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Abstract

Background Ultrasound-guided transversus abdominis plane (TAP) block is commonly used for pain control in
laparoscopic cholecystectomy. However, significant pain persists, affecting patient recovery and sleep quality on the
day of surgery. We compared the analgesic effect of ultrasound-guided TAP block with or without rectus sheath (RS)
block in patients undergoing laparoscopic cholecystectomy using the visual analog scale (VAS) scores.

Methods The study was registered before patient enrollment at the Clinical Research Information Service
(registration number: KCT0006468, 19/08/2021). 88 American Society of Anesthesiologist physical status I-lll patients
undergoing laparoscopic cholecystectomy were divided into two groups. RS-TAP group received right lateral and
right subcostal TAP block, and RS block with 0.2% ropivacaine (30 mL); Bi-TAP group received bilateral and right
subcostal TAP block with same amount of ropivacaine. The primary outcome was visual analogue scale (VAS) for

48 h postoperatively. Secondary outcomes included the use of rescue analgesics, cumulative intravenous patient-
controlled analgesia (IV-PCA) consumption, patient satisfaction, sleep quality, and incidence of adverse events.

Results There was no significant difference in VAS score between two groups for 48 h postoperatively. We found

no difference between the groups in any of the secondary outcomes: the use of rescue analgesics, consumption of
IV-PCA, patient satisfaction with postoperative pain control, sleep quality, and the incidence of postoperative adverse
events.

Conclusion Both RS-TAP and Bi-TAP blocks provided clinically acceptable pain control in patients undergoing
laparoscopic cholecystectomy, although there was no significant difference between two combination blocks in
postoperative analgesia or sleep quality.
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Introduction

Laparoscopic cholecystectomy causes less postoperative
pain than open cholecystectomy, but it still causes sig-
nificant pain. Pain after laparoscopic cholecystectomy
is related to multi-factors such as incisional, visceral,
and referred shoulder pain. It is known that incisional
pain is more dominant than visceral pain on the day of
laparoscopic cholecystectomy [1]. Postoperative pain is
one of the primary reasons for prolonged hospitaliza-
tion and delayed recovery after surgery [2]. In addition,
postoperative pain is a major cause of sleep disturbance
after surgery [3], which can also lead to delayed recov-
ery, increased morbidity, higher risk of delirium, and
increased occurrence of cardiovascular events [4]. There-
fore, multi-modal analgesia is widely accepted as an
important component for enhanced recovery after lapa-
roscopic surgery [5].

The ultrasound-guided transversus abdominis plane
(TAP) block is one of the preferred methods of analge-
sia for surgery of the anterolateral abdominal wall and
has been extensively used for pain control in laparoscopic
cholecystectomy [6]. Nonetheless, there are discrepan-
cies in outcomes; uncertainty persists regarding different
TAP strategies for laparoscopic cholecystectomy [5], and
midline pain is yet to be addressed [7-9].

Laparoscopic cholecystectomy typically involves three
or four incisions: one umbilical, one subxiphoid, and one
or two subcostal ports [10]. An umbilical incision into
which a laparoscope is usually inserted with a large-bore
trocar induces the most intense pain, which is dominant
in the first 48 h after laparoscopic cholecystectomy [11].
In a variety of abdominal surgeries, the rectus sheath
(RS) block has been reported to be effective in reducing
postoperative pain from midline incisions, including the
umbilical or periumbilical areas [7, 12, 13]. Consequently,
we hypothesized that the addition of RS block to TAP
block may be beneficial for pain management in lapa-
roscopic cholecystectomy in comparison to TAP block
alone by providing coverage for pain in the midline inci-
sion. However, few studies have evaluated the analgesic
effect of the RS block compared to the TAP block in lapa-
roscopic cholecystectomy.

In this study, we evaluated the analgesic effect of the RS
block in addition to the TAP block compared to the TAP
block alone on postoperative pain management in lapa-
roscopic cholecystectomy.

