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Background: Various regional analgesia techniques are used to reduce postoperative pain
in patients undergoing video-assisted thoracic surgery (VATS). This study aimed to deter-
mine the relative efficacy of regional analgesic interventions for VATS using a network
meta-analysis.

Methods: We searched the Medline, EMBASE, Cochrane Controlled Trial Register, Web
of Science, and Google Scholar databases to identify all randomized controlled trials
(RCTs) that compared the analgesic effects of the following interventions: control, thoracic
paravertebral block (TPVB), erector spinae plane block (ESPB), serratus plane block (SPB),
and intercostal nerve block (INB). The primary outcome was opioid consumption during
the first 24 h postoperative period. Pain scores were also collected during three different
postoperative periods: the early (0-6 h), middle (6-18 h), and late (18-24 h) periods.
Results: A total of 21 RCTs (1,391 patients) were included. TPVB showed the greatest ef-
fect on opioid consumption compared with the control (mean difference [MD]: =13.2 mg,
95% CI [-16.2, —10.1]). In terms of pain scores in the early period, ESPB had the greatest
effect compared to control (MD: 1.6, 95% CI [-2.3, —0.9]). In the middle and late peri-
ods, pain scores showed that TPVB, ESPB and INB had superior analgesic effects com-
pared to controls, while SPB did not.

Conclusions: TPVB had the best analgesic efficacy following VATS, though the analgesic
efficacy of ESPBs was comparable. However, further studies are needed to determine the
optimal regional analgesia technique to improve postoperative pain control following
VATS.

Keywords: Nerve block; Network meta-analysis; Opioid analgesics; Postoperative pain;
Review; Video-assisted thoracic surgery.

Introduction

The use of video-assisted thoracic surgery (VATS), a minimally invasive alternative to
open thoracotomy, has increased over the years, which has led to a significant reduction
in postoperative pain and shorter hospital stays [1,2]. However, some patients continue to
suffer from moderate-to-severe pain after VATS and postoperative pain control remains
challenging [3,4]. Although thoracic epidural analgesia (TEA) has been regarded as the

gold standard for postoperative pain management in thoracic surgery [5-8], complica-
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tions such as epidural hemorrhage, hypotension, and postopera-
tive urinary retention can be fatal in high-risk patients [9-11].
Considering the risks and benefits, it is necessary to use an appro-
priate regional analgesia technique suitable for minimally invasive
thoracic surgery.

Thoracic paravertebral block (TPVB) provides unilateral tho-
racic analgesia comparable to TEA. Additionally, not only is it less
invasive than TEA, but can also maintain hemodynamic stability
and carries lower risk of complications due to anticoagulation
therapy associated with anticoagulation [9,12]. According to the
Enhanced Recovery After Surgery (ERAS) guidelines and the
Procedure-specific postoperative pain Management (PROSPECT)
group, TPVB is recommended as the primary method of regional
analgesia for thoracic surgery [13,14].

Recently, however, various regional analgesia techniques, such
as the erector spinae plane block (ESPB) and the serratus plane
block (SPB), have superseded the traditional TPVB through their
comparable analgesic effect along with reduced associated com-
plications [15,16]. Although many studies have reported the effi-
cacy of each of these regional analgesia techniques and have com-
pared their effectiveness in VATS, the relative efficacy of these
techniques has not been compared using network meta-analysis
(NMA).

Therefore, we identified and reviewed all the articles that inves-
tigated the effects of various techniques used for postoperative
analgesia for VATS, and performed an NMA to the rank order of
the regional analgesia in terms of effectiveness for VATS. Our pri-
mary outcome was opioid consumption during the first 24 h post-
operative period, and we also evaluated pain severity during three
different postoperative periods (the early, middle, and late peri-
ods).

Materials and Methods

This study was conducted in accordance with the recommend-
ed Preferred Reporting Items for Systematic Review and Me-
ta-Analysis (PRISMA) guidelines [17] and was registered with the
International Prospective Register of Systematic Reviews (PROS-
PERO, CRD42021252062).

Data source and search strategy

The literature search was conducted to identify eligible studies
for this systematic review and meta-analysis. Two researchers (S.P.
and B.H.) independently searched the following electronic data-
bases: Medline, EMBASE, Cochrane Controlled Trial Register,
Web of Science, and Google Scholar for relevant studies published
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in English. Articles published between September 2005 and De-
cember 2020 in peer-reviewed journals were included. The pri-
mary search was conducted on January 28, 2021; however, an ad-
ditional search was conducted on February 28, 2021 to include
more recent studies. In addition, the studies referenced in the se-
lected articles were searched manually.

The search strategy was as follows: (“Video assisted thoracosco-
py surgery” or VATS) and [(“Thoracic paravertebral block” or
TPVB) or (“paravertebral block” or PVB) or (“Serratus plane
block” or “Serratus anterior plane block” or “Serratus interfascial
plane block” or SPB) or (“Erector spinae plane block” or ESPB) or

(“Intercostal nerve block” or INB)].

Inclusion and exclusion criteria

Studies were considered eligible if they were randomized con-
trolled trials (RCTs) published in English that reported postoper-
ative pain scores or total postoperative opioid consumption in
both the experimental and control groups as outcomes. Non-
RCTs (quasi-experimental designs), abstracts, conference pro-
ceedings, unpublished gray literature, and review studies were ex-
cluded. Among the regional analgesia techniques, continuous
blocks via catheterization were also excluded.

Review procedure

We performed six steps to select the studies. First, two research-
ers (S.P. and B.H.) imported the titles and abstracts of the articles
identified in the searches into reference management software
(EndNote 20, Clarivate™) and performed a preliminary review.
Second, duplicate papers were identified and eliminated using the
reference management software. Third, two researchers (S.P. and
B.H.) independently reviewed the imported studies. We excluded
all of the imported studies that did not clearly meet the inclusion
criteria (due to the study design, participants, types of interven-
tion, and comparison groups). Fourth, they also independently
screened the titles, abstracts, and methodology sections of the
studies that appeared to meet the inclusion criteria. Fifth, we re-
trieved the full texts of the papers that met all the inclusion crite-
ria for data extraction and linked multiple reports of the same
study. Finally, the studies included in the final selection were con-
firmed and coded for analysis by two researchers (B.H. and Y.J.).
These coding sheets were independently checked for accuracy by
researchers who were not involved in the review process. If there
were any differences between the codes provided by the two re-
viewers, the discrepancies were resolved by consulting a third in-

dependent reviewer (C.O.).
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Data extraction

The information from the included articles was independently
extracted by two reviewers (B.H. and Y.J.), and each selected arti-
cle was reviewed twice by both reviewers. To determine the out-
comes of individual studies, pain scores and opioid consumption
were determined for each group and recorded as the means and
standard deviations (SDs). Medians and interquartile ranges
(IQRs), as approximations of the mean and SDs, were determined
using the estimation method proposed by Wan et al. [18]. When
outcome data were available only as graph, a virtual ruler was
used to extract the value by matching the interval between the ba-
sic unit of the plot and the ruler. The effect sizes and standard er-
rors were calculated. Additional data, including the location, sam-
ple size, characteristics of individual study populations, and the
intervention design, were extracted using a predetermined data

extraction table.

Outcome definitions

The primary outcome was cumulative opioid consumption
during the first 24 h postoperative period. All opioids were con-
verted to equianalgesic intravenous (IV) morphine doses (IV
morphine 1 mg = IV fentanyl 10 pg = IV sufentanil 2 pg = IV
tramadol 10 mg). The secondary outcome was pain scores as-
sessed during three different periods in the first 24 h, namely, the
early (0-6 h), middle (6-18 h), and late (18-24 h) periods. For
studies that included several time points within each time period,
pain scores close to 1 h for early, close to 12 h for middle, and
close to 24 h for late were used. In the one study that timetable
was expressed as an interval (ex. 6 a.m. to 2 p.m.), a similar period
expected to include the interval was used. Pain scores that were
assessed using visual analogue scales (VAS) were converted to a

0-10 analogue scale to allow for statistical evaluation.

