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ABSTRACT

Background and Objectives: Laparoscopic preperito-
neal hernia repair with mesh has been reported to result in
improved patient outcomes. However, there are few pub-
lished data on the use of a totally extraperitoneal (TEP)
approach. The purpose of this study was to present our
experience and evaluate early outcomes of TEP inguinal
hernia repair with self-adhesive mesh.

Methods: This cohort study was a retrospective review of
patients who underwent laparoscopic TEP inguinal hernial
repair from April 4, 2010, through July 22, 2014. Data as-
sessed were age, sex, body mass index (BMI), hernia repair
indications, hernia type, pain, paresthesia, occurrence (bilat-
eral or unilateral), recurrence, and patient satisfaction. De-
scriptive and regression analyses were performed.

Results: Six hundred forty patients underwent laparo-
scopic preperitoneal hernia surgery with self-adhesive
mesh. The average age was 56 years, nearly all were men
(95.8%), and the mean BMI was 26.2 kg/m2. Cases in-
volved primary hernia more frequently than recurrent
hernia (94% vs 6%; P � .05). After surgery, 92% of the
patients reported no more than minimal pain, �1% re-
ported paresthesia, and 0.2% had early recurrence. There
were 7 conversions to an open procedure. The patients
had no adverse reactions to anesthesia and no bladder
injury. Postoperative acute pain or recurrence was not
explained by demographics, BMI, or preoperative pain.
There were significant associations of hernia side, recur-
rence, occurrence, and sex with composite end points.
Nearly all patients (98%) were satisfied with the outcome.

Conclusion: The use of self-adhesive, Velcro-type mesh
in laparoscopic TEP inguinal hernia repair is associated

with reduced pain; low rates of early recurrence, infec-
tion, and hematoma; and improved patient satisfaction.

Key Words: Laparoscopic hernia surgery, Original re-
search, Self-adhesive mesh, Totally extraperitoneal.

INTRODUCTION

The incidence of inguinal hernia continues to increase,
with 500,000 new inguinal hernias diagnosed annually.1

The most recent data available show that approximately
800,000 inguinal hernia operations, not including bilateral
or recurrent repair, were performed in 2003.2 Inguinal
hernia repair is one of the cornerstones of general surgery
practice, and in some practices, the most commonly per-
formed elective procedure. Because the procedure is
common, surgeons continue to look for innovative ways
to improve outcomes. Several open techniques are still
being used, and many surgeons believe that those are the
most appropriate techniques for hernia repair in general.3

The most commonly used open techniques include her-
niotomy (in children) and the Bassini, Shouldice, McVay,
and Lichtenstein methods. Increasingly, both physicians
and patients prefer minimally invasive inguinal hernia
repair to open procedures,4,5 most likely because of the
association of laparoscopic operations with decreased
pain,6 quicker return to work,6 better cosmesis,4 less in-
flammation, lower rates of infection,7 and higher rates of
overall satisfaction.4 It has been estimated that 15% to 20%
of inguinal hernia surgeries in the United States are re-
paired using a laparoscopic technique.3 Tension-free re-
pair has become the gold standard for inguinal hernias
because of lower recurrence rates and improved patient
comfort.8 The two common variations of laparoscopic
inguinal hernia repair are the transabdominal preperito-
neal (TAPP) and the total extraperitoneal (TEP) ap-
proaches.3 Of the two, TEP is the preferred approach
because TAPP, which involves entry through the abdo-
men into the peritoneal cavity, has been shown to have
more postsurgical complications.9

As minimally invasive inguinal hernia repair becomes
more common, the surgical community now debates the
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utility of mesh fixation versus nonfixation.10,11 The type of
mesh that has been used most often is a smooth polyester
or polypropylene mesh, which may move or slide if not
secured.12 Fixation of mesh with tacks, screws, or clips has
led to numerous postoperative complications, including
bowel obstruction, vascular injury, and migration into the
bladder.13,14 More commonly, fixation devices are strongly
implicated as a cause of postherniorrhaphy pain and
chronic inguinodynia (inguinal pain).3,13 Glues, such as
cyanoacrylate and fibrin tissue glue, have also been pro-
posed as viable alternatives to the more standard tissue-
disrupting fixation method. However, glues have limita-
tions ranging from concerns over cytotoxicity to increased
cost.3,13

