
Background: The optimal analgesia for video-assisted thoracoscopic surgery (VATS) is still 
unknown.

Objectives: Our aim was to conduct a network meta-analysis and systematic review to 
compare the efficacy of different analgesic strategies in VATS.

Study Design: Bayesian network meta-analysis.

Methods: We searched PubMed, Embase, Medline, Springer, Google Scholar, and Web of 
Science to evaluate all relevant randomized controlled trials that investigated the analgesic 
effects of different regional analgesia methods for VATS published through July 2021. After 
a comprehensive search of electronic databases, the following methods were identified: 
epidural analgesia (EA), local anesthetics (LA), superficial serratus anterior plane block 
(SSAPB), deep serratus anterior plane block (DSAPB), erector spinae plane block (ESPB), 
paravertebral block (PVB), and intercostal nerve block (ICNB). Primary outcomes were the 
visual analog scale score at rest, at 2 hours, 6 hours and 24 hours postoperatively. The 
secondary outcomes were postoperative analgesic consumption, incidence of nausea and 
emesis, and pruritus.

Result: Overall, 35 trials met our inclusion criteria. EA and PVB were relatively more 
advantageous in terms of analgesic effect at 2 hours and 6 hours postoperatively; the EA 
group was superior to the DSAPB, ESPB, and ICNB groups at 24 hours postoperatively. EA 
was found to be superior to other analgesia techniques for 24 hour postoperative analgesic 
consumption., PVB showed  advantages in reducing postoperative nausea, emesis, and 
pruritus. 

Limitations: Different concentrations and volumes of local anesthetics might affect the 
analgesic effects of the various analgesia techniques.

Conclusion: EA and PVB have certain advantages in analgesia, but the incidence of 
postoperative pruritus after EA is higher. At the same time, considering the risk of coagulation 
and puncture complications, PVB may be a better choice.
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FFor less pain and better quality of life after surgery, 
compared with anterolateral thoracotomy, video-
assisted thoracic surgery (VATS) has become 

increasingly popular recently for treating early-stage 
non-small cell lung cancer (1,2). However, patients may 
still experience moderate to severe pain after surgery, 
especially within the first 24 hours postoperatively (3,4). 
Postoperative pain reduces cough and expectoration 
and may result in postoperative complications such 
as pulmonary infection, increased hospital stay, and 
chronic pain (5,6). It is crucial to control postoperative 
pain because severe acute pain may develop into 
chronic pain, may increase hospital length of stay, and 
may decrease the satisfaction rate of patients (7,8).

There are many ways to manage pain after thorac-
ic surgery. It is widely accepted that thoracic epidural 
analgesia (EA) is a safe and effective technique for 
postoperative pain management for patients undergo-
ing thoracic surgery; EA has even been considered the 
“gold standard” for decades. However, there is a list of 
serious side effects or complications associated with EA, 
such as epidural hematoma, intrathecal spread of local 
anesthetics (LA), hypotension, and nerve injury. There 
is a probability that we may have overestimated the 
advantages of thoracic EA and underestimated its risks 
in the past. 

The routine use of thoracic EA has been widely de-
bated, and there may be a requirement for less invasive 
methods (9-11). Various nerve block methods, including 
superficial serratus anterior plane block (SSAPB), deep 
serratus anterior plane block (DSAPB), erector spinae 
plane block (ESPB), paravertebral block (PVB), and in-
tercostal nerve block (ICNB) have been proven to allevi-
ate thoracotomy pain and reduce opioid consumption 
(12-15). However, the question of which nerve block 
method should be preferred for VATS and the com-
parative relationship between these nerve blocks and 
epidural analgesia remains unclear. Standard meta-
analyses cannot draw conclusions because they cannot 
synthesize the data of all available randomized studies 
into one study (16-18). A network meta-analysis allows 
for a unified and consistent analysis of all randomized 
controlled trials (RCTs), therefore these nerve block 
techniques can be compared head-to-head or with 
placebo with full respect to randomization. 

We performed a Bayesian network meta-analysis 
to integrate as much data as possible from both direct 
and indirect evidence that compared the effects of EA, 
SSAPB, DSAPB, ESPB, PVB, ICNB, and LA infiltration for 
VATS.

Method 

Data Sources and Searches
This network meta-analysis was conducted follow-

ing the guidelines of the Preferred Reporting Items for 
Systematic Reviews and Meta-analysis (PRISMA) State-
ment (19). The protocol of this systematic review was 
registered at the International Prospective Register of 
Systematic Reviews (PROSPERO) on July 7, 2021 with a 
registration number of CRD42021253904.

We systematically searched for abstracts, con-
ference articles, and full text papers that evaluated 
regional analgesia techniques used in the intraopera-
tive and postoperative phase in patients undergoing 
VATS. Meta-analyses, systematic reviews, and guide-
lines were also searched for additional information 
retrieval. A total of 6 databases (PubMed, Embase, 
Medline, Springer, Google Scholar, and Web of Sci-
ence) were searched through July 31, 2021, with 
combinations of the following keywords: “epidural,” 
“paravertebral,” “serratus plane,” “erector spinae,” 
“intercostal nerve,” “wound infiltration,” “local infil-
tration,” “thoracoscopic,” “vats,” and “video assisted 
thoracic.” 

Study Selection and Quality Assessment
The literature used in the present meta-analysis 

was restricted to RCTs conducted on human patients; 
the included studies were limited to those published in 
English. Inclusion criteria were fulfilled if an RCT was 
composed of adult patients scheduled for VATS, who 
were randomized to receive any of the following inter-
ventions alone: control, EA, PVB, SSAPB, DSAPB, ESPB, 
ICNB, or local infiltration analgesia. We excluded trials 
that were performed on manikins or pediatric patients.

Quality assessment was performed by 2 indepen-
dent reviewers (J. Z and ZH. T) using the Cochrane 
Collaboration Risk of Bias Tool. Disagreements were 
resolved by consultation until consensus was reached. 
The potential sources of bias used to evaluate the study 
quality were: sequence generation, concealment of 
allocation sequence, blinding of patients or outcome 
assessor, selective reporting, and incomplete data.. The 
methodology was graded as “high,” “low,” or “un-
clear” for each study.