Data synthesis and statistical analysis

A random-effects NMA within a frequentist framework was
performed using the R software version 4.0.3 (R Foundation for
Statistical Computing, Austria) and the “netmeta” package for fre-
quentist NMA [19,20]. A network plot was constructed to evalu-
ate the direct and indirect comparisons of network structures, in-
cluding studies. Heterogeneity was evaluated using I’ statistics.
The Q statistic based on the full design-by-treatment interaction
random-effects model was calculated to evaluate the global incon-
sistency [21]. We also evaluated the local inconsistencies between

the direct and indirect effects using the net splitting technique. If
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the P value of the net splitting was < 0.05, we presumed there was
a significant disagreement (inconsistency) between the direct and
indirect estimates. We visualized the net split results using forest
plots and direct evidence plots, which showed the percentage of
direct and indirect evidence used for each estimated comparison.
A mean path length > 2 indicated that the comparison estimate
should be interpreted with caution. Additionally, a net heat plot
was constructed to determine the importance of each comparison
and the inconsistency of the design. Network league tables and
forest plots were produced to show details of the results of the
comparisons between the interventions. Outcomes are presented
as mean differences with a 95% CI. To rank the analgesic inter-
ventions in order, we reported the P score, which measures the
level of certainty that an intervention is better than the competing
interventions [22]. In this study, the P score ranged from 0 to 1,
with 1 indicating that the treatment option was statistically best
and 0, the worst. Potential publication bias was assessed using
comparison-adjusted funnel plots and Egger’s test. The confidence
for every outcome was rated according to the grading of recom-
mendations assessment, development, and evaluation (GRADE)
system with the support of the CINeMA (Confidence in Network
Meta-Analysis, https://cinema.ispm.unibe.ch/) web application
(Institute of Social and Preventative Medicine, University of Bern,
Switzerland) [23]. This is based on a methodological framework
that considers six domains: within-study bias, reporting bias, in-
directness, imprecision, heterogeneity, and incoherence [24]. The
minimal clinically important difference was set at 1 out of 10 for
postoperative pain and 10 mg for IV morphine-equivalent con-

sumption.

Results
Baseline characteristics of the included studies

The literature screening process and results are shown in Fig. 1.
The screening sequence of the PRISMA 2009 flow diagram iden-
tified 21 studies that compared the analgesic efficacy of TPVB,
ESPB, SPB, intercostal nerve block (INB) and against control (no
block) [25-45] with a total of 1,391 patients included. Table 1
shows the characteristics of the included studies. Table 2 shows
the number of included studies and enrolled patients sorted by

outcomes.

Methodological quality and risk of bias

Individual studies were assessed using the Cochrane Collabora-

tion’s Risk of Bias tool [46] and ranked according to a low/high/
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Fig. 1. Study flow diagram.

unclear grading scale (Fig. 2). The overall quality of the 21 includ-
ed studies was moderate. Some of the studies showed possible pa-
tient selection bias and bias in methodology, with 70% showing
an unclear or high risk of bias in performance concealment, 25%
in blinding of participants and personnel, and 55% in blinding of
the outcome assessment. A comparison-adjusted funnel plot
showed evidence of a visually symmetric plot of opioid consump-
tion and pain scores during the three time periods. The results of
Egger’s regression test of outcomes also showed no significant
publication bias (P > 0.05) (page 14 of each Supplementary Mate-
rials 1 to 4). The quality of evidence was rated as very-low-to-low
in nature according to the GRADE system (Table 2), and the con-
fidence rating of each comparison using CINeMA is described in

the supplement file (Supplementary Material 5).

Heterogeneity and consistency test results

The results of the I’ and Q statistics (based on the full de-
sign-by-treatment interaction random-effects model) indicated
that a random-effects model may be suitable for revealing any in-
consistency or heterogeneity in our network model (Table 2). Ad-
ditionally, according to the colored background of the net heat
plot, the random-effects model appeared to be suitable for our
data (pages 10 and 11 of each Supplementary Materials 1 to 4). A
direct evidence plot (page 5 to 6 of each Supplementary Materials
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1 to 4) and forest plot of the net splitting results (page 11 to 12 of
each Supplementary Materials 1 to 4) were used to evaluate local

inconsistency.

Efficacy outcomes (network meta-analysis)

Of the included studies, 17 [25-28,30,31,33,35,37-45] RCTs re-
ported opioid consumption and 18 [25,26,28,30-36,38-45], 16
[25,26,28-35,38-44], and 17 [25-27,29,30,33-36,38-45] RCTs re-
ported pain scores for each of the three postoperative time peri-
ods (early, middle, and late, respectively). The networks for the
TPVB and control were greater than the networks for other
blocks, followed by the ESPB and control. As shown in Fig. 3,
TPVB had the best analgesic effect on opioid consumption com-
pared with the control (mean difference [MD]: —13.2 mg, 95% CI
[-16.2, —10.1]), followed by INB (MD: —9.55 mg, 95% CI [-13.2,
-5.9]), ESPB (MD: —-8.7 mg, 95% CI [-11.4, —6.1]), and SPB (MD:
—5.9 mg, 95% CI [-9.4, —2.5]). In terms of pain scores in the early
period, ESPB had the greatest effect compared with the control
(MD: -1.6, 95% CI [-2.3, —0.9]), followed by TPVB, INB and
SPB. In the middle and late periods, TPVB, ESPB and INB
showed superior analgesic effects in reducing pain scores com-
pared to the control, whereas SPB did not have a significant effect.
The local inconsistency in ESPB and control was significant in the
early and middle periods (Table 2). The two studies by Ciftci et al.
[34,35] had effect sizes that tended to be higher than those mea-
sured in the other studies. Table 3 shows the network league table
that displays the direct comparison and full model results sepa-

rately.

Results of the ranking hierarchy

Table 4 shows the P-scores of analgesic efficacy and the ranking
of the five groups. TPVB ranked highest for opioid consumption
in the first 24 h (0.996) and for middle- and late-period pain
scores (0.793 and 0.831, respectively). However, ESPB ranked first
for pain scores in the early period (0.792). INB ranked second for
opioid consumption and third for pain scores in all three periods.
SPB ranked fourth for all the outcomes.

