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Abstract
Background: Pain after laparoscopic inguinal hernia surgery can be moderate to severe, interfering with re-
turn to normal activity. The study aimed to assess the efficacy of bilateral ultrasound-guided (USG)
transversus abdominis plane (TAP) block for relieving acute pain after laparoscopic hernia repair as T10-
L1 nerve endings are anesthetized with this block.
Methods: Seventy-one American Society of Anesthesiologists I to II patients, aged 18 to 65 years, undergoing
unilateral/bilateral laparoscopic hernia repair were randomized to port site infiltration (control, 36) and TAP
block groups (35). All patients received general anesthesia (fentanyl 2 μg/kg intravenously at induction, 0.5
μg/kg on 20% increase in heart rate or mean blood pressure) and paracetamol 6 hourly. Postintubation, TAP
group received bilateral USG TAP block (15-20 mL 0.5% ropivacaine, maximum 3 mg/kg) with 18-G Tuohy
needle. Control group had 20 to 30 mL 0.5% ropivacaine infiltrated preincision, at port sites from skin to peri-
toneum. Postoperative patient-controlled analgesia fentanyl was provided for 6 hours; painwas assessed using 0-
to 100-mm visual analog scale (VAS) at 0, 1, 2, 4, 6, and 24 hours and telephonically at 1 week and 3 months.
Results: Demographic profile of the 2 groups was comparable. Significantly more number of patients re-
quired intraoperative fentanyl in the control group (24/36) than in the TAP group (13/35); VAS at rest
was lower in TAP than control patients in postanesthesia care unit at 0, 2, 6, and 24 hours (median VAS
TAP group: 0, 0, 0, and 0; control: 10, 20, 10, and 10;P= .002,P= .001,P= .001, andP= .006, respectively);
Pb .01 was considered statistically significant. TAP group had significantly lower VAS on deep breathing at
6 hours and on knee bending and walking at 24 hours and lesser patient-controlled analgesia fentanyl re-
quirement. No significant difference in pain scores was observed at 1 week and 3 months.
Conclusion: TAP block reduced postoperative pain up to 24 hours after laparoscopic hernia repair.
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1. Introduction

Laparoscopic inguinal hernia repair is associatedwith lesser pain
and faster patientmobilization than open hernia repair [1–3]. The 2
techniques of laparoscopic hernia repair are total extraperitoneal
(TEP) and transabdominal preperitoneal (TAPP) laparoscopic
repair. TEP involves placing a mesh in the preperitoneal space
without entering the peritoneal cavity, whereas TAPP accesses
the same space after peritoneal incision and pneumoperitoneum
[2,3]. Pain after laparoscopic hernia surgery, although less, can
be considerable and interfere with return to daily activity [2,4].
This has led to the use of techniques such as preperitoneal instil-
lation of local anesthetic or port site to decrease pain after lapa-
roscopic hernia repair [3,5].

In a qualitative systematic review, pain after both TAPP
and TEP repair was found to be of a similar character, that
is, lower abdominal groin pain of moderate to severe intensity,
more on the first day that increased on coughing and mobiliza-
tion. Shoulder tip pain due to pneumoperitoneum or somatic
pain was not prominent after either type of repair [2].

Transversus abdominis plane (TAP) block is a regional anes-
thetic technique that involves depositing local anesthetic in the
muscle plane between transversus abdominis and the internal
oblique muscles, anesthetizing the T10 to L1 intercostal nerves,
thereby having the potential to provide perioperative analgesia
after hernia repair [6]. TAP block has been used to provide ef-
fective analgesia for a number of lower abdominal procedures
such as lower segment cesarean section, total abdominal hys-
terectomy, open appendicectomy, open hernia surgery, and
in renal transplant recipients [7–12]. However, there is incon-
clusive literature regarding the efficacy of TAP block for pro-
viding perioperative analgesia for laparoscopic hernia repair.
Stebelski et al used landmark-based bilateral TAP block for
TEP repair, Kim et al used bilateral ultrasound-guided
(USG) TAP block for unilateral and bilateral TEP; Beyls
et al administered ipsilateral USG TAP blocks for unilateral
laparoscopic hernia surgeries [13–15]. All studies reported a
significant decrease in 24-hour postoperative analgesic con-
sumption in the TAP group but did not show a significant de-
crease in the pain scores. A series by Meyer et al [16] showed
that TAP block facilitated TEP repair under general anesthesia
without the need for curarization. No study has evaluated the
pain scores on knee bending or walking with TAP block after
laparoscopic hernia repair under general anesthesia.

