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 Background: Thoracic paravertebral block (TPVB) and erector spinae plane block (ESPB) are widely used in video-assisted 
thoracic surgery (VATS). However, they have corresponding adverse effects, including hypotension for TPVB 
and unpredictable injectate spread in ESPB. An optimal perioperative analgesic strategy remains controversial. 
We investigated the effect of ultrasound-guided combined TPVB and ESPB (CTEB) for VATS.

 Material/Methods: A total of 120 patients scheduled for thoracic surgery were randomized to receive either ultrasound-guided 
TPVB, ESPB, or CTEB preoperatively. Postoperative analgesia was achieved with sufentanil patient-controlled 
intravenous analgesia. The primary outcome was the static pain score at 2 h after surgery.

 Results: The static pain score 2 h postoperatively was significantly different among the 3 groups. This difference was sta-
tistically significant for Group ESPB vs Group TPVB (P=0.004), but not for Group ESPB vs Group CTEB (P=0.767), 
or Group TPVB vs Group CTEB (P=0.117). Group TPVB exhibited the highest incidence of hypotension among 
the 3 groups. More patients experienced a sensory loss in Groups TPVB and CTEB 30 min after the block per-
formance. Patients receiving CTEB exhibited a lower incidence of chronic pain 6 months postoperatively than 
those in Group ESPB.

 Conclusions: CTEB does not enhance the analgesic effect of ESPB in patients undergoing VATS; however, it may induce a 
faster sensory loss after nerve block and reduce the incidence of postoperative chronic pain compared with 
ESPB. CTEB may also help to reduce the incidence of intraoperative hypotension compared with TPVB.
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Background

Video-assisted thoracic surgery (VATS) has been used as a pre-
ferred alternative to thoracotomy because of its lower inva-
siveness, better quality of life, and shorter hospital stay [1,2]. 
However, patients still experience moderate-to-severe pain in 
the immediate postoperative period, which limits the respira-
tory effects and increases the risk of respiratory complications. 
Regional anesthesia techniques play an important role in mul-
timodal analgesia in VATS. However, the optimal perioperative 
analgesic strategy remains controversial [3,4].

Thoracic paravertebral block (TPVB) is a regional anesthetic 
technique in which local anesthetic (LA) is administered in-
side the thoracic paravertebral space (TPVS), which contains 
the intercostal spinal nerves, spinal dorsal rami, rami commu-
nicants, sympathetic chain, intercostal vessels, and fatty tis-
sue [5]. It has been reported that a single injection of TPVB can 
cover 3 to 6 dermatomal levels [6,7] and provide adequate an-
algesia for thoracic surgery. However, injection at a single site 
usually results in a large volume of LA at one vertebral level. 
TPVS is continuous with the epidural and intercostal spaces. 
A large volume of LA in the TPVS can increase the risk of epi-
dural spread of LA, leading to sympathetic blockade complica-
tions, specifically hypotension [8-10]. Recently, the erector spi-
nae plane block (ESPB), in which the LA is injected below the 
erector spinae muscle, has been reported as a valuable meth-
od for postoperative thoracic analgesia, with a better safety 
margin [11-13]. It can achieve blockade of the thoracic nerve 
roots in the TPVS without actual injection of LA directly into 
this space [11]. Nevertheless, the mechanism of pain relief is 
not completely understood, and the analgesia exhibits wide 
variation [11,14].

Combined regional block techniques have been demonstrat-
ed to be effective and safe in cardiothoracic anesthesia, such 
as the combined serratus anterior plane block and transverse 
thoracic muscle plane block for coronary artery bypass surgery 
[15] and the combined deep and superficial serratus anterior 
plane block for VATS [16]. Accordingly, we hypothesized that 
if TPVB and ESPB are combined, the needle path to the TPVS 
could potentiate the diffusion of LA reserved in the erector spi-
nae plane (ESP), and the diffusion of LA in the TPVS and ESP 
would enhance the certainty of analgesia and decrease the ad-
verse effect of nerve block. Therefore, we designed a random-
ized controlled double-blind trial to determine the postopera-
tive analgesic efficacy of combined TPVB and ESPB (CTEB) in 
comparison to single TPVB or ESPB in patients undergoing uni-
lateral VATS. Also, the local anesthetic distribution was evalu-
ated by magnetic resonance imaging (MRI). The primary out-
come was the static pain intensity assessed using the numeric 
rating scale (NRS) at 2 h after surgery. We hypothesized that 
CTEB would reduce the postoperative pain intensity compared 

with the ESPB, with lower sympathetic blockade complications 
in comparison with TPVB.