Methods

Patients

This prospective, randomized, controlled study was
approved by the Institutional Review Board of Pusan
National University Yangsan Hospital (approval number:
05-2021-155, 21/07/2021); written informed consent
was obtained from all patients in the study. The study
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was registered before patient enrollment at the Clini-
cal Research Information Service (registration number:
KCTO0006468, 19/08/2021) and conducted in accordance
with the principles of the Declaration of Helsinki. A total
of 88 patients with American Society of Anesthesiology
(ASA) physical status I-III, age between 19 and 80 years,
who were scheduled for laparoscopic cholecystectomy
were enrolled in this study. The exclusion criteria were as
follows: history of coagulation disorders including coagu-
lation factor deficiency, thrombocytopenia, platelet dys-
function, allergic reactions to ropivacaine, neurological
defects in the procedural area, pregnancy, lack of under-
standing of the study, or inability to respond appropri-
ately to the questionnaires. The patients were randomly
allocated to one of two groups using a computer-gener-
ated randomized sequence table with an allocation ratio
of 1:1 and a block size of two. The study was conducted
using a sealed envelope system. The sealed, opaque,
sequentially numbered envelopes were opened by inter-
vention staff who conducted induction of anesthesia and
block procedure just prior to surgery. A second investiga-
tor involved in the assessment of postoperative outcomes
and another investigator involved in data collection were
blinded to group allocation.

Anesthesia management

Standard anesthesia monitoring recommended by the
ASA was continuously conducted, and general anesthesia
was induced using 1-2 mg/kg of 1% propofol and 0.5-1.0
mcg/kg/min of remifentanil. After loss of consciousness,
0.8 mg/kg of rocuronium was administered, and endotra-
cheal intubation was performed. To maintain anesthesia,
the end-tidal sevoflurane concentration was adjusted
between 2 and 4 vol% with oxygen (50%) and air (50%).
The bispectral index score was maintained between 40
and 60 for the depth of anesthesia, and the end-tidal car-
bon dioxide partial pressure was maintained within the
range of 35-40 mmHg. For intraoperative pain control,
remifentanil (2—5ng/mL of effect-site concentration) was
continuously infused using a target-controlled infusion
pump to maintain systolic blood pressure within 20%
of baseline values. At the end of the surgery, all patients
received 0.3 mg of ramosetron for the management of
postoperative nausea and vomiting (PONV). For post-
operative pain management, all patients received an
intravenous patient-controlled analgesic (IV-PCA) pump
(Anaplus®; Ewha Biomedics, Seoul, Korea). For IV-PCA
according to the non-opioid regimen in our hospital,
120 mg ketorolac, 80 mg nefopam, and 0.3 mg ramo-
setron were mixed with saline to a total volume of 60
mL. The basal infusion rate was 1 mL/h, the volume of
patient-required bolus was 1 mL, and the lock-out time
was 15 min.
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Block procedure

After the induction of anesthesia and with stable vital
signs, block procedures were performed by investigators
skilled in ultrasound-guided blocks. For block procedure,
a portable ultrasound (CX 50, Phillips, Eindhoven, Neth-
erlands) was used with a high-frequency (5.0-13.0 MHz)
linear probe transducer. In this study, the RS-TAP block
was defined as a combination of right subcostal, right
unilateral TAP, and bilateral RS blocks. The Bi-TAP
block was composed of right subcostal and bilateral TAP
blocks (Fig. 1). In both groups, the total amount of local
anesthetic was 30 mL of ropivacaine 0.2%. In the RS-TAP
group, the blocks were performed in the following order:
right subcostal TAP, right lateral TAP, and bilateral RS
block. For the right subcostal TAP block, the probe below
the xiphoid process was advanced towards the right
lateral along the subcostal margin, keeping the rectus
abdominis and transversus abdominis muscles in view. A
block needle was then inserted from the medial-to-lateral
approach through an in-plane technique, until the needle
tip reached the fascial plane between the posterior RS
and anterior margin of the transversus abdominis mus-
cle; 10 mL of 0.2% ropivacaine was then spread out on
the fascial plane medial to the linea semilunaris. Accord-
ingly, a right lateral TAP block was performed. The probe
was placed on the mid-axillary line between the subcostal