Self-adhesive meshes are a relatively new advancement in
inguinal hernia repair. They have been on the market
since 2006 and have been used in both open and laparo-
scopic operations.15 Their use eliminates the complication
risk, increased operation time, and expense that come
with the mechanical fixation of implanted mesh. The pop-
ularity and increased use of self-adhesive mesh have been
attributed to growing evidence of low rates of recurrence
and postsurgical pain.3 A recent meta-analysis comparing
ProGrip (self-adhesive) mesh (Covidien, North Haven,
CT, USA) to suture mesh revealed that self-adhesive mesh
outcomes are equivalent to those obtained with suture
mesh in open inguinal hernia repair.16

Based on these considerations, many surgeons regard the
use of mesh in inguinal hernia repair as beneficial, and
advances in this area will benefit the field. However, there
are limited published data on the use of self-adhesive
mesh during TEP hernia repair.12 We wanted to investi-
gate this specific question, and thus, the purpose of this
study was to present our experience and evaluate early
outcomes of patients who had undergone TEP inguinal
hernia repair with self-adhesive mesh.

METHODS

Data Collection and Analysis

Institutional review board approval was obtained. Patients
for the study were identified by staff from the surgical
group’s database by using laparoscopic hernia repair,
Parietex ProGrip Mesh, preperitoneal inguinal hernia re-
pair, and total extraperitoneal as search terms. For this
retrospective study, data were collected for all patients
who underwent elective TEP laparoscopic inguinal hernia
repair with Parietex ProGrip mesh from April 4, 2010,

through July 22, 2014. Patients were further screened by
using the International Classification of Diseases, Ninth
Version, code 550.90 (550.92 in recurrent hernia repairs)
and the Current Procedural Terminology code 49650 for
inguinal hernia repair. All cases were elective, same-day,
outpatient surgery. Emergent cases, minors (age, �18
years), and patients who had not undergone TEP with
ProGrip mesh were excluded from the study. The only
absolute contraindication for this procedure was a high
suspicion of strangulated hernia.17 Relative contraindica-
tions include lack of fitness for general anesthesia because
of comorbidities (ie, severe chronic obstructive pulmo-
nary disease or severe coronary arterial disease), preg-
nancy, and a history of lower abdominal surgery.

Preoperative, intraoperative, and postoperative variables
were recorded. Patient variables included demographics,
body mass index (BMI), indication for hernia repair, sur-
gical approach, type of hernia, conversion from laparo-
scopic surgery to open, and complications. The average
operation time from incision to closure was calculated. A
routine follow-up appointment was defined as a clinic
appointment scheduled 2 weeks after the operation. Out-
comes assessed included postoperative complications (in-
fection, hematoma, notable perioperative pain, paresthe-
sia, numbness, and early recurrence), hospital length of
stay, time to return to work, and patient satisfaction. The
primary end point was a composite score, which was the
sum of events, including early recurrence, conversion,
infection, paresthesia, postoperative pain, and mortality.

Details of the Operative Technique

1. All patients received cefazolin as a preoperative pro-
phylactic antibiotic. The patients were under general an-
esthesia during the entire surgery. All patients were cath-
eterized to empty the bladder before the abdomen was
prepped and draped.

Entrance Into the Preperitoneal Space

2. A 2-cm transverse infraumbilical skin incision was
made, and dissection was carried down to identify the
anterior rectus sheath, which was then penetrated.

3. A finger was placed just below the anterior rectus
sheath which was penetrated and passed inferiorly, stay-
ing above the rectus muscle.

4. The Spacemaker Dissection Balloon (Covidien) was
inserted through a port, followed by the camera. Under
direct visualization with a 10-mm laparoscope, the bal-
loon was distended to expose the preperitoneal space.
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5. The blunt-tip balloon was inserted in the same plane
and connected to the CO2 supply, and the preperitoneal
space was distended, allowing visualization of all ana-
tomic landmarks: the inferior epigastric vessels, Cooper’s
ligament, Poupart’s ligament, the pubic symphysis, and
the lateral abdominal wall.

6. Two working 5-mm ports were inserted distal to the
distended balloon in the midline. The spermatic cord,
with the vas deferens medially and testicular vessels lat-
erally, was identified. The hernia sac was then visualized,
identified as direct or indirect, and reduced.

Dissection Steps

7. The sac was dissected completely and mobilized pos-
teriorly until the psoas muscle was identified.

8. The bed was prepared before mesh placement. The
abdominal wall was exposed laterally, the psoas muscle
posteriorly, and Cooper’s ligament medially.

Mesh Placement

9. A previously rolled 3.5 � 6-inch portion of ProGrip
mesh was placed through the camera port directed toward
the lateral abdominal wall.