Outcome Measures and Data Extraction
Two investigators (J. Z and ZH. T) extracted the 

data independently. Disagreements were resolved by 
consensus through discussion and consultation with a 
third reviewer (Q. C). If the data were represented only 
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in a graphical format, this was numerically extrapo-
lated by plot digitization using Plot Digitizer, 2.6.8, 
(Free Software Foundation). If data were reported as 
median (interquartile range), we assessed the standard 
deviation as the interquartile range divided by 1.35 
or the range divided by 4 (20). The names of authors, 
year of publication, number of patients enrolled in 
each group, study design, analgesia methods, type of 
local anesthetic, time of regional anesthesia, analgesic 
efficacy outcomes, and postoperative complications 
were extracted (Table 1). The visual analog scale score 
at postoperative 2 hours, 6 hours, and 24 hours were 
primary outcomes. Secondary outcomes were con-
sumption of analgesic drugs, nausea and emesis, and 
pruritus.

Statistical Analysis
Stata Software Version 16.1, (Statacorp LLC),  and 

the GeMTC system (drugis.org) were used for analysis 
from original data imported by Microsoft Excel 2007 
(Microsoft Corp.). 

This network meta-analysis formed a connected 
network through direct comparisons with 3 or more 
interventions by the frequentist method (21). Indirect 
comparisons of interventions were mathematically de-
rived from common comparators not directly compared 
within trials. Consistencies between direct and indirect 
estimates were checked locally, with the separating 
indirect from direct evidence technique, and globally, 
with the design by treatment interaction test (22). Net-
work league tables show the results of the comparisons 

Table 1. Main characteristics of  included studies.

Study Intervention Size Local Anesthetic Time Postoperative analgesia Outcome

Lai J
2021 (24) EA/PVB 43/43

0.15% ropivacaine  2 mL/h 
/0.5% ropivacaine  0.1 mL/
kg/h 

after PCA of oxycodone 50 mg and palonosetron 
0.075 mg with NS of 100 mL 1,2,3,4

Qiu L
2021 (12)

Placebo/
SSPAB / 
DSPAB

21/21 /21 0.4 mL/kg of 0.375% after
PCA of 100 mL of 1 µg/mL sufentanil 
in saline. Rescue analgesic was 50 mg 
flurbiprofen when VAS > 4 

1,2,4

Horth D 
2021 (14) ESPB/ ICNB 12/12

30 mL of 0.125% 
bupivacaine /0.25% 
bupivacaine with 
epinephrine and a volume of 
5 mL per block 

before/
after

PCA of bupivacaine 0.125% at 13 
mL/h through the catheter / PCA of 
hydromorphone in boluses of 0.2 to 0.4 mg 
iv or morphine in boluses of 1 to 2 mg iv

1,2,4

Liu L
2020 (25) Placebo/ESPB 40/40 25 mL 0.4% ropivacaine before

PCA of sufentanil in boluses of 2 µg iv 
Rescue analgesic was 50 mg flurbiprofen 
when NRS-11 > 4 

1,3,4

Baytar MS
2021 (26) PVB/DSAPB 36/34

0.25% bupivacaine was 
administered at 0.4 mL/kg 
(max. 20 mL) 

before

PCA of 54 mL saline + 6 mL tramadol (50 
mg/mL) iv solution. IV 20 mg tenoxicam 
every 12 hours and one g acetaminophen  
every 8 hours. 

1,4

Ekinci M
2020 (27) DSAPB/ESPB 30/30 20 mL volume of 0.25% 

bupivacaine before

PCA of 10 µg/mL dose of fentanyl and 2 mL 
dose of bolus. A meperidine (0.5 mg/kg) iv 
was administrated for rescue analgesia if the 
VAS > 4

1,2,4

Kim S
2020 (28) SSAPB/ICNB 25/25

20 mL of 0.375% 
ropivacaine /10 mL of 
0.375% 

before/
after

Acetaminophen 650 mg 3 times per day. 
Ketorolac 30 mg iv when VAS > 4, fentanyl 
50 µg iv when VAS > 6

1.4

Chen N
2020 (29)

PVB/ ICNB/
ESPB 24/24/24 20 mL of 0.375% 

ropivacaine before

PCA of 0.5 mg/mL morphine and 0.5 
mL/h background rate, 3 mL bolus doses. 
Diclofenac sodium suppositories 50 mg iv 
when VAS > 3

1,2,3,4

Shang LH
2020 (30) SSAPB/LA 30/30 20 mL 0.5% ropivacaine before

PCA of butorphanol tartrate 0.1 mg/kg + 
flurbiprofen axetil 2.5 mg/kg in 0.9% NaCl 
100 mL, flow rate 2 mL/h. Flurbiprofen 
axetil 50 mg when VAS > 4

1,4

Shim JG
2020 (31) ESPB/ Placebo 24/22 30 mL of 0.5% ropivacaine / 

30 mL NS before
PCA of 2 mL/h (fentanyl 5 μg/mL) basal 
infusion with 0.5 mL bolus. Meperidine 25 
mg iv when NRS-11 score ≥ 4 

1,4
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Lee J
2020 (32) SSAPB /ICNB 23/23 20 mL of 0.375% / before/

after

PCA of fentanyl 20 µg/mL with NS to 100 
mL, bolus dose of 20 µg at a basal infusion 
rate of 0.2 µg/kg/h.  Ketorolac 30 mg iv when 
NRS score was 4 or 5 and fentanyl 50 µg 
when NRS-11 score was ≥ 6 

1,2,4

Chu H
2020 (33) PVB/Placebo 25/24 20 mL of 0.375% 

ropivacaine before Flurbiprofen in 50– 100 mg iv when VAS > 4 1,4

Baldinelli F
2020 (34) SSAPB/ ICNB 20/20

20 mL of levobupivacaine 
0.5% / 24 mL of 
levobupivacaine 0.5% each 

before/
after

PCA of morphine with one mg lockout time 
of 12 minutes 1,2,3

Huang QW
2020 (35) EA/PVB 39/77

0.25% of ropivacaine 3-5 
mL every 2 h /0.33% of 
ropivacaine 1 mg/kg 

before

PCA of 0.2% ropivacaine and a total 
volume of 300 mL, a loading dose of 0.5 
mg/kg, a background dose of 0.25 mg/kg/h 
flurbiprofen if needed.