Rt. Subcosta
TAP block

(A) RS-TAP block.
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block
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margin and iliac crest, and 10 mL of 0.2% ropivacaine was
administered to the right TAP. For the RS block, the linea
alba was scanned above the umbilicus and the probe was
moved laterally to identify the rectus abdominis muscle.
A block needle was inserted until the needle tip reached
on the posterior RS of the rectus abdominis muscle, with
the transversalis fascia of the peritoneum underneath.
Bilateral RS block were performed using 5 mL ropiva-
caine 0.2% on each side. In the Bi-TAP group, the block
was performed at the three points: right subcostal; and
bilateral TAP. 10 mL of 0.2% ropivacaine was injected
into the right subcostal and bilateral TAP. Therefore, the
actual difference in the block procedure between two
groups was that bilateral RS block in the RS-TAP group
and left TAP block in the Bi-TAP group. All patients in
both groups received right subcostal and right lateral
TAP block. (Fig. 1).

Outcome measurements

Postoperative pain intensity was the primary outcome
measured using the visual analog scale (VAS) scores at
the post-anesthesia care unit (PACU) and at 12, 24, and
48 h postoperatively, with scores ranging from 0 points
for no pain to 100 points for unbearable pain. For post-
operative pain control, infusion of IV-PCA was initiated
in the PACU, and the cumulative total consumption of

e
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(B) Bi-TAP block.

Fig. 1 lllustration of US-guided TAP and RS blocks. (A) RS-TAP block consists of right subcostal TAP, right lateral TAP, and bilateral RS block. (B) Bi-TAP block
consists of right subcostal TAP and bilateral TAP block. The white arrow head indicates block needle. Rt, right; Lt,, left; RS, rectus sheath; RAM, rectus ab-
dominis muscle; TAP, transversus abdominis plane; TAM, transversus abdominis muscle; EOAM, external oblique abdominis muscle; IOAM, internal oblique

abdominis muscle; US, ultrasound



Yoon et al. BMC Anesthesiology (2024) 24:203

IV-PCA was recorded 24 and 48 h after surgery. When
the VAS score was >60 and the patient wanted additional
analgesics, 90 mg of diclofenac was administered intra-
muscularly. If pain control was unsatisfactory with the
first analgesic, 25 mg of meperidine was injected intra-
venously with precaution of narrow safety margin. The
number of patients who required rescue analgesics was
also recorded. Patients requiring more than one analge-
sic were counted only once. In addition, patient satisfac-
tion with pain control was evaluated 48 h after surgery
using a 5-point Likert scale (5=very satisfied, 4=satisfied,
3=neutral, 2=dissatisfied, and 1=very dissatisfied). Sleep
quality on the night of surgery was assessed on the day
after surgery using a 3-item questionnaire: total hours of
sleep, number of awakenings during the night, and rea-
sons for sleep disturbance. Satisfaction with sleep qual-
ity was also assessed using a 5-point Likert scale (5=very
satisfied, 4=satisfied, 3=neutral, 2=dissatisfied, and
1=very dissatisfied). The incidence of PONYV, dizziness,
hypotension, persistent paresthesia at the block site, and
urinary retention was recorded 48 h after surgery.

Sample size estimation

This study compared the differences in postoperative
pain intensity between RS-TAP and Bi-TAP groups of
patients undergoing laparoscopic cholecystectomy. We
considered a clinically significant difference when the
mean difference (e — i) in VAS measured at 12 h after
surgery was 10 or more. In the previous study [7], the
result of VAS measured 12 h after surgery in the Bi-TAP
group was 30.59+15.94, the measured standard deviation
(o) was 15.94. The calculated sample size for this study
was 44 patients per group when we considered type I
error («)=0.05, type II error (f)=0.2, and a predicted
dropout rate of 10%.

