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Purpose: Ultrasound-guided thoracic paravertebral block (TPVB) is an established means 
for providing postoperative analgesia in thoracic surgery. However, there are conflicting 
results regarding the efficacy of post-thoracotomy pain management of ultrasound-guided 
TPVB when compared with that using traditional landmark approach. We therefore con-
ducted a comparative study to evaluate the analgesic efficacy of TPVB when pressure 
measurement during needle advancement is combined with an ultrasound-guided approach.
Patients and Methods: The patients scheduled for lobectomy through thoracotomy were 
randomly allocated to receive either the ultrasound-guided approach only group (U group) or the 
ultrasound-guided approach combined with pressure measurement group (UP group) (n = 36 per 
group). Before thoracic muscle closure, 0.375% ropivacaine (20 mL) was administered as 
a bolus, followed by a continuous infusion of 0.2% ropivacaine (0.1 mL/kg/hr) in both groups. 
Postoperative pain was assessed using the visual analogue scale (VAS) pain score while resting 
and coughing. Local anesthetics and pethidine usage and sensory block area were also evaluated.
Results: The UP group showed significantly lower VAS scores, local anesthetics and 
pethidine usage, and a wider sensory block area than the U group.
Conclusion: A combined technique with ultrasound guidance and pressure measurement 
provided a superior analgesic effect over that of an ultrasound-guided approach alone for the 
management of post-thoracotomy pain.
Keywords: postoperative analgesia, pressure measurement, thoracic surgery, ultrasound- 
guided, visual analogue scale

Introduction
Thoracotomy, among the most painful surgical procedures, causes severe chest pain 
and impaired respiratory performance in the post-surgical period. Thoracic para-
vertebral block (TPVB) is an established method for providing postoperative 
analgesia for thoracic procedures. This method has been shown to provide pain 
control comparable to that obtained using epidural analgesia but with fewer side 
effects.1–3 TPVB can be performed using multiple methods including the classic 
landmark-based approach, neuro-stimulation, and ultrasound-guided approaches. 
Recent reports have shown that an ultrasound-guided approach is a preferred 
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method due to easy visualization and accurate puncture of 
the paravertebral space (PVS). However, the sonographic 
window is limited and often precluding optimal paraver-
tebral space image acquisition while the needle is 
inserted.4,5 An ultrasound-guided paravertebral approach 
in human cadavers showed that 6% of needle tips were not 
at the target5 and catheter insertion was repeated in 20% of 
the instances.6 A previous clinical study also revealed that 
the application of ultrasound-guided paravertebral block 
was unsuccessful in 5–10% of cases.7 This failure rate is 
similar to the rate observed in paravertebral block using 
the classic landmark technique.8,9 A substantial improve-
ment in reliability is needed, and thus, we devised the 
pressure measurement method during needle advancement 
of TPVB. This technique was first demonstrated by 
Richardson et al during TPVB using the classic landmark 
method.10 They showed that the pressure suddenly 
decreases when the superior costo-transverse ligament is 
breached by the needle due to the respiratory cycle. 
Therefore, pressure measurement during needle advance-
ment can provide an objective method for correct para-
vertebral space localization.

In this study, we investigated whether postoperative 
analgesia for thoracotomies could be improved when pres-
sure measurement during needle advancement is combined 
with TPVB using an ultrasound-guided-approach.

Patients and Methods
This study was approved by the Yeungnam University 
Hospital Institutional Review Board (YUMC 2018–09- 
023) and was registered in a clinical trial registry 
(NCT03868917) before recruitment of the first subject. 
Patients who were scheduled to undergo thoracotomy for 
lung lobectomy were invited to participate and provided 
written informed consent. Participants receiving American 
Society of Anesthesiologists Physical Status Classification 
I–II were randomly assigned to either the ultrasound-guided 
approach-only group (U group) or the ultrasound-guided 
approach combined with pressure measurement group (UP 
group) for postoperative analgesia. Group assignment was 
performed through computer-generated randomization. The 
exclusion criteria were as follows: inability to provide ade-
quate informed consent, unstable vertebral and transverse 
process fractures, any chronic painful conditions or preo-
perative opioid use, coagulation abnormalities, allergy to 
any of the drugs used in the study protocol, infection at the 
injection site, younger than 18 years or older than 85 years, 

presence of comorbid conditions such as sepsis, unstable 
angina, congestive heart failure, or patient refusal.

