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Objective: Laparoscopic cholecystectomy (LC) is one of the most common abdominal surgeries, requiring 
perioperative pain management for early recovery. Modified thoracoabdominal nerves block through peri-
chondral approach (M-TAPA) and external oblique intercostal block (EOIB) have been reported to be effec-
tive in achieving analgesia for upper abdominal surgery. However, the efficacy of M-TAPA and EOIB in LC is 
still limited. We prospectively evaluated the efficacy of M-TAPA and EOIB as alternatives to the transversus 
abdominis plane (TAP) block.
Methods: Fifty patients were randomly assigned to one of three groups: TAP, M-TAPA, or EOIB. The primary 
outcome was the static pain score at 12 hours postoperatively. The secondary outcomes were postoperative 
pain scores, rescue narcotic use, time spent on nerve block, presence of complications, and postoperative 
Quality of Recovery-15 scores.
Results: Forty-one patients were included in this study. No significant difference in static Numeric Rating 
Scale score at 12 h postoperatively was found between the TAP and M-TAPA (p = 0.55) or EOIB (p = 0.071). 
The nerve block duration was shorter in the M-TAPA group (p = 0.011). 
Conclusion: Compared with TAP block, neither M-TAPA nor EOIB showed significant differences in static 
pain assessment at 12 h after surgery in LC.
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INTRODUCTION

The PROSPECT (PROcedure SPECific Postoperative 
Pain ManagemenT) reviews provide a standard of 
care for perioperative pain management during 
laparoscopic cholecycstectomy (LC) [1, 2]. Various ab-
dominal nerve blocks have been used for perioperative 
analgesia. Modified thoracoabdominal nerves block 
through perichondral approach (M-TAPA), which 
can provide widespread analgesia [3-5], and external 
oblique intercostal block (EOIB) are effective in upper 
abdominal analgesia [6]. However, little is known about 
the effectiveness of M-TAPA and EOIB for LC [7-10]. 
Therefore, we prospectively evaluated the efficacy of 
M-TAPA and EOIB as alternatives to transversus ab-
dominis plane (TAP) blocks in perioperative analgesia 
in patients undergoing LC.

MATERIALS AND METHODS

This prospective, single-center, randomized study 
was conducted with the approval of the Ethics 
Committee of Otemae Hospital (Otemae Hospital 
Institutional Review Board, Approval Number: 
22R111615, obtained on November 16, 2022) in 
Japan. This study, registered in the University Hospital 
Medical Information Network Clinical Trials Registry 

(UMIN-CTR; number UMIN000053274), was de-
signed as a prospective randomized trial including 
patients undergoing LC . Informed consent was 
obtained from all patients for intervention and study 
enrollment. The CONSORT (Consolidated Standards 
for Reporting Studies) checklist was used for patient 
enrollment (Fig. 1). This study included all patients 
aged 20 years or older, of any sex, who were sched-
uled to undergo elective or urgent LC under general 
anesthesia between December 2022 and August 2023. 
The exclusion criteria were: 1) American Society of 
Anesthesiologists (ASA) Physical Status III or higher; 
2) allergy to any of the anesthetic and analgesic medi-
cation used in this study; 3) chronic pain; 4) advanced 
liver and kidney failure; 5) elevated preoperative 
C-reactive protein (CRP) level (≥ 1.0 mg/dL); 6) history 
of stroke or cognitive impairment; and 7) body mass 
index (BMI) ≥ 35 kg/m2 or ≤ 16 kg/m2.

After enrollment, the patients were randomly 
assigned to the TAP, M-TAPA, and EOIB groups. 
Randomization was performed using the sealed enve-
lope system, whereby a person other than the envelope 
maker removed a piece of paper with the name of 
each group written on it and assigned the patient to 
that group. Postoperative pain was assessed through 
inquiries made by ward nurses and self-administered 
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patient questionnaires, ensuring that both nurses and 
patients were blinded to the group allocation.

All patients were admitted to the operating room 
without premedication. Standard monitoring, includ-
ing electrocardiography, noninvasive blood pressure 
measurements, and peripheral oxygen saturation, was 
performed in all patients. Anesthesia was induced 
with propofol (1-2 mg/kg), remifentanil (0.2 ng/kg/
min), and rocuronium (0.6-0.9 mg/kg) intravenously. 
After intubation, sevoflurane (0.6-0.7 minimum 
alveolar concentration) in a mixture of oxygen and 
fresh air was used for anesthesia maintenance. Before 
surgical incision, either nerve block was performed by 
anesthesiologists; intravenous fentanyl (1-2 ng/kg) was 
administered. The remifentanil infusion rate started at 
0.1 ng/kg/min prior to skin incision and was adjusted 
so that the mean arterial blood pressure of the patients 
was within 20% of the baseline. All patients underwent 
the same procedure (the standard four-port technique) 
performed by the same surgical team. After extuba-
tion, the patients were transferred to the postoperative 
care unit in the surgical ward. 

