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Abstract

Purpose This retrospective study was conducted to compare the long-term outcomes of single-incision totally extraperitoneal
(S-TEP) inguinal hernia repair and conventional multiport totally extraperitoneal (M-TEP) inguinal hernia repair.

Methods The study population included 186 consecutive patients (S-TEP, n=149; M-TEP, n=37) who underwent elective
surgery for inguinal hernia at Osaka Police Hospital between 2011 and 2013.

Results No significant between-group difference was found in patient or hernia characteristics or in perioperative outcomes,
with the exception of age (S-TEP group vs. M-TEP group: median 69 [IQR 60-75] years vs. 64 [55-69] years, respectively;
P=0.019). Furthermore, no significant between-group difference was found in follow-up time (5.5 [3.0-5.8] vs. 5.4 [3.1-5.7]
years, P=0.839), recurrence rate (0.6 vs. 2.4%, P=0.358), chronic pain (1.2 vs. 0%, P=1.000), feeling the mesh (2.3 vs.
7.1%, P=0.142), or movement limitation (0.6 vs. 0%, P=1.000). All chronic symptoms were “mild but not bothersome.”
A metachronous contralateral inguinal hernia developed in 8.1% of patients.

Conclusion The long-term outcomes of S-TEP repair were comparable to those of M-TEP, with rates of recurrence, chronic
pain, feeling the mesh, and movement limitation falling within acceptable limits.

Keywords Single-incision laparoscopic surgery (SILS) - Totally extra-peritoneal repair (TEP) - Inguinal hernia - Long-term
outcomes
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sidered a standard inguinal hernia repair procedure, along-
side trans-peritoneal hernioplasty (TAPP) and the Lichten-
stein procedure [1]. Single-incision laparoscopic surgery
(SILS) is a minimally invasive procedure that is performed
through a single, small incision, and is considered a feasible
alternative to conventional multiport laparoscopic surgery
(MPS). At Osaka Police Hospital, we now perform TEP
inguinal hernia repair by means of SILS in patients who
qualify for such surgery [2—4]. Osaka Police Hospital is a
high-volume multidisciplinary acute care hospital in Japan
with a long tradition in SILS as well as MPS. At this hospital
cholecystectomy, colectomy, gastrectomy, and adhesiolysis
for small bowel obstruction are performed mainly by means
of SILS.

Five randomized controlled trials comparing the
perioperative and short- and/or mid-term outcomes of
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single-incision laparoscopic TEP (S-TEP) inguinal hernia
repair and conventional multiport TEP (M-TEP) inguinal
hernia repair have been reported [5—10], and the outcomes
among large groups of patients who have undergone S-TEP
hernia have also been reported [11-14]; however, data on the
long-term outcomes (5 years or longer) are limited. Thus,
we conducted a retrospective study in which we compared
the long-term outcomes of S-TEP inguinal hernia repair to
those of M-TEP inguinal hernia repair, particularly in terms
of recurrence, chronic pain, feeling the mesh, and movement
limitation. In addition, we investigated the occurrence of
contralateral inguinal hernia for future reference.

Methods
Study patients

To identify patients to be included in the study, we reviewed
the records of patients who underwent S-TEP or M-TEP
inguinal hernia repair at Osaka Police Hospital between
January 2011 and December 2013. Patients who had under-
gone emergency TEP repair (n=2), those who had under-
gone TEP repair along with another surgery (n=4; 3 along
with incisional hernia repair and 1 along with cholecystec-
tomy), and those who required conversion to open anterior-
approach surgery (n=4) were excluded, leaving 186 patients
(S-TEP: n=149 [170 hernias]; M-TEP: n=37 [42 hernias])
who met the inclusion criteria (Fig. 1).

The study was conducted under approval by the insti-
tutional review board of Osaka Police Hospital (approval
number: 741).

