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Acute pain after serratus an
terior plane or thoracic
paravertebral blocks for video-assisted
thoracoscopic surgery

A noninferiority randomised trial

Yuwei Qiu, Jingxiang Wu, Qi Huang, Yungang Lu, Meiying Xu, Edward J. Mascha,

Dongsheng Yang, Ilker Ince and Daniel I. Sessler
BACKGROUND Serratus anterior plane blocks (SAPBs)
and thoracic paravertebral blocks (TPVBs) can both be used
for video-assisted thoracic surgery. However, it remains
unknown whether the analgesic efficacy of a SAPB is com-
parable to that of a TPVB.

OBJECTIVE We tested the primary hypothesis that SAPBs
provide noninferior analgesia compared with TPVBs for
video-assisted thoracic surgery.

DESIGN A noninferiority randomised trial.

SETTING Shanghai Chest Hospital, between August 2018
and November 2018.

PATIENTS Ninety patients scheduled for video-assisted
thoracic lobectomy or segmentectomy were randomised.
Patients were excluded if they were unable to perform the
visual analogue pain scale, or surgery was converted to
thoracotomy.

INTERVENTIONS Blocks were performed after induction of
general anaesthesia. The three groups were paravertebral
blocks (n¼30); serratus anterior plane blocks (n¼29); and
general anaesthesia alone (n¼30).

PRIMARY OUTCOME MEASURES Visual analogue pain
scores (0 to 10 cm) at rest and while coughing, and
Prince-Henry pain scores (0 to 4 points) were used to assess
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postoperative analgesia at 2, 24 and 48 h after surgery. We
assessed the noninferiority of SAPBs with TPVBs on all three
primary pain outcomes using a delta of 1 cm or one point as
appropriate.

RESULTS The mean difference (95% confidence intervals)
in visual analogue scores between the SAPBs and TPVBs
was �0.04 (�0.10 to 0.03) cm at rest, �0.22 (�0.43 to
�0.01) cm during coughing and �0.10 (�0.25 to 0.05) for
Prince-Henry pain scores. As the upper limit of the confi-
dence intervals were less than 1 (all P<0.001), noninferiority
was claimed for all three primary outcomes. Compared with
general anaesthesia alone, the VAS scores at rest and while
coughing, and the Prince-Henry pain scores for the two
blocks were significantly lower during the initial 2 h after
surgery.

CONCLUSIONS Serratus anterior plane blocks are quicker
and easier to perform than paravertebral blocks and provide
comparable analgesia in patients having video-assisted tho-
racic surgery. Both blocks provided analgesia that was
superior to general anaesthesia alone during the initial 2 h
after surgery.

TRIAL REGISTRATION Chinese Clinical Trial Registry, iden-
tifier: ChiCTR1800017671.
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Introduction

Video-assisted thoracoscopic surgery facilitates rapid

recovery after lobectomies, wedge resections and seg-

mental lung resections.1,2 Although less invasive than

open approaches, thoracoscopic surgery compresses

intercostal nerves, damages muscles and provokes soft

tissue oedema around incision sites.3 Consequently, pain

after thoracoscopic procedures is more intense than might

be expected. Postoperative pain is not only an acute

problem, about one-fifth of patients develop persistent

incisional pain after thoracic surgery.4,5

Thoracic epidural and paravertebral blocks are often used

for analgesia after thoracic surgery.6,7 Paravertebral

blocks have become popular because they avoid the risk

of epidural haematoma or bleeding, and paravertebral

administration of analgesia is considered safer than neur-

axial blocks in anticoagulated patients.8 A recent meta-

analysis reported that epidural and paravertebral blocks

provide comparable analgesia, similar duration of hospi-

talisation and comparable 30-day mortality in patients

recovering from thoracotomies.9 Paravertebral blocks are

easier to perform than epidural blocks, and probably

safer. But even with ultrasound guidance, paravertebral

blocks can cause pneumothorax, haemodynamic compro-

mise and (rarely) total spinal anaesthesia.10

A promising alternative to paravertebral blocks is the

serratus anterior plane block, which can be easily per-

formed with ultrasound guidance. The serratus plane

block was originally proposed for breast surgery,11,12

but has been used successfully for thoracic surgery.