Additional analysis after removal of retracted article

During proofreading, we noticed that the article which includ-
ed our analysis had been retracted from its journal [37]. Thus, we
performed an additional analysis after removing the retracted ar-
ticle. That retracted paper only had information on the 24 hours

opioid consumption, and there was no significant change in effect
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Fig. 3. Network plots and forest plots for the network meta-analysis. (A) opioid consumption in the first 24 h post-operation, (B) early postoperative
period (up to 6 h) pain scores, (C) middle postoperative period (6-18 h) pain scores, and (D) late postoperative period (18-24 h) pain scores. The
mean difference (MD) and 95% CI are shown. ESPB: erector spinae plane block, INB: intercostal nerve block, SPB: serratus plane block, TPVB:

thoracic paravertebral block.

estimate of opioid consumption, P-scores nor ranking of the In-

cluded blocks (Supplementary Material 6).
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Discussion

Various regional analgesia techniques are used in clinical set-
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Table 3. Network League Table for All the Interventions in Regard to Opioid Consumption and Pain Scores at the Early (up to 6 h), Middle (6-18 h),
and Late (18-24 h) Post-operative Periods

Opioid consumption
Control 8.59(5.22,11.96) 7.00 (-2.24,16.24) 7.09 (2.94, 11.24) 12.64 (8.30, 16.98)
8.71 (6.06, 11.35) ESPB 2.75(-1.78,7.28) -6.47 (12.95,0.02) 5.08 (1.42, 8.74)
9.55(5.89, 13.21) 0.85(-2.63,4.32) INB -1.50 (11.94, 8.94) 3.69(0.15,7.23)
5.92(2.48,9.35) -2.79 (-6.57, 1.00) -3.63 (-8.14, 0.88) SPB -
13.17(0.12,16.21) 4.46 (1.53,7.39) 3.62(0.43, 6.80) 7.25(3.03,11.47) TPVB

Early postoperative period (up to 6 h) pain scores
Control 2.25(1.37,3.14) 1.10 (-0.63, 2.83) 0.85(-0.44,2.14) 1.25(0.41, 2.09)
1.59 (0.88,2.29) ESPB 0.43 (-0.98,1.84) -0.20 (-1.60, 1.20) 0.43 (-0.70, 1.56)
1.36 (0.50, 2.23) -0.22 (-1.13,0.69) INB -0.40 (-1.79,0.98) 0.37(-0.71, 1.46)
1.05(0.17,1.94) -0.53 (-1.45,0.38) -0.31(-1.27,0.65) SPB -
1.47 (0.76,2.17) -0.12 (-0.94,0.71) 0.11 (-0.76,0.97) 0.42 (-0.59, 1.43) TPVB

Middle postoperative period (6-18 h) pain scores

Control 1.98 (1.15, 2.81) 0.40 (~1.23, 2.03) 0.04 (~1.26, 1.34) 1.25 (0.27,2.23)
1.28 (0.59, 1.97) ESPB 0.62 (~0.86, 2.09) 0.06 (~1.25, 1.37) 0.49 (~0.60, 1.58)
0.93 (0.09, 1.78) ~0.35 (=1.23,0.54) INB 0.04 (-1.22, 1.31) 0.32 (=0.70, 1.34)
0.78 (~0.07, 1.64) ~0.50 (~1.37,0.38) ~0.15 (~1.06, 0.76) SPB .
1.30 (0.53, 2.07) 0.02 (-0.81, 0.85) 0.37 (~0.47, 1.20) 0.52 (~0.48, 1.52) TPVB

Late postoperative period (18-24 h) pain scores
Control 1.15 (0.61, 1.69) 0.70 (=0.19, 1.59) 0.21 (=047, 0.88) 0.88 (0.42, 1.35)
0.88 (0.48, 1.28) EESPB 0.39 (~0.45, 1.22) ~0.73 (~1.49, 0.03) 021 (~0.30, 0.72)
0.86 (0.33, 1.38) ~0.03 (~0.58, 0.52) INB - 0.15 (~0.43,0.73)
0.18 (~0.35, 0.72) ~0.70 (~1.25, 0.15) ~0.67 (~1.38,0.03) SPB .
0.97 (0.59, 1.35) 0.09 (~0.33,0.51) 0.11 (~0.38, 0.60) 0.79 (0.17, 1.40) TPVB

Estimates are presented as mean differences (95% CI). Mean differences < 0 favor the column intervention and mean differences > 0 favor the row
intervention. The upper triangle displays only the pooled effect sizes of the direct comparisons that were available in our network. No direct
comparison is expressed in the empty field. The lower triangle contains the estimated effect sizes for each comparison, even those for which
only indirect evidence was available. ESPB: erector spinae plane block, INB: intercostal nerve block, SPB: serratus plane block, TPVB: thoracic
paravertebral block.

Table 4. P-scores and Ranking of the Included Blocks in Terms of Opioid Consumption and Pain Scores in the First 24 Hours Postoperative Period

Outcomes 1 2 3 4 5
Opioid consumption TPVB INB ESPB SPB Control
0.9963 0.6598 0.5610 0.2829 0.0001
Early postoperative period (up to 6 h) pain scores ESPB TPVB INB SPB Control
0.7918 0.6937 0.6148 0.3969 0.0027
Middle postoperative period (6-18 h) pain scores TPVB ESPB INB SPB Control
0.7927 0.7815 0.5066 0.4060 0.0132
Late postoperative period (18-24 h) pain scores TPVB ESPB INB SPB Control
0.8310 0.7185 0.6895 0.1979 0.0632

ESPB: erector spinae plane block, INB: intercostal nerve block, SPB: serratus plane block, TPVB: thoracic paravertebral block.

tings to improve postoperative pain management in VATS, and ~ markable effectiveness in reducing opioid consumption. Addi-
our NMA not only demonstrated the potential benefits of these  tionally, ESPB ranked highest for lowering the pain score in the
but also ranked them based on efficacy. When compared with  early postoperative period, while the effect size of TPVB was clin-
mere systemic analgesia, all four regional analgesic techniques ically similar to that of ESPBs. In the case of SPB, however, even
significantly reduced cumulative opioid consumption during the  though the statistical significance of opioid consumption was

first 24 h postoperative period. In particular, TPVB showed re-  clear, the effect size was approximately half that of the other meth-
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ods. Moreover, the pain scores measured in the middle and late
periods were not significantly different compared to control.

Statistically significant differences are not always clinically sig-
nificant— e.g., a difference of 10 mg or more in parenteral mor-
phine [47], and a change of 10 mm in a 100 mm visual analog
scale are regarded as clinically significant [48]. In our opinion,
changes of about 1-2 points in the pain score for patients who had
initially addressed moderate-to-severe pain should be considered
a clinically significant difference. In addition, changes in the pain
score from initial values of 4-5 points to values < 3 were consid-
ered to be a clinically significant difference. In fact, a score < 33
points on a 100-point VAS is accepted as a state of well-controlled
pain in a clinical setting [48].

TPVB showed a reduction of 13.2 mg in opioid consumption
along with a reduction of more than 1 point in the pain score,
which were viewed as clinically significant. For ESPB, the reduc-
tion in opioid consumption was 8.71 mg, which was less than 10
mg, but the decrease in the pain score was 1.6, showing the best
results in the early postoperative period. However, this result had
direct and indirect inconsistencies; therefore, caution should be
taken when interpreting these results. Two studies, which were
performed by Ciftci et al. [34,35] and included in our NMA, com-
pared ESPB to control with a very large effect size compared to
the others, which may have led to this inconsistency.

ESPB is an emerging technique that has been widely applied in
multiple fields. Importantly, it can be easily administered even by
trainees [15]. Its analgesic effect has been verified in various stud-
ies [49-51]. However, its mechanism is not well understood. The
most convincing hypothesis is that the local anesthetic physically
spreads to the thoracic paravertebral space and the associated
neural structures [52]. Penetration via diffusion into the paraver-
tebral space through the intertransverse connective tissue com-
plex may continue over a prolonged period. Therefore, if anterior
spreading to the thoracic paravertebral space is sufficient, ESPB
should provide an effect similar to that of TPVB. However, studies
that have compared ESPB and TPVB have found a significant dif-
ference in analgesic effect between the two blocks [38,49]. Im-
provement in postoperative pain scores and a reduction in opioid
consumption were found to be better with TPVB than with ESPB.
Interestingly, in contrast to results with single ESPB, a comparison
of continuous infusion through a catheter showed that ESPB was
noninferior to TPVB [53]. In both groups, a continuous infusion
of 8 ml/h following a 20 ml bolus injection was performed. In the
early postoperative period, TPVBs presented favorable results
with regard to pain scores compared to ESPBs, but in the long
term, the effects of the two blocks were similar, and thus no dif-

ference in opioid consumption was observed. If the mechanism of
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action involves anterior spreading to the thoracic paravertebral
space by gradual diffusion, continuous infusions may be more ef-
fective than a single injection. However, to reduce heterogeneity,
we only included RCTs using the single-block technique. Contin-
uous TPVB using a catheter is still recommended for thoracoto-
my by the PROSPECT group [14], but it is questionable whether
continuous blocks are necessary in VATS, as it is a minimally in-
vasive surgical technique. In most of the RCTs included in this
NMA, pain scores during the middle and late periods were mild
(NRS < 3) in the control group. Therefore, multimodal analgesia,
including regular acetaminophen, NSAIDs, and adjuvants to pro-
long the blocks may be sufficient for VATS [54,55].

