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Abstract 

Background Erector spinae plane block (ESPB) and serratus anterior plane block (SAPB) are regional anesthesia 
techniques that have shown favorable results in pain management following thoracic surgeries; however, their rela-
tive superiority is unclear. This review (PROSPERO: CRD42023443018) aims to compare the analgesic efficacy of ESPB 
and SAPB in patients undergoing thoracic surgeries through the pooled analysis of co-primary outcomes: postopera-
tive oral-morphine-equivalent (mg) consumption in 24 h and pain scores (static) at 24 h.

Methods A literature search was conducted across PubMed, Cochrane Library, and Google Scholar to identify rand-
omized controlled trials (RCTs) from inception to May 2023, comparing ESPB and SAPB in thoracic surgeries. Statistical 
pooling was done using Review Manager 5.4.1. Bias assessment employed the Cochrane Collaboration Risk-of-Bias 2.0 
tool. The strength of evidence was assessed using the guidelines from the GRADE working group.

Results Nine RCTs (485 patients) were included in the study. Postoperative pain scores (static) at 24 h (mean differ-
ence (MD) =  − 0.31 [− 0.57, 0.05], p = 0.02) and postoperative oral-morphine-equivalent (mg) consumption in 24 h 
(MD =  − 19.73 [− 25.65, − 13.80], p < 0.00001) were significantly lower in the ESBP group. However, the MDs did 
not exceed the set threshold for clinical importance. No significant differences were observed in the opioid-related 
adverse effects and block-related complications.

Conclusion Our statistically significant results imply that ESPB has superior analgesic efficacy compared to SAPB; 
however, this difference is clinically unimportant. The safety profile of the two blocks is comparable; hence, current 
evidence cannot define the relative superiority of one block over the other. Our findings warrant further research 
with standardized methodologies and a longer duration of analgesic efficacy assessment to yield robust evidence 
for better clinical applications.
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Introduction
Thoracic surgical procedures involving thoracotomy 
and video-assisted thoracoscopic surgery (VATS) are 
associated with significant postoperative pain of vary-
ing intensity and duration [1, 2]. Despite advancements 
in medical practice, adequate postoperative pain man-
agement remains elusive [3]. Post-thoracotomy pain 
originating from pleural irritation and damage to the 
intercostal nerves and muscles is one of the most severe 
postsurgical pains [4]. It is associated with significant 
morbidity due to decreased mobility, impaired res-
piratory function, hemodynamic instability, and chest 
infections [5, 6]. Adequate management of acute pain 
is crucial to prevent these complications and to avert 
persistent postsurgical pain (PPSP), which develops in 
about 25 to 60% of patients [3]. Postoperative opioids 
have traditionally been used to alleviate pain; however, 
their limitations have necessitated exploring alternative 
approaches such as thoracic epidural analgesia (TEA), 
paravertebral block (PVB), interfascial plane blocks, and 
intercostal nerve blocks [7].

Serratus anterior plane block (SAPB) and erector spi-
nae plane block (ESPB), two interfascial plane blocks, 
described by Blanco et  al. in 2013 and Forero et  al. in 
2016, have demonstrated pain relief in thoracic surger-
ies. These blocks gained popularity due to their efficacy 
and favorable adverse effect profile [8]. SAPB acts on the 
lateral branches of the intercostal nerves, blocking pain 
reception in the chest wall [9], while ESPB involves the 
deposition of local anesthetic (LA) in the fascial plane 
between erector spinae muscle and tips of the transverse 
processes of the vertebrae [10–12]. To prevent excessive 
opioid consumption [13, 14] and reduce complications 
stemming from severe postoperative pain, it is impera-
tive to provide optimal regional anesthesia in accordance 
with the enhanced recovery after surgery (ERAS) proto-
col [15].

This systematic review and meta-analysis aim to 
address the existing knowledge gap regarding the com-
parative effectiveness of the two blocks by synthesizing 
robust and reliable evidence. Notably, to our knowledge, 
this specific topic has not yet been the subject of a 
meta-analysis, and existing randomized controlled trials 
(RCTs) have reported conflicting evidence [12, 15], mak-
ing our research particularly valuable in providing a 
comprehensive synthesis of existing evidence on these 
analgesic approaches. The primary objective is to iden-
tify which technique, ESPB or SAPB, provides superior 

analgesic efficacy in terms of pain severity at rest and opi-
oid consumption during the postoperative period, par-
ticularly within the first 24 h.

