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Introduction: Thoracic epidural analgesia (TEA) and thoracic paravertebral blocks (PVB) are well-established techniques for pain 
management in thoracotomy. Here, we examine the efficacy of various thoracic fascial plane blocks vs TEA and PVB for 
intraoperative and postoperative analgesia for video assisted thoracoscopy surgery (VATS) with network meta-analysis.
Methods: A search for prospective randomized control studies using adult patients undergoing VATS with general anesthesia. The 
interventions of interest were any regional anesthesia techniques used for postoperative pain control after VATS. Primary outcomes of 
interest were 24-hour opioid requirement and 24-hour pain scores. A Bayesian network meta-analysis was conducted.
Results: We identified 42 studies that fulfilled our inclusion criteria. For patients who underwent VATS, TEA (MD = −27MME, 95% 
CI = −46.2 to −9MME), ESP (MD = −20MME, 95% CI –33 to −7.9MME), PVB (MD = −15MME, 95% CI = −26 to −4.5MME) 
demonstrated significant opioid sparing efficacy, as well as reduction in cumulative 24-hour static pain scores. However, exclusion of 
one study due to high risk of bias revealed that TEA did not significantly reduce opioid consumption, nor did it reduce the incidence of 
PONV, pulmonary complications, or LOS when compared to ESP, SAP, PVB, ICN, or PECS blocks.
Conclusion: Our findings suggest that TEA did not provide superior pain relief compared to ESP, SAP, PVB, ICN, or PECS blocks 
following VATS. Therefore, we propose ESP as a suitable intervention for the prevention of postoperative pain after VATS.
Keywords: fascial plane blocks, thoracic epidurals, post-operative analgesia, postoperative nausea and vomiting, video assisted 
thoracoscopic surgery

Introduction
Managing postoperative pain after thoracic surgery is a significant challenge for the perioperative physician. Inadequate 
pain relief has been associated with ineffective breathing, reduced cough and difficulty clearing secretions, which 
increases the risk of postoperative atelectasis, pneumonia, and pulmonary embolism.1

Video-assisted thoracoscopic surgery (VATS) has been widely used to surgically manage lung disease since its 
introduction in the early 1990s. Unlike traditional surgical approaches involving wide surgical access via thoracotomy, 
VATS performs the same procedure through small port sites in the patient’s chest wall.2 Although VATS continues to 
emerge as the new standard surgical procedure for minor and major lung surgery, the pain related to port sites and chest 
tube placement can still be moderate to severely painful.3

Regional anesthesia has gained significant popularity over the last two decades by providing adjuncts and even 
alternatives to general anesthesia. However, while thoracic epidural analgesia (TEA) and thoracic paravertebral blocks 
(PVB) are well-established techniques for thoracotomy, there exists no standard of regional analgesia for the minimally 
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invasive thoracoscopic approach.3 Conversely, a variety of regional anesthesia techniques have been studied in patients 
undergoing VATS, with varying degrees of success. The number regional anesthesia options, and the number of possible 
head-to-head comparison necessitates simultaneous comparisons of all interventions in order to identify the most 
effective analgesic option after VATS.

This network meta-analysis is therefore conducted to evaluate the efficacy of various regional anesthesia options and 
systemic analgesia for intraoperative and postoperative pain control for VATS. Regional anesthesia techniques examined 
included serratus anterior plane (SAP) block, erector spinae plane (ESP) block, intercostal nerve (ICN) block, pectoralis 
nerve block (PECS), thoracic PVB, and TEA; each technique was evaluated in terms of analgesic efficacy and safety.

Methods
Study Objectives
Our aim was to assess the analgesic efficacy of various regional anesthetic techniques for postoperative pain control 
following VATS. The primary outcomes are 24-hour postoperative opioid requirement, defined as the total amount of 
opioids administered 24-hours after emergence from anesthesia, and area under the curve (AUC) of 24-hour post-
operative static pain score. The latter is a composite outcome derived from pain scores and their corresponding time 
points. Secondary outcomes included AUC of 24-hour dynamic pain scores (including pain with cough, deep breathing, 
or movement), the incidence of post-operative nausea and vomiting (PONV), pulmonary complications, length of stay 
(LOS), block related adverse events and patient satisfaction.

Study Selection
We included RCTs of adult patients undergoing VATS under general anesthesia, excluding conference abstracts. 
Screening for studies was conducted independently by at least two of the authors; discrepancies were discussed after 
the search process. The interventions of interest were any regional anesthesia techniques used for postoperative pain 
control after VATS. Comparison could be between different regional anesthesia techniques, or regional anesthesia 
compared to placebo/systemic analgesia. Studies were included if they reported at least one primary outcome. We 
only included studies which are published in English.

A preliminary search revealed limited studies investigating the efficacy of continuous blocks, with heterogeneous 
methodology; a decision was therefore made during the protocol design stage to exclude continuous block techniques 
except for TEA. Other exclusion criteria included pediatric studies and studies which compared different regional 
anesthesia formulations.

Search Strategy
This study conformed to the Preferred Reporting Items for Systematic reviews and Meta-analysis (PRISMA) statement.4 

The study protocol is registered on PROSPERO, registration number CRD 42022313313. We used search terms related 
to the surgical procedure, each of the included regional anesthesia techniques and their Boolean combinations in 
PubMed, EMBASE (Ovid), (CENTRAL), Cumulative Index to Nursing and Allied Health Literature (CINAHL), and 
Web of Science citation index. The full search protocol is included in the Electronic Supplementary Material (ESM, 
Supplementary Table 1).