According to a recent Cochrane review, while TPVB was as ef-
fective as TEA for controlling acute pain, TPVB was associated
with fewer complications, such as hypotension, urinary retention,
nausea, and vomiting [56]. Owing to these advantages, TPVB has
recently been preferred to TEA for thoracic surgery. For other
surgeries (e.g., breast surgery), the excellent analgesic effect of
TPVB is offset by concerns about the potential risk of pneumo-
thorax [57]. However, concerns about pneumothorax are greatly
reduced in VATS, which allows for the administration of TPVB
without concern for this complication.

INB is a well-known traditional technique for pain manage-
ment after thoracic surgery. INB can be performed easily using
various techniques, such as ultrasonography or blind techniques.
In addition, a thoracic surgeon can directly inject inside the tho-
rax [30]. INB only result in a segmental somatic nerve blockade,
and thus multiple injections are necessary for appropriate pain
control. Therefore, one might expect that the effect size of INB
would be similar to that of SPB. Although only two direct com-
parisons between INB and SPB were included in this NMA, no
differences in analgesic effect was found.

SPB can be easily performed in the lateral decubitus position,
which is the surgical position for thoracic surgery [58]. Although
the analgesic effect of SPBs was comparable to that of TEA in a
previous study [59], our NMA results showed only a limited effect
in the early postoperative period. The reduction in opioid con-
sumption was less than half that found with TPVB. Among the
four block techniques, only SPB was adequate to block the long
thoracic nerve, which controls pain derived from damage to the
serratus muscle and strain on surrounding structures [60]. Block-
ades of the long thoracic nerve have been found to reduce postop-
erative pain after VATS [61]. In addition, there is growing evi-
dence that motor nerves are also involved in afferent nociception
via sensory innervation and connection with other nerves [62,63].
However, the clinical effects of long thoracic nerve blockade do

not meet expectations and this is attributed to trivial muscle dam-
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age due to VATS, which does not significantly affect postoperative
pain.

This study has several limitations. First, the included studies
were highly heterogeneous. Although the present study included
only RCTs in patients who underwent VATS, the concentrations
of drugs and technical details were not consistent. In addition,
various drugs were used for multimodal analgesia. Second, the
time points at which pain scores were measured were not consis-
tent between studies and were not always presented as accurate
values. To reduce any bias, we divided the time period into three
intervals and used the values corresponding to each interval as
representative values. Third, the sample size was insufficient to
draw definitive conclusions. Lastly, ESPB and SPB are currently
developing techniques, which may lead to possible publication
bias. In conclusion, in this study, NMA was conducted to compare
regional analgesia techniques in terms of their efficacy at improv-
ing postoperative pain control after VATS. TPVB showed out-
standing analgesic effects and ESPB led to the greatest reduction
in pain scores during the early postoperative period. However,
given the significant reduction in opioid consumption seen with
all the four regional analgesic techniques evaluated, using any of
these regional blocks after VATS seems reasonable. Further and
more refined studies are needed to determine the optimal region-
al analgesia technique to improve postoperative pain control after
VATS.

Funding

This work was supported by research funding from the Nation-
al Research Foundation of Korea (NRF-2019R1G1A1099660).

Conflicts of Interest

No potential conflict of interest relevant to this article was re-

ported.

Author Contributions

Yumin Jo (Writing - original draft; Writing - review & editing)
Seyeon Park (Data curation; Formal analysis; Methodology; Visu-
alization)

Chahyun Oh (Investigation; Software; Validation)

Yujin Pak (Methodology; Project administration; Resources)
Kuhee Jeong (Visualization; Writing — review & editing)

Sangwon Yun (Visualization; Writing - review & editing)

Chan Noh (Formal analysis; Resources; Validation)

Woosuk Chung (Conceptualization; Writing — review & editing)

https://doi.org/10.4097/kja.21330

Korean J Anesthesiol 2022;75(3):231-244

Yoon-Hee Kim (Resources; Supervision; Writing — review & edit-
ing)

Young Kwon Ko (Conceptualization; Supervision; Writing — re-
view & editing)

Boohwi Hong (Conceptualization; Data curation; Supervision;
Writing - original draft; Writing - review & editing)

Supplementary Materials

Supplementary Material 1. 24 hours opioid consumption.
Supplementary Material 2. Pain score at postoperative early (up to
6 hours) period.

Supplementary Material 3. Pain score at postoperative middle (6
to 18 hours) period.

Supplementary Material 4. Pain score at postoperative late (18 to
24 hours) period.

Supplementary Material 5. Confidence rating of each outcomes.
Supplementary Material 6. 24 hours opioid consumption after re-

moval of retracted article.

ORCID

Yumin Jo, https://orcid.org/0000-0002-4847-0250
Seyeon Park, https://orcid.org/0000-0002-1531-8156
Chahyun Oh, https://orcid.org/0000-0001-8344-4245
Yujin Pak, https://orcid.org/0000-0003-3669-5628
Kuhee Jeong, https://orcid.org/0000-0001-9233-8508
Sangwon Yun, https://orcid.org/0000-0001-8233-4167
Chan Noh, https://orcid.org/0000-0003-4904-148X
Woosuk Chung, https://orcid.org/0000-0002-6409-2325
Yoon-Hee Kim, https://orcid.org/0000-0002-8282-610X
Young Kwon Ko, https://orcid.org/0000-0002-8282-610X
Boohwi Hong, https://orcid.org/0000-0003-2468-9271

References

1. Bendixen M, Jorgensen OD, Kronborg C, Andersen C, Licht PB.
Postoperative pain and quality of life after lobectomy via vid-
eo-assisted thoracoscopic surgery or anterolateral thoracotomy
for early stage lung cancer: a randomised controlled trial. Lancet
Oncol 2016; 17: 836-44.

2. Scott WJ, Allen MS, Darling G, Meyers B, Decker PA, Putnam
JB, et al. Video-assisted thoracic surgery versus open lobectomy
for lung cancer: a secondary analysis of data from the American
College of Surgeons Oncology Group Z0030 randomized clini-
cal trial. ] Thorac Cardiovasc Surg 2010; 139: 976-81.

3. Maxwell C, Nicoara A. New developments in the treatment of

241


https://doi.org/10.1016/s1470-2045(16)00173-x
https://doi.org/10.1016/s1470-2045(16)00173-x
https://doi.org/10.1016/s1470-2045(16)00173-x
https://doi.org/10.1016/s1470-2045(16)00173-x
https://doi.org/10.1016/s1470-2045(16)00173-x
https://doi.org/10.1016/j.jtcvs.2009.11.059
https://doi.org/10.1016/j.jtcvs.2009.11.059
https://doi.org/10.1016/j.jtcvs.2009.11.059
https://doi.org/10.1016/j.jtcvs.2009.11.059
https://doi.org/10.1016/j.jtcvs.2009.11.059
https://doi.org/10.1097/aco.0000000000000029

Jo et al. - Regional analgesia for VATS

acute pain after thoracic surgery. Curr Opin Anaesthesiol 2014;
27:6-11.

