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Abstract

Introduction The success of laparoscopic surgery is due

to the less surgical trauma, including less operative pain,

complications and better cosmetics. Objective of our study

was to compare in two blind randomized groups of

patients, the surgical outcome of total extra-peritoneal

(TEP) inguinal hernia repair using either single-port or

conventional surgical technique. We will report our interim

results in the first group of 50 patients.

Materials and methods Our study is a prospective, ran-

domized, controlled clinical trial conducted from August

2011 to June 2013. Fifty patients aged between 21 and

80 years undergoing surgery for unilateral inguinal hernia

were randomised into two groups: conventional laparoscopic

TEP inguinal hernia repair versus single-port TEP repair.

Clinical data on patient demographics, surgical technique

and findings, postoperative complications and pain scores

were collected. Primary endpoint is the postoperative pain

while secondary endpoints are recurrence, chronic pain,

postoperative hospital stay and complications.

Results Out of the 50 patients, 26 underwent single-port

hernia TEP repair and 24 had conventional 3-port TEP hernia

repair after randomization. Mean operative time was 51.7

(±13.4) min in the multiport group and 59.3 (±14.9) min in

the single-port group, respectively (P = 0.064). Mean hos-

pital stay was 19.7 (±4.8) h in the conventional group and

22.1 (±4.5) h in the single-port group (P = 0.079). No sta-

tistically significant differences were observed between the

two groups for postoperative complications, and no recur-

rence reported at 11 months follow-up. There was no sig-

nificant difference in the pain scores (visual analog scale)

between the two groups at regular intervals post surgery.

Discussion The outcomes after laparoscopic TEP

inguinal hernia repair with a single-port device are com-

parable to the standard three-port technique.

Keywords Single-port � Total extra-peritoneal � Inguinal

hernia

The success of laparoscopic surgery can be attributable to its

reduced surgical trauma, including less postoperative pain,

complications and better cosmetics. Endo-laparoscopic

inguinal hernia repair has evolved during the past decade

with the addition of ‘‘reduced port surgery’’ concept to

accomplish the aforementioned characteristics. The totally

extra-peritoneal (TEP) approach for laparoscopic inguinal

hernia repair was first described in 1993 [1]. It is 15 years

later in 2008 that we hear about the first case of laparoen-

doscopic single-site surgery (LESS) for TEP inguinal hernia

repair [2]. Safety and efficacy of LESS-TEP inguinal hernia

repair have been assessed in a few prospective studies [3–5],

but only a single-randomized controlled clinical trial com-

paring LESS-TEP with conventional TEP (CTEP) inguinal

hernia repair has been published up to now [6].

The primary objective of our study was to determine if

laparoscopic TEP inguinal hernia repair using a mesh

carried out with a single-port (LESS-TEP), compared to
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conventional 3 ports (CTEP), results in a significant dif-

ference in the postoperative pain in two blind randomized

groups of patients. Secondary objectives were to assess any

significant difference between two groups of patients in

recurrence rate, postoperative pain, hospital stay and

complications. Here, we report our interim results in the

first group of 50 patients.

Materials and methods

Our study is a prospective, randomised, controlled clinical

trial commenced August 2011 in our institution with

National University of Singapore’s Domain Specific

Review Board (DSRB) approval (2011/00092). Patient

recruitment completed. This paper is intended as an interim

report on our findings from the first 50 subjects.

We included patients with age 21–80 years with a

clinical diagnosis of an inguinal hernia under ASA

(American society of anesthesiologists) physical status

classification I or II with a body mass index (BMI) less

than 30 kg/m2. Patients with bleeding disorders, incarcer-

ated, obstructed, strangulated, recurrent or bilateral ingui-

nal hernia were excluded. Patients who had previous lower

abdominal surgery on the same side of the hernia or

patients with previous lower segment cesarean section

(LSCS) were also excluded from the study.

Patients were prospectively recruited from our outpa-

tient clinics. All patients had indications for laparoscopic

inguinal hernia repair and agreed to participate after having

received both verbal and written information regarding the

trial. Each patient was randomly assigned to one of the two

study arms using the closed envelope method, with one arm

receiving LESS-TEP while the other receiving CTEP

inguinal hernia repair. All subjects and postoperative

assessors were blinded to the procedure performed.