2 (Za/g + Zﬂ) ’0?

T =)

Za/2=1.95996, 5= 0.84162, 0=15.94, ptc — f1;=10

Statistical methods

For the statistical analysis of all measurements, IBM
SPSS Statistics for Windows (version 27.0; IBM Corp.,
Armonk, NY, USA) was used. Numerical or categori-
cal data are reported as meanztstandard deviation or
number of patients (%), respectively. The Kolmogorov—
Smirnov test was used to check the normality of the
numerical data. Student’s ¢-test was used to compare the
means of normally distributed numerical data for age,
height, weight, anesthesia time, VAS score, consump-
tion of IV-PCA, sleep time, and number of awakenings
between the two study groups. For comparison of cate-
gorical data, such as ASA physical status, sex, number of

Page 4 of 8

rescue analgesics administered, reason to wake up, satis-
faction with sleep quality and postoperative pain control,
and adverse events, the chi-squared or Fisher’s exact test
was used. Statistical significance was set at p<0.05, and
was considered statistically significant.

Results

Patient characteristics

Of the 88 patients assessed for eligibility, none were
excluded, and patients were divided into two groups of
44 each. In the RS-TAP group, 44 patients were stud-
ied with no dropouts. Two patients dropped out in the
Bi-TAP group; one of them refused to continue with the
study when the investigator (B) went to the ward to check
the VAS score the day after surgery, while surgery for the
other patient was converted from laparoscopic cholecys-
tectomy to open cholecystectomy. Therefore, this patient
was excluded from the study after being explained the
reason for dropping out (Fig. 2). The demographic and
preoperative characteristics were not significantly differ-
ent between the two groups (Table 1).

Primary and secondary outcomes

Both groups had the highest VAS scores at 12 h post-
operatively and the lowest at 48 h postoperatively, but
there was no significant intergroup differences in VAS
scores at any time point during postoperative day 2 (12 h:
RS-TAP group 55.7+24.0 vs. Bi-TAP group 58.5+26.9,
P=0.615; 48 h: RS-TAP group 24.11+9.7 vs. Bi-TAP group
26.8+12.5, P=0.266) (Table 2).

The number of patients receiving rescue analgesics
when the VAS score was 60 was not significantly different
between groups. In addition, there were no significant
difference between the two groups in the consumption of
IV-PCA measured at 24 and 48 h after surgery or patient
satisfaction with postoperative pain control (Table 2).

There were no differences between the groups in any
component of sleep quality; the total hours of sleep and
number of awakenings on the night of surgery did not dif-
fer between the two groups. There was also no significant
difference in the reasons for awakening between the two
groups. The most common reason for sleep disturbance
was noise at night, followed by unfamiliar environment,
pain, and toilet use. There was no significant difference in
sleep satisfaction between the two groups (Table 3).

The incidence of adverse events was not significantly
different between the two groups. The most common
adverse event was PONV (29.5% and 11.9% in the RS-
TAP and Bi-TAP groups, respectively), followed by diz-
ziness, urinary retention, and paresthesia at the needle
insertion site (Table 4).
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Assessed for eligibility (n = 88)

Excluded (n = 0)

- Not meeting inclusion criteria (n = 0)
- Declined to participate (n = 0)

| Randomized (n

=38) |

v

Group RS-TAP (n =44) Allocation
- Unilateral transversus abdominis
plane block + rectus sheath block

\7

Desire to voluntarily stop (n = 0)
Conversion to open cholecystectomy
(n=0)

|

| Analyzed (n = 44)

l

Group Bi-TAP (n = 44)
- Bilateral transversus abdominis
plane block

|

Desire to voluntarily stop (n =1)
Conversion to open cholecystectomy
(m=1)

|

Analyzed (n =42) |

Fig. 2 Patient enrollment and a study flowchart. RS-TAP, rectus sheath- transversus abdominis plane; Bi-TAP, bilateral transversus abdominis plane