Data Extraction
Data extraction was done according to a Microsoft excel based pro-forma. All data was checked by a second author. 
Extracted data included bibliographical information, study design, and primary and secondary outcomes. For studies with 
incomplete data, we contacted the corresponding authors directly with relevant requests. In the event no replies were 
received, we attempted the following for data extraction. When NRS was reported as non-parametric data (with median 
and interquartile range), we estimated the mean and standard deviation assuming normal distribution using methods 
described by Cochrane (standard deviation = interquartile range/1.35).5 When study results are only displayed in 
graphical form, two authors independently extracted the data using WebPlot Digitizer as previously described.6,7
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Statistical Analysis
A Bayesian network meta-analysis was conducted in R studios using packages “BUGSnet”, “rjags” and “netmeta”. For 
each outcome, a network plot was constructed to summarize the direct comparisons from the included studies. In brief, 
each intervention was represented by a node, and edges represented studies that compared the connected interventions 
weighted by the number of studies reporting said comparison. When comparing postoperative opioid requirements, 
opioids given in the 24-hours after surgery were standardized into intravenous milligram morphine equivalent (MME). 
The scores were standardized to a 0 to 100 scale when comparing the pain severity. The AUC was then calculated based 
on the time-weighted cumulative pain severity over the 24 hours after surgery, with a weighted mean variance of 
observations.8 Each point of difference in the pain score AUC represents a 1-point reduction in the pain score for an hour 
duration. In other words, 24 points reduction could be equated to a 1-point reduction in the pain score for 24 hours. Due 
to the inherent variation in the reporting of subjective pain and the variation in the efficacy of regional anesthesia 
procedures between practitioners, random effects models were used for all analyses. Network meta-analysis models were 
generated with 10,000 adaptations, a burn-in of 50,000, and 100,000 iterations.9 The findings of the network meta- 
analysis were reported as mean difference (MD) for continuous variables and risk ratio (RR) for dichotomous variables. 
The model fit was assessed using fit statistics and by inspecting the leverage plot. Consistency was assessed by 
comparing the NMA model with an unrelated mean effect.10 Publication bias was assessed using a comparison- 
adjusted funnel plot.

We performed a subgroup analysis dividing studies according to postoperative chest tube use, and a sensitivity 
analysis removing studies with high risk of bias. Two additional sensitivity analyses were added post hoc, these were: 
exclusion of patients received surgical site local anesthetic infiltration, and exclusion of patients were aware of whether 
they received an intervention rather than “no block”.

Potential risk of bias was evaluated at study and outcome level, with all assessments done by two authors 
independently and any disagreements discussed and resolved with the senior author as the adjudicator. We used the 
RoB 2: A revised Cochrane risk-of-bias tool for randomized trials, a 5-item questionnaire designed for assessing clinical 
trials. Each study is assessed on the randomization process, bias due to intervention deviations, missing outcomes, bias in 
outcome measurement, selective reporting and summarized as an overall grading as low, intermediate (some concerns) or 
high risk.11 We used GRADEpro Guideline Development Tool (GRADEpro GDT, McMaster University, 2015) to assess 
the certainty of the conclusion that could be drawn from the available evidence.

Results
The search was last completed on Aug 22, 2022; with active literature surveillance until October 6th, 2022. The literature 
search identified a total of 2307 studies. After removing duplicates, 1717 studies underwent title and abstract review; 
with 183 studies subsequently reviewed as full-text; 42 studies were ultimately included for analysis (Figure 1).12–53 The 
characteristics of the included studies were summarized in Table 1. The risk of bias evaluations of each study are 
summarized in Figure 2 and the justification of the gradings were listed in the Supplementary Table 2..

Treatment Comparison
The following anesthesia techniques were studied among the included studies: TEA, PVB, ESP block, SAP block, PECS 
block, and ICN block. The approach to ESP was between T4 to T6, SAP approaches varied between T3 and T8. 
Multilevel approaches were taken with PVB (which varied from T3-T4 to T4-T8) and ICN (T4 to T7-9). Local 
anesthetics used included 0.25% to 0.5% bupivacaine and ropivacaine, adjuncts included epinephrine, dexamethasone 
and epidural opioids; the exact dosing in each study is reported in the Supplementary Table 3. In the study arms, which 
did not receive active regional anesthesia, patients were given no blocks or block with saline.

24-Hour Opioid Requirement
There were 28 studies that reported 24-hour opioid requirement. Data were available for all 6 analgesic interventions listed 
above, resulting in 14 unique pairwise comparisons. The most common direct comparisons were ESP vs PVB, PVB vs no 
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block, and SAP vs no block. When compared to the “no block” arm, TEA (MD = −27MME, 95% CI = −46.2 to −9MME), ESP 
(MD = −20MME, 95% CI –33 to −7.9MME), PVB (MD = −15MME, 95% CI = −26 to −4.5MME) demonstrated significant 
opioid sparing efficacy, while SAP had no significant benefit (MD = −12MME, 95% CI = −26 to +0.4MME) (Figure 3). There 
were no significant differences between interventions. Exclusion of the (two) studies that employed surgical site infiltration as 
the “no block” arm did not result in significant changes in the findings. Subgroup analysis of 16 studies that reported using 
chest drains identified TEA, PVB, ESP, and ICN as effective interventions; whereas 13 studies that did not report using chest 
drains identified only TEA and ESP as effective interventions.

Figure 1 Search flowchart.
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Table 1 Characteristics of Included Studies

Participants Interventions Local Anaesthetic Doses Outcomes

Ahmed 

201712

60 adult patients for pleural biopsy Intercostal nerve block vs GA 4 ml of 0.25% of bupivacaine Static pain score, time to rescue analgesia, opioid 

requirement, block related complications, PONV

Azizoğlu 

202113

64 adult patients for triple port VATS US guided SAPB (pre-op, post 

induction) VS L3 L4 Intrathecal 

morphine (post induction)

0.4 mL/kg of 0.25% Bupivacaine Static pain score, dynamic pain score, opioid 

requirement, block related complications, PONV, Length 

of Stay

Baytar 

202114

62 adult patients for wedge resection US guided T4 TPVB (pre-op) vs 

SAPB (pre-op) (4th and 5th rib)