This study was designed to evaluate if bilateral USG TAP
block would decrease pain at rest and on movement and peri-
operative opioid requirement as compared to port site infiltra-
tion with local anesthetic in the first 24 hours after
laparoscopic hernia (TEP and TAPP) repair surgery.
2. Methods

The study was approved by the Institutional Ethics Com-
mittee of the All India Institute of Medical Sciences, New
Delhi (ref. no. T-232/03.06.2011 approved from November
14, 2011) and registered with the Clinical Trial Registry of In-
dia (CTRI/2014/07/004748) retrospectively. The primary end
point was to compare pain scores (using a 0- to 100-mm visual
analog scale [VAS]) at rest at 24 hours in patients undergoing
laparoscopic hernia repair under general anesthesia with or
without TAP block. The other primary objectives were com-
parison between the TAP and the port site infiltration (control)
groups of VAS on movement (knee bending, deep breathing,
and walking at 24 hours) and intraoperative and postoperative
fentanyl requirement (up to 6 hours postoperatively as longer
duration patient-controlled analgesia [PCA] device would re-
quire patients to be anchored to the bed). The secondary objec-
tives were comparison of incidence of postoperative nausea
and vomiting, quality of recovery score on the evening of the
first postoperative day, and the incidence of chronic pain at 3
months after surgery between the groups.

The sample size was calculated using a previous study [13].
With a sample size of 15 in each group, the VAS score at 24
hours in the block group was found to be 8 ± 7, whereas that
in the control group was 16 ± 15. Setting the power of the
study at 80% and significance at 5%, we calculated the sample
size to be 31 in each group. Taking a loss to follow-up of 10%,
we estimated the sample size of 36 in each group.

Patients aged 18 to 65 years, American Society of Anesthe-
siologists grade I or II, scheduled for uncomplicated unilateral
or bilateral hernia repair were enrolled between November
2011 and December 2013. Exclusion criteria were refusal to
participate, infection at site of block, coagulation abnormalities,
history of hypersensitivity to local anesthetics, inability to use
the PCA device, obesity (body mass index, N30 kg/m2), or
weight less than 50 kg (as it would decrease the maximum al-
lowable volume of 0.5% ropivacaine to b15mL for each side).
Once eligibility was established, an informed written consent
was obtained.

All patients were premedicated with oral diazepam 0.1 mg/kg
on the night prior and morning of surgery and transferred to the
anesthesia room 30 to 45minutes before surgery. Intravenous ac-
cess was established, routine monitoring (heart rate, electrocardi-
ography, oxygen saturation, and noninvasive mean blood
pressure) was started, and baseline parameters were noted. Entro-
py electrodes were applied to monitor the depth of anesthesia.
General anesthesia was inducedwith fentanyl 2μg/kg and propo-
fol 2 to 3mg/kg intravenously (IV). Once the entropy valueswere
between 45 and 65, vecuronium was administered, and the tra-
chea was intubated. Anesthesia was maintained with oxygen,
air (50%:50%), and desflurane, keeping entropy values between
45 and 65 and controlled ventilation to maintain normocapnia
(end-tidal CO2, 35-40 mm Hg). Dexamethasone (8 mg) was
given at the beginning, and paracetamol (1 g) and ondansetron
(4 mg) IVwere administered 30 and 15minutes before the end
of the surgery, respectively.

After induction of general anesthesia, patients were ran-
domly allocated to either the control group (port site infiltra-
tion) or the TAP group (TAP block) after opaque, sealed
envelopes containing computer-generated random numbers
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were opened by an anesthesiologist not participating in
the study.

2.1. TAP block technique

Using a 7- to 10-MHz linear array transducer and SITE-
RITE 5 Ultrasound device (Bard Access System, Inc, Salt
Lake City, UT), the 3 muscle layers in the region of the ante-
rior axillary line midway between the iliac crest and the costal
margin were identified. After piercing the external oblique and
internal oblique aponeurosis with an 18-G Tuohy needle using
the in-plane technique, advanced from medial to lateral, 1 to
2 mL of saline was injected to confirm ballooning of a hypoe-
choic bleb in the TAP plane. Thereafter, 15- to 20-mL 0.5%
ropivacaine was administered. The procedure was repeated
on the other side taking care not to exceed a total dose of
3 mg/kg body weight of ropivacaine.

