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Background: To date, there is no definitive evidence for the analgesic effects and side 
effects of thoracic epidural anesthesia (TEA) versus thoracic paravertebral block (TPVB) 
after thoracoscopic surgery. In this study, we conducted a meta-analysis of published 
randomized clinical trials (RCTs) to analyze the analgesic effects of TEA versus TPVB 
after thoracoscopic surgery.
Methods: We systematically searched RCTs published by October 26, 2020, in PubMed, 
EMBASE, and Cochrane library and conducted a meta-analysis to analyze the analgesic 
effects of TEA versus TPVB after thoracoscopic surgery. The primary measure was post-
operative pain score, and the secondary measures were postoperative 24-hour usage of 
opioids, hypotension, postoperative nausea, and vomiting.
Results: A total of 458 patients from five RCTs were included in this study. After thoraco-
scopic surgery, the numerical rating scale (NRS) score for resting pain was higher in the 
TPVB group than in the TEA group at 1–2 hours and 4–6 hours after surgery (MD = 0.44, 
95% CI = 0.24 to 0.64, P < 0.0001, I2 = 0%; MD = 0.47, 95% CI = 0.23 to 0.70, P < 0.0001, 
I2 = 0%). The postoperative 24-hour usage of morphine was higher in the TPVB group than 
in the TEA group (SMD = 0.67; 95% CI = 0.03 to 1.31; P = 0.04; I2 = 84%). The incidence 
of hypotension was significantly lower in the TPVB group than in the TEA group (OR = 
4.52; 95% CI = 2.03 to 10.10; P = 0.0002; I2 = 0%). No significant between-group difference 
was observed in postoperative nausea and vomiting (PONV).
Conclusion: Compared with TPVB, TEA provides statistically significant but clinically 
unimportant short-term benefits following thoracoscopic surgery.
Keywords: thoracic paravertebral block, thoracic epidural anesthesia, thoracoscopic surgery, 
meta-analysis

Introduction
Thoracic movement, intercostal nerve injury, and thoracic catheter-induced pleura stimu-
lation can cause severe pain in patients after thoracic surgery,1 resulting in chronic pain in 
up to 50% of patients after thoracotomy.2 TEA is recommended by relevant guidelines as 
the gold standard of analgesia after thoracotomy.3 Video-assisted thoracoscopic surgery 
(VATS) is superior to thoracotomy in improving patient outcomes and reducing pain and 
has become the main surgical approach. However, postoperative pain is still an issue.4 

Pain increases the incidence of hypoxemia and hypercapnia, increases myocardial oxygen 
consumption, and increases the risk of arrhythmia and myocardial ischemia. Therefore, 
reducing postoperative pain reduces bed rest and pulmonary complications.5 As the first 
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choice for analgesia after thoracotomy, TEA is associated with 
major complications, and its application is limited by compli-
cations such as epidural hematoma and the potential for severe 
spinal cord injuries.6 In 1905, Sellheim et al, from Leipzig, 
Germany, first used paravertebral block as an alternative to 
central nerve block during obstetric surgery.7 TPVB blocks 
only one side, thereby preserving the respiratory and sympa-
thetic function of the other side, which may help reduce pul-
monary complications, hypotension, and urinary retention.8 

With the advancement of ultrasound technology, TPVB is 
being increasingly used for analgesia after thoracic surgery. 
At present, both TEA and TPVB are widely used in patients 
undergoing thoracic surgery. A previous meta-analysis indi-
cated that as an alternative to TEA after thoracotomy, TPVB 
demonstrates similar analgesic effects with fewer 
complications.9 However, it is unknown if TEA and TPVB 
have similar or different analgesic effects and side effects after 
VATS. In this study, we conducted a meta-analysis of TPVB 
versus TEA after VATS to investigate the pros and cons of each 
method, in order to provide clinical evidence for post-VATS 
analgesia.

