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Purpose: Ultrasound-guided thoracic paravertebral block (TPVB) has become increasingly 
popular for postoperative analgesia after breast surgery. We designed this prospective, 
randomized, double-blind, placebo-controlled trial to test the hypothesis that TPVB is super-
ior to placebo in improving the patient quality of recovery following modified radical 
mastectomy.
Patients and Methods: Sixty-eight female patients undergoing elective unilateral modified 
radical mastectomy were enrolled. Patients were randomized to receive preoperative ultra-
sound-guided TPVB with 0.5% ropivacaine (TPVB group, n=34) or 0.9% saline (Control 
group, n=34). The primary outcome was quality of recovery, measured 24 h after surgery 
using the 40-item Quality of recovery questionnaire (QoR-40). Secondary outcomes were the 
area under the curve of the visual analog scale pain scores over 24 h, postoperative 24-h 
morphine consumption, time to first rescue analgesia, length of post-anesthesia care unit stay, 
postoperative nausea and vomiting, and patient satisfaction.
Results: The global QoR-40 score 24 h postoperatively (median [interquartile range]) was 
173 [170–177] in the TPVB group and 161 [160–164] in the control group (P<0.001), 
respectively, with a median difference (95% confidence interval) of 11 (9–14). Compared 
with the control group, preoperative TPVB decreased the area under the curve of the visual 
analog scale pain scores over 24 h, reduced postoperative 24-h morphine consumption, 
prolonged the time to first rescue analgesia, shortened the length of post-anesthesia care 
unit stay, lessened postoperative nausea and vomiting, and improved the patient satisfaction.
Conclusion: A single preoperative injection of TPVB with ropivacaine enhances the quality 
of recovery and postoperative analgesia in patients following modified radical mastectomy.
Keywords: ultrasonography, thoracic paravertebral block, quality of recovery, regional 
anesthesia, pain management, breast cancer surgery

Introduction
Breast cancer is the most commonly diagnosed malignancy and the second leading 
cause of cancer deaths in women.1 Surgical removal of the cancer is the mainstay of 
current treatment. However, breast cancer surgery is frequently associated with 
moderate to severe postoperative pain.2 Acute postoperative pain is not adequately 
addressed in everyday clinical practice, which may impair functional recovery, 
increase the risk of postoperative complications, and prolong the length of hospital 
stay.3 Optimal analgesia is an integral part of enhanced recovery after surgery 
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pathway to improve patients’ outcomes.4 Opioids may 
pose the risk of opioid-related side effects (ie, nausea, 
vomiting, dizziness, urinary retention, ileus, and respira-
tory depression) and ongoing opioid use more extended 
term.5 Consequently, clinicians are striving to reduce peri-
operative opioid consumption, and regional anesthesia is 
rapidly gaining interest.

Thoracic paravertebral block (TPVB) is a regional 
nerve block technique that involves injecting a local anes-
thetic close to the spinal nerves emerging from the inter-
vertebral foramina. The benefits of TPVB have been well 
established, including reduced postoperative pain scores, 
decreased analgesic consumption, and lower risks of 
chronic postsurgical pain.6 In addition, the risk of TPVB- 
related complications is low when ultrasound guidance is 
used.7 As a result, ultrasound-guided TPVB has become 
increasingly popular and is considered the gold standard 
for alleviating breast surgical pain. However, pain is an 
incomplete measure to detect the efficacy of an interven-
tion on postoperative recovery.8 More recently, there has 
been a shift of emphasis towards defining recovery from 
the patient’s perspective.9 The 40-item quality of recovery 
questionnaire (QoR-40) is a reliable patient-reported mea-
surement tool incorporating multiple postoperative 
domains to assess the quality of recovery after surgery.10 

Nevertheless, do the analgesic properties of TPVB trans-
late into improved quality of recovery in patients under-
going breast surgery has yet not been fully elucidated.

Our goal was to improve patient-perceived quality of 
recovery and postoperative analgesia while minimizing 
perioperative opioid consumption. Therefore, we under-
took this randomized controlled study to examine the 
hypothesis that preoperative ultrasound-guided TPVB is 
associated with improved quality of recovery in patients 
following modified radical mastectomy, as characterized 
by the global QoR-40 scores measured 24 h after surgery.