2.2. Port site infiltration

In the control group, the same concentration of 20 to 30mL
of 0.5% ropivacaine was infiltrated in the skin, muscle
layer, and peritoneum at the port sites by the surgeon before
incision using a spinal needle. Both TEP and TAPP required
one 10-mm port and two 5-mm ports as described below.

2.3. Surgical procedure

The surgeries (TAPP or TEP repair) were carried out by ei-
ther of the 2 surgeons (MCM and VKB) according to the stan-
dard protocol at our institute [17].

2.4. TAPP

A 10-mm port was inserted at the umbilicus for the 30° tele-
scope; and two 5-mm ports, 5 to 6 cm from umbilicus at the
lateral borders of the rectus abdominis muscle. Pneumoperito-
neum of 12 to 14 mm Hg was created. The hernia sac was re-
duced. The peritoneal flap was raised laterally from anterior
superior iliac spine up to themedial umbilical ligament. Polypro-
pylenemeshwas introduced from the 10-mmport, and the entire
myopectineal orifice was covered by it. It was then fixed in place
while lowering the intraabdominal pressure to 8 mm Hg.

2.5. TEP

For TEP repairs, the portswere put just below the umbilicus (10
mm) for the 30° telescope, just above the pubic symphysis (5mm),
and in between the 2 in themidline (5mm). After expansion of the
preperitoneal space by dissection and insufflating carbon dioxide,
the peritoneal flap was raised; mesh was introduced through the
10-mm port and spread over defect but not fixed in place.

In all patients in case of an intraoperative increase in the
heart rate or mean arterial pressure of greater than 20% above
baseline, 0.5 μg/kg fentanyl IV boluses were administered.
After port closure, the anesthetic agents were discontinued,
neuromuscular paralysis was reversed, and trachea was extu-
bated when patient was fully awake.

Postoperatively, a blinded observer unaware of the preoper-
ative intervention assessed pain scores. Pain was assessed once
the patient was fully awake in the operating room (OR), then at
0, 1, 2, 4, 6 hours in the post anaesthesia care unit (PACU), and
at 24 hours (ward) using a 0- to 100-mm VAS. Pain on move-
ment (by asking the patient to take a deep breath and bend the
leg on the operated side) was assessed at 4, 6, and 24 hours
postoperatively. Pain on walking was assessed at 24 hours
postoperatively.

For initial pain relief, 0.5 μg/kg fentanyl IV was adminis-
tered every 5 to 10 minutes until VAS decreased to less than
30. After this, all patients were started on a PCA device (Med-
ima s-PCA,Warszawa, Poland) programmed to administer bo-
lus 25-μg fentanyl, lockout interval 5 minutes, 4-hour
maximum dose 400 μg for 6 hours postoperatively.

If the patient continued to have pain (VAS≥30 for 1 hour)
despite optimal use of PCA fentanyl, rescuewith 100 μg/kg IV
morphine was administered. After the initial 6 hours, patients
received oral analgesics (paracetamol 1 g 8 hourly alternating
with 75 mg diclofenac 12 hourly).

Time to first analgesic requirement was the time after extu-
bation to time of first analgesic demand (VAS scores≥30) by
the patient.Duration of block was defined as time from giving
the block/port site infiltration to the time of first analgesic de-
mand (VAS ≥30).

Quality of recovery (QoR) score was assessed on the eve-
ning of first postoperative day using the scoring system by
Myles et al [18]. The score assesses patients' general well-
being; pain relief; and ability to understand instructions, to
take care of personal needs, to breathe easily, and to remain
nausea free postoperatively on a scale of 0 to 18. A higher
score denotes a better quality of recovery.

