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Objectives: To evaluate the benefit of single-shot erector spinae plane block (ESPB) on pain at postoperative hours 4 and 12, duration of
mechanical ventilation, hospital length of stay, intensive care unit (ICU) length of stay, cumulative postoperative opioid usage, and incidence of
postoperative nausea and vomiting (PONV) after cardiac surgery via sternotomy

Design: A systematic review and meta-analysis of randomized controlled trials and prospective clinical trials.

Setting: Studies were identified through the search of PubMed and EMBASE on July 19, 2023.

Participants: Adults and children undergoing cardiac surgery via sternotomy.

Interventions: Single-shot ESPB versus standard-of-care analgesia.

Measurements and Main Results: A systematic review and meta-analysis of 10 studies (N = 695 patients). The single-shot ESPB arm exhibited
statistically significant reductions in pain score at postoperative hour 4 (standardized mean difference [SMD] —2.95, 95% CI —5.86 to
-0.04, p = 0.0466), duration of mechanical ventilation (SMD —1.23, 95% CI —2.21 to —0.24, p = 0.0145), cumulative postoperative opioid
usage (SMD —1.48, 95% CI —2.46 to —0.49, p = 0.0033), and PONV incidence (risk ratio 0.4358, 95% CI 0.2105-0.9021, p = 0.0252).
The single-shot ESPB arm did not exhibit a statistically significant reduction in pain score at postoperative hour 12, length of hospital
stay, and length of ICU stay.

Conclusions: Single-shot ESPB improves near-term clinical outcomes in patients undergoing cardiac surgery via sternotomy. More randomized

controlled trials are needed to validate these findings.
© 2023 Elsevier Inc. All rights reserved.
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PAIN CONTROL is extremely important for cardiac sur-
gery via sternotomy. Standard postoperative care after these
surgeries relies on opioids for pain relief. However, opioid-
based analgesia has been associated with a risk of longer intu-
bation time and a greater risk of respiratory depression.' Pro-
longed mechanical ventilation dependence has been correlated
with postoperative complications and increased mortality,
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thereby motivating the discovery of opioid-sparing analgesic
alternatives to improve patient outcomes.” Recently, regional
anesthetic techniques like the high thoracic epidural, paraver-
tebral block, and erector spinae block have gained traction
for their ability to effectively alleviate pain through the use
of local anesthesia while reducing the risk of opioid side
effects.*®

Initially introduced in 2016, the erector spinae plane block
(ESPB) has been used progressively in a multitude of surger-
ies. Later case reports in 2018 demonstrated ESPB’s utility as
a possible cardiac regional anesthetic technique that could aid
in postoperative analgesia after cardiac surgery.” Most of the
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literature thus far has reported ESPB as effective, yet a clear
consensus regarding its efficacy within cardiac surgery is still
to be reached. Although individual studies are important indi-
cators of regional block efficacy, each study has its own possi-
ble limitations that alter the impact of the intervention. To the
authors’ knowledge, 1 meta-analysis sought to evaluate the
effect of the ESPB during cardiac surgery via sternotomy on
4-hour pain score, 12-hour pain score, time to extubation,
and length of stay (LOS) in the intensive care unit (Icu).’
However, the study included both single-shot and continuous
ESPB infusion during cardiac surgery via sternotomy without
subgroup analysis, only evaluated adult patients, and only
included 5 studies for review. Hence, the authors aimed to per-
form this meta-analysis to garner a complete view of the
impact of a bilateral single-shot ESPB on postextubation pain
score, duration of mechanical ventilation, hospital LOS, ICU
LOS, postoperative opioid usage, and frequency of postopera-
tive nausea and vomiting (PONV) in adult and pediatric
patients undergoing cardiac surgery via sternotomy.

Methods

Study Registration

To examine the ability of the bilateral single-shot ESPB to
reduce postoperative pain, duration of mechanical ventilation,
hospital and ICU LOS, postoperative opioid administration,
and risk of developing PONV after cardiac surgery via sternot-
omy, a systematic review and meta-analysis was performed in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.” Accordingly, this study was
registered with the International Prospective Register of Sys-
tematic Reviews (identification number: CRD42023441311).

Study Search and Selection

After registration, a search of electronic databases was per-
formed. The 2 databases searched were PubMed and EMBASE
(Fig 1, A). After searching, 2 independent reviewers screened,
downloaded, and read publications. Only publications pub-
lished in English were screened. Only studies that met inclu-
sion criteria and did not violate exclusion criteria were
included (Fig 1, B). An unbiased third reviewer resolved dis-
agreements between reviewers 1 and 2.

Outcome Measures

The outcome measures of interest were decided a priori.
These outcomes of interest were as follows: numerical rating
score at postextubation hours 4 and 12 in terms of an 11-point
visual analog scale, duration of mechanical intubation in
terms of minutes, total amount of time spent in the hospital in
terms of hours, total amount of time spent in the ICU in terms
of hours, total cumulative postoperative opioid usage in terms
of morphine milligram equivalents (MMEs) per kilogram of
body weight administered, and incidence of PONV. Postextu-
bation hours 4 and 12 were selected as time points because

they fall within and beyond the previously published 12-° to
24-hour'""'? analgesic window for single-shot ESPB, respec-
tively, and they are commonly reported data points in studies.
These outcomes were extracted for both the intervention and
control arms of the included studies.