4. Neustein SM, McCormick PJ. Postoperative analgesia after min-
imally invasive thoracoscopy: what should we do? Can ] Anaesth
2011; 58: 423-5, 425-7.

5. Joshi GP, Bonnet E Shah R, Wilkinson RC, Camu E Fischer B, et
al. A systematic review of randomized trials evaluating regional
techniques for postthoracotomy analgesia. Anesth Analg 2008;
107: 1026-40.

6. Kaiser AM, Zollinger A, De Lorenzi D, Largiader E Weder W.
Prospective, randomized comparison of extrapleural versus epi-
dural analgesia for postthoracotomy pain. Ann Thorac Surg
1998; 66: 367-72.

7. Helms O, Mariano J, Hentz JG, Santelmo N, Falcoz PE, Massard
G, et al. Intra-operative paravertebral block for postoperative an-
algesia in thoracotomy patients: a randomized, double-blind,
placebo-controlled study. Eur ] Cardiothorac Surg 2011; 40: 902-
6.

8. Rawal N. Epidural technique for postoperative pain: gold stan-
dard no more? Reg Anesth Pain Med 2012; 37: 310-7.

9. Baidya DK, Khanna P, Maitra S. Analgesic efficacy and safety of
thoracic paravertebral and epidural analgesia for thoracic sur-
gery: a systematic review and meta-analysis. Interact Cardiovasc
Thorac Surg 2014; 18: 626-35.

10. Davies RG, Myles PS, Graham JM. A comparison of the analge-
sic efficacy and side-effects of paravertebral vs epidural blockade
for thoracotomy--a systematic review and meta-analysis of ran-
domized trials. Br ] Anaesth 2006; 96: 418-26.

11. Daly DJ, Myles PS. Update on the role of paravertebral blocks for
thoracic surgery: are they worth it? Curr Opin Anaesthesiol
2009; 22: 38-43.

12. Manion SC, Brennan TJ. Thoracic epidural analgesia and acute
pain management. Anesthesiology 2011; 115: 181-8.

13. Batchelor TJ, Rasburn NJ, Abdelnour-Berchtold E, Brunelli A,
Cerfolio R], Gonzalez M, et al. Guidelines for enhanced recovery
after lung surgery: recommendations of the Enhanced Recovery
After Surgery (ERAS®) Society and the European Society of
Thoracic Surgeons (ESTS). Eur J Cardiothorac Surg 2019; 55:
91-115.

14. Joshi GP, Bonnet E Shah R, Wilkinson RC, Camu F, Fischer B, et
al. A systematic review of randomized trials evaluating regional
techniques for postthoracotomy analgesia. Anesth Analg 2008;
107: 1026-40.

15. Chin KJ, Adhikary SD, Forero M. Erector spinae plane (ESP)
block: a new paradigm in regional anesthesia and analgesia.
Curr Anesthesiol Rep 2019; 9: 271-80.

16. Park MH, Kim JA, Ahn HJ, Yang MK, Son HJ, Seong BG. A ran-

242

domised trial of serratus anterior plane block for analgesia after
thoracoscopic surgery. Anaesthesia 2018; 73: 1260-4.

17. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew
M, et al. Preferred reporting items for systematic review and me-
ta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev
2015;4: 1.

18. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and
standard deviation from the sample size, median, range and/or
interquartile range. BMC Med Res Methodol 2014; 14: 135.

19. Shim SR, Kim §J, Lee ], Riicker G. Network meta-analysis: appli-
cation and practice using R software. Epidemiol Health 2019; 41:
€2019013.

20. Harrer M, Cuijpers P, Furukawa TA, Ebert DD. Doing me-
ta-analysis with R: a hands-on guide. Boca Raton, Chapman &
Hall/CRC Press. 2021.

21. Jackson D, Barrett JK, Rice S, White IR, Higgins JP. A de-
sign-by-treatment interaction model for network meta-analysis
with random inconsistency effects. Stat Med 2014; 33: 3639-54.

22. Riicker G, Schwarzer G. Ranking treatments in frequentist net-
work meta-analysis works without resampling methods. BMC
Med Res Methodol 2015; 15: 58.

23. Papakonstantinou T, Nikolakopoulou A, Higgins JP, Egger M,
Salanti G. CINeMA: software for semiautomated assessment of
the confidence in the results of network meta-analysis. Campbell
Syst Rev 2020; 16: €1080.

24. Nikolakopoulou A, Higgins JB, Papakonstantinou T, Chaimani A,
Del Giovane C, Egger M, et al. CINeMA: An approach for as-
sessing confidence in the results of a network meta-analysis.
PLoS Med 2020; 17: €1003082.

25. Liu L, Ni XX, Zhang LW, Zhao K, Xie H, Zhu J. Effects of ultra-
sound-guided erector spinae plane block on postoperative anal-
gesia and plasma cytokine levels after uniportal VATS: a pro-
spective randomized controlled trial. ] Anesth 2021; 35: 3-9.

26. Hu L, Xu X, Tian H, He J. Effect of single-injection thoracic para-
vertebral block via the intrathoracic approach for analgesia after
single-port video-assisted thoracoscopic lung wedge resection: a
randomized controlled trial. Pain Ther 2021; 10: 433-42.

27. Zhao H, Xin L, Feng Y. The effect of preoperative erector spinae
plane vs. paravertebral blocks on patient-controlled oxycodone
consumption after video-assisted thoracic surgery: a prospective
randomized, blinded, non-inferiority study. ] Clin Anesth 2020;
62:109737.

28.Yao Y, Fu S, Dai S, Yun J, Zeng M, Li H, et al. Impact of ultra-
sound-guided erector spinae plane block on postoperative quali-
ty of recovery in video-assisted thoracic surgery: a prospective,
randomized, controlled trial. ] Clin Anesth 2020; 63: 109783.