1,2,4

Viti A
2019 (36)

DSAPB/
Placebo 46/44 30 mL 0.3% ropivacaine before Intravenous ketorolac 30 mg or tramadol 

100 mg. 1, 2

Finnerty 
DT 2020 
(37)

ESPB/ DSAPB 30/30 levobupiva caine 0.25% in 
30 mL volume before Oxycodone 5 mg or 10 mg every 2 hours 

according to the patient’s condition 1, 2, 3

Yeap YL
2020 (38) PVB/EA 40/40

30 mL of 0.5% ropivacaine 
/ 0.125% bupivacaine 
and 0.05 mg/mL of 
hydromorphone 

before PCA of hydromorphone, 0.2 mg, bolus dose, 
10-min lock-out interval 1,2

Turhan Ö
2020 (39)

ESPB/PVB/
ICNB 35/35/36 20 mL of 0.5% bupivacaine/ before

PCA of morphine one mg bolus with 
0.03 mg/kg/h infusion dose. One gr 
acetaminophen (tid) and 20 mg tenoxicam 
(once daily) for all patients 

1,2,3,4

Gaballah 
KM 2019 
(40)

ESPB/SSAPB 30/30 20 mL of 0.25% bupivacaine before Ketorolac 30 mg iv when VAS was ≥ 4, 1, 2 

Wu C
2018 (41) PVB/ICNB 34/32

0.3 mL/kg of 0.5% 
ropivacaine with 1/200000 
epinephrine/ 0.15ml /kg of 
0.5% ropivacaine and 1/200 
000 epinephrine 

before PCA of bolus doses of 1.5 mg (maximum 6 
mg/h) and no background infusion. 1, 2, 4

Kadomatsu 
Y 2018 (42) ICNB/PVB 24/26 10 mL 0.375% ropivacaine 

/20 mL 0.375% ropivacaine before 0.2% ropivacaine at 5 mL/h via an elastic 
pump for a period of 48 h. 1,4

Hutchins J
2016 (43) PVB/ICNB 23/25 0.25% or 0.5% plain 

bupivacaine 
before/

after
0.2% ropivacaine with an elastomeric pump 
at a rate of 0.4 mg/kg/h. 1,2,4

Zhang X
2015 (44) PVB/LA 31/30

32 mL of 0.5% ropivacaine 
/ 0.5% ropivacaine with 
maximum volume within 
40 mL 

after PCA of morphine started with one mg bolus 1,3,4

Kaya FN
2006 (45) PVB/Placebo 25/22 20 mL of 0.5% bupivacaine 

with 1:200,000 epinephrine before PCA of morphine device bolus of 30µg/kg of 
with a 10-minute lockout time. 1,3,4

Okajima H
2011 (46) EA/PVB 33/36

Bolus dose (5–7 mL) of 
0.25–0.375 % ropivacaine/ 
15 mL of 0.5 % ropivacaine 

before

PCA of 225 mg of ropivacaine (0.1 % 
ropivacaine) and 0.6 mg of fentanyl (0.4 
mg/day), was infused at a rate of 6 mL/h / 
PCA of 150 mL of the solution was infused 
at 4 mL/h,150 mg of ropivacaine (0.1 % 
ropivacaine) and 0.6 mg fentanyl (0.4 mg/
day). pentazocine (15 mg intramuscularly) for 
moderate pain and fentanyl for severe pain. 

1,3,4

Table 1 (cont.). Main characteristics of  included studies.
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Chen G
2019 (47) SSAPB/LA 20/20

0.4 mL/kg 0.25% 
ropivacaine /10 -17 mL 
0.25% ropivacaine 

before

PCA of sufentanil 0.5 μg/mL and saline at a 
total volume of 200 mL with 2 μg boluses. 
100 mg tramadol when VAS > 4. morphine 
one mg when VAS > 5.

1,2,4

Fibla JJ 
2011 (48) PVB/LA 20/20

15 mL of ropivacaine 0.2% /
bupivacaine 0.5% (5 mL for 
each wound) 

after

A bolus of 15 mL of ropivacaine 0.2% every 
6 h combined with endovenous metamizole 
/ One g of endovenous acetaminophen with 
one g of endovenous metamizole every 6 h 

1

Zhao H
2020 (49) ESPB/ PVB 33/33 30 mL of 0.4% ropivacaine / before PCA of oxycodone rescue set as bolus of 1 

mg/2.5 mL (total volume as 40 mg/100 mL), 1, 2

Ciftci
2020 (50)

ESPB/PVB/
Placebo 30/30/30 20 mL of 0.25% bupivacaine before

PCA of 2 mL-10 μg/ mL bolus dose of 
fentanyl, no infusion. If the VAS ≥ 4 despite 
the administration of ibuprofen and fentanyl 
PCA bolus, iv meperidine (0.5 mg/kg) 

1,4

Taketa Y
2019 (51) PVB/ ESPB 40/41 20 mL of 0.2% 

levobupivacaine before PCA of 0.2% levobupivacaine at 8 mL/hour 
using a disposable pump for 50 h 1,2,4

Hill SE
2016 (52) PVB/Placebo 38/39

less than 3 mg/kg of 0.5% 
bupivacaine containing 
0.0005% epinephrine /same 
volume NS

before
PCA of morphine at a dose of 0.02 mg/kg 
with an 8-min dosing interval. Ketorolac 
every 6 h for the next 24 h 

1,2

Vogt A
2005 (53) PVB/placebo 20/20

bupivacaine (3.75 mg/mL) 
and epinephrine (1:200 
000), 0.4 mL/kg / same 
volume NS

before
PCA of morphine 0.1 mg/kg iv with pump 
and propacetamol 2 g iv (not approved for 
use in the United States) 

1,2

Yoshioka M
2006 (54) EA/Placebo 24/22 5 mL of 0.25% bupivacaine after

80 mL of 0.25% bupivacaine hydro- chloride 
and one mg of fentanyl citrate using a 
balloon infuser at a rate of 2.0 mL/h.  
Diclofenac sodium and pentazocine for 
additional analgesia 

1,3,4

Ueda K
2019 (55) ICNB/EA 21/22

Ropivacaine hydrochloride 
hydrate 3.7 mg/mL (21 
mL)/ 5 mL of ropivacaine 
hydrochloride hydrate 2.0 
mg/mL (10 mg) 

after Diclofenac  suppository, pentazocine intra- 
muscular injection 1,2

Kosinski S 
2016 (56) PVB/EA 26/25

0.25% bupivacaine 
20 mL/ 6 mL, 0.08–0.1 mL/
kg/h for maintenance

after Morphine dosage 1,2

1. VAS or NRS score 2. Consumption of analgesia 3. Pruritus 4. PONE
ESPB, erector spinae plane block; PCA, patient-controlled analgesia; SSAPB, superficial serratus anterior plane block; DSAPB, deep serratus ante-
rior plane block; ICNB, intercostal nerve block; EA, epidural analgesia; LA, local anesthetics; PVB, paravertebral block; VAS, visual analog scale; 
NRS, numeric rating scale; PONV, postoperative nausea and vomiting

Table 1 (cont.). Main characteristics of  included studies.

between interventions in detail (Supplementary Tables 
1-6). 