Methods
Search Strategy and Selection Criteria
This meta-analysis was performed in accordance with 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines. We searched 
PubMed, EMBASE, and Cochrane Library for articles 
published up until October 26, 2020. See Appendix 1 for 
specific keywords. Two researchers (Xiaolong Liang and 
Ran An) independently searched and selected eligible ran-
dom controlled trials (RCTs). Any discrepancy was 
resolved after discussion with a third researcher (Qi 
Chen). This meta-analysis was registered prospectively in 
the PROSPERO database (CRD42020216350).

The inclusion criteria were as follows: 1) adult patients 
scheduled for thoracoscopic surgery; 2) TPVB in the inter-
vention group; 3) TEA in the control group; 4) RCTs; 
and 5) articles written in English.

The exclusion criteria were as follows: 1) RCTs with 
incomplete or missing data; 2) conference proceedings 
without detailed study data.

Data Extraction and Analysis
We extracted the following information: author; number of 
patients; nerve block approach; type, strength, and dose of 
nerve block drugs; surgical approach; postoperative 

analgesia pump formulation; and primary measures. The 
data were independently extracted by two researchers, and 
any discrepancy was resolved via discussion. For graphic 
values, WebPlotDigitizer was used to extract numerical 
data.10 Moreover, we contacted the corresponding author 
to obtain additional data as needed. The primary measure 
was postoperative pain score. The secondary measures 
were postoperative 24-hour usage of morphine, hypoten-
sion and PONV.

Quality Assessment
The Cochrane’s risk of bias assessment tool and the Jadad 
score were used to assess the quality of included RCTs.11 

The Cochrane’s risk of bias assessment tool assesses selec-
tion bias, implementation bias, measurement bias, follow- 
up bias, reporting bias, and other biases. The Jadad score 
(total: 5 points) includes randomization (0–2 points), 
blinding (0–2 points), and early withdrawal and loss to 
follow-up (0–1 points). A Jadad score <2 indicates low 
quality, and a Jadad score ≥3 indicates high quality.

Statistical Analysis
Review Manager V.5.3 was used for data analysis (Cochrane 
Collaboration), with 95% confidence intervals (CIs) pro-
vided. For continuous variables, an inverse variance method 
was used to calculate the mean difference (MD) (postopera-
tive pain score at 1–2 hours, 4–6 hours, 24 hours, and 48 
hours) and standard mean difference (SMD) of the post-
operative use of morphine. For dichotomous variables, the 
relative risk (RR) of PONV was calculated with the Mantel- 
Haenszel method. If only one RCT was available, the results 
were reported descriptively. For all results, P < 0.05 indi-
cated statistical significance, and I2 > 50% indicated signifi-
cant heterogeneity. Due to the inherent heterogeneous nature 
of block performance by different practitioners, a random 
effects model was used in this analysis. Sensitivity analysis 
and subgroup analysis were performed in the case of sig-
nificant heterogeneity (I2 > 50%). Stata v15.1 was used for 
sensitivity analysis. We did not assess publication bias due to 
the limited number of included RCTs. For the meta-analysis, 
we used the method described by Wan and Luo to convert 
the median, interquartile range (IQR), and range values into 
mean values and standard deviations (SDs).12,13 A visual 
analog scale (VAS), numerical rating scale (NRS) or verbal 
rating scale (VRS) was used to assess pain, and the score 
was then converted to a 0–10 scale for statistical analysis.
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Results
Literature Search and Selection and 
Quality Assessment
A detailed flowchart of literature search retrieval is pro-
vided in Figure 1. A total of 267 relevant articles were 
initially retrieved. Finally, five eligible RCTs were 
included in the meta-analysis.14–18

The five eligible articles were carefully reviewed; their 
characteristics are provided in Table 1. The RCTs enrolled 

a total of 458 patients, and the results were published 
between 2015 and 2020. We contacted the authors to 
request the original data for two RCTs in which some of 
the postoperative pain scores were unclear in the figures. 
Huang responded,17 but Sylweriusz did not.16 Four RCTs 
used ultrasound-guided TPVB. One RCT used traditional 
TPVB. All five articles reported postoperative pain scores, 
three articles reported postoperative use of morphine, and 
three articles reported the incidence of hypotension and 

Figure 1 PRISMA flow diagram.
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PONV. The results from the Cochrane’s risk of bias assess-
ment tool are provided in Figure 2. The Jadad score is 
shown in Table 1.