Methods
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses statement (PRISMA) guidelines were 
followed for this systematic review and meta-analysis 
[16]. The protocol for this meta-analysis was registered 
in the International Prospective Register for Systematic 
Reviews (PROSPERO) with ID CRD42023443018. The 
study protocol was modified to exclude observational 
studies and studies comparing the efficacy of the two 
blocks in patients undergoing breast surgery.

Eligibility criteria
We included RCTs that met the following criteria: (1) 
assessed the use of ESPB as intervention and SAPB as a 
comparator, (2) involved patients undergoing thoracic 
surgery (thoracotomy or VATS), (3) reported postopera-
tive pain scores at 24 h or postoperative opioid consump-
tion within 24  h as outcomes, and (4) provide full-text 
access, either in English or any other language. Addition-
ally, articles that did not provide the data necessary for 
calculating a mean difference (MD) and a 95% confidence 
interval (CI) were excluded.

Search strategy
The authors conducted a systematic literature review 
on PubMed, Google Scholar, and Cochrane Library 
from inception through July 2023, using a preformu-
lated search term to retrieve all pertinent publications. 
The search string was generated by combining keywords 
related to the following terms: SAPB, ESPB, thoracic sur-
gery, thoracotomy, and VATS. Online supplementary 
appendix A provides the detailed search technique. Addi-
tionally, the bibliography of potentially eligible articles 
was examined for relevant studies.

EndNote X7 was used to store references and remove 
any duplicate studies. Initially, two impartial reviewers 
[S.K. and Q.M.] skimmed the titles and abstracts, and a 
third reviewer [H.H.B.] was brought in in case of dispari-
ties. Finally, the entire text was read thoroughly to deter-
mine eligibility.

Data extraction
The data extraction team [NMA and MAS] created an 
extraction form on Google Sheets. The retrieved data 

Keywords Regional anesthesia, Nerve Block (D009407), Post-operative Pain (D010149), Thoracotomy (D013908), 
Thoracic Surgery, Video-Assisted (D020775)
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included the name of the first author, year of publication, 
total number of participants, mean age, gender, and BMI 
of participants; type of surgery; details of the block pro-
cedure and analgesic regimen used; primary outcomes 
(rest pain scores at 24  h and postoperative opioid con-
sumption in 24  h); and secondary outcomes (rest pain 
scores at 2 and 12 h, pain scores on movement at 2, 12, 
and 24 h, time to receive the first dose of postoperative 
opioids, successful-block in the first attempt, adverse 
effects including nausea vomiting, itching and hypoten-
sion). For continuous outcome data, we extracted the 
mean (standard deviation). Standardized statistical con-
versions were made if the data was reported as median 
(IQR). Dichotomous data was extracted in events/total 
format. Graphical data was extracted using the Plot digi-
tizer online application. Extracted data was verified by a 
third reviewer [HI].

Quality assessment and risk of bias
To evaluate the methodological quality of the RCTs, 
we employed the Cochrane Collaboration Risk-of-Bias 
2.0 tool [17], which comprises five domains. The tool 
assesses bias arising from randomization, deviation from 
planned intervention, missing data, inappropriate out-
come measurement methods, and selective reporting. 
Two independent reviewers [Q.M. and R.I.] meticulously 
assessed each trial’s methodology and assigned a risk of 
bias rating as low, unclear, or high based on predeter-
mined criteria. Any discrepancies were resolved through 
reevaluation by a third reviewer [S.A.].

For each statistically pooled outcome, we assessed the 
overall strength of evidence using the guidelines created 
by the Grades of Recommendation, Assessment, Devel-
opment, and Evaluation (GRADE) working group [18]. 
Following this, the evidence strength was classified as 
high-quality (⊕⊕⊕⊕), moderate-quality (⊕⊕⊕⊕ ⊖), 
low-quality (⊕⊕ ⊖ ⊖), or very low-quality (⊕ ⊖  ⊖ ⊖) 
evidence.

Primary and secondary outcomes
The co-primary outcomes included postoperative pain 
scores (static) at 24  h and postoperative oral morphine 
(mg) equivalent consumption at 24  h. The secondary 
outcomes we evaluated were postoperative pain scores 
(static) at 2 and 12 h, pain scores (dynamic) at 2, 12, and 
24 h, time to receive the first dose of postoperative opi-
oids, successful block in the first attempt, opioid-related 
adverse effects, and block-related complications.

