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This prospective, double-blinded, randomized, controlled study was undertaken to
compare the additional postoperative analgesic effects of oblique subcostal and lateral
transversus abdominis plane blocks using visual analog scale (VAS) scores and algometry
determined pressure pain thresholds (PPTs), and to investigate the correlation between
VAS scores and PPTs in patients on patient-controlled analgesia (PCA) after laparoscopic
cholecystectomy. Sixty patients aged 20 to 65 years, ASA physical status I or II, were
randomly allocated to one of three groups: a group not administered a TAP block (TAPC
group, n=20), a group that received an oblique subcostal TAP block (TAPS group, n=20),
and a group that received a lateral TAP block (TAPL group, n=20). Bilateral TAP blocks were
performed after skin closure. All patients subsequently received fentanyl (20 µg/kg) PCA.
At 8 hours postoperatively, VAS scores during coughing was negatively correlated with
PPTs on right skin incision site (r=-0.418, p=0.001). We conclude oblique subcostal and
lateral TAP blocks have no additional postoperative analgesic effect in patients on PCA
after laparoscopic cholecystectomy, and suggest that algometer determined PPTs offer a
potential objective alternative to VAS scores for assessing postoperative pain.

Keywords: Cholecystectomy, laparoscopic; Pain, postoperative; Pressure pain threshold;
Transversus abdominis plane block; Visual analog scale

INTRODUCTION

Although laparoscopic cholecystectomy is less invasive than
open cholecystectomy, it is still associated with significant

Ultrasound-guided transversus abdominis plane (TAP)

moderate to severe pain during the first 24 hours after surgery,

blocks are being increasingly used to control postoperative

especially at trocar insertion sites [6,7]. During laparoscopic

pain following abdominal surgeries [1,2]. TAP blocks can be

cholecystectomy these sites are innervated by nerves from T6

performed using several approaches, such as, the subcostal,

to L1 at the neurovascular plane of the abdominal wall [4,5],

lateral, and conventional posterior approaches [3]. These

and thus, it might be expected that TAP blocks would be

blocks are performed by injecting local anesthetic into

useful for controlling pain after laparoscopic cholecystectomy.

the neurovascular plane of the abdominal wall, which is

The visual analog scale (VAS) and numeric rating scale

innervated by nerves from T6 to L1 [4,5].

(NRS) are commonly used to evaluate postoperative analgesia,
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though they do not objectively assess pain intensity, whereas

using a target-controlled infusion pump (Orchestra®; Fre

algometer provide a more objective means of assessing pain

senius Vial, Brezins, France) to maintain a bispectral index

intensity based on measurements of pressure pain threshold

score of 40 to 60 and mean arterial pressure changes within

(PPT) and pain tolerance [8-11].

±20%. Intraoperative neuromuscular block was controlled

We hypothesized additional oblique subcostal or lateral

with an intermittent bolus injection of rocuronium bromide.

TAP blocks would provide more effective analgesia than

After skin closure, TAP blocks were performed bilaterally

patient-controlled analgesia (PCA) alone after laparoscopic

in each patient using a 22-gauge, 100 mm block needle

cholecystectomy, and therefore, we investigated the additional

(Disposable Nerve Blockade Needle Metal Hub, Hakko Co.,

analgesic effect of oblique subcostal or lateral TAP blocks

Ltd., Nagano, Japan) and the M-Turbo System (SonoSite Inc.,

after laparoscopic cholecystectomy, and the nature of the

Bothwell, WA, USA). In order to eliminate inter-investigator

correlation between VAS scores and PPTs.

effects, all TAP blocks were performed by one investigator.

The primary outcome measures were VAS score during

In the TAPS group, a 13-6 MHz ultrasound transducer

coughing and PPT at 8 hours postoperatively, and the

(SonoSite, Inc) was placed under the middle costal margin

secondary outcome was the correlation between VAS scores

in a supine position, and rectus abdominis and transversus

during coughing and PPTs at 8 hours postoperatively.

abdominis muscles were then identified. The needle was
inserted under in-plane view. When the needle tip was placed

MATERIALS AND METHODS

between the posterior rectus sheath and superficial border of
transversus abdominis, 0.2% ropivacaine was injected to as to