Primary Measure: Postoperative Scores 
for Resting and Coughing Pain at 1–2 
Hours, 4–6 Hours, 24 Hours, and 48 
Hours
All five RCTs analyzed pain score over time for TPVB versus 
TEA after thoracoscopic surgery. In the resting state, post-
operative pain scores at 1–2 hours and 4–6 hours (Figure 3) 
were not significantly higher in the TPVB group than in the 
TEA group (MD = 0.44, 95% CI = 0.24 to 0.64, P <0.0001, I2 

= 0%; MD = 0.47, 95% CI = 0.23 to 0.70, P < 0.0001, I2 = 0%; 
P < 0.05). No heterogeneity was observed. No significant 
between-group differences were observed at 24 or 48 hours 
(MD = 0.39, 95% CI = −0.25 to 1.04, P = 0.23, I2 = 78%; MD 
= 0.35, 95% CI = −0.05 to 0.75, P=0.09, I2=56%). In the 
coughing state (Figure 4), no significant between-group differ-
ences were observed at 1–2, 24, or 48 hours (MD = 0.22, 95% 
CI = −0.20 to 0.65, P = 0.31, I2 = 45%; MD = −0.03, 95% 
CI = −1.27 to 1.22, P = 0.97, I2 = 92%; MD = 0.03, 95% CI 
= −0.63 to 0.69, P = 0.93, I2 = 79%). At 4–6 hours, the pain 
score was not significantly higher in the TPVB than in the 
TEA group (MD = 0.46, 95% CI = 0.15 to 0.77, P = 0.003, I2 = 
0%; P < 0.05). At 24 hours and 48 hours, I2 was >50%, 
indicating significant heterogeneity, and subgroup analysis 
was performed to identify the source of heterogeneity. The 
results showed that in the resting state (Figure 5), the pain 

score was higher in the single-injection TPVB group (TPVB-S 
group) than in the TEA group (MD = 0.90; 95% CI = 0.47–-
1.32; P < 0.05; I2 = 0%), while no significant difference was 
observed in postoperative analgesic effects between the con-
tinuous TPVB group (TPVB-C group) and the TEA group 
(MD = 0.14; 95% CI = −0.95 to 1.23; P = 0.80; I2 = 83%). 
Moreover, no significant between-group difference was 
observed in the coughing state (Figure 6). Sensitivity analysis 
was performed by omitting one study in each turn. After the 
removal of the study by Sylweriusz,16 the resting pain score at 
24 hours changed from (MD = 0.39, 95% CI = −0.25 to 1.04, 
P = 0.23, I2 = 78%) to (MD = 0.73, 95% CI = 0.28 to 1.18, 
P =0.002, I2 = 57%). After the study by Ding was removed,15 

the pain score in the resting state at 48 hours changed from 
(MD = 0.35, 95% CI = −0.05 to 0.75, P =0.09, I2 = 56%) to 
(MD = 0.50, 95% CI = 0.21 to 0.80, P < 0.05, I2 = 2%). 
According to the number of studies included, subgroup analy-
sis was performed with the mean operative time of 160 min-
utes as the boundary to explore the effect of differences in time 
between groups on outcomes (Appendix 2).

Postoperative 24-Hour Usage of 
Morphine, Hypotension, and PONV
Three RCTs were included in the analysis of postoperative 24- 
hour usage of morphine (Figure 7) with a random effects 
model (SMD = 0.67; 95% CI = 0.03 to 1.31; P = 0.04; 
I2 = 84%). The results showed that more opioids were required 
in the TPVB group than in the TEA group. Three RCTs were 
included in the analysis of hypotension (Figure 8) with 

