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Thoracic Paravertebral Block Versus Erector Spinae Plane Block for 
Postoperative Analgesia in Video-Assisted Thoracoscopic Surgery: 
A Retrospective Cohort Study

ABSTRACT

Objectives: Thoracic paravertebral block (TPVB) and erector spinae plane block (ESPB) are widely utilized regional analgesia techniques for 
video-assisted thoracoscopic surgery (VATS). However, evidence comparing their analgesic efficacy remains inconclusive. This study aimed 
to compare postoperative opioid requirements, pain scores, rescue analgesic requirements, and perioperative outcomes between TPVB and 
ESPB in patients undergoing VATS.
Methods: Patients who underwent VATS between January 2021 and December 2025 were retrospectively evaluated. A total of 424 patients 
were analyzed (TPVB group, n=247; ESPB group, n=177). The primary outcome was additional postoperative intravenous (IV) morphine con-
sumption in the post-anesthesia care unit (PACU). Secondary outcomes included rescue tramadol requirements, Numerical Rating Scale (NRS) 
pain scores, perioperative hemodynamics, and complications.
Results: Additional PACU IV morphine consumption was significantly lower in the TPVB group compared with the ESPB group (4.02±0.97 
mg vs. 4.48±1.16 mg, p<0.001). The proportion of patients requiring rescue tramadol was also lower in the TPVB group (21.1% vs. 31.6%, 
p=0.014). Patients in the TPVB group had significantly lower NRS scores on arrival at the PACU and at 1, 2, and 12 hours postoperatively, with 
no difference at 24 hours. No significant differences were observed regarding PACU stay, length of hospital stay, postoperative or block-related 
complications, or perioperative hemodynamic parameters.
Conclusion: TPVB was associated with lower PACU opioid consumption, reduced rescue analgesic requirements, and lower postoperative 
NRS scores compared with ESPB; however, the absolute differences were relatively small, and their clinical relevance may be limited.
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Introduction
Postoperative pain remains a major determinant of 
recovery after video-assisted thoracoscopic surgery 
(VATS), despite advances in minimally invasive surgical 
techniques.[1,2] Pain following VATS is multifactorial, 
involving pleural irritation, intercostal nerve stimulation, 
and chest wall trauma.[1,3] Inadequate postoperative 
analgesia may limit respiratory effort, delay mobilization, 

increase the risk of respiratory complications, and lead to 
higher opioid requirements, highlighting the importance 
of opioid-sparing analgesic strategies in the perioperative 
pain management of these patients.[4,5]

Regional analgesia (RA) techniques have become an 
essential component of multimodal analgesia for VATS. 
Thoracic paravertebral block (TPVB) has been widely 
utilized because of its established analgesic efficacy and 
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its role as an alternative to thoracic epidural analgesia 
(TEA).[6–8] Erector spinae plane block (ESPB), introduced 
more recently, has gained widespread acceptance due to 
its technical simplicity, superficial anatomical target, and 
perceived safety advantages.[9] Current guidelines, including 
the Procedure-Specific Postoperative Pain Management 
(PROSPECT) and the Enhanced Recovery After Surgery 
(ERAS) recommendations, recognize both TPVB and ESPB 
as valuable options for analgesia after thoracic surgery.[5,6,10]

Although both techniques are increasingly incorporated 
into multimodal analgesic strategies for VATS, the optimal 
RA approach continues to be a topic of discussion.[11,12] 
Thoracic paravertebral block and ESPB involve different 
anatomical targets and proposed mechanisms of action, 
which may influence the extent and predictability 
of neural blockade. Clinical trials comparing these 
techniques have reported inconsistent findings, with some 
demonstrating superior analgesia with TPVB, while others 
show comparable postoperative pain control and opioid 
requirements between TPVB and ESPB.[13–17]

Therefore, further evaluation of the comparative analgesic 
effectiveness and perioperative outcomes of TPVB and ESPB 
in patients undergoing VATS is warranted. The aim of this 
study was to compare postoperative opioid requirements, 
analgesic outcomes, and perioperative safety parameters 
between patients receiving TPVB or ESPB for VATS.

Methods

Study Design and Patient Population
This single-center retrospective observational study 
was conducted at Istanbul Faculty of Medicine following 
approval from the Istanbul University Istanbul Faculty of 
Medicine Clinical Research Ethics Committee (2025/2123). 
This study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki. Consecutive 
adult patients (>18 years of age) with ASA physical 
status of I–III who underwent VATS between January 
2021 and December 2025 were retrospectively identified 
from the institutional database and electronic medical 
records. From this cohort, patients undergoing awake 
VATS, sympathectomy, or thymectomy; those requiring 
conversion to thoracotomy; and those receiving RA 
techniques other than TPVB or ESPB were excluded. The 
remaining patients were categorized into the TPVB group 
and ESPB group according to the RA technique performed.