Standard monitoring including noninvasive arterial 
blood pressure (NIBP), electrocardiogram (EKG), pulse 
oximetry, and bispectral index (BIS) was performed. 
General anesthesia was induced with propofol and remi-
fentanil of target control infusion (TCI). Rocuronium was 
used to facilitate tracheal intubation. All patients were 
intubated with a double-lumen endobronchial tube and 
concentrations of remifentanil and propofol were adjusted 
to maintain systolic blood pressure changes of >20% from 
the initial values and target BIS values of 40–60. When 
systolic blood pressure fell below 20% of baseline, 4mg of 
ephedrine was injected. Patients were placed in the lateral 
decubitus position. Before thoracotomy, thoracoscopic 
intrathoracic inspection was performed in all patients 
according to the following procedure. First, a 5-mm port 
for the camera was inserted in the 7th intercostal space at 
the mid-axillary line. After confirming that there was no 
evidence of pleural dissemination, a thoracotomy was 
created in the 5th or 6th intercostal space using 
a posterolateral axillary approach. After completion of 
the thoracotomy, a chest tube was inserted in the 7th 
intercostal space through the camera port.

TPVB was performed in the intervertebral space corre-
sponding to the incision using an ultrasound machine 
(Hitachi healthcare, Prosound alpha 7, OH, USA) after 
patients were placed in the lateral decubitus position, but 
before initiation of the thoracotomy. In the U group, the 
needle entry site was 2.5 cm lateral to the midpoint of the 
spinous process of the corresponding thoracic vertebrae. 
A low-frequency 2–5 MHz curved array transducer was 
placed longitudinally to visualize the transverse processes, 
costotransverse ligament, and pleura. An 18-gauge Tuohy 
needle (B. Braun Medical, Inc., Perifix Continuous Epidural 
Anesthesia Set, Penang, Malaysia) was placed in the para-
vertebral space puncturing the costotransverse ligament 
using an in-plane approach under direct ultrasound gui-
dance. Normal saline (10 mL) was injected to prepare the 
space for catheter insertion, and the catheter was inserted to 
a depth of 3 cm beyond the tip of the needle. In the UP 
group, the paravertebral catheter was inserted in the manner 
that was previously described, and pressure was measured 
during needle advancement. A pressure transducer was 
connected through a saline-filled, non-compliant tube and 
a three-way tap to the proximal end of the Tuohy needle. 
Pressure was measured when the needle was advanced 
through the erector spinae muscle, and through the superior 
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costo-transverse ligament into the paravertebral space. 
Correct needle placement in the paravertebral space was 
confirmed by the decrease in the pressure. In both groups, 
the block was activated after the thoracic muscles were 
closed. Immediately after administering a bolus dose of 
0.375% ropivacaine (20 mL), continuous infusion of 0.2% 
ropivacaine was started at a rate of 0.1 mL/kg/hr in both 
groups. The bolus infusion volume was 3 mL and the lock-
out time was set to 30 minutes. In the postanesthesia care 
unit, the patients were instructed about the use of the visual 
analogue scale (VAS) pain score and PCA infuser. The 
patients were instructed to press the PCA button for 
a bolus injection if their self-reported pain score exceeded 
4 at rest. If pain did not subside 30 minutes after the bolus 
injection, pethidine 12.5 mg was administered intrave-
nously with the dose limited to 75 mg/day. Local analgesic 
infusion continued until 120 hours after surgery.