All the patients were telephonically contacted at 1 week and 3
months and asked about pain. Those who complained of persis-
tent pains at 3 months were administered the DN4 questionnaire
[19]. The DN4 questionnaire helps to differentiate neuropathic
from nonneuropathic pain based on clinical features. It includes
2 sets of questions to be able to ascertain the characteristics of
the pain (burning, painful cold, and electric shocks) and if it asso-
ciated with tingling, numbness, pins and needles sensation, or
itching in the area of pain. In addition, a bedside examination is
done to evaluate hypoesthesia to touch, prick, or increase in pain
by brushing in the area that is painful. Each point is given a value
of 1 if positive (0 if negative), maximum score is 10, and a score
of 4/10 is the cutoff for diagnosing neuropathic pain.
3. Statistical analysis

Analysis was done using Stata 9.0 (College Station, TX).
Data were presented as number (percentages) or mean ± SD/
median (min-max). Continuous baseline parameters were



Table 1 Demographic characteristics

Control group
(n = 36)

TAP group
(n = 35)

P

Age (y), mean (SD) 41 (13.3) 39.7 (14.9) .684
Sex
Male (n) 35 (97%) 35 (100%) .321
Female (n) 1 (2%) 0 (0%)

Weight (kg), mean (SD) 64.3 (4.44) 64.34 (7.26) .948
ASA status
1 33 (92%) 31 (89%) .662
2 3 (8%) 4 (11%)
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compared using the Student t test; categorical variables were
compared using χ2 test. The primary outcome, VAS score at
rest at 24 hours, was compared using Wilcoxon rank sum test
because the data were not following normal distribution (as
assessed by Shapiro-Wilk test).

The duration of the block between the control and block
groups was compared using the Student t test. The difference
in intraoperative and postoperative fentanyl requirement and
time to first analgesia was compared using Wilcoxon rank
sum test. The median difference in VAS at movement, walk-
ing, between the groups was compared using Wilcoxon rank
sum test. The VAS at rest and movement were compared be-
tween the 2 groups over a period, and issue of multiple com-
parisons was adjusted using Bonferroni correction. The QoR
score compared using the Student t test. Pb .05 was considered
statistically significant.
4. Results

A total of 75 patients were screened. Of these, 1 refused
consent; 2 weighed less than 50 kg and were excluded. Thus,
72 patients met the inclusion criteria. One of these patients re-
ceived a scrotal incision and, hence, was excluded from the
study. Hence, a total of 71 patients were included in the anal-
ysis (36 in the control group and 35 in the block group). The
Table 2 Surgical data

Control grou

Duration of surgery (min), median (range) 45 (25-135)
Duration of anesthesia (min), median (range) 70 (40-180)
TAPP (n) 16 (44%)
UL/BL (n) 8/8
TEP (n) 20 (56%)
UL/BL (n) 12/8
Total
Unilateral (n) 20 (56%)
Bilateral (n) 16 (44%)

UL = unilateral repair; BL = bilateral repair.
⁎ Pb .05 statistically significant.
patient demographics and surgical data were comparable be-
tween the TAP and control groups except that duration of an-
esthesia was significantly longer in the TAP group (Tables 1
and 2). The median (range) duration of anesthesia was 100
(55-180) minutes in the TAP group as compared to 70 (40-
180) minutes the control group (P= .000) (Table 2).

The median intraoperative as well as postoperative fentanyl
requirement was significantly lower in the TAP group as com-
pared to the control group. The need for rescue analgesia with
morphine was comparable between the groups (Table 3).

Median time to first analgesic requirement was found to be
significantly longer in the TAP (65 [5-270] minutes) as com-
pared to the control group (32.5 [0-125] minutes) (P= .039).
The mean duration of analgesia was also found to be signifi-
cantly longer in the TAP (181 ± 81 minutes) as compared to
the control group (118 ± 53 minutes) (P= .002).

VAS at rest was significantly lower in the TAP as com-
pared to the control group at all the time points except imme-
diately postoperatively in the OR, at 1 and 4 hours
postoperatively (Fig. 1). On deep breathing, VAS was signifi-
cantly lower in the TAP group at 6 hours, whereas on knee
bending, VAS was significantly lower in the TAP group at
24 hours (Fig. 2).

VAS on walking at 24 hours was significantly lower in the
TAP (median [range], 0 [0-50]) as compared to the control
group (10 [0-75]; P= .039) (Fig. 2). The QoR score (mean ±
SD) was significantly better in the block group (16 ± 1.4) as
compared to the control group (15.4 ± 1.4) (P= .029). There
was no difference in postoperative nausea and vomiting be-
tween the groups.

