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Abstract

to improve postsurgical analgesia.

Background: The effect of erector spinae plane block has been evaluated by clinical trials leading to a diversity of
results. The main objective of the current investigation is to compare the analgesic efficacy of erector spinae plane
block to no block intervention in patients undergoing surgical procedures.

Methods: We performed a quantitative systematic review of randomized controlled trials in PubMed, Embase,
Cochrane Library, and Google Scholar electronic databases from their inception through July 2019. Included trials
reported either on opioid consumption or pain scores as postoperative pain outcomes. Methodological quality of
included studies was evaluated using Cochrane Collaboration’s tool.

Results: Thirteen randomized controlled trials evaluating 679 patients across different surgical procedures were
included. The aggregated effect of erector spinae plane block on postoperative opioid consumption revealed a
significant effect, weighted mean difference of — 884 (95% Cl: — 12.54 to — 5.14), (P < 0.001) IV mg morphine
equivalents. The effect of erector spinae plane block on post surgical pain at 6 h compared to control revealed a
significant effect weighted mean difference of — 1.31 (95% Cl: — 240 to — 0.23), P < 0.02. At 12 h, the weighted
mean difference was of — 046 (95% Cl: — 1.01 to 0.09), P=0.10. No block related complications were reported.

Conclusions: Our results provide moderate quality evidence that erector spinae plane block is an effective strategy
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Background

The misuse of prescribed opioids leading to the current
opioid epidemic crisis has put greater emphasis on the
development of non-opioid analgesic techniques to man-
age postoperative pain [1-3]. A large variety of regional
anesthesia techniques have been commonly used to
minimize postoperative pain [4—6]. In addition, several
techniques (e.g., transverse abdominis plane blocks,
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pectoral nerve blocks, brachial plexus blocks) have been
evaluated in quantitative systematic reviews [7—9]. These
techniques have emerged as effective non-opioid strat-
egies to reduce post-surgical pain.

The erector spinae plane block has been used clinically
by anesthesiologists as a potential non-opioid analgesic
strategy across multiple surgical procedures [10-14].
The block is considered easy to perform and can be eas-
ily implemented in the perioperative period [15, 16]. Re-
cent clinical trials have assessed the efficacy of the
erector spinae plane block on postoperative analgesia
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with inconsistent results. Nonetheless, to the best of our
knowledge, no quantitative systematic review has evalu-
ated the effectiveness of the erector spinae plane block
to improve postoperative analgesia.

The objective of our study was to examine the anal-
gesic efficacy of erector spinae plane block for postoper-
ative analgesia outcomes in patients undergoing surgical
procedures. In addition, we also investigated the poten-
tial side effects related to the use of the erector spinae
plane block.

Methods

We performed a quantitative systematic review accord-
ing to the PRISMA guidelines [17]. The study was regis-
tered with the PROSPERO international database
(CRD42020148072; registered August 2019). We
followed similar methods as previously published by our
group [18, 19].

Systematic search and inclusion criteria

A comprehensive search of randomized trials investigat-
ing the effects of erector spinae plane block to control
(i.e. no block or sham block) on postoperative surgical
analgesia was performed using web-based electronic da-
tabases PubMed, Google Scholar, the Cochrane Database
of Systematic Reviews, and Embase from inception up to
July 2019. The search words ‘erector spine block’,
‘erector spinae plane block’, or “ESPB” were used in vari-
ous combinations using Boolean operators. Search strat-
egy is shown in Additional file 1. The search was limited
to adults older than 18 years of age and there were no
language restrictions. The bibliographies of the identified
studies were evaluated and reviewed for additional stud-
ies. There was no search performed for unpublished or
non-peer reviewed studies. Included trials reported ei-
ther opioid consumption or pain scores as postoperative
pain outcomes. No minimum sample size was required
for inclusion in the quantitative analysis.

Exclusion criteria

Studies were excluded if a direct comparison of erector
spinae plane block and no block could not be deter-
mined. Non-randomized controlled trials, anatomical or
cadaver studies, case reports, or editorials were not con-
sidered for inclusion.