An anesthesiologist blinded to the group assignment of 
each patient evaluated the patients. Postoperative pain was 
assessed using VAS pain score at 1, 2, 4, 8, 12, 24, 36, 48, 
72, 96, and 120 hours after surgery while resting and 
coughing. The VAS consisted of a 100-mm line (0 mm, 
no pain; 100 mm, worst pain imaginable). Complications 
were checked concurrently. The complications included 
dizziness, sedation, nausea, vomiting, hypotension, 
hypoxia, epidural spread of the block and urinary reten-
tion. Urinary retention was classified as a bladder volume 
greater than 400 mL with the inability to void sponta-
neously. Single catheterization was performed. Bladder 
ultrasonography was undertaken for measuring bladder 
volume. Hypotension was an over 30% decrease from 
the mean arterial pressure just before arrival in the operat-
ing room. Local anesthetics usage data were obtained from 
PCA pump infusion records in the 120-hour period after 
surgery. Pethidine usage data were obtained from medical 
records. The patient’s sensory level was checked using 
a pinprick test at 2, 4, and 8 hours after surgery.

The primary outcome measure was the VAS pain score 
at rest 2 hours post-surgery. A minimum sample size of 32 
patients per group was required to determine a significant 
difference between the U and UP groups with a probability 
of type I error of 0.05 and a power of 80% based on our 
preliminary study. Estimating a dropout rate of 10%, we 
finally included 72 patients per group. Statistical analyses 
were performed with SPSS 21.0 (IBM, Armonk, NY, 
USA). The data are presented as numerical values, the 
mean (SD), or the median (range) where appropriate. 
Continuous variables were analyzed with an independent 

sample t-test. Ordinal and non-normally distributed vari-
ables were analyzed using a Wilcoxon rank-sum test. 
Nominal variables were analyzed using a chi-square test 
or Fisher’s exact test as applicable. P-values <0.05 were 
considered to statistical significance.

Results
Seventy-two patients scheduled for thoracotomy for lung 
lobectomy consented to participate in the study and were 
randomized into either the U group or the UP group (n=36 
for each group). Four patients in the U group were dis-
continued for the following reasons: disconnection of the 
block catheter (3 patients), and change in the surgical 
procedure (1 patient). In the UP group, four patients 
were excluded from the study for the following reasons: 
disconnection of the block catheter (2 patients), postopera-
tive occurrence of delirium (1 patient), and ICU transfer 
accompanied by sedation (1 patient). Figure 1 shows the 
CONSORT flow diagram for patients enrolled in the study.

We compared the baseline characteristics of the 
patients, duration of surgery and anesthesia, total dose of 
remifentanil during anesthesia, length of skin incision, and 
time required for catheter insertion and found no signifi-
cant differences between the groups (Table 1). The total 
consumption of PCA and additional analgesia (pethidine) 
in the UP group were lower than those in the U group 
(Table 1). In the sensory threshold tests, patients in the UP 
group exhibited significantly wider dermatomal distribu-
tions than those in the U group at both 2 and 8 h after 
surgery (Table 1). The pain scores (VAS) after surgery are 
shown in Tables 2 and 3. The mean VAS scores in the UP 
group were significantly lower than those in the U group at 
1, 2, 4, 8, and 12 hours during resting and at 1, 2, and 
4 hours during coughing. There was no significant differ-
ence between two groups in the incidence of dizziness, 
sedation, nausea, vomiting, hypotension, hypoxia, epidural 
spread of the block and urinary retention (Table 4).

Discussion
This study showed that VAS score was lower in the UP 
group than in the U group during 12 and 4 hours post-
operatively at rest and coughing, respectively. Further, the 
total usage of local anesthetics (PCA pump and additional 
pethidine injections) over 120 hours postoperatively was 
higher in the U group than in the UP group. Sensory 
distribution of TPVB was wider in the pressure measure-
ment group at 2, 4, and 8 hours post-operation.
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Postoperative pain after thoracotomy is very severe, and 
thus, adequate analgesia is required. If not, it can cause an 
increased stress response in patients and may further com-
promise pulmonary functions. Among the several post-
operative care such as thoracic epidural analgesia, nerve 
block, systemic opioid, epidural analgesia has been most 
widely used to control postoperative pain after thoracotomy. 

