
Background: Patients undergoing thoracic surgery frequently suffer from chronic pain after 
thoracotomy. Chronic pain can lead to a significant decline in a patient’s quality of life. However, 
the effect of single-shot thoracic paravertebral block (TPVB) combined with intravenous analgesia 
on chronic pain incidence is unclear.

Objective: The objective was to evaluate the impact of single-shot TPVB combined with 
intravenous analgesia versus continuous thoracic epidural analgesia (TEA) on chronic pain incidence 
after thoracotomy.

Study Design: A randomized controlled study.

Setting: Hospital department in China.

Methods: Ninety-six patients undergoing thoracotomy were randomly assigned to 2 groups: 
single-shot TPVB combined with intravenous analgesia (Group P) and continuous TEA (Group E). 
The pain intensity was assessed using the Verbal Rating Scale (VRS). The outcome measures were 
chronic pain incidence and the acute and chronic pain intensity.

Results: The chronic pain incidence at rest in Group P was significantly higher than that in Group 
E at 3 months and 12 months postoperation  (55.2% versus 28.6%, P = 0.019; 34.5% versus 
14.3%, P = 0.027). The patients in Group E showed less pain intensity at rest compared with 
those in Group P at 3 months postoperation (0.0 versus 1.0, P = 0.034). At 6 hours and 24 hours 
postoperation, the acute pain intensity at coughing and at rest in Group E was lower than that in 
group P (VRS at coughing: 6 hours: 0.0 versus 2.0, P = 0.001; 24 hours: 3.0 versus 5.0, P = 0.010. 
VRS at rest: 6 hours: 0.0 versus 2.0, P = 0.000; 24 hours: 1.0versus. 2.0, P = 0.001).

Limitations: An important limitation of this study is that it is not a double-blind study.

Conclusions: In patients undergoing thoracotomy, continuous TEA significantly reduced the 
chronic pain incidence at rest at 3 months and 12 months after operation and provided better 
acute pain relief up to 24 hours after operation compared with single-shot TPVB combined with 
intravenous analgesia.

Key words: Acute pain, chronic pain, thoracic paravertebral block, thoracic epidural analgesia, 
chronic pain prevention, thoracotomy
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AAcute pain after thoracotomy is common 
and severe (1). Within 24 hours after 
thoracotomy, 63% of patients report acute 

moderate-to-severe pain (Numeric Rating Scale ≥ 3) (2). 

The development of acute pain may result in impaired 
lung function, and even pneumonia (3,4). Furthermore, 
poorly controlled acute pain may cause chronic pain 
(5). Chronic pain after thoracotomy is the pain which 
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develops postoperation  and lasts for at least 2 months 
along the incision (6). The chronic pain incidence 
is approximately 50%, with 3% to 16% of patients 
reporting moderate-to-severe pain (7). Chronic pain is 
long-lasting, uncurable, and can lead to a significant 
decline in a patient’s quality of life (8,9). 

Continuous thoracic epidural analgesia (TEA) is 
effective in controlling acute post-thoracotony pain 
(APTP) and considered to be the gold standard (10). In 
addition, data favors continuous TEA for the preven-
tion of chronic pain (11). However, continuous TEA is 
associated with some drawbacks, such as difficulty in-
serting an epidural catheter, hypotension, nerve injury, 
dural puncture, and epidural hematoma, which limit 
wide clinical application (10).

Single-shot thoracic paravertebral block (TPVB) 
combined with intravenous analgesia is another re-
gional technique for controlling acute pain and can 
offer an attractive alternative which has few contrain-
dications (12). The use of single-shot TPVB combined 
with intravenous analgesia for thoracic surgery is well 
accepted (12). However, the effect of single-shot TPVB 
combined with intravenous analgesia on chronic pain 
incidence is less clear. So, the aim of this randomized 
trial was to evaluate the effect of single-shot TPVB 
combined with intravenous analgesia versus continu-
ous TEA on chronic pain incidence as the primary ef-
ficacy endpoint.

Methods

This randomized controlled study was approved 
by our Ethics Committee of Beijing Friendship Hospital 
(2016-P2-019-02), and conducted in the tertiary care 
center from March 2016 through February 2019. A to-
tal of 96 patients scheduled for elective thoracotomy 
were included in this trial. All patients provided written 
informed consent. Exclusion criteria were contraindica-
tion to the use of TEA or TPVB, pregnancy, a history of 
cardiovascular and gastroesophageal surgery, preexist-
ing pain syndrome, psychological disorders, coagulopa-
thy, and severe hepatic, cardiovascular, or renal disor-
ders. Standard posterolateral thoracotomy was chosen 
for all patients. All patients were stratified according 
to disease sites (esophagus or lung), and randomly as-
signed to 2 groups using computer-generated random 
numbers: single-shot TPVB combined with intravenous 
analgesia (Group P) or continuous TEA (Group E). 