All patients underwent nerve block under ultra-
sound guidance (Epiq 7G; Philips Japan, Tokyo, 
Japan) with a linear probe (eL18-4, 2-22 MHz) in 
the supine position before skin incision. They received 
25 mL of ropivacaine bilaterally (0.3%; total 50 mL), 
inserted with a 21-gauge 100-mm needle.

Subcostal TAP block
In the TAP group, the linear probe was applied 

parallel to the costal margin near the xiphoid. The 
needle was inserted between the rectus abdominis 
and transversus abdominis; local anesthetic (LA) was 
injected during hydrodissection between the fascia and 
administered across the linea semilunaris between the 
internal oblique muscle and transversus abdominis.

M-TAPA
In the M-TAPA group, as previously described [3], 

the linear probe was applied to the 9-10th costal car-
tilage; the needle tip was positioned below the costal 
cartilage. After confirming that the needle tip was be-
tween the internal oblique muscle and the transversus 
abdominis muscle, LA was injected.

EOIB
Following the initial report [6], a linear probe was 

placed in the sagittal plane between the midclavicular 
and anterior axillary lobes at the level of the 6th rib. 
LA was injected during hydrodissection of the tissue 
surface between the external oblique and intercostal 
muscles from the 6th and 7th ribs to the 8th rib, be-
yond the 7th rib.

In the surgical ward, postoperative pain control was 
performed using Patient-Controlled Analgesia (PCA) 
with a CADD-Solis Ambulatory infusion pump (Smiths 
Medical Japan, Tokyo, Japan) administering fentanyl 
through an intravenous infusion (0 mL/h, bolus 20 
ng/mL, lockout time 10 minutes, and six times per 
hour). Patients with a Numeric Rating Scale (NRS) ≥ 
4 were administered one bolus of the infusion pump 
by medical staff as a rescue analgesic. Intravenous 
acetaminophen (1 g) was administered every 6 h until 
24 h postoperatively; non-steroidal anti-inflammatory 
drugs were administered if required. The pump was 
removed 24 h after surgery. In cases of postoperative 
nausea and vomiting (PONV), 1 mg granisetron hy-
drochloride was administered as a rescue antiemetic.

The primary endpoint was the static NRS score at 
12 hours postoperatively. Secondary endpoints were the 
other NRS scores (at rest and during body movement) 
at 0, 1, 6, 12, and 24 hours postoperatively, intraop-
erative and postoperative narcotic use, time required 
for nerve blocks, presence of PONV and other com-
plications, postoperative CRP values (max values and 
values at first visit after discharge), duration of hospital 

Enrollment
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Excluded (n=8)
Not meeting inclusion criteria(n=8)
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Incomplete data (n=2), 
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Declined to participate (n=0)
Other reasons (n=0)

Allocated to Group subcostal TAP (n=14)
Received allocated intervention (n=14)
Did not receive allocated intervention (n=0)

Allocated to Group M-TAPA (n=14)
Received allocated intervention (n=14)
Did not receive allocated intervention (n=0)
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Received allocated intervention (n=14)
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Lost to follow-up (n=0)
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Follow-Up
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Fig. 1	 CONSORT diagram of the study.
	 BMI; body mass index; CRP: C-reactive protein; TAP: transversus abdominis plane; M-TAPA: 

modified thoracoabdominal nerves block through perichondral approach; EOIB: external oblique 
intercostal block
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stay, and postoperative Quality of Recovery-15 (QoR-15) 
scores between the TAP group and M-TAPA group or 
EOIB group.

Regarding the sample size calculation, we did not 
find any literature that specifically provided the mean 
and standard deviation (SD) of the NRS in previous 
studies that compared novel nerve blocks with TAP 
blocks. The SD of NRS using the TAP block in LC 
ranged between 1.0 and 2.0 [11-13], and the predicted 
SD was set within this range at 1.5. Assuming a min-
imum clinically important difference (MCID) of 1.65 
for NRS by M-TAPA or EOIB [14], the required sam-
ple size would be 13 patients per group with an alpha 
probability of 0.05 and a power of 80%. Considering 
a 10% dropout rate, the target recruitment number of 
patients was 15 in each group and 45 in total.