In addition to effective pain relief, thoracic epidural analge-
sia may provide favorable homeostatic conditions including 
endocrine and immune functions.11 Previous studies have 
suggested that epidural analgesia was superior to TPVB in 
the postoperative period,12,13 although the extent of sensory 
blockade was comparable. However, sympatholytic com-
plications such as hypotension, epidural hematoma, nerve 

Figure 1 CONSORT flow diagram for patients enrolled in the study. Group U is the ultrasound-guided approach-only group and Group UP is the ultrasound-guided 
approach combined with pressure measurement group for postoperative analgesia.
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injury, and even pulmonary compromise relating to respira-
tory muscle weakness can be significant drawbacks when it 
is applied. TPVB may avert these potentially serious pro-
blems or may be associated with fewer complications due to 
a unilateral segmental block.

Paravertebral regional anesthesia blocks the somatic and 
sympathetic nervous systems by injecting a local anesthetic 
(LA) into the PVS where the thoracic nerve and its branches 
are located after exiting the intervertebral foramen. PVS is 
medially connected to the epidural space through the inter-
vertebral foramen; therefore, LA into this space causes an 
analgesic equivalent to a unilateral epidural block. Given 
the advent and development of US guidance for TPVB, the 
ease and safety of this approach have contributed to 
increased clinical relevance. Under US guidance, more 
exact anatomical landmarks can be verified and accurate 
needle positioning and LA spread can be monitored in real 
time. Thus, TPVB could be a safer method than epidural 

analgesia with a lower risk of injury to the thoracic medulla. 
Moreover, unlike epidural analgesia, TPVB produces 
a primarily unilateral sensory block, which is preferable 
for unilateral surgery such as thoracotomy and breast sur-
gery. Biswas et al have shown the analgesic efficacy of 
TPVB13 and in a previous meta-analysis, the analgesic 
effects of TPVB were comparable to those obtained using 
thoracic epidural analgesia, with fewer complications.14 

Therefore, TPVB is a reliable block and may be a proper 
alternative in patients undergoing thoracotomy, especially 
in cases in which a unilateral sensory block is required.

Although an ultrasound-guided approach produces real 
visualization of anatomical landmarks and the inserted needle, 
there are conflicting findings related to the efficacy of post- 
thoracotomy pain management of TPVB for lung surgery in 
comparison with those of thoracic epidural analgesia.15,16 The 
studies in human cadavers and human patients also showed 
that the application of ultrasound-guided TPVB was unsuc-
cessful in 4–7% of cases.4–7 A potential explanation for the 
unsuccessful results is the technical difficulty, even under 
ultrasound guidance, that can occur with potential image loss 
when the needle tip is advanced to the adjacent transverse 
process.4,5 Therefore, we tried to improve the accurate place-
ment of the needle tip by combining a pressure measurement 
method with an ultrasound-guidance approach while also 
intending to assess the analgesic efficacy through this more 
delicate technique. Richardson et al suggested a pressure mea-
surement method during needle advancement for TPVB, 

Table 1 Demographic and Baseline Characteristics

Group 

U (n=32)

Group UP 

(n=32)

P value

Age (year) 62.0 ± 11.8 64.2 ± 10.4

Gender (Male/Female) 12/20 13/19

Height (cm) 164.0 ± 7.9 160.2 ± 7.0

Weight (kg) 63.8 ± 9.5 62.1 ± 8.6

ASA (1/2) 5/27 6/26

Duration (minute)

Surgery 224.8 ± 61.8 225.3 ± 58.6 0.975

Anesthesia 320.3 ± 56.8 316.5 ± 61.6 0.801

Procedure time of TPVB 12.8 ± 7.9 10.7 ± 5.6 0.229

Remifentanil usage (ug) 1385.4 ± 500.9 1284.9 ± 412.6 0.384

Skin incision (cm) 14.9 ± 5.1 13.7 ± 5.1 0.370

Postoperative 5 days

Total PCA consumption 

(mg)

846.4 ± 117.1 790.0 ± 99.4* 0.042

Bolus frequency of PCA (n) 30.1 ± 10.8 19.9 ± 8.7* <0.001

Total pethidine dose (mg) 50.6 ± 33.3 34.7 ± 23.4* 0.031

Injection frequency of 

Pethidine (n)

4.0 ± 2.6 2.75 ± 1.8* 0.033

Dermatomal distributions of 

TPVB

2 hour 3.5(5,2) 4(6,3)* 0.002

4 hour 3(5,2) 4(6,3)* 0.002

8 hour 3(5,2) 4(5,3)* 0.011

Notes: Group U is the ultrasound-guided approach-only group and Group UP is 
the ultrasound-guided approach combined with pressure measurement group for 
postoperative analgesia. Data are presented as number, mean ± SD, or median 
(range). *, P < 0.05 compared with Group U. 
Abbreviations: n, number; TPVB, thoracic paravertebral block; SD, standard 
deviation.