If there was no obvious imprecision present, the 
competing interventions were ranked for a particular 
outcome. The certainty, and hence quality, of evidence 
for each outcome was rated according to the grad-
ing of recommendations assessment, development, 
and evaluation (GRADE) system with the support of 
CINeMA software (Institute of Social and Preventative 
Medicine) (23). Publication bias was examined by the 
assessment of comparison-adjusted funnel plots.

Results

Study Selection and Characteristics
Of the 275 unique article citations identified 

through database searches, 183 studies were screened 
according to our search strategy. Sixty-seven full-text 
articles were reviewed, 32 articles were excluded be-
cause of unreported data and intervention differences, 
and 35 RCTs comprising a total of 2,173 patients met 
the inclusion criteria (12,14,24-56). The selection pro-
cess is illustrated in Fig. 1. 
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Fig. 1. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-
analyses. 

The characteristics of the RCTs are 
summarized in Table 1. The primary 
outcome, the VAS at postoperative 
2  hours, was reported in 12 of these 
RCTs; the VAS at postoperative 6  hours 
was reported in 11 RCTs, and the VAS 
at postoperative 24  hours was re-
ported in 25 RCTs. 

Regarding secondary outcomes of 
interest, 14 RCTs reported consump-
tion of analgesia, 11 RCTs reported 
incidences of pruritus, and 24 RCTs 
reported incidences of postoperative 
nausea and emesis (PONE). 

The following interventions were 
compared in these RCTs: one compared 
control with EA (54); 5 compared 
control with PVB (33,45,50,52,53); 
one compared control with SSAPB 
(12); 2 compared control with DSAPB 
(12,36); 3 compared control with ESPB 
(25,31,50); 4 compared PVB with EA 
(24,35,46,56); one compared DSAPB 
with PVB (26); 4 compared ESPB with 
PVB (29,39,49,51); 5 compared ICNB 
with PVB (29,39,41-43); 2 compared 
LA infiltration with PVB (44,48); one 
compared DSAPB with SSAPB (12); 2 
compared LA infiltration with SSAPB 
(30,47); 2 compared ESPB with DSAPB 
(27,37); and 3 compared ICNB with 
ESPB (14,29,39). 

Risk of Bias Assessment
The risk of bias assessment of 

the included RCTs is shown in Fig. 2. 
Studies were evaluated based on the 
Cochrane Methods Risk of Bias Tool. 
The overall study quality grading on 
individual parameters was high to 
moderate. Some concerns regarding 
the risk of bias were present due to the 
absence of information on blinding of 
patients and procedure performers. 
We analyzed the data for the follow-
ing outcomes. 

Two-hour Postoperative VAS 
Score at Rest 

The primary outcome, the post-
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Fig. 3. Network plot for all 6 outcomes. The size of  the nodes represent the total number of  patients allocated to each 
intervention and the thickness of  the lines signify the number of  studies evaluating direct comparison. The colors of  edges and 
nodes refer to the risk of  bias: low (green), moderate (yellow), and high (red). Evidence network of  eligible comparisons for a 
network meta-analysis of  (a) resting VAS scores at postoperative 2 hours (b) resting VAS at postoperative 6 hours (c) resting 
VAS at postoperative 24 hours (d) incidence of  postoperative nausea and emesis after surgery (e) incidence of  pruritus after 
surgery, (f) analgesic consumption at postoperative 24 hours.

operative VAS score at rest at 2 hours,  was reported in 759 
patients by 12 RCTs (25,29,32,34,35,40-42,44,45,51,53). 
Nine direct and 19 indirect comparisons were established 
among the 8  interventions in the network model (Fig. 
3). Compared with the placebo group, the 2-hour VAS 

scores for EA, PVB, ESPB, and ICNB were significantly 
lower. The scores of the EA group were lower than those 
of the DSAPB, ESPB, ICNB, and LA groups. Furthermore, 
the score in the PVB group was lower than the DSAPB, 
ESPB, and LA groups (Fig. 4). The presence of a publica-

Fig. 2. Evidence 
synthesis risk of  bias 
summary of  included 
trials recommended 
by the Cochrane 
Collaboration’s tool. 
The colors in the bars 
represent different 
categories: red = high 
bias, green = low bias, 
yellow = unclear bias.
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Fig. 4. Interval plot 
of  odds ratios of  
all outcomes which 
presents the network 
estimates for all pairwise 
comparisons. EA: 
epidural analgesia, 
LA: local anesthetics, 
SSAPB: superficial 
serratus anterior plane 
block, DSAPB: deep 
serratus anterior plane 
block, ESPB: erector 
spinae plane block, 
PVB: paravertebral 
block, ICNB: intercostal 
nerve block, Pla: 
placebo. Evidence 
network of  pairwise 
comparisons for a 
network meta-analysis 
of  (a) resting VAS 
scores at postoperative 
2 hours (b) resting 
VAS at postoperative 6 
hours (c) resting VAS 
at postoperative 24 
hours (d) incidence of  
postoperative nausea 
and emesis (e) incidence 
of  pruritus after 
surgery, (f) analgesic 
consumption at 
postoperative 24 hours.
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Fig. 5. Values of  surface under the cumulative ranking curve (SUCRA) of  all outcomes. EA: epidural analgesia, LA: local 
anesthetics, SSAPB: superficial serratus anterior plane block, DSAPB: deep serratus anterior plane block, ESPB: erector 
spinae plane block, PVB: paravertebral block, ICNB: intercostal nerve block, Pla: placebo.

tion bias was not seen  in a comparison-adjusted funnel 
plot (Supplementary Fig. 1). The suggested rank order 
probability for better postoperative analgesia after 2 
hours is EA > PVB > ICNB > SSAPB > LA > ESPB > DSAPB 
> placebo (Fig. 5). 

Six-hour Postoperative VAS Scores at Rest 
The second primary outcome, the postoperative 

VAS score at rest at 6 hours, was reported in 626 
patients by 11 RCTs (12,26,28,31,34,40,42,44,46,48,
52). Eleven direct and 17 indirect comparisons were 
established among the 8 interventions in the network 
model (Fig. 3). Compared with the placebo group, the 
postoperative 6 hour VAS scores of EA, PVB, ESPB, 
SSAPB, and DSAPB were significantly lower. There 
were no obvious differences among the intervention 
groups (Fig. 4). The presence of a publication bias 
was not seen in a comparison-adjusted funnel plot 
(Supplementary Fig. 2). The suggested rank order 
probability for better analgesia at postoperative 6 
hours is EA > PVB > DSAPB > SSAPB > ESPB > ICNB > LA 
> placebo (Fig. 5).