0.25% bupivocaine 20mL max (0.4cc/kg) 

for both blocks

Static pain score, time to rescue analgesia, opioid 

requirement, block related complications, PONV, patient 
satisfaction, Length of Stay, intraop opioids, block failure 

rate, surgeon satisfaction, block application time in 

seconds

Bialka 

202115

70 adult patients for lobectomy, wedge 

resection, and other

US guided T3 T4 PVB (pre-op) vs 

GA

0.5% plain bupivicaine 0.3cc/kg Block related complications, block failure rate, intraop 

opioids,

Chen 

201916

40 adult patients for lobectomy or 

segmentectomy

US guided 5th and 6th rib SAPB 

(pre-op, post induction) vs local 
aesthetics (pre-incision)

SAPB: 0.4 ml/kg 0.25% ropivacaine 

Local: 10–15ml 0.25% ropivicaine

Static pain score, dynamic pain score, PONV, block 

related complications, length of stay, additional analgesic 
requirement, intraop opioids, pulmonary complications

Chen 
202017

72 adult patients for lobectomy, 
segmentectomy, wedge resection

US guided T5-T7 TPVB vs US guided 
T4-T9 ICNB vs US guided T5 ESPB

TPVB: 20mL of 0.375% ropivacaine 
ICNB: 17cc of 0.375% ropivacine 

ESPB: 20cc 0f 0.375% ropivacaine

Static pain score, Opioid requirement, Time to rescue 
analgesia, PONV, block related complication

Chen 

202218

80 adult patients for lobectomy US guided PVB vs GA 20ml 0.3% ropivacaine Opioid requirement

Chu 

202019

49 adult patients for lobectomy US guided T4-5/T7-8 PVB (pre-op) 

vs GA

20cc 0.375% Ropivacaine Static pain score, dynamic pain score, block related 

complications, PONV, intraop opioids, length of stay, 

post-op complications

Ciftci 

202020

60 adult patients for lobectomy, US guided T5 ESPB vs GA 20cc 0.25% bupivicaine Static pain score, dynamic pain score, Opioid 

requirement, block related complications, PONV

Ciftci 

202021

90 adult patients for lobectomy, wedge 

resection

US guided T5 ESPB vs US guided T5 

TPVB vs GA

20 mL of 0.25% bupivacaine for both Static pain score, Opioid requirement, block related 

complications, PONV, block procedure time

(Continued)
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Table 1 (Continued). 

Participants Interventions Local Anaesthetic Doses Outcomes

Dikici 
202222

60 adult patients for wedge resection or 
pleural biopsy

US guided SAPB (post induction) vs 
local infiltration

SAP: 0.25 mL/kg of bupivacaine 0.25% 
Local: 0.5 mL/kg of bupivacaine 0.25% 

(divided equally between three port sites)

Static pain score, dynamic pain score, opioid 
requirement, time to rescue analgesia, PONV, block 

related complications, patient satisfaction, intraop 

opioids,

Ding 

201823

102 adult patients for lobectomy US guided T4 and T6 PVB 

(Ropivacaine) vs US guided T4 and 
T6 PVB (ropivacaine and 

dexmetomidine) vs LORTS at T5/T6 

TEA

15mL of 0.5% Ropivacaine in one PVB 

group 
15mL of 0.5% ropivacaine combined with 

dexmedetomidine (1 μg/kg) in other PVB 

group

Static pain score, dynamic pain score, Opioid 

requirement, Time to rescue analgesia, PONV, block 
related complication, block failure rate,

Ekinci 

202024

60 adult patients for lobectomy, wedge 

resection

US guided T5 ESPB (pre-op) vs US 

guided SAPB (pre-op) between 4th 
and 5th ribs

20-mL volume of 0.25% bupivacaine for 

both blocks

Static pain score, opioid requirement, time to rescue 

analgesia, PONV, block related complication, intraop 
opioids, block performance time, one-time puncture 

success, rescue analgesic usage, adverse events related to 

opioid consumption.

Finnerty 

202025

60 adult patients for wedge resection, 

bullectomy, pleurodesis, pleurectomy, 
decortication, pleural biopsy, lobectomy

US guided T5 ESPB vs US guided 

SAPB

30ml of 0.25% levobupivacaine for both 

blocks

Static pain score, dynamic pain score, opioid 

requirement, block related complications, Time to rescue 
analgesia, patient satisfaction, Length of Stay, pulmonary 

complications

Fu 202126 62 adult patients for VATS US guided T5-T6 PVB pre-op vs US 

guided ESPB vs US guided PVB 

+ESPB

20cc of 0.5% Ropivacaine for all three 

groups

Static pain score, Opioid requirement, block related 

complications, PONV, PCA usage, ramsay sedation score

Gaballah 

201927

60 adult patients for wedge rection, 

decortication, bullectomy, pleural biopsy, 
pleurodesis, repair of bronchopleural 

fistula diaphragmatic complication

US guided T5 ESPB vs US guided 

SAPB

20 mL of 0.25% bupivacaine in both 

groups

Static pain score, dynamic pain score, opioid 

requirement, block related complications, Time to rescue 
analgesia,

Kang 

202028

75 adult patients for lobectomy US guided T4/T5 T6/T7 PVB pre-op 

vs GA

20 mL of 0.5% ropivacaine Static pain score, opioid requirement, block related 

complications, Length of Stay, Sleep quality score, 

pulmonary complications

Kaya 

200629

47 adult patients for wedge resection, lung 

biopsy, pleural biopsy

T4-T8 PVB pre-op vs subQ saline PVB: 4 mL of 0.5% bupivacaine with 

1:200,000 epinephrine per level 
Sham block: 10 mL of 0.9% Normal Saline

Static pain score, dynamic pain score, opioid 

requirement, Time to rescue analgesia, PONV, block 
related complication, patient satisfaction,
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Kim 
200930

37 adult patients for lobectomy T5/T6 T6/T7 Epidural vs IV PCA 0.4mL/kg of 0.375% ropivacaine 
0.4mL/kg of 0.9% Normal Saline