Table 1 Demographic data

Table 2 The VAS, number of patients requiring rescue

Characteristics RS-TAP Bi-TAP P-value analgesics, consumption of IV-PCA, and patient satisfaction with
(n=44) (n=42) postoperative pain control after surgery

ASA PS (I/11/111) 19/24/1 23/20/1 0.689 Pain control Time RS-TAP Bi-TAP P-

Sex (M/F) 19/25 23/21 0.522 (n=44) (n=42) value

Age (years) 576+13.0 59.1+10.0 0.504 VAS 0h 34.1+£208 31.2+186 0498

Height (cm) 162.2+10.8 160.5+£8.1 0.089 12h 55.7+£240 585+269 0615

Weight (kg) 66.0+14.0 67.2+87 0.126 24h 339145 358+19.7 0598

Anesthesia time (hours) 16+04 17+03 0483 48h 241497 2684125  0.266

All measured values are presented as meanz*standard deviation or number Number of patients 0h 11(25.0) 15 (35.7) 0.350

of patients. ASA PS, American Society of Anesthesiologist physical status; RS- requiring rescue 12 h 12(27.3) 13(31.0) 0813

TAP, rectus sheath-transversus abdominis plane; Bi-TAP, bilateral transversus analgesics

abdominis plane 24h 3(68) 4(9.5) 0.710
48 h 2(45) 4(9.5) 0428

Commpnae 41 wasns g o

. . . 9+10. 6+7. .
In this study, we evaluated the analgesic effect of two dif- . o
. . . . Patient satisfaction 48 h 0.241

ferent combination blocks for postoperative pain control )

. . . 5=very satisfied 4(9.1) 8(19.0)

in laparoscopic cholecystectomy: one for right subcostal, A

. . . 4 =satisfied 21 (47.7) 14 (33.3)
right unilateral TAP and RS block, and the other for right
) . 3=neutral 14 (31.8) 11(26.2)
subcostal and bilateral TAP block. The addition of an RS o
block to a right subcostal and right lateral TAP block did 0> S o1
ock to a right subcostal and right latera ock di 1 Zvery dissatisfied 0(00) 0(00)

not further improve pain scores compared to right sub-
costal and bilateral TAP block in patients undergoing
laparoscopic cholecystectomy. There were no significant
differences in the use of rescue analgesics, the use of IV-
PCA, patient-reported satisfaction with pain manage-
ment, or sleep quality between the two groups.

A few studies have reported the effectiveness of a com-
bination block with RS and TAP blocks in upper abdomi-
nal surgeries. However, previous studies compared the

All measured values are presented as meantstandard deviation or number
of patients (%). Zero h, when the patient was in the post-anesthetic care
unit (PACU); VAS, visual analog scale; IV-PCA, intravenous patient-controlled
analgesia; RS-TAP, rectus sheath- transversus abdominis plane; Bi-TAP, bilateral
transversus abdominis plane

analgesic effect of combining RS and TAP blocks with
wound site infiltration [12, 14]. In a pilot study compar-
ing two different block procedures between the combina-
tion of RS and oblique subcostal TAP blocks and oblique
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Table 3 Postoperative sleep quality among patients

Sleep quality RS-TAP Bi-TAP P
(n=44) (n=42) value
Sleep time (hours) 6.1£2.1 58+25 0543
Number of awak- 35+27 40430 0.343
enings (times)
The reasons for Using toilet 7 (15.9) 6(14.3) 1.000
sleep disturbance  Noise 18(409) 14(333)  0.509
Foreign 13(29.5 13(31.0)  1.000
environment
Pain 8(18.2) 12 (28.6) 0.312
Satisfaction S5=very satisfied  10(22.7)  8(19.0) 0.824
4 =satisfied 14 (31.8) 10 (23.8)
3=neutral 10(22.7) 10 (23.8)
2 =dissatisfied 7 (15.9) 10 (23.8)
1=very 3(6.8) 4(9.5)
dissatisfied