Continuous variables are presented as the mean 
± SD and the median (percentiles 25-75). Pearson’s 
chi-square test was used to compare categorical data 
between the groups. Continuous outcomes were com-
pared using the Student’s t-test for normally distributed 
continuous variables. The Mann-Whitney U test was 
used for data without a normal distribution. Statistical 
significance was set at P < 0.05. To consider multi-
plicity, the Dunnett test was used to perform paired 
comparisons between the TAP and M-TAPA groups or 
the TAP and EOIB groups. The statistical significance 
threshold was set at a = 0.05. All statistical analyses 
included sample size calculation were performed using 
a modified version of R commander, EZR (The R 
Foundation for Statistical Computing, Vienna, Austria, 
version 2.7-1) [15].

RESULTS

The Consolidated Standards of Reporting Trials 
(CONSORT) flow diagram was used for study en-

rollment (Fig. 1). During the study period, 50 patients 
were enrolled, and 42 judged to be eligible were 
randomly allocated to either group. One patient in the 
TAP group was excluded from the analysis because the 
eligibility criteria were not met after registration. Table 
1 presents the demographic data and clinical charac-
teristics of the three groups. There were no significant 
differences between the groups.

Fig. 2	 Comparisons of static and dynamic NRS between TAP and M-TAPA groups (A, B), and between 
TAP and EOIB (C, D). Box-and-whisker plots represent the median and interquartile range of the 
NRS for each group. The fill for the primary outcome, which is the static NRS at 12 hours, was set 
to a diagonal line sloping up to the right.

	 NRS: numerical rating scale; TAP: transversus abdominis plane; M-TAPA: modified thoracoabdom-
inal nerves block through perichondral approach; EOIB: external oblique intercostal block

Table 1	 Comparison of demographic data and clinical 
characteristics

Variables TAP
(n = 13)

M-TAPA
(n = 14)

EOIB
(n = 14)

Age (years) 60.5 ± 13.8 57.7 ± 16.4 62.5 ± 12.7

Gender (F/M) 5/8 5/9 6/8

Height (cm) 163.0 ± 7.5 165.4 ± 11.5 163.7 ± 10.0

Weight (kg) 65.2 ± 13.0 68.8 ± 18.2 64.6 ± 12.6

BMI (kg/m2) 24.5 ± 4.7 24.8 ± 3.9 24.0 ± 2.8

ASA-PS I/II 5/8 5/9 4/10

Emergency 
(Y/N) 1/12 0/14 1/13

Pre CRP
(mg/dL) 0.26 ± 0.26 0.2 ± 0.2 0.18 ± 0.19

Duration of 
anesthesia 
(min)

168.5 ± 43.2 163.8 ± 31.4 176.9 ± 57.8

Duration of 
surgery (min) 117.7 ± 41.9 115.4 ± 30.0 131.6 ± 56.8

Values are Mean ± SD and number. M: male; F: female; ASA-PS: American 
society of anesthesiologists Physical Status; BMI: body mass index; CRP: 
C-reactive protein; TAP: transversus abdominis plane; M-TAPA: modified 
thoracoabdominal nerves block through perichondral approach; EOIB: 
external oblique intercostal block
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The primary outcomes and all pain scores are 
presented in Table 2 and Fig. 2. In both the M-TAPA 
and EOIB groups, the static NRS values were not 
significantly different from those in the TAP group at 
12 h postoperatively or any other postoperative point, 
both at rest and during body movement. The second-
ary outcomes are presented in Table 3. There were no 
significant differences in the incidence of PONV, need 
for rescue analgesia, time to PCA, duration of hospital 
stay, or postoperative CRP values. The postoperative 
QoR-15 scores were not significantly different between 
the groups; there were no complications related to the 
block procedures in each group. The time required to 
perform the nerve block was significantly shorter in 
the M-TAPA group than in the TAP group (186.5 ± 
37.9 vs. 136.9 ± 56.3; p = 0.011). 

DISCUSSION

In this study, both M-TAPA and EOIB, compared 
with the subcostal TAP block, were generally equiv-
alent in their effect on postoperative pain without 
complications. Patient satisfaction was similar in both 
groups.