Measurement of outcomes
Postoperative pain scores were recorded at rest (static) 
and on movement (dynamic) at 2, 12, and 24 h. The pain 
score data was converted into an equivalent score on a 

0–10 cm visual analog scale (VAS: 0: no pain; 10: worst 
experienced pain). The doses of different postopera-
tive opioids consumed within 24  h were converted into 
equivalent doses of oral morphine in milligrams using a 
standardized converter [19]. All the time-to-event data 
was converted to hours.

Interpretation
We interpreted our co-primary outcomes in terms of 
minimal clinically important difference (MCID). The 
outcome “postoperative pain scores (static) at 24 h” was 
deemed clinically important if the mean difference (MD) 
of the pooled VAS score exceeded 1.1 cm [20]. Similarly, 
the MCID for “24-h postoperative oral morphine (mg) 
equivalent consumption” was taken as 30 mg of oral mor-
phine [20].

Statistical analysis
Review Manager 5.4.1 was used for meta-analysis. The 
generic-inverse variance method with a random-effects 
model was used to calculate the MD with the corre-
sponding 95% confidence interval (CI) for continuous 
variables. For dichotomous variables, the Mantel–Haen-
szel method with a random-effects model was used to 
calculate the risk ratio (RR). p < 0.05 was defined as the 
threshold for statistical significance.

The results of the pooled studies were demonstrated 
in forest plots, and funnel plots were created to evaluate 
publication bias. To confirm our findings, Egger’s regres-
sion test was applied. Higgin’s I2 test was used to assess 
the degree of inconsistency among the included studies. 
The degree of heterogeneity was defined as follows: low 
heterogeneity (I2 < 25%), moderate (I2 = 25–75%), and 
high (I2 > 75%). Moderate and high heterogeneity necessi-
tated the exploration of the causes of heterogeneity [21].

Methods to explore causes of heterogeneity
Sensitivity analysis, subgroup analysis, and meta-regres-
sion were performed to explore reasons for significant 
heterogeneity. Sensitivity analysis was performed by the 
e sequential exclusion of the studies on the basis of (1) 
the use of perineural adjuncts like epinephrine, dexa-
methasone, or lignocaine in the LA mixture; (2) the use 
of a continuous infusion of LA instead of a single-shot 
block; (3) the use of any LA other than the most com-
monly used LA, i.e., bupivacaine; and (4) administration 
of block before general anesthesia. To perform subgroup 
analysis, the studies were divided into two subgroups 
according to the type of surgery performed: thoracotomy 
and VATS. A univariate meta-regression was performed 
using STATA 17.0 to identify study-level variables that 
might have been a possible source of substantial hetero-
geneity across the results of the two primary outcomes. 
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The dose of the LA and the mode of postoperative 
analgesia (unimodal = purely opioid-based vs. multi-
modal = use of analgesic adjuvants such as paracetamol, 
and non-steroidal anti-inflammatory drugs) were identi-
fied as potential sources of high heterogeneity. Previous 
reviews comparing nerve blocks have also attributed high 
heterogeneity to the above co-variates [20, 22]. A meta-
regression coefficient(β) was considered statistically sig-
nificant at p ≤ 0.05.

Results
Study selection
The search strategy yielded 588 results. After removing 
duplicates, a total of 377 citations were subject to title 
and abstract screening. Of these, 315 were excluded, 
leaving 62 studies for full-text examination. Finally, 9 
RCTs [7, 12, 15, 23–28] were included in the meta-anal-
ysis (Fig. 1).

Risk of bias assessment
Eight studies [7, 12, 15, 23–26] adequately described 
the random sequence generation methods and 
reported using allocation concealment to reduce bias. 
Three studies [7, 12, 26] clearly stated that the partici-
pants were blinded. Three studies [7, 24, 26] explicitly 

reported that the outcome assessors were also blinded. 
All the studies were low risk for reporting bias (Fig. 2).

Study characteristics
The included studies were conducted in various coun-
tries, such as Turkey, Egypt, Ireland, India, Italy, Bel-
gium, and the USA, from 2019 to 2022. The number of 
participants in the studies ranged from 34 to 60. Three 
studies included patients undergoing thoracotomy [7, 
24, 28], while six studies included patients undergo-
ing VATS [12, 15, 23, 25, 26] (online supplementary 
appendix B). The details of block characteristics and 
analgesic regimes have been summarized in Table  1. 
Regarding the LA used, five studies [7, 15, 23, 25, 26] 
used 20 mL of 0.25–0.5% bupivacaine, while three stud-
ies used 30  mL of 0.25% bupivacaine [24, 28] and lev-
obupivacaine [12]. Only one study used 20 mL of 0.4% 
ropivacaine [26].