10. The mesh was opened with the polylactic acid micro-
grip Velcro surface facing the tissue. Brief steady pressure
was applied by the surgeon to allow self-fixation while the
mesh was unrolled. The mesh was affixed to the anterior
abdominal wall, medial to the midline, covering the direct
defect. The surgeon then proceeded to open the entire
mesh to cover the internal ring, femoral ring, and touch
the psoas muscle posteriorly.

11. Most important, the surgeon ensured adherence of the
mesh to the psoas muscle, to prevent the hernia sac from
slipping beneath the mesh, which would have caused a
recurrence.

Statistical Analysis

Descriptive statistical analysis was performed with SPSS,
version 16 (SPSS Inc., Chicago, IL, USA) statistical soft-
ware. Continuous variables are presented as the mean �
standard deviation. Proportions are presented as percent-
ages. The �2 test was used for categorical variables, and
logistic regression was used to analyze data with dichot-
omous outcomes. P � .05 was statistically significant.

RESULTS

Patient Characteristics and TEP Hernia Operation
Variables

The initial database search identified 1281 patients for lapa-
roscopic hernia repair from April 4, 2010, through July 22,
2014, of which 543 were excluded because they had under-
gone other types of hernia repair (Figure 1). Seven hun-
dred ten patients were screened for TEP eligibility, and 70
were excluded because they had undergone TEP with
Marlex mesh (Phillips Petroleum Co., Bartlesville, OK,
USA), were under the age of 18, or had incomplete data.
Further review excluded 7 patients because of conversion
to open during surgery due to severe adhesions, an irre-
ducible hernia sac, or a densely attached rectus sheath.
Thus, 640 patients who underwent TEP hernia repair with
ProGrip self-adhesive mesh were analyzed. The patient
variables are presented in Table 1. Average age was 56
years (�16; range, 19–92). There were 613 (95.8%) male
and 27 (4.2%) female patients. The percentage of obese
patients (BMI � 30) in the study was 24.4%, and 75.6%
were not obese (BMI �30). The mean BMI was 26.2
kg/m2 (�4.2). There were 94 patients with direct hernia,
462 with indirect hernia, and 84 with a combination of

Patients screened for initial TEP 
eligibility 

n=710

TEP with 
ProGrip mesh

n=647

Excluded (n=70)
Age <18 years old n=1
Incomplete Data n=3
Different mesh used  n=66

Follow-up/Outcomes
n=640

Converted to open n=7

Records identified for laparoscopic 
hernia repair

n=1,281

Excluded (n=543)
Other types of Hernia

Figure 1. Cohort study flow diagram showing patient selection
and exclusion criteria and the number of patients included in the
study analysis.
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direct and indirect hernias. Of those, 440 patients had
unilateral and 200 had bilateral hernias. Thirty-nine
patients had recurrent hernia. The more frequent indi-
cation for repair was primary hernia (601; 93.9%) com-
pared to recurrent hernia (39; 6.1%). There were no
deaths, bladder injury, or adverse reactions to anesthe-
sia. Average operation time from incision to closure was
43.9 minutes (�17; range, 20–90). All patients were
discharged the same day and were scheduled for a
2-week follow-up.

TEP Outcome Variables

We describe TEP surgical outcomes and their prevalence
in the study group. Four patients (0.6%) in the study
reported paresthesia. Early recurrence was reported by 1
patient (0.2%), who had recurrence within 2 weeks
caused by slippage of the mesh and underwent reopera-
tion. Eight patients (1.2%) had a surgical wound infection.
Seventeen had hematoma; of those, 2 underwent drainage
at 2 weeks, 19 were treated expectantly, and 2 underwent
drainage later. At the 2-week follow-up, most of the pa-
tients (92.2%) reported no more than minimal pain,
whereas 7.8% had notable pain that was managed con-
servatively with oral analgesics. The various surgical out-
comes are listed in Table 2.

Table 1.
Preoperative and Intraoperative Variables

Variable Patients

Demographics

Gender

Male 613 (95.8)

Female 27 (4.2)

Mean Age (years) 56 (�16)

Mean BMI (kg/m2) 26.2 (�4.2)

Ethnicity (n � 499)

Caucasian 475 (95.2)

African American 2 (0.4)

Hispanic 11 (2.2)

Asian 3 (0.6)

Native American 1 (0.2)

Other 7 (1.4)

Insurance (n � 636)

Medicare 29 (4.6)

Medicaid 22 (3.5)

Commercial 583 (91.7)

None 2 (0.6)

Pre-existing conditions

Medical history (n � 639)

Hypertension 65 (10.2)

COPD 3 (0.5)

Stroke 3 (0.5)

Diabetes 11 (1.7)

CHF 1 (0.2)

MI 5 (0.8)

Other 429 (67.1)

None 122 (19.1)

Surgical history (n � 635)

Hernia 42 (6.6)

Abdominal 21 (3.3)

Other 52 (8.2)

None 520 (81.9)

Indication for hernia

Symptomatic pain 550 (86)

Bulge 90 (14)

Type of inguinal hernia

Direct 94 (14.7)

Indirect 462 (72.2)

Direct and indirect 84 (13.1)

Table 1.
Continued.