Regional Analgesia Technique
In our institution, ultrasound-guided RA techniques were 
performed unilaterally at the T5 level before surgical 
incision by experienced anesthesiologists, using 20 mL of 

0.5% bupivacaine for both TPVB and ESPB. Following block 
performance, dermatomal sensory testing was routinely 
performed before surgery to clinically assess block 
efficacy, and the block was documented as successful 
or unsuccessful before proceeding with surgery. The 
choice of block technique (TPVB or ESPB) was based on 
the anesthesiologist’s preference. Data regarding the 
performed block technique were retrospectively obtained 
from anesthesia records.

Surgical Procedure
All surgical procedures were performed using a multi-portal 
VATS approach by the same thoracic surgery team. The 
surgical procedures included lobectomy, segmentectomy, 
wedge resection, and mediastinal mass excision performed 
according to standard institutional protocols.

Anesthesia and Postoperative Analgesia 
Management
General anesthesia was induced with intravenous (IV) 
anesthetic agents and maintained with sevoflurane. 
Perioperative analgesia management was initiated 
intraoperatively and included IV paracetamol (1 g), non-
steroidal anti-inflammatory drugs (NSAIDs), and morphine 
(0.05 mg/kg). Postoperative pain assessment and rescue 
analgesia were performed according to a standardized 
institutional protocol throughout the study period. In the 
PACU, postoperative pain was assessed using the numerical 
rating scale (NRS; 0 indicates no pain and 10 represents the 
worst imaginable pain). Patients with NRS scores >3 during 
coughing received titrated IV morphine until adequate 
analgesia was achieved or a maximum additional dose of 
0.05 mg/kg was reached. Thus, IV morphine in the PACU 
was administered only as rescue analgesia according to the 
predefined NRS threshold. On the ward, IV paracetamol 1 g 
(three times daily) was administered routinely, and rescue 
analgesia with tramadol was administered at a standardized 
dose of 50 mg when the NRS score during coughing was 
>3. If postoperative nausea and vomiting (PONV) occurred, 
it was treated with 10 mg metoclopramide.

Outcomes
The primary outcome was the additional postoperative 
dose of IV morphine administered in the PACU. Because this 
was a retrospective study, PACU morphine consumption 
was selected as the primary outcome because it was 
consistently documented and reliably retrievable from the 
medical records. In contrast, 24-hour opioid consumption 
was not consistently documented across patients and was 
therefore not considered sufficiently reliable for use as 
the primary outcome. Secondary outcomes included the 
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proportion of patients requiring rescue tramadol analgesia, 
postoperative pain intensity assessed using NRS on arrival 
at the PACU and at 1, 2, 12, and 24 hours. Additionally, 
postoperative complications (PONV, respiratory 
complications, pneumonia, and other surgery-related 
adverse events), block-related complications (vascular 
puncture, hematoma, pneumothorax), duration of PACU 
stay, and length of hospital stay (LOS) were recorded. 
Demographic characteristics and perioperative variables, 
including hemodynamic and respiratory parameters 
(heart rate [HR], mean arterial pressure [MAP], peripheral 
oxygen saturation [SpO₂], and end-tidal carbon dioxide 
[EtCO₂]), were also recorded. Hemodynamic parameters 
were collected at the following time points: baseline, post-
intubation, onset of one-lung ventilation (OLV), post-OLV, 
and PACU, whereas EtCO₂ values were recorded at post-
intubation, onset of OLV, and post-OLV time points.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics Version 30. The normality of data distribution was 
assessed using the Kolmogorov-Smirnov test. Continuous 
variables were presented as mean±standard deviation or 
median (minimum–maximum) values according to their 
distribution characteristics, while categorical variables 
were presented as frequencies and percentages (%).

The Student’s t-test was used for the comparison of 
normally distributed continuous variables between 
independent groups, whereas the Mann–Whitney U test 
was applied for non-normally distributed continuous 
variables. The Chi-square test was used for the analysis 
of categorical variables. A p-value <0.05 was considered 
statistically significant for all analyses.