Outcomes
Outcomes are represented in a tabulated form in online 
supplementary appendix B.

Fig. 1 PRISMA Flowchart. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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Primary outcomes
Postoperative pain scores (static) at 24 h
Nine studies  [7, 12, 15, 23–28] inclusive of 485 patients 
(ESPB:242, SAPB:243) reported rest pain scores at 24 h. 
The pooled analysis showed that patients receiving ESPB 
reported less pain than those given SAPB (MD =  − 0.31 
[− 0.57, − 0.05], p = 0.02, I2 = 65%) (Fig.  3a). ESPB 
reduced pain score at 24 h in the subgroup thoracotomy 
(MD =  − 0.51 [− 0.85, − 0.16], p = 0.004, I2 = 56%). For the 
subgroup “VATS,” there was no significant difference in 
the pain scores between the two groups (MD =  − 0.17 
[− 0.51, 0.16], p = 0.31, I2 = 55%) (Fig.  3b). None of the 
MDs reached the threshold for clinical importance. Our 
results were robust to sensitivity analysis; the exclusion of 
the studies on the basis of the use of perineural adjunct 
(lidocaine + epinephrine) [28] and administration of 
block before general anesthesia (GA) [15, 28] reduced the 
heterogeneity to 0%. Visually, the funnel plot appeared 
symmetrical, and Egger’s regression revealed a non-
significant intercept (p = 0.77), indicating the absence 
of publication bias (online supplementary appendix 
C). Hence, the GRADE strength of evidence was high 
(Table 2).

24‑h postoperative oral morphine (mg) equivalent 
consumption
Eight studies [7, 12, 15, 23, 24, 26–28] inclusive of 425 
patients (ESPB:212, SAPB:213) reported postopera-
tive opioid consumption in 24 h. The pooled analysis of 
equivalent doses of oral morphine in milligrams revealed 
that the dose of morphine consumption was signifi-
cantly lower in the ESPB group as compared to the SAPB 
group (MD =  − 19.73 [− 25.65, − 13.80], p < 0.00001, 
I2 = 90%) (Fig. 4a). The ESPB group required lower doses 
of postoperative opioids in the subgroup “thoracotomy” 
(MD =  − 25.82 [− 32.07, − 19.56], p < 0.00001, I2 = 77%) 
and “VATS” (MD =  − 15.28 [− 20.59, − 9.96], p < 0.00001, 
I2 = 71%) (Fig.  4b). Our results were statistically 

significant; however, the MD fell short of the threshold 
set for clinical importance. On sensitivity analysis, the 
exclusion of the study [27] based on the use of 0.4% ropi-
vacaine reduced heterogeneity in the subgroup “VATS” 
to 0%. The funnel plot appeared symmetrical, and Egger’s 
regression intercept was insignificant (p = 0.68) for pub-
lication bias. The GRADE strength of the evidence was 
moderate (Table 2).

Secondary outcomes
Pain scores (static) at 2 and 12 h
Eight studies [7, 15, 23–28] inclusive of 425 patients 
(ESPB:212, SAPB:213) reported rest pain scores at 2  h. 
No significant differences were observed between the 
two groups for this outcome (MD =  − 0.38 [− 0.94, 0.19], 
p = 0.19, I2 = 95%) (Fig. 5a). The forest plot appeared sym-
metrical, and Egger’s regression intercept (p = 0.81) was 
insignificant for publication bias (online supplementary 
appendix C).

Five studies [7, 15, 25, 26, 28] inclusive of 291 patients 
(ESPB:145, SAPB:146) reported rest pain scores at 
12  h. The pain scores were lower in the ESPB group 
(MD =  − 0.49 [− 0.94, − 0.04], p = 0.03, I2 = 91%) (Fig. 5b). 
On sensitivity analysis, removing the study [28] using 
perineural adjuncts (lignocaine and epinephrine) reduced 
the heterogeneity to 43%. The funnel plot was asymmet-
rical, and Egger’s regression intercept (p = 0.02) indicated 
significant publication bias (online supplemental appen-
dix C). The GRADE strength of evidence was moderate 
for both these outcomes (Table 2).