At the preoperative visit, the use of the Verbal Rat-
ing Scale (VRS: 0 for no pain, and 10 for the worst pain) 
for scoring pain levels was explained to all patients. 

After arriving at the operation room, intravenous 
sodium lactate Ringer’s solution infusion at the hand 
was initiated, and a radial artery catheter was placed 
to monitor blood pressure. Other intraoperative moni-
toring included bispectral index monitoring (BIS), pulse 
oximetry expired carbon dioxide (CO2), 3-lead electro-
cardiography, and urine output. 

In group E, a catheter was inserted through T7/
T8 or T6/T7 into the epidural space and placed 3-4 cm 
cephalad. A test dose of 1.5% lidocaine combined with 
1:200,000 epinephrine (3 mL) was administered to ex-
clude intravascular and subarachnoid placement. After 
15 minutes, the level of sensory block was confirmed 
using pinprick. Then, an epidural infusion of sufentanil 
(0.2 μg/mL) and ropivacaine 0.06% was started at 5–10 
mL/h before the skin incision and maintained during 
the operation. Within 48 hours after the operation, the 
epidural patient-controlled analgesia (PCA) (0.06% ropi-
vacaine + 0.2μg/mL sufentanil, basal rate was 5 mL/h, 3 
mL PCA at a lock-out time of 30 minutes) was used.

In group P, ultrasound-guided TPVB was per-
formed using a high-frequency linear probe (4-12 MHz, 
TE7, Mindray, Shenzen, China). After identifying the 
paravertebral space of the proposed level of intercostal 
skin incision, a Stimuplex® needle 22-G, (B. Braun AG, 
Hessen, Germany) was inserted into the paravertebral 
space in an in-plane approach. Then, 20 mL of 0.25% 
ropivacaine (Naropin,  AstraZeneca, Gothenburg, Swe-
den) combined with 1 µg/kg dexmedetomidine (Ai Bei 
Ning, Jiangsu Hengrui Medicine, Lianyungang, China) 
was injected after a gentle aspiration test for blood or 
air (13,14). After 15 minutes, the level of sensory block 
was also confirmed using pinprick. In these patients, 
the intravenous PCA (sufentanil, basal rate of 0.03 µg/
kg/h, bolus dose of 0.01 µg/kg, lockout time 15 min) 
was used for 48 hours postoperatively.

General anesthesia in both groups was similar. 
Sufentanil (0.5 µg/kg), etomidate (0.15–0.3 mg/kg), and 
rocuronium (0.6 mg/kg) were administered for induc-
tion. A double lumen tube was inserted for one-lung 
ventilation. Controlled ventilation was adjusted to 
keep the concentration of end-tidal CO2 at 35–45 mm 
Hg. Target BIS value was set between 40 and 60. Gen-
eral anesthesia was maintained using the continuous 
infusion of propofol and incremental doses of sufen-
tanil and rocuronium. Flurbiprofen axetil (50 mg) was 
injected intravenously before skin incision and at the 
end of the operation. Patients were extubated in the 
operating room according to our extubation criteria 
and transferred to the postanesthesia care unit  with 
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a PCA pump (CB1, TUOREN Medical Equipment Ltd, 
Xinxiang, China). 

At the chest ward, patients used an intravenous 
PCA or epidural PCA as described in the protocol for 
postoperative pain control. Flurbiprofen axetil (50 mg) 
was given intravenously twice a day. As rescue analge-
sia, morphine (10 mg) was administered intramuscu-
larly when VRS at rest was ≥ 4. VRS at coughing and at 
rest were assessed by an investigator at 6, 24, and 48 
hours postoperation.

On discharge, patients received a VRS and then 
were interviewed at 3, 6, and 12 months postoperation 
by telephone. The main objective of follow-up was to in-
vestigate chronic pain intensity at rest and chronic pain 
incidence at rest. An investigator who was unaware of 
group allocation conducted the interviews. 	