Material and Methods

Ethics Statement

This study was approved by the Ethics Committee of the Second 
Affiliated Hospital of Anhui Medical University (No: YX2020-
070), and written informed consent was obtained from all pa-
tients participating in the trial. The trial was registered prior 
to patient enrollment in the Chinese Clinical Trial Register at 
http://www.chictr.org.cn (ChiCTR2000037688; principal inves-
tigator: Ye Zhang, date of registration: August 30, 2020). This 
prospective randomized controlled trial was conducted in the 
Second Affiliated Hospital of Anhui Medical University from 
October 2020 to July 2021. This article was in accordance with 
the Consolidated Standards of Reporting Trials (CONSORT) 
guidelines [17].

Participants

Patients undergoing elective unilateral VATS with 2 trocar ports 
were enrolled in this study. The ports were made at the fourth 
or fifth, and seventh intercostal levels. A chest drain was insert-
ed before skin closure at the lower port. The inclusion criteria 
were age between 18 and 65 years and American Society of 
Anesthesiologists physical status I to III. The exclusion criteria 
were body mass index >30 kg/m2, coagulopathy, history of opi-
ate abuse, pre-existing chronic pain, allergy to local anesthetics 
or analgesics, infection at the site of injection, mental or neuro-
logical disorders, and operation converted to open thoracotomy.

Randomization and Blinding

Patients were randomly allocated to receive either ultrasound-
guided TPVB (TPVB group), ESPB (ESPB group), or the combined 
TPVB and ESPB (CTEB group) by computer software in a random 
group allocation of 1: 1: 1. An assistant prepared the random-
ization list and concealed group assignments in consecutively 
numbered, sealed, opaque envelopes. Thereafter, he was no 
longer involved in the study. A consultant anesthesiologist (Y. 
L.) who was unaffiliated with following management opened 
the envelopes shortly before the nerve block performance to 
reveal the group allocation and then performed the procedure 
according to the assignment. To ensure blinding, all patients 
received the block performance under midazolam-induced se-
dation and the ultrasound images were not shown to the pa-
tients. Therefore, patients were masked to their group alloca-
tion. Outcome assessors and clinical staff were also blinded 
to the intervention. Unmasking did not occur until statistical 
analysis was complete.

e940247-2
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhang L. et al: 
Combined TPVB and ESPB for VATS

© Med Sci Monit, 2023; 29: e940247
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Regional Anesthesia Techniques

After arrival in the pre-anesthesia room, intravenous (i.v.) access 
was established and premedication (midazolam 0.02 mg/kg 
i.v.) was administered to patients. Vital parameters, including 
heart rate, electrocardiogram, blood pressure, and pulse oxime-
try, were monitored throughout the procedure. All blocks were 
performed with a 22-gauge block needle, using the same ultra-
sound machine (SonoSite Edge; SonoSite, Inc., Bothell, WA, USA) 
and linear ultrasound transducer (SonoSite HFL 50×; SonoSite, 
Inc.). All patients were placed in a lateral decubitus position, 
and the needle was inserted at the level of the T5 transverse 
process using an ultrasound-guided approach. According to a 
previous study in which total volume of 25 mL of 0.5% ropi-
vacaine was injected in the TPVS [18], all patients received an 
equal volume and concentration of ropivacine.

TPVB and ESPB were performed as previously described [11,19], 
and 25 mL of 0.5% ropivacaine was injected into the TPVS and 
ESP, respectively. For CTEB (Video 1), the linear probe was 
placed on the patient in a longitudinal position at approximate-
ly 3 cm lateral to the midline. The tip of the T5 transverse pro-
cess, overlying the erector spinae muscle, apex of the TPVS, 
and pleura were identified. A 22-gauge block needle was in-
serted using an out-of-plane technique. After the needle tip 
was advanced beyond the superior costotransverse ligament, 
0.5 to 1 mL of normal saline was injected to confirm the cor-
rect needle tip position by the displacement of the pleura, and 
then 5 mL of 0.5% ropivacaine was injected. Subsequently, the 
needle was withdrawn and adjusted to come in contact with 
the tip of the T5 transverse process. Correct needle tip po-
sition was confirmed by hydro-dissection by visualizing the 
linear spread of the fluid that lifted the erector spinae mus-
cle off the transverse process (Figure 1). Then, 20 mL of 0.5% 
ropivacaine was injected in a cranial-to-caudal direction into 
the ESP. The sensory blockade was tested using a cold test, 
in comparison with the contralateral dermatomes from T5 in 
the midclavicular line, extending over the anterolateral tho-
racic wall in a cranial and then in a caudal direction 30 min 
after the completion of all blocks.