Static pain score, dynamic pain score, opioid 
requirement, block related complications, PONV, block 

related complications, patient satisfaction, pulmonary 

complications

Kim 

201831

85 adult patients for lobectomy, wedge 

resection, segmentectomy

T5 SAPB pre-op vs GA 6mL of 0.2% Ropivicaine with 50mcg of 

Fentanyl + infusion of 2,500 μg of fentanyl 
in 500 mL of 0.2% ropivacaine (3cc prn // 

Q15min // 4cc basal)

Static pain score, opioid requirement, PONV, patient 

satisfaction, Length of Stay, block failure rate, pulmonary 
complications

Lee 202032 46 adult patients for lobectomy ICNB vs SAPB 20mL of 0.375% ropivacaine both Static pain score, opioid requirement, PONV, block 

related complication, block failure rate, post-op 

cumulative dose of ketorolac

Luo 

202133

40 adult patients for lobectomy, 

segmentectomy, partial resection

PECS II vs shame PECS II block 25mL of 0.5% Ropivacaine; 25mL of 0.9% 

normal saline

Static pain score, dynamic pain score, opioid 

requirement, Time to rescue analgesia, PONV, intraop 
opioids, patient satisfaction

Okmen 
201834

40 adult patients for wedge resection, 
lobvectomy, other

US guided SAPB pre-op post 
induction vs PCA

20mL of 0.25% bupivacaine Static pain score, opioid requirement, block related 
complications, number of pt needed rescue analgesia, 

PONV, sedation score

Park 

201835

84 adult patients for segmentectomy, 

lobectomy

US guided SAPB pre-op vs GA 30mL of 0.375% Ropivacaine w/ 10ug 

Epinephrine

Static pain score, opioid requirement, block related 

complications, PONV, patient satisfaction, Length of Stay, 

pulmonary complications

Qiu 

202136

89 adult patients for segmentectomy, 

lobectomy

PVB post induction vs SAPB post 

induction vs GA

0.4 ml/kg of 0.375% ropivacaine Static pain, dynamic pain score, opioid requirement, time 

to onset of surgical pain, PONV, block related 
complications

Qiu 
202137

89 adult patients for wedge resection, 
segmentectomy, lobectomy

US guided SAPB post induction vs 
US guided T4-T6 PVB post 

induction vs GA

30 ml of 0.375% ropivacaine Static pain score, opioid requirement, PONV, block 
related complications, intraoperative opioids, pressor 

requirements, block time

Qiu 

202238

159 adult patients for wedge resection, 

segmentectomy, or lobectomy

US guided T4-6 PVB vs GA 0.6ml/kg of 0.5% ropivaine Static pain score, ONV, patient satisfaction scores

Semyonov 

201939

104 adult patients for lobectomy, 

segmental (wedge), biopsy, exploration, 

pericardial window, decortication, 
thymectomy, converted to thoracotomy

GA vs US guided SAPB post 

induction

2mg/kg of 0.25% bupivacaine 

hydrochloride and 8mg of 

dexamethasone

Static pain score, block related complications, 1 hr total 

opioid requirement in PACU

(Continued)
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Table 1 (Continued). 

Participants Interventions Local Anaesthetic Doses Outcomes

Shim 

202040

46 adult patients for unilateral lobectomy US guided ESPB pre-op pre- 

induction vs GA

25mL of 0.5% ropivacaine Static pain score, rescue meperidine amount, block 

related complications, PONV, Length of Stay

Turhan 

202141

106 adult patients for segmentectomy, 

lobectomy

US guided T5 ESPB pre-op vs US 

guided T5 TPB pre op vs surgeon 

performed T4-T7 ICNB

20mL of 0.5% bupivacaine total for all 

three blocks

Static pain score, opioid requirement, block related 

complications, Length of Stay, pulmonary complications

Ueda 

201942

43 adult patients for lobectomy ICNB vs epidural ICN: 21mL of 0.375% ropivacaine 

TEA: 5mL load of 0.2% ropivacaine with 
fentanyl continuously 2mL/hr for 2 days

Static pain score, PONV, block related complications, 

Length of Stay, vital capacity, walking distance, pulmonary 
complications

Viti 202043 90 adult patients for segmentectomy, 
lobectomy

Systemic IV analgesia vs US guided 
SAPB pre-op after induction

30mL of 0.3% ropivacaine Static pain score, dynamic pain score, required dose of 
rescue analgesia, block related complications, PONV, 

length of stay, pulmonary complications

Vogt 

200544

40 adult patients for lung biopsy, lung 

resection, pleurodeses, resection of 

intrathoracic tumor

Sham+ PCIA vs US guided T5 TPVB 

+ PCIA

Bupivacaine 3.75mg/mL and Epinephrine 

1:200,000 0.4mL/Kg

Static pain score, dynamic pain score, opioid 

requirement, block related complication, patient 

satisfaction, length of stay, pulmonary complications

Yao 202045 75 adult patients for segmentectomy, 

lobectomy

US guided T5 pre-op pre-induction 

ESPB vs GA

ESP: 25mL of 0.5% ropivacaine. 

Sham: 25mL 0.9% normal saline

Static pain score, dynamic pain score, opioid 

requirement, PONV, block related complications, patient 
satisfaction, QoR-40 score

Yeap 
202046

80 adult patients for wedge resection, 
lobectomy, pleurodesis, decortication, 

mediastinal

US guided T7 and T8 single injection 
PVB vs TEA VS US guided PVB 

catheter

PVB: 30mL of 0.5% ropivacaine 
TEA: Continuous epidural mixture of 

0.125% bupivacaine and 0.05mg/mL of 

hydromorphone

Static pain score, dynamic pain score, opioid 
requirement, PONV, block related complications,

