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Abstract

Background Pain following laparoscopic cholecystectomy plays a pivotal role in determining the quality of patient
recovery. Considering the opioid crisis, exploration of alternative approaches, such as regional blocks, including erec-
tor spinae plane block (ESPB) and oblique subcostal transversus abdominis plane block (OSTAPB), has garnered
considerable attention due to their promising outcomes in clinical trials.

Objective Our aim is to provide a robust analysis which reflects the most current evidence for the effectiveness
and safety of ESPB by comparing it to OSTAPB in adult patients undergoing laparoscopic cholecystectomy.

Methods An extensive search was performed in the PubMed, Medline, and Cochrane Library databases from incep-
tion to June 1st 2023. Mean difference (SMD), and 95% confidence intervals (Cls) were calculated for continuous
outcomes, Risk ratios (RR) were calculated for dichotomous outcomes. All statistical analyses were performed using R
Statistical Software and meta package v4.17-0.

Results A total of 5 RCTs including 372 participants were included in this meta-analysis. Pooled analysis of overall
postoperative pain scores at 12 and 24 h showed ESPB to be superior to OSTAPB [MD=-0.67; 95% Cl: (-0.95 to -0.39);
p<0.001, I>=72%]. ESPB also showed significantly lesser opioid consumption at 24 h postoperatively [MD=-5.36; 95%
Cl: (-8.56 to —-2.15); p<0.001, 12=96%)], while intraoperative opioid consumption {MD=-0.46; 95% Cl: (-1.27 to -0.36);
p=0.27,1>=0%} and postoperative nausea and vomiting were not significantly different between the two groups
{RR=0.40, 95% CI (0.10 to 1.56), p=0.19; | =56%}.

Conclusion In summary, the erector spinae plane block (ESPB) appears to be the preferred option for acute postop-
erative pain and opioid reduction in adults undergoing laparoscopic cholecystectomy.

*Correspondence:

Muhammad Sohaib Asghar

msohaibasghar123@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12871-025-03059-1&domain=pdf
http://orcid.org/0009-0000-6234-7518
http://orcid.org/0009-0005-0850-9033
http://orcid.org/0000-0001-5906-9852
http://orcid.org/0000-0001-6705-2030

Saleem et al. BMC Anesthesiology (2025) 25:182

Page 2 of 12

Keywords Erector spinae plane block, Oblique subcostal transversus abdominis plane block, Postoperative pain,

Laparoscopic cholecystectomy, Meta-analysis

Introduction

Laparoscopic cholecystectomy (LC) is a minimally inva-
sive surgical procedure for removing the gallbladder. Its
advantages of shorter recovery time, less postoperative
pain, and a lower risk of complications have made it more
popular than open surgery [1]. However, despite hav-
ing significantly lesser postoperative pain, it still occurs
to some degree in LC, which includes somatic pain from
the incision sites, local visceral pain, parietal pain, and
referred visceral pain [2—4].

Anesthesiologists play a pivotal role in ensuring opti-
mal relief of post-operative pain, and peripheral nerve
blocks serve as a valuable tool to achieve this objective.
The utilization of ultrasound technology has conferred
added benefits to this technique, facilitating a more
streamlined and efficient approach. Comparative analyses
have demonstrated the superiority of nerve blocks over
conventional pain management modalities such as non-
steroidal anti-inflammatory drugs (NSAIDs) and opioids,
given their targeted blockade of pain pathways at specific
sites. [5], pain tolerance varies substantially among indi-
viduals, and those with a lower threshold often encounter
difficulties managing their pain, even when utilizing opi-
oids and nonsteroidal anti-inflammatory drugs (NSAIDs)
at maximal doses. Additionally, the application of these
agents may lead to delayed recovery and trigger gastritis,
ileus, nausea, and vomiting, all of which can exacerbate
patients’overall condition [3].

Conversely, ultrasound-guided plane blocks, such as
transverse abdominis plane block (TAPB), oblique sub-
costal transverse abdominis plane block (OSTAPB), and
erector spinae plane block (ESPB), have demonstrated
the capability of reducing the requirement for opioids
and NSAIDs throughout both the intra-operative and
post-operative phases [6, 7].

Among these techniques, the use of ESPB and OSTAPB
as part of multimodal analgesia is increasing progres-
sively in various surgeries, one of which is in laparoscopic
cholecystectomy due to their effectiveness in mitigating
post-operative pain as evidenced by multiple published
studies [8, 9].