MRI Investigation

Thirty minutes after nerve block, MRI was performed in 9 pa-
tients (3 patients in each group). The distribution pattern of 
the LA was evaluated by analyses of T2-weighted, fluid-sensi-
tive images in the axial and sagittal planes. Starting at the T5 
puncture level, the axial T2-weighted sequences were analyzed 
in the cranial and caudal directions to evaluate the distribution 
of the LA in the axial planes. The sagittal plane images were 
analyzed in the cranial and caudal directions from C1 to L5.

General Anesthesia Management and Postoperative Pain 
Assessment

After nerve block, patients were transferred to the operating 
room and received general anesthesia with standardized mon-
itoring. General anesthesia was induced with propofol (1-2 
mg/kg), sufentanil (0.6 μg/kg), and rocuronium (0.6 mg/kg), 
and a double-lumen tube was placed. Anesthesia was main-
tained with continuous infusion of propofol and remifentanil. 
The patients’ heart rate and mean arterial pressure were re-
corded continuously. Flurbiprofen (50 mg) and dexamethasone 
(10 mg) were administered i.v. during skin closure to prevent 
postoperative pain and postoperative nausea and vomiting. 
After extubation in the operation room, all patients were trans-
ferred to the Anesthesia Intensive Care Unit (AICU) for recovery.

Patients received regular analgesia with flurbiprofen 50 mg 
per 8 h in the AICU. Additionally, i.v. patient-controlled analge-
sia with sufentanil (bolus dose of 0.06 μg/kg and lockout in-
terval of 15 min, without background infusion) was initiated if 
the NRS (0=no pain, 10=maximum pain imaginable) was ³4 or 
upon the patient’s request. An AICU nurse, blinded to the pro-
tocols, recorded postoperative pain at rest and during cough-
ing, using the NRS at 0.5, 2, 4, 8, 12, and 24 h after surgery. 
The postoperative nausea and vomiting score was assessed 
using a 4-point scale (0=no nausea or vomiting, 1=nausea 
but vomiting, 2=vomiting 1 to 3 times, and 3=vomiting more 
than 4 times) [20]. Patients rated their overall satisfaction with 
pain management using the following scores: 1=very dissat-
isfied, 2=dissatisfied, 3=satisfied, and 4=very satisfied at dis-
charge from the hospital [21]. Postoperative length of hospi-
tal stay and chest tube removal time were obtained from the 
electronic medical records.

Video 1.  The procedure of combined thoracic paravertebral block 
and erector spinae plane block.
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At 6 months after thoracic surgery, the intensity of the pa-
tients’ average pain during the previous week was assessed 
by a telephone interview with the following questions [22,23]: 
(1) “Do you currently have pain related to your thoracic sur-
gery?” and (2) “Please rate your thoracic surgery pain only 
by indicating the number that best describes your average 
pain in the last 1 week using the NRS (0 to 10; 0=no pain and 
10=worst possible pain).” Chronic postoperative pain was de-
fined as NRS pain scores ³1.

Outcomes

The primary outcome was the static NRS score at 2 h after 
surgery. The secondary outcomes were NRS scores and opioid 
consumption during the first 24 h after surgery, the number 
of patients who reported sensory loss 30 min after the com-
pletion of nerve block, time to first rescue opioid, postopera-
tive nausea and vomiting score, heart rate and mean arterial 
pressure values during surgery, and incidence of complications 
such as hypotension (defined as the systolic blood pressure <90 
mmHg or more than 20% decline from the baseline) [24] and 
postoperative pulmonary complications, which were assessed 
using the Melbourne Group Scale [25]. The incidence of chron-
ic postoperative pain was recorded at 6 months after surgery.