Treatment strategy

In treating inguinal hernia surgically, we generally perform
TEP repair. Exceptions are made when general anesthesia is
contraindicated or the patient has undergone radical prosta-
tectomy, lateral lymph node dissection for low rectal cancer
[15], or preperitoneal hernia repair, such as Prolene Hernia
System repair [16—18] or Kugel repair [19, 20]. We per-
formed M-TEP repair routinely until September 2011, when
we began performing S-TEP repair for any patient deemed
to be a suitable candidate.

Surgical technique

S-TEP repair and M-TEP repair were performed accord-
ing to standard protocols, as previously described [14].
A single 25-mm subumbilical incision was made, and a
vertical incision was made in the anterior rectus fascia
on the affected side(s) to enter and develop the preperito-
neal space. Pneumopreperitoneum was then established
by insufflation of 8 mmHg CO,. For M-TEP repair, one
10-mm port was placed in the subumbilical incision, and
two 5-mm ports were placed in the midline (one 5-cm from
the pubic tubercle and the other between the subumbilical
and suprapubic ports), and a 10-mm flexible-tip Olympus
EndoEye videoscope (Olympus Medical Systems, Tokyo,
Japan) was used. For S-TEP repair, single port access
devices (Lap Protector mini and EZ Access; Hakko Co.,
Ltd. Nagano, Japan) were placed in the subumbilical inci-
sion. A 10-mm flexible-tip Olympus EndoEye videoscope
was used for patients treated before April 2013. Thereafter,

Fig. 1 Flow diagram of patient
selection and follow-up. S-TEP
single-incision laparoscopic

totally extra-peritoneal inguinal
hernia repair, M-TEP multiport

Patients who underwent
TEP inguinal hernia repair (n=196)
S-TEP (»=159) 180 hernias
M-TEP (n=37) 42 hernias

n’atients excluded (n=10) N\
Emergency surgery (n=2)

S-TEP (n=2) 2 hernias

M-TEP (n=0)

laparoscopic totally extra-peri-

T Simultaneous surgery (n=4)

v S-TEP (n=4) 4 hernias

toneal inguinal hernia repair

Patients included (n=186)
S-TEP (n=149) 170 hernias
M-TEP (n=37) 42 hernias

M-TEP (n=0)
Conversion to anterior approach (n=4)
S-TEP (n=4) 4 hernias

2-week follow-up

1-month follow-up

3-month follow-up

S-year follow-up

S-TEP (n=149) 170 hernias
M-TEP (n=36) 41 hernias

M-TEP (n=0) )

S-TEP (n=146) 166 hernias
M-TEP (n=36) 41 hernias

S-TEP (n=145) 165 hernias
M-TEP (n=36) 41 hernias

S-TEP (n=99) 116 hernias
M-TEP (n=29) 31 hernias
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a 5-mm flexible-tip Olympus EndoEye videoscope was
used. A polypropylene mesh (3D Max Light®; CR BARD
Inc., Murray Hill, NJ, USA) was placed in the dissected
preperitoneal space, covering the inguinal floor, and then
fixed to the pubic bone, Cooper’s ligament, and above the
iliopubic tract with AbsorbaTack™ (Covidien, Mansfield,
MA, USA). After deflation of the preperitoneal space, the
rectus sheath was closed with 2-0 Vicryl (Ethicon, Somer-
ville, NJ, USA), and the skin was closed with 3-0 PDS
(Ethicon). The repair procedure did not include intraop-
erative exploration for a contralateral hernia. Both types
of repair (S-TEP or M-TEP) were usually performed by an
experienced staff surgeon (i.e., a surgeon with experience
in 20 or more TEP cases) and a resident. In some cases,
the operation was performed by a less experienced staff
surgeon and a resident, with an experienced staff surgeon
supervising the procedure. During the 3-year period noted
above, a total of 5 staff surgeons performed such repairs.