ESPB blocks are a relatively new technique and in
particular have shown a remarkable analgesic effect,
with the block extending to cover several dermatomes,
thereby producing a broader coverage area. It precisely
targets not only the ventral rami and dorsal rami of the
spinal nerves, but also the rami communicantes. Upon
injecting the anesthetic agent, the results have shown

notable cranial and caudal extension over multiple lev-
els of dermatomes, making it a promising approach [10,
11]. While, OSTAPB blocks have been shown to target
the sensory innervation of the abdominal wall, thereby
reducing pain scores in patients undergoing laparoscopic
cholecystectomy [12]. conclusion, by targeting specific
nerves, ultrasound-guided techniques like OSTAPB, and
ESPB blocks can significantly decrease postoperative pain
and reduce the need for opioids and NSAIDs, which have
several adverse effects that can hinder patient recovery.

Recently, in a meta-analysis by Yang et al. [13] com-
pared ESPB with a control group and other blocks for
adults undergoing LC, however for the comparison
between ESPB and OSTAPB only a limited number of
studies were included, while only doing meta-analysis of
postoperative opioid consumption at 24 h outcome. This
highlights the need for more comprehensive evaluation
of these two techniques to form a consensus.

The primary goal of this meta-analysis is to provide an
up-to-date and comprehensive synthesis of the latest evi-
dence available regarding the comparative efficacy and
safety of Erector Spinae Plane Block (ESPB) and Oblique
Subcostal Transversus Abdominis Plane Block (OSTAPB)
in adult patients who are undergoing laparoscopic chol-
ecystectomy. It addresses following key questions:

1. What is the comparative efficacy of Erector Spinae
Plane Block (ESPB) and Oblique Subcostal Trans-
versus Abdominis Plane Block (OSTAPB) in terms
of postoperative pain scores at 12 and 24 h following
laparoscopic cholecystectomy?

2. How does postoperative opioid consumption at the
24-h mark differ between patients who receive Erec-
tor Spinae Plane Block (ESPB) and those who receive
Oblique Subcostal Transversus Abdominis Plane
Block (OSTAPB) during laparoscopic cholecystec-
tomy?

3. What are the differences in intraoperative opioid
consumption between patients undergoing laparo-
scopic cholecystectomy with Erector Spinae Plane
Block (ESPB) versus Oblique Subcostal Transversus
Abdominis Plane Block (OSTAPB)?

4. Does the incidence of postoperative nausea and vom-
iting (PONV) vary between individuals who undergo
laparoscopic cholecystectomy with Erector Spinae
Plane Block (ESPB) compared to those who receive
Oblique Subcostal Transversus Abdominis Plane
Block (OSTAPB)?
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Methods
Data sources and search
A comprehensive literature search was conducted in
the PubMed, Medline and Cochrane Library databases
before May 2023 to identify relevant studies. Detailed
search strategy is provided in Supplementary Table S1.
We applied no language restrictions and included
studies in non-English language, and the relevant data
were translated for interpretation using Google trans-
late service. The relevant literature’s references were
carefully checked for potential eligible studies by the
help of automated tools like End Note. Disagreements
were resolved through consensus.

Inclusion and exclusion criteria

The inclusion criteria for eligibility were as follows: (a)
double-arm studies, (b) prospective randomized con-
trol trial (RCTs) comparing ESPB with OSTAPB block,
(c) adult population going under laparoscopic chol-
ecystectomy (LC) (d) outcomes of interest post opera-
tive pain scores, postoperative opioid consumption at
24 h, intraoperative opioid consumption, postopera-
tive nausea (PON) and vomiting (POV) were reported
(see Supplementary Table S2). The exclusion criteria
included: (a) studies comparing ESPB with no block or
other regional blocks in adults, (b) pediatric popula-
tion, surgeries other than LC, (c) non- randomized tri-
als, review articles, case reports, case series, editorials,
abstracts, reviews, comments and letters, expert opin-
ions, studies without original data and duplicate publi-
cations; (d) and studies that lacked a OSTAPB group for
comparison.

Data extraction

Two investigators (SMMA and SZS) independently
extracted the following information from each included
study: study characteristics (first author, year of pub-
lication, country, sample size and study type) surgi-
cal procedure, surgery duration, ESPB block level,
participant baseline characteristics, post operative
pain scores, postoperative opioid consumption at 24
h, intraoperative opioid consumption, postoperative
nausea (PON) and vomiting (POV). Any discrepancy
between data extractions was resolved by discussion
with the third author (AAS).