Variable Patients

Occurrence

Unilateral 440 (68.8)

Bilateral 200 (31.2)

Side

Left 163 (25.5)

Right 186 (29.1)

Both 291 (45.4)

Recurrent hernia 39 (6.1)

Operation time (min) 43.9 (�17)

n � 640. Characteristics of patients who underwent TEP inguinal
hernia repair with self-adhesive, Velcro-type ProGrip mesh (Co-
vidien, North Haven, CT, USA). Unless otherwise specified, data
are the number of patients, with the percentage of the study
sample in parentheses. Group sizes for categories that are less
than the total sample are shown. The remaining categories in-
clude the total group.

Abbreviations: CHF, congestive heart failure; COPD, chronic
obstructive pulmonary disease; MI, myocardial infarction; TEP,
totally extraperitoneal.
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Relationship Between Patient Variables and TEP
Outcomes

Binary logistic regression analysis was performed to de-
termine the relationship between the patient variables and
composite score end points. The composite end point was
dichotomized: no complications versus �1 complication.
We found that age, ethnicity, BMI, and type of insurance
were not associated with composite score. Recurrent her-
nia, unilateral versus bilateral hernia, and anatomic side
were associated with composite score. Compared with the
left-side hernia group, patients who had right-side hernia
were 1.54 times more likely to have 1 or more complica-
tions (composite end point), but the difference was not
statically significant. However, when unilateral occur-
rence was used as the reference point, patients who had
bilateral hernia were 2.8 times more likely to have 1 or
more complications (95% CI 1.39–5.80; P � .004).

DISCUSSION

The laparoscopic TAPP approach was first used in 1982
and was modified in the early 1990s.18,19 Its rapid rise in
popularity worldwide was tempered by increased postop-
erative complications—especially nerve and vascular in-
juries. With the increasing trend toward laparoscopic re-
pair of inguinal hernia, few studies, either retrospective or
prospective, have reported the efficacy of TEP repair with
ProGrip mesh. The present study represents a large pri-
vate practice group’s experience in patients with inguinal

hernia who underwent this procedure. The principal find-
ing of the study is that the TEP approach is safe and
effective.

The cases showed no mortality and a low early recurrence
rate. Comparison of complications such as nerve damage,
small bowel obstruction, bladder injury, vascular injury,
chronic pain, and hernia recurrence in both open and
laparoscopic inguinal hernia repair with fixation are well
chronicled.20–22 ProGrip is a polyester mesh with a top
layer of resorbable polylactic acid microgrips that inte-
grates into the tissue, providing an alternative to mesh
fixation complications in both open and laparoscopic in-
guinal hernia repair. Furthermore, the anticipated chal-
lenge in obtaining the technical skill (increased learning
curve for TEP compared with that for Lichtenstein and
TAPP)23 needed for the TEP method did not result in a
significant increase in complication rates. We agree in our
surgical practice that the learning curve for TEP is longer
than that needed for TAPP and open inguinal hernia
repair.9,23 As reported by others, once the TEP method
was mastered, the learning curve for the placement of
ProGrip mesh was reduced considerably.12 The mean op-
erative time in our study was 43.9 minutes. Erbella and
Erbella12 retrospectively reviewed 116 patients who un-
derwent TEP repair. In their study, there was one case of
conversion to open due to adhesion, with operation time
from incision to closure ranging from 17 to 80 minutes.
The results of our study compare favorably with theirs.

The surgical appeal of the laparoscopic TEP approach is
the low rate of postoperative pain and a faster return to
work.23 It is the ideal method for inspection of bilateral or
recurrent hernia cases.24 The repair is much more durable
than that of open approaches (recurrence range, 6.2%–
10%).20 In our study we recorded a recurrence rate of
0.6%. In the surgical literature, the major downsides of
laparoscopic hernia repair are reported to be the in-
creased risk of specific complications, including vascular
injury, nerve injury, and migration of mesh; the necessity
for mesh fixation with clips or screws; and increased
operative time.25 The ProGrip self-adhesive mesh is engi-
neered to avoid glue or fixation complications. It provides
an alternative to mesh fixation, thereby eliminating possi-
ble glue or hardware complications with no increase in
the recurrence rate.26 The findings in our study contribute
to the growing body of knowledge that mesh can be used
effectively most of the time without tacking, suturing, or
fixation by other devices. In our experience, deployment
of self-adhesive mesh did not require additional time com-
pared to fixation of nongripping meshes.