Data Extraction

Data from the included studies were extracted into spread-
sheets by the independent reviewers. The original study
authors did not need to be contacted for additional information
beyond what was published in the manuscript and supplemen-
tary figures. The extracted data included the following: study
title, digital object identifier, first author name, publication
date, protocol for intervention arm, protocol for control arm,
number of participants, number of participants by sex, number
of participants by surgery type, age of participants in years
(mean £ SD), body mass index of participants (mean + SD),
duration of surgery (mean £ SD), weight of participants in
kilograms (mean £ SD), numerical rating score at postextuba-
tion hours 4 and 12 (mean =+ SD), duration of mechanical intu-
bation (mean &+ SD), amount of time spent in the hospital
(mean £ SD), amount of time spent in an ICU (mean + SD),
total cumulative MMEs per kilogram of body weight adminis-
tered (mean + SD), and incidence of PONV. For studies in
which median and IQR were reported instead of mean and SD,
the median was used to estimate the mean, and IQR/1.35 was
used to estimate SD, as per sections 6.5.2.9 and 6.5.2.5 of the
Cochrane Handbook for Systematic Reviews of Interventions
version 6.3." For studies in which the standard error was
reported instead of SD, the standard error was multiplied by
the square root of the sample size to calculate SD.

Risk of Bias Assessment

Two independent reviewers used the Cochrane risk-of-bias
tool for randomized trials version 2 to assess the risk of bias.'
Disagreements between reviewers were resolved by an unbi-
ased third reviewer. The 5 domains analyzed were (1)
“randomization process,” (2) “deviations from intended inter-
ventions,” (3) “missing outcomes data,” (4) “measurement of
the outcome,” and (5) “selection of the reported result.” Each
domain was assigned a score of “low risk,” “some concerns,”
or “high risk.” The Cochrane risk-of-bias tool for randomized
trials version 2 score of “some concerns” represented a
medium risk. An overall bias score was assigned using this
scoring system. Risk-of-bias VISualization tool was used to
generate Supplementary Fig S1.'°

Statistical Analysis of Outcomes

All statistical analyses were performed with the Metafor
package in R version 4.3.0 (R Foundation for Statistical
Computing). For statistical analysis of continuous outcome
measures (numerical rating score at postextubation hours 4
and 12, duration of mechanical intubation, amount of time
spent in the hospital, amount of time spent in an ICU, and total
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A

PubMed search:

EMBASE Search:

controlled trial]/lim).

((Anesthesia, Conduction[MeSH Terms]) OR (Anesthesia Local[MeSH Terms]) OR
(Nerve Block[MeSH Terms])) AND ((erector spinae plane) OR (erector spinae plane
block) OR (chest wall block)) AND (Cardiac).

(‘cardiovascular surgery'/exp OR 'cardiovascular surgery' OR 'cardiovascular'/exp
OR cardiovascular) AND (‘erector spinae plane block'/exp OR 'erector spinae plane
block' OR 'erector spinae block'/exp OR 'erector spinae block' OR 'chest wall block'
OR 'chest wall block'/exp) AND ([controlled clinical trial]/lim OR [randomized

145 citations imported from

PubMed and Embase
132 citations reviewed _—
10 citations included in

systemic review

|

8 citations included in meta-
analysis

13 citations duplicated

2 citations experimental group receives postoperative

22 citations irrelevant to ESPB
62 citations not RCT or clinical trial
16 citations non-cardiac surgery
9 citations minimally invasive cardiac surgery
11 citations control group receives nerve block

continuous infusion through ESPB catheter

2 citations do not report any

outcomes of interest

Fig 1. (A) PubMed and EMBASE search strategy. The search covered dates ranging from database creation through July 19, 2023. (B) The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses flow diagram for selection of studies. A total of 145 studies were returned in the initial search, and 13 of these
studies were duplicates. The 132 unique studies were reviewed for inclusion or exclusion. Of the included 10 studies, 8 reported at least 1 outcome of interest for

use in quantitative meta-analysis.

cumulative MME per kilogram of body weight administered),
standardized mean differences (SMDs) were computed. A ran-
dom-effects model was used to produce the pooled statistic
and 95% CI. I* and Tau’ statistics were used to assess
between-study heterogeneity. The risk ratio (RR) was com-
puted for statistical analysis of the binary outcome measure
(incidence of PONV). A random-effects model was used to
produce the pooled statistic and 95% CI. For all outcome
measures, funnel plots were used to assess publication bias via
visual symmetry as determined by 2 independent reviewers.
The statistical approaches and analyses underwent a compre-
hensive review, evaluation, and approval by a qualified statisti-
cian.