Materials and Methods
Design and Patients
The study was a prospective, single-center, parallel-group, 
randomized, double-blind clinical trial. Our study protocol 
was approved by the Institutional Review Board of Fujian 
Provincial Hospital (identifier: K2014-11-008) and regis-
tered at the Chinese Clinical Trial Registry (www.chictr. 
org.cn, identifier: ChiCTR-INR-16007874). We conducted 
this study following the Consolidated Standards of 
Reporting Trials (CONSORT) statement11 and the 

principles of the Declaration of Helsinki. After obtaining 
written informed consent, we enrolled patients with 
American Society of Anesthesiologists physical status 
I or II, aged 18 to 60 years old, scheduled to undergo 
elective unilateral modified radical mastectomy. Exclusion 
criteria included contradictions to paravertebral block such 
as coagulopathy, infection at the puncture site, trauma or 
history of thoracic spine surgery; a history of allergy to 
any study drugs; a history of opioid abuse or chronic pain, 
and any other conditions that were not appropriate for this 
study.

Patients were randomized to receive preoperative sin-
gle-injection of ultrasound-guided TPVB with 20 mL of 
0.5% ropivacaine (TPVB group, n=34) or 0.9% saline 
(Control group, n=34). The randomization was performed 
in a 1:1 ratio according to a computer-generated table. 
Group assignments were enclosed in sealed, opaque, 
sequentially numbered envelopes opened only on the 
morning of the surgery day. In addition, a single indepen-
dent research nurse not involved in the study prepared 
identical syringes containing study injectate (0.5% ropiva-
caine or 0.9% saline). The patients, attending anesthesiol-
ogists, surgeons, and data collectors were blinded to group 
assignments throughout the entire study period.

Ultrasound-Guided Thoracic 
Paravertebral Block
Upon arrival in the operating room, all patients received 
the standard American Society of Anesthesiologists mon-
itoring and were intravenously administered 2 mg mida-
zolam as premedication. The TPVB intervention was 
performed 30 min before the induction of anesthesia. 
A single experienced anesthetist performed all TPVBs 
under ultrasound guidance (Model Edge, FUJIFILM 
SonoSite, Inc. Washington, USA). The patients were 
placed in the lateral decubitus position. A 6–13 MHz 
linear array (HFL38; FUJIFILM SonoSite, Inc., Bothell, 
WA, USA) ultrasound transducer was placed longitudin-
ally at the midline of the third thoracic vertebra level. A 21 
gauge, 80-mm Uniplex Nanoline needle (Pajunk Medical 
System, Geisingen, Germany) was introduced using an in- 
plane approach toward the target paravertebral space. 
Briefly, the probe was administered in a cephalad orienta-
tion and moved to identify the transverse process and 
parietal pleura. Then, the needle was introduced to punc-
ture the superior costotransverse ligament. Once the cor-
rect needle tip position was confirmed by hydrolocation 
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using 1 mL of 0.9% saline, 20 mL of 0.5% ropivacaine or 
0.9% saline was injected into the target paravertebral 
space.

Anesthetic Procedure
All patients received a standardized general anesthesia 
regimen. General anesthesia was induced with propofol 
2 mg kg−1 and sufentanil 0.5 μg kg−1. Upon loss of verbal 
response, rocuronium 0.6 mg kg−1 was administered to 
facilitate laryngeal mask airway (LMA) insertion. All 
patients received ondansetron 4 mg and dexamethasone 
8 mg immediately after induction of anesthesia. We main-
tained general anesthesia with sevoflurane (0.8 age- 
corrected minimum alveolar concentration) in the air and 
oxygen mixture. Supplemental analgesia was provided by 
intravenous remifentanil infusion titrated as necessary to 
maintain hemodynamic parameters (heart rate and blood 
pressure) fluctuate within 20% of the baseline values. 
Patients were ventilated using pressure-controlled ventila-
tion to maintain an end-tidal carbon dioxide partial pres-
sure (PaCO2) between 35 to 45 mmHg. At the end of the 
surgery, neuromuscular blockade was antagonized with 
neostigmine 1 mg and atropine 0.5 mg, if necessary. 
After removing the LMA, the patients were then trans-
ferred to the post-anesthesia care unit (PACU) for observa-
tion. The postoperative analgesic regimen consisted of 
regular intravenous administered parecoxib 40 mg every 
12 h and patient-controlled intravenous analgesia (PCIA) 
with morphine. We set the PCIA pump to deliver a bolus 
dose of 2 mg morphine (1 mg mL−1) on-demand, with 
a lockout interval of 10 min and without basal infusion. If 
the visual analog scale (VAS) pain score exceeded 3 cm or 
the patient required, intravenous morphine 2 mg was 
administered as a rescue analgesic by the patient using 
the PCIA device (DDB-I-B, Aipu Medical Corporation, 
Jiangsu, China). If postoperative nausea or vomiting 
occurred, ondansetron 4 mg and metoclopramide 10 mg 
were administered intravenously every 8 h as rescue 
antiemetics.

