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Study Objective: Pain management plays a pivotal role in enhanced recovery after surgery (ERAS). Erector spinae plane block
(ESPB) is widely used in many regions to treat perioperative pain, but its benefits are still somewhat controversial. We, therefore,
intent to systematically review the available literature on ESPB, to elucidate its effects on opioid-sparing analgesia, and summarize its
potential complications.
Design: Systematic review of randomized controlled trials (RCTs) with meta-analysis.
Setting: Postoperative opioid consumption for various surgeries.
Patients: Patients undergoing various surgeries.
Intervention: We searched relevant studies in PubMed, EMBASE, Medline, and the Cochrane Library up to May 16, 2021. All
prospective and RCTs that compared ESPB and sham block or no block were enrolled.
Measurements: The primary outcomes were postoperative opioid consumption during the first 24 hours. The secondary outcomes
were the requirement of rescue analgesia, time to first rescue analgesic and ESPB-related adverse events.
Results: We included 52 trials that reported postoperative opioid consumption during the first 24 hours. The results presented that
compared to control group (ie, no intervention or a sham block), ESPB reduced the accumulated opioid consumption during the first 24
h after surgery [mean difference (MD) of − 12.83 (95% CI: − 17.29 to − 8.38; p < 0.001) mg; I2 = 100%]. Besides, ESPB could
prolong time to first rescue analgesia after surgery [SMD = 5.31; 95% CI 4.01–6.61; p < 0.001; I2 = 97%]. The number of patients who
received rescue analgesia after surgery in the ESPB group was less than that in the control group (OR 0.13; 95% CI 0.09, 0.21; p <
0.001; I2 = 54%), and the incidence of PONV was lower in the ESPB group (OR 0.51; 95% CI 0.43, 0.62; p < 0.001; I2 = 19%).
Conclusion: ESPB is an effective technique on pain management with few complications.
Keywords: erector spinae plane block, ESPB, opioid consumption, postoperative nausea and vomiting, PONV

Introduction
In recent years, multimodal approaches related to Enhanced Recovery After Surgery (ERAS), including shortening
fasting time before surgery, combined with regional blocks, reducing opiate usage, early feeding after surgery, early
mobilization, and optimal pain control to avoid stress, have been proposed to reduce complications and decrease hospital
costs.1,2 Among those, pain management plays a pivotal role as it ensures patients’ satisfaction and early rehabilitation,
and further improves outcomes.
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Traditionally, opioids have been considered as an important component for pain management not only intraoperatively
but also postoperatively due to their perfect analgesic efficacy. However, their relevant complications (ie, respiratory
depression, nausea and vomiting, constipation, pruritis and opioid dependence) have been realized by providers. A large-
scale retrospective study of 319,898 surgical procedures showed 12.2% of patients experienced opioid-related adverse
events. Patients suffering from the opioid-related adverse events have a longer hospital stays, a greater overall hospital costs,3

and even a higher rate of mortality.4 More importantly, morphine may associate with tumor progression in animal model.5

The evidence indicates that opioid-related adverse events have become a major issue in deteriorating patient outcomes. Thus,
the concept of opioid sparing or opioid free anesthesia has been proposed, which can be achieved by multimodal analgesia,6

such as nonopioid analgesics, regional techniques, and neuraxial anesthesia.7

Erector spinae plane block (ESPB), one of novel regional techniques, was described in 2016 by Forero et al8 and it
had been performed for breast surgery,9 lumbar spine surgery,10,11 thoracoscopic surgery,12 cholecystectomy,13 and
cardiac surgery.14 Despite ESPB is widely used in many regions to treat perioperative pain, its benefits are still somewhat
controversial. Several meta-analyses have shown that ESPB can provide sufficient analgesic effects and reduce post-
operative opioid consumption; however, the results are not convincing enough due to the small number of cases included
and significant heterogeneity among studies.15,16 Besides, the mechanism of ESPB is still indeterminate. In the cadaveric
study, no spreading of the dye into the paravertebral space was observed to involve the origin of the ventral and dorsal
branches of the thoracic vertebral nerve,17 indicating the extent of blockage was not as wide as that observed in the initial
clinical finding.8 Besides, ESPB was performed in six male volunteers, and the authors found that cutaneous sensory loss
varied greatly between individuals.18

We, therefore, intent to systematically review the available literature on ESPB in various surgeries, to elucidate its
effects on opioid-sparing analgesia, and summarize its potential complications.