Results

Study Selection

The search of electronic databases returned 145 citations, 13
of which were duplicates. Of the 132 unique citations, 10 cita-
tions were determined to meet the inclusion criteria, and of
these 10 included studies, 8 reported data relevant to the
authors’ outcomes of interest (Fig 1, B). None of these studies
were known to have missing outcomes data for individual par-
ticipants. Study characteristics are presented in Table 1. In all

10 studies, patients undergoing cardiac surgery via sternotomy
either received a bilateral single-shot ESPB with general anes-
thesia or received general anesthesia without a bilateral single-
shot ESPB.'®?° In all included studies, bilateral single-shot
ESPB was performed immediately before or immediately after
induction. In 7 of the studies, patients were older than or equal
to 18 years.'®'”>*** In 3 of the studies, patients were younger
than 18 .”’*” Demographic information of included studies are
presented in Table 2. None of the between-group comparisons
for any demographic variable measured in the original cita-
tions had a p value < 0.05.1¢%

Self-Reported Pain Score at Postextubation Hour Four

A total of 4 studies reported pain scores at postextubation
hour 4.'°?'?* One hundred twenty-eight patients received a
bilateral single-shot ESPB, and 126 patients received stan-
dard-of-care analgesia. Patients who received a bilateral sin-
gle-shot ESPB had lower self-reported pain at postextubation
hour 4 compared to the control arm (SMD = —2.95, 95%
CI=-5.86to —0.04, p = 0.0466) (Fig 2). Significant statistical
heterogeneity was observed (I* = 98.4%, Tau” = 8.645, and p
< 0.001) (Fig 2). The funnel plot of publication bias showed
relative asymmetry (Supplementary Fig S2). The overall risk
of bias arising from the design and execution of each study
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Table 1
Characteristics of included studies

Author Year Study Type Population Intervention Control GA PCA

Athar'® 2021 Double-blind RCT Adults ESPB Sham ESPB Both arms Both arms

Balan (2022)'® 2022 NR Adults ESPB No block Both arms Both arms
RCT

Balan (2023)"7 2023 NR Adults ESPB No block Both arms Both arms
RCT

Demir'’ 2022 NR Adults ESPB No block Both arms Both arms
RCT

Gado™ 2022 Double-blind RCT Children ESPB No block Both arms Both arms

Karacaer”' 2022 Triple-blind RCT Children ESPB No block Both arms Both arms

Kaushal** 2020 Single-blind RCT Children ESPB No block Both arms Both arms

Krishna™’ 2019 Single-blind RCT Adults ESPB No block Both arms Both arms

Silva®* 2022 NR Adults ESPB No block Both arms Both arms
RCT

Wiech? 2022 Prospective cohort study Adults ESPB No block Both arms Both arms

Abbreviations: ESPB, bilateral single-shot erector spinae plane block; GA, general anesthesia; NR, blinding not reported in original study; PCA, patient-controlled

analgesia; RCT, randomized controlled trial.

was judged as “low” in all 4 studies'>*"*’

Fig S1).

(Supplementary

Self-Reported Pain Score at Postextubation Hour 12

A total of 6 studies reported pain scores at postextubation
hour 12.'%'%21%2% One hundred ninety-five patients received
a bilateral single-shot ESPB, and 193 patients received stan-
dard-of-care analgesia. Patients who received a bilateral sin-
gle-shot ESPB did not have a statistically significant
difference in self-reported pain at postextubation hour 12 com-
pared to the control arm (SMD = —0.66, 95% CI = —1.44 to
0.12, p = 0.0983) (Fig 3). Significant statistical heterogeneity
was observed (I* = 92.1%, Tau” = 0.871, and p < 0.001)
(Fig 3). The funnel plot of publication bias showed relative
symmetry (Supplementary Fig S3). The overall risk of bias
arising from the design and execution of each study was
judged as “low risk” in 5 studies'®'*'~** and “some concerns”
(medium risk) in one study”” (Supplementary Fig S4).

Duration of Mechanical Ventilation

A total of 7 studies reported the duration of mechanical
ventilation.'®'®!1%?1"2325 Two hundred thirty-two patients
received a bilateral single-shot ESPB, and 224 patients
received standard-of-care analgesia. Patients who received a
bilateral single-shot ESPB had a lower duration of mechanical
ventilation than the control arm (SMD = —1.23, 95%
CI=-2.21to —0.24, p =0.0145) (Fig 4). Significant statistical
heterogeneity was observed (I* = 95.3%, Tau” = 1.674, and p
< 0.001) (Fig 4). The funnel plot of publication bias showed
relative symmetry (Supplementary Fig S5). The overall risk
of bias arising from the design and execution of each study
was judged as “low risk” in 6 studies'®'®'**'"** and “some
concerns” (medium risk) in 1 study” (Supplementary Fig S6).

Length of Hospital Stay

A total of 4 studies reported length of hospital stay.'®'?*"*°
One hundred twenty-four patients received a bilateral single-
shot ESPB, and 118 patients received standard-of-care analge-
sia. Patients who received a bilateral single-shot ESPB did not
have a statistically significant difference in length of hospital
stay compared to the control arm (SMD = —0.08, 95%
CI = —0.79 to 0.63, p = 0.828) (Fig 5). Significant statistical
heterogeneity was observed (I* = 86.3%, Tau” = 0.447, and p
< 0.001) (Fig 5). The funnel plot of publication bias showed
relative asymmetry (Supplementary Fig S7). The overall risk
of bias arising from the design and execution of each study
was judged as “low risk” in 3 studies'®'**" and “some con-
cerns” (medium risk) in 1 study” (Supplementary Fig S8).