Yildirim 
202247

52 adult patients for wedge resection, 
lobectomy

US guided T5/T7 PBV after GA vs 
US guided 4th intercostal space 

PECs II after GA

PVB: 30 mL of 0.375% bupivacaine 
PECs: 20mL of 0.375% bupivacaine

Static pain score, dynamic pain score, opioid 
requirement, PONV, block related complications, length 

of stay, intraop opioids, hemodynamic parameters, non- 

narcotic analgesia, adverse effects of opioids, pulmonary 
complications

Yoshioka 
200648

46 adult patients for lobectomy, partial 
lung resection

US guided T5/T6 or T6/T7 pre- 
induction TEA vs GA

Bolus of 5mL of 0.25% bupivacaine, 
followed by continuous infusion of 80mL 

of 0.25% bupivacaine and 1 mg of fentanyl 

citrate at rate of 2mL/hr

Static pain score, dynamic pain score, opioid 
requirement, PONV, block related complications, 

pentazocine used post-op for pain relief, pulmonary 

complications
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Yuan 

202249

57 adult patients for lobectomy US guided T4/5 or T6/7 vs GA with 

sham saline block

15mL of 0.33% ropivacaine or saline Static pain score, dynamic pain score, intraop opioid

Zhang 

201550

61 adult patients for lobectomy Surgeon performed PVB 

(thoracoscopic approach) intra-op 
vs intra-op wound infiltration

PVB: 16mL of 0.5% ropivacaine 

Wound Infiltration: 40mL of 0.5% 
ropivacaine maximum 

Sham: 0.9% normal saline

Static pain score, dynamic pain score, opioid 

requirement, PONV, block related complication, intra-op 
opioid, patient satisfaction,

Zhang 

202151

80 adult patients for wedge resection, 

segmentectomy, lobectomy

US guided T7/T8 TEA before GA vs 

no block (GA and post op PCIA)

Epidural: Three doses of 5mL of 0.1875% 

Ropivacaine injected every 5 minutes at 

beginning of case, then once every hour 
for entire case 

ESP: 30cc of 0.375% ropivacaine as a SSB 

and post-operative continuous infusion of 
0.2% ropivacaine dissolved in 250mL of 

0.9% normal saline

Static pain score, dynamic pain score, opioid 

requirement, PONV. Block related complications, intraop 

opioid, QoR

Zhang 

202252

66 adult patients for unspecified VATS US guided T5 TVPB pre-op vs US 

guided DSPB vs US guided SSPB pre- 

op

20 ml of 0.5% ropivacaine for all three 

blocks

Static pain score, dynamic pain score, opioid 

requirement, PONV, block related complications, patient 

satisfaction, intraop opioid, block time, pulmonary 
complications

Zhao 
202053

66 adult patients for wedge resection, 
segmentectomy, lobectomy

US guided T4 and T6 ESPB pre-op 
vs US guided T4-T6 TPVB

30mL of 0.4% ropivacaine for both blocks Static pain score, dynamic pain score, opioid 
requirement, Time to rescue analgesia, PONV, QoR, 

Length of Stay, intra-op opioid
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There was significant overall heterogeneity (I2=0.93, Tau=1.09), while pairwise analyses demonstrated moderate to 
high heterogeneities in most comparisons. Comparison-adjusted funnel plot did not demonstrate significant publication 
bias (Egger’s regression p = 0.89, Begg-Mazumdar p = 0.26). The unrelated mean effects model found that the posterior 

Figure 2 Risk of bias.
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mean deviance contributions for most studies were close to 1 in both models; there was, however, one point that fit 
poorly in the consistency model (the study by Yeap et al, which is a high risk of bias study that did not report adequate 
participant and study personnel blinding). Exclusion of the study led to improvement in the model fit. The resultant 
model altered the findings for TEA and SAP; TEA was no longer opioid sparing compared to the “no block” arm, 
whereas SAP had significant opioid sparing efficacy (MD = −12MME, 95% CI = –23 to –2.4MME).

Sensitivity analysis was performed using only low or moderate risk of bias studies (18 studies). Notably, all TEA 
studies were excluded, PVB and ESP remained effective, while ICN and SAP were also noted to be effective. A second 
sensitivity analysis was conducted by excluding studies that did not have blinding measures for patients who received no 
regional anesthesia (22 studies). TEA, PVB and ESP were noted to be more effective than no block, whereas SAP and 
other interventions showed no difference. The evidence grades for the opioid-sparing effect of PVB, and ESP are low, 
and the grade of evidence for TEA is very low (Table 2). There may be very low-grade evidence for the opioid sparing 
efficacy of SAP from the sensitivity analyses, but the primary analysis did not support its efficacy.

24-Hour Static Pain Score AUC
There were 38 studies that reported 24-hour static pain scores. Data were available for all 6 analgesic interventions. Including the 
no-block arm, there were 13 unique pairwise comparisons, and the most common were ESP vs PVB, PVB vs no block and SAP vs 
no block. When compared to the “no block” arm, ESP (MD = −29, 95% CI –43 to −16), SAP (MD = −27, 95% CI = −37 to –16), 
TEA (MD = −24, 95% CI = −42 to −7.6), and PVB (MD = −20, 95% CI = to −30 to −9.4) demonstrated significant reduction in the 
pain score AUC (Figure 4). No differences were seen between the analgesic techniques.

Exclusion of the three studies that employed surgical site infiltration as the “no block” arm did not result in significant 
changes in the findings. Subgroup analysis of 15 studies which reported the use of chest drains reported epidural 
analgesia, ESP, SAP, TEA and PVB as effective interventions for reducing postoperative pain; whereas 21 studies which 
did not report chest drain use identified only ESP and SAP as effective interventions.

There was significant overall heterogeneity (I2=0.92, Tau=1.00), while pairwise analyses demonstrated moderate to high 
heterogeneities in most comparisons. The unrelated mean effects model did not find evidence of significant inconsistency as 
the posterior mean deviance contributions for most studies were close to 1 in both models. One study had somewhat poor fit in 
both models – a moderate risk of bias study by Qui et al comparing no block to SAP.37 Comparison-adjusted funnel plot 
reported possible publication bias (Egger’s regression p < 0.01, Begg-Mazumdar p = 0.07).