Methods
Literature Review and Search Strategy
This review was conducted in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and assessing the methodological quality of systematic reviews (AMSTAR). The scope of this
review included randomized controlled trials (RCT) reporting the ESPB in human subjects. PubMed, Embase, Ovid
Medline, and Cochrane Central Register of Controlled Trial (CENTRAL) were searched without language restriction up
to May 16, 2021. We considered for inclusion all prospective and randomized controlled trials which compared ESPB
and sham block or no block. All search terms were listed in Supplementary Table 1. This meta-analysis was registered at
PROSPERO with No. CRD42021265173.

Criteria for This Review
Inclusion Criteria
Types of patients: Adults (aged≥18 years)

Types of interventions: The intervention group was defined patients received ESPB, and the control group was
defined the patients received a sham block (block with normal saline) or no intervention.

Outcomes: Outcomes include the postoperative opioid consumption.
Types of studies: Only RCTs were included in the current study.

Exclusion Criteria
Studies were excluded if the patients received a continuous infusion of local anesthetic or different ESPB methods were
compared (ie, deep vs superficial ESP block, bilateral vs unilateral ESP block). Conference abstracts, letters, and study
protocols, that do not contain full-text context, were also excluded.
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Type of Outcome Measures
The primary outcomes were postoperative opioid consumption during the first 24 hours. A standardized conversion
calculator was used to estimate the consumption of opioids, and all data was converted to intravenous morphine
equivalents.19

The secondary outcomes were the requirement of rescue analgesia, time to the first rescue analgesic and ESPB-related
adverse events.

Data Retraction
Three co-authors (YC, YW, JY) extracted the data according to the aforementioned inclusion and exclusion criteria
independently. Disagreements over eligibility between the three reviewers were resolved by discussion. If necessary, we
would take a vote to make a judgement. The data was collected as follows: the first author, the year of publication,
sample size, number of patients in each group, type of surgery, ESPB group (type and dosage of local anesthetics),
control group (a sham block or no block) and outcomes. The first reviewer (YC) input the data, and the data accuracy was
double-checked by co-authors.

Quality Assessment
The quality of studies was evaluated by three authors (YC, YW, LR) using GRADEpro (McMaster University, Hamilton,
ON, Canada, 2014) and Review Manager ® Version 5.3 for Windows (RevMan, The Cochrane Collaboration, Oxford,
UK) independently, including random sequence generation, allocation concealment, performance bias, detection bias,
attribution bias, reporting bias, and others. The risk of bias was judged at three levels (low risk, unclear risk and high
risk).

Statistical Analysis
The continuous variables were expressed as means ± standard deviations (SD), and the dichotomous variables were
presented as numbers. For dichotomous outcomes, the odds ratio (OR) or risk ratio (RR) with 95% confidence interval
(95% CI) were calculated, and mean difference (MD) with 95% CI for continuous outcomes. If medians (IQR) or
median (min, max) was reported, the means ± SD would be calculated according to the method described in the previous
study.20 Statistical heterogeneity was estimated by I2 statistic. If a value of I2 > 50% which indicated the evidence of
significant heterogeneity, the random-effect model would be used, otherwise we would use a fixed effect model.
Moreover, in our study, a further subgroup analysis was conducted to identify the source of heterogeneity. We did
subgroup analysis according to different type of surgery, the definition of the control group and different type of
postoperative analgesics. Both the funnel plot and Egger’s test were used to identify potential publication bias, and
Review Manager software (RevMan, version 5.3) was used to performed data analysis. P value< 0.05 was considered
statistically significant.