Our main objective was to compare the chronic 
pain incidence between the 2 groups. Our secondary 
objective was to compare the acute and chronic pain 
intensity between the 2 groups. The 
required sample size was calculated ac-
cording to chronic pain incidence at rest 
at 3 months postoperation using PASS 
12.0 (NCSS Statistical Software, Kaysville, 
UT). Based on our pilot study and assum-
ing group incidence of 65% (Group P) 
and 35% (Group E), using a 2 proportions 
sample test, 40 patients per study group 
were required to provide a power of 80% 
(α = 0.05) for detection of differences be-
tween the 2 groups. Thus, 48 patients per 
study group were required considering a 
20% dropout rate.

Statistical Analysis
Data are presented as mean ± SD, 

percentages or median and interquartile 
range. SPSS v.22.0 software (IBM Corpo-
ration, Armonk, NY) was used for data 
analysis. We used the Student’s t test 
to compare weight, age, height, body 
mass index, operation duration, and 
postoperative hospitalization between 
independent samples, and the χ2 test 
to compare gender ratio and operation 
types between independent samples. 
We assessed the pain intensity using 
the Mann–Whitney U test for indepen-
dent samples, and Friedman analysis of 
variance and the pairwise comparisons 

for dependent samples. We assessed the chronic pain 
incidence using χ2 test for independent samples, and 
Cochran’s Q test and the pairwise comparisons for de-
pendent samples. P < 0.05 was considered statistically 
significant.

Results

In total, 120 patients were screened. Ninety-six 
patients were enrolled in this trial. Thirteen patients 
were excluded after randomization because of death 
(n = 7), reoperation (n = 1), or inoperability (n = 5). Ul-
timately, 83 patients completed the study (Fig. 1). The 
2 groups of patients were comparable in surgical and 
demographic data (Table 1).

Acute pain scores at rest are shown in Fig. 2. The 
patients in Group E showed less pain intensity com-
pared with those in Group P at 6 and 24 hours after 
operation (Group E versus Group P: postoperative 6 
hours: 0.0 [0.0-1.0] versus 2.0 [0.0-4.0], P = 0.000; post-

Fig 1. Consolidated standards of  reporting trials (CONSORT) flow 
diagram. Group P: single-dose thoracic paravertebral block combined with 
intravenous analgesia. Group E: continuous thoracic epidural analgesia.
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operative 24 hours: 1.0 [0.0-2.0] versus 2.0 [1.5-4.0], P = 
0.001; postoperative 48 hours: 1.0 [0.0-2.0] versus 2.0 
[0.0-3.0], P = 0.086). 

Acute pain scores at coughing are shown in Fig. 
3. The patients in Group E showed less pain intensity 
compared with those in Group P at 6 and 24 hours af-
ter operation (Group E versus Group P: postoperative 6 
hours: 0.0 [0.0-2.0] versus 2.0 [1.0-5.0], P = 0.001; post-

operative 24 hours: 3.0 [2.0-4.0] versus 5.0 [3.0-6.0], P = 
0.010; postoperative 48 hours: 3.0 [1.0-4.0] versus 3.0 
[2.0-5.0], P = 0.118). In group E, the pain intensity at 6 
hours postoperation was significantly lower compared 
with that at 24 hours after operation (P = 0.008). 

Chronic pain scores at rest are shown in Fig. 4. The 
patients in Group E showed less pain intensity com-
pared with those in Group P at 3 months after operation 
(Group E versus Group P: postoperative 3 months: 0.0 
[(0.0-1.0] versus 1.0 [0.0-2.0], P = 0.034; postoperative 6 
months: 0.0 [0.0-1.0] versus 0.0 [0.0-2.0], P = 0.220; post-
operative 12 months: 0.0 [0.0-0.0] versus 0.0 [0.0-1.0], 
P = 0.150). In group P, the pain intensity at 12 months 
after operation was significantly lower compared with 
that at 3 months postoperation (P = 0.038). 

The chronic pain incidence at rest is shown in Fig. 
5. At 3 and 12 months postoperation, the patients in 
Group E showed lower chronic pain incidence com-
pared with those in Group P (Group E versus Group 
P: postoperative 3 months: 28.6% versus 55.2%, P = 
0.019; postoperative 6 months: 28.6% versus 44.8%, P 
= 0.133; postoperative 12 months: 14.3% versus 34.5%, 
P = 0.027). In group P, the chronic pain incidence was 
significantly higher at 3 months than at 12 months 
postoperation (P = 0.002). In group E, the chronic pain 
incidence was significantly higher at 3 and 6 months 
than at 12 months postoperation (P = 0.008 and P = 
0.008, respectively).