Sensitivity analysis was performed using only low or moderate risk of bias studies (21 studies). TEA was found to no 
longer be effective for reducing postoperative pain; there were no significant changes to the results of the remaining 
interventions. A second sensitivity analysis excluded studies which did not have blinding measures for patients who 

Figure 3 Forest plot (dots represent the mean difference in MME when compared to no block, lines represent the 95% confidence interval) and intervention league table 
(each cell represents a comparison between two interventions, with mean difference in MME and 95% confidence interval, color denotes the magnitude of the effect size) for 
24-hour opioid requirements. 
Abbreviations: TEA, Thoracic Epidural analgesia; ESP, Erector Spinae Plane; PVB, Paravertebral Block; ICN, Intercostal nerve; SAP, Serratus Anterior Plane; PEC, Pectoralis.
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received no regional anesthesia (26 studies). There were no significant changes compared to the primary analysis. The 
grade of evidence for the analgesic effect of chest wall blocks is very low throughout (Table 2).

Dynamic Pain Score
There were 24 studies that reported 24-hour dynamic pain scores. Data were available for ESP, PVB, SAP, PECS, and TEA, 
resulting in 10 unique pairwise comparisons. The most common direct comparisons were between no block vs PVB and SAP. 

Table 2 GRADE Summary of the Primary Outcomes

Outcomes Effects and Confidence in the Estimate of Effects (Network Meta-Analysis)

ESP TEA SAP PVB ICN PEC

24-hour opioid requirement 
Total studies: 29; total participants: 1780; number of treatments: 7 (6 block techniques, placebo)

Placebo MD= 20, 

95% CI= 7.9 to 33 

Rank 2 of 6 

interventions

MD= 27 
95% CI= 9.2 to 46 

Rank 1 of 6 interventions

MD= 12 
95% CI= −0.4 to 25 

Rank 5 of 6 

interventions

MD= 15 
95% CI= 4.5 to 26 

Rank 3 of 6 

interventions

MD= 10.97 
95% CI= −5.8 to 27.3 

Rank 4 of 6 

interventions

MD= 6.2 
95% CI= −18 to 31 

Rank 6 of 6 

interventions

⊕⊕⊖⊖ Low 
Publication bias and 

heterogeneity

⊕⊖⊖⊖ Very low 
Publication bias 

heterogeneity, and 

sensitivity analysis findings

Not significantly 

effective ⊕⊕⊖⊖ Low 
Publication bias and 

heterogeneity

Not significantly 

effective ⊕⊕⊖⊖ Low 
Publication bias and 

heterogeneity

24-hour static pain score AUC 
Total studies: 37; total participants: 2293; number of treatments: 7 (6 block techniques, placebo)

Placebo MD= 29 
95% CI= 16 to 43 

Rank 1 of 6 

interventions

MD= 24 
95% CI= 7.6 to 42 

Rank 3 of 6 interventions

MD= 27 
95% CI= 16 to 37 

Rank 2 of 6 

interventions

MD= 20 
95% CI= 9.4 to 30 

Rank 5 of 6 

interventions

MD= 19 
95% CI= −6.4 to 43 

Rank 4 of 6 

interventions

MD= 13 
95% CI= −14 to 40 

Rank 6 of 6 

interventions

⊕⊖⊖⊖ Very low 
Publication bias and 

heterogeneity, high 

risk of bias

⊕⊖⊖⊖ Very low 
Publication bias and 

heterogeneity, high risk of 

bias

⊕⊖⊖⊖ Very low 
Publication bias and 

heterogeneity, high 

risk of bias

⊕⊖⊖⊖ Very low 
Publication bias and 

heterogeneity, high 

risk of bias

⊕⊖⊖⊖ Very low 
Publication bias and 

heterogeneity, high 

risk of bias

⊕⊖⊖⊖ Very low 
Publication bias and 

heterogeneity, high 

risk of bias

Abbreviations: AUC, area under the curve; CI, confidence interval; ESP, Erector Spinae Plane (block); ICN, Intercostal nerve (block); MD, mean difference; PEC, Pectoralis 
(block); PVB, Paravertebral Block; SAP, Serratus Anterior Plane (block); TEA, Thoracic Epidural analgesia.

Figure 4 Forest plot (dots represent the mean difference in MME when compared to no block, lines represent the 95% confidence interval) and intervention league table 
(each cell represents a comparison between two interventions, with mean difference in MME and 95% confidence interval, color denotes the magnitude of the effect size) for 
24-hour pain score. 
Abbreviations: TEA, Thoracic Epidural analgesia; ESP, Erector Spinae Plane; PVB, Paravertebral Block; ICN, Intercostal nerve; SAP, Serratus Anterior Plane; PEC, Pectoralis.
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When compared to the “no block” arm, ESP (MD = −31, 95% CI –44 to −18), TEA (MD = −27, 95% CI = −42 to −12), PVB 
(MD = −25, 95% CI = −35 to −16) and SAP (MD = −24, 95% CI –36 to −12) demonstrated significant opioid sparing efficacy.

The unrelated mean effects model did not demonstrate better fit compared to the study mode, as posterior mean 
deviance contributions for most studies were close to 1 in both models. There was significant overall heterogeneity 
(I2=0.92, Tau=1.03), while pairwise analyses demonstrated moderate to high heterogeneities in most comparisons. 
Comparison-adjusted funnel plot reported possible publication bias (Egger’s regression p = 0.02, Begg-Mazumdar 
p = 0.07). The grades of evidence for the chest wall blocks reducing pain on movement are low (downgraded for 
heterogeneity and risk of bias, Supplementary Table 2).

PONV
There were 30 studies which reported the incidence of PONV. Data were available for all 6 interventions and the no-block arm, 
resulting in 15 unique pairwise comparisons. The most common direct comparisons were ESP vs PVB, PVB vs no block and SAP 
vs no block. When compared to the “no block” arm, ESP (RR = 0.33, 95% CI = 0.21 to 0.53), PECS (RR = 0.33, 95% CI = 0.1 to 
0.95), ICN (RR = 0.36, 95% CI = 0.14 to 0.89), PVB (RR = 0.38, 95% CI = 0.24 to 0.59) and SAP (RR = 0.5, 95% CI = 0.33 to 
0.7), all demonstrated significant reduction in the risk of PONV. Interestingly, TEA was not associated with reduced risk of PONV 
compared with systemic analgesia but was associated with greater risk of PONV when compared to ESP (RR = 2.6, 95% CI = 1.3 
to 5.4) and PVB (RR = 2.3, 95% CI = 1.2 to 4.6).