Results
Search Results
A total of 1872 potentially relevant studies (PubMed 370, Embase 368, Ovid Medline 610, CENTRAL 524) were
identified based on our criteria. Of these, 715 duplicated articles and 1002 studies (animal studies, editorials, pediatric
surgery, protocols, retrospective studies, reviews, case reports and irrelevant studies) were excluded. The remaining 155
articles were fully reviewed. Finally, 52 RCTs with 3000 patients were included in the current review,10–12,14,21–68 each
reporting the preplanned primary outcomes. Interestingly, all studies are published between 2018 and 2021, showing that
ESPB is a novel technique. The process of literature selection was listed in Figure 1.

Out of the 52 RCTs, 11 were about breast surgeries,24–26,31,36,38,39,47,48,54,64 15 were about orthopedic
surgeries,10,11,21–23,27,28,32,33,50,52,53,56,57,60 5 were about thoracoscopic surgeries,12,25,34,58,59 6 were about
cholecystectomy,29,30,41,45,63,65 6 were about nephrolithotomy,37,44,49,61,62,68 2 were about cardiac surgeries,14,42 and 7
were others.40,43,46,51,55,66,67 The characteristics of enrolled 52 studies were listed in the Table 1.
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Quality Assessment
The risk of bias is presented in Figure 2. All enrolled trials presented a low risk of random sequence generation, and 33
of 52 showed a low risk of allocation concealment by describing the randomized method in detail. This risk of
performance and detection bias was considered as “unclear” or “high” in 30 and 13 out of 52, respectively. The funnel
plot for postoperative opioid consumption showed symmetry. (Supplementary Figure 1).

Primary Outcomes
Postoperative Opioid Consumption During the First 24 Hours
The pooled effect of 52 RCTs examining the effect of ESPB on postoperative opioid consumption during the first 24
h after surgery revealed a significant beneficial effect compared to control group [mean difference (MD) of − 12.83
(95% CI: − 17.29 to − 8.38; p < 0.001) mg], but with extremely high heterogeneity (I2 = 100%). (Figure 3) We
hypothesized that the possible reason was the different types of surgery included in the study or the difference in the
definitions of the control group (ie, no intervention or sham block). Thus, the subgroup analysis was performed as
follows.

Figure 1 Flow chart of search strategy to identify the eligible randomized controlled trials.
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Table 1 Summary of Details About the Enrolled Trials

Study Sample
Size (n)