Twenty-four-hour Postoperative VAS Scores 
at Rest 

The third primary outcome, the postoperative VAS 
score at rest at 24 hours, was reported in 1,728 patients 
by 25 RCTs (12,14,25,26,29,32-42,44-48,50,51,52,54,55). 
Sixteen direct and 12 indirect comparisons were estab-
lished among the 8 interventions in the network model 
(Fig. 3). Compared with the placebo group, the post-

operative 24 hour VAS scores of EA, PVB, ESPB, SSAPB, 
and ICNB were significantly lower. The scores of the 
EA group were lower than those of the DSAPB, ESPB, 
and ICNB groups (Fig. 4). The presence of a publication 
bias was not seen in a comparison-adjusted funnel plot 
(Supplementary Fig. 3). The suggested rank order prob-
ability for better analgesia at postoperative 24 hours 
is EA > SSAPB > PVB > ESPB > ICNB > LA > DSAPB > 
placebo (Fig. 5).

Postoperative Nausea and Emesis
One co-secondary outcome, the incidence of 

PONE, was reported in 1,526 patients by 24 RCTs 
(12,14,24-33,35,39,41-47,50,51,54). Fifteen direct and 
13 indirect comparisons were established among the 
8 interventions in the network model (Fig. 3). The 
incidence of PONE was significantly lower in the PVB 
group than in the placebo group. The scores of the 
EA group were lower than those of the DSAPB, ESPB, 
ICNB, and LA groups. Furthermore, the PVB group was 
lower than the DSAPB, ESPB, and LA groups (Fig. 4). 
The presence of a publication bias was not seen in a 
comparison-adjusted funnel plot (Supplementary Fig. 
4). The suggested rank order probability for the reduc-
tion of PONE is PVB > DSAPB > ESPB > ICNB > SSAPB > 
EA > placebo > LA (Fig. 5). 

Twenty-four-hour Postoperative Analgesic 
Consumption

Another co-secondary outcome, postoperative 
analgesic consumption, was reported in 877 patients 
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by 14 RCTs (13,25,29,32,34,35,37-39,41,49,51,53). 
Eight direct and 13 indirect comparisons were es-
tablished among the 8 interventions in the network 
model (Fig. 3). Compared with the placebo or EA 
groups, the analgesic consumption after PVB and 
ESPB was significantly lower (Fig. 4). The presence 
of a publication bias was not seen in a comparison-
adjusted funnel plot (Supplementary Fig. 5). The 
suggested rank order probability for reduction of 
analgesic consumption after surgery is EA > PVB > 
SSAPB > ICNB > ESPB > DSAPB > placebo (Figure 5). 

Postoperative Pruritus
The final co-secondary outcome, postoperative 

pruritus, was reported in 757 patients in 11 trials 
(24,25,29,34,37,39,44-46,50,54). Ten direct and 18 
indirect comparisons were established among the 8 
interventions in the network model (Fig. 3). Compared 
with the placebo group, the incidences of postopera-
tive pruritus of EA, PVB, ESPB, and ICNB were lower. 
The incidences in the EA group were lower than those 
of the DSAPB, ESPB, ICNB, and LA groups. Furthermore, 
the PVB group had fewer incidences than the DSAPB, 
ESPB, and LA groups (Fig. 4). The presence of a publica-
tion bias was not seen in a comparison-adjusted funnel 
plot (Supplementary Fig. 6). The suggested rank order 
probability for reduction of pruritus incidences is ESPB 
> PVB > ICNB > DSAPB > SSAPB> LA > Placebo > EA 
(Fig. 5).

discussion

In this network meta-analysis, a total of 35 related 
clinical trials were identified. The results demonstrated 
that in patients undergoing VATS, regional nerve block 
techniques (including EA, PVB, ESPB, and ICNB) signifi-
cantly reduced the postoperative pain scores at rest at 
2 hours, 6 hours, and 24 hours postoperatively com-
pared with placebo, while the pain score significantly 
decreased in the SSAPB group at rest at the 6 hour and 
24 hour time points. The difference of analgesic ef-
fects among various regional analgesia techniques are 
relatively small, but EA and PVB have advantages. How-
ever, with the EA technique, more consideration should 
be given to coagulation and puncture complications. 

Local anesthetic techniques may lead to various 
adverse effects, including opioid-related effects (such 
as PONE, pruritus, respiratory depression, hypotension, 
sedation, and urinary retention), and procedure-relat-
ed effects (such as hematoma, LA toxicity, block failure, 
and organ injury) (57). In addition to its adverse impact 

on patient comfort and satisfaction, PONE can also 
aggravate pain after thoracoscopic surgery. Pruritus is 
one of the most common opioid-related side effects. 
Therefore, PONE and pruritus were selected as safety 
outcomes in this review. Our results show that PONE is 
alleviated by PVB compared with placebo, while pruri-
tus is  mitigated by PVB or ESPB compared with placebo 
or EA. 

In our review, few differences were observed 
among the various regional analgesia techniques, 
except for EA. Only PVB decreased the VAS score sig-
nificantly at postoperative 2 hours compared to ESPB, 
DSAPB, and LA. It is speculated that the similarities in 
their anatomical coverage for lobe surgeries might be 
the cause of the lack of significant differences among 
the various nerve block approaches. In general, sur-
gical incisions, traction or injury of the intercostal 
nerve, compression or injury of the pleura and pul-
monary parenchyma, and stimulation of the thoracic 
drainage tube may cause postoperative pain (58). 
Therefore, PVB, serratus anterior plane block (SAPB), 
ESPB, and ICNB have become ideal components of 
multimodal analgesic regimens during perioperative 
VATS (12,24,26,27). 

The lobectomy area is innervated by the thora-
codorsal nerves, the long thoracic nerves, and the 
medial and lateral pectoral nerves. SAPB has been 
confirmed as an appropriate technique for analgesia 
in thoracotomy (12). There are 2 approaches for SAPB: 
the SSAPB and the DSAPB. PVB is a regional nerve block 
technique in which local anesthetics are injected into 
the paravertebral space to inhibit the anterior and 
lateral branches of the intercostal nerves (59). The 
mechanism of action of ESPB may include neural tar-
gets; however, there is currently still a lack of its full 
understanding (60). Considering the incomplete and 
overlapping nerve blocks of most regional anesthesia 
methods, we believe that the differences among  these 
methods may not be sufficient to cause statistical dif-
ferences in the analgesic effect. However, from the 
perspective of potential rankings, EA and PVB have 
certain advantages in both short-term and long-term 
pain relief.