Table 1 Characteristics of Included Studies

Study Interventions 
Group/Control 
Group

N Drug Type of Surgery Primary 
Outcome

JADAD 
Score

Yeap et al,14 

2020

PVB-S/PVB-C/TEA 40/40/40 0.5% ropivacaine 30mL/0.2% ropivacaine 10 mL 

h−1/0.125% bupivacaine

Wedge, Lobectomy, 

Pleurodesis, Decortication, 

Mediastina

VAS, Opioid 

Usage

3

Ding et al,15 

2018

PVB-S/PVB-S/TEA 36/34/32 0.5% ropivacaine 15mL/0.5% ropivacaine 

combined with dexmedetomidine 15mL/0.5% 

ropivacaine

Lobectomy Opioid Usage, 

VRS, HR and 

MAP

4

Sylweriusz 

et al,16 2016

PVB-S/TEA 26/25 0.25% bupivacaine 20mL/0.25% bupivacaine Lobectomy VAS, Opioid 

Usage

4

Huang 

et al,17 2020

PVB-C/PVB-C/TEA 45/32/39 0.25% ropivacaine 0.25mg kg−1 h−1/0.25% 

ropivacaine 0.25mg kg−1 h−1/0.25% ropivacaine

Thoracoscopic surgery for 

lung cancer

Opioid Usage, 

NRS, HR and 

MAP

4

Okajima 

et al,18 2014

PVB-C/TEA 36/33 0.1% ropivacaine 6mL h−1/0.25–0.375% 

ropivacaine

Lobectomy Segmentectomy 

Wedge resection

VRS 5
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a random effects model (OR = 4.52; 95% CI = 2.03 to 10.10; 
P = 0.0002; I2 = 0%). Compared with the TEA group, the 
incidence of hypotension was significantly lower in the TPVB 
group. In addition, three RCTs were included in the analysis of 
PONV (Figure 9) with a random effects model (RR = 0.59; 
95% CI = 0.26 to 1.33; P = 0.20; I2 = 51%), and the results 
showed no significant between-group differences.

Discussion
Analysis of the pooled data revealed a disadvantage in 
postoperative analgesia in the TPVB group (1–2 hours, 
4–6 hours) compared with the TEA group. Our meta- 
analysis showed a difference in NRS scores of less than 
1 cm. Cepeda et al found that the meaning of a change in 
the NRS depends upon the intensity of the initial pain, and 
a NRS change of 1.3 cm was the threshold for minimal 
pain relief for moderate baseline pain intensity, whereas 
the minimum clinically significant decrease was 1.8 cm for 
severe baseline pain intensity.19 Consequently, the clinical 

significance of our finding is limited. Higher opioid con-
sumption was observed in the TPVB group during the first 
24 hours. Compared with the TEA group, the incidence of 
hypotension was significantly higher in the TPVB group. 
Moreover, the analgesic efficacy of TPVB was similar to 
that of TEA based on pain scores at 24 or 48 hours or rates 
of PONV.

In the early resting state (1–2 hours and 4–6 hours) and 
coughing state (4–6 hours) after thoracoscopic surgery, 
TEA was superior to TPVB in terms of analgesic effects. 
The heterogeneity was small and had statistical signifi-
cance. Potential causes include the following. 1) 
Anatomy is a likely cause. The paravertebral space is 
a potential space where local anesthetics block the dorsal 
branch, ventral branch, and sympathetic nerve chain that 
extend from the spinal canal to exert analgesia effects with 
variations in drug diffusion.20 On the other hand, the space 
in the spinal canal is conducive to drug diffusion with 
definitive blocking effects. 2) In the TEA group, local 
anesthetics were pumped continuously after operation, 
and the analgesic effect was definite. In the TPVB group, 
there were two conditions: single-injection TPVB and 
continuous TPVB. The analgesic effect of single- 
injection TPVB was shorter due to the time of drug action, 
resulting in an inferior analgesic effect compared with the 
TEA group. An indwelling paravertebral catheter may 
theoretically provide continuous blocking.21,22 Yeap et al 
showed that continuous TPVB is time consuming and 
provides an analgesic effect that is not significantly differ-
ent from that of a single block, suggesting that the con-
tinuous analgesic effect of paravertebral tube block is not 
ideal and not the best choice for paravertebral block. 
Termpornlert et al indicated that the effects of continuous 
TPVB are unpredictable.23 One possible way to circum-
vent the unpredictable spread of local anesthetic through 
a catheter is to use an intermittent bolus injection of 
a relatively large volume instead of continuous infusion. 
No significant differences in the postoperative pain score 
were observed between TPVB and TEA at 24 and 48 
hours. I2 was greater than 50%, highlighting a major lim-
itation of the considerable interstudy heterogeneity. 
Subgroup analysis revealed that the analgesia score in 
the resting state was higher for single-injection TPVB 
than for TEA at 24 or 48 hours after the operation, 
whereas the effect of continuous TPVB was not signifi-
cantly different from that of TEA. This finding suggests 
that the time of drug action may be responsible for the 
difference in postoperative pain scores. Another likely 