Type of Surgery Intervention/
Control

Dose (Each Side) Outcomes

Zhu, 202110 40 Lumbar Fusion ESPB vs Sham

block

20 mL of 0.375% ropivacaine ①③④⑤

Zhang, 202021 60 Lumbar Surgery ESPB vs No

block

25 mL of 0.3% ropivacaine ①②④⑤

Zhang, 202122 60 Lumbar spinal fusion ESPB vs Sham

block

20 mL of 0.4% ropivacaine ①④⑤

Yeşiltaş, 202111 56 Lumbar Spondylolisthesis ESPB vs Sham

block

20 mL (1:1) mixture solution of

0.25% bupivacaine and 1.0%
lidocaine

①②③④⑤

Yayik, 201923 60 Lumbar spinal decompression
surgery

ESPB vs No
block

20mL of 0.25% bupivacaine ①②③④⑤

Yao, 202024 79 Modified radical mastectomy ESPB vs Sham
block

25 mL of 0.5% ropivacaine ①④⑤

Yao, 202025 75 Video-assisted thoracic surgery ESPB vs Sham
block

25 mL of 0.5% ropivacaine ①④⑤

Wang, 201926 100 Radical mastectomy ESPB vs No
block

20 mL of 0.375% ropivacaine ①④⑤

Wahdan, 202127 140 Lumbar spine surgery ESPB vs Sham
block

20 mL of 0.25% levobupivacaine ①②④⑤

Tulgar, 201828 40 Hip and proximal femur surgery ESPB vs No
block

20 mL of 0.5% bupivacaine, 10 mL of
2% lidocaine, 10 mL of normal saline

①③

Tulgar, 201829 30 Laparoscopic cholecystectomy ESPB vs No
block

20 mL of 0.375% ropivacaine ①③

Tulgar, 201930 40 Laparoscopic cholecystectomy ESPB vs No
block

20 mL of bupivacaine 0.5%, 10 mL of
lidocaine 2% and 10 mL of normal

saline

①③

Singh, 201931 40 Modified radical mastectomy ESPB vs No

block

20 mL of 0.5% bupivacaine ①③④⑤

Singh, 202032 40 Lumbar spine surgery ESPB vs No

block

20 mL of 0.5% bupivacaine ①②③④⑤

Siam, 202033 40 Lumbar spine surgery ESPB vs No

block

20 mL of 0.25% bupivacaine ①②

Shim, 202034 46 Video-assisted thoracoscopic

surgery

ESPB vs Sham

block

30 mL of 0.5% ropivacaine ①④⑤

Sharma, 202035 60 Total mastectomy and axillary

clearance

ESPB vs No

block

0.4mL/kg of 0.5% ropivacaine ①④⑤

Seelam, 202036 100 Mastectomy ESPB vs No

block

30 mL of 0.25% of bupivacaine ①③⑤

Prasad, 202037 61 Percutaneous nephrolithotomy ESPB vs No

block

20 mL of 0.375% ropivacaine ①②③④⑤

(Continued)
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Table 1 (Continued).

Study Sample
Size (n)

Type of Surgery Intervention/
Control

Dose (Each Side) Outcomes

Park, 202138 58 Mastectomy and immediate

breast reconstruction with

a tissue expander

ESPB vs No

block

30 mL of 0.375% ropivacaine ①③④⑤

Oksuz, 201939 43 Reduction Mammoplasty ESPB vs No

block

20 mL of 0.5% bupivacaine ①③④⑤

Mostafa, 202140 60 Laparoscopic bariatric surgery ESPB vs Sham
block

20 mL of 0.25% bupivacaine ①②④⑤

Liu, 202112 80 Video-assisted thoracoscopic
surgery

ESPB vs No
block

25 mL of 0.4% ropivacaine ①②④⑤

Kwon, 202041 53 Laparoscopic cholecystectomy ESPB vs No
block

20 mL of 0.20% ropivacaine ①④⑤

Krishna, 201842 106 Cardiac surgery ESPB vs No
block

3 mg/kg of 0.375% ropivacaine ①④⑤

Kim, 202143 70 Laparoscopic liver resection ESPB vs No
block

20 mL of 0.5% ropivacaine ①④⑤

Ibrahim, 201944 50 Percutaneous nephrolithotomy ESPB vs Sham
block

30mL of 0.25% bupivacaine ①②④⑤

Ibrahim, 202045 42 Laparoscopic cholecystectomy ESPB vs Sham
block

20 mL of 0.25% bupivacaine
hydrochloride

①②④⑤

Hamed, 201946 60 Total abdominal hysterectomy ESPB vs Sham
block

20 mL of 0.5% bupivacaine ①④⑤

Gürkan, 201847 50 Breast surgery ESPB vs No
block

20 mL of 0.25% bupivacaine ①④⑤

Gürkan, 202048 50 Breast surgery ESPB vs No
block

20 mL of 0.25% bupivacaine ①④

Gultekin, 201949 50 Percutaneous nephrolithotomy ESPB vs No
block

20 mL of 0.5% bupivacaine ①②

Ghamry, 201950 60 Lumbar interbody fusion ESPB vs No
block

20 mL of 0.25% bupivacaine ①②④⑤

Fu, 202051 60 Hepatectomy ESPB vs No
block

20 mL of 0.5% ropivacaine ①④⑤

Finnerty, 202152 60 Thoracolumbar decompressive
spinal surgery

ESPB vs Sham
block

20 mL of 0.25% levobupivacaine ①⑤

Eskin, 202053 80 Lumbar spinal surgery ESPB vs No
block

20 mL of 0.25% bupivacaine ①②③④⑤

Elsabeeny, 202054 50 Breast cancer surgery ESPB vs No
block

25 mL of 0.25% bupivacaine ①②③⑤

Dost, 202155 50 Open radical prostatectomy ESPB vs Sham
block

10 mL of 1% lidocaine and 10 mL of
0.5% bupivacaine

①③④⑤

(Continued)
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① Subgroup Analysis According to Surgical Types