Of the 48 patients who had a VRS ≥ 2 at 24 hours 
postoperation, 28 (58.3%) at 3 months postoperation, 
25 (52.1%) at 6 months postoperation and 18 (37.5%) 
at 12 months postoperation reported having chronic 
pain, whereas only 8 (22.8%) at 3 months postopera-
tion, 6 (17.1%) at 6 months postoperation and 3 (8.5%) 
at 12 months postoperation had chronic pain despite 
their reporting acute pain of VRS < 2 at 24 hours post-
operation (3 months: P = 0.001, 6 months: P = 0.001 and 
12 months: P = 0.003).     

Discussion

This randomized controlled trial aimed to deter-
mine if single-shot TPVB combined with intravenous 
analgesia reduced chronic pain incidence when com-
pared with continuous TEA in patients undergoing 
thoracotomy. Our current findings indicate that contin-
uous TEA significantly reduced chronic pain incidence 
at rest at 3 and 12 monthspostoperation, and provided 
better acute pain relief up to 24 hours postoperation 
compared with single-shot TPVB combined with intra-
venous analgesia. 

Fig 2. Median (horizontal line), interquartile range (box), 
and range (whiskers) of  acute pain scores (VRS) at rest 
in both groups, presented as box plots. Measurements were 
recorded at 6, 24 and 48 hours after operation. Group P: 
single-shot thoracic paravertebral block combined with 
intravenous analgesia. Group E: continuous thoracic 
epidural analgesia. VRS: Verbal Rating Scale.

Table 1. Demographic and surgical data

Values are represented as mean ± SD or percentages. BMI: body mass 
index, P/E: pulmonary operation/esophagus operation. P < 0.05 is 
considered statistically significant. Group P: single-shot thoracic 
paravertebral block combined with intravenous analgesia. Group E: 
continuous thoracic epidural analgesia.

Group P
(n = 42)

Group E
(n = 41)

P

Sex ratio (female/male) 16/26 9/32 0.109

Age, y 60.6 ± 9.0 63.0 ± 9.6 0.353

Weight, kg 70.3 ± 9.8 66.4 ± 11.5 0.167

Height, cm 168.1 ± 6.7 167.8 ± 7.0 0.847

BMI, kg/m2 24.9 ± 3.2 23.5 ± 3.2 0.098

Operation duration, min 198.1 ± 
84.5

237.7 ± 
94.7 0.101

Operation types (P/E) 25/17 22/19 0.590

Postoperative hospitalization, d 10.8 ± 4.1 11.3 ± 4.0 0.671
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Fig 5. Chronic pain incidence at rest, presented as bars. 
Data are expressed as frequency (%). Measurements 
were recorded at 3, 6 and 12 months postoperation. Group 
P: single-shot thoracic paravertebral block combined with 
intravenous analgesia. Group E: continuous thoracic 
epidural analgesia. 

Fig 3. Median (horizontal line), interquartile range 
(box), and range (whiskers) of  acute pain scores (VRS) 
at coughing in both groups, presented as box plots. 
Measurements were recorded at 6, 24 and 48 hours after 
operation. Group P: single-shot thoracic paravertebral block 
combined with intravenous analgesia. Group E: continuous 
thoracic epidural analgesia. VRS: Verbal Rating Scale.

Fig 4. Median (horizontal line), interquartile range (box), 
and range (whiskers) of  chronic pain scores (VRS) at 
rest in both groups, presented as box plots. Measurements 
were recorded at 3, 6 and 12 months after operation. Group 
P: single-shot thoracic paravertebral block combined with 
intravenous analgesia. Group E: continuous thoracic 
epidural analgesia. VRS: Verbal Rating Scale.

Acute pain after thoracotomy can arise from 
multiple sources, including visceral, somatic and neu-
rogenic components (1). The complexity of acute pain 
generators makes multimodal postoperative analgesia 
essential (1,5). Of the available methods for treating 
acute pain, continuous TEA is considered to be the gold 
standard (10). In addition, several researchers have 
reported that continuous TEA can effectively prevent 
chronic pain (15-17). At the postoperative follow-up, 
chronic pain incidence at 6 months postoperation in 
the TEA group was 45% in Sentürk et al’s study (15) 
(intravenous analgesia group: 78%, P = 0.0233) and 
12.5% in Lu et al’s (16) study (intravenous analgesia 
group: 42.9%, P = 0.010). Ju et al (17)  reported that 
continuous TEA reduced the incidence of allodynia-like 
pain (2.1% versus 16.3%, P = 0.044) and the chronic 
pain intensity at 6 months postoperation compared 
with intercostal nerve cryoanalgesia (17). The explana-
tion for the lower incidence of chronic pain in the TEA 
groups in these studies may be that the good analgesic 
effect of TEA reduces the central sensitization process 
caused by acute postoperative pain (5,18).