Pain scores (dynamic) at 2, 12, and 24 h
Pain scores (dynamic) for ESPB and SAPB were reported 
by five studies [7, 15, 24–26] at 2 h, four studies [7, 15, 25, 
26] at 12 h, and six studies [7, 15, 24–26] at 24 h. There 
was no significant difference between the two groups 
at 2  h (MD =  − 0.53 [− 1.14, 0.08], p = 0.09, I2 = 72%) 
(Fig.  6a). However, pain scores were significantly lower 

Fig. 2 Risk of bias assessment for the included trials using Cochrane risk of bias tool 2.0
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in the ESPB group at 12 h (MD =  − 0.72 [− 1.09, − 0.35], 
p = 0.0002, I2 = 46) (Fig.  6b) and 24  h (MD =  − 0.64 
[− 1.13, − 0.14], p = 0.01, I2 = 78%) (Fig.  6c). For all three 
time points, Egger’s regression intercept was insignificant 
for publication bias (online supplementary appendix C). 
The GRADE strength of evidence for all three outcomes 
was moderate (Table 2).

Time to request the first dose of postoperative analgesia 
(hours)
Time to request the first dose of postoperative anal-
gesia (hours) was recorded by six studies [12, 23–26, 
28] with a total of 310 patients (ESPB:155, SAPB:155). 

The pooled analysis revealed that the time-to-first 
analgesic request was significantly longer in the ESBP 
group than in the SABP group (MD = 2.70 [1.64, 3.77], 
p < 0.00001, I2 = 99%) (Fig.  7a). Substantial heteroge-
neity was observed across the included studies, which 
was neither resolved on subgroup analysis nor sensi-
tivity analysis. On subgroup analysis, there was no sig-
nificant difference in the time to request the first dose 
of postoperative analgesia (Fig.  7b). Asymmetry was 
detected on visual inspection of the funnel plot; how-
ever, Egger’s regression intercept (p = 0.50) was insig-
nificant for publication bias (online supplementary 
appendix C). The GRADE strength of evidence was 
moderate (Table 2).

a

b

Fig. 3 a Forest plot of postoperative pain scores (static) at 24 h. The MD estimates for each study are represented by squares, and the lines passing 
through them represent 95% CI. The diamond represents the overall pooled estimate. b Postoperative pain scores (static) at 24 h (forest plot 
of subgroup analysis). MD mean difference, CI confidence interval, IV inverse variance, SD standard deviation, ESPB erector spinae plane block, SAPB 
serratus anterior plane block, VATS video-assisted thoracoscopic surgery
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Successful block on the first attempt
Two studies [15, 28] with a total of 119 patients (ESPB:60, 
SAPB:59) reported the percentage of successful block 
administration in the first attempt (ESPB = 78.3%, 
SAPB = 86.4%). The pooled analysis depicted that there 
are no differences in the one-time puncture success rate 
between the ESPB group and the SAPB group (RR = 0.92 
[0.74, 1.14], p = 0.44, I2 = 41%) (Fig. 8).

Opioid‑related adverse effects

Postoperative nausea and vomiting (PONV) Five stud-
ies [15, 23, 24, 26, 27], totaling 251 patients (ESPB:125, 
SAPB:126), assessed the adverse effect: nausea. 20.8% 
(26/125) and 22.2% (28/126) patients reported nausea 
in the ESPB and SAPB groups, respectively. The pooled 
analysis showed no significant difference. (RR = 0.94 

Table 2 Evidence profile for patients receiving erector spinae vs serratus anterior plane block in thoracic surgeries

GRADE Grades of Recommendation, Assessment, Development and Evaluation, VATS Video-assisted thoracoscopic surgery, MD mean difference, RR risk ratio, CI 
confidence interval.

Outcomes Limitations Inconsistency Indirectness Publication bias Mean difference 
or RR [95% CI]

No of 
participants 
(studies)

Strength or 
certainty of 
the evidence 
(GRADE)

Postoperative Pain 
Scores (Static) 
at 24 h

No serious limita-
tion

Moderate test 
for inconsistency 
(I2 = 65); resolu-
tion on sensitivity 
analysis

Not detected Not detected  − 0.31 
[− 0.57, − 0.05]

485 (9)  ⊕  ⊕  ⊕  ⊕ High

24-h postopera-
tive oral morphine 
(mg) equivalent 
consumption

No serious limita-
tion

High test for incon-
sistency (I2 = 90%); 
resolution on sen-
sitivity analysis 
for subgroup “VATS”