The serratus plane block requires injection of local

anaesthetics at the midaxillary line, which blocks the

thoracic intercostal nerves, thus providing dense analge-

sia to the lateral thorax.13 An attractive feature of the

serratus approach is that it is less invasive than paraver-

tebral blocks, easier to perform and less likely to cause

serious complications.11,14 However, it remains unknown

whether analgesic efficacy of serratus plane blocks is

comparable to that provided by paravertebral blocks.

The aim of our study was to compare the efficacy of

ultrasound-guided serratus anterior plane blocks and tho-

racic paravertebral blocks on acute pain in video-assisted

thoracoscopic surgery. Specifically, we tested the primary

hypothesis that serratus anterior plane blocks are nonin-

ferior to thoracic paravertebral blocks on analgesia. Sec-

ondarily, we tested the hypothesis that both blocks

lengthen the time to onset of surgical pain compared to

general anaesthesia and reduce the need for rescue medi-

cation over the initial 24 postoperative hours. We further

described complications with each intervention.

Materials and methods
Ethics and registration
This study was approved by the Institutional Review

Board in Shanghai Chest Hospital, Shanghai, China [IRB
 © European Society of Anaesthesiology and Intensive 
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#KS (P) 1715, approved by Chairperson Prof. Ning

Zheng] on 22 August 2017. Written informed consent

was obtained from each patient at least a day before

surgery. This trial was registered before participant enrol-

ment began at the Chinese Clinical Trial Registry

(ChiCTR1800017671; principal investigator, Yuwei

Qiu; date of registration, 08 August 2018).

Patients inclusion and exclusion criteria
Eligible patients were 18 years or older, scheduled for

elective video-assisted thoracoscopic lobectomy or seg-

mentectomy, with an American Society of Anesthesiol-

ogists physical status of I-III and were expected to have a

surgical duration more than 30 min.

Patients were excluded if they had clinically important

cardiovascular disease, were unable to perform the visual

analogue pain scale, had undergone previous thoracic

surgery or the procedure was converted from thoraco-

scopic surgery to open thoracotomy. Patients were also

excluded when they had emergency surgery, if cutaneous

infections were noted near the block sites, when coagu-

lation was abnormal or if allergies to local anaesthetics

were suspected.

Protocol
For all three groups, general anaesthesia was induced

with 0.6 mg kg�1 sufentanil and a target-controlled infu-

sion of propofol set to a plasma concentration of 4

mg ml�1. Cisatracurium 0.15 mg kg�1 was given to facili-

tate double-lumen bronchial tube intubation. Propofol

administration was adjusted to target a Bispectral Index

(Medtronic, Minneapolis, Minnesota, USA) between 40

and 50. Cisatracurium was infused at 0.12 mg kg�1 h�1,

adjusted as necessary to maintain one to two twitches in

response to supramaximal train-of-four stimulation of the

ulnar nerve at the wrist.

Sufentanil 10 mg was injected intravenously if the blood

pressure increased more than 30% or the heart rate

exceeded 100 bpm during the incision or when a trocar

was inserted. At skin closure, 5 mg sufentanil was injected

intravenously. A single dose of dexamethasone (10 mg)

was permitted for PONV prophylaxis. After surgery,

patients were transferred to the postanaesthesia care unit

for extubation.

Patients were randomly allocated 1 : 1 : 1 without stratifi-

cation into three treatment groups using a set of com-

puter-generated random numbers kept in sealed

envelopes by an investigator not involved in clinical care.

Envelopes were opened shortly before induction of

anaesthesia to keep the allocation concealed as long as

practical. Blocks were performed after induction of gen-

eral anaesthesia, and patients were not informed of their

group assignments. The three groups were paravertebral

blocks; serratus anterior plane blocks; and general
Care. Unauthorized reproduction of this article is prohibited.
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anaesthesia alone. The placement of the blocks was

restricted to a few staff anaesthesiologists who were

skilled in both procedures and, as the blocks were per-

formed after induction of anaesthesia, the anaesthetist

conducting the anaesthetic was not blinded to treatment.

