990;70:29-35.

Yndgaard S, Holst P, Bjerre-Jepsen K, Thomsen CB, Struckmann J, Mogensen T. Subcutaneously versus subfascially
administered lidocaine in pain treatment after inguinal herniotomy. Anesth Analg. 1994;79:324-327.

Lau H, Patil NG, Lee F. Randomized clinical trial of postoperative subfascial infusion with bupivacaine following
ambulatory open mesh repair of inguinal hernia. Dig Surg. 2003;20:285-289.

Takata H, Matsutani T, Hagiwara N, et al. Assessment of the incidence of chronic pain and discomfort after primary
inguinal hernia repair. J Surg Res. 2016;206:391-397.

Scheuermann U, Niebisch S, Lyros O, Jansen-Winkeln B, Gockel I. Transabdominal Preperitoneal (TAPP) versus Licht-
enstein operation for primary inguinal hernia repair - A systematic review and meta-analysis of randomized con-
trolled trials. BMC Surg. 2017;17:55.

Lundstrom K], Holmberg H, Montgomery A, Nordin P. Patient-reported rates of chronic pain and recurrence after
groin hernia repair. Br J Surg. 2018;105:106-112.

Waite KE, Herman MA, Doyle PJ. Comparison of robotic versus laparoscopic transabdominal preperitoneal (TAPP)
inguinal hernia repair. J Robot Surg. 2016;10:239-244.

Bittner Iv JG, Cesnik LW, Kirwan T, Wolf L, Guo D. Patient perceptions of acute pain and activity disruption following
inguinal hernia repair: a propensity-matched comparison of robotic-assisted, laparoscopic, and open approaches. |
Robot Surg. 2018;12:625-632.

Papanicolas I, Woskie LR, Jha AK. Health care spending in the United States and other high-income countries. JAMA.
2018;319:1024-1039.

Healthcare costs for Americans projected to grow at an alarmingly high rate. Peter G. Peterson Foundation. 2019, www.
pgpf.org. Accessed March 1, 2019.

Childers CP, Maggard-Gibbons M. Understanding costs of care in the operating room. JAMA Surg. 2018;153.

Tadaki C, Lomelin D, Simorov A, et al. Perioperative outcomes and costs of laparoscopic versus open inguinal hernia
repair. Hernia. 2016;20:399-404.

Smart P, Castles L. Quantifying the cost of laparoscopic inguinal hernia repair. ANZ J Surg. 2012;82:809-812.

Eker HH, Langeveld HR, Klitsie PJ, et al. Randomized clinical trial of total extraperitoneal inguinal hernioplasty vs
Lichtenstein repair: a long-term follow-up study. Arch Surg. 2012;147:256-260.

Hynes DM, Stroupe KT, Luo P, et al. Cost effectiveness of laparoscopic versus open mesh hernia operation: results
of a Department of Veterans Affairs randomized clinical trial. ] Am Coll Surg. 2006;203:447-457.

Eklund A, Carlsson P, Rosenblad A, et al. Long-term cost-minimization analysis comparing laparoscopic with open
(Lichtenstein) inguinal hernia repair. Br J Surg. 2010;97:765-771.

lelpo B, Nunez-Alfonsel J, Duran H, et al. Cost-effectiveness of randomized study of laparoscopic versus open bilat-
eral inguinal hernia repair. Ann Surg. 2018;268:725-730.

Fan CJ, Chien HL, Weiss M], et al. Minimally invasive versus open surgery in the Medicare population: a comparison
of post-operative and economic outcomes. Surg Endosc. 2018;32:3874-3880.

Armijo PR, Pagkratis S, Boilesen E, Tanner T, Oleynikov D. Growth in robotic-assisted procedures is from conver-
sion of laparoscopic procedures and not from open surgeons’ conversion: a study of trends and costs. Surg Endosc.
2018;32:2106-2113.