Length of ICU Stay

A total of 5 studies reported length of ICU stay.'®'*?'?
One hundred ninety patients received a bilateral single-shot
ESPB, and 187 patients received standard-of-care analgesia.
Patients who received a bilateral single-shot ESPB did not
have a statistically significant difference in length of ICU stay
compared to the control arm (SMD = —2.81, 95% CI = —7.78
to 2.16, p = 0.268) (Fig 6). Significant statistical heterogeneity
was observed (I* = 99.7%, Tau” = 31.944, and p < 0.001)
(Fig 6). The funnel plot of publication bias showed relative
asymmetry (Supplementary Fig S9). The overall risk of bias
arising from the design and execution of each study was
judged as “low” in all 5 studies'®'”*'** (Supplementary Fig
S10).

Postoperative Opioid Use

A total of 6 studies reported cumulative postoperative opi-
oid usage.'®”"***° Two hundred thirty patients received
a bilateral single-shot ESPB, and 228 patients received
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Table 2
Demographics of Included Studies

Author Total (N) Sex (N) Age, mean £ SD, y BMI, mean & SD Surgery Type, N Surgery Duration mean &+ SD, min
ESPB CTL ESPB CTL ESPB CTL ESPB CTL ESPB CTL
Athar'® Total (15) Total (13) 545+42 552+39 26.3+£26 258+23 CABG (6) CABG (7) 165 £ 31 171 £25
Male (13) Male (NR) MVR (5) MVR (5)
Female (2) Female (NR) AVR (4) AVR (3)
Balan (2022)"® Total (40) Total (43) 61.5+ 104 63 + 104 28.9+39 29.6 4.9 CABG (16) CABG (19) 286 £ 58.4 296.8 £ 64.1
Male (26) Male (26) CABG + VR (4) CABG + VR (3)
Female (14) Female (17) AVR (9) AVR (15)
MVR (6) MVR (1)
ASDR (2) A+M VR (1)
VSDR (1) MR (2)
MR (1) AAAR (2)
AAAR (1)
Balan (2023)"7 Total (42) Total (43) 62 £ 10.6 63 £104 28.6 £4 29.6+49 CABG =+ VS (20) CABG £ VS (22) 283.3 £59 296.8 + 64.1
Male (27) Male (26) VS (17) VS (17)
Female (15) Female (17) Misc (5) Misc (4)
Demir'’ Total (37) Total (31) 61.1 £10.7 562+ 12.6 279+29 27.3+£39 CABG (28) CABG (24) NR NR
Male (26) Male (24) AVR (4) MVR (3)
Female (11) Female (7) MVR (3) A+M VR (3)
A+M VR (1) MR (1)
CABG + VR (1)
Gado™ Total (50) Total (48) 24+21 28 +2.1 NR NR VSDR (27) VSDR (19) 1459 +£23.7 142.8 £27.8
Male (22) Male (21) ASDR (11) ASDR (14)
Female (28) Female (27) AVSDR (8) AVSDR (10)
SAMR (3) SAMR (2)
PAB (1) MVR (2)
SVASR (1)
Karacaer”' Total (20) Total (20) 6+£23 6£26 NR NR ASDR (8) ASDR (8) 181.1 £34.3 143 £41.2
Male (11) Male (10) VSDR (10) VSDR (11)
Female (9) Female (10) AME (2) AME (1)
Kaushal* Total (40) Total (40) 24+1.8 25+2 NR NR ASDR (25) ASDR (28) NR NR
Male (22) Male (23) VSDR (15) VSDR (12)
Female (18) Female (17)
Krishna™ Total (53) Total (53) 483+ 1.7 49.6 £1.5 25.0+£0.1 24.0+0.1 CABG (26) CABG (27) NR NR
Male (31) Male (30) ASDR (13) ASDR (11)
Female (22) Female (23) MVR (14) MVR (15)
Silva* Total (25) Total (29) NR NR NR NR NR NR NR NR
Male (NR) Male (NR)
Female (NR) Female (NR)
Wiech? Total (27) Total (24) 64.7 £ NR 67.1 £ NR 29.1 £ NR 28.6 £ NR CABG (27) CABG (24) 159 £ NR 163 £ NR
Male (24) Male (22)
Female (3) Female (2)

Abbreviations: AAAR, abdominal aortic aneurysm repair; A+M VR, aortic valve replacement or repair with mitral valve replacement or repair; AME, aortic membrane excision; ASDR, atrial septal defect repair;