All measured values are presented as meanztstandard deviation or number of
patients (%). RS-TAP, rectus sheath transversus abdominis plane; Bi-TAP, bilateral
transversus abdominis plane

Table 4 Adverse events

Adverse events RS-TAP Bi-TAP P-value
(n=44) (n=42)
Postoperative nausea and vomiting 13 (29.5) 50119 0.063
Dizziness 5014 3(7.1) 0.714
Paresthesia 0(0.0) 1(2.4) 0.488
Urinary retention 1(2.3) 2 (4.8) 0612

All measured values are presented as the number of patients (%). RS-TAP, rectus
sheath transversus abdominis plane; Bi-TAP, bilateral transversus abdominis
plane

subcostal block alone in laparoscopic cholecystectomy,
there was no difference in postoperative VAS scores and
patient satisfaction with pain management [15]. Similarly,
this study found no significant difference in postopera-
tive analgesia between the RS-TAP and Bi-TAP groups.
This may be due to sufficient analgesia with the right
subcostal TAP block performed in both groups. In our
hospital, we performed right subcostal TAP block in all
patients undergoing laparoscopic cholecystectomy for
effective pain control based on substantial evidence that
the subcostal TAP block provides excellent postoperative
analgesia for laparoscopic cholecystectomy [14, 16-19],
contrary to the inconsistent results of the bilateral TAP
block [7-9, 16, 17]. Therefore, the subcostal TAP block
may have obscured the beneficial effects of RS block.
However, a recent study showed that the subcostal TAP
block resulted in a heterogeneous cutaneous sensory
block area with variable distribution, mostly covering the
upper medial part of the abdomen [20]. Consequently,
the analgesic effect of subcostal TAP block on the peri-
umbilical area is still controversial.

Another key factor affecting the efficacy of RS block
is the optimal dose required for postoperative pain con-
trol, and there is no standardized consensus on the
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clinically effective and safe dose for an abdominal fas-
cial plane block. In general, TAP and RS blocks require
large volumes of local anesthetic to spread around mul-
tiple segmental thoracoabdominal nerves within the fas-
cial plane. A previous systematic review on the efficacy
of the TAP block during laparoscopic cholecystectomy
found that at least 20 ml of local anesthetic was required
for the TAP block [6]. Meanwhile, local anesthetics (LA)
carry the potential risk of local anesthetic systemic tox-
icity (LAST). Although the incidence of LAST in RS or
TAP block is as low as 0-0.8% [21, 22], it is a fatal com-
plication. The symptoms vary from mild central nervous
system disturbances to cardiac instability, leading to car-
diovascular collapse and death in a dose-dependent man-
ner [23]. To ensure both safety and efficacy, and to use
the same amount of LA in both groups, we administered
10 mL of 0.2% ropivacaine to each TAP block, and 5 mL
of 0.2% ropivacaine to each side of the rectus abdominis
muscle for the RS block, so that the total dose of ropi-
vacaine was 60 mg for each group. This was within the
safe range of LAST, which was lower than 150 mg of rop-
ivacaine, suggested as an acceptable threshold for acute
central nervous system toxicity in the literature [22, 24].
Nonetheless, the dose may not have been sufficient to
provide effective analgesia, and this may have influenced
the results of our study. Although not included in the
present study, the addition of local anesthetic adjuvants
in TAP block, such as dexmedetomidine or epinephrine,
may have allowed for the use of a sufficient volume of
LA while avoiding the risk of LAST by lowering the peak
plasma concentration of LA [25, 26]. Therefore, further
research is needed to investigate the effective analgesic
dose of LA at a safe threshold for a combination block.
To the best of our knowledge, this is the first trial to
evaluate the effect of the RS-TAP block on postoperative
pain control in terms of patients’ self-reported sleep dis-
turbance together with objective pain scores after lapa-
roscopic cholecystectomy. Generally, there is a reciprocal
relationship between postoperative sleep disturbance
and pain; sleep disturbance increases pain sensitivity
and may contribute to pain exacerbation, whereas pain
and opioids disrupt sleep quality by decreasing rapid eye
movement (REM), stimulating frequent sleep arousal,
and sleep fragmentation [3, 27]. However, we did not find
any differences between the groups in terms of any of the
components of sleep quality, including total sleep time or
number of awakenings. Multiple factors, such as surgical
inflammatory response, severity of surgical trauma, pain,
anxiety, noise, and light affect postoperative nocturnal
sleep [3], but the presence of pain and environmental fac-
tors are known to be the predominant factors responsible
for sleep disturbance at night of the first postoperative
day [28]. Similar to previous studies, the most common
reason for waking at night in both groups in this study
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was noise, followed by environmental changes. How-
ever, pain affected only 18.2% and 28.6% of the patients
with RS-TAP and Bi-TAP blocks, respectively, which may
indicate that pain was adequately controlled by either
block. Sleep quality has been relatively neglected, but is
an important component in the context of postoperative
recovery or patient satisfaction with pain control in mod-
ern anesthesia [29]. Thus, further studies are required to
minimize sleep disturbance as well as to improve pain
management.