Quality assessment

The included RCTs were evaluated for quality using
revised Cochrane Risk of Bias assessment tool (ROB2)
[14]. Six components were assessed: (a) random
sequence generation, (b) allocation concealment, (c)
blinding of participants and personnel, (d) blinding of
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outcome assessment, (e) incomplete outcome data,
and (f) selective reporting. According to whether
the included studies fully meet the above criteria, we
assessed the quality of trials. All items were indepen-
dently assessed by two investigators (SMMA and SZS),
with consensus reached after deliberation.

Statistical analysis

The meta-analysis was carried out based on the guide-
lines of the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) statements [15].
All statistical analyses were performed using R Statisti-
cal Software [16] and meta package v4.17-0 [17]. For
dichotomous outcomes we calculated Risk ratios (RR).
To assess continuous variables, we calculated the mean
difference (MD) and its respective 95% confidence inter-
val and used inverse variance method. In cases where
the continuous variables were presented as a median
with a range (minimum to maximum) or an interquartile
range, we used Luo and Wan’s formula [18] to estimate
the mean and standard deviation. The meta-analytical
method used for the continuous outcome is the inverse
variance method, with a restricted maximum-likelihood
estimator for tau”2 as suggested by Veroniki et al. 2016
[19]. For binary outcomes, the Mantel-Haenszel method
is utilized and incorporates the Paule-Mandel estimator
for tau”2 as recommended by Veroniki et al. 2016. [19]
If I is 0% then we used fixed effect model otherwise ran-
dom effect model was used. The included studies meas-
ured the pain scores at rest or during coughing or active
movement using either the visual analogue scale (VAS)
or numeric rating scale (NRS), which were standardized
to a 0-10 scale. Both the VAS and NRS were regarded
as equivalent. Studies reporting outcomes within a time
range we took the upper limit of the time reported for
analysis.

To assess potential statistical heterogeneity among tri-
als, the Higgins I* statistics were used. The I* statistic
reveals the percentage of variation between studies that
is due to heterogeneity rather than chance or sampling
error. An outcome of over 75% indicates considerable
heterogeneity. When the heterogeneity was high, sub-
group analysis or sensitivity analysis was used to identify
sources of heterogeneity. The results of meta-analysis
were visually examined by forest plot. The p< 0.05 was
considered statistically significant.

Results

Study characteristics

The study selection process is illustrated in Fig. 1, which
presents a thorough flowchart. Following the prelimi-
nary literature search, a total of 67 articles were identi-
fied. After removing duplicates, the articles underwent a
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Fig. 1 PRISMA Flow Diagram of the Literature Search Process

shortlisting process based on title, followed by abstract
and full-text review. In total, 5 studies [20—24] deemed
appropriate for inclusion in this meta-analysis.

The main characteristics of the included trials are pre-
sented in Table 1. The mean age ranged from 36.67 to
51.1 years in the ESPB group and from 37.5 to 50 years
in the OSTAPB group, the reported mean surgery time
across all the studies ranged from 42.6 to 120 min (about
2 h) in the ESPB group and 41.3 to 100 min (about 1 and
a half hours) in the OSTAPB group.

Quality assessment

We assessed the quality of the 5 RCTs using the Cochrane
risk of bias tool and overall, all the studies were found to
have low risk of bias and are comprehensively shown in
Fig. 2. This study by Altiparmak et al. [20] was deemed as
high quality as it had low risk of bias in all the assessing

criteria while, the remaining studies had only one or two
unclear risks in performance, reporting or attrition bias.
Publication Bias was not assessed as our study included
only 5 studies because it is difficult to perform for less
than 10 included studies which is the standardized crite-
ria as the assessment is not reliable [25].

Postoperative pain scores at 12 hand 24 h

Three studies [20, 22, 23] including a total of 270
patients investigated postoperative pain scores at 12
and 24 h using a numerical rating scale or visual analog
scale. The study by Ozdemir et al. [22] the pain scores
at both rest and coughing state while the study by Ibra-
him et al. [21] was not included as it did not report
Standard deviation. The pooled result demonstrated
that the overall mean difference indicates a signifi-
cant reduction in pain scores with ESPB compared to



Page 5 of 12

(2025) 25:182

Saleem et al. BMC Anesthesiology

(021-06) 001 V/N 8¢/l /ST (£5-0¥)0S 69 4dv1SO [ell] paziwo elpu| €¢0c

L1 (0z1-06) OCL V/N Le/sy oc/ee (S5-1¢€) OF 69 8dS3  -puey anndadsoud ‘lemsaueqnug  [¥] '8 19 ejIUnopy

L/0t VLILF 43 4dvISO  Apnis pulig-9|buls Leoe

[l EFEWYYFOY CF89CO6CFELL /L1 LL/SL 91/91 Sy SOL+'Sy 43 4453 ‘paziwopuey AsyinL 'eAuoy  [£7] e 19 IW9pzO
[euy