There was moderate overall heterogeneity (I2=0.58, Tau=0.79), while pairwise analyses demonstrated low to moderate 
heterogeneity in most comparisons. The unrelated mean effects model did not demonstrate a better fit compared to the study 
model as both had studies that were poorly fit. Those studies were a moderate risk of bias study by Qiu et al comparing no 
block to SAP,37 a high-risk study by Yoshioka which compared no block to TEA,48 and a high-risk study by Shim which 
compared ESP to no block.40 This likely represents heterogeneity in PONV risk factors and prophylactic treatment, which 
were inconsistently reported so further analysis is not possible. Comparison-adjusted funnel plot did not demonstrate 
significant publication bias (Egger’s regression p = 0.06, Begg-Mazumdar p = 0.32). The grade of evidence for the PONV 
reducing benefit of chest wall blocks is low (downgraded for heterogeneity and risk of bias, Supplementary Table 2).

Length of Stay
There were 16 studies which reported the length of stay, which covered all 6 interventions, resulting in 7 unique pairwise 
comparisons. There was no significant difference between the interventions in terms of the length of hospital stay.

Block Related Complications
Thirty-two of the 42 studies reported the incidence of block-related complications. Due to the inherent heterogeneity in 
diagnosing and classifying block-related complications, we did not attempt to perform quantitative analysis.

Twenty-three studies reported no block-related complications in any of the participants. Two studies by Bialka15 and 
Chu19 randomized a total of 62 patients to receiving ultrasound guided PVB, of which there were 8 cases of failed block. 
Ueda42 randomized 22 patients who underwent TEA, with two cases of block failure and 2 cases of accidental catheter 
removal. Kim31 reported 3 incidents of SAP partial block failures.

Chen17 randomized 24 patients each to receiving PVB or ICN block and reported that 4 patients in the PVB arm and 5 
patients in the ICN arm developed a block site hematoma. No further complications were reported in relation to the 
hematoma; notably, there were no cases of hematoma in the ESP arm. Ding23 and Baytar14 allocated a total of 67 patients 
to the PVB arm and reported 6 cases of hypotension; Ding also reported 11 cases of hypotension among 32 patients who 
received TEA. Pruritus was reported in relation to TEA in two studies.30,48

Pulmonary Complications
There were 14 studies that examined postoperative pulmonary complications. Data were available for all six interven-
tions, including no block. Due to the inherent heterogeneity in the type of surgery and underlying patient risk factors, we 
did not perform quantitative analysis on pulmonary complications. Two studies reported postoperative air-leak,42,48 and 
four reported no postoperative pulmonary complications.41,43,44,52 The remaining 8 studies reported incidents of 
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pneumonia and/or atelectasis; however, there were no statistically significant differences in the incidence of these 
complications between groups in any of the studies.16,19,25,28,30,31,35,47

Patient Satisfaction
There were 9 studies which reported patient satisfaction. Due to the heterogeneity of scoring systems, we did not perform 
quantitative analysis on patient satisfaction. Two studies reported that patients had better satisfaction with PVB than 
without.29,50 One study reported that an opioid-sparing group that received PVB had better satisfaction than routine 
opioid analgesia.38 Similarly, two studies reported that SAP led to better patient satisfaction.22,35 There was one study 
each showing that ESP45 and PECs33 improved patient satisfaction. Kim et al reported in their study that TEA did not 
result in significant improvement in patient satisfaction when compared to no block.30 When comparing two different 
analgesic techniques (TEA vs PVB46 and PVB vs SAP14), there were no significant differences in patient satisfaction.

Discussion
Since the start of the 20th century, opioids have been the main analgesic option for severe postoperative pain control. The 
therapeutic goal is to titrate the lowest dose of opioids necessary to treat pain and ease suffering, while mitigating side 
effects such as respiratory depression, pruritus, nausea, vomiting, and sedation. Due to the limitations of opioids, 
perioperative multimodal anesthesia has evolved to incorporate various combinations of analgesics and regional 
anesthetic techniques.54

While TEA has been a popular adjuvant anesthetic technique for thoracic surgery for thoracotomy, the trend toward 
more minimally invasive techniques requires the physician anesthesiologist to adapt accordingly. In many situations, the 
risks, inefficiencies, and difficulties of epidurals versus systemic analgesia or fascial plane blocks may outweigh their 
potential benefits. In general, serious complications following placement of TEA are rare. In fact, the incidence seems to 
diverge in the literature depending on the type of patient and duration a catheter remains in situ (ie, obstetrical patient vs 
non-obstetrical patient). Studies conducted on laboring parturients receiving lumbar epidural analgesia have shown 
vanishingly low complications, likely owing to the short duration of catheterization and lack of exogenous 
anticoagulation.55 Conversely, when placed in non-obstetrical patients, the incidence of spinal hematoma and epidural 
abscess is typically higher, with a reported incidence of 18.5 per 100,000 and 7.2 per 100,000 catheterizations, 
respectively.56 However, the Third National Audit Project discovered that regardless of the complication, the incidence 
of permanent injury ranged from a pessimistic value of 4.2/100,000 to an optimistic value of 2.0/100,000.57 In contrast, 
clinically significant hypotension (15–33%), nausea and vomiting (30%), inadvertent dural puncture (1.5%) and even 
failure of epidural anesthesia (32%) were far more frequent clinical problems.15,58,59 Therefore, alternative fascial plane 
blocks may provide a more optimal risk benefit ratio than epidural catheters in the appropriate clinical context.