Patients assigned to paravertebral blocks were positioned

in the lateral decubitus position with the operative side

up. A 1.6 to 6.0 MHz curved array transducer (GE,

NextGen LOGIQ; GE Inc., California, USA) was used

to scan from the midline laterally to identify the spinous

processes, transverse processes and the paravertebral

spaces at the T4 and T6 vertebral levels. Using an in-

plane approach, a 10 cm, 22-gauge needle was inserted

into the paravertebral spaces, and 15 ml of 0.375% ropi-

vacaine was injected at each level.

In patients assigned to serratus plane blocks, a linear

high-frequency (5 to 12 MHz) probe was positioned over

the mid-axillary line in a transverse plane to identify the

latissimus dorsi, teres major and serratus anterior muscles

over the fifth rib.13 Using an in-plane approach with an

anterior to posterior direction, a 22-gauge needle was

inserted until the tip was positioned between the latissi-

mus dorsi muscle and serratus anterior muscles, and then

30 ml of 0.375% ropivacaine was injected.

A standard multimodal postoperative analgesia regimen

was used to achieve pain relief and minimise opiate

consumption: this included 50 mg of the nonsteroidal

anti-inflammatory drug flurbiprofen axetil (Taide, Phar-

maceutical Co., Beijing, China) before the surgical inci-

sion, and 1 mg kg�1 dexmedetomidine infused after

anaesthesia induction over more than 10 min. A continu-

ous intravenous infusion of sufentanil (1.5 mg kg�1) and

dezocine (a mu-opioid partial agonist, 0.3 mg kg�1)

diluted into 100 ml with 0.9% saline was commenced

immediately after surgery: this was infused at a rate of

2 ml h�1. When pain scores exceeded 3/10, adjuvant

analgesics such as intravenous tramadol were provided

in the postanaesthesia care unit. On surgical wards,

clinicians who were unaware of group assignment,

assessed pain at 2 to 3-h intervals and provided rescue

analgesics including oral oxycodone or intravenous lor-

noxicam (a nonselective cyclooxygenase inhibitor) when

pain scores exceeded 3/10. Oral oxycodone was pre-

scribed per patient request, up to three times daily.

Measurements
Patient and intra-operative variables were collected.

Intra-operative hypotension was defined as MAP less

than 65 mmHg lasting at least 2 min. Intra-operative

consumption of sufentanil and propofol was recorded.

The joint primary outcomes were VAS at rest and VAS

during coughing (10 cm visual analogue scales, VAS,

0 cm¼no pain and 10 cm¼worst imaginable pain), and

Prince-Henry pain scores. The Prince-Henry Pain

Score was optimised for thoracic surgery (0¼no pain on
ht © European Society of Anaesthesiology and Intensiv
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coughing; 1¼pain on coughing, but not on deep breathing;

2¼pain on deep breathing but not at rest; 3¼ slight pain at

rest; 4¼ severe pain at rest.15 Scores for nausea and vomit-

ing were 0¼no nausea or vomiting; 1¼mild, nausea but

not vomiting; 2¼moderate, vomiting one to three times;

and 3¼ severe, vomiting more than four times.16 These

scores were recorded by nursing staff who were blind to the

group allocation.

Statistical analysis
We assessed balance between the randomised groups on

baseline variables using the standardised difference, that

is, the difference in means or proportions divided by the

pooled standard deviation. Pairwise comparisons among

randomised groups were considered well balanced on a

particular variable if the absolute standardised difference

was less than 1.96H(n1þn2)/(n1
�n2)¼ 0.506, where n1

and n2 are the sample sizes.

We assessed noninferiority of serratus anterior blocks

over paravertebral blocks on all three primary pain out-

comes using a delta of 1 cm or one point for each score as

appropriate. As we required noninferiority of serratus

plane blocks on all three outcomes at 2, 24 and 48 h after

the end of surgery, there was no required adjustment for

multiple testing in the noninferiority analysis (i.e., this is

an intersection–union alternative hypothesis). We

assessed the treatment-by-time interaction and con-

ducted noninferiority tests at each time point if the

interaction P value of 0.15 or less. If the treatment-by-

time interaction was P value more than 0.15, then an

overall noninferiority test for all the three time points

together would be calculated.

Noninferiority was assessed for each outcome using a

one-tailed t-test with the significance level set at 0.025.