AVR, aortic valve replacement or repair; AVSDR, atrioventricular septal defect repair; BMI, body mass index; CABG, coronary artery bypass graft; CABG + VR, coronary artery bypass graft with valve
replacement; CABG =+ VS, coronary artery bypass graft with or without valve surgery; CTL, control; ESPB, bilateral single-shot erector spinae plane block; Misc, miscellaneous cardiac surgery; MR, myxoma

resection; MVR, mitral valve replacement or repair; NR, not reported in original study; PAB, pulmonary artery banding; SAMR, subaortic membrane resection; SVASR, supravalvular aortic stenosis repair; VR,

valve replacement; VS, valve surgery; VSDR, ventricular septal defect repair.
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ESPB Control
N Mean SD N Mean SD Weight SMD [95% CI;

Athar 15 3.46 1.64 13 4.89 062  25.00% - -1.09 [1.88, ~0.29]
Karacaer 20 2 0.74 20 3 1.48 25.16% —— -0.84 [-1.48, -0.19]
Kaushal 40 2.87 0.34 40 4.2 0.61 25.20% —— -2.67 [-3.27, -2.06]
Krishna 53 0 0 53 258 05 24.65% _— ~7.30 [-8.35, -6.24]
Total 128 126 100.00%

RE Model -2.95[-5.86, -0.04]

Test for overall effect: Z =
Heterogeneity: 12 = 98.4 %,

9., p = 0.0466
=8.645, p <0.001

r T T T T i
-10 -8 -6 -4 -2 0
Standardized Mean Difference

Favors ESPB

Fig 2. Forest plot of self-reported pain score at postextubation hour 4. The following 4 studies were included in the comparison between the bilateral single-shot
bilateral single-shot erector spinae plane block arm versus the control arm: Athar,'® Karacaer,”' Kaushal,”> and Krishna.”* Standardized mean difference equals
—2.95 (—5.86 to —0.04). Data in the table are presented in terms of the 11-point numeric rating scale. ESPB, bilateral single-shot erector spinae plane block; RE,
random effects; SMD, standardized mean difference; T, tau.

ESPB Control
N Mean SD N Mean SD Weight SMD [95% ClI

Athar 15 4.55 1.58 13 3.42 145 15.54% _— 0.72[-0.05, 1.49]
Balan-1 40 2 1.48 43 4 074 16.98% —— -1.71 [-2.21,-1.21]
Karacaer 20 2 111 20 2 148 16.38% —_— 0.00 (-0.62, 0.62]
Kaushal 40 3.97 0.71 40 4.06 073 17.27% — . ~0.12(-0.56, 0.31]
Krishna 53 3.92 1.09 53 5.64 0.94 17.26% —_—— -1.67 [-2.12, -1.23]
Wiech 27 3 111 24 4 0.74 16.57% —_——.- -1.03 [-1.62, -0.45]
Total 195 193 100.00%

RE Model ———ecSE——— -0.66 [-1.44, 0.12]

Test for overall effect: Z = -1.65 , p = 0.0983
Heterogeneity: I2 = 92.1 %, T2=0.871 , p < 0.001

-3 -2 -1 [ 1 2
Standardized Mean Difference
<& »
Favors ESPB Favors placebo

Fig 3. Forest plot of self-reported pain score at postextubation hour 12. The following 6 studies were included in the comparison between the bilateral single-shot
bilateral single-shot erector spinae plane block arm versus the control arm: Athar,'® Balan (2022),'® Karacaer,”' Kaushal,”> Krishna,”* and Wiech.” Standardized
mean difference equals —0.66 (—1.44 to 0.12). Data in the table are presented in terms of the 11-point numeric rating scale. ESPB, bilateral single-shot erector spi-
nae plane block; RE, random effects; SMD, standardized mean difference; T, tau.

ESPB Control
N Mean SD N Mean SD Weight SMD [95% CI;

Athar 15 88.4 17 13 103.5 18 13.82% —_— -0.84 [-1.61, -0.06]
Balan - 1 40 90 3333 43 360 166.67 14.44% —-— -2.19[-2.73, -1.64]
Demir 37 420 13333 31 420 133.33  14.59% —. 0.00[-0.48, 0.48]
Karacaer 20 267 100 20 234 123 14.24% —— 0.29[-0.33, 0.91]
Kaushal 40 45.36 5.48 40 47.23 5.8 14.66% —i -0.33[-0.77, 0.11]
Krishna 53 63.09 9.46 53 102.62 18.35 14.48% —— -2.69 [-3.21, -2.16]
Wiech 27 120 88.89 24 630 23333 13.77% e -2.91[-3.70, -2.12]
Total 232 224 100.00%

RE Model SR —— -1.23[-2.21,-0.24]

Test for overall effect: Z = -2.44, p = 0.0145
Heterogeneity: I = 95.3 %, T2 = 1.674 , p < 0.001

T T T 1
-4 -3 -2 -1 0 1
Standardized Mean Difference

<

v

Favors ESPB Favors placebo

Fig 4. Forest plot of duration of mechanical ventilation. The following 7 studies were included in the comparison between the bilateral single-shot bilateral single-
shot erector spinae plane block arm versus the control arm: Athar,'® Balan (2022),"® Demir,'” Karacaer,”' Kaushal,”* Krishna,”* and Wiech.”® Standardized mean
difference equals —1.23 (—2.21 to —0.24). Data in the table is presented in terms of minutes. ESPB, bilateral single-shot erector spinae plane block; RE, random
effects; SMD, standardized mean difference; T, tau.
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SMD [95% C)