Our study had several limitations. First, we could not
accurately assess the true extent of the block because it
was administered after the induction of anesthesia. To
assess the actual extent of the blocked sensory nerves in
the abdominal fascial plane, the block should be adminis-
tered before induction of anesthesia. However, many pre-
vious trials have also been performed after the induction
of anesthesia, as an abdominal fascial plane block is a safe
procedure with a reported technical complication rate of
2.4% [21]. Second, pain characteristics were not analyzed
in this study, and whether the most severe postoperative
pain was somatic or visceral could not be determined.
This may have been helpful in assessing the effective-
ness of somatic pain control using the RS-TAP block or
the need for further visceral pain control. Third, we did
not record the duration of pneumoperitoneum, so could
not evaluate the effect of residual pneumoperitoneum
on postoperative pain intensity after laparoscopic chole-
cystectomy. However, at the end of surgery the residual
gas was actively aspirated by suction and removed from
the peritoneal cavity as much as possible. Therefore, we
expect that the duration of pneumoperitoneum may not
have much effect on postoperative pain severity. Fourth,
evaluation of the sleep quality was done based on the
results obtained through a patient self-report survey,
which relied on the patients’ subjective recall; this may
have introduced patient recall bias. In addition, we did
not survey preoperative baseline sleep patterns; there-
fore, we could not determine the level of deterioration in
sleep quality as compared to that prior to surgery. There-
fore, further high-quality research is needed using a more
structured questionnaire or a clinically applicable objec-
tive sleep assessment tool such as polysomnography to
assess perioperative sleep quality.

Despite these limitations, our study has several sig-
nificant clinical implications. We found that the combi-
nation of RS and unilateral TAP block was as effective
as the bilateral TAP block for postoperative pain con-
trol in patients undergoing laparoscopic cholecystec-
tomy. Although it is cautious to recommend one over
the other based on our research, the RS block is an
easy, simple, and safe block and could be considered as
part of a multidisciplinary, multi-modal analgesia for
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enhanced recovery after surgery (ERAS) in laparoscopic
cholecystectomy.

In conclusion, there was no significant difference
between two combination blocks of Bi-TAP and RS-TAP
in reducing postoperative pain management and sleep
quality after laparoscopic cholecystectomy. However,
both the RS-TAP and Bi-TAP blocks provided a clini-
cally acceptable level of effective pain control in patients
undergoing laparoscopic cholecystectomy.
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