Table 2.
Surgical Outcomes

Variable Patients

Conversion to opena 7 (1.1)

Mean length of stay (days) 1

Hematoma 17 (2.7)

Infection 8 (1.2)

Notable pain 50 (7.8)

Numbness (burning/prickling sensation) 1 (0.2)

Paresthesia 4 (0.6)

Recurrence 1 (0.2)

Satisfied with outcome 631 (98.6%)

n � 640, unless otherwise specified. Data are for hernia proce-
dure outcomes in patients treated with TEP inguinal hernia
repair with self-adhesive, Velcro-type ProGrip mesh. Unless oth-
erwise specified, data are the number of patients, with the
percentage of the study sample in parentheses.
an � 647.
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We chose ProGrip mesh to circumvent mesh migration,
which can result in early recurrence. ProGrip is a light-
weight (38 g/m2), macroporous (1.1 � 1.7 mm), polyester
mesh with resorbable polylactic acid microgrips. Its hy-
drophilic, macroporous, polyester monofilament features
enhance fast and durable tissue ingrowth.27 Also its char-
acteristic stickiness offers the crucial advantage that it can
adhere to the psoas muscle posteriorly and the perito-
neum cannot slip beneath the mesh, which is one of the
principal causes of early recurrence.

The follow-up period in this study was 2 weeks; mesh
migration usually appears as an early recurrence, as in the
case of 1 patient in this series. Morrison and Jacobs28

examined recurrence at 1, 3, and 52 weeks after surgery.
Only one patient had recurrence at 1 week, with no
additional recurrence in the 3- and 52-week follow-ups.
Another study, however, showed no recurrence at 2
weeks, 1 month, and 1 year after surgery.29 Koch et al26

reported that nonfixation (self-adhesive) mesh was not
associated with an increased recurrence rate, postopera-
tive complications, or increased cost. Messaris et al29 re-
ported that general laparoscopic surgeons using the TEP
approach can obtain improved patient outcomes with less
pain, low recurrence rates, and a low prevalence of
chronic pain. These results are not limited to specialized
hernia centers but appear to be consistent with the obser-
vations described in our study.

The study is limited in that it is retrospective, without a
long-term follow-up. The typical long-term follow-up af-
ter inguinal hernia repair is from 2.5 to 5 years.30 Our
evaluation of the short-term recurrence rate is a measure
of the surgeon’s technical skill, which may be a proxy
indicator for long-term effectiveness of the repair, since a
poorly performed surgical repair with short-term recur-
rence is unlikely to have a favorable outcome 2 to 3 years
after the surgery. However, the studies referenced in this
paper demonstrate that recurrence with the TEP proce-
dure occurs early, with no additional recurrence during
long-term follow-up. In routine surgical practice, these
procedures are performed as elective outpatient surgeries,
and most patients have a 2-week follow-up. Our patients
were counseled before and after surgery by one of our
authors (C.J.S.), who is a nurse practitioner. At their
2-week follow-up, the patients were given instructions by
the nurse to return as needed with any problems, such as
hematoma, infection, numbness, paresthesia, pain, se-
roma, or any recurrent or new bulge. We purport that our
outcome would have been the same if we had observed
the patients up to a year or longer. We did not perform a
head-to-head comparison of ProGrip mesh to other

meshes in our study. In a limited study comparing ProGrip
and polypropylene mesh in 60 patients, there was no
statistically significant difference between the two meshes
in recurrence, vessel injury, hematoma, infection, and
complications from anesthesia. However, patients with
ProGrip hernia repair returned to daily activities earlier
than those having polypropylene repair (4 days vs 20
days).27

CONCLUSION

In our recent single-practice experience using ProGrip
mesh, we conclude that the use of self-adhesive, Velcro-
type mesh in laparoscopic TEP hernia repair is associated
with reduced pain, low rates of early recurrence, infec-
tion, hematoma, and improved patient satisfaction. In our
experience, laparoscopic TEP with ProGrip mesh is safe
and effective. This study lays the foundation for prospec-
tive and long-term follow-up studies that could include
application of innovative technologies such as single-port
TEP in hernia repair.

The authors thank Dipesh Solanky, Michael-Owen Panzarella
and Chester Hayes III, MS, PA-C, for assistance.
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