http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0035
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0035
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0035
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0035
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0035
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0036
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0036
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0036
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0036
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0036
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0037
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0037
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0037
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0037
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0037
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0038
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0038
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0038
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0038
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0039
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0039
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0039
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0039
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0039
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0039
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0040
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0040
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0040
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0040
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0040
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0041
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0041
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0041
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0041
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0041
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0041
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0041
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0042
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0042
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0042
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0042
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0042
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0042
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0042
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0043
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0043
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0043
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0043
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0043
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0044
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0044
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0044
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0044
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0044
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0044
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0044
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0045
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0045
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0045
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0045
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0045
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0046
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0046
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0046
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0047
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0047
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0047
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0047
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0047
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0047
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0048
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0048
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0048
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0048
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0048
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0048
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0048
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0049
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0049
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0049
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0049
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0050
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0050
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0050
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0050
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0050
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0051
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0051
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0051
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0051
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0051
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0051
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0052
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0052
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0052
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0052
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0052
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0053
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0053
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0053
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0053
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0054
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0054
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0054
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0054
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0054
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0054
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0055
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0055
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0055
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0055
http://www.pgpf.org
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0057
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0057
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0057
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0058
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0058
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0058
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0058
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0058
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0059
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0059
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0059
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0060
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0060
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0060
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0060
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0060
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0061
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0061
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0061
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0061
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0061
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0062
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0062
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0062
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0062
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0062
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0063
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0063
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0063
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0063
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0063
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0064
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0064
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0064
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0064
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0064
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0065
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0065
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0065
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0065
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0065
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0065

24

67.

68.

69.

70.

71.

—_

72.
73.
74.
75.
76.
77.
78.
79.
80.

81.

—_

82.

83.

84.

85.

86.

87.

~

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101

=

B.K. Richmond, C. Totten and J.S. Roth et al./Current Problems in Surgery 56 (2019) 100645

Gamagami R, Dickens E, Gonzalez A, et al. Open versus robotic-assisted transabdominal preperitoneal (R-TAPP)
inguinal hernia repair: a multicenter matched analysis of clinical outcomes. Hernia. 2018;22:827-836.

Kolachalam R, Dickens E, D’Amico L, et al. Early outcomes of robotic-assisted inguinal hernia repair in obese pa-
tients: a multi-institutional, retrospective study. Surg Endosc. 2018;32:229-235.

Charles EJ, Mehaffey JH, Tache-Leon CA, Hallowell PT, Sawyer RG, Yang Z. Inguinal hernia repair: is there a benefit
to using the robot. Surg Endosc. 2018;32:2131-2136.

Abdelmoaty WF, Dunst CM, Neighorn C, Swanstrom LL, Hammill CW. Robotic-assisted versus laparoscopic unilateral
inguinal hernia repair: a comprehensive cost analysis. Surg Endosc. 2018.

Zayan NE, Meara MP, Schwartz JS, Narula VK. A direct comparison of robotic and laparoscopic hernia repair: patient-
reported outcomes and cost analysis. Hernia. 2019. doi:10.1007/s10029-019-01943-7. [Epub ahead of print].
Childers CP, Maggard-Gibbons M. Estimation of the acquisition and operating costs for robotic surgery. JAMA.
2018;320:835-836.

Escobar Dominguez JE, Gonzalez A, Donkor C. Robotic inguinal hernia repair. J Surg Oncol. 2015;112:310-314.
Hopper AN, Jamison MH, Lewis WG. Learning curves in surgical practice. Postgrad Med J. 2007;83:777-779.
Campanelli G, Bruni PG, Morlacchi A, Lombardo F, Cavalli M. Primary inguinal hernia: the open repair today pros
and cons. Asian ] Endosc Surg. 2017;10:236-243.

Wagner JP, Schroeder AD, Espinoza JC, et al. Global outreach using a systematic, competency-based training
paradigm for inguinal hernioplasty. JAMA Surg. 2017;152:66-73.

Choi YY, Kim Z, Hur KY. Learning curve for laparoscopic totally extraperitoneal repair of inguinal hernia. Can J Surg.
2012;55:33-36.

Lau H, Patil NG, Yuen WK, Lee F. Learning curve for unilateral endoscopic totally extraperitoneal (TEP) inguinal
hernioplasty. Surg Endosc. 2002;16:1724-1728.

Mathur S, Lin SY. The learning curve for laparoscopic inguinal hernia repair: a newly qualified surgeon perspective.
J Surg Res. 2016;205:246-251.