Balan - 1 40 192 48.9 168 35.6 26.22%

Demir 37 163.2 72 156 57.6 25.74%

Karacaer 20 169.2 66.7 163.2 23.83%

Wiech 27 168 53.33 24 240 7111 24.21%

Total 124 118 100.00%

056[0.12, 1.00]

0.11[-037, 0.59]

0.09 [-0.53, 0.71]

-1.14[-1.73, -0.55]

RE Model
Test for overall effect: Z = -0.22 , p = 0.828
Heterogeneity: |2 = 86.3 %, T2 = 0.447 , p < 0.001

~0.08[-0.79, 0.63]

T T T 1
-05 o

Standardized Mean Difference

<

v

<
Favors ESPB Favors placebo

Fig 5. Forest plot of length of hospital stay. The following 4 studies were included in the comparison between the bilateral single-shot bilateral single-shot erector
spinae plane block arm versus the control arm: Balan (2022),'x Demir,w Karacaer,ZI and Wiech.” Standardized mean difference equals —0.08 (—=0.79 to 0.63).
Data in the table are presented in terms of hours. ESPB, bilateral single-shot erector spinae plane block; RE, random effects; SMD, standardized mean difference;

T, tau.

standard-of-care analgesia. Patients who received a bilateral
single-shot ESPB had lower cumulative postoperative opioid
usage compared to the control arm (SMD = —1.48, 95%
Cl=—-2.46 to —0.49, p = 0.0033) (Fig 7). Significant statistical
heterogeneity was observed (I* = 95.3%, Tau” = 1.439, and p
< 0.001) (Fig 7). The funnel plot of publication bias showed
relative asymmetry (Supplementary Fig S11). The overall risk
of bias arising from the design and execution of each study
was judged as “low risk” in 4 studies'®*'"** and “some con-
cerns” (medium risk) in 2 studies’”® (Supplementary Fig
S12).

PONV

A total of 5 studies reported PONV.'®'*2%2> One hundred
sixty-five patients received a bilateral single-shot ESPB, and
166 patients received standard-of-care analgesia. Patients who
received a bilateral single-shot ESPB had a reduction in the
incidence of PONV compared to the control arm
(RR =0.4358, 95% CI = 0.2105-0.9021, p = 0.0252) (Table 3).

ESPB

Mean

Control

sD Mean Weight

No significant statistical heterogeneity was observed
(> =0.0%, Tau” = 0, and p = 0.824) (Table 3). The funnel plot
of publication bias showed relative symmetry (Supplementary
Fig S13). The overall risk of bias arising from the design
and execution of each study was judged as “low risk” in
4 studies'®'®?"*? and “some concerns” (medium risk) in
1 study®° (Supplementary Fig S14).

Discussion

The ESPB has been used increasingly in various surgeries
since its initial description in 2016.”° However, the impact of
the ESPB on clinical outcomes after cardiac surgery via mid-
line sternotomy has yet to be well-established. The results of
this meta-analysis showed that the bilateral single-shot ESPB
had a statistically significant effect in decreasing patient self-
reported pain at postextubation hour 4 (Fig 2), duration of
mechanical ventilation (Fig 4), cumulative postoperative opi-
oid usage (Fig 7), and incidence of PONV (Table 3) compared
to standard-of-care, multimodal analgesia with or without a

SMD [95% CI.

Balan - 1 40 72 35.56 48 20.10%

Demir 20 31 22 20.10%

Karacaer 20 66 20 67.2 20.08%

Kaushal 40 40 14.16 20.10%

Kishna 53

190

42.17 53

187

69.34 19.62%

Total 100.00%

086[ 0.41, 131

-0.44[-0.93, 0.04]

-0.04[-0.66, 0.58]

-1.65[-2.16, ~1.14]

-13.02 [-14.81, -11.23]

E Model
Test for overall effect: Z=~1.11, p = 0.2676
Heterogeneity: I? = 99.7 %, T2 = 31.944 , p < 0.001

-281(-7.78, 2.16]

-15

-10

T T 1
-5 0 5

Standardized Mean Difference
<

«
Favors ESPB

v

Favors placebo

Fig 6. Forest plot of length of intensive care unit stay. The following 5 studies were included in the comparison between the bilateral single-shot erector spinae
plane block arm versus the control arm: Balan (2022),'® Demir,'® Karacaer,”' Kaushal,*> and Krishna.”> Standardized mean difference equals —2.81 (—7.78 to
2.16). Data in the table are presented in terms of hours. ESPB, bilateral single-shot erector spinae plane block; ICU, intensive care unit; RE, random effects; SMD,