L'0LF 095 YIFVET V/N ULLF 0€ ddvISO  [edlul|D paziwop Leoe

yan €0LF 89S e+ e V/N 7191 LL/61 corgLLFEly 0¢ 9dS3  -uey puyg a|buis BIPU|'BYSIPO [c2] "|e 3@ nyes
[e1) p3jj01Iu0D)

7E6+ €€°59 €9+ 16°8¢ 1/l VAV VAS Lc peziwopuey eigely 0c¢0¢

8l Y98F €9 0v+F ¢56C LL/OL 6/CL SL/9 Y6F /99¢ lC 9dvI1SO9dS3  ‘Pspul|g-s|gnod Ipnes ‘yepps( [1¢] e 19 wiyelq|
Apnis pajj0i1uod
‘paziWopURY

(S9-€¥) 06 oY+ /el /Ll [YLFLES 143 ddv1SO ‘papulg-a|buIS 610z [07]

il (09-8%) 5§ TLTE9F 88T 0z/vl 0t/pL €TLF LIS e 8ds3 'aAn3ds0id AunL'eloniy - e 13 ewedn)y

1oAa o)
}dolg (urw) K136uns (9]ewy (s1eak) sjuedpdiyed 1eap Apmis
ads3 Jo uoneing (zTw/Bx) ING  11/1 SMIeIS YSY /3lew) 19puan ‘abe ueapy JO 'ON sdnoip ubisap Apms uonedo| Apnis  pueJoyiny isii4

SaIPN1S PIPN|DUI Y3 JO SOASLIDRIEYD APNIS | dqeL



Saleem et al. BMC Anesthesiology (2025) 25:182

Page 6 of 12
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Fig. 2 Risk of bias summary. The Cochrane "risk of bias”tool was used for quality assessment. Green for “no risk”and yellow for “unclear risk”

OSTAPB {MD =- 0.67; 95% CIL: (- 0.95 to — 0.39);
p< 0.001, I>= 72%}, Fig. 3. Leave-one-out analysis was
performed for the moderate heterogeneity, remov-
ing the study by Mounika et al. [23] for pain scores at
12 h the overall heterogeneity resolved to 0% and the
overall result still reaches statistical significance {MD
=—0.55; 95% CI: (- 0.68 to — 0.43); p < 0.001, I>= 0%},
Fig. 4. A detailed leave-one-out analysis can be seen in

the Supplementary Fig. 1. Furthermore, a detailed sub-
group analysis of the pain scores at multiple time inter-
vals from 0 to 24 h was performed which found ESPB
to be significantly better than OSTAPB {MD =- 0.98;
95% CI: (— 1.26 to — 0.69); p < 0.001, I>= 85%} shown in
Supplementary Fig. 2.

No significant subgroup differences were revealed
between the ESPB and OSTAPB techniques for postop-
erative pain at 12- and 24-h intervals.
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ESPB OSTAPB Mean Difference

Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95% ClI Weight
Postoperative Pain Scores at 12h
Mounika 2023 69 265 076 69 400 151 —— -1.35 [-1.75;-095] 15.1%
Ozdemir 2021 32 0.00 0.00 32 040 060 J -0.40 Notestimable 0.0%
Ozdemir (cough) 2021 32 050 0.50 32 120 0.80 —.— -0.70 [-1.03;-0.37] 16.9%
Altiparmak 2019 34 264 077 34 3.00 155 —T -0.36 [-0.94; 0.22] 11.2%
Random effects model ~ 167 _ 167 e -0.83 [-1.39;-0.27] 43.2%
Heterogeneity: I“ =7 1 =0.19
Tes
Postoperative Pain Scores at 24h
Mounika 2023 69 265 076 69 336 076 - -0.71 [-096;-046] 18.7%
Ozdemir (cough) 2021 32 0.10 030 32 060 0.50 : -0.50 [-0.70;-0.30] 19.8%
Ozdemir 2021 32 0.00 0.00 32 0.00 0.00 0.00 Notestimable 0.0%
Altiparmak 2019 34 1.09 0.19 34 150 077 - -0.41 [-068;-0.14] 18.3%
Random effects model ~ 167 _ 167 > -0.54 [-0.70;-0.37] 56.8%
Heterogeneity: /“ =28%, t°=<0.01, 3, =276 (p =
Test for effect in subgroup: z = -6.41 (p < 0.00001)

Random effects model 334

TR 2 i 2
Heterogeneity: /© = 72%, t° = 0.09, 35 = 18.03 (p < 0.01)