This prospective, randomized, controlled, double blinded

cause hydrodissection within the TAP. The needle was then

study was approved by our Institutional Review board of

cautiously advanced into the hydrodissected space. Further

Chosun University Hospital and registered with the Clinical

injection and needle advancement continued along an oblique

Research Information Service (CRIS: https://cris.nih.go.kr/,

line from the xiphoid process towards the anterior part of the

ref.: KCT0001983) on July 28, 2016. Written informed consent

iliac crest, until the total volume of 0.2% ropivacaine injected

was obtained from all participants, a legal surrogate, or the

reached 20 mL (40 mg) for each abdominal side.

parents or legal guardians of all minors.
Sixty patients aged from 20 to 65 years of American
Society of Anesthesiologists (ASA) physical status I or II, and
scheduled to undergo elective laparoscopic cholecystectomy

Enrollment

Assessed for eligibility (n=60)
Randomized (n=60)

under general anesthesia were enrolled in the present study.
Patients with an allergy to local anesthetics, infection at the

Allocation

injection site, coagulation dysfunction or bleeding tendency,
a renal or hepatic function abnormality, or a mental disorder

TAPC group (n=20)

TAPL group (n=20)

TAPS group (n=20)

were excluded. We also excluded pregnant or breastfeeding
Follow-up

women.
The 60 study subjects were randomly allocated to one of
three groups using a random number table generated using

TAPC group
Excluded (n=0)

a computer program (Fig. 1). These groups were as follows;

TAPL group
Excluded (n=0)

TAPS group
Excluded (n=1)
Open surgery

Analysis

1) a group not provided a TAP block (TAPC group, n=20), 2)
a group that received an oblique subcostal TAP block (TAPS
group, n=20), and 3) a group that received a lateral TAP block
(TAPL group, n=20).
After premedication with intramuscular midazolam (0.05
mg/kg) 30 minutes before anesthesia induction, anesthesia
was induced and maintained with remifentanil and propofol

24

TAPC group
Analysis (n=20)

TAPL group
Analysis (n=20)

TAPS group
Analysis (n=19)

Fig. 1. CONSORT flow chart. Patients in the TAPC group did not receive
a transverse abdominis plane (TAP) block, but patients in the TAPL and
TAPS groups received a lateral or subcostal TAP block, respectively.
TAPC group: a group not provided a TAP block, TAPL group: a group
that received a lateral TAP block, TAPS group: a group that received an
oblique subcostal TAP block.
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In the TAPL group, a 13-6 MHz ultrasound transducer

and anesthesia times, intraoperative remifentanil doses

was positioned horizontally across the abdomen. Scanning

infused, and fentanyl consumptions during the first 8 and 24

was performed from midline towards the area between the

postoperative hours were noted.

iliac crest and the costal margin, on the mid-axillary line.
After identifying the external oblique, internal oblique and
transversus abdominis muscles, the needle was inserted under

Statistical analysis
Required sample size was determined using F-tests in

in-plane view. When the tip of the needle was placed in the

G*Power software (ver. 3.1.9.1) using α and β values of 0.05

TAP between internal oblique and transversus abdominis

and 0.2, respectively, and an expected effect size of 0.35,

muscles, 0.2% ropivacaine was injected so as to cause

which was larger than the medium effect size (0.25) suggested

hydrodissection within the TAP. Further cautious needle

by Cohen (due to lack of evidence regarding the calculation of

advancement and repeated injections into the hydrodissected

effect size) [12]. The analysis showed 54 patients were required

space were performed until the total injected volume of 0.2%

for the study, and thus, based on an assumed dropout rate of

ropivacaine reached 20 ml (40 mg) per abdominal side.

10%, we enrolled 60 patients.