Not detected Not detected  − 19.75 
[− 25.65, − 13.80]

425 (8)  ⊕  ⊕  ⊕  ⊖ Mod-
erate

Pain scores (static) 
at 2 h

No serious limita-
tion

High test for incon-
sistency  (12 = 95%)

Not detected Not detected  − 0.38 [− 0.94, 
0.19]

425 (8)  ⊕  ⊕  ⊕  ⊖ Mod-
erate

Pain scores (static) 
at 12 h

No serious limita-
tion

High test for incon-
sistency  (12 = 91%)

Not detected Not detected  − 0.49 
[− 0.94, − 0.04]

291 (5)  ⊕  ⊕  ⊕  ⊖ Mod-
erate

Pain scores 
(dynamic) at 2 h

No serious limita-
tion

Moderate test 
for inconsistency 
 (12 = 72%) 

Not detected Not detected  − 0.53 [1.14, 0.08] 269 (5)  ⊕  ⊕  ⊕  ⊖ Mod-
erate

Pain scores 
(dynamic) at 12 h

No serious limita-
tion

Moderate test 
for inconsistency 
 (12 = 46%) 

Not detected Not detected  − 0.72 
[− 1.09, − 0.35]

345 (4)  ⊕  ⊕  ⊕  ⊖ Mod-
erate

Pain scores 
(dynamic) at 24 h

No serious limita-
tion

High test for incon-
sistency  (12 = 78%) 

Not detected Not detected  − 0.64 
[− 1.13, − 0.14]

439 (6)  ⊕  ⊕  ⊕  ⊖ Mod-
erate

Time to request 
first dose 
of postoperative 
analgesia

No serious limita-
tion

High test for incon-
sistency  (12 = 99%) 

Not detected Not detected 2.70 [1.64, 3.77] 310 (6)  ⊕  ⊕  ⊕ Moder-
ate

Successful block 
on first attempt

No serious limita-
tion

Moderate test 
for inconsistency 
 (12 = 41%) 

Not detected Not detected 0.92 [0.74, 1.14] 119 (2)  ⊕  ⊕  ⊕  ⊖ Mod-
erate

Postoperative 
nausea

No serious limita-
tion

Low test for incon-
sistency  (12 = 0%)

Not detected Not detected 0.94 [0.61, 1.46] 251 (5)  ⊕  ⊕  ⊕  ⊕ High

Postoperative 
vomiting

No serious limita-
tion

Low test for incon-
sistency  (12 = 0%)

Not detected Significant 
bias detected 
on Egger’s regres-
sion (p = 0.005)

0.86 [0.56, 1.34] 251 (5)  ⊕  ⊕  ⊕  ⊖ Mod-
erate

Hypotension No serious limita-
tion

Moderate test 
for inconsistency 
 (12 = 63%)

Not detected Not detected 1.11 [0.17, 7.04] 189 (4)  ⊕  ⊕  ⊕  ⊖ Mod-
erate
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[0.61, 1.46], p = 0.79, I2 = 0%) (Fig. 9a). Egger’s regression 
intercept was insignificant (p = 0.91) (online supplemen-
tary appendix C) [7, 12, 23, 24]. The GRADE strength of 
evidence was high (Table 2).

Five articles [12, 15, 23, 24, 27], including 251 patients 
(ESPB:125, SAPB:126), reported vomiting. 17.6% 
(22/125) and 20.3% (29/126) patients experienced vom-
iting in the ESPB and SAPB groups, respectively, indi-
cating no clinically significant difference (RR = 0.86 
[0.56,1.34], p = 0.51, I2 = 0%) (Fig.  9b). Egger’s regres-
sion intercept was significant (p = 0.005), indicating 
publication bias (online supplementary appendix C). 
Hence, the GRADE strength of evidence was moderate 
(Table 2).