Noninferiority P-value obtained from a one-tailed t-test

using a test statistic defined as T NI ¼ b̂1�d
SEb1

, where b̂1 is the

estimated treatment effect, SEb1 is the standard error of the

treatment effect and d is the noninferiority delta (i.e., 1 point

VAS score); Significant if P value less than 0.025.

We first estimated the treatment effect from a repeated

measures maximum likelihood estimate (MLE) linear

model, with an unstructured within-individual correla-

tion matrix to account for the correlation over time within

patients. We then used the estimated difference in means

and its standard error to conduct the noninferiority test,

with the numerator equal to the estimated difference

minus the noninferiority delta of 1, and denominator

equal to the estimate standard error of the difference.17

Noninferiority was claimed if the upper 95% confidence

limit of the difference in means was less than the speci-

fied noninferiority delta of 1 cm or 1 point, corresponding

to P value less than 0.025. As noninferiority was claimed

on all three primary outcomes in the primary analysis, for

each outcome, we also assessed superiority in the same

direction (i.e., testing the null hypothesis that the
e Care. Unauthorized reproduction of this article is prohibited.
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difference in means equals zero) at an overall alpha of

0.025, applying a Bonferroni correction for the number of

outcomes (3) and for three time points within each

outcome if the treatment-by-time interaction P value

less than 0.15.

Sensitivity analysis for primary analysis

Diagnostic plots from the repeated measures models

showed residuals of the two VAS scores to be reasonably

normally distributed, but this was not so for the Prince-

Henry Pain Score. As each of the three pain scores

themselves had skewed distributions, we conducted sen-

sitivity analyses using the percentile bootstrap resam-

pling method (10 000 runs, with replacement) to estimate

the median difference (95% confidence interval) from the

Hodges-Lehmann estimator of location shift, and the

difference in medians (95% confidence interval).

Secondary comparisons of interest

We also assessed superiority of serratus anterior blocks

and paravertebral blocks to general anaesthesia on each

primary outcome in two-tailed tests, where superiority

was claimed if the confidence interval for the difference

in means did not include zero. We used the Bonferroni

correction to maintain the two-sided overall alpha at 0.05

while adjusting for three outcome variables and two

pairwise comparisons (i.e., two blocks versus general

anaesthesia alone), as well as three time points (if

group-by-time interaction P< 0.15).

Secondary outcomes

Secondary outcomes included the pain-free period,

defined as time from the end of surgery to onset of

surgical pain, request of rescue tramadol medication

within 24 h (dichotomously), total amount of rescue oral

oxycodone within 24 h and total amount of rescue lornox-

icam within 24 h. The exploratory outcomes were the

time required to perform the blocks, intra-operative

consumption of sufentanil and propofol, occurrence of

intra-operative hypotension, rescue analgesics in the

surgical ward and postoperative nausea and vomiting

score.

For the secondary and exploratory outcomes, we assessed

the superiority (testing whether difference in means

equals zero, with two-tailed tests) of both blocks com-

pared with general anaesthesia alone and also for serratus

anterior blocks versus paravertebral blocks. For all sec-

ondary and exploratory analyses, we used linear regres-

sion (equivalent to analysis of variance) for normally

distributed continuous outcomes, Kruskal–Wallis test

for discrete continuous outcomes (total amount of rescue

oral oxycodone and rescue lornoxicam within 24 h) and

the ordinal outcome of postoperative nausea and vomit-

ing score, and Chi-squared or Fisher exact tests to com-

pare binary outcomes, adjusting for multiple comparisons
 © European Society of Anaesthesiology and Intensive 
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among three groups by Bonferroni correction (i.e.,

P� 0.05/3¼ 0.017).

Sample size considerations
We defined a noninferiority margin of 1 cm on the visual

analogue pain scale as a clinically meaningful effect. On

the basis of a preliminary study, we assumed a standard

deviation of 1.2 for each of the three pain score outcomes,

a correlation of 0.50 among three repeated measurements

over time (2, 24 and 48 h within each outcome variable),

and no interaction between groups and time. With three

repeated measures, a sample size of 21 patients per group

had 90% power to detect noninferiority of serratus ante-

rior blocks to paravertebral blocks on all three primary

outcomes, at the 0.025 significance level. No Bonferroni

correction was needed because noninferiority was

required on all three outcomes and across the three time

points. To allow for some individuals not completing the

trial, we planned to enrol 30 patients in each treatment

group, without interim analyses.