Data collection and follow-up

For the purpose of the study, the following data were
obtained from patients’ clinical records: clinical charac-
teristics, including age, sex, body mass index, and Ameri-
can Society of Anesthesiologists (ASA) physical status
at the time of presentation; operative and postoperative
variables, including operation time, estimated blood loss
volume, and postoperative length of stay; and postopera-
tive complications. Further, we assessed whether patients
experienced recurrence or the development of a metachro-
nous contralateral inguinal hernia, which was defined as an
inguinal hernia occurring at a hernia-naive site on the side
opposite the S-TEP or M-TEP repair; this did not include
any contralateral hernia that developed at a site of previous
hernia repair. Patients were seen in the outpatient setting
1 to 2 weeks after the surgery, 1 month later, and then
3 months later. For the purpose of the study, patients were
contacted by telephone approximately 5 years after the
operation and asked questions according to the Japanese
version of the Carolinas Comfort Scale™ (CCS) [21, 22],
a quality-of-life survey pertaining specifically to hernia
patients undergoing hernia repair with mesh, with 0 being
the best possible score and 115 being the worst possible
score. For patients who were not available by telephone,
the latest outpatient follow-up information was used for
the analysis. All interviews were conducted by a single
nurse who was trained in using the Japanese version of
the CCS. Patients who reported any symptoms at the time
of the interview were scheduled for a clinic visit. Axial
computed tomography (CT) images acquired for any rea-
son within 3 months after the latest contact were referred
to for evaluation of recurrence.
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Study endpoints

The primary study endpoint was the rate of hernia recur-
rence within 5 years after the operation. The secondary
endpoints were chronic pain, feeling the mesh, movement
limitation, and the development of a contralateral hernia
within 5 years after surgery.

Statistical analyses

Variables are shown as the number (and percentage) of
patients or of hernias or as the median (and interquartile
range) value. Between-group differences in continuous
variables categorical variables were analyzed by the Wil-
coxon rank-sum test and Fisher’s exact test, respectively. All
statistical analyses were performed with JMP 15.1.0 (SAS
Institute Inc., Cary, NC, USA). P values of < 0.05 were con-
sidered to indicate statistical significance.

Results

The clinical characteristics of the patients in each group are
shown in Table 1. There was a significant difference in the
age of the two groups, with patients in the S-TEP group
being significantly older than those in the M-TEP group
(P=0.019). Ten (5.9%) hernias in the S-TEP group were
recurrent hernias, five had previously been repaired with-
out surgical mesh, four had previously been repaired using
a mesh-plug, and one had previously been repaired using
a PROLENE?® hernia system. The operative variables and
perioperative complications of the two groups are shown in
Table 2 and did not differ to a statistically significant extent
between the two groups.

The long-term outcomes of TEP repair in the two groups
are shown in Table 3. The follow-up time was 5.5 (3.0-5.8)
years for patients in the S-TEP group and 5.4 (3.1-5.7) years
for patients in the M-TEP group, and did not differ to a sta-
tistically significant extent (P=0.839). All 149 patients (170
hernias) in the S-TEP group underwent follow-up at 2 weeks,
146 (166 hernias) underwent follow-up at 1 month, 145 (165
hernias) underwent follow-up at 3 months, and 99 (116 her-
nias) were contacted at 5 years. Thirty-six (41 hernias) of
the 37 patients in the M-TEP group underwent follow-up at
2 weeks, 36 (41 hernias) underwent follow-up at 1 month,
and 36 (41 hernias) underwent follow-up at 3 months; 29
patients (31 hernias) were contacted at 5 years. CT images
were available for 28 hernias (16.4%) in the S-TEP group and
10 hernias (23.8%) in the M-TEP group, without a significant
difference (P=0.268). One hernia recurred at 4 years after
repair in the S-TEP group (0.6% recurrence rate), and 1 her-
nia recurred at 2 years after repair in the M-TEP group (2.4%
recurrence rate). A metachronous contralateral inguinal
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Table 1 Characteristics of patients and their hernias in the S-TEP and
M-TEP groups