29. Viti A, Bertoglio P, Zamperini M, Tubaro A, Menestrina N,

https://doi.org/10.4097/kja.21330


https://doi.org/10.1097/aco.0000000000000029
https://doi.org/10.1097/aco.0000000000000029
https://doi.org/10.1007/s12630-011-9475-9
https://doi.org/10.1007/s12630-011-9475-9
https://doi.org/10.1007/s12630-011-9475-9
https://doi.org/10.1007/s12630-011-9475-9
https://doi.org/10.1213/01.ane.0000333274.63501.ff
https://doi.org/10.1213/01.ane.0000333274.63501.ff
https://doi.org/10.1213/01.ane.0000333274.63501.ff
https://doi.org/10.1213/01.ane.0000333274.63501.ff
https://doi.org/10.1213/01.ane.0000333274.63501.ff
https://doi.org/10.1016/s0003-4975(98)00448-2
https://doi.org/10.1016/s0003-4975(98)00448-2
https://doi.org/10.1016/s0003-4975(98)00448-2
https://doi.org/10.1016/s0003-4975(98)00448-2
https://doi.org/10.1016/s0003-4975(98)00448-2
https://doi.org/10.1016/j.ejcts.2011.01.067
https://doi.org/10.1016/j.ejcts.2011.01.067
https://doi.org/10.1016/j.ejcts.2011.01.067
https://doi.org/10.1016/j.ejcts.2011.01.067
https://doi.org/10.1016/j.ejcts.2011.01.067
https://doi.org/10.1097/aap.0b013e31825735c6
https://doi.org/10.1097/aap.0b013e31825735c6
https://doi.org/10.1097/aap.0b013e31825735c6
https://doi.org/10.1093/icvts/ivt551
https://doi.org/10.1093/icvts/ivt551
https://doi.org/10.1093/icvts/ivt551
https://doi.org/10.1093/icvts/ivt551
https://doi.org/10.1093/bja/ael020
https://doi.org/10.1093/bja/ael020
https://doi.org/10.1093/bja/ael020
https://doi.org/10.1093/bja/ael020
https://doi.org/10.1097/aco.0b013e32831a4074
https://doi.org/10.1097/aco.0b013e32831a4074
https://doi.org/10.1097/aco.0b013e32831a4074
https://doi.org/10.1097/aln.0b013e318220847c
https://doi.org/10.1097/aln.0b013e318220847c
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1213/01.ane.0000333274.63501.ff
https://doi.org/10.1213/01.ane.0000333274.63501.ff
https://doi.org/10.1213/01.ane.0000333274.63501.ff
https://doi.org/10.1213/01.ane.0000333274.63501.ff
https://doi.org/10.1007/s40140-019-00333-0
https://doi.org/10.1007/s40140-019-00333-0
https://doi.org/10.1007/s40140-019-00333-0
https://doi.org/10.1111/anae.14424
https://doi.org/10.1111/anae.14424
https://doi.org/10.1111/anae.14424
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.4178/epih.e2019013
https://doi.org/10.4178/epih.e2019013
https://doi.org/10.4178/epih.e2019013
https://doi.org/10.1002/sim.6188
https://doi.org/10.1002/sim.6188
https://doi.org/10.1002/sim.6188
https://doi.org/10.1186/s12874-015-0060-8
https://doi.org/10.1186/s12874-015-0060-8
https://doi.org/10.1186/s12874-015-0060-8
https://doi.org/10.1186/s12874-015-0060-8
https://doi.org/10.1002/cl2.1080
https://doi.org/10.1002/cl2.1080
https://doi.org/10.1002/cl2.1080
https://doi.org/10.1002/cl2.1080
https://doi.org/10.1371/journal.pmed.1003082
https://doi.org/10.1371/journal.pmed.1003082
https://doi.org/10.1371/journal.pmed.1003082
https://doi.org/10.1371/journal.pmed.1003082
https://doi.org/10.1371/journal.pmed.1003082
https://doi.org/10.1007/s00540-020-02848-x
https://doi.org/10.1007/s00540-020-02848-x
https://doi.org/10.1007/s00540-020-02848-x
https://doi.org/10.1007/s00540-020-02848-x
https://doi.org/10.1007/s40122-020-00231-y
https://doi.org/10.1007/s40122-020-00231-y
https://doi.org/10.1007/s40122-020-00231-y
https://doi.org/10.1007/s40122-020-00231-y
https://doi.org/10.1016/j.jclinane.2020.109737
https://doi.org/10.1016/j.jclinane.2020.109737
https://doi.org/10.1016/j.jclinane.2020.109737
https://doi.org/10.1016/j.jclinane.2020.109737
https://doi.org/10.1016/j.jclinane.2020.109737
https://doi.org/10.1016/j.jclinane.2020.109737
https://doi.org/10.1016/j.jclinane.2020.109783
https://doi.org/10.1016/j.jclinane.2020.109783
https://doi.org/10.1016/j.jclinane.2020.109783
https://doi.org/10.1016/j.jclinane.2020.109783
https://doi.org/10.1093/icvts/ivz289
https://doi.org/10.1093/icvts/ivz289

Bonadiman §, et al. Serratus plane block for video-assisted tho-
racoscopic surgery major lung resection: a randomized con-
trolled trial. Interact Cardiovasc Thorac Surg 2020; 30: 366-72.

30. Turhan O, Sivrikoz N, Sungur Z, Duman S, Ozkan B, Sentiirk M.
Thoracic paravertebral block achieves better pain control than
erector spinae plane block and intercostal nerve block in thora-
coscopic surgery: a randomized study. ] Cardiothorac Vasc
Anesth 2021; 35: 2920-7.

31. Lee ], Lee DH, Kim S. Serratus anterior plane block versus inter-
costal nerve block for postoperative analgesic effect after vid-
eo-assisted thoracoscopic lobectomy: a randomized prospective
study. Medicine (Baltimore) 2020; 99: 22102.

32.Kim S, Bae CM, Do YW, Moon S, Baek SI, Lee DH. Serratus an-
terior plane block and intercostal nerve block after thoracoscop-
ic surgery. Thorac Cardiovasc Surg 2021; 69: 564-9.

33. Finnerty DT, McMahon A, McNamara JR, Hartigan SD, Griffin
M, Buggy DJ. Comparing erector spinae plane block with serra-
tus anterior plane block for minimally invasive thoracic surgery:
a randomised clinical trial. Br ] Anaesth 2020; 125: 802-10.

34. Ciftci B, Ekinci M, Celik EC, Tukac IC, Golboyu BE, Giinliioglu
MZ, et al. Ultrasound-guided erector spinae plane block and
thoracic paravertebral block for postoperative analgesia manage-
ment following video-assisted thoracic surgery: a prospective,
randomized, controlled study. Anestezi Dergisi 2020; 28: 170-8.

35. Ciftci B, Ekinci M, Celik EC, Tukac IC, Bayrak Y, Atalay YO. Ef-
ficacy of an ultrasound-guided erector spinae plane block for
postoperative analgesia management after video-assisted thorac-
ic surgery: a prospective randomized study. ] Cardiothorac Vasc
Anesth 2020; 34: 444-9.

36. Chu H, Dong H, Wang Y, Niu Z. Effects of ultrasound-guided
paravertebral block on MMP-9 and postoperative pain in pa-
tients undergoing VATS lobectomy: a randomized, controlled
clinical trial. BMC Anesthesiol 2020; 20: 59.

37. Cheng XQ, Zhang MY, Fang Q, Shi DW, Huang XC, Liu XS, et al.
Opioid-sparing effect of modified intercostal nerve block during
single-port thoracoscopic lobectomy: Retraction: A randomised
controlled trial. Eur J Anaesthesiol 2021. Advance Access pub-
lished on Sep 9, 2021. doi: 10.1097/EJA.0000000000001394. Re-
traction in: Eur ] Anaesthesiol 2021; 38: 677.

38. Chen N, Qiao Q, Chen R, Xu Q, Zhang Y, Tian Y. The effect of
ultrasound-guided intercostal nerve block, single-injection erec-
tor spinae plane block and multiple-injection paravertebral block
on postoperative analgesia in thoracoscopic surgery: a random-
ized, double-blinded, clinical trial. J Clin Anesth 2020; 59: 106-
11.

39. Gaballah KM, Soltan WA, Bahgat NM. Ultrasound-guided ser-

ratus plane block versus erector spinae block for postoperative

https://doi.org/10.4097/kja.21330

Korean J Anesthesiol 2022;75(3):231-244

analgesia after video-assisted thoracoscopy: a pilot randomized
controlled trial. ] Cardiothorac Vasc Anesth 2019; 33: 1946-53.

40. Wu C, Ma W, Cen Q, Cai Q, Wang J, Cao Y. A comparison of the
incidence of supraventricular arrhythmias between thoracic
paravertebral and intercostal nerve blocks in patients undergo-
ing thoracoscopic surgery: a randomised trial. Eur ] Anaesthesi-
0l 2018; 35: 792-8.

41. Okmen K, Metin Okmen B. Evaluation of the effect of serratus
anterior plane block for pain treatment after video-assisted tho-
racoscopic surgery. Anaesth Crit Care Pain Med 2018; 37: 349-
53.