Results
A total of 652 patients who underwent VATS between 
January 2021 and December 2025 were screened for 
eligibility. After applying the predefined exclusion 
criteria, 424 patients were included in the final analysis, 
comprising 247 patients in the TPVB group and 177 
patients in the ESPB group (Fig. 1). Baseline demographic 
and perioperative characteristics were comparable 
between the groups (Table 1).

The additional postoperative IV morphine dose 
administered in the PACU was significantly lower in 
the TPVB group than in the ESPB group (4.02±0.97 mg 
vs. 4.48±1.16 mg, p<0.001). The proportion of patients 
requiring rescue tramadol analgesia was significantly lower 
in the TPVB group than in the ESPB group (52/247 [21.1%] 
vs. 56/177 [31.6%], p=0.014; OR=0.576, 95% CI: 0.371–

0.895). Postoperative pain intensity assessed with NRS 
scores was summarized in Table 2. Compared with the ESPB 
group, patients in the TPVB group had lower NRS scores on 
arrival at the PACU and at 1, 2, and 12 hours postoperatively, 
whereas no significant difference was observed at 24 
hours. The duration of PACU stay was 128.25±10.67 min 
in the TPVB group and 127.45±9.68 min in the ESPB group 
(p=0.42), while LOS was 4.06±1.1 days and 3.98±0.88 days, 
respectively (p=0.39).

Table 1. Demographic and perioperative characteristics

TPVB group 
(n=247)

ESPB group
(n=177)

p

Age (year) 55.06±12.24 56.31±11.15 0.283

Height (cm) 164.09±7.04 163.87±6.58 0.741

Weight (kg) 70.8±8.94 71.09±9.17 0.739

Gender, n (%)
Male
Female

122 (49)
125 (51)

82 (46)
95 (54)

0.53

ASA, n (%)
I
II
III

40 (16)
169 (68.5)
38 (15.5)

33 (19)
121 (68)
23 (13)

0.681

Surgical procedure, n (%)
Mediastinal mass
Wedge resection
Segmentectomy/lobectomy

39 (16)
49 (20)

159 (64)

23 (13)
34 (19)

120 (68)

0.635

Duration of anesthesia (min) 181.77±62.05 179.42±57.89 0.693

Duration of surgery (min) 155.12±60.15 152.07±55.02 0.594

Duration of OLV (min) 110.91±49.17 107.68±44.64 0.489
ASA: American Society of Anesthesiologists; ESPB: Erector spinae plane block; OLV: 
One lung ventilation; TPVB: Thoracic paravertebral block.

Figure 1. Flow diagram.
ESPB: Erector spinae plane block; TPVB: Thoracic paravertebral block; VATS: Video assisted 
thoracoscopic surgery.



100 The Cardiovascular Thoracic Anaesthesia and Intensive Care Society

The incidence of PONV was 14.2% (n=35) in the TPVB group 
and 14.1% (n=25) in the ESPB group, with all cases managed 
with medical treatment (p=0.98). Postoperative pneumonia 
occurred in 12 (4.9%) patients in the TPVB group and 8 (4.5%) 
patients in the ESPB group (p=0.87). Prolonged air leak 
was observed in 14 (5.7%) patients in the TPVB group and 
9 (5.1%) patients in the ESPB group (p=0.79). Surgical site 
infection was reported in 3 (1.2%) patients in the TPVB group 
and 2 (1.1%) patients in the ESPB group (p=0.94). No block-
related complications were documented in either group. 
Perioperative HR, MAP, SpO₂, and EtCO₂ were comparable 
between the groups at all analyzed time points (Table 3).

In the multivariable linear regression analysis, the overall 
model was statistically significant (F(12,411)=4.441, 
p<0.001), with an R² of 0.115 and an adjusted R² of 0.089. 
After adjustment for age, anesthesia duration, sex, ASA 
classification, surgical procedure, and year of surgery, TPVB 
was significantly associated with lower PACU morphine 
consumption compared with ESPB (B=-0.432, 95% CI: 
-0.634 to −0.230, β=-0.197, p<0.001).

Discussion
In this single-center retrospective observational study, 
TPVB was associated with a lower IV morphine requirement 
in the PACU and statistically lower postoperative NRS scores 
at several time points compared with ESPB in patients 
undergoing VATS. Patients receiving TPVB also required 
rescue tramadol less frequently. No significant differences 
were observed between the groups in perioperative 
hemodynamic or respiratory parameters, postoperative 
complications, duration of PACU stay, or LOS.