Estimates were made by calculating sample size for

noninferiority between two groups on a single outcome

with three repeated measurements, adjusting for the

within-individual correlation across three time measure-

ments by applying a design effect of 1þ(k-1)r to the

independent-sample two-group t-test formula for nonin-

feriority (one-tailed test at alpha¼ 0.025); r¼ 0.50 was

the assumed within-individual correlation and k¼ 3 the

number of repeated measures.18

SAS statistical software (version 9.4, Cary, North Caro-

lina, USA) was used for all analyses.

Results
A total of 90 patients were randomised from 13 August

2018 to the 23 November 2018. One patient who had a

serious intra-operative haemorrhage was excluded, leav-

ing 30 patients given general anaesthesia alone,

30 patients given paravertebral blocks and 29 patients

given serratus anterior plane blocks (Fig. 1). Baseline

patient characteristics and surgical data were comparable

(Table 1).

In the primary analysis, we found serratus anterior plane

blocks to be noninferior to paravertebral blocks on visual

analogue scores at rest and while coughing, and on

Prince-Henry pain scores (i.e., all noninferiority

P< 0.001, Table 2). The difference in means between

the serratus anterior blocks and paravertebral blocks was

�0.04 (95% CI:�0.10 to 0.03) cm at rest,�0.22 (�0.43 to

�0.01) cm during coughing and �0.10 (�0.25 to 0.05) for

Prince-Henry pain scores. The treatment effect did not

vary over time on any of the three primary outcomes (i.e.,

all treatment-by-time interaction P> 0.50). However,

superiority was not found between the two groups on

any of the three primary outcomes after Bonferroni

correction; that is, all P values exceeded the significance
Care. Unauthorized reproduction of this article is prohibited.
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Table 1 Patient and surgical characteristics

GA (n U 30) TPVB (n U 30) SAPB (n U 29) ASD
M

Demographics
Age (years) 54�11 58�10 56�10 0.388
Sex (male/female) 14/16 14/16 13/16 0.037
BMI (kg m�2) 23�3 24�2 24�3 0.089
ASA physical status 0.014

I 8 (27) 8 (27) 9 (31)
II 22 (73) 20 (70) 18 (62)
III 0 (0) 2 (3) 2 (7)

Surgical characteristics P valueMM

Procedure 0.876
Wedge resection 2 (7%) 3 (10%) 2 (7%)
Segmentectomy 6 (20%) 4 (13%) 7 (23%)
Lobectomy 22 (73%) 23 (77%) 20 (67%)

Surgical direction 0.769
Left-side 10 (33%) 12 (40%) 9 (33%)
Right-side 19 (67%) 18 (60%) 20 (67%)

Duration of surgery (min) 96�38 93�40 88�40 0.773
Duration of anesthesia (min) 129�34 130�44 131�51 0.992

Data are presents as means�SDs or n (%). ASA, American Society of Anesthesiologists. ASD, absolute standardize difference; BMI, Body mass index. M ASD less than
1.96 H(n1þn2)/(n1

Mn2))¼0.506 was considered imbalanced, where n1¼30 and n2¼30 are the sample size in the general Anesthesia alone and thoracic Paravertebral
blocks, respectively. Max pairwise ASD among three groups was reported. MM ANOVA and Kruskal-Wallis tests were used to compare continuous variables, and Chi-
square test and Fisher’s Exact test were used to compare categorical variables, as appropriate.

Fig. 1 Flow diagram of individuals’ recruitment and treatment

 

Randomised (n = 90) 

Allocated to GA group (n = 30) Allocated to SAPB group (n = 30)

Follow up at 2, 24 and 48 hours:  

Pain intensity and adverse effects 

Lost to follow up (n = 1) 
• blood loss in SAPB group (n = 1) 

Analysed (n = 89)  

Follow-Up 

Allocation 

Analysis 

Assessed for eligibility (n = 100) 

Excluded (n = 10) 

• Not meeting inclusion criteria (n = 8) 
• Declined to participate (n = 0) 
• Surgical schedule changed (n = 2) 

Enrolment 

Allocated to TPVB (n = 30) 

SAPB, serratus anterior plane block; TPVB, thoracic paravertebral block.