Table 2 Visual Analog Scale Scores at Rest During the First 120 
Hours Postoperatively

Group 
U (n=32)

Group UP 
(n=32)

P value

Rest 1 hour 4.5 ± 1.2 3.5 ± 1.0* 0.002

Rest 2 hour 4.3 ± 1.2 3.4 ± 0.9* 0.001
Rest 4 hour 3.7 ± 1.3 2.8 ± 0.9* 0.003

Rest 8 hour 3.3 ± 1.3 2.5 ± 0.9* 0.007

Rest 12 hour 3.0 ± 1.4 2.3 ± 0.9* 0.019
Rest 24 hour 2.9 ± 1.0 2.5 ± 1.1 0.271

Rest 36 hour 2.4 ± 1.1 1.9 ± 0.9 0.073
Rest 48 hour 1.9 ± 0.8 1.6 ± 0.7 0.172

Rest 72 hour 1.6 ± 0.9 1.3 ± 0.5 0.108

Rest 96 hour 1.3 ± 0.5 1.1 ± 0.3 0.126
Rest 

120 hour

1.1 ± 0.6 1.0 ± 0.2 0.134

Notes: Group U is the ultrasound-guided approach-only group and Group UP is 
the ultrasound-guided approach combined with pressure measurement group for 
postoperative analgesia. Data are presented as mean ± SD. *, P < 0.05 compared 
with Group U. 
Abbreviations: n, number; SD, standard deviation.
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which improved the success rate of thoracic paravertebral 
analgesia.10 In our study, TPVB with a pressure measurement 
technique provided superior post-thoracotomy pain relief for 
lung surgery in comparison with that with only an ultrasound- 
guided technique. Additionally, this can be detected clinically 
by sensory testing. The sensory distribution was wider when 
the pressure measurement method was applied with ultrasound 
visualization. It may be suggested that the combination of 
pressure measurements with ultrasound-guided produces the 
high probability of delicate and correct placement of the 
needle tip during TPVB. On the other hand, a discrepancy in 
the analgesic efficacy between both situations (at rest and 
during coughing) may explain why pain during coughing is 
a more significant parameter for analgesic efficacy, particu-
larly after thoracotomy.17

Using the TPVB technique, needle tip was positioned 
immediately after puncturing the superior costotransverse 
ligament and then catheter was inserted into the thoracic 
PVS. Some studies reported that endothoracic fascia 
divides the thoracic PVS into two compartments; anterior 
extrapleural and posterior subendothoracic compartment.18 

According to Naja et al study, injection of local anesthetics 
with dye into anterior compartment allowed a wider spread 
of longitudinally than that into posterior compartment.19 

However, a recent evaluation in human cadavers demon-
strated that internal subdivision of thoracic PVS was not 
observed and the endothoracic fascia was indistinguishable 
from the parietal pleural.20 In the present study, we could 
not identify the endothoracic fascia although using an 
ultrasound-guided method. However, irrespective of cathe-
ter tip location in any compartment, 4 dermatomes was 
achieved in the TPVB used a pressure measurement tech-
nique, which is consistent with previous finding of 4.2 
dermatomes with meaningful analgesia via TPVB when 
the catheter was inserted into the posterior subendothor-
acic compartment under US guidance.21 Four dermatomes 
sensory block is enough to cover all incisions occurred 
during thoracotomy. Moreover, in the US technique, we 
used parasagittal in-plane approach. Some studies reported 
that this approach is reproducible with minimal complica-
tions and less likely catheter migration into the interver-
tebral foramen compared to transverse approach which has 
an increased incidence of epidural spread.22,23