standardized mean difference; T, tau.
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ESPB Control
N Mean sD N Mean sb Weight SMD [95% CI
Balan 40 0.1 0.1 43 0.2 01 16.93% —— -0.99 [-1.45, -0.53]
Gado 50 12 0.6 48 15 0.6 17.07% i ~0.50 [~0.90, 0.09]
Karacaer 20 0.8 18 20 25 27 16.36% —_ -0.73(-1.37,-0.09)
Kaushal 40 03 03 40 o ¥ g 1 16.73% S e -1.88 [-2.40, -1.35]
Krishna 53 0.41 0.16 53 1.09 0.19 16.35% _— -3.84(-4.49, -3.20]
Wiech 27 0.58 0.59 24 117 0.58 16.55% ——t——| -0.99 [-1.57, -0.41]
Total 230 228 100.00%
E Model | —EE S —— ~1.48 [-2.46, -0.49]
Test for overall effect: Z = ~-2.94 , p = 0.0033
Heterogeneity: I2 = 95.3 %, T2 = 1.439 , p < 0.001
T T T T T 1
-5 -4 -3 -2 -1 0

Standardized Mean Difference

Favors ESPB

Fig 7. Forest plot of postoperative opioid use. The following 6 studies were included in the comparison between the bilateral single-shot erector spinae plane block
arm versus the control arm: Balan (2022),'® Gado,”’ Karacaer,”' Kaushal,>> Krishna,”* and Wiech.” Standardized mean difference equals —1.48 (—2.46 to —0.49).
Data in the table are presented in terms of morphine milligram equivalent per kg. ESPB, bilateral single-shot erector spinae plane block; kg, kilogram of body
weight; MME, morphine milligram equivalent; RE, random effects; SMD, standardized mean difference; T, tau.

sham bilateral single-shot ESPB with only sterile saline. On
the other hand, this meta-analysis suggested that the bilateral
single-shot ESPB did not have a statistically significant effect
on patient self-reported pain at post-extubation hour 12
(Fig 3), length of hospital stay (Fig 5), and length of ICU stay
(Fig 6).

Although bilateral single-shot ESPB reduced the duration of
mechanical ventilation, it did not reduce the length of ICU
stay. Although mechanical ventilation is one key reason for
admission to the ICU, there are many other criteria for ICU
admission, including frequent and/or invasive hemodynamic
monitoring and frequent medication titration.”” Such factors
are unlikely to be affected by ESPB’s analgesic effects.

Multiple meta-analyses have reported that the analgesic
effects of the bilateral single-shot ESPB diminish after
12 hours” to 24 hours.'”"'* Four- and 12-hour pain scores were
chosen as time points to evaluate self-reported pain scores

Table 3
Risk Ratio of Postoperative Nausea and Vomiting

because the 4-hour pain score is within the analgesic window
for single-shot ESPB, whereas the 12-hour pain score lies out-
side of it. Given the single-shot ESPB’s analgesic window of
fewer than 12-to-24 hours, an intermittent or continuous anal-
gesic delivery through the catheter is likely needed to impact
the outcomes of interest with time horizons exceeding 12-to-
24 hours, such as 12-hour pain score, length of hospital stay,
and length of ICU stay. To the best of the authors’ knowledge,
only 2 randomized controlled trials have reported 12-hour pain
scores while receiving ESPB via continuous infusion.”**’ The
12-hour pain scores of the experimental groups were signifi-
cantly lower than those of the control groups in both studies.
These 2 studies did not qualify for inclusion in the meta-analy-
sis because they used a continuous infusion of ESPB.
Although the findings of this study demonstrated statistical
significance, the clinical importance remains debatable. This is
because the measure of effect reported in this study for

ESPB Control

Study Events Total Events Total Weight Risk Ratio [95% CI]
Athar'® 1 15 4 15 12.34% 0.2500 (0.0315,-1.9835)
Balan (2022)"® 0 40 3 43 6.16% 0.1534 (0.0082-2.8796)
Gado™ 2 50 4 48 19.43% 0.4800 (0.0921-2.5007)
Karacaer”! 1 20 4 20 11.98% 0.2500 (0.0306-2.0453)
Kaushal** 5 40 8 40 50.10% 0.6250 (0.2236-1.7468)
Total 9 165 23 166 100.00% 0.4358 (0.2105-0.9021)
Test for overall effect Z=-224

p=0.0252
Heterogeneity P=0.0%

T2=0.0

p=0.824

The following 5 studies were included in comparison between the bilateral single-shot ESPB arm versus the control arm: Athar,16 Balan (2022),'g Gado,20