Selection of included studies and data extraction

Two investigators (MCK and LA) independently
reviewed the abstracts obtained from the initial search
using the predetermined inclusion and exclusion criteria.
The trials that were not relevant based on the inclusion
criteria were omitted. Any discrepancies encountered
during the selection process were resolved by discussion
among the evaluators (MCK and LA). If there was a
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disagreement then the final decision was determined by
the senior investigator (GDO). Data extraction was car-
ried out by using a pre-designed data collection form.
The primary source of data extraction was from either
the text or tables. If the data could not be found in ei-
ther location, we extracted the data manually from avail-
able figures or plots. The extracted data obtained from
studies included the sample size, number of study partic-
ipants in treatment/control groups, surgery description,
type of local anesthetic dose, single-shot or bilateral
block placement, use of ultrasonography for block place-
ment, postoperative opioid consumption, postoperative
pain scores, postoperative nausea and vomiting, and ad-
verse events. Postoperative opioid consumption was con-
verted to intravenous morphine milligram equivalents
assuming no cross-tolerance (morEq) [20]. Continuous
data was recorded using mean and standard deviation.
Data variables presented as median, interquartile range,
or mean *95% confidence interval (CI) were trans-
formed to mean and standard deviation [21, 22]. For
studies that did not provide standard deviation, the
standard deviation was estimated using the most ex-
treme values. If the same outcome variable was reported
more than once then the most conservative value was
used.

Risk of bias assessment

The validity of the included studies was evaluated in ac-
cordance with Cochrane risk-of-bias tool (RoB-2) [23].
This recently new assessment tool consists of five do-
mains focusing on where bias might be introduced into
a trial. The domains consist of: bias arising from the
randomization process, bias due to deviations from the
intended interventions, bias due to missing outcome
data, bias in measurement of the outcome, and bias in
the selection of the reported result. Each category was
recorded as “low risk of bias”, “some concerns”, or “high
risk of bias.” Two investigators (MCK and LA) inde-
pendently assessed the risk of bias of included studies
and any inconsistencies were resolved by discussion with
senior author (GDO).

Primary outcome
Postoperative opioid consumption (IV morEq) reported
at 24 h following surgery.

Secondary outcomes

Postoperative pain scores (numeric pain rating score,
0 =no pain, 10 = extreme pain) at rest and with activity
at 6 h, at 12 h, and at 24 h after surgery, block complica-
tions, and postoperative nausea and vomiting displayed
as (n).
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Meta-analysis

The weighted mean differences (WMD) with 95% confi-
dence interval (CI) were calculated and reported for con-
tinuous data for total opioid consumption up to 24h
and pain scores (NRS) at 6 h, 12 h and at 24 h. Statistical
significance required that the 95% CI for continuous
data did not include zero and for dichotomous data, the
95% confidence interval did not include 1.0. Due to the
variety of surgical procedures, we chose to use the
random-effects model in an attempt to generalize our
findings to studies not included in our meta-analysis
[24]. Asymmetric funnel plots were analyzed for publica-
tion bias using Egger’s regression test [25]. A one sided
P <0.05 was considered as an indication of an asymmet-
ric funnel plot. In the presence of an asymmetric funnel
plot, a file drawer analysis was performed, which esti-
mates the lowest number of additional studies that if
they would become available, it would reduce the com-
bined effect to non-significance assuming the average z-
value of the combined P values of these missing studies
would be 0. Heterogeneity was considered to be high if
the I* statistic was greater than 50%. If heterogeneity
was high, we performed a sensitivity analysis by remov-
ing individual studies and investigated surgical proce-
dures by examining its effect on the overall
heterogeneity. A P value <0.05 was required to reject
the null hypothesis. Analyses was performed using Stata
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version 15 (College Station, Texas) and Comprehensive
Meta-analysis software version 3 (Biostat, Englewood,
NJ).

Results
A flow diagram of the literature search and reasons for
exclusion are shown in Fig. 1.

The initial query identified 903 articles and 884 arti-
cles were excluded after review of the study abstracts. A
total of 19 articles were evaluated and after full-text re-
view 6 articles were omitted. Thirteen studies involving
679 subjects fulfilled the inclusion criteria and were in-
cluded in the final analysis [26—38]. The median number
of patients was 50 (IQR, 40 to 60). All included studies
reported on opioid consumption and/or pain scores at
rest or during activity. Table 1 provides details of the
study characteristics of the included trials.

Quality assessment

All included trials reported inclusion and exclusion cri-
teria and described baseline characteristics. The risk of
bias assessment according to the Cochrane Handbook
using the Cochrane risk-of-bias assessment tool (RoB-2)
is presented in Table 2. The quality of evidence of the
included studies was summarized using the Grading of
Recommendations, Assessment, Development, and
Evaluation (GRADE) criteria and is presented in Table 3.