Current guidelines recommend RA techniques as an 
integral component of multimodal analgesia for VATS to 
reduce perioperative opioid requirements and facilitate 
postoperative recovery. The PROSPECT guidelines 
recommend both TPVB and ESPB, whereas the ERAS 
guidelines emphasize the use of locoregional analgesia 
after thoracoscopic surgery and support TPVB as an 
effective alternative to TEA.[5,6,10]

Consistent with these recommendations, both techniques 
were associated with favorable analgesic outcomes in our 
study, with low postoperative pain scores (NRS<4). Although 
TPVB was associated with statistically lower pain scores and 
opioid consumption compared with ESPB, these differences 
should be interpreted in the context of their clinical 
relevance. Notably, despite statistically significant between-
group differences in NRS scores at several postoperative time 
points, the median NRS values were identical between the 
groups at 0, 1, 2, and 12 hours. Therefore, the magnitude of 
these differences appears small, and their clinical relevance 
may be limited. Similarly, the absolute difference in PACU 
morphine consumption between the groups was small, 
despite remaining statistically significant after adjustment 
for potential confounders. Given that clinically meaningful 
differences in opioid consumption have generally been 
reported to be larger, the observed difference may have 
limited clinical significance. Nevertheless, the consistently 
low pain scores following both techniques suggest 
favorable early postoperative analgesic outcomes, while 
the statistical advantage observed with TPVB should not be 
interpreted as definitive evidence of a clinically meaningful 
difference between the two techniques.

Table 2. Postoperative pain scores during coughing

TPVB group
(n=247)

ESPB group
(n=177)

p

NRS 0 h 3 (1–5) 3 (2–7) 0.025

NRS 1 h 3 (1–5) 3 (2–7) 0.025

NRS 2 h 3 (0–5) 3 (0–6) 0.012

NRS 12 h 2 (0–4) 2 (0–5) <0.001

NRS 24 h 2 (0–3) 2 (0–4) 0.467
ESPB: Erector spinae plane block; NRS: Numeric rating scale; TPVB: Thoracic paraver-
tebral block.

Table 3. Perioperative hemodynamic and respiratory parameters

GP (n=247) GE (n=177) p

HR (bpm)
Baseline
Post-intubation
OLV
Post-OLV
PACU

73.31±7.24
68.43±6.91
70.54±7.33
70.55±4.65
74.87±4.97

71.94±7.29
67.35±7.05
69.94±7.39
69.66±4.71
74.53±5.27

0.057
0.115
0.409
0.054
0.490

MAP (mmHg)
Baseline
Post-intubation
OLV
Post-OLV
PACU

71.24±4.83
67.23±4.13
68.14±3.99
69.82±3.82
74.79±5.63

70.97±5.04
66.88±4.21
67.75±4.03
69.48±3.67
74.24±5.91

0.585
0.384
0.326
0.352
0.328

SpO2 (%)
Baseline
Post-intubation
OLV
Post-OLV
PACU

96.8±0.94
99.88±0.32
94.85±1.28
97.23±1.01
98.15±0.91

96.66±1
99.85±0.34
94.84±1.29
97.13±1.02
98.11±0.94

0.134
0.469
0.896
0.343
0.654

EtCO2 (mmHg)
Post-intubation
OLV
Post-OLV

36.91±1.49
43.35±2.99
40.46±2.07

36.96±1.52
43.94±3.07
40.67±2.02

0.751
0.050
0.298

ESPB: Erector spinae plane block; EtCO2: End-tidal carbon dioxide; HR: Heart rate; 
MAP: Mean arterial pressure; OLV: One lung ventilation; SpO2: Peripheric oxygen 
saturation; TPVB: Thoracic paravertebral block.
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Despite these recommendations, the optimal RA technique 
for VATS remains a matter of ongoing debate.[11,12] Several 
randomized controlled trials (RCTs) have evaluated the 
analgesic efficacy of TPVB and ESPB in patients undergoing 
VATS with conflicting results.[13–17] Two well-designed 
studies reported the superiority of TPVB over ESPB for 
post-thoracoscopy analgesia.[13,14] On the other hand, 
similar analgesic efficacy for paravertebral and erector 
spinae blocks was also reported, with comparable opioid 
requirements and pain scores.[15–17] In addition, evidence 
from thoracotomy has also favored TPVB. A randomized trial 
identified TPVB as the most reliable analgesic technique 
among TPVB, ESPB, intercostal nerve block, and TEA, 
whereas a retrospective study demonstrated postoperative 
analgesia comparable to TEA.[18,19] Notably, the studies 
reporting superior analgesia with TPVB used a higher 
concentration of bupivacaine, which may have contributed 
to the observed differences in analgesic outcomes.