S-TEP (n=149) M-TEP (n=37) P value
Age (years) 69 (60-75) 64 (55-69) 0.019
Sex 0.577
Male 129 (91.9) 34 (86.6)
Female 20 (8.1) 3(13.4)
BMI (kg/m?) 22.3(21.0-24.1) 23.0(21.1-25.7) 0.104
ASA-PS 0.955
1 51 (34.2) 12 (32.4)
2 88 (59.1) 23 (62.2)
3 10 (6.7) 2(5.4)
Hernia laterality 1.000
Unilateral 128 (85.9) 32 (86.5)
Bilateral 21 (14.1) 5(13.5)
Hernia type
Recurrent hernia 10 (5.9) 0(0.0) 0.217%
Primary hernia® 160 (94.1) 42 (100.0)
Direct inguinal 53 (31.2) 11 (26.2) 0.579
hernia
Indirect inguinal 112 (65.9) 32 (76.2) 0.268
hernia
Femoral hernia 5(2.9) 0(0.0) 0.586

Data are shown as n (%) of patients or hernias, or as the median
(interquartile range) value

S-TEP single-incision laparoscopic totally extra-peritoneal inguinal
hernia repair, M-TEP multiport laparoscopic totally extra-peritoneal
inguinal hernia repair, BMI body mass index, ASA-PS American
Society of Anesthesiologists physical status

*For the incidence of recurrence against the incidence of initial occur-
rence (recurrence/initial occurrence ratio) in the S-TEP group vs.
M-TEP group

Some patients had more than one type of hernia

hernia developed in a total of 15 patients (8.1%), 12 in the
S-TEP group and three in the M-TEP group. The sites at
which the 12 metachronous contralateral hernias developed

in the S-TEP group patients accounted for 10.5% of the 114
(total) contralateral hernia-naive sites in this group, and the
sites at which the three metachronous contralateral hernias
developed in the M-TEP group patients accounted for 10.3%
of the 29 (total) contralateral hernia-naive sites in this group,
without a significant between-group difference (P =1.000).
Chronic pain was noted in two patients (1.2%) in the S-TEP
group. Both of these patients had a total CCS pain score of
4. No patients in the M-TEP group experienced chronic pain
(P=1.000). Feeling the mesh was noted by four patients
(2.3%) in the S-TEP group, with the total CCS score for
feeling the mesh being 8 in one patient, 6 in two patients,
and 4 in one patient, whereas feeling the mesh was noted by
three patients (7.1%) in the M-TEP group, with the total CCS
score for feeling the mesh being 8 in one patient, 6 in one.
and 2 in one (P=0.142). Movement limitation was noted in
one patient (0.6%) in the S-TEP group, with the total CCS
score for movement limitation being 6, whereas no move-
ment limitation was noted in the M-TEP group (P =1.000).
All reported symptoms were “mild but not bothersome,”
according to the CCS.

Discussion

Although S-TEP inguinal hernia repair and conventional
M-TEP inguinal hernia repair are reported to be comparable
in terms of safety, feasibility, and at least the short- and mid-
term outcomes [5—10, 14], most of the data analyzed were
obtained within 2 years after surgery [5-9], and some only
represent the results of male patients with a primary inguinal
hernia [7, 10]; thus, much remains to be clarified regarding
the role of S-TEP in real-world practice. In the present study,
we minimized the patient exclusion criteria so that we could
evaluate the outcomes of M-TEP and S-TEP inguinal hernia
repair in patients who are typically encountered in clinical
practice. We found that the rate at which hernia recurred

Table 2 Operative factors and

. ; T . S-TEP (n=149) M-TEP (n=37) P value
perioperative complications in
the S-TEP and M-TEP groups Operation time (min)
Unilateral hernia 85 (75-107) 85 (70-112) 0.693
Bilateral hernia 129 (116-154) 138 (93-147) 0.696
Blood loss Minimal Minimal -
Postoperative hospital stay (days) 3(34) 324 0.714
Complications®
Seroma 14 (9.4) 1(2.7) 0.311
Hematoma 0(0.0) 1(2.7) 0.199