(n=903)

Articles identified through electronic
database searches/bibliographies

Articles excluded based on

\4

screening of title and abstracts
(n=884)

(n=19)

Full text articles assessed for eligibility

Full-text articles excluded (n=6)
Reasons for exclusion:

No control group =3
Protocol only =1
Non-relevant/uncontrolled trial = 2

v

(n=13)

Total articles included

( Included } [ Eligibility ] ( Screening } [IdentiﬁcationJ

Fig. 1 Flow chart of the selection of studies
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Table 1 Cochrane risk-of-bias assessment for included studies (RoB 2)

Authors/Year Bias arising Effect of Effect of Bias due to Bias in measurement Bias in the Overall risk of
from the assignment to  adhering to  missing of outcomes selection of  bias
randomization intervention intervention outcome data the reported
process result

Abu Elyazed et al. [26] 2019 Low Low Low Low Low Low Low

Aksu et al. [27] 2019 Low Some concerns Low Low Low Low Some concerns

Ciftci et al. [28] 2018 Low Some concerns Low Low Some concerns Low High

Gurkan et al. [29] 2018 Low Some concerns Low Low Low Low Some concerns

Hamed et al. [30] 2019 Low Low Low Low Low Low Low

Krishna et al. [31] 2019 Low Low Low Low Low Low Low

Oksuz et al. [32] 2019 Low Some concerns Low Low Low Low Some concerns

Singh et al. [33] 2019 Low Some concerns Low Low Some concerns Low High

Singh et al. [34] 2019 Low Some concerns Low Low Low Low Some concerns

Tulgar et al. [35] 2018 Low Low Low Low Low Low Low

Tulgar et al. [36] 2018 Low Low Low Low Low Low Low

Tulgar et al. [37] 2019 Low Low Low Low Low Low Low

Yayik et al. [38] 2019 Some concerns  Some concerns Low Low Low Low High

Postoperative opioid consumption reported up to 24 h
following surgery

The pooled effect of twelve studies [26—30, 32-38]
examining the effect of erector spinae plane block on
postoperative opioid consumption compared to control
at 24h after surgery revealed a significant effect,
weighted mean difference (WMD) of - 8.84 (95% CL: -
12.54 to -5.14), (P<0.001) mg IV morEq (Fig. 2). The
heterogeneity was high (I> = 98%) and could be partially
explained by whether the block was placed bilaterally or
as a single-shot procedure (I =91%). The type of sur-
gery did not substantially reduce the heterogeneity any
further (I*> =86%). Potential sources of heterogeneity
were further tested by a sensitivity analysis by removing
individual studies which did not significantly reduce the
heterogeneity among the studies.

A subgroup analysis of surgery type revealed the re-
duction of opioid consumption compared to control was
statistically significant in patients who underwent chest
surgical procedures WMD of —9.04 (95% CI: — 11.37 to
-6.70), P<0.001 and in patients who underwent spine
or orthopedic procedures WMD of -4.13 (95% CI: -
5.78 to —2.48), P<0.001. Patients who had abdominal
surgery did not experience statistical significance, WMD
of -12.05 (95% CI: -25.88 to 1.79), P=0.09. Visual
examination of the funnel plot and Egger’s regression
test (P = 0.06) revealed no apparent publication bias.

Postoperative pain at rest 6 h after surgery

The combined effect of nine studies [26, 27, 29-31, 33—
35, 37] evaluating erector spinae plane block on postsur-
gical pain compared to control at 6 h following surgery
displayed a significant effect, WMD of - 1.31 (95% CI: -

2.40 to —0.23) (0—10 numerical scale), P <0.02 (Fig. 3a).
Heterogeneity was high (I> = 96%) and could be partially
explained by the type of block placement in which the
heterogeneity decreased to I> =89% for studies utilizing
single-shot blocks. When investigating the type of surgi-
cal procedure the heterogeneity decreased to 10% for
studies of spine/orthopedic procedures.