Figure 2 Risk of bias assessment using Cochrane criteria.
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source of heterogeneity is differences in practitioner skills 
between the two types of block, as the studies did not 
report how much experience practitioners had with TEA 
and TPVB. The type of surgery is one of the important 
factors for postoperative acute pain,24 although we limited 
thoracoscopic surgery in our inclusion criteria, there were 
differences in the specific surgical methods, such as the 
number of the thoracoscopy ports, wedge and lobectomy, 
and the number and location of postoperative chest tubes. 
There was no significant difference in operative time 
between the experimental group and the control group in 
the included studies, but dividing the two groups into two 
subgroups for subgroup analysis according to the mean 
operative time of 160 minutes showed that operative time 
may have no effect on the early (1–2 hours and 4–6 hours) 

postoperative pain score. Differences in the type, concen-
tration, and injection volume of local anesthetics may also 
be contributing factors. Such discrepancies would explain 
why some studies reported results favoring TEA while 
others reported results favoring TPVB. Sensitivity ana-
lyses in which individual studies were successively 
removed showed that the results in the early postoperative 
time period (1–2 hours and 4–6 hours) were stable and 
reliable. After removal of the study by Sylweriusz, the 
pain score in the resting state at 24 hours after surgery 
changed. Luyet et al showed that up to 32% of TPVB 
catheters were misplaced using guiding landmarks.25 In 
the study by Sylweriusz, the success rate of TEA was 
significantly lower than that of TPVB when analyzed in 
a blinded manner; we believe that this difference may be 

Figure 3 Forest plot of postoperative scores for resting pain at 1–2 hours, 4–6 hours, 24 hours, and 48 hours.
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due to the anesthesiologist’s proficiency, which may be 
a source of heterogeneity. In Ding’s study, the TPVB 
group received adjuvant dexmedetomidine, which may 
prolong the action time of TPVB. Due to the small sample 
size, subgroup analysis could not be conducted, and the 
results need to be confirmed with a larger sample size. 
However, this difference in treatment may be responsible 
for the heterogeneity of the resting pain assessment in this 
group 48 hours after surgery. Intraoperative use of opioids 
may affect pain severity, especially in the early postopera-
tive period, and we attempted a subgroup analysis by 
opioid dosage. In three studies,16–18 intraoperative opioid 
dosage was recorded in detail, and there was no statistical 
difference in intra-group opioid dosage. The sample size 
was too small for subgroup analysis, so we could not rule 
out the influence of intraoperative opioid dosage on our 
results, which may be one of the sources of heterogeneity. 

In addition, heterogeneity could arise from the lack of 
standardization of the boundaries of the block levels in 
the included studies. We are cautious about the outcome of 
pain score at 24 and 48 hours after surgery.