While there seem to be few differences in an-
algesic effects among various regional nerve block 
techniques, technique performance, failure rate, and 
the possibility of side effects or complications are fac-
tors that should be taken into consideration when 
choosing the optimal regional nerve block technique 
for the patient. There is limited space for performing 
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a PVB and the success rate decreases with an increase 
in difficulty. However, blocking sympathetic nerves is 
also helpful for analgesia (59,61). Compared with PVB, 
ESPB can achieve a higher success rate but requires 
clearer ultrasound imaging and blocking techniques 
(62). ICNB has a limited blocking scope and can only 
mitigate incision pain (63). However, SAPB is promising 
as an attractive alternative to the above-mentioned 
analgesia methods owing to its perceived safety and 
relative simplicity. Notably, SSAPB and DSAPB could 
be performed with the patient supine and under gen-
eral anesthesia, when needed, with little or no risk of 
pleural puncture or spinal cord injury. 

Patients taking an anticoagulant have a higher 
margin of safety because the injection site is relatively 
shallow, compressible, and far away from the sites 
susceptible to an expanding hematoma. The risk of 
hypotension is minimal because of the more peripheral 
site of action. Moreover, greater hemodynamic stability 
than PVB is a special advantage for patients with heart 
diseases or any other comorbidities (64).

With respect to postoperative opioid consumption, 
this network meta-analysis suggests that EA is superior 
to PVB, DSAPB, ESPB, and ICNB. Thoracic epidural anal-
gesia has been identified as the most popular method 
of postoperative pain management after thoracic sur-
gery (65); however, it may result in numerous related 
complications, such as inadvertent high block, epidural 
hematoma, local anesthetic toxicity, infection, total 
spinal anesthesia, nerve damage or hypotension, and 
limitation of postoperative anticoagulation use (66). 
Therefore, although EA may have a more efficient 
analgesic effect than various regional nerve block 
techniques in patients undergoing VATS lobectomy, we 
recommend regional nerve block techniques instead of 
thoracic EA. 

Our findings confirm and extend existing system-
atic reviews and meta-analyses. When patients are 
scheduled for any type of VATS, ultrasound-guided 
SAPB can significantly decrease postoperative opioid 
consumption and improve pain scores compared with 
a control (16). Furthermore, SAPB has been found to 
reduce the incidence of nausea and emesis compared 
to a control (67).

 In previous meta-analyses, thoracic PVB for thora-
scopic surgery was found to significantly reduce pain 

scores within postoperative 6 hours and postoperative 
opioid consumption within 48 hours compared with 
a control group but it did not have any significant ef-
fect on pain scores at postoperative 24 hours and 48 
hours (17). Nonetheless, the above-mentioned previous 
meta-analyses were limited by the number of studies 
included and the use of pairwise methods without the 
potential for indirect comparisons. 

A recent systematic review suggests that PVB or 
ESPB is the first choice for analgesia in VATS, and SAPB 
can also be considered (68). Our research has confirmed 
the analgesic effect of PVB, but the analgesic effect of 
ESPB has no obvious advantages; there is no difference 
with SAP, ICNB, and other techniques. 

Limitations
This systematic review has several limitations. First, 

due to the limited number of related studies, not only 
trials with single-injection techniques, but also those 
with continuous block techniques were included, which 
might be one of the causes of the heterogeneity in our 
results. Second, due to the difficulties in blinding block 
techniques, some of the included trials were associ-
ated with a medium-high risk of bias. Finally, different 
concentrations and volumes of local anesthetics might 
affect the analgesic effects of the various analgesia 
techniques.

conclusions

On balance, EA and PVB have certain advantages 
in analgesic effect for VATS when compared with other 
analgesia techniques, but the incidence of postopera-
tive pruritus after EA is higher. At the same time, con-
sidering the risk of coagulation and puncture complica-
tions, PVB may be a better choice. There is no doubt 
that other regional analgesia techniques can also be 
used in VATS.
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_EA_ _PVB_ _ICNB_ _SSAPB_ _LA_ _ESPB_ _DSAPB_ _Placebo_

EA 0.50 
(-0.08,1.08) 0.70 (0.01,1.40) 0.99 (0.00,1.98) 1.28 (0.38,2.18) 1.35 (0.67,2.04) 1.44 (0.63,2.26) 1.85 (1.01,2.68)

-0.50 
(-1.08,0.08) PVB 0.20 

(-0.18,0.59)
0.49 

(-0.31,1.29) 0.78 (0.10,1.46) 0.85 (0.50,1.21) 0.94 (0.37,1.52) 1.35 (0.75,1.94)

-0.70 
(-1.40,-0.01)

-0.20 
(-0.59,0.18) ICNB 0.29 

(-0.41,0.99)
0.58 

(-0.20,1.36) 0.65 (0.14,1.17) 0.74 (0.06,1.42) 1.14 (0.39,1.89)

-0.99 
(-1.98,-0.00)

-0.49 
(-1.29,0.31)

-0.29 
(-0.99,0.41) SSAPB 0.29 

(-0.76,1.34)
0.36 

(-0.50,1.23)
0.45 

(-0.52,1.43)
0.86 

(-0.17,1.88)

-1.28 
(-2.18,-0.38)

-0.78 
(-1.46,-0.10)

-0.58 
(-1.36,0.20)

-0.29 
(-1.34,0.76) LA 0.07 

(-0.69,0.84)
0.16 

(-0.72,1.05)
0.57 

(-0.34,1.47)

-1.35 
(-2.04,-0.67)

-0.85 
(-1.21,-0.50)

-0.65 
(-1.17,-0.14)

-0.36 
(-1.23,0.50)

-0.07 
(-0.84,0.69) ESPB 0.09 

(-0.35,0.53) 0.49 (0.03,0.96)

-1.44 
(-2.26,-0.63)

-0.94 
(-1.52,-0.37)

-0.74 
(-1.42,-0.06)

-0.45 
(-1.43,0.52)

-0.16 
(-1.05,0.72)

-0.09 
(-0.53,0.35) DSAPB 0.40 

(-0.24,1.04)

-1.85 
(-2.68,-1.01)

-1.35 
(-1.94,-0.75)

-1.14 
(-1.89,-0.39)

-0.86 
(-1.88,0.17)

-0.57 
(-1.47,0.34)

-0.49 
(-0.96,-0.03)

-0.40 
(-1.04,0.24) Placebo

Supplementary Table 1. Network league table for VAS score at postoperative 2 hours. Estimates are presented as mean differences with 
95% CI in parentheses. 

Supplementary Table 2. Network league table for VAS score at postoperative 6 hours. Estimates are presented as mean differences with 
95% CI in parentheses. 