At 1 week, 26 patients (72%) of the control group and 19
patients (54%) in TAP group complained of dull and dragging
pain at the operative site (P= .117). None of the patients who
were pain free at 1 week complained of pain at 3 months. Of
the 26 control group patients who had pain at 1 week, 7
(27%) complained of pain at 3 months. In the TAP group, 3
(16%) of 19 who complained of pain at 1 week had pain (P=
.374) at 3 months. All these patients were requested to come
to the hospital for further evaluation, but only 5 (4 control
group and 1 TAP group patient) turned up. These patients were
p (n = 36) TAP group (n = 35) P

45 (20-120) .38
100 (55-180) .000 ⁎

11 (31%) .26
10/1
24 (69%)
13/11

.38
23 (66%)
12 (34%)



Table 3 Intraoperative and postoperative fentanyl requirement

Control group (n = 36) TAP group (n = 35) P

Intraoperative fentanyl requirement (μg/kg) 2.5 (2-3.5) 2 (2-3) .01⁎

No. of patients requiring intraoperative fentanyl (n) 24 (66.7%) 13 (37%) .013 ⁎

Postoperative fentanyl requirement (μg) 150 (0-1050) 25 (0-475) .049 ⁎

No. of patients requiring postoperative morphine (n) 4 (11%) 1 (3%) .164

Values are expressed as median (range).
⁎ Pb .05 statistically significant.
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administered the DN4 questionnaire. None of them were
found to have neuropathic pain.
5. Discussion

Our study demonstrated that TAP block significantly de-
creased the VAS at rest for up to 24 hours postoperatively as
compared to port site infiltration with local anesthetic in pa-
tients undergoing laparoscopic hernia repair. VAS on deep
breathing was significantly lower at 6 hours; VAS on knee
bending as well as on walking was significantly lower at 24
hours. Different studies have reported different results with
TAP block for laparoscopic hernia repair, and this is probably
due to the different techniques and adjuvants used. Beyls et al
[15] administered ipsilateral USG TAP blocks for unilateral
laparoscopic hernia surgery (TAPP or TEP not specified).
They observed no decrease in pain scores in the TAP as com-
pared to control group patients who received standard analge-
sia alone (VAS at 24 hours was 14.58 ± 12.66 in the TAP
group vs 18.9 ± 14.5 in the control group) [15]. They, howev-
er, observed a significant decrease in number of patients re-
quiring postoperative analgesic before discharge in the TAP
group (2/50) as compared to the control group (9/50) [15].
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Even in patients undergoing unilateral hernia repair, ports
are inserted on either side and in the midline in TAPP repair,
and multiple ports are inserted in the midline in TEP repair.
Therefore, a bilateral TAP block would be needed to provide
effective analgesia even in those undergoing unilateral laparo-
scopic TAPP or TEP repair [17]. Stebelski et al [13] performed
bilateral landmark-guided TAP block for TEP repair (unilater-
al or bilateral not specified) and found no statistically signifi-
cant decrease in VAS between the groups. The VAS was
38 ± 23, 24 ± 22, 28 ± 31, 18 ± 21, 16 ± 15, and 17 ± 24 in
the control and 31 ± 20, 15 ± 18, 12 ± 11, 12 ± 11, 8 ± 7,
and 8 ± 11 in the TAP group in a 0 to 100 VAS scale at 1, 2,
3, 4, 24, and 48 hours postoperatively [13].

The use of clonidine and adrenaline as adjuvants in the
study (0.25% levobupivacaine) and control groups (saline)
could have contributed to decreasing difference in VAS be-
tween the groups. The authors, however, attributed this to
the small sample size (15 patients each group) and variability
in observed pain scores [13].

Kim et al [14] used bilateral USG TAP block for patients
undergoing unilateral and bilateral TEP repair and found no
significant difference in pain (numeric rating scale from 0 to
10) except in the immediate postoperative period (numeric rat-
ing scale, 4.33 ± 1.83 in TAP and 5.73 ± 2.04 in control
groups) [14]. Similar to Beyls et al, they found a significant
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decrease in the total amounts of fentanyl (74.3 ± 49.5 μg in
control and 39.4 ± 46.4 μg TAP groups) and ketorolac
(12.2 ± 19.3 mg in control and 3.6 ± 12.5 in TAP groups) used
in the first 24 hours between the groups [14,15].