A subgroup analysis looking at type of surgery indi-
cated that the reduction in postsurgical pain compared
to control was statistically different in patients who
underwent abdominal surgical procedures WMD of -
1.35 (95% CI: - 2.25 to - 0.45), P = 0.003, or spine/ortho-
pedic procedures WMD of -0.95 (95% CI: — 1.60 to -
0.31), P = 0.004. However, postsurgical pain compared to
control was not different in patients who had chest sur-
gical procedures WMD of -1.34 (95% CI: -3.56 to
0.88), P=0.24). A sensitivity analysis was performed by
omitting individual studies which did not considerably
reduce heterogeneity. An examination of the funnel plot
to test publication bias did reveal asymmetry. The
Egger’s regression test result was P = < 0.001.

Postoperative pain at activity 6 h after surgery

One study reported the effect of erector spinae plane
block on postsurgical pain during movement compared
to control at 6 h after surgery and demonstrated a mean
difference of - 0.55 (95% CI) -1.21 to 0.11, P =0.01 [37].

Postoperative pain at rest 12 h following surgery

The effect of ten studies [26, 27, 29-31, 33-35, 37, 38]
investigating erector spinae plane block on postoperative
surgical pain compared to no block or sham block at 12
h after surgery did not show a significant effect WMD of
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Table 2 Summary of study characteristics included in analysis
Authors Year of Procedures Treatment/ UG Treatment Anesthesia  Method of
Publication Control extraction
Abu Elyazed et al. [26] 2019 Open epigastic hernia repair 30/30 Y Bilateral General Text
20 ml 0.25% bupivacaine Table
Sham block (1 ml NS)
Aksu et al. [27] 2019 Breast surgery 25/25 Y Single-shot General Text
20 ml 0.25% bupivacaine Table
No block
Ciftci et al. [28] 2019 Video assisted thoracic surgery 30/30 Y Single-shot General Text
20 ml 0.25% bupivacaine Table
No block
Gurkan et al. [29] 2018 Breast cancer surgery 25/25 Y Single-shot General Text
20 ml 0.25% bupivacaine Table
Sham block (NS)
Hamed et al. [30] 2019 Abdominal hysterectomy 30/30 Y Bilateral General Text
20 ml 0.5% bupivacaine Table
Sham block (NS)
Krishna et al. [31] 2018 Cardiac surgery 53/53 Y Bilateral General Text
3 mg/kg 0.375% Ropivacaine Table
No block
Oksuz et al. [32] 2019 Reduction mammoplasty 21/22 Y Bilateral General Text
20 ml 0.25% bupivacaine
No block
Singh et al. [33] 2019 Radical mastectomy 20/20 Y Single-shot General Text
20 ml 0.5% bupivacaine
No block
Singh et al. [34] 2019 Lumbar spine surgery 20/20 Y Bilateral General Text
20 ml 0.5% bupivacaine Table
No block
Tulgar et al. [35] 2019 Laparoscopic Cholecystectomy 20/20 Y Bilateral General Text
20 ml 0.5% bupivacaine Table
No block
Tulgar et al. [36] 2018 Orthopedic surgery 20/20 Y Single-shot General Text
20 ml 0.5% bupivacine Table
No block
Tulgar et al. [37] 2018 Laparoscopic Cholecystectomy 15/15 Y Bilateral General Text
20 ml 0.375% bupivacaine Table
No block
Yayik et al. [38] 2019 Lumbar decompression surgery 30/30 Y Bilateral General Text
20 ml 0.25% bupivacaine Table
No block

UG ultrasound guided, NS normal saline

-0.46 (95% CI: - 1.01 to 0.09), (0—10 numerical scale),
P=0.10, (Fig. 3b). Heterogeneity was found to be high
(I>=87%) and was slightly decreased to I>=62% for
studies using single-shot block placement. The hetero-
geneity decreased to I”=0% for studies involving only
abdominal surgical procedures. A sensitivity analysis was
performed by omitting individual studies which did not
significantly reduce heterogeneity.

A subgroup analysis involving the type of surgery re-
vealed that the reduction in postsurgical pain compared
to control was statistically different in patients who
underwent abdominal surgical procedures WMD of -
0.57 (95% CI: -0.95 to -0.19), P=0.003. However,
postsurgical pain at rest compared to control was not

different in patients 12 h after chest surgical procedures
WMD of -0.70 (95% CL: -1.51 to 0.12), P=0.09 or
spine/orthopedic procedures WMD of - 0.11 (95% CI: -
1.22 to 0.99), P = 0.84. An examination of the funnel plot
to test publication bias did not reveal asymmetry. The
Egger’s test result was P = 0.47.