Sample Size Calculation and Statistical Analysis

Based on the results of our pilot study, in which the mean 
NRS score at 2 h after surgery was 1.33±0.82 for the TPVB 
group, 3.50±2.43 for the ESPB group, and 3.00±1.26 for the 
CTEB group, the sample size was calculated based on the pri-
mary outcome of NRS score at 2 h after surgery using PASS 
V.15.0 (PASS, NCSS, USA) for Windows. One-way analysis of 
variance (ANOVA) was chosen as the statistical test method 
in the PASS software. Group allocation ratios were equal. At 
a power of 0.90 and an alpha error level of 0.05, to account 
for 20% loss to follow-up, the required sample size for each 
group was calculated as 37. Additionally, since 3 patients in 
each group were required to undergo MRI examinations, a to-
tal of 40 patients per group were required. Thus, a total of 120 
participants were needed for the study.

All statistical analyses were performed using SPSS (version 
24.0; IBM, New York, USA) and GraphPad Prism 8 (GraphPad 
Software, La Jolla, California, USA). The Kolmogorov-Smirnov 
test was used to test the normality of the continuous variables. 
Normally distributed data are expressed as means±standard 
deviation, and abnormal data are expressed as medians [in-
terquartile range]. Inter-group differences were assessed for 
significance using the ANOVA or Kruskal-Wallis tests, as ap-
propriate, followed by the Bonferroni correction. Categorical 

Intertransverse ligament

Pleura Intertransverse connective
tissue

Super costotransverse
ligament

Thoracic paravertebal
space

Trapezius

Rhomboideus

Erector spinae

TP6

Rib6

TP5

Rib5

Local anesthetic

Figure 1.  A schematic illustration of ultrasound guided combined thoracic paravertebral block and erector spinae plane block 
(CTEB). Illustration of sagittal section at level T5/T6 at approximately 3 cm lateral to the midline, depicting the trajectory 
of the needle and tip location. The needle path may form a mini-tunnel that would potentiate the penetration of injectate 
to thoracic paravertebral space from the erector spinae place, which contains a large volume of injectate, through the 
intertransverse ligament, intertransverse connective tissue, and super costotransverse ligament. (Microsoft PowerPoint 
2019MSO, version 2303, Microsoft Corporation).
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variables were expressed as numbers (percentages), and in-
ter-group differences were assessed using the chi-squared or 
Fisher exact tests in cases of expected frequency <5.

The repeatedly measured NRS scores were analyzed using a 
linear mixed model including all postoperative time points to 
evaluate the interaction between the NRS score over time and 
the intervention technique. This model included time as a re-
peated effect with an autoregressive 1 covariance structure. 
Intervention, time, and intervention-by-time interaction were 
set as the fixed effects, and postoperative pain scores were 
included as covariates. The time to first rescue analgesic ad-
ministration was analyzed using Kaplan-Meier survival anal-
ysis followed by the log-rank test, with adjustment for multi-
ple comparisons. Repeated measures ANOVA with Bonferroni 
correction was used for mean arterial pressure and heart rate 
data. The nature of the hypothesis testing was 2-tailed, and 
P<0.05 was considered statistically significant.

Results

Patient Characteristics

The CONSORT flow diagram of study enrolment is presented 
in Figure 2. A total of 120 patients were allocated random-
ly into this trial. Nine patients were not analyzed for mea-
surement, since the incision time was delayed due to the MRI 
scanning. There were no significant differences between the 
3 groups with regard to the baseline characteristics and clin-
ical variables (Table 1).

NRS	Score	Assessments

The linear mixed model showed that patients receiving ESPB had 
a significant higher NRS score than patients receiving TPVB at 
rest, at 0.5 and 2 h after surgery (mean difference=1.1, 95% con-
fidence interval [CI] 0.4 to 1.7, P<0.001; mean difference=0.8, 95% 
CI 0.2 to 1.5, P=0.004, respectively). There were no significant dif-
ferences in the static NRS scores 2 h after surgery between the 
CTEB and TPVB groups (mean difference=0.5, 95% CI -0.1 to 1.2, 

Assesed for eligibility (n=127)

Excluded (n=7)
• Pre-existing chronic pain (n=2)
• Declined to participate (n=3)
• Neurological disorders (n=2)

Allocated to TPVB group (n=40)
Received allocated intervention (n=40)
Did not receive allocated intervention (n=0)

Allocated to ESPB group (n=40)
Received allocated intervention (n=40)
Did not receive allocated intervention (n=0)