Breast Surgery. As aforementioned, there were 11 studies (680 subjects) discussing the use of ESPB in breast
surgery.24–26,31,36,38,39,47,48,54,64 The results showed that patients received ESPB were associated with a significant
reduction of postoperative morphine consumption during the first 24 h after surgery (−7.01 mg, 95% CI −9.16 to
−4.85; p<0.001) (Figure 3), but with a high heterogeneity (I2 = 96%).
Orthopedic Surgery. There were 15 RCTs (875 patients) evaluated the effect of ESPB in orthopedic
surgery,10,11,21–23,27,28,32,33,50,52,53,56,57,60 which reported opioid consumption in postoperative 24 h. Meta-
analysis demonstrated that compared to the non-block groups or the sham block, ESPB significantly reduced 24-
hour opioid consumption (−9.97 mg; 95% CI: −12.58 to −7.37; p < 0.001; I2 = 98%) (Figure 3).
Thoracic Surgery or Cardiac Surgery. In the current study, we found that there were 5 RCTs studied the application of
ESPB in thoracic surgery12,25,34,58,59 whereas 2 RCTs in cardiac surgery.14,42 In patients undergoing thoracic surgery or

Table 1 (Continued).

Study Sample
Size (n)

Type of Surgery Intervention/
Control

Dose (Each Side) Outcomes

Çiftçi, 202056 60 Arthroscopic Shoulder Surgery: ESPB vs Sham

block

30 mL of 0.25% bupivacaine ①③④⑤

Çiftçi, 202057 60 Lumbar Discectomy Surgery ESPB vs No

block

20 mL of 0.25% bupivacaine ①③④⑤

Çiftçi, 202058 60 Video-Assisted Thoracic Surgery ESPB vs No

block

20 mL of 0.25% bupivacaine ①③④⑤

Çiftçi, 201959 60 Video-Assisted Thoracic Surgery ESPB vs No

block

20 mL of 0.25% bupivacaine ①③④⑤

Calia, 201960 29 Open lumbar decompression

surgery

ESPB vs No

block

20 mL of 0.5% levobupivacaine ①

Bryniarski, 202161 68 Percutaneous nephrolithotomy ESPB vs No

block

20 mL of 0.5% bupivacaine ①④⑤

Athar, 202162 30 Cardiac Surgery ESPB vs Sham

block

20 mL of 0.25% levobupivacaine ①②④⑤

Altiparmak, 201963 42 Cholecystectomy ESPB vs Sham

block

20 mL of 0.25% bupivacaine ①②③④

Aksu, 201964 50 Breast surgery ESPB vs No

block

20 mL of 0.25% bupivacaine ①③④

Aksu, 201965 46 Cholecystectomy ESPB vs No

block

20 mL of 0.25% bupivacaine ①③④

Abu Elyazed, 201966 60 Open epigastric hernia repair ESPB vs Sham

block

20 mL of 0.25% bupivacaine ①②③④

Abdelhamid, 202067 44 Sleeve gastrectomy: ESPB vs No

block

30 mL of 0.25% bupivacaine ①②③④

Abd Ellatif, 202168 50 Open nephrectomy ESPB vs No

block

0.3–0.4 mL/kg of 0.25% bupivacaine ①②③④

Notes: ① Postoperative opioid consumption during the first 24 hours; ②Time to first rescue analgesic; ③Rescue analgesia requirement; ④ The incidence of PONV; ⑤
Adverse events.
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Figure 2 A summary of bias for each included study.