42. Kim DH, Oh Y], Lee JG, Ha D, Chang Y], Kwak HJ. Efficacy of
ultrasound-guided serratus plane block on postoperative quality
of recovery and analgesia after video-assisted thoracic surgery: a
randomized, triple-blind, placebo-controlled study. Anesth An-
alg 2018; 126: 1353-61.

43. Ahmed Z, Samad K, Ullah H. Role of intercostal nerve block in
reducing postoperative pain following video-assisted thoracos-
copy: a randomized controlled trial. Saudi J Anaesth 2017; 11:
54-7.

44. Kaya FN, Turker G, Basagan-Mogol E, Goren S, Bayram S, Geb-
itekin C. Preoperative multiple-injection thoracic paravertebral
blocks reduce postoperative pain and analgesic requirements af-
ter video-assisted thoracic surgery. ] Cardiothorac Vasc Anesth
2006; 20: 639-43.

45. Vogt A, Stieger DS, Theurillat C, Curatolo M. Single-injection
thoracic paravertebral block for postoperative pain treatment af-
ter thoracoscopic surgery. Br ] Anaesth 2005; 95: 816-21.

46. Higgins JP, Altman DG, Getzsche PC, Jini P, Moher D, Oxman
AD, et al. The Cochrane Collaboration’s tool for assessing risk of
bias in randomised trials. BMJ 2011; 343: d5928.

47. Hussain N, Brull R, Noble ], Weaver T, Essandoh M, McCartney
CJ, et al. Statistically significant but clinically unimportant: a sys-
tematic review and meta-analysis of the analgesic benefits of
erector spinae plane block following breast cancer surgery. Reg
Anesth Pain Med 2021; 46: 3-12.

48. Myles PS, Myles DB, Galagher W, Boyd D, Chew C, MacDonald
N, et al. Measuring acute postoperative pain using the visual an-
alog scale: the minimal clinically important difference and pa-
tient acceptable symptom state. Br ] Anaesth 2017; 118: 424-9.

49. Huang W, Wang W, Xie W, Chen Z, Liu Y. Erector spinae plane
block for postoperative analgesia in breast and thoracic surgery:
a systematic review and meta-analysis. ] Clin Anesth 2020; 66:
109900.

50. Fanelli A, Torrano V, Cozowicz C, Mariano ER, Balzani E. The
opioid sparing effect of erector spinae plane block for various

surgeries: a meta-analysis of randomized-controlled trials. Min-

243


https://doi.org/10.1093/icvts/ivz289
https://doi.org/10.1093/icvts/ivz289
https://doi.org/10.1093/icvts/ivz289
https://doi.org/10.1053/j.jvca.2020.11.034
https://doi.org/10.1053/j.jvca.2020.11.034
https://doi.org/10.1053/j.jvca.2020.11.034
https://doi.org/10.1053/j.jvca.2020.11.034
https://doi.org/10.1053/j.jvca.2020.11.034
https://doi.org/10.1097/md.0000000000022102
https://doi.org/10.1097/md.0000000000022102
https://doi.org/10.1097/md.0000000000022102
https://doi.org/10.1097/md.0000000000022102
https://doi.org/10.1055/s-0040-1705152
https://doi.org/10.1055/s-0040-1705152
https://doi.org/10.1055/s-0040-1705152
https://doi.org/10.1055/s-0040-1705152
https://doi.org/10.1016/j.bja.2020.06.020
https://doi.org/10.1016/j.bja.2020.06.020
https://doi.org/10.1016/j.bja.2020.06.020
https://doi.org/10.1016/j.bja.2020.06.020
https://doi.org/10.5222/jarss.2020.07769
https://doi.org/10.5222/jarss.2020.07769
https://doi.org/10.5222/jarss.2020.07769
https://doi.org/10.5222/jarss.2020.07769
https://doi.org/10.5222/jarss.2020.07769
https://doi.org/10.5222/jarss.2020.07769
https://doi.org/10.1053/j.jvca.2019.04.026
https://doi.org/10.1053/j.jvca.2019.04.026
https://doi.org/10.1053/j.jvca.2019.04.026
https://doi.org/10.1053/j.jvca.2019.04.026
https://doi.org/10.1053/j.jvca.2019.04.026
https://doi.org/10.1186/s12871-020-00976-1
https://doi.org/10.1186/s12871-020-00976-1
https://doi.org/10.1186/s12871-020-00976-1
https://doi.org/10.1186/s12871-020-00976-1
https://doi.org/10.1097/EJA.0000000000001394
https://doi.org/10.1097/EJA.0000000000001394
https://doi.org/10.1097/EJA.0000000000001394
https://doi.org/10.1097/EJA.0000000000001394
https://doi.org/10.1097/EJA.0000000000001394
https://doi.org/10.1097/EJA.0000000000001394
https://doi.org/10.1097/EJA.0000000000001394
https://doi.org/10.1016/j.jclinane.2019.07.002
https://doi.org/10.1016/j.jclinane.2019.07.002
https://doi.org/10.1016/j.jclinane.2019.07.002
https://doi.org/10.1016/j.jclinane.2019.07.002
https://doi.org/10.1016/j.jclinane.2019.07.002
https://doi.org/10.1016/j.jclinane.2019.07.002
https://doi.org/10.1053/j.jvca.2019.02.028
https://doi.org/10.1053/j.jvca.2019.02.028
https://doi.org/10.1053/j.jvca.2019.02.028
https://doi.org/10.1053/j.jvca.2019.02.028
https://doi.org/10.1097/eja.0000000000000837
https://doi.org/10.1097/eja.0000000000000837
https://doi.org/10.1097/eja.0000000000000837
https://doi.org/10.1097/eja.0000000000000837
https://doi.org/10.1097/eja.0000000000000837
https://doi.org/10.1016/j.accpm.2017.09.005
https://doi.org/10.1016/j.accpm.2017.09.005
https://doi.org/10.1016/j.accpm.2017.09.005
https://doi.org/10.1016/j.accpm.2017.09.005
https://doi.org/10.1213/ane.0000000000002779
https://doi.org/10.1213/ane.0000000000002779
https://doi.org/10.1213/ane.0000000000002779
https://doi.org/10.1213/ane.0000000000002779
https://doi.org/10.1213/ane.0000000000002779
https://doi.org/10.4103/1658-354x.197342
https://doi.org/10.4103/1658-354x.197342
https://doi.org/10.4103/1658-354x.197342
https://doi.org/10.4103/1658-354x.197342
https://doi.org/10.1053/j.jvca.2006.03.022
https://doi.org/10.1053/j.jvca.2006.03.022
https://doi.org/10.1053/j.jvca.2006.03.022
https://doi.org/10.1053/j.jvca.2006.03.022
https://doi.org/10.1053/j.jvca.2006.03.022
https://doi.org/10.1053/j.jvca.2006.03.022
https://doi.org/10.1093/bja/aei250
https://doi.org/10.1093/bja/aei250
https://doi.org/10.1093/bja/aei250
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/rapm-2020-101917
https://doi.org/10.1136/rapm-2020-101917
https://doi.org/10.1136/rapm-2020-101917
https://doi.org/10.1136/rapm-2020-101917
https://doi.org/10.1136/rapm-2020-101917
https://doi.org/10.1093/bja/aew466
https://doi.org/10.1093/bja/aew466
https://doi.org/10.1093/bja/aew466
https://doi.org/10.1093/bja/aew466
https://doi.org/10.1016/j.jclinane.2020.109900
https://doi.org/10.1016/j.jclinane.2020.109900
https://doi.org/10.1016/j.jclinane.2020.109900
https://doi.org/10.1016/j.jclinane.2020.109900
https://doi.org/10.23736/s0375-9393.21.15356-8
https://doi.org/10.23736/s0375-9393.21.15356-8
https://doi.org/10.23736/s0375-9393.21.15356-8
https://doi.org/10.23736/s0375-9393.21.15356-8

Jo et al. - Regional analgesia for VATS

erva Anestesiol 2021; 87: 903-14.