Block‑related complications
All studies reported block-related complications. Hypo-
tension was reported by four studies [7, 12, 23, 24], 
which included 189 patients. It was experienced by 10.6% 
(10/94) of patients in the ESPB group and 8.4% (8/95) 
in the SAPB group. The results were comparable among 
the two groups (RR = 1.11 [0.17,7.04], p = 0.91, I2 = 63%) 
(Fig.  10). Egger’s regression test (p = 0.79) revealed no 
publication bias (online supplementary appendix C). The 
GRADE strength of evidence was moderate (Table  2). 
Finnerty et  al. [12] reported complications in terms of 
a comprehensive complication index (CCI), which was 
significantly lower for the ESPB group (p = 0.03). Zhang 
et al. [26] reported postoperative pneumonia and bleed-
ing requiring transfusion with similar incidence in both 

a

b

Fig. 4 a Forest plot of 24-h postoperative oral morphine (mg) equivalent consumption. The MD estimates for each study are represented 
by squares and the lines passing through them represent 95% CI. The diamond represents the overall pooled estimate. b 24-h postoperative 
oral morphine (mg) equivalent consumption (forest plot for subgroup analysis). MD Mean difference, CI Confidence interval, IV Inverse variance, 
SD Standard deviation, ESPB Erector spinae plane block, SAPB Serratus anterior plane block, VATS Video-assisted thoracoscopic surgery
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groups. The remaining studies did not observe any block-
related complications.

Meta-regression
The meta-regression analysis showed that the MD of the 
postoperative pain scores (static) at 24  h was depend-
ent upon the dose of LA (β =  − 0.06, p < 0.001); however, 
it was independent of the analgesic modality (β = 0.07, 
p = 0.89). The MD of the co-primary outcome, postop-
erative oral morphine equivalent consumption, was inde-
pendent of the dose of LA (β =  − 0.81, p = 0.21) and mode 
of analgesia (β =  − 7.17, p = 0.41) (online supplementary 
appendix D).

Discussion
Overall findings
Our primary outcome analysis revealed statistically sig-
nificant results implying that ESPB had superior anal-
gesic efficacy. However, when these differences were 
interpreted in the light of MCID, none of the MDs sur-
passed the threshold for clinical importance. ESPB 
offered a modest benefit in reducing rest pain scores 
at 24  h by 0.31  cm (high-quality evidence) but did not 
reach the threshold for clinical significance, i.e., 1.1  cm 
[20, 29]. Similarly, ESPB reduced oral morphine con-
sumption by 19.73  mg (moderate-quality evidence), 
while MCID is 30  mg of oral morphine [20]. The 

first-analgesic-request-time was also significantly pro-
longed in the ESPB group (moderate-quality evidence). 
Regarding the safety profile of the two blocks, there were 
no significant differences in the opioid-related adverse 
effects and block-related complications. Finnerty et  al. 
[12] compared the block-related complications with the 
use of CCI [30] and reported a significantly higher score 
for the SAPB group. Hassan et al. [7] compared the res-
piratory functions among the two groups. At 24 h post-
operatively, the forced vital capacity (FVC) and forced 
expiratory volume in the first second (FEV1) were signifi-
cantly higher in the ESPB group (p < 0.001). These obser-
vations, despite being interesting, were recorded by only 
one study; hence, they merit further research and dis-
cussion. Altogether, our findings cannot define the rela-
tive superiority of one block over the other in the light of 
comparable efficacy and adverse effect profiles.

Implications for research
This is the first review conducted to investigate the com-
parative effectiveness of the two blocks. Eight RCTs 
included in the review reported better analgesic efficacy 
of ESPB; however, Zengin et al. [26] concluded that com-
bined deep and superficial SAPB (cSAPB) had similar 
efficacy to ESPB. The authors pointed out that a multi-
site injection can increase the LA diffusion area and com-
pensate for block failure in one area [26]. However, based 

a

b

Fig. 5 a Postoperative pain scores (static) at 2 h. b Postoperative pain scores (static) at 12 h. MD Mean difference, CI Confidence interval, IV Inverse 
variance, SD Standard deviation, ESPB Erector spinae plane block, SAPB Serratus anterior plane block
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on a pooled data analysis from existing RCTs, our review 
concludes that the difference between the two blocks, 
although statistically significant, is clinically unimpor-
tant. Future trials should assess analgesic efficacy over 
longer postoperative duration, i.e., 48 to 72 h. Addition-
ally, among the included RCTs, only one study used a 
continuous block [24]. Future studies comparing the effi-
cacy of single-shot versus continuous ESPB and SAPB 
can also provide valuable evidence as safer alternatives to 
TPVB and TEA.