Surgical Methodology (CTEP): 1 cm of infra-umbilical

transverse skin incision made and deepened down bluntly up

to the anterior fascial layer. About 1.5 cm or one middle

finger breadth size vertical incision made in the anterior

fascial layer, and muscle was retracted laterally to expose

the pre-peritoneal space. Conventional 10 mm laparoscopic

port was used to insufflate CO2. Olympus ENDOEYE

(USA) 10 mm laparoscope was inserted through the 10 mm

port, and dissection of the pre-peritoneal space was carried

out up to the Retzius’ space. Standard 5 mm port was

inserted in the midline about three finger breaths from the

pubis under vision. Another 5 mm port inserted in between

the camera port and the 5 mm port. Lateral dissection car-

ried out up to the Bogros’ space laterally. Myopectineal

orifices dissected to identify the hernia defects. Hernia sac

dissected off from the cord structures, and contents reduced

into the peritoneal cavity. In some patients where the sac is

excessive, it was divided and ligated with pre-made non-

absorbable surgical loop. Standard 10 9 15 cm polypro-

pylene mesh was used to cover the myopectineal orifices in

all cases. The mesh was secured with absorbable tackers

(AbsorbaTackTM 5 mm, COVIDIEN, USA). The rectus

sheath was repaired with absorbable sutures, and subcuta-

neous absorbable sutures were used to close the skin.

Surgical Methodology (LESS-TEP): The surgical tech-

nique was similar as for CTEP method except a single-port

device (TriPort?TM, Olympus, USA) was used through the

infra-umbilical incision. Olympus ENDOEYE (USA)

5 mm laparoscope was used. In both groups, three skin

plasters were placed over the abdomen after skin closure.

The main surgeon for all surgeries remained the same.

But all other authors also performed CTEP and LESS-TEP

randomly, supervised by the main surgeon. A standard

analgesia regime was used for all patients postoperatively

up to 5 days. The demographic information, intra-operative

findings, operative time and length of postoperative hos-

pital stay of all patients were recorded in a data collection

template. The European Hernia Society (EHS) groin hernia

classification was used to record the intra-operative find-

ings of type and size of hernia defects [7]. Visual Analog

Scale (VAS) for pain during the postoperative period at 6

and 24 h or at discharge was recorded by a nurse. Patients

were followed up 1, 4 weeks, 3 and 6 months intervals and

assessed for any postoperative complications and VAS.

The primary endpoint of this non-inferiority study is the

24-h postoperation pain score. From our retrospective

review of the laparoscopic inguinal hernia repair cases, it is

found that the mean pain score of single-port laparoscopic

inguinal hernia repair was 0.55 units less than that of con-

ventional laparoscopic hernia repair with standard deviation

1.8 units. The non-inferiority can be declared only if the

mean pain score of single-port laparoscopic hernia repair is

not 0.4 units more than that of conventional laparoscopic

hernia repair. A trial size of 90 subjects in total, 50 per group

will be sufficient to test the non-inferiority based on the

assumptions which are described before, using one-sided 2

sample t test with 80 % power and 5 % significant level. The

total accrual target would thus be 100, 50 per group, after

considering the withdrawer, defaults and lost to follow-up.

Statistical analysis was done using IBM SPSS Statistics

Desktop version 22.0.0. Fisher’s exact test or v2 test was

used where applicable for analysis of categorical variables.

T Test was used for analysis of continuous variables. P value

less than 0.05 was considered as statistically significant.

Results

Twenty-four subjects were randomized to CTEP, and

twenty-six randomized to LESS-TEP. Fifty-four subjects
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were assessed for eligibility, and four of them declined to

participate. From the 50 subjects randomized, no subjects

were lost to follow-up (Fig. 1). All patients were males.

The patient demographic information study showed no

significant difference between the two groups (Table 1).

Most common comorbidities were hypertension and

hyperlipidemia. Three subjects in the CTEP group had

previous open inguinal hernia repair on the opposite side.

One subject from each group was on Aspirin for ischemic

heart disease. One subject in the CTEP group had a per-

manent pacemaker, and bipolar diathermy has to be used

intra-operatively.

The intra-operative findings, namely laterality of hernia,

type and defect size of hernia, presence and grading of

adhesions, type of sac contents showed no significant dif-

ferences between the two groups (Table 2). The peritoneal

sac was divided and ligated in 4 (16.7 %) subjects in the

CTEP group and 9 (34.6 %) subjects in the LESS-TEP

group (P = 0.196). Peritoneal defects were found in 4

(16.7 %) and 1 (3.8 %) subjects consecutively in the CTEP

and LESS-TEP groups (P = 0.181), and all defects were

repaired with pre-made surgical loops. Conversion to open

technique or use of additional ports was not required in

both groups.