We found a significant reduction in the pain scores (rest and
movement) in the TAP group at all time points studied except
immediately postoperatively in the OR, at 1 and 4 hours post-
operatively. At this time, although VAS was lower in the TAP
group, the difference was not statistically significant. This
could be because patients of both the groups were on PCA
device until 6 hours postoperatively and the significantly
increased fentanyl consumption in the control group (150 [0-
1050] μg) as compared to the TAP group (25 [0-475] μg)
may have masked the difference in pain scores between
the groups.

In the study by Meyer et al [16], USG TAP facilitated uni-
lateral and bilateral TEP repair under general anesthesia with-
out need for curarization. Similar to our study, the authors
reported that the block provided effective analgesia for 24
hours and decreased need for postoperative opioid consump-
tion. Of the 50 patients in this study, 7 had an inadvertent peri-
toneal rent, and 1 needed conversion to TAPP [16].

There is a perception that pain after TAPP and TEP repair
may be different. The need to create a pneumoperitoneum
for TAPP repair would suggest that patients might develop
shoulder tip pain. However, in a qualitative systematic review
including 71 studies that assessed pain after laparoscopic her-
nia repair, Tolver et al [2] found that there was no difference in
pain characteristics, intensity, and duration on comparison of
TEP and TAPP repairs. Pain after both TAPP and TEP repairs
was deep, abdominal groin pain due to the hernia repair, and
this dominated over the somatic or incisional pain which again
was more pronounced than the shoulder pain due to pneumo-
peritoneum [2]. The authors surmised that this could be be-
cause surgery was performed far away from the diaphragm,
irritation of which is responsible for the referred shoulder pain
[2]. The authors found that median VAS after both types of
laparoscopic hernia repair was 13 to 58 on a 0- to 100-mm
VAS scale with moderate to severe pain reported in half the
patients. Pain was highest on the first postoperative day and
decreased by day 3. Coughing and movement aggravated the
pain. Pain intensity was not higher after a bilateral as compared
to unilateral repair with both TAPP and TEP repairs. Young
age and increased preoperative heat response to pain were pre-
dictive of postoperative pain rather than the hernia size, type,
and whether it was a primary or recurrent hernia [2].

Therefore, as pain after both procedures is similar, we in-
cluded both TEP and TAPP repairs in our study. In addition,
many times in case of difficulty in performing a TEP repair
or if inadvertent peritoneal tear occurs, intraoperative conver-
sion to TAPP surgery may be needed [16]. In addition, some-
times, a defect is observed on the contralateral side after
introduction of the telescope, and a decision taken to convert
a unilateral to bilateral hernia repair intraoperatively. There-
fore, both unilateral and bilateral hernia repairs were included
in the present study. In addition to reducing VAS at rest for 24
hours postoperatively, a decrease in VAS on movement espe-
cially on walking at 24 hours was also observed in our study.
This is especially important as these surgeries may be per-
formed as day care procedures.

The time to first postoperative analgesic requirement in the
present studywas also significantly longer in the TAP group as
compared to control group. Similar results have been observed
by Stebelski et al [13] (11 ± 13 hours TAP group vs 7 ± 12
hours control group). The longer duration of analgesia ob-
served in this study could be because of addition of clonidine
as adjuvant and that the proximal landmark-guided TAP block
in the triangle of Petit could lead to paravertebral spread of the
local anesthetic leading to a more proximal blockade of somat-
ic and sympathetic afferents [19]. In our study, the TAP block
was performed more anteriorly, where all 3 abdominal muscle
layers and the TAP plane are well delineated using an ultra-
sound; hence, the question of inadvertent paravertebral spread
is unlikely [19].
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Studies on patients undergoing lower segment cesarean
section have also shown longer times to first postoperative an-
algesic requirement ranging from 220 to 240 minutes. The rea-
son for the prolonged time to first analgesia in these studies
could be due to the fact that the TAP block was performed
postoperatively after surgery under spinal anesthesia [8,20].
In our study, the block was performed preincision, as the onset
of this sensory block is slow and may take up to 60 minutes to
reach maximal effect [21]. However, the total duration of the
block in our study, that is, time from administration of the
block to the first demand for analgesia (181 ± 81 minutes), is
comparable to these studies [8,20].