Eur J Anaesthesiol 2021; 38 (Suppl 2):S97–S105



Copyright

S102 Qiu et al.

Table 2 Comparative efficacy of serratus anterior blocks versus paravertebral blocks on primary outcomes: tests for noninferiority and
superiority

Pain scores TPVB (n U 30) SAPB (n U 29) Mean difference (SAPB -TPVB)a (95% CI) Noninferiority Pb Superiority Pc

VAS at rest (cm) 1.2�1.2 1.1�1.2 �0.04 (�0.10 to 0.03) <0.001 0.294
2 h 0.01�0.2 0.0�0.0
24 h 1.9�1.1 1.9�1.3
48 h 1.6�1.1 1.4�0.9

VAS coughing (cm) 2.2�1.8 2.1�1.8 �0.22 (�0.43 to �0.01) <0.001 0.040
2 h 0.3�0.6 0.1�0.3
24 h 3.5�1.4 3.6�1.4
48 h 2.8�1.3 2.6�0.7

Prince-Henry Pain Score 1.4�1.1 1.4�1.1 �0.10 (�0.25 to 0.05) <0.001 0.168
2 h 0.2�0.4 0.1�0.3
24 h 2.1�0.8 2.2�0.9
48 h 2.0�0.7 1.9�0.6

Data are mean�SD. SAPB, serratus anterior plane block; TPVB, thoracic paravertebral block; VAS, visual analogue pain score 0 to 10 cm. a There was no interaction
between intervention and time on the three primary outcomes (all interaction P>0.50). b Significant if P<0.025 for each outcome using a one-tailed noninferiority t-test.
No Bonferroni correction needed for assessing 3 outcomes because noninferiority was required on all. c Significant if P<0.008 using Bonferroni correction (i.e.,
alpha¼0.025/3¼0.008 for three outcomes).
criterion of 0.008 (0.025/3¼ 0.008), and thus, the corre-

sponding confidence intervals all included zero.

VAS scores at rest and while coughing, and Prince-Henry

pain scores, were significantly lower with each of the two

blocks compared with general anaesthesia alone 2 h after

surgery (all P < 0.001, Table 3). After 24 h, neither block

differed significantly from general anaesthesia (after Bon-

ferroni correction).

Sensitivity analyses on primary analysis
The distributions for each pain score were similar (Sup-

plementary data table 1, http://links.lww.com/EJA/A501,

and Fig. 2). The estimated median difference (95% CI)

for each of the pain outcomes was 0 (0 to 0). As the upper

95% confidence limit of median difference was less than

1 cm or point, noninferiority was consistent with the

results from the primary analysis. When using the differ-

ence in medians, noninferiority was claimed for VAS with
 © European Society of Anaesthesiology and Intensive 

Table 3 Visual analogue scores at rest and on coughing, and Prince-He
thoracic paravertebral blocks or serratus anterior plane block

Pain scores GA alone (n U 30) TPVB (n U 30)

VAS at rest 9 cm
TimeMgroup interaction

2 h 1.1�1.1 0.01�0.2
24 h 2.3�1.4 1.9�1.1
48 h 1.4�1.2 1.6�1.1

VAS with coughing (cm)
TimeMgroup interaction

2 h 3.2�1.8 0.3�0.6
24 h 4.7�1.6 3.5�1.4
48 h 3.4�1.6 2.8�1.3

Prince-Henry Pain Score
TimeMgroup interaction

2 h 2.0�1.1 0.2�0.4
24 h 2.5�0.7 2.1�0.8
48 h 2.1�0.8 2.0�0.7

Data are mean�SD. P values from linear mixed models. GA, general anaesthesia; SA
visual analogue pain score. a A statistically significant difference between groups using
three pain score outcomes, three time points and two comparisons).

Eur J Anaesthesiol 2021; 38 (Suppl 2):S97–S1
coughing but for VAS at rest and Prince-Henry pain score

the upper 95% confidence limit was exactly 1 point.