The PCA device was primed with fentanyl (20 µg/kg, 2
mL/h basal infusion rate, 2 mL bolus volume, and 1 minute

NY, USA) was used for statistical analysis. All measured values

lockout time), and was used after TAP block or after skin

are presented as median (interquartile range), or number

closure in the TAPC group.

of patients. VAS scores and PPT values among groups were

VAS scores (0 to 100 mm; 0, no pain, 100, worst imaginable

IBM SPSS Statistics for Windows ver. 21.0 (IBM Co., Armonk,

compared using the Kruskal Wallis test. In addition, one-

pain) were measured during rest and coughing at 1, 4, 8, and

way ANOVA followed by the Tukey’s post-hoc test was

24 hours postoperatively. PPTs (kg/cm2) were measured using

used for assessing PPT values at the six abdominal points in

an algometer (Baseline® Dolorimeters; Fabrication Enterprises,

all study subjects, which were significantly highest among

White Plains, NY, USA) at 6 points (right upper, right middle,

them. Pearson’s correlation coefficients (r) were calculated to

and right lower abdomen and at the three trocar insertion

determine the strength of relationship between VAS scores

sites) at 1, 4, 8, and 24 hours postoperatively (Fig. 2). PPT was

during coughing and PPTs at assessed site. Group genders and

defined as the algometer value when patients felt least pain

ASA physical statuses were compared using the chi-square

on increasing pressure at each measuring site. Patient ages,

test, and ages, heights, weights, operation and anesthesia

genders, ASA physical statuses, heights, weights, operation

times, intraoperative infused remifentanil doses, and
postoperative fentanyl consumptions were compared using
the Kruskal-Wallis test. Statistical significance was accepted

Right

for p-values <0.05.

RESULTS
RU

*

Fifty-nine patients were finally enrolled because the surgical
RM

*
*

plan was changed to open cholecystectomy for one patient in
the TAPS group (Fig. 1).

RL

No significant intergroup difference was observed for
gender, age, height, weight, ASA physical status, operation or
anesthesia time, intraoperative infused remifentanil dose, and
fentanyl consumption at 8 or 24 hours postoperatively (Table

Fig. 2. Sites used to measure pressure pain threshold using an algo
meter. Pressure pain thresholds were measured at mid-portions of
right upper, middle, and lower abdomen (*) and at the three trocar
insertion sites (━). RU: right upper abdomen, RM: right middle abdo
men, RL: right lower abdomen.
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1).
VAS scores during rest and while coughing at all postopera
tive time points were not significantly different among the
groups (p=0.731 and p=0.310 at 8 hours postoperatively; Figs.
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Table 1. Patient characteristics and perioperative data
TAPC group (n=20)

TAPS group (n=19)

TAPL group (n=20)

p-value

10/10
11/9
47.0 (16.5)
70.5 (17.5)
166.5 (15.3)
30.0 (22.5)
45.0 (27.5)
425.0 (200.0)
190.0 (66.8)
530.0 (175.0)

9/10
11/8
43.5 (14.5)
68.0 (20.0)
168.5 (13.5)
35.0 (18.8)
55.0 (15.0)
500 (250.0)
200.0 (75.0)
600.0 (200.0)

10/10
16/4
41.0 (21.0)
70.0 (21.0)
163.0 (9.0)
45.0 (30.0)
65.0 (25.0)
500.0 (450.0)
180.0 (80.0)
600.0 (200.0)

0.982
0.197
0.230
0.744
0.903
0.473
0.053
0.549
0.736
0.697

Gender (male/female)
ASA physical status (I/II)
Age (y)
Height (cm)
Weight (kg)
Operation time (min)
Anesthesia time (min)
Intraoperative infused remifentanil dose (µg)
Fentanyl consumption during PO 8 hours (µg)
Fentanyl consumption during PO 24 hours (µg)

Values are presented as number only or median (interquartile range). Statistical significance was accepted for p<0.05. No significant differences
were found between the three study groups. TAPC group: a group not provided a TAP block, TAPS group: a group that received an oblique subcostal
TAP block, TAPL group: a group that received a lateral TAP block, ASA: American Society of Anesthesiologists, PO: postoperative.
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Fig. 3. Postoperative visual analog scale (VAS) scores and pressure pain thresholds (PPTs). (A) VAS scores during rest and while coughing, (B) PPTs
measured on right upper, right middle, and right lower abdomens, (C) PPTs measured on the three trocar insertion points, at all postoperative time
points. (D) VAS scores and PPT values at 8 hours postoperatively. TAPC group: a group not provided a TAP block, TAPS group: a group that received
an oblique subcostal TAP block, TAPL group: a group that received a lateral TAP block, R: resting, C: coughing, RU: right upper abdomen, RM: right
middle abdomen, RL: right lower abdomen, Lt.: left skin incision site, Rt.: right skin incision site, Um: umbilical skin incision site.
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3A and D).
PPT values on right upper, right middle, and right lower