Feliu-Pala X, Martin-Gomez M, Morales-Conde S, Fernandez-Sallent E. The impact of the surgeon’s experience on
the results of laparoscopic hernia repair. Surg Endosc. 2001;15:1467-1470.

Lim JW, Lee JY, Lee SE, et al. The learning curve for laparoscopic totally extraperitoneal herniorrhaphy by moving
average. | Korean Surg Soc. 2012;83:92-96.

Park BS, Ryu DY, Son GM, Cho YH. Factors influencing on difficulty with laparoscopic total extraperitoneal repair
according to learning period. Ann Surg Treat Res. 2014;87:203-208.

Schouten N, Simmermacher RK, van Dalen T, et al. Is there an end of the "learning curve" of endoscopic totally
extraperitoneal (TEP) hernia repair. Surg Endosc. 2013;27:789-794.

Gupta A, Ashish BV, Kumar L, Garg P, Gaind S. A run oft he path of learning curve of laparoscopic hernia repair
(TEP). Sch ] App Med Sci. 2015;3:1821-1825.

Lamb AD, Robson AJ, Nixon SJ. Recurrence after totally extraperitoneal laparoscopic repair: implications for opera-
tive technique and surgical training. Surgeon. 2006;4:299-307.

Malik A, Hussain Talpur K, Soomro A, Qureshi J. A walk along the learning curve of totally extra-peritoneal (TEP)
repair of inguinal hernia. Surg Curr Res. 2012;2:116-119.

Kockerling F. What is the influence of simulation-based training courses, the learning curve, supervision, and sur-
geon volume on the outcome in hernia repair? A systematic review. Front Surg. 2018;5:57.

Bracale U, Merola G, Sciuto A, Cavallaro G, Andreuccetti ], Pignata G. Achieving the learning curve in laparoscopic
inguinal hernia repair by tapp: a quality improvement study. J Invest Surg. 2018:1-8.

Edwards 2nd CC, Bailey RW. Laparoscopic hernia repair: the learning curve. Surg Laparosc Endosc Percutan Tech.
2000;10:149-153.

Voitk AJ. The learning curve in laparoscopic inguinal hernia repair for the community general surgeon. Can J Surg.
1998;41:446-450.

Muysoms F, Van Cleven S, Kyle-Leinhase I, Ballecer C, Ramaswamy A. Robotic-assisted laparoscopic groin her-
nia repair: observational case-control study on the operative time during the learning curve. Surg Endosc.
2018;32:4850-4859.

Tam V, Rogers DE, Al-Abbas A, et al. Robotic inguinal hernia repair: a large health system’s experience with the
first 300 cases and review of the literature. | Surg Res. 2019;235:98-104.

Poelman MM, van den Heuvel B, Deelder ]D, et al. EAES consensus development conference on endoscopic repair
of groin hernias. Surg Endosc. 2013;27:3505-3519.

Weyhe D, Conze ], Kuthe A, et al. Hernia surge: international guidelines on treatment of inguinal hernia in adults:
Comments of the Surgical Working Group Hernia (CAH/DGAV) and the German Hernia Society (DHG) on the most
important recommendations. Chirurg. 2018;89:631-638.

Wu JJ, Way JA, Eslick GD, Cox MR. Transabdominal pre-peritoneal versus open repair for primary unilateral inguinal
hernia: a meta-analysis. World ] Surg. 2018;42:1304-1311.

Mayer F, Niebuhr H, Lechner M, et al. When is mesh fixation in TAPP-repair of primary inguinal hernia repair
necessary? The register-based analysis of 11,230 cases. Surg Endosc. 2016;30:4363-4371.

Burcharth J, Andresen K, Pommergaard HC, Bisgaard T, Rosenberg ]. Direct inguinal hernias and anterior surgical
approach are risk factors for female inguinal hernia recurrences. Langenbecks Arch Surg. 2014;399:71-76.

Feliu X, Claveria R, Besora P, et al. Bilateral inguinal hernia repair: laparoscopic or open approach. Hernia.
2011;15:15-18.

Yheulon CG, Maxwell DW, Balla FM, et al. Robotic-assisted laparoscopic repair of scrotal inguinal hernias. Surg
Laparosc Endosc Percutan Tech. 2018;28:188-192.