Table 4 summarises all pairwise comparisons on second-

ary and exploratory outcomes among the three groups.

Both blocks prolonged onset of pain compared with

general anaesthesia alone, but no difference was found

between the two blocks. Within 24 h after surgery,

patients given either block used less rescue tramadol

medication than those given general anaesthesia alone.

On the surgical wards, the total doses of lornoxicam

and oxycodone did not differ among the three groups

(Table 4).

On average, serratus anterior blocks took less time to

perform than paravertebral blocks (5 versus 10 min,

P< 0.001), and caused less hypotension than general

anaesthesia (3 versus 30%, P¼ 0.012, Table 4). Patients

given either block received less propofol and sufentanil
Care. Unauthorized reproduction of this article is prohibited.

nry pain scores: comparing general anaesthesia with/without either

SAPB (n U 29) P (TPVB versus GA) P (SAPB versus GA)

0.0018
0.0�0.0 <0.001a <0.001a

1.9�1.3 0.235 0.199
1.4�0.9 0.756 0.720

<0.001
0.1�0.3 <0.001a <0.001a

3.6�1.4 0.0078 0.0038
2.6�0.7 0.014 0.064

<0.001
0.1�0.3 <0.001a <0.001a

2.2�0.9 0.088 0.027
1.9�0.6 0.275 0.587

PB, serratus anterior plane block; TPVB, thoracic paravertebral block; VAS, 10 cm
Bonferroni correction (i.e., significance criterion¼0.05/18¼0.0027 adjusting for
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Fig. 2 Comparisons of three pain scores over time between serratus
anterior blocks and thoracic paravertebral blocks after video-assisted
thoracoscopic surgery
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Boxplots show the overall scores at 2, 24 and 48 h postoperatively. No
interaction was found between intervention and time on the three
primary outcomes (all interaction P values>0.50) in a linear mixed
effects model. Noninferiority of serratus plane blocks compared with
paravertebral blocks was claimed on all three outcomes (i.e., all
noninferiority P values<0.001). The lines in the boxes represent the
median, the top and bottom of the boxes are the upper and lower
quartiles, and the whiskers are the minimum and maximum pain scores.
intra-operatively, when adjusted for weight and time,

than patients given general anaesthesia alone.

We did not detect any potentially related serious adverse

events or life-threatening events, such as local

anaesthetic toxicity.

Discussion
This randomised, assessor and patient blind, trial indi-

cates that serratus anterior plane and paravertebral blocks

provide comparable analgesia in patients having video-

assisted thoracic surgery. Both blocks provided analgesia

that was superior to general anaesthesia alone during the

initial 2 h after surgery, and both required less rescue

medication over 24 h. Our results are consistent with a

recent trial, which found that pain scores and analgesic

use were significantly reduced with serratus anterior

blocks.19 Previous work also shows that both paraverteb-

ral20 and serratus anterior21 blocks are good alternatives to
ht © European Society of Anaesthesiology and Intensiv
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thoracic epidural blocks. Our trial extends previous work

by directly comparing the two blocks for video-assisted

thoracic surgery. The available data indicate that both

serratus anterior and paravertebral blocks are equally

effective for thoracic surgery.22–25 However, as serratus

anterior blocks are quicker and easier to perform than

paravertebral blocks,11,26 they may be preferable.

We found that both serratus anterior and paravertebral

blocks reduced intra-operative sufentanil use by about

30% and propofol use by about 20% under BIS-guidance,

results that are consistent with previous trials.27,28 Intra-

operative fentanyl consumption was also reduced by both

paravertebral blocks and serratus anterior plane blocks for

modified radical mastectomy.24 Lower anaesthetic doses

might be expected to promote haemodynamic stability.

Supporting this theory, hypotension and vasopressor use

were significantly reduced in patients given either block.

As might be expected from reduced intra-operative and

postoperative opioid administration, the incidence of

nausea and vomiting was significantly reduced in both

block groups.

Because local anaesthetic diffuses throughout the serra-

tus plane,11 serratus anterior blocks generally cover the

T3-T9 antero-lateral area, the usual site for chest drains.