_EA_ _PVB_ _DSAPB_ _SSAPB_ _ESPB_ _ICNB_ _LA_ _Placebo_

EA 0.26 
(-1.75,2.27)

0.47 
(-2.12,3.06)

0.76 
(-1.73,3.25)

1.30 
(-1.78,4.38)

1.21 
(-0.92,3.34)

1.60 
(-1.05,4.24) 3.57 (0.60,6.53)

-0.26 
(-2.27,1.75) PVB 0.21 

(-1.75,2.16)
0.50 

(-1.58,2.58)
1.04 

(-1.57,3.64)
0.95 

(-0.86,2.77)
1.33 

(-0.38,3.05) 3.30 (0.80,5.81)

-0.47 
(-3.06,2.12)

-0.21 
(-2.16,1.75) DSAPB 0.29 

(-1.60,2.18)
0.83 

(-1.04,2.70)
0.74 

(-1.36,2.85)
1.13 

(-1.47,3.73) 3.10 (1.22,4.97)

-0.76 
(-3.25,1.73)

-0.50 
(-2.58,1.58)

-0.29 
(-2.18,1.60) SSAPB 0.54 

(-1.87,2.95)
0.45 

(-1.14,2.05)
0.84 

(-1.86,3.53) 2.81 (0.66,4.95)

-1.30 
(-4.38,1.78)

-1.04 
(-3.64,1.57)

-0.83 
(-2.70,1.04)

-0.54 
(-2.95,1.87) ESPB -0.08 

(-2.72,2.55)
0.30 

(-2.82,3.42) 2.27 (0.40,4.14)

-1.21 
(-3.34,0.92)

-0.95 
(-2.77,0.86)

-0.74 
(-2.85,1.36)

-0.45 
(-2.05,1.14)

0.08 
(-2.55,2.72) ICNB 0.38 

(-2.12,2.88)
2.35 

(-0.10,4.80)

-1.60 
(-4.24,1.05)

-1.33 
(-3.05,0.38)

-1.13 
(-3.73,1.47)

-0.84 
(-3.53,1.86)

-0.30 
(-3.42,2.82)

-0.38 
(-2.88,2.12) LA 1.97 

(-1.06,5.00)

-3.57 
(-6.53,-0.60)

-3.30 
(-5.81,-0.80)

-3.10 
(-4.97,-1.22)

-2.81 
(-4.95,-0.66)

-2.27 
(-4.14,-0.40)

-2.35 
(-4.80,0.10)

-1.97 
(-5.00,1.06) Placebo



_EA_ _SSAPB_ _PVB_ _ESPB_ _ICNB_ _LA_ _DSAPB_ _Placebo_

EA 0.16 
(-0.84,1.15)

0.64 
(-0.01,1.29) 0.82 (0.01,1.63) 0.91 (0.08,1.73) 1.03 

(-0.04,2.10) 1.14 (0.14,2.13) 1.68 (0.87,2.48)

-0.16 
(-1.15,0.84) SSAPB 0.48 

(-0.32,1.28)
0.66 

(-0.21,1.53)
0.75 

(-0.05,1.55)
0.87 

(-0.09,1.83)
0.98 

(-0.01,1.96) 1.52 (0.68,2.35)

-0.64 
(-1.29,0.01)

-0.48 
(-1.28,0.32) PVB 0.18 

(-0.36,0.72)
0.27 

(-0.33,0.86)
0.39 

(-0.48,1.26)
0.50 

(-0.29,1.28) 1.04 (0.45,1.62)

-0.82 
(-1.63,-0.01)

-0.66 
(-1.53,0.21)

-0.18 
(-0.72,0.36) ESPB 0.09 

(-0.60,0.77)
0.21 

(-0.78,1.20)
0.32 

(-0.42,1.06) 0.86 (0.21,1.51)

-0.91 
(-1.73,-0.08)

-0.75 
(-1.55,0.05)

-0.27 
(-0.86,0.33)

-0.09 
(-0.77,0.60) ICNB 0.12 

(-0.86,1.11)
0.23 

(-0.67,1.13) 0.77 (0.05,1.49)

-1.03 
(-2.10,0.04)

-0.87 
(-1.83,0.09)

-0.39 
(-1.26,0.48)

-0.21 
(-1.20,0.78)

-0.12 
(-1.11,0.86) LA 0.11 

(-1.02,1.23)
0.65 

(-0.35,1.64)

-1.14 
(-2.13,-0.14)

-0.98 
(-1.96,0.01)

-0.50 
(-1.28,0.29)

-0.32 
(-1.06,0.42)

-0.23 
(-1.13,0.67)

-0.11 
(-1.23,1.02) DSAPB 0.54 

(-0.33,1.41)

-1.68 
(-2.48,-0.87)

-1.52 
(-2.35,-0.68)

-1.04 
(-1.62,-0.45)

-0.86 
(-1.51,-0.21)

-0.77 
(-1.49,-0.05)

-0.65 
(-1.64,0.35)

-0.54 
(-1.41,0.33) Placebo

Supplementary Table 3. Network league table for VAS score at postoperative 24 hours. Estimates are presented as mean differences 
with 95% CI in parentheses. 

Supplementary Table 4. Network league table for postoperative incidences of  nausea and emesis. Estimates are presented as mean 
differences with 95% CI  in parentheses. 

_PVB_ _DSAPB_ _ESPB_ _ICNB_ _SSAPB_ _EA_ _Placebo_ _LA_

PVB 0.92 (0.31,2.80) 1.32 (0.67,2.57) 1.39 (0.73,2.65) 1.95 (0.66,5.76) 1.95 (0.95,3.99) 2.43 (1.11,5.35) 3.23 
(0.88,11.81)

1.08 (0.36,3.27) DSAPB 1.42 (0.49,4.10) 1.51 (0.46,4.92) 2.11 (0.61,7.27) 2.11 (0.57,7.77) 2.63 (0.87,7.96) 3.50 
(0.77,15.96)

0.76 (0.39,1.48) 0.70 (0.24,2.03) ESPB 1.06 (0.49,2.27) 1.48 (0.49,4.54) 1.48 (0.57,3.87) 1.85 (0.87,3.93) 2.46 (0.63,9.65)

0.72 (0.38,1.37) 0.66 (0.20,2.17) 0.94 (0.44,2.03) ICNB 1.40 (0.46,4.24) 1.40 (0.54,3.63) 1.75 (0.70,4.39) 2.32 (0.60,9.02)

0.51 (0.17,1.51) 0.47 (0.14,1.63) 0.67 (0.22,2.06) 0.71 (0.24,2.16) SSAPB 1.00 (0.27,3.62) 1.25 (0.42,3.73) 1.66 (0.55,5.02)

0.51 (0.25,1.05) 0.47 (0.13,1.75) 0.68 (0.26,1.76) 0.71 (0.28,1.86) 1.00 (0.28,3.64) EA 1.25 (0.45,3.49) 1.66 (0.38,7.25)

0.41 (0.19,0.90) 0.38 (0.13,1.15) 0.54 (0.25,1.15) 0.57 (0.23,1.44) 0.80 (0.27,2.40) 0.80 (0.29,2.24) Placebo 1.33 (0.33,5.26)

0.31 (0.08,1.13) 0.29 (0.06,1.31) 0.41 (0.10,1.60) 0.43 (0.11,1.67) 0.60 (0.20,1.83) 0.60 (0.14,2.63) 0.75 (0.19,2.99) LA

Supplementary Table 5. Network league table for postoperative incidences of  pruritus. Estimates are presented as mean differences 
with 95% CI in parentheses. 