Zuiki T, Ohki ], Ochi M, Lefor AK. Laparoscopic totally extraperitoneal (TEP) inguinal hernia repair in patients with
previous lower abdominal surgery. Surg Endosc. 2018;32:4757-4762.

Kockerling F, Schug-Pass C. Tailored approach in inguinal hernia repair - decision tree based on the guidelines.
Front Surg. 2014;1:20.


http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0066
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0066
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0066
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0066
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0066
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0067
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0067
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0067
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0067
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0067
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0068
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0068
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0068
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0068
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0068
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0068
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0068
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0069
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0069
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0069
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0069
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0069
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0069
https://doi.org/10.1007/s10029-019-01943-7
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0071
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0071
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0071
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0072
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0072
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0072
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0072
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0073
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0073
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0073
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0073
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0074
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0074
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0074
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0074
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0074
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0074
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0075
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0075
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0075
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0075
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0075
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0076
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0076
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0076
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0076
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0077
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0077
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0077
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0077
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0077
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0078
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0078
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0078
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0079
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0079
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0079
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0079
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0079
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0080
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0080
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0080
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0080
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0080
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0081
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0081
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0081
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0081
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0081
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0082
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0082
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0082
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0082
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0082
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0083
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0083
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0083
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0083
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0083
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0083
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0084
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0084
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0084
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0084
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0085
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0085
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0085
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0085
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0085
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0086
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0086
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0087
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0087
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0087
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0087
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0087
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0087
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0087
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0088
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0088
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0088
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0089
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0089
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0090
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0090
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0090
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0090
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0090
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0090
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0091
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0091
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0091
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0091
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0091
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0092
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0092
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0092
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0092
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0092
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0093
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0093
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0093
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0093
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0093
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0094
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0094
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0094
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0094
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0094
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0095
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0095
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0095
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0095
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0095
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0096
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0096
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0096
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0096
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0096
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0096
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0097
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0097
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0097
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0097
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0097
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0098
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0098
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0098
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0098
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0098
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0099
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0099
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0099
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0099
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0099
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0100
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0100
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0100

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

117.

118.

119.

B.K. Richmond, C. Totten and J.S. Roth et al./Current Problems in Surgery 56 (2019) 100645 25

Chowbey PK, Sood ], Vashistha A, et al. Extraperitoneal endoscopic groin hernia repair under epidural anesthesia.
Surg Laparosc Endosc Percutan Tech. 2003;13:185-190.

Lal P, Philips P, Saxena KN, Kajla RK, Chander ], Ramteke VK. Laparoscopic total extraperitoneal (TEP) inguinal
hernia repair under epidural anesthesia: a detailed evaluation. Surg Endosc. 2007;21:595-601.

Sumpf E, Crozier TA, Ahrens D, Brauer A, Neufang T, Braun U. Carbon dioxide absorption during extraperitoneal and
transperitoneal endoscopic hernioplasty. Anesth Analg. 2000;91:589-595.

Hope WW, Bools L, Menon A, Scott 3rd CM, Adams A, Hooks 3rd WB. Comparing laparoscopic and open inguinal
hernia repair in octogenarians. Hernia. 2013;17:719-722.

Chung Y, Choi JW, Kim HC, Kim SH, Choi SI. Feasibility of totally extraperitoneal (TEP) laparoscopic hernia repair in
elderly patients. Hernia. 2019;23:299-303.

Henriksen NA, Thorup ], Jorgensen LN. Unsuspected femoral hernia in patients with a preoperative diagnosis of
recurrent inguinal hernia. Hernia. 2012;16:381-385.

Schouten N, Burgmans JP, van Dalen T, et al. Female 'groin’ hernia: totally extraperitoneal (TEP) endoscopic repair
seems the most appropriate treatment modality. Hernia. 2012;16:387-392.

Rosenberg J, Bisgaard T, Kehlet H, et al. Danish Hernia Database recommendations for the management of inguinal
and femoral hernia in adults. Dan Med Bull. 2011;58:C4243.

Chen LS, Chen WC, Kang YN, Wu CC, Tsai LW, Liu MZ. Effects of transabdominal preperitoneal and totally extraperi-
toneal inguinal hernia repair: an update systematic review and meta-analysis of randomized controlled trials. Surg
Endosc. 2019;33:418-428.