Fig. 1 Flow diagram of

prospective, randomized,

controlled trial to compare

laparo-endoscopic single-site

surgery (LESS) versus

conventional totally extra-

peritoneal (CTEP) approach for

inguinal hernia repair

Table 1 Patient demographic information

Variable CTEP group (n = 24) LESS-TEP group (n = 26) P value

Age Mean (SD) 45 (±12) 46 (±11) 0.802a

Comorbidities Hypertension 4 (16.7 %) 3 (11.5 %) 0.697

Hyperlipidemia – 3 (11.5 %) 0.236

Otherb 8 (33.3 %) 6 (23.1 %) 0.553

Multiple 2 (8.3 %) 2 (7.7 %) [0.05

Allergies 2 (8.3 %) 2 (7.7 %) [0.05

BMI (kg/m2) Mean (SD) 23.2 (±3.1) 22.6 (±2.8) 0.476a

Previous open inguinal hernia repair on the opposite side 3 (12.5 %) – 0.103

SD standard deviation
a P value based on T Test
b (Other comorbidities): Gout (2), Diabetes mellitus (2), Thalassemia (1), Aortic regurgitation with heart block on pacemaker (1), History of

subdural hemorrhage (1), Hydrocele (1), Brugada syndrome (1), Hypopituitarism (1), History of multi-nodular goiter (1), Trauma (1), Ischemic

heart disease (1), Anal fistula (1), Recurrent acromio-clavicular joint dislocation (1)
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The mean operative time, length of hospital stay after

surgery and postoperative complication rates between the

two groups showed no statistically significant difference

(Table 3). The most common complications were postop-

erative seroma and hematoma formation. In the LESS-TEP

group, two subjects developed scrotal hematoma which

was noticed during the discharge and they were symp-

tomatic at subsequent follow-ups. Both hematomas were

aspirated under sterile conditions with local anesthesia

about 3 weeks after surgery and the patients recovered

uneventfully: 4 (16.7 %) patients in the CTEP group and 2

(7.7 %) patients in the LESS-TEP group developed sero-

mas which were noticed at discharge and also at 1-week

follow-up. All seromas were managed conservatively, and

all patients recovered uneventfully during the follow-up

period. One subject in the CTEP group had port site

superficial wound infection which was conservatively

managed. Complications, such as injury to cord structures

and iliac vessels, acute urinary retention, mesh infection,

recurrence of hernia, ischemic orchitis and chronic pain,

were not observed in any of the subjects during a follow-up

period of 11 months. VAS for pain during the postopera-

tive period and during the follow-up period showed no

statistically significant difference between the two groups

(Table 4). In the CTEP group, patients had no pain at the

3-month follow-up and in both groups; patients had no pain

at 6-month follow-up.

Discussion

Laparoscopic approach for inguinal hernia repair has

become the acceptable treatment for groin hernia repairs in

the recent past due to its reduced postoperative pain and

low recurrence rates [8, 9]. There are few laparoscopic

approaches to inguinal hernia repair [8]. Trans-abdominal

pre-peritoneal (TAPP) approach was initially gaining

popularity and it was comparable to the TEP approach

Table 2 Comparison of intra-operative findings

Intra-operative finding CTEP

group

(n = 24)

LESS-TEP

group

(n = 26)

P value

Laterality Left

side

11 (45.8 %) 12 (46.2 %) 0.480

Right

side

13 (54.2 %) 14 (53.8 %)

Site of the defect

(Type of

hernia)II

Lateral 21 (87.5 %) 26 (100 %) 0.103

Medial 12 (46.2 %) 11 (42.3 %) 0.572

Femoral 1 (4.2 %) – 0.480

Multiple 9 (37.5 %) 11 (42.3 %) 0.779

Largest defect

sizeb
Mean

(SD)

2.1 (± 0.6) 2.1 (± 0.8) 0.879a

Adhesions present 6 (25 %) 6 (23.1 %) [ 0.05

Grade of

adhesionsc
Mean

(SD)

1.2 (± 0.4) 1.3 (± 0.8) 0.669a

Bowel present in the sac 1 (4.2 %) 3 (11.5 %) 0.611

Omentum present in the sac 12 (50 %) 12 (46.1 %) [ 0.05

SD standard deviation
a P value based on T Test
b Type and size of groin hernia defect are based on the EHS groin

hernia classification. Type: Lateral/Medial/Femoral. Size: 1–3
c Grade of adhesions (0–3). 0: none, 1: mild, 2: moderate, 3: severe

Table 3 Comparison of outcome variables: operative time, length of

hospital stay and postoperative complications

Operative finding CTEP

group

(n = 24)

LESS-TEP

group

(n = 26)

P value

Operative time

(min)

Mean

(SD)

51.7

(±13.4)

59.3 (±14.9) 0.064a

Hospital stay

(h)

Mean

(SD)

19.7 (±4.8) 22.1 (±4.5) 0.079a

Postoperative

complications

Hematoma – 2 (7.7 %) 0.491

Seroma 4 (16.7 %) 2 (7.7 %) 0.409

Otherb 1 (4.2 %) 3 (12.5 %) 0.611

No recurrence reported in both groups at a follow-up of 11 months

SD standard deviation
a P value based on T Test
b Other postoperative complications: Skin ecchymosis (1), Wound

infection (1), Scrotal edema (2)