20

abdomens were non-significantly different among the groups

PPT values at the three trocar insertion sites at all
postoperative time points were also non-significantly different

p<0.001

2

10

*
*
*
* *
*

5

among the groups (p=0.479, p=0.100, and p=0.685 on left,
right, and umbilical incision sites at 8 hours postoperatively;

POT 1 h

POT 4 h

In all study subjects, PPTs were non-significantly different
at the three trocar insertion sites at all time points (Fig. 4).
PPTs at the three skin incision sites for trocar insertion were
significantly lower than at non-incisional abdominal sites at
all time points (p<0.001, Fig. 4). Negative correlations were
observed between VAS scores during coughing and PPT

*

* *
*
* *
* *

*
*

*
*

0

Figs. 3C and D).
at right upper, right middle, and right lower abdomen, and

p<0.001

p<0.001

15

PPTs (kg/cm )

at 8 hours postoperatively; Figs. 3B and D).

Lt. (n=59)
Rt. (n=59)
Um (n=59)
p<0.001

at all postoperative time points (p=0.848, p=0.585, and p=
0.345 on right upper, right middle, and right lower abdomens

RU (n=59)
RM (n=59)
RL (n=59)

POT 8 h

POT 24 h

Time

Fig. 4. Pressure pain thresholds (PPTs) at the six assessed abdominal
sites at 1, 4, 8, and 24 hours after surgery in all 59 study subjects.
POT: postoperative time, RU: right upper abdomen, RM: right middle
abdomen, RL: right lower abdomen, Lt: left skin incision site, Rt: right
skin incision site, Um: umbilical skin incision site. Statistical signi
ficance was accepted for p<0.05 for comparisons of PPTs at trocar
insertion sites and PPTs at non-insertion abdominal sites (right upper,
right middle, and right lower abdomen).

values at all six sites (Fig. 5). At postoperative 8 hours, the
VAS during coughing showed the highest negative correlation
(moderately strong) with PPT on right skin incision site (r=

A

RU 8 h

RM 8 h

RL 8 h

Lt. 8 h

Rt. 8 h

Um 8 h

B

VASc

PPT-RL

PPT-Lt.

PPT-Rt.

PPT-Um

PPT-RU
PPT-RL
PPT-Lt.
PPT-Rt.
PPT-Um
1

p
n

PPT-RM

PPT-RM

RU 8 h
RM 8 h
RL 8 h
Lt. 8 h
Rt. 8 h
Um 8 h
r

PPT-RU

VASc

C8h

C8h

0.307*

0.369*

0.239*

0.193*

0.418*

0.288*

r

0.018

0.004

0.069

0.142

0.001

0.027

p

59

59

59

59

59

59

n

59

1

236

0.446*

0.516*

0.476*

0.343*

0.476*

0.367*

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

236

236

236

236

236

236

Fig. 5. Correlations between visual analog scale (VAS) scores while coughing and pressure pain thresholds (PPTs) obtained at measurement sites.
(A) Correlations at 8 hours postoperatively between VAS scores and PPTs for all study subjects. (B) Correlations between VAS scores and PPTs
obtained at 1, 4, 8, and 24 hours postoperatively for all study subjects and at all time points. r: Pearson correlation coefficient, p: p-value, n: number
of patients, C: coughing, RU: right upper abdomen, RM: right middle abdomen, RL: right lower abdomen, Lt.: left skin incision site, Rt.: right skin
incision site, Um: umbilical skin incision site, VASc: VAS during coughing. *Statistical significance was accepted for p<0.05.
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-0.418, p=0.001; Fig. 5A), and negative correlation was highest

Bhatia et al. [23] reported subcostal TAP block was better than

(moderately strong) on the right middle abdomen with all

posterior TAP block for providing postoperative analgesia

measured values for all study subjects and at all time points

on incisions mainly involving the supra-umbilical region

(r=-0.516, p<0.001; Fig. 5B).

during laparoscopic cholecystectomy. In addition, they found
the subcostal TAP group had significantly lower pain scores

DISCUSSION

at 4 hours postoperatively and opioid consumptions at 24
hours postoperatively. This difference in analgesic effects