Test for overall effect: z = -4.75 (p < 0.00001)

334

Test for subgroup differences: y_f =0.93,df=1(p =0.33)

Fig. 3 Forest plot of comparison: 1 ESPB vs OSTAPB, outcome:
with two subgroups of postoperative pain at 12 h and 24 h

- 067 [0.95;-0.39] 100.0%

-1.5: -1 =05 0. 05 1 15
Favours ESPB Favours OSTAPB

1.1 Postoperative Pain Scores at 12 and 24 h. Subgroup analysis was performed

ESPB OSTAPB Mean Difference
Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95% ClI Weight
Postoperative Pain Scores at 12h
Ozdemir 2021 32 0.00 0.00 32 040 060 - -0.40 Notestimable 0.0%
Ozdemir (cough) 2021 32 0.50 0.50 32 120 080 —=—— -0.70 [-1.03;-037] 141%
Altiparmak 2019 34 264 077 34 300 155 & -0.36 [-0.94; 022] 45%
Random effects model 98 98 ~eagipu=- -0.62 [-0.90;-0.33] 18.6%
Heterogeneity: I = 0%, t =0, %, =1 =0.32)
Test for effect in subgroup: z = -4.25 (p < 0.0001)
Postoperative Pain Scores at 24h
Mounika 2023 69 265 076 69 336 076 —l—— -0.71  [-0.96;-046] 23.5%
Ozdemir (cough) 2021 32 0.10 030 32 060 0.50 —— -0.50 [-0.70;-0.30] 36.9%
Ozdemir 2021 32 0.00 0.00 32 0.00 0.00 0.00 Notestimable 0.0%
Altiparmak 2019 34 1.09 0.19 34 150 077 — 041 [-068;-0.14] 21.0%
Random effects model_ 167 167 - -0.54 [-0.70;-0.37] 81.4%
Heterogeneity: I~ = 28% ,=276(p =0
Test for effect in subg p < 0.0001
Random effects model 265 265 l ‘l , | -0.55 [-0.68;-0.43] 100.0%

Heterogeneity: /* = 0%, ° < 0.01, 72 = 4.01 (p = 0.40)
Test for overall effect: z = -8.80 (p < 0.0001)

Test for subgroup differences: zf =0.22,df =1 (p =0.64)

Fig. 4 Forest plot of comparison: 1 ESPB vs OSTAPB, outcome: 1.2 Postoperative Pain Scores at 12 and 24 h (excluding Mounika et al.) Sensitivity
analysis was performed by step wise removal of each study

Postoperative opioid consumption at 24 h

All five RCTs reported this outcome. To facilitate the
process of data analysis, the doses of tramadol and fen-
tanyl reported in the included studies were transformed
into morphine-equivalent doses. This conversion was

-1 -05 0 05 1
Favours ESPB Favours OSTAPB

conducted based on prior scientific investigations
that suggested 100 mg intravenous tramadol or 100
pg intravenous fentanyl to be comparable to 10 mg of
intravenous morphine [26]. Pooled analysis of postop-
erative opioid consumption at 24 h showed a significant
reduction in opioid consumption in the ESPB group
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compared to OSTAPB with a large effect size {MD =—
5.36; 95% CI: (— 8.56 to —2.15); p< 0.001, I*= 96%},
Fig. 5.

For the high heterogeneity leave-one-out analysis
was performed which revealed these studies by Ibra-
him et al. [21] and Ozdemir et al. [22] to be the outli-
ers. After removing, the heterogeneity resolved to 0%
and the overall pooled result still showed a significant
reduction of opioid administration with ESPB {MD
=—5.67; 95% CL: (- 6.67 to —4.66); p< 0.001, I>= 0%},
Fig. 6. A detailed leave one out analysis has been shown
in Supplementary Fig. 3.
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Intraoperative opioid consumption

Two studies reported this outcome [20, 24]. Intraop-
erative opioid consumption showed a small statistically
non-significant effect size in favor of ESPB group {MD
=— 0.46; 95% CIL: (- 1.27 to —0.36); p= 0.27, I*= 0%},
Fig. 7. However, the limited number of studies may have
affected the precision of the estimate for this outcome.

Postoperative nausea and vomiting

Four studies were included in the analysis of this out-
come. While Ibrahim et al. [21] reported nausea and
vomiting at PACU and 24-h intervals separately, the
combined result was not statistically significant.