Although LC is a minimally invasive procedure, 
postoperative pain, characterized by incisional and 
visceral pain, is reported to be most intense during the 
first 2-3 days; postoperative analgesic management 
is important [16, 17]. Local infiltration anesthesia 
(LIA) is most strongly recommended according to 
the previous and current PROSPECT guidelines [1, 
2]. However, the use of ropivacaine, bupivacaine, and 
levobupivacaine for wound infiltration is label-off 
use in Japan. Thus, we chose TAP block, which was 

Table 2	 The average NRS scores during postoperative first 24 h

M-TAPA - TAP EOIB - TAP

hour TAP
(n = 13)

M-TAPA
(n = 14)

EOIB
(n = 14)

Estimate
(Standard Error) P† Estimate

(Standard Error) P†

NRS static

0 5 [3, 5] 5 [3, 5] 3.5 [3, 5] 0.50 (0.63) 0.65 -0.070 (0.63) 0.99

1 5 [3, 5] 3.5 [3, 4.75] 3.5 [2, 5] -0.58 (0.68) 0.60 -0.58 (0.68) 0.60

6 2 [1, 3] 3 [1.25, 3] 2 [2, 2.75] 0.34 (0.70) 0.84 -0.088 (0.70) 0.99

12 1 [1, 3] 1.5 [0, 3] 0 [0, 1.75] -0.49 (0.53) 0.55 -1.1 (0.53) 0.071

24 1 [0, 3] 1 [0, 2.75] 0 [0, 1] -0.038 (0.48) 0.99 -0.97 (0.48) 0.095

NRS dynamic

0 5 [3, 6] 5 [3, 5.75] 5 [3.25, 6] 0.77 (0.71) 0.45 0.70 (0.71) 0.51

1 5 [4, 5] 4.5 [3, 5] 4 [3, 5] -0.30 (0.65) 0.86 -0.082 (0.65) 0.99

6 3 [2, 4] 3 [1.25, 4] 3 [2, 3.75] -0.15 (0.74) 0.97 -0.29 (0.74) 0.89

12 2 [1, 4] 2 [0, 3] 1.5 [0, 2] -0.45 (0.57) 0.65 -0.88 (0.57) 0.23

24 2 [1, 3] 2 [0.25, 3] 2 [1, 2.75] -0.093 (0.61) 0.98 -0.66 (0.61) 0.45
†multiplicity adjustment using Dunnett test, Values are Median [1Q, 3Q]. NRS: numerical rating scale; TAP: transversus abdominis plane; M-TAPA: modi-
fied thoracoabdominal nerves block through perichondral approach; EOIB: external oblique intercostal block

Table 3	 The secondary outcome

M-TAPA - TAP EOIB - TAP

Variables TAP
(n = 13)

M-TAPA 
(n = 14)

EOIB
(n = 14)

Estimate 
(Standard 

Error)
P†

Estimate 
(Standard 

Error)
P†

Intraoperative remifentanil (ng) 921.5 ± 446.9 892.9 ± 338.5 957.1 ± 436.3 -28.7 (157.6) 0.98 35.6 (157.6) 0.96

Intraoperative fentanyl (ng) 165.4 ± 31.5 182.1 ± 57.5 150.0 ± 27.7 16.8 (15.9) 0.47 -15.4 (15.9) 0.53

PONV 1/12 4/10 3/11 0.21 (0.38) 0.51 0.14 (0.38) 0.61

Need for antiemetics 1/12 1/13 2/12 -0.005 (0.29) 0.82 0.066 (0.29) 0.66

Need for rescue analgesia (Y/N) 10/3 11/3 11/3 0.016 (0.41) 0.15 0.016 (0.41) 0.15

Times of patient-controlled analgesia 1 [1, 3] 2 [1, 4] 1.5 [1, 2] 0.99 (0.39) 0.31 0.06 (0.39) 0.98

Max CRP (mg/dL) 3.1 ± 3.5 2.7 ± 2.3 3.6 ± 3.6 -0.46 (1.23) 0.90 0.46 (1.23) 0.90

Follow up CRP (mg/dL) 0.24 ± 0.33 0.29 ± 0.34 0.30 ± 0.47 0.047 (0.15) 0.93 0.058 (0.15) 0.90

Block time (sec) 186.5 ± 37.9 136.9 ± 56.3 187.9 ± 33.9 -49.5 (16.9) 0.011＊ 1.4 (16.9) 0.99

Postoperative QoR-15 score 116.9 ± 24.1 119.4 ± 20.5 121.1 ± 24.6 2.4 (8.9) 0.95 4.2 (8.9) 0.85

Duration of hospital stay (days) 4 [4, 5] 4 [3.25, 5] 4 [4, 5.75] -0.022 (0.50) 0.99 0.55 (0.5) 0.44

Block-related complication 0 0 0 NS NS
†multiplicity adjustment using Dunnett test, ＊Highly significant, Values are Mean ± SD, Median [1Q, 3Q] or number. PONV: postoperative nausea and 
vomiting; CRP: C-reactive protein; QoR-15: Quality of Recovery- 15; NS: non-significant; TAP: transversus abdominis plane; M-TAPA: modified thoracoab-
dominal nerves block through perichondral approach; EOIB: external oblique intercostal block
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the next most highly recommended according to the 
PROSPECT guideline at the time of study design and 
was the usual practice at our institution, as the control.