_ESPB_ _PVB_ _ICNB_ _DSAPB_ _SSAPB_ _LA_ _Placebo_ _EA_

ESPB 1.16 (0.41,3.30) 1.06 
(0.09,12.64)

1.00 
(0.02,52.04)

1.06 
(0.01,114.14)

2.49 
(0.17,35.85)

4.03 
(1.60,10.13)

17.01 
(2.89,100.16)

0.86 (0.30,2.45) PVB 0.92 
(0.08,10.89)

0.86 
(0.01,51.32)

0.92 
(0.01,98.31)

2.14 
(0.18,24.96) 3.47 (1.33,9.05) 14.65 

(3.16,67.90)

0.94 
(0.08,11.19)

1.09 
(0.09,12.99) ICNB 0.94 

(0.01,99.76)
1.00 

(0.02,52.85)
2.34 

(0.07,76.52)
3.79 

(0.30,48.24)
16.00 

(0.89,287.06)

1.00 
(0.02,52.03)

1.16 
(0.02,69.18)

1.06 
(0.01,112.65) DSAPB 1.06 

(0.00,484.72)
2.49 

(0.02,292.82)
4.03 

(0.07,233.06)
17.01 

(0.22,1293.39)

0.94 
(0.01,101.06)

1.09 
(0.01,117.34)

1.00 
(0.02,52.84)

0.94 
(0.00,429.19) SSAPB 2.34 

(0.01,460.57)
3.79 

(0.03,422.09)
16.00 

(0.12,2162.99)

0.40 (0.03,5.79) 0.47 (0.04,5.44) 0.43 
(0.01,13.96)

0.40 
(0.00,47.30)

0.43 
(0.00,84.03) LA 1.62 

(0.12,22.59)
6.84 

(0.38,123.58)

0.25 (0.10,0.62) 0.29 (0.11,0.75) 0.26 (0.02,3.36) 0.25 
(0.00,14.36)

0.26 
(0.00,29.38) 0.62 (0.04,8.62) Placebo 4.22 

(0.79,22.50)

0.06 (0.01,0.35) 0.07 (0.01,0.32) 0.06 (0.00,1.12) 0.06 (0.00,4.47) 0.06 (0.00,8.45) 0.15 (0.01,2.65) 0.24 (0.04,1.26) EA



Supplementary Table 6. Network league table for analgesic consumption at postoperative 24 hours. Estimates are presented as mean 
differences with 95% CI in parentheses

_EA_ _PVB_ _SSAPB_ _ICNB_ _ESPB_ _DSAPB_ _Placebo_

EA 2.41 (0.40,4.42) 3.03 (-0.09,6.15) 3.31 (0.92,5.70) 3.59 (1.23,5.95) 3.93 (0.25,7.60) 4.25 (1.36,7.14)

-2.41 (-4.42,-0.40) PVB 0.62 (-1.76,3.01) 0.90 (-0.39,2.19) 1.18 (-0.06,2.43) 1.52 (-1.56,4.59) 1.84 (-0.24,3.93)

-3.03 (-6.15,0.09) -0.62 (-3.01,1.76) SSAPB 0.28 (-1.73,2.28) 0.56 (-1.88,3.00) 0.89 (-2.83,4.62) 1.22 (-1.84,4.28)

-3.31 (-5.70,-0.92) -0.90 (-2.19,0.39) -0.28 (-2.28,1.73) ICNB 0.28 (-1.11,1.68) 0.62 (-2.52,3.76) 0.94 (-1.38,3.26)

-3.59 (-5.95,-1.23) -1.18 (-2.43,0.06) -0.56 (-3.00,1.88) -0.28 (-1.68,1.11) ESPB 0.33 (-2.48,3.15) 0.66 (-1.42,2.74)

-3.93 (-7.60,-0.25) -1.52 (-4.59,1.56) -0.89 (-4.62,2.83) -0.62 (-3.76,2.52) -0.33 (-3.15,2.48) DSAPB 0.32 (-3.17,3.82)

-4.25 (-7.14,-1.36) -1.84 (-3.93,0.24) -1.22 (-4.28,1.84) -0.94 (-3.26,1.38) -0.66 (-2.74,1.42) -0.32 (-3.82,3.17) Placebo

Supplementary Fig. 1. Comparison-adjusted funnel plot for VAS score at rest at postoperative 2 hours. Different colors indicate 
particular intervention comparisons. The red line indicates the null hypothesis that the comparison-specific pooled effect 
estimates do not differ from the respective study-specific effect sizes.



Supplementary Fig. 2. Comparison-adjusted funnel plot for VAS score at rest at postoperative 6 hours. Different colors indicate 
particular intervention comparisons. The red line indicates the null hypothesis that the comparison-specific pooled effect 
estimates do not differ from the respective study-specific effect sizes.



Supplementary Fig. 3. Comparison-adjusted funnel plot for VAS score at rest at postoperative 24 hours. Different colors 
indicate particular intervention comparisons. The red line indicates the null hypothesis that the comparison-specific pooled 
effect estimates do not differ from the respective study-specific effect sizes.



Supplementary Fig. 4. Comparison-adjusted funnel plot for postoperative incidence of  nausea and emesis. Different colors 
indicate particular intervention comparisons. The red line indicates the null hypothesis that the comparison-specific pooled 
effect estimates do not differ from the respective study-specific effect sizes.



Supplementary Fig. 5. Comparison-adjusted funnel plot for postoperative incidence of  pruritus. Different colors indicate 
particular intervention comparisons. The red line indicates the null hypothesis that the comparison-specific pooled effect 
estimates do not differ from the respective study-specific effect sizes.



Supplementary Fig. 6. Comparison-adjusted funnel plot for analgesic consumption at postoperative 24 hours. Different colors 
indicate particular intervention comparisons. The red line indicates the null hypothesis that the comparison-specific pooled 
effect estimates do not differ from the respective study-specific effect sizes.