Postoperative pain at activity 12 h after surgery

There were two studies that reported on postoperative
surgical pain at activity 12 h after surgery. Tulgar et al.
[37] reported the effect of erector spinae plane block on
postsurgical pain during movement compared to control
at 12 h after surgery and demonstrated a weighted mean
difference of —0.60 (95% CI: - 1.09 to - 0.11), P=0.02.
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Table 3 Summary of the quality of evidence (GRADE) for comparing erector spinae plane block to a control group for the primary
and secondary outcomes of the included studies

# studies in design (n)  Risk of bias Inconsistency  Indirectness  Imprecision Publication bias  Overall quality of evidence®  Importance

Postoperative opioid consumption at 24 h

12 (573) None serious® Serious® None serious  None serious Undetected SDBO Important
Moderate

Postoperative pain at rest at 6 h

9 (486) None serious® Serious® None serious  None serious Detected” SDe0 Important
Moderate

Postoperative pain at rest at 12 h

10 (546) None serious® Serious® None serious  None serious Undetected [SE1578) Important
Moderate

Postoperative pain at rest at 24 h

10 (500) None serious® Serious? None serious  None serious Undetected DDEO Important
Moderate

Postoperative nausea and vomiting

11 (596) None serious®  None serious  None serious  None serious Undetected CODD Important
High

#Majority of studies had allocation concealment and used blinded outcome assessments; lost to follow up was very low; the overall risk of bias was felt to be
none serious

PThere is high heterogeneity among the included studies; sensitivity analysis did not significantly reduce heterogeneity

‘Funnel plot did reveal asymmetry; Egger’s test, P= < 0.05

%There is high heterogeneity among the included studies; subgroup analysis of type of block placement did significantly reduce heterogeneity

*Grade Workshop Group grades of evidence: high quality: further research very unlikely to change confidence in estimate of effect; moderate quality; further
research likely to have important impact on confidence in estimate of effect and may change estimate; low quality; further research very likely to have important
impact on confidence in estimate of effect and likely to change estimate; very low quality: very uncertain about estimate