51. Hong B, Bang S, Chung W, Yoo S, Chung J, Kim S. Multimodal
analgesia with multiple intermittent doses of erector spinae
plane block through a catheter after total mastectomy: a retro-
spective observational study. Korean ] Pain 2019; 32: 206-14.

52. Chin K], El-Boghdadly K. Mechanisms of action of the erector
spinae plane (ESP) block: a narrative review. Can ] Anaesth
2021; 68: 387-408.

53. Taketa Y, Irisawa Y, Fujitani T. Comparison of ultrasound-guided
erector spinae plane block and thoracic paravertebral block for
postoperative analgesia after video-assisted thoracic surgery: a
randomized controlled non-inferiority clinical trial. Reg Anesth
Pain Med 2020; 45: 10-5.

54. Hong B, Lim C, Kang H, Eom H, Kim Y, Cho H]J, et al. Thoracic
paravertebral block with adjuvant dexmedetomidine in vid-
eo-assisted thoracoscopic surgery: a randomized, double-blind
study. J Clin Med 2019; 8: 352.

55. Gao Z, Xiao Y, Wang Q, Li Y. Comparison of dexmedetomidine
and dexamethasone as adjuvant for ropivacaine in ultra-
sound-guided erector spinae plane block for video-assisted tho-
racoscopic lobectomy surgery: a randomized, double-blind, pla-
cebo-controlled trial. Ann Trans] Med 2019; 7: 668.

56. Yeung JH, Gates S, Naidu BV, Wilson MJ, Gao Smith E Paraver-
tebral block versus thoracic epidural for patients undergoing
thoracotomy. Cochrane Database Syst Rev 2016; 2: CD009121.

244

57. Wong HY, Pilling R, Young BW, Owolabi AA, Onwochei DN,
Desai N. Comparison of local and regional anesthesia modalities
in breast surgery: a systematic review and network meta-analy-
sis. J Clin Anesth 2021; 72: 110274.

58. Chin KJ, Pawa A, Forero M, Adhikary S. Ultrasound-guided fas-
cial plane blocks of the thorax: pectoral I and II, serratus anterior
plane, and erector spinae plane blocks. Adv Anesth 2019; 37:
187-205.

59. Khalil AE, Abdallah NM, Bashandy GM, Kaddah TA. Ultra-
sound-guided serratus anterior plane block versus thoracic epi-
dural analgesia for thoracotomy pain. ] Cardiothorac Vasc
Anesth 2017; 31: 152-8.

60. Ramamurthy S, Hickey R, Maytorena A, Hoffman J, Kalantri A.
Long thoracic nerve block. Anesth Analg 1990; 71: 197-9.

61. Kwon WK, Choi JW, Kang JE, Kang WS, Lim JA, Woo NS, et al.
Long thoracic nerve block in video-assisted thoracoscopic
wedge resection for pneumothorax. Anaesth Intensive Care
2012;40: 773-9.

62. Bremner-Smith AT, Unwin AJ, Williams WW. Sensory pathways
in the spinal accessory nerve. ] Bone Joint Surg Br 1999; 81: 226-
8.

63. Porzionato A, Macchi V, Stecco C, Loukas M, Tubbs RS, De Caro
R. Surgical anatomy of the pectoral nerves and the pectoral mus-
culature. Clin Anat 2012; 25: 559-75.

https://doi.org/10.4097/kja.21330


https://doi.org/10.23736/s0375-9393.21.15356-8
https://doi.org/10.3344/kjp.2019.32.3.206
https://doi.org/10.3344/kjp.2019.32.3.206
https://doi.org/10.3344/kjp.2019.32.3.206
https://doi.org/10.3344/kjp.2019.32.3.206
https://doi.org/10.3344/kjp.2019.32.3.206
https://doi.org/10.1007/s12630-020-01875-2
https://doi.org/10.1007/s12630-020-01875-2
https://doi.org/10.1007/s12630-020-01875-2
https://doi.org/10.1007/s12630-020-01875-2
https://doi.org/10.1136/rapm-2019-100827
https://doi.org/10.1136/rapm-2019-100827
https://doi.org/10.1136/rapm-2019-100827
https://doi.org/10.1136/rapm-2019-100827
https://doi.org/10.1136/rapm-2019-100827
https://doi.org/10.1136/rapm-2019-100827
https://doi.org/10.3390/jcm8030352
https://doi.org/10.3390/jcm8030352
https://doi.org/10.3390/jcm8030352
https://doi.org/10.3390/jcm8030352
https://doi.org/10.3390/jcm8030352
https://doi.org/10.21037/atm.2019.10.74
https://doi.org/10.21037/atm.2019.10.74
https://doi.org/10.21037/atm.2019.10.74
https://doi.org/10.21037/atm.2019.10.74
https://doi.org/10.21037/atm.2019.10.74
https://doi.org/10.21037/atm.2019.10.74
https://doi.org/10.1002/14651858.cd009121.pub2
https://doi.org/10.1002/14651858.cd009121.pub2
https://doi.org/10.1002/14651858.cd009121.pub2
https://doi.org/10.1002/14651858.cd009121.pub2
https://doi.org/10.1016/j.jclinane.2021.110274
https://doi.org/10.1016/j.jclinane.2021.110274
https://doi.org/10.1016/j.jclinane.2021.110274
https://doi.org/10.1016/j.jclinane.2021.110274
https://doi.org/10.1016/j.jclinane.2021.110274
https://doi.org/10.1016/j.aan.2019.08.007
https://doi.org/10.1016/j.aan.2019.08.007
https://doi.org/10.1016/j.aan.2019.08.007
https://doi.org/10.1016/j.aan.2019.08.007
https://doi.org/10.1016/j.aan.2019.08.007
https://doi.org/10.1053/j.jvca.2016.08.023
https://doi.org/10.1053/j.jvca.2016.08.023
https://doi.org/10.1053/j.jvca.2016.08.023
https://doi.org/10.1053/j.jvca.2016.08.023
https://doi.org/10.1053/j.jvca.2016.08.023
https://doi.org/10.1213/00000539-199008000-00015
https://doi.org/10.1213/00000539-199008000-00015
https://doi.org/10.1213/00000539-199008000-00015
https://doi.org/10.1177/0310057x1204000504
https://doi.org/10.1177/0310057x1204000504
https://doi.org/10.1177/0310057x1204000504
https://doi.org/10.1177/0310057x1204000504
https://doi.org/10.1177/0310057x1204000504
https://doi.org/10.1302/0301-620x.81b2.0810226
https://doi.org/10.1302/0301-620x.81b2.0810226
https://doi.org/10.1302/0301-620x.81b2.0810226
https://doi.org/10.1302/0301-620x.81b2.0810226
https://doi.org/10.1002/ca.21301
https://doi.org/10.1002/ca.21301
https://doi.org/10.1002/ca.21301
https://doi.org/10.1002/ca.21301

	Introduction 
	Materials and Methods 
	Data source and search strategy 
	Inclusion and exclusion criteria 
	Data extraction 
	Outcome definitions 
	Data synthesis and statistical analysis 

	Results 
	Baseline characteristics of the included studies 
	Methodological quality and risk of bias 
	Heterogeneity and consistency test results 
	Efficacy outcomes (network meta-analysis)
	Results of the ranking hierarchy 

	Discussion 
	Funding 
	Conflicts of Interest 
	Author Contributions 
	Supplementary Materials 
	ORCID
	References 