Primary and Secondary Outcomes
We aimed to determine whether preoperative single- 
injection TPVB is superior to placebo in improving the 
quality of recovery following modified radical mastect-
omy. The primary outcome was quality of recovery, mea-
sured 24 h postoperatively using the Chinese version of 
the QoR-40 questionnaire.12 The global QoR-40 score 
ranges from 40 (poor quality) to 200 (excellent quality).13

Secondary outcomes were the area under the curve (AUC) 
of VAS pain scores over 24 h, 24-h morphine consumption 
postoperatively, time to the first rescue analgesia, length of 
PACU stay, the incidence of postoperative nausea and vomit-
ing (PONV), and patient’s satisfaction with pain management. 
Postoperative pain intensity at rest and on movement was 
evaluated using a 10-cm horizontal VAS from “no pain” 
(0 cm) to “worst pain imaginable” (10 cm) and calculated 
as the AUC of VAS pain scores during the first 24 h. We 
defined time to first rescue analgesia as the time between 
emergence from general anesthesia and the VAS pain score 
exceeded 3 cm. We determined the length of PACU stays as 
the interval from PACU admission to the Modified Aldrete 
score reached 9. Patient satisfaction with pain management 
was self-reported using an 11-point numerical rating scale at 
postoperative 24 h (range 0–10, 0 equals entirely unsatisfied; 
10 equals fully satisfied).

Statistical Analysis
The sample size was calculated based on the global QoR- 
40 score 24 h after surgery. We considered a 10-difference 
in the global QoR-40 score as a clinically significant 
improvement in QoR after surgery and anesthesia.14 

According to the pilot study, the global QoR-40 score 
measured at 24 h after surgery was equivalent to 142 
(12.1) in the control group. Assuming a two-tailed alpha 
of 0.05 and a power (1-beta) of 90%, 31 patients in each 
group were required. To account for withdrawal and loss 
for follow-up, we finally recruited 68 patients in this study.

We tested the normality of continuous variable distri-
bution using the Shapiro–Wilk test. Normally distributed 
variables are presented as mean (standard deviation, SD) 
and were compared using the independent samples t-test. 
Non-normally distributed variables are expressed as med-
ian [interquartile range, IQR] and were compared using 
the Mann–Whitney U-test. Categorical variables are sum-
marized as numbers (percentage) and were compared by 
Fisher’s exact or chi-square test where appropriate. The 
AUCs of VAS pain scores over postoperative 24 h were 
calculated using GraphPad Prism 8.0 (GraphPad Software, 
California, USA) and analyzed by the Mann–Whitney 
U-test. Time-to-event data (time to first request of rescue 
analgesia) were analyzed using Kaplan-Meier curves and 
Log rank tests. We performed statistical analysis using 
IBM SPSS Statistics for Windows, Version 25.0 (IBM 
Corp., Armonk, NY, USA). Differences were considered 
significant if P < 0.05 (two-tailed).
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Result
The CONSORT flow diagram for this study is shown in 
Figure 1. A total of 71 patients were assessed for eligibility. 
One did not meet the inclusion criteria, two declined to 
participate, and the remaining 68 patients were randomly 
assigned to receive TPVB either with 0.5% ropivacaine or 
0.9% saline. All patients enrolled received the allocated 
intervention, and no patients were lost to follow-up. The 
two groups were similar concerning demographics, duration 
of surgery, and preoperative global QoR-40 score (Table 1).

The global QoR-40 scores assessed at 24 h after surgery, 
the primary outcome, is shown in Figure 2. Coincide with 
our expectation, the global QoR-40 scores on POD 1 were 
significantly higher in the TPVB group (median 173; IQR 
170–177) than in the control group (161; 160–164; 
P<0.001), with a median difference of 11 (95% CI, 9 to 
14). A single injection of TPVB reduced VAS pain scores at 
rest and on movement within 12 h after surgery (all 
P<0.001, Figure 3). However, there was no significant 

difference 24 h postoperatively at rest (P=0.065) or on 
movement (P=0.076). As presented in Table 2, TPVB 
decreased the AUCs of VAS pain scores at rest during the 
first 24 h postoperatively (36.9 [28.8–42.0] vs 54.0 [46.7– 
61.3], P<0.001). Similarly, TPVB decreased the AUCs of 
VAS pain scores on movement during the first 24 h after 
surgery (55.3 [51.6–61.6] vs 72.1 [66.8–82.9], P<0.001).