Recently, new nerve blocks such as M-TAPA and 
EOIB have been reported to be useful for pain con-
trol in the upper abdomen [3, 6]. M-TAPA has been 
suggested as a useful nerve block during various 
abdominal surgical procedures because it provides 
widespread analgesia with a single injection [18]. Bilge 
et al. prospectively reported that M-TAPA reduced 
postoperative opioid consumption compared with the 
oblique subcostal TAP (OSTAP) block [19]. Our retro-
spective study also suggested that M-TAPA during the 
LC reduced postoperative analgesic use and may be an 
effective nerve block [7], whereas Cho et al. reported 
that M-TAPA and subcostal TAP resulted in similar 
levels of postoperative pain during movement [20]. 
This study showed no significant difference in post-
operative NRS scores between the TAP and M-TAPA 
groups. These differences might be because the range 
and duration of analgesic efficacy generally overlapped 
between the two blocks.

EOIB was reported to provide localized analgesia 
in the upper abdomen, with a range of approximately 
Th6-10 [21]. Few studies have compared EOIB with 
other blocks as analgesic modalities for LC. Mehmet et 
al. compared the postoperative VAS scores of OSTAP 
and unilateral EOIB in patients undergoing LC [10]. 
There were no significant differences between the two 
groups at any time point up to 24 h postoperatively; pa-
tient satisfaction was similar. These results are aligned 
to the result of the present study. The static NRS in the 
EOIB group was lower at 12 h postoperatively in this 
study but was not statistically and clinically significant, 
given the MCID used to calculate the sample size. In 
contrast, Ohgoshi et al. reported that LA injection into 
the plane under the external oblique muscle was inef-
fective in the lateral branch of the thoracoabdominal 
nerves [22], whereas Tulgar argued the possibility of 
misinterpretation and injection in the wrong location 
[23]. Despite the controversial discussion about the an-
atomical basis of the inject site, there has been plenty 
of scope for future studies regarding the fact that the 
analgesic range was recognized by the pinprick test [6, 
21].

As the PROSPECT review recommends LIA at the 
port site for LC, safety and simplicity must be consid-
ered when selecting nerve blocks. Among TAP blocks, 
only the subcostal TAP block or OSTAP provides 
effective analgesia to the upper abdomen [24]. OSTAP 
can provide broad-spectrum analgesia but requires 
multiple punctures or a longer needle for long-distance 
hydrodissection across the linea semilunaris, and a 
larger volume of LA is needed [24, 25]. The EOIB also 
requires hydrodissection of the external oblique inter-
costal plane over the rib. In contrast, M-TAPA can pro-
vide spectrum analgesia, similar to OSTAP, with only 
a single injection of LA. This may have been because 
the time required to perform the block procedure was 
significantly shorter in the M-TAPA group. Regarding 
safety, there were no complications associated with the 
nerve blocks in either group.

This study has some limitations. First, it was con-
ducted at a single center and had a small sample size. 
Second, the NRS scores tended to be higher than those 

reported in other studies. This might have been influ-
enced by the longer operative time. Although this study 
included emergency surgery cases of acute cholecystitis, 
we excluded cases of strong inflammatory response 
during the preoperative examination, which allowed us 
to exclude changes in pain assessment due to inflam-
mation. Third, we did not identify the blocked area of 
the nerve blocks; in particular, whether EOIB actually 
blocked the lateral branches is unclear. Finally, because 
this study was designed based on the hypothesis that 
there is a significant difference between the groups, a 
non-significant result does not indicate that the groups 
are equally effective or that the effect of one technique 
is non-inferior to the other. Further research should 
consider larger sample sizes and multi-center designs 
to improve generalizability.

In conclusion, neither M-TAPA nor EOIB demon-
strated significant differences in static pain assessment 
at 12 h postoperatively compared with TAP block. 
There was no significant difference in patient satis-
faction between the two groups. Future investigations 
should focus on the long-term outcomes of these block 
techniques, such as their impact on chronic pain or 
patients’ quality of life.
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