Beyond RCTs, several meta-analyses have compared 
the analgesic efficacy of different RA techniques for 
VATS.[20–22] In a recent meta-analysis, TPVB provided the 
greatest reduction in postoperative opioid consumption 
compared with control interventions, whereas ESPB also 
demonstrated clinically meaningful analgesic effects, 
particularly in reducing early postoperative pain scores.[20] 
Similarly, subsequent meta-analyses consistently reported 
superior postoperative analgesia with TPVB compared with 
other RA techniques, particularly with respect to opioid 
consumption and overall analgesic efficacy.[21,22]

The differences in postoperative analgesic outcomes 
observed between the two blocks may be related to the 
distinct but partially overlapping mechanisms of TPVB and 
ESPB. The most widely accepted hypothesis for ESPB is that 
its analgesic effect depends on the anterior spread of LA 
through the intertransverse connective tissue complex into 
the thoracic paravertebral space and the associated neural 
structures.[20,21] Consequently, the analgesic efficacy of ESPB 
largely depends on the extent of anterior spread of LA into 
the paravertebral space. In contrast, TPVB involves direct 
deposition of LA within the paravertebral space, resulting 
in a more predictable blockade of the spinal nerve roots, 
dorsal and ventral rami, and sympathetic fibers.[21] Therefore, 
the extent of neural blockade achieved with ESPB may be 
more variable than that of TPVB, potentially contributing to 
differences in analgesic efficacy across clinical studies. This 
anatomical difference may explain why TPVB can provide 
a more consistent sensory blockade and may contribute 
to its superior analgesic effect observed in some clinical 
settings. In our study, this potential anatomical advantage 
may be reflected in lower morphine consumption and 
lower pain scores during the 12 postoperative hours, as 

well as reduced rescue tramadol requirements in patients 
receiving TPVB compared with ESPB.

No block-related complications were documented in 
either group. Similarly, no between-group differences 
were observed in perioperative hemodynamic or 
respiratory parameters. Furthermore, PACU stay and 
LOS were comparable between the groups. However, 
given the retrospective nature of the study, the absence 
of documented block-related complications should be 
interpreted cautiously and should not be considered 
evidence of equivalent safety between the two techniques.

Limitations
This study has several limitations. First, its retrospective 
design introduces the possibility of selection bias and 
unmeasured confounding factors. In particular, the 
choice of regional anesthesia technique was based on 
anesthesiologist preference, which may have introduced 
selection bias and residual confounding despite the 
use of a standardized institutional protocol. However, 
the relatively large cohort size, including 424 patients, 
allowed a comprehensive comparison of postoperative 
analgesic outcomes between TPVB and ESPB. Second, 
although the RA techniques were performed according 
to a standardized institutional protocol, the blocks 
were administered by different anesthesiologists, and 
individual differences in clinical practice and technical 
experience may have influenced the outcomes; this may, 
however, also reflect real-world clinical practice. Although 
dermatomal sensory assessment was routinely performed 
in our clinical practice following the block, block efficacy 
was documented as successful or unsuccessful. However, 
detailed documentation of the exact dermatomal spread 
was not consistently available for retrospective analysis. 
Therefore, the possibility of incomplete or suboptimal 
blocks cannot be entirely excluded. Third, as this was a 
single-center study, the generalizability of our findings may 
be limited. Fourth, the relatively long study period may have 
introduced temporal variations in anesthetic management, 
perioperative care, and postoperative analgesic practices, 
which could have affected the observed outcomes. Finally, 
the retrospective assessment of postoperative complications 
relied on available medical records, and minor or transient 
complications may have been underreported. In addition, 
long-term outcomes, including persistent chronic pain and 
functional recovery, were not assessed.

Conclusion
In conclusion, in this retrospective observational study, 
TPVB was associated with lower PACU opioid consumption, 
a lower requirement for rescue analgesia, and statistically 
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lower postoperative NRS scores at several time points 
compared with ESPB in patients undergoing VATS. However, 
the absolute differences were relatively small, and their 
clinical relevance may therefore be limited. No block-related 
complications were documented in either group, and PACU 
stay and LOS were comparable between the groups. Overall, 
although TPVB was associated with lower early postoperative 
opioid requirements and NRS scores compared with ESPB, 
these findings should not be interpreted as definitive 
evidence of a clinically meaningful advantage over ESPB.
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