The median time to first rescue analgesia after surgery 
was 9.7 h (95% CI, 8.3 to 11.1 h) in the TPVB group and 
1.7 h (95% CI, 1.4 to 2.0 h) in the control group, respec-
tively (P<0.001, Figure 4). Compared with the control 
group, postoperative cumulative morphine consumption 
(median [IQR]) during the initial 24 h postoperatively 
was also lower in the TPVB group (12 mg [8–14] vs 
28 mg [24–32], P<0.001). The difference in morphine 
consumption equals −16 mg (95% CI, −18 to −14 mg). 
Furthermore, preoperative TPVB shortened PACU length 
of stay, decreased the occurrence of PONV, and improved 
patient satisfaction with pain management (Table 2). None 

Figure 1 Consolidated standards of reporting trials (CONSORT) flowchart describing patient progress through the study. 
Abbreviation: TPVB, thoracic paravertebral block.
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of the TPVB-related adverse events (eg, pleural puncture, 
pneumothorax, or local anesthetic systemic toxicity) was 
identified during the study.

Discussion
This randomized, double-blind, placebo-controlled study 
demonstrated that compared with saline injection, a single- 

injection TPVB with ropivacaine was associated with 
higher global QoR-40 scores in patients after a modified 
radical mastectomy. Furthermore, ropivacaine TPVB pro-
vided superior pain relief in the early postoperative period, 
prolonged time to first rescue analgesia, lower morphine 
consumption up to 24 h postoperatively, and fewer opioid- 
related side effects than general anesthesia alone. Taken 
together, these findings indicate that preoperative admin-
istration of TPVB might be a promising strategy for post-
operative analgesia, facilitating early recovery and 
minimizing medical resource consumption.

Recovery from surgery is a complex process dependent 
on the patient, surgical, and anesthetic factors. Regional 
anesthesia technique has provided excellent postoperative 
analgesia and improved the quality of recovery after 
surgery.15–17 The QoR-40 score, a validated patient- 
reported outcome measurement, has recently been recom-
mended as one of six endpoints in perioperative medicine 
to assess patient comfort and pain after surgery.8 In this 
study, preoperative ultrasound-guided single-injection 
TPVB with 0.5% ropivacaine resulted in a change of 11 
for the QoR-40 score, signifying a clinically relevant 
improvement in patients’ early postoperative health 
status,18 which indicates the use of TPVB for enhancing 
recovery after breast surgery.

Postoperative pain remains the challenge for patients 
undergoing breast surgery; strategies to limit pain have 
been increasingly expounded.19 Regional anesthesia tech-
niques that suit breast surgery include TPVB, erector 
spinal plane block (ESPB), and pectoral nerve block. 
Swisher and colleagues propose that TPVB is superior to 
ESPB for short-term analgesias and opioid-sparing after 
non-mastectomy breast surgery.20 A systematic review 
also suggests that pectoral nerve block and TPVB are 
comparable in postoperative analgesia efficacy for 
mastectomy.21 Consequently, the choice of regional 
anesthesia technique will depend on physician experience 
and institutional policy. The TPVB provides potent analge-
sia via blockade of the dorsal rami, and ventral rami 
emerge from the spinal canal. Preoperative TPVB with 
ropivacaine may provide preventive analgesia by reducing 
central sensitization and opioid-induced hyperalgesia, 
decreasing AUCs of the VAS pain scores over 24 h, redu-
cing postoperative 24-h morphine consumption, prolong-
ing the time first to request rescue analgesia, and reducing 
the incidence of PONV, consistent with the literature.22,23 

Our findings indicate that TPVB might be the cornerstone 
of the multimodal analgesia regimen for breast surgery 

Table 1 Patient Demographic and Clinical Parameters in the 
Study

Group TPVB 
(n = 34)

Group Control 
(n = 34)

P-value

Age, years 53.6 (6.2) 53.4 (6.6) 0.925

Height, cm 163 [158–169] 165 [159–170] 0.288

Weight, kg 59.8 (7.9) 62.2 (9.3) 0.251

ASA physical 
status, n (%)

0.417

I 8 (26.5) 11 (41.2)

II 26 (73.5) 23 (58.8)

Duration of 

surgery, min

110.6 (10.6) 113.9 (11.1) 0.218

Preoperative 

QoR-40 score

182.2 (4.8) 182.9 (4.0) 0.509

Note: Data are presented as mean (SD), median [interquartile range], or number 
(percentage). 
Abbreviations: ASA, American Society of Anesthesiologists; QoR-40, 40-item 
quality of recovery questionnaire; SD, standard deviation; TPVB, thoracic paraver-
tebral block.