ESPB OSTAPB Mean Difference
Study Total Mean SD Total Mean SD 1V, Random, 95% CI MD 95% ClI Weight
Mounika 2023 7 6.57 263 62 1145 368 —.— -488 [-7.03;-273] 20.5%
Ozdemir 2021 32 867 641 32 2000 769 —H— -11.33 [-14.80;-7.86] 17.9%
Sahu 2021 30 298 547 30 732 940 —1'— 434 [-8.23;-045] 17.0%
Ibrahim 2020 21 623 042 21 740 042 : 117 [-142;-092] 226%
Altiparmak 2019 34 1391 219 34 1994 277 B -6.03 [-7.22;-484] 220%
Random effects model 124 179 | "-ll"- | | -5.36 [-8.56; -2.15] 100.0%

Heterogeneity: 1> = 96%, t° = 11.78, 7> = 104.80 (p < 0.01)
Test for overall effect: z =-3.28 (p < 0.01)

10 5 0 5 10
Favours ESPB Favours OSTAPB

Fig. 5 Forest plot of comparison: 1 ESPB vs OSTAPB, outcome: 1.3 Postoperative Opioid Consumption at 24 h. Opioid consumption at postoperative

24 h was significantly lower in the ESPB group than in the OSTAPB group

ESPB OSTAPB Mean Difference

Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95% CI Weight
Mounika 2023 A 6.57 263 62 1145 368 —=— -488 [-7.03,-273] 21.8%
Sahu 2021 30 298 547 30 732 840 ———s— 434 [823;-045] 67%
Altiparmak 2019 34 1391 219 34 1994 277 —.— 603 [7.22;-484] 716%
Random effects model 71 126 - -5.67 [-6.67;-4.66] 100.0%
Heterogeneity: 1° = 0%, t° = 0, 72 = 1.32 (p = 0.52)

Test for overall effect: z = -11.06 (p < 0.000000001) 5 0 5

Favours ESPB Favours OSTAPB

Fig. 6 Forest plot of comparison: 1 ESPB vs OSTAPB, outcome: 1.4 Postoperative Opioid Consumption at 24 h (excluding lbrahim et al. and Ozdemir
et al). Sensitivity analysis was performed by step wise removal of each study

ESPB OSTAPB Mean Difference
Study Total Mean SD Total Mean SD IV, Random, 95% CI MD 95% CI Weight
Sahu 2021 30 690 1.80 30 760 230 —I—ﬂ— 070 [-1.75,0.35] 60.7%
Altiparmak 2019 34 955 233 34 963 3.08 -008 [1.38;1.22] 393%
Random effects model 64 64 —— e -0.46 [-1.27; 0.36] 100.0%
Heterogeneity: 1° = 0%, = = 0, 7> = 0.53 (p = 0.47) U T
Test for overall effect: z=-1.10 (p = 0.27) =15 ~1 <50 05 L. TS5

Favours ESPB Favours OSTAPB

Fig. 7 Forest plot of comparison: 1 ESPB vs OSTAPB, outcome: 1.5 Intraoperative Opioid Consumption
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The overall risk ratio showed no significant difference
between the two blocks {RR =0.40, 95% CI (0.10 to 1.56),
p=0.19; I>= 56%}, Fig. 8.

Subgroup analysis was performed based on the type of
outcome reported across studies into subgroups of post-
operative nausea (PON), postoperative vomiting (POV)
and combined postoperative nausea vomiting (PONV).
No significant subgroup differences were revealed
between the ESPB and control for post operative nausea
and vomiting (p= 0.28), Fig. 8.

Discussion

ESPB is a regional anesthesia technique that involves
the injection of local anesthetic agents into the erec-
tor spinae plane, a plane of tissue located between the
transverse process of the vertebrae and the erector spi-
nae muscle. The mechanism of action of ESPB is still
under investigation; however, it has been shown to be
an effective strategy for pain control in specific clini-
cal settings. It has been recently evident as a promising
alternative for the management of thoracic neuropathic
pain [11, 27]. On the other hand, OSTAPB involves
the administration of local anesthetics to the nerves
that supply the anterior abdominal wall. The tech-
nique is performed by injecting local anesthetics into
the plane between the internal oblique and transversus
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abdominis muscles. OSTAPB has been shown to be
effective in reducing postoperative pain in several types
of surgeries, including laparoscopic cholecystectomy
and abdominal hysterectomy [28, 29].