The TAP block was administered after induction of
anesthesia leading to an increase in the total duration of anes-
thesia in the TAP as compared to the control group in our
study. A similar increase in anesthetic time was observed
by Kim et al [14], duration of anesthesia in the TAP group
87.9 ± 17.1 minutes as compared to 75.5 ± 17.5 minutes
control group because the block was performed after
anesthetic induction. Performing the block under sedation
before induction may minimize the anesthesia time but can in-
crease patient discomfort. We found no study that has calculat-
ed the cost of anesthesia in patients undergoing laparoscopic
hernia repair with or without the TAP block. Kokulu et al
[22] found that cost-effectiveness was more in patients under-
going laparoscopic cholecystectomy with TAP block as com-
pared to standard general anesthesia because of decreased
desflurane use in this group. Further studies are needed to as-
certain this outcome in patients undergoing laparoscopic
hernia repair.

A limitation of our study was that patients could be follow-
ed up for only 3 months for assessing persistent pain. None of
our patients in either group were found to have neuropathic
pain at 3 months. This was unlike the study by Aveline et al
[11] where 13.6% patients of the TAP group and 15.7% pa-
tients of the control group were diagnosed to have neuropathic
chronic pain at 6 months (P= .64). The low incidence of pain at
3 months in our study could be attributed to the smaller sample
size studied as compared to Aveline et al (n = 275) [11].

In conclusion, a preincision USG bilateral TAP block with
a maximum of 3 mg/kg of 0.5% ropivacaine (volume of 15-
20 mL each side) decreased total perioperative fentanyl
requirement, increased time to first analgesic requirement, de-
creased pain scores on rest and movement for up to 24 hours,
and decreased pain onwalking at 24 hours in patients undergo-
ing unilateral or bilateral uncomplicated laparoscopic hernia
repair surgery under general anesthesia.
Acknowledgment

Wewould like to thank Dr KalaivaniM, PhD, Biostatistics,
Department of Biostatistics, AIIMS, NewDelhi, for helping us
with the statistical analysis of our article.
References
[1] Kozol R, Lange PM, Kosir M, Beleski K, Mason K, Tennenberg S, et al.

A prospective, randomized study of open vs laparoscopic inguinal
hernia repair. An assessment of postoperative pain. Arch Surg 1997;
132:292-5.

[2] TolverMA, Rosenberg J, Bisgaard T. Early pain after laparoscopic ingui-
nal hernia repair. A qualitative systematic review. Acta Anaesthesiol
Scand 2012;56:549-57.

[3] Tong YS, Wu CC, Bai CH, Lee HC, Liang HH, Kuo LJ, et al. Effect of
extraperitoneal bupivacaine analgesia in laparoscopic inguinal hernia re-
pair: a meta-analysis of randomized controlled trials. Hernia 2014;8:
177-83.

[4] Kumar S, Joshi M, Chaudhary S. “Dissectalgia” following TEP, a new
entity: its recognition and treatment. Results of a prospective randomized
controlled trial. Hernia 2009;13:591-6.

[5] Hon SF, Poon CM, Leong HT, Tang YC. Pre-emptive infiltration of
bupivacaine in laparoscopic total extraperitoneal hernioplasty: a random-
ized controlled trial. Hernia 2009;13:53-6.

[6] Tran TM, Ivanusic JJ, Hebbard P, Barrington MJ. Determination of
spread of injectate after ultrasound-guided transversus abdominis plane
block: a cadaveric study. Br J Anaesth 2009;102:123-7.

[7] Belavy D, Cowlishaw PJ, HowesM, Phillips F. Ultrasound-guided trans-
versus abdominis plane block for analgesia after caesarean delivery. Br J
Anaesth 2009;103:726-30.

[8] Kanazi GE, Aouad MT, Abdallah FW, Khatib MI, Adham AMBF,
Harfoush DW, et al. The analgesic efficacy of subarachnoid morphine
in comparison with ultrasound-guided transversus abdominis plane
block after cesarean delivery: a randomized controlled trial. Anesth
Analg 2010;111:475-81.

[9] Carney J,McDonnell JG, OchanaA, Bhinder R, Laffey JG. The transver-
sus abdominis plane block provides effective postoperative analgesia in
patients undergoing total abdominal hysterectomy. Anesth Analg 2008;
107:2056-60.

[10] Niraj G, Searle A, Mathews M, Misra V, Baban M, Kiani S, et al. Anal-
gesic efficacy of ultrasound-guided transversus abdominis plane block in
patients undergoing open appendicectomy. Br J Anaesth 2009;103:
601-5.