Allocated to CTEB group (n=40)
Received allocated intervention (n=40)
Did not receive allocated intervention (n=0)

Randomized (n=120)

Analyzed for primary outcome (n=37)
• Excluded for receiving MRI (n=3)

Analyzed for primary outcome (n=37)
• Excluded for receiving MRI (n=3)

Analyzed for primary outcome (n=37)
• Excluded for receiving MRI (n=3)

Enrollment

Allocation

Analysis

Analyzed for chronic postoperative pain at six
month (n=33)
• Excluded for not answering telephone
   visit  (n=4)

Analyzed for chronic postoperative pain at six
month (n=33)
• Excluded for not answering telephone
   visit  (n=4)

Analyzed for chronic postoperative pain at six
month (n=36)
• Excluded for not answering telephone
   visit  (n=1)

Postoperative chronic pain follow-up

Figure 2.  CONSORT flow diagram. CONSORT – Consolidated Standards of Reporting Trials; CTEB – combined thoracic paravertebral 
block and erector spinae plane block; ESPB – erector spinae plane block; TPVB – thoracic paravertebral block. (Microsoft Word 
2019MSO, version 2303, Microsoft Corporation).
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P=0.117), and no significant differences were observed at other 
time points in the first 24 h after surgery. The static NRS scores at 
2 h after surgery were comparable between the ESPB and CTEB 
group (mean difference=0.3, 95% CI -0.2 to 1.5, P=0.767). In terms 
of the NRS scores on coughing, the ESPB and CTEB groups had 
significantly higher NRS scores than the TPVB group at 0.5 h after 
surgery (mean difference=1.6, 95% CI 0.8 to 2.3, P<0.001; mean 
difference=1.2, 95% CI 0.4 to 2.0, P=0.001, respectively), and at 2 
h after surgery (mean difference=1.1, 95% CI 0.4 to 1.9, P=0.001; 
mean difference=1.0, 95% CI 0.3 to 1.8, P=0.004, respectively). 
There were no significant differences in the NRS scores among 
the 3 groups from 8 h to 24 h after surgery (Figure 3).

Perioperative Measurements and Chronic Pain Assessment

Significantly more patients in the TPVB and CTEB groups pre-
sented with a sensory loss 30 min after the completion of 
nerve block than did those in the ESPB group (78.4% in the 
TPVB group, 78.4% in the CTEB group vs 37.8% in the ESPB 
group, both P=0.001; Table 2). Patients receiving TPVB con-
sumed a lower amount of remifentanil than those receiv-
ing ESPB and CTEB ([0.15±0.06] vs [0.21±0.06] μg·kg–1·min–1, 
P<0.001; [0.15±0.06] vs [0.20±0.05] μg·kg–1·min–1, P=0.001; 
Table 2), and exhibited a higher incidence of hypotension dur-
ing surgery (15/37 vs 2/37 patients, P<0.001; 15/37 vs 3/37 

Parameters
TPVB group

(n=37)
ESPB group

(n=37)
CTEB group

(n=37)
P value

Age (year) 51.9±10.2 48.5±13.0 53.0±12.0 0.239

Male/Female 17/20 20/17 13/24 0.260

BMI (kg/m2) 24.0±3.1 23.7±2.4 23.5±2.9 0.763

ASA, (I/II) 9/28 10/27 11/26 0.872

Type of surgery 0.342

 Bullectomy  3 (8.0%)  5 (13.5%)  4 (10.8%)

 Segmentectomy  20 (54%)  26 (70.2%)  23 (62.1%)

 Lobectomy  14 (37.8%)  6 (16.2%)  10 (27.0%)

Duration of surgery (min) 128.4±67.5 102.4±44.6 124.5±54.0 0.117

Table 1. Demographic data and clinical variables.

Data are presented as mean±standard deviation, number. ASA – American Society of Anesthesiologists; BMI – body mass index; 
CTEB – combined thoracic paravertebral block and erector spinae plane block; ESPB – erector spinae plane block; TPVB – thoracic 
paravertebral block.
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parts show the mean±standard deviation at the following time points: baseline, incision, and 5 min, 10 min, and 15 min after 
incision, and at skin closure. Repeated measures ANOVA are used and P values are corrected using Bonferroni correction 
(adjusted by multiplication by number of tests). (A) The changes in MAP were relative to interaction of groups and time 
(P<0.001), and pairwise comparisons were performed. & P<0.05 between the ESPB and TPVB group, * P<0.05 between the 
CTEB and TPVB group; # P 0.05 between the TPVB and CTEB group. (B) The changes in HR showed a significant difference 
only in relation to time (P<0.001). ANOVA – one-way analysis of variance; CTEB – combined thoracic paravertebral block 
and erector spinae plane block; ESPB – erector spinae plane block; TPVB – thoracic paravertebral block. (GraphPad Prism 8 
software, La Jolla, California, USA).