The combined analysis of acute postoperative pain
scores divided into two subgroups at 12 and 24 h showed
ESPB to be superior of the two blocks as the pooled
results were statistically significant in contrary to a pre-
vious meta-analysis by Koo et al. [30] which found the
two techniques to be comparable for analgesia but the
analysis consisted on a limited number of studies. For the
associated moderate heterogeneity, leave-one-out analy-
sis removing the study by Mounika et al. [23] resolved
the heterogeneity concern. The presence of intense
pain following surgery poses a considerable risk for the
emergence of long-term chronic pain as a prior study
conducted with patients undergoing laparoscopic chol-
ecystectomy (LC) [31] revealed a connection between
early visceral pain and the development of chronic pain.
In this regard ESPB represents a promising option for
perioperative analgesia and may play an important role in
reducing chronic post-surgical pain after LC. While the
results were statistically significant, whether this differ-
ence meets the minimal clinically important difference
(MCID) for postoperative pain relief on pain scale was
unassessable. However, it’s crucial to assess whether the

ESPB OSTAPB Risk Ratio

Study Events Total Events Total M-H, Random, 95% CI RR 95% ClI Weight
Postoperative Nausea (PON)

Mounika 2023 9 69 —@—— 0.05 [0.00;0.89] 14.1%
Sahu 2021 3 30 —'.— 2.00 [0.55;7.27] 27.0%
Ozdemir 2021 0 32 NA NA 0.0%
Altiparmak 2019 14 34 1 064 [0.32;1.28] 326%
Random effects model ) 165 ! 0.56 [0.09; 3.65] 73.7%
Postoperative Vomiting (POV)

Mounika 2023 0 69 9 69 ——— 0.05 [0.00;0.89] 14.1%
Ozdemir 2021 0 32 0 32 NA NA 0.0%
Sahu 2021 0 30 0 30 NA NA 0.0%
Altiparmak 2019 0 34 1 34 — T 0.33 [0.01;7.90] 12.2%
Random effects model 165 165 - 0.12 [0.01; 0.98] 26.3%
Te: r ;: 72 = 7:5‘ : 0. i '

Random effects model 330 330 | I*‘"' : ; 0.40 [0.10; 1.56] 100.0%

Heterogeneity: 1° = 56%, ©° = 1.36, %> = 9.17 (p = 0.06)
Test for overall effect: z =-1.32 (p = 0.19)
Test for subgroup differences: ;(f =1.16,df =1 (p = 0.28)

001 01 1 10 100
Favours ESPB Favours OSTAPB

Fig. 8 Forest plot of comparison: 1 ESPB vs OSTAPB, outcome: 1.6 Postoperative Nausea Vomiting. Subgroup analysis was performed based on two
subgroups of postoperative nausea and postoperative vomiting. Incidence of post operative vomiting was significantly less in ESPB group
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reduction in risk translates to meaningful improvements
in patient recovery and satisfaction.

Moreover, OSTAPB only produces sensory blocks in
the somatic branches of the spinal nerves. Thus, ESPB
may have a potential analgesic mechanism for visceral
pain and is expected to provide better analgesia than
OSTAPB [32].

Additionally, an extended version of this outcome was
analyzed based on subgrouping by taking into account
all the different time intervals reported across included
studies from O up to 24 h showing significantly better
pain reduction with ESPB. This helped us get a much
deeper understanding as it was not performed earlier
and since pain is a very subjective experience that can
vary over time, analyzing pain scores at different inter-
vals allows for a more nuanced understanding of its tra-
jectory, and increases the statistical power of this study.
Of note, only three studies reported pain scores at differ-
ent time frames which highlights the need for further in-
depth studies.

As for the secondary outcomes, postoperative opi-
oid consumption at 24 h was significantly reduced with
the intervention of ESPB compared to OSTAPB con-
sistent with the finding of the previous meta-analysis
[13]. Moreover, for the concern of high heterogeneity,
we performed sensitivity analysis removing two outlier
studies which reduced the heterogeneity to 0%. There
are various considerations for such high heterogene-
ity found in our study that includes variability in Block
Techniques — Differences in how ESPB and OSTAPB
are performed, including variations in the level of injec-
tion, volume, and concentration of local anesthetics,
may contribute to heterogeneity. There could be differ-
ences in patient populations such as variation in patient
characteristics like age, BMI, comorbidities, and pain
thresholds across studies can influence postoperative
pain scores and analgesic consumption. Variability in
Surgical Techniques for differences in laparoscopic
cholecystectomy methods (e.g., standard vs. single-
incision surgery, use of electrocautery vs. harmonic
scalpel) could affect pain levels and influence the effec-
tiveness of regional blocks. Diverse outcome measure-
ment methods like pain assessment scales, time points
for evaluation, and criteria for rescue analgesia use may
not be standardized across studies, leading to inconsist-
encies in reported outcomes. Heterogeneity in Control
and Additional Analgesia is another set of variations
in multimodal analgesic regimens, including the use
of opioids, NSAIDs, or adjuncts like dexmedetomi-
dine, may contribute to differences in reported pain
relief and overall effect sizes. Since we only used RCTs
in our study, differences in study methodologies (RCTs
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vs. observational studies), sample sizes, and blinding
methods, did not contributed to the risk of bias that
could have lead to variability in results. However, pub-
lication and reporting bias due selective reporting of
positive results in some studies may lead to an overesti-
mation or underestimation of the true effects, adding to
heterogeneity which is undesirable but non-modifiable
risk factor.