Postoperative opioid consumption at 24 hours

Study name Statistics for each study Difference in

Lower Upper Difference means and #5% CI
limit limit Z-Value p-Value inmeans

Harned 2019 -6.605  -1395 3009 0003 -4.000 -

Tulgar 2019 -33907 -290853 30821 0.000 -31.880 4

Singh 20191 -89  -5991 -10603  0.000 -7.350 =

Tulgar 2018 1 -4112  -2288 6877  0.000 -3.200 |

AbuElyazed 2019 -11981  -7839 9377  0.000 -0910

Gurkan 2018 -13935 71745 6865 0000 -10.840

Singh 2019 2 -6.896 4704 -10375  0.000 -5.800

Aksu 2019 -12293 8067 -9.445 0.000 -10.180

Oksuz 2019 -7.193 4467 -8385  0.000 -5.830 4

Yayik 2019 -4620 -2.180 -5464  0.000 -3.400 =

Cifrli 2019 -13264 90936 13667 0000 -11.600

Tulgar 2018 2 -4352 0388 2343 0019 -2.370 e
-12537 5141 4685 0000 -8.839

-000 -1000 000 1000 2000

ESPB Control

Fig. 2 Postoperative opioid consumption at 24 h. Meta-analysis evaluating the effect of erector spinae plane block on opioid consumption
compared to control at 24 h following surgery. The overall effect of the erector spinae plane block versus control was estimated as a random
effect. The point estimate for the overall effect was —8.84 (95%Cl: — 12.54 to — 5.14), (P < 0.001) mg IV morphine equivalents. The weighted mean
difference for individual studies is represented by the square symbol on Forrest plot, with 95% Cl of the difference shown as a solid line
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p
A Postoperative pain at 6 hours B Postoperative pain at 12 hours
Study name Statistics for each study Difference in Study name _Statistics for each study Difference in
Lower  Upper Difference means and 95%CI Lower  Upper Difference means and 95%CI
limit  lmit  Z-Value p-Value inmeans limit  lmit  Z-Value p-Vae inmeans
Hamed 2019 2512 -1688 9979 0000 2100 Hamed 2019 1315 -0085 2233 0026 -0.700
Tulgar 2019 1336 0236 -1372 0170 0550 Tulgr 2019 cl214 0014 1917 0055 -0.600
Singh 2019 1 1985 0015 1989 0047 -1.000 i‘"lghzgé?gl g;’: 8‘3?2 222‘7) 33‘1’ ggg
;‘:9’;]2‘”; ot igg‘; j‘é‘l’g ig;;‘ gg ‘l’i‘s)g Yoy Qs49 0391 3286 0001 0970 =
xou Blyaz Lo >0 AbuFlyazed2019  -1.085 0485 0749 0454 0300
Gurkan 2018 136010400261 0794 0.160 Gurkan 2018 21210 0530 -0766 0444 0340
Singh 2019 2 -3.141  -0.179 2.196 0.028 1.660 Singh 20192 0985 0985 0.000 1.000 0.000
Aksu 2019 1200 0540 0743 0457 0330 Keishna 2019 1881 -L119 972 0000 1500 .
Krichua 2019 9631 855734553 0,000 o AsKu 2019 1748 0468 1132 0258 -0.640
<2401 -0.226 2.367 0.018 1314 21010 0092 -1.633 0.103 0,459
<1000 -500 000 500 1000 21000 500 000 500  10.00
ESPB Control ESPB Control
C Postoperative pain at 24 hours
Study name Statistics for each study Difference in
Lower Upper Difference means and 95% CI
limit  lmit Z-Vale p-Value inmemns
Hamed 2019 -0457 0857 0.597 0.551 0.200
Tulgar 2019 -0.328  0.528 0.458 0.647 0.100
Singh 2019 1 -0.985 0985 0.000 1.000 0.000
Tulgar 2018 1 -0.036 0436 1.664 0.096 0.200
Yayik 2019 -1.557  -0.103 -2.237 0.025 -0.830
Abu Elyazed 2019 -0223 0423 0.608 0.543 0.100
Gurkan 2018 -1.051  0.051 -1.778 0.075 -0.500
Ciftci 2019 -1.818 -1.182 -9.251 0.000 -1.500 |}
Singh 2019 2 -0.985 0985 0.000 1.000 0.000
Aksu 2019 -1268 0268  -1277 0.202 -0.500
-0.745 0182 -1.191 0.234 -0.282
-10.00  -5.00 0.00 5.00 10.00
ESPB Control
Fig. 3 Postoperative pain at rest at 6 h, 12 h and at 24 h. The meta-analysis evaluating the effect of erector spinae plane block on pain scores at
6h (a), at 12h (b), and at 24 h (c) compared to control was estimated as a random effect. The point estimate for the overall effect on
postoperative pain scores at 6 h following surgery was — 1.31 (95% Cl: — 2.40 to — 0.23), P < 0.02, (0-10 numerical scale). The point estimate for the
overall effect on postoperative pain at 12 h following surgery was — 0.46 (95% Cl: — 1.01 to 0.09), P=0.10. The point estimate for the overall effect
on postoperative pain scores at 24 h following surgery was —0.28 (95% Cl: —0.75 to 0.18), P=0.23. The weighted mean difference for individual
studies is represented by the square symbol on Forrest plot, with 95% Cl of the difference shown as a solid line

Yayik et al. [38] reported the effect of erector spinae
plane block on postsurgical pain during movement com-
pared to control at 12 h after surgery and demonstrated
a weighted mean difference of — 1.14 (95% CI: — 1.50 to
-0.78), P<0.01.

Postoperative pain at rest 24 h following surgery

The pooled effect of ten studies [26-30, 33-35, 37, 38]
examining erector spinae plane block on postoperative
surgical pain compared to no block or sham block did
not reveal a significant effect WMD of - 0.28 (95% CI: -
0.75 to 0.18), (0-10 numerical scale), P =0.23, (Fig. 3c).
Heterogeneity was high (I> =89%). The heterogeneity
decreased to I>=30% for studies using bilateral block
placement. A sensitivity analysis by deleting individual
studies did not substantially reduce heterogeneity.

A subgroup analysis involving the type of surgery
demonstrated that reduction in postsurgical pain com-
pared to control was not statistically different in patients
who underwent abdominal surgical procedures WMD of
0.11 (95% CI: - 0.13 to 0.35), P =0.35, spine/orthopedic
surgical procedures WMD of -0.17 (95% CI: - 0.85 to
0.51), P =0.63, or after chest procedures WMD of - 0.70
(95% CI: - 1.43 to 0.03), P<0.06. An examination of the

funnel plot did not reveal asymmetry; Egger’s regression
test result was P = 0.40.