The TPVB group required more opioids during the first 
24 hours after surgery than did the TEA group, a result 
that was consistent with higher scores for resting pain in 
the TPVB group in the early stages (1–2 hours and 4–6 
hours) after surgery. Notably, Okajima et al used fentanyl, 
which enters the blood circulation immediately after dos-
ing, with the ability to exert analgesic effects and induce 
PONV because of the presence of opioid receptors on the 
spinal canal,18 thereby increasing the incidence of nausea 
and vomiting. The incidence of hypotension was signifi-
cantly lower in the TPVB group than in the TEA group, 
which was one of the advantages of the TPVB group. 
TPVB blocks only one side, thereby preserving the 

Figure 4 Forest plot of postoperative scores for coughing pain at 1–2 hours, 4–6 hours, 24 hours, and 48 hours.
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respiratory and sympathetic function of the other side, 
which may help reduce hypotension.8 For patients with 
potential hypotension, TPVB should be selected over TEA 
as the postoperative analgesia.

TEA is the gold standard of anesthesia after thoracotomy; 
however, it has significant side effects and is absolutely 
contraindicated in patients with coagulation disorders. After 
thoracotomy, TPVB is considered an alternative to TEA. In 
2013, Steinthorsdottir et al reviewed TPVB and TEA after 
thoracoscopic surgery but did not reach any conclusion due 
to limited RCTs on TPVB versus TEA after VATS at the 

time.26 The meta-analysis of Hu et al showed that the analge-
sic effect of TPVB after thoracotomy was lower than that of 
non-paravertebral block, with fewer side effects.27 However, 
Hu et al did not compare TPVB with TEA, and it was unclear 
which analgesic method was more suitable for thoracotomy. 
Baidya et al conducted a meta-analysis of postoperative 
scores for resting and coughing pain at 4–8 hours and 
found that TEA and TPVB showed similar analgesic effects 
after thoracotomy.9 Yeung et al found that TPVB was as 
effective as TEA in controlling acute pain after 
thoracotomy.28 They did not include VATS for comparison. 

Figure 5 Forest plot of the subgroup analysis of postoperative scores for resting pain at 24 hours (A) and 48 hours (B).
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By contrast, we found that the NRS scores of TPVB for early 
postoperative (1–2 hours and 4–6 hours) pain after thoraco-
scopic surgery were inferior to those of TEA. However, 
differences in clinical patient-based assessments of pain 

outcomes may not be significant. With the development of 
ultrasound, TPVB has been chosen by more and more people 
as analgesia for thoracotomy, and there is no consensus on 
the standard postoperative analgesia for thoracoscopic 

Figure 6 Forest plot of the subgroup analysis of postoperative scores for coughing pain at 24 hours (A) and 48 hours (B).

Figure 7 Forest plot of postoperative 24-hour usage of morphine.
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surgery. We are the first study to compare the efficacy of 
TPVB and TEA after VATS. Our study provides a reference 
for anesthesiologists in making this decision.

TPVB appears promising. To fully understand the thera-
peutic effect of TPVB after thoracoscopic surgery, we suggest 
that future randomized controlled trials be designed according 
to the following standards: a) comparison of single-injection 
TPVB with continuous TPVB; b) comparison of TPVB with 
other regional anesthesia techniques such as TEA, erector 
spinae plane block, or intercostal nerve block; c) measure-
ments of pain scores and recording of analgesic drug require-
ments within 48 hours postoperatively; d) strict monitoring of 
adverse reactions and complications associated with the block.

This overview also has some limitations. Despite extensive 
searches of three databases, we were able to identify only five 
RCTs for inclusion in this meta-analysis. We assume that 
sources of heterogeneity exist in our study, such as differences 
in the specific surgical methods; differences in block effects 
due to differences in anesthesiologist experience; differences 
in drug types, dosages, and concentrations; the lack of ultra-
sound data in the study by the Sylweriusz group;16 or recording 
of the postoperative pain score only in the resting state by 
Okajima et al Sensitivity analysis showed that the pain score 
in the resting state was not stable at 24 and 48 hours after 
surgery. Because we only included studies in English, selection 
bias may exist.

Conclusion
Compared with TPVB, TEA provides statistically significant 
but clinically unimportant short-term benefits following thor-
acoscopic surgery. Both TEA and TPVB can be used as 
options for thoracoscopic postoperative analgesia, and 
TPVB is more suitable for patients with coagulation dysfunc-
tion, spinal deformity, infection, or inability to accept TEA, 
especially for patients with high risk of hypotension.
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