The importance of effective pain management can-
not be overstated, particularly in the context of the opi-
oid epidemic. ESPB seems to be particularly useful in
reducing opioid consumption, which is associated with
an increased risk of adverse events such as respiratory
depression, sedation, and nausea as well as prolonged
length of hospital stay, and higher 30-day readmission
rates [33, 34]. In the realm of multimodal pain relief
techniques, the findings of this analysis, highlight-
ing the effectiveness of ESPB in reducing the need for
opioids, could potentially contribute to achieving pain
relief while minimizing opioid usage.

Unexpectedly for Intraoperative opioid consump-
tion no significant difference was seen between the two
groups as the pooled result was statistically insignifi-
cant with a small effect size. Individuals can experience
varying levels of pain and have different needs for opi-
oids, which can be influenced by factors like genetics,
previous exposure to opioids, and psychological aspects
[35]. The natural differences among patients along with
limited studies analyzing this outcome might have con-
cealed any potential disparities in opioid usage between
the ESPB group and the OSTAPB group.

The postoperative nausea and vomiting effect size
difference was not significantly different between the
two techniques. Postoperative nausea and vomiting
(PONV) are common adverse events occurring after
surgery, with an estimated incidence of 30%. However,
in high-risk patients, the incidence can be as high as
80% [36]. According to the fourth consensus guideline
for PONV management, opioids have been recognized
as a risk factor for PONV in adults, and their associa-
tion with PONV demonstrates a dose-dependent rela-
tionship [37]. Hence, more new studies evaluating this
outcome need to be published as ESPB may be found to
be a safer choice in future due to the reduction in opi-
oid usage more than OSTAPB.

In conclusion, both ESPB and OSTAPB are effec-
tive techniques for reducing postoperative pain. While
there is more and more evidence to suggest that ESPB
may be more effective than OSTAPB, more research is
needed to confirm this. Ultimately, the choice of tech-
nique will depend on a range of factors, including the
type of surgery, the patient’s medical history, and the
clinician’s experience and preference.
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Limitations

In the end, there were some limitations with this study
that cannot be avoided and should be considered when
referring to the outcomes of this meta-analysis. Firstly,
moderate to high heterogeneity was observed in some
outcomes, however, to address this, we conducted sen-
sitivity and subgroup analysis. This could be attributed
to variations in ESPB approaches among the included
studies, such as differences in block techniques (timing,
positions), levels of vertebra approached, types of local
anesthetics, their concentrations, and volumes. The lim-
ited number of studies and the small sample size in cer-
tain comparisons may affect the generalizability of the
findings. The specific patient population may also limit
the generalizability of the findings as among the five
studies included, only one study (Altiparmak et al.) [20]
included individuals over the age of 65, which means
the findings can hardly be generalized to this age group.
Additionally, there were variations in types of analgesia
used and although we did convert the different doses of
the various analgesics into morphine equivalent doses it
could have an impact on the overall results. Lastly, more
and more new studies need to be conducted to ascertain
the optimal dose and type of anesthetic and to overall
establish Erector spinae plane block (ESPB) as the pre-
ferred technique in performing regional nerve blocks
specifically for laparoscopic cholecystectomy. Also, we
were unable to analyze publication bias as the number of
studies were less than 10 in the final analysis.

Conclusion

In conclusion, overall erector spinae plane block (ESPB)
seems to be the treatment of choice in the context of
the acute postoperative pain and opioid usage in laparo-
scopic cholecystectomy compared to oblique subcostal
transversus abdominis plane block (OSTAPB). Moreover,
our analysis also deems it to be a safer option especially
for postoperative vomiting adverse events. Besides, fur-
ther studies are needed comparing the above two blocks
to confirm our findings and establishing the added pain
relief associated with ESPB in laparoscopic cholecystec-
tomy which will help in mitigating the usage of opioids
for analgesia.

Further research more prominently should include
more large-scale, multi-center RCTs to substantiate the
superiority of ESPB over OSTAPB in various surgical
procedures and we recommend for reducing variability
in future studies.
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