Postoperative pain at activity 24 h after surgery

The pooled effect of three studies evaluating the effect
of erector spinae plane block on postoperative surgical
pain during activity compared to control did not show a
significant effect, weighted mean difference of -0.65
(95% CI: -1.40 to 0.11), P=0.09. Heterogeneity was
I? = 89% [28, 37, 38].

Postoperative nausea and vomiting (PONV)
The pooled effect of eleven studies [26-29, 31, 33-38]
that examined erector spinae plane block on postopera-
tive nausea and vomiting compared to no block or sham
block showed a significant effect, OR of 0.29 (95% CI:
0.14 to 0.63) (P=0.001), (Fig. 4). Heterogeneity was
moderate, I” = 40%. Heterogeneity was decreased to I* =
0% when investigating either abdominal or spine/ortho-
pedic procedures. A sensitivity analysis by omitting indi-
vidual studies did not significantly reduce heterogeneity.
A subgroup analysis involving the type of surgery re-
vealed that postoperative nausea and vomiting compared
to control was reduced in spine/orthopedic surgical
procedures WMD of 0.29 (95% CIL: 0.09 to 091), P=
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0.03. In contrast, the postoperative nausea and vomiting
compared to no block or sham block was not different
in patients who had chest surgery, WMD of 0.22 (95%
CI: 0.05 to 1.04), P = 0.06 or abdominal surgery WMD of
0.39 (95% CI: 0.10 to 0.1.47), P = 0.16.

Adverse events

All thirteen studies reported either no adverse events (i.e.
respiratory depression, local systemic toxicity, hematoma)
or did not report any adverse events. One study [26] re-
ported two patients who received erector spinae plane
block who experienced intraoperative hypotension com-
pared to one patient in the control group to an estimated
incidence of 0.2% (95% CI: 0.3 to 1).

Discussion

The most important finding of the current investigation
was the reduction of postoperative pain in patients who
received an erector spinae plane block compared to a
control group across multiple surgical procedures. Pa-
tients in the erector spinae plane group reported sub-
stantially less pain in the immediate postoperative phase
(e.g., 6h after surgery). Our results suggest that the
erector spinae plane block is an effective strategy to re-
duce postsurgical pain.
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Our results are important as pain continues to be
poorly controlled after surgery. A recent study by Herbst
et al. showed that 23.3% of postsurgical readmissions
were related to poor postoperative pain control [39].
Appropriate postoperative analgesia control has been as-
sociated with improved patient satisfaction, and it is uti-
lized in the HCAPS survey used to evaluate quality of
care in hospitals [40, 41]. Thus, by using the erector spi-
nae plane block, clinical practitioners may reduce pain-
related readmissions and improve patient satisfaction
after surgery.

Another important finding of our current investigation
was the effect of the erector spinae plane block on the
reduction of postoperative nausea and vomiting. This is
interesting as not all analgesic interventions have been
shown to reduce opioid-related side effects [42—-44]. In
addition, the effect was large and comparable to other
first line pharmacological agents for postoperative nau-
sea and vomiting prophylaxis. Based on our results, one
could argue that the effect of the erector spinae plane
block on PONV was likely due to the reduction of post-
operative pain rather than the estimated opioid sparing
effects.

One of the main advantages of the erector spinae
plane block is that the block is considered easy to be
performed, especially when compared to paravertebral

Incidence of nausea and vomiting during hospital stay
Study name Statistics for each study Odds ratio and 95% CI
Lower Upper Odds
limit limt Z-Value p-Value ratio