Single-shot TPVB is a relatively easy technique to 
learn, and is safer and simpler than the thoracic epi-
dural method (19). A survey of analgesic techniques in 
thoracic surgery in the United Kingdom showed that 
single-shot TPVB combined with intravenous analgesia 
is used by 41% of the respondents and is gaining popu-

larity as a viable alternative to continuous TEA in open 
thoracotomy procedures (12). Several articles showed 
that single-shot TPVB combined with intravenous an-
algesia could significantly reduce postoperative acute 
pain compared with intravenous analgesia in patients 
undergoing breast cancer surgery (20), thoracoscopic 
surgery (21), and open thoracotomy procedures (22), 
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and even reduce chronic pain incidence at 6 months 
after breast or thoracoscopic surgery (20,23). However, 
there are few studies examining the effect of single-
shot TPVB combined with intravenous analgesia on 
chronic pain incidence. 

In our study, 24 hours after operation, the patients 
in Group P had greater pain intensity both at coughing 
and at rest than those in Group E; we found a difference 
in chronic pain incidence at 3 and 12 months after op-
eration between 2 groups. Furthermore, patients with 
severe acute pain (VRS ≥ 2 at 24 hours after operation) 
were more likely to suffer from chronic pain. Several 
studies have demonstrated that acute pain intensity is a 
major risk factor for chronic pain (24-27). In 1994, Katz 
et al (24) first showed that acute pain intensity within 
24 hours postoperation  predicted chronic pain at 1.5 
years postoperation in a prospective study. Gotoda et 
al (25) also showed that pain at day one  postoperation 
and female gender were predictive for chronic pain at 
one year after thoracotomy.

 In our study, the relationship between acute pain 
intensity and chronic pain incidence was also shown. 
Our findings provide clear clinical evidence that the 
management of acute pain has a significant effect on 
the development of chronic pain. The highly effective 
analgesia of continuous TEA prevented not only acute 
pain, but also led to the avoidance of chronic pain to a 
significant extent. Afferent nerve block should be con-
tinued for several days after operation to ensure that 
neuroplasticity is prevented (28). We speculate that 
single-shot TPVB, combined with intravenous analge-
sia, probably cannot provide effective antinociceptive 
protection comparable to continuous TEA. The effect 
of single-shot TPVB will wane over time; perhaps us-
ing the continuous TPVB technique can achieve similar 
acute pain relief compared with continuous TEA (10).

In the literature, the prevalence of chronic pain 
appears to be highly variable (11%-80%) (7,29-31). 
Our findings that almost 55.2% of patients in Group 
P and 28.6% in Group E were still reporting pain at 3 
months postoperation and that 34.5% in Group P and 
14.3% in Group E were still in pain at 12 months, are 

consistent with reported literature (7,29,30). In both 
groups, chronic pain incidence decreased with time. In 
our study, the average severity of chronic pain in both 
groups was mild (mean VRS < 3 cm) and consistent with 
published data (7,29,30). Although the chronic pain 
intensity was significantly different at 3 months post-
operation, there was no difference at 6 months and 12 
months postoperation between the 2 groups. In our 
hospital, when epidural catheter placement is unsuc-
cessful, or not possible for medical, technical, or other 
reasons, we usually use single-shot TPVB combined 
with intravenous analgesia. 

Limitations
An important limitation of this study is that it is 

not a double-blind study. Obviously, the patients in 
Group E received an epidural infusion pump. So, acute 
pain scores postoperation may be biased toward the 
epidural group, but the follow-up of chronic pain was 
unaffected. 

Conclusions

In conclusion, our results show that patients who 
received continuous TEA had less acute pain intensity 
within 24 hours after operation and lower chronic pain 
incidence at rest at 3 and 12 months postoperation 
when compared with single-shot TPVB combined with 
intravenous analgesia. In addition, acute pain intensity 
within 24 hours postoperation  appears to be a predic-
tor of chronic pain. Therefore, these results suggest the 
importance of aggressive management of acute pain 
postoperation, not only for the immediate benefit but 
possibly also to prevent the transition to chronicity.
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