Based on published data, there was no optimal concen-
tration and dose of local anesthetics for bolus and/or con-
tinuous TPVB. Commonly reported dosage in adults is 
0.25–0.5% bupivacaine, a 15–20 mL bolus, 1–2% lido-
caine, a 15–20 mL bolus dose, and 0.375–0.5% ropivacaine, 
a 10–20 mL bolus dose postoperatively.24 By Kotze et al 
systemic review from 25 randomized trials, higher dose 
regimens and continuous infusion of local anesthetics are 
predictive of better analgesic effect.25 In the present study, 
we used 0.375% ropivacaine (20 mL) as a bolus, followed 
by 0.2% ropivacaine 0.1 mL/kg/hr. Our results of compar-
able analgesic effect (unilateral somatic block over 4 with 
range, 3–6) and very few side effects suggest that this 
dosing regimen would be adequate as post-thoracotomy 
analgesia.

A limitation of this study is that, even with the aid of 
pressure measurements with ultrasound visualization, correct 
location of the catheter tip may not be certain. The use of 
a paravertebral catheter during TPVB is often described as 
the limited extent of the block within only a few 

Table 3 Visual Analog Scale Scores at Cough During the First 
120 Hours Postoperatively

Group 

U (n=32)

Group UP 

(n=32)

P value

During cough 1 hour 7.0 ± 0.6 6.3 ± 0.5* <0.001

During cough 2 hour 7.0 ± 0.6 6.2 ± 0.7* <0.001

During cough 4 hour 6.9 ± 0.8 6.3 ± 1.3* 0.038

During cough 8 hour 6.9 ± 1.4 6.2 ± 1.5 0.078

During cough 12 hour 5.5 ± 1.6 5.2 ± 1.5 0.353

During cough 24 hour 4.7 ± 1.4 4.2 ± 1.3 0.159

During cough 36 hour 3.9 ± 1.3 3.4 ± 1.3 0.128

During cough 48 hour 2.8 ± 1.2 2.7 ± 1.1 0.086

During cough 72 hour 2.7 ± 1.4 2.3 ± 0.9 0.158

During cough 96 hour 2.2 ± 1.0 1.8 ± 0.7 0.105

During cough 120 hour 1.7 ± 0.9 1.5 ± 0.5 0.215

Notes: Group U is the ultrasound-guided approach-only group and Group UP is 
the ultrasound-guided approach combined with pressure measurement group for 
postoperative analgesia. Data are presented as mean ± SD. *, P < 0.05 compared 
with Group U. 
Abbreviations: n, number; SD, standard deviation.

Table 4 Side Effects

Group 
U (n=32)

Group UP 
(n=32)

P value

Dizziness 0 1 (3.1) 1.000
Sedation 0 0

Nausea or Vomiting 2 (6.3) 1 (3.1) 1.000

Hypotension 0 0
Hypoxia 0 0

Epidural spread of block 0 0

Urinary retention 0 0

Notes: Group U is the ultrasound-guided approach-only group and Group UP is 
the ultrasound-guided approach combined with pressure measurement group for 
postoperative analgesia. Data are presented as number (%). 
Abbreviation: n, number.
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segments,26,27 most probably due to catheter misplacement; 
embedment into the muscle, mediastinal, epidural space, or 
through the pleural, although there is a low probability. 
However, the accurate insertion of the needle into the PVS 
through more objective and feasible methods such as ultra-
sound combined with pressure measurements may be helpful 
for precise catheter placement. Another limitation is related 
to small sample size. Although we acquired the number of 
enrolled patients from power analysis through pilot study, 
additional data are required to validating our results.

Conclusions
We showed that a combination technique of ultrasound 
guidance and pressure measurements provided a superior 
analgesic effect over that with an ultrasound-guided 
approach alone. It may be suggested that a more delicate 
placement of the needle during TPVB is possible using the 
above-described technique.

Data Sharing Statement
All datasets analyzed for this study are included in the 
article. The figures and tables will be available by contact-
ing the corresponding author. The data can be used perma-
nently after the article is published.
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