Anatomical perspective
ESPB and SAPB are both interfascial plane blocks of the 
chest wall, but our theoretical results, which imply that 
ESPB provides better postoperative analgesia in patients 
undergoing thoracic surgery, can be explained by the 
observation that ESPB blocks both dorsal and ventral 
rami of the thoracic spinal nerves in addition to some 

sympathetic blockade [12], while SAPB only targets 
the lateral cutaneous branches of the intercostal nerve. 
Moreover, due to its superficial nature, SAPB fails to 
effectively manage visceral pleural pain, particularly in 
pleural decortication procedures [6, 7]. Erector spinae 
(ES) fascia runs from the nuchal fascia to the sacrum; 
hence, ESPB offers a multilevel dermatomal block that 
can manage pain from the anterior, lateral, and posterior 
chest walls [9].

Strengths and limitations
To the best of our knowledge, a comparison of ESPB and 
SAPB for postoperative analgesia following thoracic sur-
gery has not yet been the subject of a meta-analysis. Our 
detailed search strategy identified both English and non-
English studies to be included in the review. This allowed 
us to include nine RCTs with a total of 485 participants 
from various countries and ethnic groups. Thus, it has 

a

b

c

Fig. 6 a Postoperative pain scores (dynamic) at 2 h. b Postoperative pain scores (dynamic) at 12 h. c Postoperative pain scores (dynamic) at 24 h. 
MD Mean difference, CI Confidence interval, IV Inverse variance, SD Standard deviation, ESPB Erector spinae plane block, SAPB Serratus anterior plane 
block
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a better chance of extrapolating to the entire popula-
tion. The interpretation of our results in accordance with 
MCID prevents the overestimation of the statistically sig-
nificant differences. We used suitable methods to resolve 
heterogeneity. Moderate heterogeneity (I2 = 65%) was 
observed in the primary outcome “postoperative pain 
scores” (static) at 24 h. Sensitivity analysis resolved het-
erogeneity in our results, which could be attributed to (1) 

the use of perineural adjuncts in the LA mixture [28] and 
the administration of block before GA [15, 28]. Meta-
regression revealed that the results were also dependent 
upon the dose of LA. High heterogeneity was observed in 
the co-primary outcome, which was a 24-h postoperative 
oral morphine (mg) equivalent consumption. The high 
inconsistency in results was robust to sensitivity analysis. 
On the exclusion of the study, Zhang et al. [26], based on 

a

b

Fig. 7 a Forest plot for time to request the first dose of postoperative analgesia. b Forest plot for time to request the first dose of postoperative 
analgesia (subgroup analysis). MD Mean difference, CI Confidence interval, IV Inverse variance, SD Standard deviation, ESPB erector spinae plane 
block, SAPB Serratus anterior plane block

Fig. 8 Forest plot for the successful block in the first attempt. RR Relative risk, CI Confidence interval, M–H Mantel Haenszel, SD Standard deviation, 
ESPB Erector spinae plane block, SAPB Serratus anterior plane block
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the use of a different LA, i.e., ropivacaine, the heteroge-
neity reduced to 0% in the subgroup VATS. Conversely, 
there are certain limitations to this study:

• Despite sensitivity analysis, subgroup analysis, 
and meta-regression some residual heterogeneity 
remained unexplained. The diversity of the surgi-
cal procedures and anesthetic techniques could be a 
potential source of heterogeneity.

• Secondly, most of the studies included in this sys-
tematic review and meta-analysis had relatively small 
sample sizes, potentially limiting the external validity 

of the results. The small sample sizes also prevented 
us from estimating some of the rare but important 
block-related complications.

Despite the aforementioned shortcomings, our study 
remains the most current and thorough meta-analysis.

Conclusions
Our review of nine RCTs revealed that ESPB signifi-
cantly reduced rest pain scores at 24  h and decreased 
postoperative opioid consumption compared to SAPB 
in patients undergoing thoracic surgeries; however, this 

a

b

Fig. 9 a Forest plot for postoperative nausea (adverse effects of the blocks). b Forest plot for postoperative vomiting (adverse effects of the blocks). 
RR Relative risk, CI Confidence interval, M–H Mantel Haenszel, SD Standard deviation, ESPB Erector spinae plane block, SAPB Serratus anterior plane 
block

Fig. 10 Forest plot for hypotension (adverse effects of the blocks). RR Relative risk, CI Confidence interval, MH Mantel Haenszel, SD Standard 
deviation, ESPB Erector spinae plane block, SAPB Serratus anterior plane block
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difference remained clinically unimportant. The safety 
profile of the two blocks was comparable; hence, cur-
rent evidence cannot define the relative superiority of 
one block over the other. Our findings warrant further 
research with standardized methodologies and a longer 
duration of analgesic efficacy assessment to yield robust 
evidence for better clinical applications.
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