Tulgar 2019 0012 8260 -0.691 0490 0317 [ =

Singh 2019 1 0004 1339 -1.767 0077 0.069 II

Tulgar 2018 1 0072 2760 -0.870 0384 0444 T—8—

Abu Elyazed 2019 0.100 4153 -0464 0.643 0.643 i

Gurkan 2018 0221 2252 -0588 0556 0.706 —II—

Singh 20192 0.008 4009 -1.082 0279 0.180 L

Aksu 2019 0347 4371 0322 0747 1231 —L—

Oksuz 2019 0005 1.89% -1.540 0.123 0.09 L

Yayik 2019 0044 1241 -1.706  0.088 0235 —1a—

Ciftci 2019 0.007 0.161 -4.261 0.000 0.034 ——

Tulgar 2018 2 0019 2017 -1369 0171 0.196

0.137 0625 -3.177  0.001 0293 L
0.01 0.1 1 10 100
ESPB Control

Fig. 4 Incidence of postoperative nausea and vomiting at 24 h after surgery. Random-effects meta-analysis evaluating the effect of erector spinae
plane block on nausea and vomiting compared to control. Squares to the right of the middle vertical line indicates that erector spinae plane
block was associated with increased odds of nausea, whereas squares to the left of the middle vertical line show that erector spinae plane block
was associated with decreased odds of nausea. The horizontal lines represent the 95% Cl and the diamond shape represents the overall effect of
erector spinae plane block on postoperative nausea and vomiting compared to control. Cl = confidence interval
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blocks or thoracic epidurals. This is important because it
not only maximizes efficacy of the block, but also allows
its implementation across multiple surgical procedures.
The injection is performed deep in the erector spinae
muscle and superficial to the tips of the thoracic trans-
verse processes. The block has an excellent safety profile
since the local anesthetic injection is distant from the
pleura, major blood vessels, and spinal cord.

The anatomical localization of the spinal nerves and
the different anatomy of the vertebral column may be a
major factor for the various postoperative outcomes fol-
lowing the placement of an erector spinae plane block.
Recent literature has reported that different volumes of
local anesthetic injectate and its corresponding spread
are influenced by the site of injection. For example, a 5
mL of injectate was needed to cover one vertebral level
in the lumbar region, whereas only 3.3 (radiological im-
aging studies) to 3.5 (cadaveric dissections studies) mL
are needed in thoracic region [45]. In our study, we
found that patients who underwent spine or orthopedic
surgeries compared to control experienced clinical pain
relief at 6 h which dissipated by 12h after surgery. In
contrast, studies investigating erector spinae plane block
to control in patients undergoing chest surgical proce-
dures reported no significant pain relief at any three of
the study time periods in the postoperative period.
Nonetheless, patients who underwent chest or spine/
orthopedic procedures reported opioid sparing effects at
24 h after surgery. Future clinical trials investigating the
optimal volume of local anesthetics in different anatom-
ical regions and different types of surgeries to determine
analgesic adequacy is warranted.

The findings of our study should only be interpreted
within the context of its limitations. First, in order to
minimize heterogeneity, we compared erector spinae
plane block to an “inactive” control group. More re-
cently, studies have compared the erector spinae plane
blocks to other commonly performed blocks (e.g., trans-
versus abdominis plane block, paravertebral blocks) [46—
48]. Nonetheless, the number of randomized trials are
not yet adequate to perform a quantitative analysis com-
paring the erector spinae plane blocks to other regional
blocks. Secondly, we limited our comparison to acute
postoperative pain. Some recent reports have highlighted
the potential use of the erector spinae plane block for
chronic pain conditions [49, 50]. It is conceivable that
the erector spinae plane block may reduce opioid con-
sumption among chronic pain patients. Third, we did
not include studies investigating continuous catheter in-
fusions of local anesthetics in the erector spine plane as
most investigations are limited to case reports. The use
of a continuous catheter erector spinae block can pro-
long the local anesthetic blockade extending the postop-
erative pain relief beyond 12h [51, 52]. Randomized
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trials confirming the efficacy of continuous catheter
erector spinae blocks are warranted due to the limited
analgesic duration of single-shot blocks. Last, we in-
cluded a large multitude of surgical procedures with
various anatomical differences in an attempt to improve
the generalizability of our findings, which may account
for the significant heterogeneity present in the current
studies. Nonetheless, we used the random effect model
for all of the analyses and were able to explain some of
the heterogeneity based on the utilization of either uni-
lateral or bilateral placement of the block or by the cat-
egory of surgical location. However, the high levels of
heterogeneity among the studies makes publication bias
concerning in the studies published to date. Further in-
vestigations of erector spinae plane block for postopera-
tive analgesia with larger sample sizes are needed to
address the wide variability of the effect sizes seen in our
analysis.

Conclusion

In summary, our results provide moderate-quality evi-
dence the erector spinae plane block may be an effective
analgesic strategy to minimize postoperative pain and re-
duce postoperative opioid consumption across several
types of surgeries. In addition, a high quality of evidence
demonstrated that erector spinae plane block also re-
duced postoperative nausea and vomiting. More studies
are necessary to confirm our findings of a possible
short-term analgesic benefit of the erector spinae plane
block.
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