https://doi.org/10.2147/JPR.S346809

DovePress

Journal of Pain Research 2022:15690

Cui et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 3 Forest plot for subgroup analysis of the effect of ESPB on postoperative opioid consumption during the first 24 h after surgery, according to the different types of
surgeries.
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cardiac surgery, we also found that ESPB significantly reduced 24-hour opioid consumption (Thoracic surgery:
−27.84.3 mg; 95% CI: −40.36 to −15.32; p < 0.001; I2 = 99% and Cardiac surgery: −56.13 mg; 95% CI: −85.03 to
−27.23; p < 0.001; I2 = 97%) (Figure 3).
Nephrolithotomy or Cholecystectomy or Other Type of Surgery. Totally, there were 19 studies researching nephrolithot-
omy (6 studies),37,44,49,61,62,68 cholecystectomy (6 studies)29,30,41,45,63,65 and other type of surgeries (7
studies).40,43,46,51,55,66,67 By subgroup analyses, the findings were consistent with patients undergoing nephrolithotomy
(MD: −13.29 mg; 95% CI: −19.59 to −6.99; p < 0.001; I2 = 97%), cholecystectomy (MD: −4.80 mg; 95% CI: −6.16 to
−3.45; p < 0.001; I2 = 59%) and other types of surgery (−6.99 mg; 95% CI: −9.91 to −4.07; p < 0.001; I2 = 92%) (Figure 3).

② Subgroup Analysis According to the Definition of the Control Group
Seventeen RCTs compared ESPB with a sham block (block with normal saline),10,11,14,22,24,25,27,34,40,44–46,52,55,56,63,66

whereas 35 compared ESPB with no intervention.12,21,23,26,28–33,35–39,41–43,47–51,53,54,57–62,64,65,67,68 Although subgroup
analysis was conducted, no significant reduction of heterogeneity was detected (Figure 4). Despite sensitivity analysis
was performed by purging individual studies, the source of heterogeneity was still not found.

③ Subgroup Analysis According to Different Type of Postoperative Analgesics
For postoperative analgesics, 20 studies used morphine,11,21,27,31,32,35,36,40,43–45,47,48,50,54,55,60,64,65,68 11 studies used
fentanyl,14,38,41,42,46,51,56–59,62 9 studies used tramadol,23,28–30,37,39,49,53,63 5 studies used sufentanil,12,22,24–26 4 studies
used pethidine,33,34,66,67 2 studies used oxycodone10,52 and 1 study used nalbuphine.61 However, the heterogeneity did
not reduce by the subgroup analysis (Figure 5).

Secondary Outcomes
Time to First Rescue Analgesia
Eighteen trials presented first analgesic demand time after surgery.11,14,21,23,27,32,33,37,40,44,45,49,50,53,54,66–68 The inverse-
variance method and random effects were used to conduct analysis. Compared to control group, ESPB significantly
prolonged the time to first rescue analgesia after surgery (SMD = 5.31; 95% CI 4.01–6.67; minutes; p < 0.001), but the
heterogeneity was extremely high (p for heterogeneity < 0.001, I2 = 97%,) (Supplementary Figure 2).

Rescue Analgesia Requirement
Twenty-four studies, including 1287 patients, reported the number of patients who had a requirement of postoperative
rescue analgesia.11,12,23,28–32,36–39,53–59,63–67 The pooled data demonstrated that ESPB significantly reduced the incidence
of rescue analgesia (OR 0.13; 95% CI 0.09, 0.21; p < 0.001; I2 = 52%). Notably, sensitivity analysis by removing one
study [38] decreased the heterogeneity dramatically (OR 0.12, 95% CI 0.09, 0.18; p<0.01; p for heterogeneity = 0.10, I2

= 28%) (Supplementary Figure 3).