Table 4 Comparison of VAS for pain in the postoperative period and

during the follow-up

Outcome variable—

VAS for painb
CTEP group

(n = 24)

LESS-TEP

group (n = 26)

P valuea

VAS 6-h postsurgery—

Mean (SD)c
2.7 (±1.7) 2 (±1.8) 0.187

VAS 24-h

postsurgeryd—Mean

(SD)c

1.8 (±1.8) 1.3 (±1.8) 0.275

VAS 1-week

postsurgery—Mean

(SD)

0.9 (±1.3) 0.9 (±1.3) 0.978

VAS 4-week follow-

up—Mean (SD)

0.1 (±0.4) 0.2 (±0.7) 0.499

VAS 3-month follow-

up—Mean (SD)

– 0.04 (±0.2) 0.333

VAS 6-month follow-

up—Mean (SD)

– – –

SD standard deviation
a P value based on T Test
b VAS: Visual analog score for pain (0–10)
c The assessor was blinded by using an identical type of wound

dressing in both groups
d If the patient gets discharged before 24 h, then the VAS at the time

of discharge was taken as the VAS at 24-h postsurgery
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[10], but due to significantly reduced postoperative pain

[11] and slightly reduced risk of port site hernia and vis-

ceral injuries [10], the TEP approach has become more

acceptable. The safety and feasibility of the laparoscopic

TEP approach have been repeatedly assessed over the years

since 1993 when Ferzli et al. [12] published his series of

101 patients [8, 9, 13]. The concept of ‘‘reduced port sur-

gery’’ has added a new look to the laparoscopic approach in

many sub-specialities. LESS approach is feasible and has

been used safely for appendectomy [14, 15], cholecystec-

tomy [16–18] and even for colectomy [19] with its obvious

proven benefit of cosmetics and debatable effects on

postoperative pain compared to the conventional laparo-

scopic approaches.

In an era where minimal surgical trauma is gaining

concern, Lau et al. [20] in 2002 describes his needlescopic

approach for groin hernia repair with its better postopera-

tive pain compared to CTEP approach. In 2010, we

described our institutional experience in LESS-TAPP

approach for groin hernia repair with comparable outcomes

to the conventional TAPP approach [21]. In an attempt for

reduced port surgery, Kwon et al. [22] did TEP inguinal

hernia repair in 24 patients without the supra-pubic port

and demonstrated advantages in postoperative pain, urinary

retention, operating time, postoperative hospital stay and

cosmetic effect over the CTEP technique.

In 2010, Agrawal et al. [23] described his experience in

using the TriPortTM system in LESS-TEP technique to be

safe and feasible and managed to perform the procedure with

a median incision length of 30 mm. We used the same Tri-

PortTM system in all our patients who underwent LESS-TEP

with a standard 1-cm infra-umbilical transverse incision.

The technique of LESS-TEP started with Cugura et al.

[2] in 2008 and up to now, the advantage of this technique

over the CTEP is still debatable. We encountered four

studies [3–6] where the comparison of CTEP and LESS-

TEP techniques has been made. Our study population

characteristics are comparable to the study population in

the randomised clinical trial conducted by Tsai et al. [6].

And, they reported a longer operative time and a minor

benefit of reduction of immediate postoperative pain in the

LESS-TEP group [6]. In our study, we did not observe any

statistically significant difference in any of the above out-

comes. Kim et al. [4] also reported no significant difference

in the operative time between the LESS-TEP and CTEP

groups in his study. In a comparison study between CTEP

and LESS-TEP, Cugura et al. [3] concluded that both

techniques are comparable and LESS-TEP is a safe and a

feasible technique with a short learning curve. Tai et al. [5]

in their study state that inguinal hernia repair via the LESS-

TEP technique is as safe as the CTEP technique. However,

they believe that the LESS-TEP technique is not an effi-

cacious surgical alternative to the CTEP technique for

inguinal hernia likely due to the significantly shorter mean

operative time in the CTEP series [5]. In our study, as well

as all four studies mentioned above [3–6] had no conver-

sions to open technique and no additional ports were used

in the LESS-TEP group. In our interim analysis of the first

50 patients of our randomized controlled clinical trial, we

did not observe any significant differences in the postop-

erative hospital stay, complications and pain scores

between the LESS-TEP and CTEP groups in our study, and

all other parameters studied were comparable between the

two groups with no statistically significant differences with

a follow-up period of 11 months.

In conclusion, we observe that the outcomes after lap-

aroscopic TEP inguinal hernia repair with a single-port

device is not superior to the conventional three-port tech-

nique, except for the obvious effect on cosmesis due to the

number of scars. We believe that long-term follow-up data

are required for further validation of advantages of the

LESS-TEP technique over the CTEP technique.
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