Data are shown as n (%) of patients or hernias, or as the median (interquartile range) value

S-TEP single-incision laparoscopic totally extra-peritoneal inguinal hernia repair, M-TEP multiport laparo-
scopic totally extra-peritoneal inguinal hernia repair

4Complications that occurred within 30 days after surgery
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Table 3 Long-term outcomes in
the S-TEP and M-TEP groups

S-TEP (n=149) M-TEP (n=37) P value
Follow-up time (years) 5.5 (3.0-5.8) 5.4 (3.1-5.7) 0.839
Evaluation by CT 28 (16.4) 10 (23.8) 0.268
Recurrence 1(0.6) 12.4) 0.358
Metachronous contralateral hernia 12 (10.5%) 3(10.3%) 1.000
Chronic pain 2(1.2) 0(0.0) 1.000
Feeling the mesh 4(2.3) 3(7.1) 0.142
Movement limitations 1(0.6) 0(0.0) 1.000

Data are shown as n (%) of patients or hernias, or as the median (interquartile range) value

S-TEP single-incision laparoscopic totally extra-peritoneal inguinal hernia repair, M-TEP multiport laparo-
scopic totally extra-peritoneal inguinal hernia repair, CT computed tomography

“The percentage of metachronous contralateral hernias was calculated as the number of contralateral ingui-
nal hernias divided by the number of contralateral hernia-naive sites at the time of surgery (114 hernia-
naive sites in the S-TEP group and 29 hernia-naive sites in the M-TEP group)

within 5 years after S-TEP repair and M-TEP repair did not
differ to a statistically significant extent. We also found that
the recurrence rate of 0.6% among patients who underwent
S-TEP repair and 2.4% among those who underwent M-TEP
repair was comparable to previously reported recurrence
rates (1.1-4.0%) [23, 24]. In addition, in the present study,
the rate of overall metachronous contralateral occurrence
was 8.1%, and did not differ to a statistically significant
extent between the S-TEP and M-TEP groups, which was
consistent with previously reported contralateral occurrence
rates of 6.7-10.5% (with some of the contralateral hernias
having been detected during intraoperative exploration) [25,
26]. We also found that the prevalence of chronic pain (1.2%
in the S-TEP group and 0% in the M-TEP group), prevalence
of feeling the mesh (2.3% in the S-TEP group and 7.1% in
the M-TEP group), and prevalence of movement limitation
(0.6% in the S-TEP group and 0% in the M-TEP group) were
comparable to the previously reported prevalence of 1-6%
[27-30], 2-18% [29-31], and 3% [29, 30], respectively.

Although patients in our S-TEP group were significantly
older than those in our M-TEP group, age has not been asso-
ciated with a difference in the perioperative outcomes of
TEP [3, 32], and this may mean that age has little or no effect
on long-term outcomes.

The present study was associated with some limitations,
including its retrospective observational study design, which
means that it was susceptible to selection bias. In addition,
because some patients were lost to follow-up and thus recur-
rence could not be evaluated either by physical examination
or on CT images, the possibility of a type II error cannot
be ruled out. Further, patient satisfaction, in terms of body
image [33], for example, was not evaluated. Furthermore,
variables such as perioperative care were not factored into
the analysis in detail. Nonetheless, because reports compar-
ing the long-term outcomes, including recurrence, chronic
pain, and feeling the mesh, between M-TEP repair and
S-TEP repair performed for patients with inguinal hernia
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are limited, we believe our data will help surgeons and other
specialists in considering whether to perform S-TEP repair
for patients with inguinal hernia.

On the basis of our study data, which reflect our clinical
experience thus far, we conclude that the S-TEP approach
is a feasible option for inguinal hernia repair. We caution
that the procedure should be performed by surgeons with
expertise in SILS.
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