This study shows neither lateral nor oblique subcostal TAP

may explained by nerve innervation on port site incisions

block conferred a significant additional analgesic effect above

for laparoscopic cholecystectomy, and differences between

that achieved by intravenous PCA with fentanyl (20 µg/kg) at

the dermatomal and sensory block spreads of subcostal and

8 hours postoperatively in patients underwent laparoscopic

posterior TAP blocks [20]. The most cephalad dermatomal and

cholecystectomy. PPTs were significantly lower at the

sensory block spreads of subcostal and posterior TAP blocks

three trocar insertion sites than at the three non-incisional

were to T8 and T10 respectively [20]. Therefore, subcostal TAP

abdominal sites at 1, 4, 8 and 24 hours postoperatively.

block seems to be more effective than posterior TAP block

VAS scores during coughing were found to be moderately

for laparoscopic cholecystectomy because port site incisions

correlated with PPT values at right skin incision sites.

are performed above the umbilicus, and thus, are innervated

TAP blocks are peripheral nerve blocks designed to
anesthetize the anterior rami of spinal nerves T6-L1, which

by nerves from T6 to L1 at the neurovascular plane of the
abdominal wall [4,5].

are located between the internal oblique and transverse

For the control group, we choose lateral TAP block, which

abdominis muscles and supply the anterior abdominal wall

has been recently used instead of posterior TAP block,

[13]. TAP blocks have been reported to reduce postoperative

although lateral TAP block mainly provide block to fewer

VAS, morphine consumption, and systemic analgesic require

dermatomes than posterior TAP block, which covers derma

ments, and to reduce opioid-related side effects after abdo

tomes T9-L1 [3,20,22,24]. A few papers compared lateral TAP

minal surgeries, including laparoscopic surgery, as compared

block with posterior TAP block [25,26], and thus, differences

with placebo blocks [2,14-18]. Previous reports have shown

between the efficacies of these blocks remain unclear,

TAP blocks provide significant pain relief from within 2 hours

although it has been suggested posterior TAP block provides

of laparoscopic surgery, but not at 24 hours postoperatively

more effective postoperative pain control in patients after

[15,18]. However, a meta-analysis showed TAP block provided

laparoscopic gynecologic surgery [26]. However, oblique sub

an effective means of reducing postoperative pain during

costal TAP block has been reported to decrease VAS scores

rest and of reducing opioid consumption after surgical lapar

significantly more than lateral TAP block after laparoscopic

oscopic procedures, but that TAP block was not superior

cholecystectomy [27]. Shin et al. [28] also showed that the

to placebo treatment in terms of reducing early or late pain

oblique subcostal TAP block decreased pain during rest and

during movement [17]. As a result, the timing of significant

movement at 4 hours after surgery significantly more than

pain relief after a TAP block remains to be determined.

lateral TAP block, and significantly more at all times after sur

The analgesic effects of TAP blocks on postoperative pain

gery than no TAP block.

and opioid consumption probably depend on the surgi

Therefore, based on previous reports, we expected oblique

cal approach and trocar insertion sites used during lapar

subcostal TAP block to be more effective than lateral TAP

oscopic surgery. We chose an oblique subcostal TAP block

block after laparoscopic cholecystectomy. However, this

rather than a single subcostal TAP block, because it is

study shows that oblique subcostal TAP block did not exhibit

considered more suitable for upper abdominal surgery, such

a significant greater analgesic effect during rest or coughing

as, laparoscopic cholecystectomy [16,19,20]. While single

than lateral TAP block in patients receiving PCA at 1, 4, 8, or

subcostal TAP block provides sensory block of dermatomes

24 hours postoperatively.

T8-T11, oblique subcostal TAP block using a multiple injec

TAP blocks have been reported to be competitive and have

tion technique may provide analgesia over T6-L1 [20-22].

additional postoperative analgesic effects when used with

28

www.embse.org

Med Biol Sci Eng Vol. 1, No. 1, 2018

intravenous PCA [27,29,30]. In a previous study, TAP blocks

CONFLICT OF INTEREST

were found to have additional analgesic effects when used
with intravenous tramadol-based PCA alone during the first
24 hours after surgery, and subcostal TAP block was asso

No potential conflict of interest relevant to this article was
reported.

ciated with lower VAS scores than lateral TAP block in patients
that underwent laparoscopic cholecystectomy [27]. However,
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