Sevonius D, Sandblom G, Agger E, Smedberg S, Montgomery A. The impact of type of mesh repair on 2nd recurrence
after recurrent groin hernia surgery. World ] Surg. 2015;39:315-322 discussion 323-314.

van den Heuvel B, Dwars BJ. Repeated laparoscopic treatment of recurrent inguinal hernias after previous posterior
repair. Surg Endosc. 2013;27:795-800.

Truong A, Al-Aufey BS, Towfigh S. Step-by-step guide to safe removal of pre-peritoneal inguinal mesh. Surg Endosc.
2018.

Kafadar MT, Gok MA. Laparoscopic transabdominal preperitoneal repair of strangulated femoral hernia: Superiority
of an unusual emergency surgical approach due to a case. Ann Med Surg. 2018;36:110-112.

Ge BJ, Huang Q, Liu LM, Bian HP, Fan YZ. Risk factors for bowel resection and outcome in patients with incarcerated
groin hernias. Hernia. 2010;14:259-264.

Yang GP, Chan CT, Lai EC, Chan OC, Tang CN, Li MK. Laparoscopic versus open repair for strangulated groin hernias:
188 cases over 4 years. Asian J Endosc Surg. 2012;5:131-137.

Leibl BJ, Schmedt CG, Kraft K, Kraft B, Bittner R. Laparoscopic transperitoneal hernia repair of incarcerated hernias:
is it feasible? Results of a prospective study. Surg Endosc. 2001;15:1179-1183.

Atila K, Guler S, Inal A, Sokmen S, Karademir S, Bora S. Prosthetic repair of acutely incarcerated groin hernias: a
prospective clinical observational cohort study. Langenbecks Arch Surg. 2010;395:563-568.

Bessa SS, Abdel-fattah MR, Al-Sayes IA, Korayem IT. Results of prosthetic mesh repair in the emergency manage-
ment of the acutely incarcerated and/or strangulated groin hernias: a 10-year study. Hernia. 2015;19:909-914.


http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0101
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0101
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0101
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0101
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0101
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0102
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0102
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0102
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0102
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0102
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0102
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0102
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0103
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0103
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0103
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0103
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0103
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0103
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0103
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0104
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0104
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0104
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0104
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0104
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0104
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0104
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0105
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0105
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0105
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0105
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0105
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0105
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0106
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0106
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0106
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0106
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0107
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0107
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0107
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0107
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0107
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0108
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0108
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0108
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0108
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0108
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0109
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0109
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0109
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0109
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0109
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0109
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0109
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0110
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0110
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0110
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0110
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0110
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0110
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0111
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0111
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0111
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0112
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0112
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0112
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0112
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0113
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0113
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0113
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0114
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0114
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0114
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0114
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0114
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0114
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0115
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0115
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0115
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0115
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0115
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0115
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0115
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0116
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0116
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0116
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0116
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0116
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0116
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0117
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0117
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0117
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0117
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0117
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0117
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0117
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0118
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0118
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0118
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0118
http://refhub.elsevier.com/S0011-3840(19)30137-6/sbref0118

	Current strategies for the management of inguinal hernia: What are the available approaches and the key considerations?
	Introduction
	Consideration of recurrence rates
	Considerations regarding pain - Both acute and chronic
	Cost considerations
	Considerations relating to the learning curve of the various repairs
	Consideration of special circumstances: Are there any specific clinical circumstances which clearly favor one approach over another?

	Consideration of recurrence rates
	Considerations regarding pain - Both acute and chronic
	Cost considerations
	Considerations relating to the learning curve of the various repairs
	Learning curve

	Consideration of special circumstances: Are there any specific clinical circumstances which favor one approach over another?
	Primary elective unilateral inguinal hernias in males
	Primary elective unilateral inguinal hernias in females
	Primary bilateral inguinal hernia, independent of sex
	Primary inguinoscrotal hernia
	Previous lower midline incision
	Previous pelvic or lower abdominal surgery
	Elderly patient population
	Recurrence
	Emergency intervention for symptomatic incarcerated or strangulated inguinal hernias

	Conclusions
	Acknowledgments
	References