Adverse Events Associated with ESPB
Among them, 41 studies reported the incidence of PONV after surgery.10–12,21–27,31,32,34,35,37–41,43–48,50,51,53,55–59,61–67

The results showed that compared to control group, ESPB significantly reduced the incidence of PONV (OR 0.51; 95%
CI 0.43, 0.62; p<0.01; p for heterogeneity = 0.15, I2 = 19%). (Supplementary Figure 4) Because of low heterogeneity, it
was unnecessary to conduct sensitivity analysis.

There were 44 RCTs mentioned the complications related to ESPB,10–12,14,21–27,31,32,34–47,50–59,61,63–68 such as local
anesthetic toxicity, bleeding related to the block procedures, infection, pneumothorax, respiratory depression, and
hematoma. Among them, only one study reported that 1 patient in control group experienced respiratory depression.51

Discussion
In the current meta-analysis, we included 52 trials that reported postoperative opioid consumption during the first 24
hours. The results from our study found that compared to control group (ie, no intervention or a sham block), ESPB
reduced the accumulated opioid consumption during the first 24 h after surgery, but with considerable heterogeneity.
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Subgroup analysis, based on surgical procedures and the definition of control group and types of postoperative opioids,
had little impact on reducing heterogeneity. Besides, ESPB could prolong time to first rescue analgesia after surgery. The
number of patients who received rescue analgesia after surgery in the ESPB group was less than that in the control group.
The incidence of PONV in the ESPB group was lower, as compared to the control group.

A study that assessed the incidence of post-surgical pain found that despite standardized pain therapy and pain
management were utilized based on the national guidelines, more than half of patients still experienced moderate to
severe pain after surgery.69,70 Severe pain was associated with higher resource utilization, reluctance to engage in early
mobilization, psychological distress, unsatisfactory medical services, delayed early rehabilitation and prolonged hospital

Figure 4 Forest plot for subgroup analysis of the effect of ESPB on postoperative opioid consumption during the first 24 h after surgery, according to the definition of the
control group.
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Figure 5 Forest plot for subgroup analysis of the effect of ESPB on postoperative opioid consumption during the first 24 h after surgery, different type of postoperative
analgesics.
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stay. Much effort had been put on perioperative pain management. Opioid was considered as classic drugs to treat pain
after surgery for a long time. However, this view has been questioned in recent years. More and more literature results
supported with sparing or even free opioid anesthesia since opioid overuse may associated with respiratory depression,
the high incidence of PONV and constipation, and hyperalgesia. These adverse effects may not only lead to prolonged
hospitalization, but also includes the unplanned hospital readmission, addiction, and development of chronic pain as
well.7 To achieve desired pain control, regional techniques are becoming more popular because it can provide sufficient
analgesia without opioid consumption. As already stated, since Forero et al described ESPB in 2016,8 lots of studies had
discussed its mechanism of action both in clinical practice and in cadavers. Although the mechanism of action in ESPB
was still under debate, most clinical and cadaver studies that were investigated with the use of radiological instrument
showed that the spread of the contrast agent reached the neural foramina or the paravertebral/epidural space, which
confirmed the effectiveness of ESPB.71 In our study, we summarized all the published RCTs on ESPB and demonstrated
that ESPB was a good choice for pain relief after surgery, not only in breast and thoracic surgeries, but in orthopedics and
abdominal procedures, which was consistent with the results of multiple meta-analyses.72,73