Parameters
TPVB group

(n=37)
ESPB group

(n=37)
CTEB group

(n=37)
P value

Preoperative sensory loss, n (%)  29 (78.4%)a  14 (37.8%)  29 (78.4%)a <0.001

Intraoperative parameters

 Propofol consumption (μg·kg–1·min–1) 56.9±9.5 59.4±13.4 57.2±11.9 0.615

 Remifentanil consumption (μg·kg–1·min–1) 0.15±0.06 0.21±0.06b 0.20±0.05b <0.001

  Hypotension, n (%)  15 (40.5%)  2 (5.4%)b  3 (8.1%)b <0.001

Postoperative parameters

 Time to extubation (min) 7.4±4.1 7.2±4.8 6.3±3.5 0.503

 Sufentanil consumption (μg/kg) 0.18 [0.03-0.45] 0.30 [0.09-0.57] 0.24 [0.09-0.45] 0.482

  Analgesia satisfaction score 3.2±0.7 3.1±0.7 3.2±0.7 0.751

  PONV (0/1/2/3), n 26/7/2/2 23/4/4/6 20/7/6/4 0.459

  Chest tube duration (d) 3.4±1.5 3.3±1.4 3.5±1.2 0.722

 Length of hospital stay (d) 5.4±1.6 5.5±1.5 5.8±1.4 0.481

 PPCs, n (%)  0 (0)  1 (2.7%)  2 (5.4%) 0.772

 Chronic pain at 6 months, n (%)  8/33 (24%)  12/33 (36%)c  4/36 (11%) 0.047

Table 2. Secondary outcomes.

Data are represented as mean±standard deviation, median [25%-75%] or number (%). CTEB – combined thoracic paravertebral block 
and erector spinae plane block; ESPB – erector spinae plane block; PONV – postoperative nausea and vomiting; PPCs – postoperative 
pulmonary complications. TPVB – thoracic paravertebral block. a Adjusted P<0.01 vs group ESPB; b adjusted P<0.01 vs group TPVB; 
c adjusted P<0.05 vs group CTEB.
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patients, P=0.003; Table 2). Parameters of mean arterial pres-
sure and heart rate are shown in Figure 4. The Kaplan-Meier 
curve for the time to the first opioid administration is shown 
in Figure 5. The time to first opioid administration was lon-
ger in the TPVB group than in the ESPB and CTEB group (444 
[128-1437] vs 120 [23-744] min, P=0.039; 444 [128-1437] vs 
114 [33-552] min, P=0.015). There were no significant differ-
ences in these parameters between the ESPB and CTEB groups. 
Furthermore, there were no significant differences among the 
3 groups in terms of cumulative opioid consumption at 24 h 
after surgery, analgesia satisfaction score, postoperative nau-
sea and vomiting score, time to chest tube removal, length 
of hospitalization, and incidence of pulmonary complications 
after surgery (Table 2). Nine patients lost contact during the 
6-month follow-up. Patients in the CTEB reported a lower in-
cidence of chronic pain than those in the ESPB group (4/36 vs 
12/33, P=0.039, Table 2).

LA Spread Pattern via MRI

Figure 6 shows the MRI images of injectate spread of the 
TPVB, ESPB, and CTEB (Figure 6A-6C) and the vertebral levels 
of LA diffusion via the sagittal plane of MRI and the axial dis-
tribution of LA in each patient (Figure 6D). In the axial plane 
of the MRI, the injectate was detected inside the TPVS and 
intercostal space when the patients received a single TPVB 
(Figure 6A). The injectate was only detected inside the erec-
tor spinae muscle when the patients received a single ESPB 

(Figure 6B), while the injectate was detected inside the TPVS 
and erector spinae muscle at the level of T5 and was present 
in the intercostal space and neural foramen (Figure 6C) after 
CTEB. In the sagittal plane images, LA distribution was main-
ly confined to the thoracic vertebral levels when patients re-
ceived TPVB or ESPB, while the LA was detected from C7 to 
L1 in patients receiving CTEB. For the axial distribution, the 
LA was detected inside the TPVS and the intercostal space in 
the TPVB group, inside the erector spinae muscle in the ESPB 
group, and inside the erector spinae muscle, TPVS, and inter-
costal space in the CTEB group (Figure 6D).