Two recent network meta-analyses by Jo et al and Lin et al have both attempted to examine the efficacy of thoracic 
fascial planes blocks in VATS. Jo et al found that patients undergoing VATS who received PVB, ESP, SAP, and ICN 
blocks had lower 24-hour opioid consumption; with PVB and ESP having the greatest analgesic effect overall based on 
pain scores.60 However, their study excluded epidural interventions. This provides limited perspective on the efficacy of 
the various blocks compared to the current standard in post-operative analgesia.61

Lin et al, who performed an analysis of 16 RCTs, found that TEA, PVB, and ESP offered better analgesia than other 
blocks when measured by 24-hour postoperative pain scores.62 However, their study protocol included both single-shot 
blocks and those with a continuous peripheral nerve catheter, which produces confounding results in relative pain scores 
due to the continuous infusion of analgesic medications. Furthermore, they excluded papers comparing fascial plane 
blocks to placebo/sham block, and their primary outcome was solely pain score rather than including postoperative 
opioid consumption.

Our network meta-analysis of 42 RCTs found that patients who underwent VATS and received TEA, ESP, or PVB had 
significantly lower 24-hour opioid requirements as well as lower cumulative pain scores. Whereas, SAP had lower 
cumulative pain scores without a reduction in 24-hour opioid consumption. In contrast, PECS, and ICN were not 
associated with significant analgesic benefits as measured by opioid requirement and pain score. In consideration of the 
methodological differences between our studies and the recently published network meta-analysis, we found that none of 
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the interventions offered superior pain control over another in either 24-hour opioid consumption or cumulative pain 
scores. Additionally, the opioid sparing benefit of TEA in our study was primarily driven by a high-risk-of-bias study by 
Yeap et al, which reported significantly higher treatment effect with TEA compared to other studies.46 Furthermore, the 
analgesic efficacy of TEA is only supported by studies with high risk of bias. Therefore, our recommendations are 
consistent with the 2022 published guidelines from The PROSPECT Working Group, which support the use of PVB or 
ESPB for VATS and rather than TEA for post-operative analgesia.63

Despite the reduction in opioid consumption in the TEA group, there was no significant risk reduction in PONV, in 
comparison to no block. Conversely, all the fascial plane blocks (ESP, ICN, PEC, PVB, and SAP) reduced the risk of 
PONV in comparison to no block. The PONV associated with TEA is likely due to the direct consequences of 
sympathectomy and its effect on the cardiovascular and gastrointestinal systems. However, since opioid medication 
were used in combination with several epidural solutions, they are systemic effect cannot be excluded. Additionally, we 
found that ESP, TEA, SAP, PEC and PVB were all effective in reducing cumulative 24-hour dynamic pain scores. While 
these findings are theoretically associated with improved clearance of secretions and pulmonary function, notably, none 
of the clinical trials reported any significant differences in the incidents of pulmonary complications (ie, atelectasis or 
pneumonia) between any of the interventions. Ultimately, any differences observed in dynamic and static 24-hour AUC 
pain scores also did not contribute to decreased LOS.

Regarding the safety and efficiency of the examined interventions, we found that most studies had no block-related 
complications. However, of the 9 studies which reported complications the most common issue was block failure, 
accidental catheter removal as well as hypotension, particularly with thoracic PVB and TEA. While ICN block was 
associated with a rare occurrence of block site hematoma, it did not result in lasting disability.

There are several potential limitations of our study. Namely, there were only a limited number of RCTs for certain 
treatment modalities (ie, 2 for PEC); most of the RCTs had a low sample size (N<100) which could lead to additional 
variance in the results. The non-opioid post-operative analgesic regimens were inconsistent across studies (ie, non- 
optimized dosage and frequency of acetaminophen, ibuprofen, etc.). There were also risk of bias concerns with several 
included studies, 17 of the 47 included studies were graded as overall high risk of bias, the most common causes of 
concern included patient attrition as well as lack of study registration. Another potential source of bias is whether the 
epidural solutions contained opioids. While opioid regiments were all converted to MME in this study, these conversions 
may not represent the actual potency ratio of these medications, especially when given via the neuraxial space. A final 
substantial limitation our study was the examination of 24-hour AUC pain scores at rest and with activity (ie, dynamic). 
Whereas the acute post-operative pain following VATS can typically last for days we sought to highlight the most painful 
period during patients’ postoperative course, that is the 0–24 hours following surgery.64

Looking forward, there are several areas for further exploration surrounding regional analgesic modalities and 
thoracoscopic procedures. Future considerations worth mentioning include efficacy of pre-emptive vs post-operative 
nerve blocks, utilization of different medication formulations, and evaluation of regional analgesia modalities other than 
local anesthetics (ie, radiofrequency ablation and cryoablation).

While there is no standardized regimen for effective postoperative pain management, distinct techniques such as 
TEA, PVB, ESP, SAP, PECS, and ICN have become popular adjuncts for intraoperative and postoperative pain control. 
Our findings show that TEA did not provide superior pain relief, nor did it reduce the incidence of PONV, pulmonary 
complications, or LOS. Additionally, PVB and TEA were associated with a higher rate of block failure and hypoten-
sion. Collectively, these findings suggest that TEA and PVB may be unfavorable for post-operative analgesia following 
VATS. Based on our findings, we propose ESP as a suitable intervention for the prevention of postoperative pain after 
VATS.

Abbreviations
TEA, Thoracic Epidural analgesia; ESP, Erector Spinae Plane; ICN, Intercostal nerve; SAP, Serratus Anterior Plane; 
PVB, Paravertebral Block; LA, Local Anesthesia infiltration; PECS, Pectoralis; PONV, Post-operative Nausea and 
vomiting; VATS, Video Assisted Thoracoscopic Surgery; MME, Milligram Morphine Equivalent; ERAS, Enhanced 
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Recovery After Surgery; RCT, Randomized Control Trial; AUC, Area Under the Curve; LOS, Length of Stay; ESM, 
Electronic Supplementary Material.
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