One of the strengths of our study was a large number of trials included. Most previous meta-analyses recruited
only several RCTs, each involving only a few dozen patients. We enrolled 52 high-quality RCTs evaluating 3000
patients across multiple procedures, and subgroup analysis was conducted to confirm our findings. A recent study by
Kendall et al reported that the patients receiving ESPB had lower postoperative pain scores during 7 surgical
procedures as compared to control group, but only 13 trials with 679 patients were included.74 This implied that
there were fewer RCTs for each surgical procedure, which reduced the reliable of the results. In our meta-analysis, 11
are about breast surgeries, 15 are about orthopedic surgeries, 5 are about thoracoscopic surgeries, 6 are about
cholecystectomy, 6 are about nephrolithotomy, 2 are about cardiac surgeries, and 7 are others. However, the
considerable heterogeneity limits our study to be generalized. The possible factors contributing to heterogeneity
may be as follows. First, it is noted that the intensity of postoperative pain varied greatly among different surgical
procedures. For example, patients undergoing breast surgery or orthopedics do not have visceral pain, whereas
patients undergoing thoracic or abdominal surgery suffered both somatic and visceral pain. Thus, subgroup analysis
according to surgical procedures was necessary to reduce heterogeneity. Disappointedly, the heterogeneity did not
reduce significantly. Next, considering potential operator bias, the control group referring to a sham block might be
provided in some studies, which helped reduce bias by blinding outcome assessors and participates. However, the
potential negative impacts from the “sham injection” seems to be in contravention of the Declaration of Helsinki.
Clearly, an invasive sham injection brought real risk such as infection or bleeding without the possibility of any
clinical benefits. Hence, among the enrolled studies, 17 trials were designed with sham blocks, while 35 did not for
ethical concerns. Although subgroup analysis according to the definition of control group was carried out, hetero-
geneity did not been significantly reduced. Last, an additional heterogeneity may be added due to the use of different
formulations of opioids and rescue analgesics. One way to represent opioid utilization is by consulting an equia-
nalgesic table, which is called “equianalgesic dose”. It is defined as the respective dose of various opioids when they
provide approximately the same analgesic effect. However, in the literature, various published tables have different
equivalence ratios. Shaheen et al and his colleagues reported that major variability of equianalgesic ratios recom-
mended for both opioid rotation and conversion for commonly used opioids.75 Ratios between transdermal fentanyl
and parenteral morphine were varied greatly, from 100ug:40mg to 100ug:10mg. We assumed that the utilization of
different postoperative opioids might lead to the high heterogeneity, and subgroup analysis was performed but
useless. However, the high-quality evidence in our study, which only included the well-designed RCTs, demonstrated
ESPB is effective.

Recently, opioid-sparing or opioid-free anesthesia have been proposed based on the purpose of avoiding the adverse
events related to perioperative opioid consumption. PONV is the most common side effect associated with opioid
consumption. In this study, 41 trials reported the incidence of PONV, and ESPB reduced the incidence of PONV
significantly. The logical explanation is that ESPB decreased the postoperative opioid consumption, and further reduced
the incidence of PONV. Opioids increased the risk of PONV in a dose-dependent manner had been supported.76 Among
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3000 subjects, 1497 patients received ESPB, and no patient experienced local anesthetic toxicity, bleeding, infection,
pneumothorax, and hematoma, indicating ESPB is an easy and safe procedure.

Limitations
Finally, several potential limitations in our research should not be ignored when interpreting the results. First, the
protocols for postoperative opioid administration are not standardized. For example, in Zhang’s study, patients-controlled
intravenous analgesia was provided after surgery, meaning that patients could self-administer opioids as long as they felt
pain, while the other authors designed to administer opioids if patients’ NRS≥4. Second, ESPB was performed after
general anesthesia, showing that the authors did not know whether the block was successful owning to the level of
dermatomal sensory loss could not be tested. Last, the advantages of ESPB in chronic pain are not investigated. In the
future, some high-quality RCTs focus on the effects of ESPB in chronic pain after surgery should be performed. One
third of patients suffered surgery-related chronic pain after thoracotomy.77 Unsatisfactory acute pain management may be
a predisposition to develop chronic pain.78 Alleviating acute pain by regional techniques such as ESPB after surgery
remains momentous area of investigation.

Conclusion
In conclusion, our meta-analysis demonstrated that compared to control group, ESPB reduced the accumulated opioid
consumption during the first 24 h after surgery. Besides, ESPB could prolong time to first rescue analgesia after surgery.
The number of patients who received rescue analgesia after surgery in the ESPB group was less than that in the control
group. The incidence of PONV in the ESPB group was lower, as compared to the control group. All the above evidence
indicates that ESPB is an effective technique on pain management with few complications.
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