Figure 2 Violin plots of the global QoR-40 scores before surgery and 24 h after 
surgery. The global QoR-40 scores in the TPVB group were higher than the control 
group (P<0.001 by the Mann–Whitney U-test), with a median difference of 11 (95% 
confidence interval, 9 to 14). 
Notes: The violin plots feature a kernel density estimation of the underlying 
distribution. The white dot represents the median and the thick bar represents 
the interquartile range. 
Abbreviations: TPVB, thoracic paravertebral block; QoR-40, 40-item of quality of 
recovery questionnaire.
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patients. Furthermore, regional analgesia may offer some 
advantages in tumor extension and recurrence following 
breast cancer surgery.24 Nevertheless, a single injection of 
TPVB only with 0.5% ropivacaine did not produce long- 
term analgesia. Therefore, further research is required to 
determine whether an adjuvant (such as dexmedetomidine 
and dexamethasone) to local anesthetic agents increases 
the quality and duration of analgesia.

In this trial, no TPVB-related complications such as 
pleural puncture, pneumothorax, or local anesthetic sys-
temic toxicity were identified. Additionally, no clinically 
significant bradycardia or hypotension was noted in this 
study. This may be because TPVB produces only unilat-
eral and limited sympathetic blockade. In contrast to thor-
acic epidural analgesia, TPVB can be safely performed on 
patients with marginal coagulation.25 Ultrasound-guided 

single-injection TPVB results in a similar analgesic profile 
compared with multiple-injection TPVB.26 Besides, ultra-
sound-guided single-injection TPVB takes less time to 
perform and might be associated with minor patient dis-
comfort. Thus, we would prefer to perform a single- 
injection TPVB rather than multiple-injection TPVB in 
this study.

The study is subject to several limitations. First, we did 
not map the sensory block area before surgery because the 
trial was designed to minimize bias using placebo and 
blinding. Previous studies have indicated that single- 
injection TPVB achieves loss of sensation at the T2 to 
T6 levels.27,28 Additionally, all TPVBs were performed by 
a single experienced anesthesiologist under the guidance 
of ultrasound. Second, parecoxib and dexamethasone 
might cause underestimation of the difference in 

Figure 3 Box plots of postoperative visual analog scale pain scores at rest (A) and on movement (B) in patients receiving TPVB with 0.5% ropivacaine or 0.9% saline during 
the first 24 h postoperatively. 
Notes: Boxes indicate 25th, 75th percentiles; lines indicate median; whiskers indicate the range (minimum to maximum). *Indicate statistically significant (P<0.001) between- 
group differences. 
Abbreviations: VAS, visual analog scale; TPVB, thoracic paravertebral block.

Table 2 Secondary Outcomes During the Study Period

Group TPVB (n = 34) Group Control (n = 34) P-value

Remifentanil consumption, mg 0.05 [0–0.12] 0.28 [0.20–0.34] <0.001

Postoperative 24-h morphine consumption, mg 12 [8–14] 28 [24–32] <0.001

AUC of VAS Pain Scores Over 24 h
At rest 36.9 [28.8–42.0] 54.0 [46.7–61.3] <0.001

On movement 55.3 [51.6–61.6] 72.1 [66.8–82.9] <0.001

Length of PACU stay, min 15 [10–15] 30 [30–35] <0.001

Occurrence of PONV, n (%) 2 (5.9) 8 (23.5) 0.040

Occurrence of pruritus, n (%) 0 2 (5.9) 0.493

Patient satisfaction score 9 [8–9] 8 [7–8] <0.001

Note: Data are presented as mean (SD), median [interquartile range], or number (percentage). 
Abbreviations: AUC, area under the curve; PACU, post-anesthesia care unit; PONV, postoperative nausea and vomiting; TPVB, thoracic paravertebral block; SD, standard 
deviation; VAS, numeric rating scale.
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postoperative opioid consumption between the two groups, 
even if all the patients receive a standardized perioperative 
multimodal analgesic regimen. Lastly, the generalizability 
of our results may be limited, considering that the essential 
condition of our population was relatively healthy.

Conclusion
In summary, for patients undergoing modified radical mas-
tectomy, preoperative ultrasound-guided single-injection 
TPVB with 0.5% ropivacaine, as a part of a multimodal 
postoperative analgesic regimen, is a feasible and effective 
strategy for improving the quality of recovery and post-
operative analgesia during the early postoperative period.

Data Sharing Statement
The individual de-identified participant data underlying pub-
lished results can be accessed upon reasonable request from 
the corresponding author (Dr. Bin Qian, 1547945960@qq. 
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