Discussion

The main finding of this study is that TPVB provided superi-
or analgesia for the patients undergoing VATS compared with 
ESPB and CTEB. CTEB did not enhance the analgesic compared 
with ESPB; however, it reduced the incidence of hypotension 
compared with TPVB. Furthermore, our data reveal that more 
patients receiving TPVB and CTEB experienced a sensory loss 
30 min after nerve block, and CTEB exhibited an advantage of 
lower incidence of postoperative chronic pain than did ESPB.

TPVB has been considered a well-established and criterion stan-
dard technique to provide analgesia for pain control and opi-
oid sparing after thoracic surgery [26,27]. However, the TPVS 
communicates with the intercostal space in a lateral direction, 
the epidural space via the intervertebral foramina, and the con-
tralateral TPVS via the pre-vertebral and epidural space [5]. 
Thus, the spread of LA solution inside the TPVS is mostly un-
certain. A volunteer study has presented evidence of epidural 
spread of LA via MRI in 25% of TPVB. The epidural spread of 
LA was also found in cadaver studies, in which proportions of 
paravertebral administered fluid was detected in the epidural 
space [28]. Therefore, hypotension cannot be totally avoided 
in patients receiving TPVB [3,10]. ESPB has been reported as a 
valuable indirect TPVB method for thoracic analgesia [11,12]. 
The LA is injected below the erector spinae muscle and is ex-
pected to extend to the paravertebral space gradually, act-
ing on both the ventral and dorsal rami of the spinal nerves 
[11,29]. Since the ultrasonographic landmark of the transverse 
process is the endpoint for needle advancement and distant 
from the pleura, ESPB can be performed more easily and safe-
ly. However, the erector spinae is a bundle of muscles and ten-
dons, and the interspace of the transverse process is bound-
ed by intertransverse connective tissues. Individual anatomical 
variations can lead to different penetration of the LA, which 
makes ESPB unpredictable, and sometimes only partial success 
is achieved [30]. In the present study, patients receiving ESPB 
reported significantly higher static pain scores at 0.5 h and 2 
h after VATS, which is consistent with the previous study that 
the ESPB group demonstrated higher static pain scores than 
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Figure 5.  Kaplan-Meier survival curve representing the time 
to first opioid administration. P=0.041 comparing 
all groups using a global test; P=0.015 between the 
CTEB group and TPVB group; P=0.039 between the 
ESPB group and TPVB group. There was no significant 
difference between the CTEB group and ESPB group 
(P=0.805). CTEB – combined thoracic paravertebral 
block and erector spinae plane block; ESPB – erector 
spinae plane block; TPVB – thoracic paravertebral 
block. (GraphPad Prism 8 software, La Jolla, California, 
USA).
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the TPVB group at 1, 2 and 24 h after VATS [31]. The combi-
nation of different regional anesthesia techniques has been 
investigated and applied successfully in different study set-
tings. The combination allows LA acting in different planes, 
providing a synergistic action and compensating for potential 
failures in one of these blocks, thus enhancing pain relief af-
ter surgery [15,16,32,33]. For this reason, we performed the 
TPVB first and then performed the ESPB subsequently, such 
that the needle path could form a mini-track that potentiated 
the spread of the LA from the ESP to TPVS. In our MRI study, 
the LA distribution was limited to the ESP 30 min after ESPB. 
However, LA was observed inside the TPVS and ESP after CTEB, 
and patients in the CTEB group reported comparable static 
NRS scores to those in the TPVB group in the first 24 h after 
surgery. In contrast to our expectations, CTEB did not provide 
a comparable analgesia to that of TPVB at coughing immedi-
ately after surgery. Since a previous study demonstrated that 
continuous ESPB exhibited a similar analgesia on movement 

after VATS compared with TPVB [31], the CTEB catheteriza-
tion may be performed to evaluate the coughing pain control 
in our future study.