[11] Aveline C, Le Hetet H, Le Roux A, Vautier P, Cognet F, Vinet E, et al.
Comparison between ultrasound-guided transversus abdominis plane
and conventional ilioinguinal/iliohypogastric nerve blocks for day-case
open inguinal hernia repair. Br J Anaesth 2011;106:380-6.

[12] Mukhtar K, Khattak I. Transversus abdominis plane block for renal trans-
plant recipients. Br J Anaesth 2010;104:663-4.

[13] Stebelski L, Lauwick S, Kaba A, Detry O, Joris J. Effect of
transversus abdominis plane block on pain after laparoscopic
hernia repair: 8AP5–5. Eur J Anaesthesiol 2010;27 (Supplement 1,
47):139.

[14] KimMG, Kim SI, Ok SY, Kim SH, Lee S-J, Park S-Y, et al. The analge-
sic effect of ultrasound-guided transverse abdominis plane block after
laparoscopic totally extraperitoneal hernia repair. Korean J Anesth
2012;63:227-32.

[15] Beyls F, Esteves Martins M, Teunkens A, Van De Velde M. Additional
analgesia after ambulatory unilateral laparoscopic inguinal hernia repair
with transversus abdominis plane (TAP) block: a randomized double-
blind controlled trial. Eur J Pain Suppl 2011;5:507-12.

[16] Meyer A, Bonnet L, Bourbon M, Blanc P. Totally extraperitoneal (TEP)
endoscopic inguinal hernia repair with TAP (transversus abdominis
plane) block as a day-case: a prospective cohort study. J Visc Surg
2015;152:155-9.

[17] Krishna A, Misra MC, Bansal VK, Kumar S, Rajeshwari S, Chhabra A.
Laparoscopic inguinal hernia repair: transabdominal preperitoneal
(TAPP) versus totally extraperitoneal (TEP) approach: a prospective ran-
domized controlled trial. Surg Endosc 2012;26:639-49.

[18] Myles PS, Hunt JO, Nightingale CE, Fletcher H, Beh T, Tanil D, et al.
Development and psychometric testing of a quality of recovery score af-

http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0005
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0005
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0005
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0005
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0010
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0010
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0010
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0015
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0015
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0015
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0015
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0020
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0020
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0020
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0025
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0025
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0025
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0030
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0030
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0030
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0035
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0035
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0035
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0040
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0040
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0040
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0040
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0040
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0045
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0045
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0045
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0045
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0050
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0050
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0050
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0050
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0055
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0055
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0055
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0055
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0060
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0060
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0065
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0065
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0065
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0065
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0070
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0070
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0070
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0070
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0075
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0075
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0075
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0075
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0080
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0080
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0080
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0080
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0085
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0085
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0085
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0085
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0090
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0090


364 S. Arora et al.
ter general anesthesia and surgery in adults. Anesth Analg 1999;88:
83-90.

[19] Carney J, Finnerty O, Rauf J, Bergin D, Laffey JG,McDonnell JG. Stud-
ies on the spread of local anesthetic solution in transversus abdominis
plane blocks. Anaesthesia 2011;66:1023-30.

[20] McDonnell JG, Curley G, Carney J, Benton A, Costello J, Maharaj CH,
et al. The analgesic efficacy of transversus abdominis plane block after
cesarean delivery: a randomized controlled trial. Anesth Analg 2008;
106:186-91.

[21] Yarwood J, Berrill A. Nerve blocks of the anterior abdominal wall. Con-
tin Educ Anaesth Crit Care Pain 2010;10:182-6.

[22] Kokulu S, Bakı ED, Kaçar E, Bal A, Şenay H, Üstün KD, et al. Effect of
transversus abdominis plane block on cost of laparoscopic cholecystecto-
my anesthesia. Med Sci Monit 2014;20:2783-7.

http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0090
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0090
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0095
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0095
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0095
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0100
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0100
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0100
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0100
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0105
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0105
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0110
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0110
http://refhub.elsevier.com/S0952-8180(16)30159-3/rf0110

	Transversus abdominis plane block for laparoscopic inguinal hernia repair: a randomized trial
	1. Introduction
	2. Methods
	2.1. TAP block technique
	2.2. Port site infiltration
	2.3. Surgical procedure
	2.4. TAPP
	2.5. TEP

	3. Statistical analysis
	4. Results
	5. Discussion
	Acknowledgment
	References