Karacaer,”' and Kaushal.?® Risk ratio equals 0.4358 (0.2105-0.9021).
Abbreviation: ESPB, bilateral singe-shot erector spinae plane block.
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outcomes clinically reported on a continuous scale was
reported as SMD—a unitless measure of effect.'” Reporting
these outcomes as SMD minimized interstudy variance and,
thus, minimized the skew of the overall measure of effect.
However, SMD can be challenging to interpret clinically.
When reported in terms of the units from the data table pre-
sented in each outcome’s forest plot, bilateral single-shot
ESPB reduced 4-hour postextubation pain score by 1.64 points
on a numerical rating score from 0 to 10 compared to the stan-
dard-of-care analgesia patients undergoing cardiac surgery via
midline sternotomy (Fig 2). It also reduced the duration of
mechanical ventilation by 111.89 minutes (Fig 4), and reduced
cumulative postoperative opioid usage by 0.67 MMEs per
kilogram of body weight (Fig 7). In meta-analyses, however,
comparability among studies is more limited using mean dif-
ference than SMD.'® This is why SMD is the standard way of
reporting outcome effect sizes. The incidence of PONV in the
bilateral single-shot ESPB versus the standard-of-care analge-
sia patients after cardiac surgery via midline sternotomy is
reported as an RR of 0.4358 (Table 3). Thus, the risk of devel-
oping PONV in the bilateral single-shot ESPB patients was
0.4358 times that of the standard-of-care analgesia patients.
Because opioids are known to increase the risk of developing
PONV, this observation may have been due to the reduction in
cumulative postoperative opioid usage.’’ The aforementioned
parameters exhibited statistically significant results per their
respective figures; however, the sustained clinical significance
of these limited improvements remains questionable.”’

A previous meta-analysis by King et al. evaluated the effect
of mixed-type (ie, both single-shot and continuous infusion)
ESPB in cardiac surgery via midline sternotomy, and sug-
gested no improvement in 4-hour pain score, 12-hour pain
score, intraoperative opioid use, time to extubation, and ICU
LOS.” King et al. did not perform subgroup analysis of the sin-
gle-shot and continuous ESPB groups, analyzed only 5 cita-
tions with a total sample size of 319 participants, only
analyzed studies with adults, and did not evaluate key out-
comes such as cumulative postoperative opioid usage, the inci-
dence of PONV, and total length of hospital stay.’

Explanations for the difference in findings between King et
al. and this updated systematic review and meta-analysis
include the following: this study only evaluated the effect of
the bilateral single-shot ESPB; analyzed 10 citations with a
total sample size of 695 participants; analyzed studies with
both adults and children; and evaluated key outcomes, such as
cumulative postoperative opioid usage, the incidence of
PONYV, and total length of hospital stay. Thus, the findings of
this updated meta-analysis provide a more up-to-date and com-
prehensive review of the clinical impact of a bilateral single-
shot ESPB in patients undergoing cardiac surgery via midline
sternotomy.

Study Limitations
This meta-analysis had several limitations. Since the ESPB

was first described in 2016, 10 studies were included in this
systematic review, and 8 studies were included in the meta-

analysis.”® Within those studies, there was variability in the

type and volume of local anesthetics used, as not all studies
reported the average mass of patients for each ESPB’s given
dose per kilogram of body weight. Additionally, not all studies
reported patients being blinded to the block procedure. In
Krishna et al.,”* bilateral single-shot ESPB was administered
before general anesthesia. Thus, patients were not blinded to
their experimental arm. Despite also placing bilateral single-
shot ESPB before general anesthesia, Athar et al.'® used a
sham block in patients assigned to the control arm. Patients
were blinded to their trial assignment. Other studies did not
use a sham block but rather only standard-of-care analgesia.
The lack of patient blindness to trial assignment in Krishna et
al.”’ could have influenced their self-reported pain scores.
Hence, a sensitivity analysis was conducted in Supplementary
Fig S15, wherein the data from Krishna et al.”* were excluded
from the dataset for the postextubation hour 4. The statistical
significance remained strong even after excluding the study
conducted by Krishna et al. (with Krishna et al., p = 0.0466;
without Krishna et al., p = 0.008). In other words, removing
Krishna et al.”* from the included studies for the postextuba-
tion hour 4 forest plot did not change the statistical signifi-
cance or interpretation of the results (Supplementary Fig S15).

The SMD calculated for Krishna et al.’s ICU LOS seemed
unusually low due to the very small standard error originally
reported in the paper (Fig 6). However, removing Krishna et
al.”? from the included studies in this analysis did not change
the statistical significance or interpretation of the results (Sup-
plementary Fig S16). Lastly, based on the relative symmetry
of the funnel plots, there was no evidence of publication bias
in pain score at postextubation hour 12, duration of mechanical
ventilation, and incidence of PONV (Supplementary Figs S3,
S5, and S13), but there was evidence of publication bias in
pain score at post-extubation hour 4, length of hospital stay,
length of ICU stay, and cumulative postoperative opioid usage
(Supplementary Figs S1, S7, S9, and S11).

In conclusion, this study found a statistically significant
reduction in self-reported pain at postextubation hour 4, dura-
tion of mechanical ventilation, cumulative postoperative opioid
usage, and incidence of PONV in patients undergoing cardiac
surgery via midline sternotomy who receive a bilateral single-
shot ESPB compared to standard-of-care analgesia. These find-
ings were consistent with the analgesic window of the single-
shot ESPB. However, the extent to which these reductions are
clinically meaningful still needs to be determined. This uncer-
tainty in clinical significance, combined with evidence for pub-
lication bias, reveal a need for more randomized controlled
trials with continuous- or intermittent-infusion ESPB versus
standard-of-care analgesia in patients undergoing cardiac sur-
gery via midline sternotomy. The longer analgesic effect dura-
tion can better reveal the clinical benefit of the ESPB.
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