We found that sensory loss was elicited in more patients in 
the TPVB and CTEB groups 30 min after nerve block perfor-
mance. That may be due to the perineural infiltration in the 
TPVS, which leads to a quick nerve block, and accurate de-
position close to targets of interest may enhance the nerve 
block [34]. Meanwhile, we detected an extensive distribution 
of LA via MRI. In terms of CTEB, we speculated that the large 
volume of LA in the ESP could act as a reservoir and spread to 
the TPVS from the needle path over time and prolong the du-
ration of block. However, the time to the first rescue analgesic 
administration was not shortened in the CTEB group when com-
pared to that in the TPVB group, although it was comparable 
to that in the ESPB group. Thus, the spread of the LA through 
the needle path may not act as fast as we expected. It is worth 

Figure 6.  Axial MRI image of the spine showing the injectate spread after TPVB (A), ESPB (B), CTEB (C), and cranio-caudal spread of LA 
diffusion in the sagittal plane at intercostal space (ICS), thoracic paravertebral space (TPVS) and erector spinae muscle (ESM) 
in each patient (D). (A) Axial view of T5 vertebra, injectate dispersed into the ICS and TPVS in TPVB. (B) The injectate spread 
within the ESM in ESPB. (C) In CTEB, injectate was seen spreading to the ICS, the neural foramen, and the ESM at T5. (D) The 
LA distribution was mainly confined to the thoracic vertebral levels when patients received TPVB or ESPB. While the LA was 
detected from C7 to L1 in patients receiving CTEB. CTEB – combined thoracic paravertebral block and erector spinae plane 
block; ESPB – erector spinae plane block; LA – local anesthetic; TPVB – thoracic paravertebral block. (Microsoft PowerPoint 
2019MSO, version 2303, Microsoft Corporation; Adobe Acrobat Pro DC, version 2015, Adobe Systems Inc.).
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noting that patients receiving CTEB had a lower incidence of 
chronic pain 6 months after surgery than those in the ESPB 
group. This may be the great advantage of CTEB, since more 
LA may spread to the TPVS, which benefits the analgesia and 
prevents the chronic pain. However, in addition to postoper-
ative acute pain, other factors like surgery-related (nerve in-
jury) and psychological factors are also important risk factors 
for developing chronic pain after surgery [35]. Therefore, fur-
ther studies are needed to accurately assess the effects and 
mechanisms of the action.

The patients in the TPVB group used the least amount of remi-
fentanil, which may have resulted from the more potent anal-
gesic effect of TPVB. However, 15 patients in the TPVB group 
were treated with an i.v. vasopressor for intraoperative hy-
potension, while this occurred in only 2 and 3 patients in the 
ESPB and CTEB groups, respectively. This could have resulted 
from sympathetic blockage of TPVB, which has led to investi-
gations on an indirect TPVB approach to reduce the adverse 
effects, such as the ESPB, retrolaminar block [21,36], and CTEB 
in the present study.

This study had some limitations. First, we performed MRI in 
only 3 patients in each group, and this may not be enough to 
account for the differential diffusion of the LA. Further research 
with a large sample size is required to evaluate the distribu-
tion of local anesthetic via MRI after combined nerve blocks, 
which would further reflect the patient-based variability of 
LA diffusion. However, data of MRI should also be interpreted 
with caution, because it is a non-dynamic method of investi-
gation and, therefore, only conclusions regarding the spread of 
LA at the time of MRI investigation can be drawn [5]. Second, 
the primary outcome, the NRS, is not an objective indicator; 
therefore, it can affect the efficacy of evaluation. Third, nerve 
blocks were used as part of a multimodal analgesia regimen, 
which could potentially affect the results of analgesia. However, 
in current clinical practice, most peripheral nerve blocks are 

used as part of multimodal analgesia; thus, we considered it 
desirable to compare these blocks in real-world clinical prac-
tice. Moreover, we did not measure the procedure time, dis-
comfort score of patients, accurate onset time of each nerve 
block, or the characteristics of chronic pain.

Conclusions

In summary, we found that CTEB does not improve the analge-
sic effect of ESPB in patients undergoing VATS; however, it may 
induce a faster sensory loss after nerve block and reduce the in-
cidence of postoperative chronic pain compared with ESPB. The 
CTEB may also help to reduce the incidence of intraoperative 
hypotension compared with TPVB. Further research is required 
to evaluate the efficacy and safety of CTEB in clinical practice.
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