Serratus anterior blocks probably do not include the

posterior cutaneous branches of the intercostal nerves,12

but clinical efficacy of the block after thoracoscopy is

nonetheless excellent. As might be expected given the

limited area of video-assisted thoracic surgery, we did not

identify significant analgesic differences in the two

blocks. However, there is substantially more tissue

involved, and more intense pain with thoracotomies.

Serratus anterior blocks may nonetheless be helpful for

open thoracic surgery, although trials will be needed to

confirm this theory.25

We were unable to blind anaesthesiologists who per-

formed the blocks. However, patients were blinded, as

the blocks were performed after induction of general

anaesthesia. Furthermore, our primary outcomes – pain

and rescue medication – were evaluated by investigators

who were blinded to allocation and block status. An

additional limitation is that we evaluated the effects of

block-induced analgesia on pain at rest and while cough-

ing; however, we did not evaluate effects on mobilisation

or the duration of hospitalisation.

In summary, serratus anterior plane blocks were nonin-

ferior to paravertebral blocks on analgesia in patients

having video-assisted thoracic surgery. Pain scores at rest

and during coughing were considerably lower with each

block than with general anaesthesia alone 2 h after sur-

gery, and fewer patients required rescue medication

during the initial 24 h. With BIS-guided anaesthesia, both

serratus anterior and paravertebral blocks reduced intra-

operative sufentanil use by about 30% and propofol use

by about 20%. Hypotension and vasopressor use were
e Care. Unauthorized reproduction of this article is prohibited.
Anaesthesiol 2021; 38 (Suppl 2):S97–S105



Copyright

S104 Qiu et al.

Table 4 Secondary and exploratory outcomes

Secondary outcomes

GA

(n U 30)

TPVB

(n U 30)

SAPB

(n U 29)

P (SAPB

versus GA)

P (TPVB

versus GA)

P (SAPB

versus TPVB)

Onset of pain (h) 11.7�5.3 15.7�5.5 19.1�5.0 <0.001a 0.0114a 0.038
Use of rescue tramadol within 24 h 22 (73) 10 (33) 3 (10) <0.001a 0.002a 0.033
Rescue lornoxicam within 24 h (mg) 0.728 0.777 0.999

0 13 (43.3) 17 (56.7) 14 (48.3)
8 8 (26.7) 4 (13.3) 10 (34.5)
16 9 (30.0) 9 (30.0) 5 (17.2)

Rescue oral oxycodone within 24 h (mg) 0.285 0.223 0.989
0 7 (23.3) 13 (43.3) 12 (41.4)
5 3 (10.0) 2 (6.7) 2 (6.9)
10 3 (10.0) 2 (6.7) 2 (6.9)
15 14 (46.7) 13 (43.3) 13 (44.8)
20 3 (10.0) 0 (0.0) 0 (0.0)

Exploratory outcomes
Total intra-operative sufentanil consumption (mg) 48.0�7.3 35.7�5.7 37.6�6.9 0.097 0.046 0.999
Intraoperative sufentanil consumption rate (mg kg�1 h�1) 0.39�0.1 0.28�0.1 0.31�0.1 <0.001a <0.001a 0.739
Total intra-operative propofol consumption (mg) 881�235 724�234 742�253 <0.001a <0.001a 0.811
Intra-operative propofol consumption rate (mg�1 kg�1 h) 6.7�1.1 5.2�1.0 5.6�1.3 0.011a <0.001a 0.677
Intra-operative hypotension 9 (30) 6 (20) 1 (3.4) 0.012a 0.371 0.103
Intra-operative vasopressors 8 (27) 5 (17) 1 (3.4) 0.0257 0.347 0.95
Time to perform blocks (min) NA 10.1�2.9 5.1�1.1 NA NA <0.001a

Postoperative nausea and vomiting score 0.355 0.438 0.972
0 15 (50.0) 21 (70.0) 18 (62.1)
1 4 (13.3) 3 (10.0) 7 (24.1)
2 9 (30.0) 1 (3.3) 3 (10.3)
3 2 (6.7) 5 (16.7) 1 (3.4)

Values are mean�SD or n (%). Linear regression was used to assess the effects on normally distributed continuous outcomes, Kruskal–Wallis Test for skewed continuous
outcomes or ordinal outcomes, and Chi-square or Fisher Exact tests for binary outcomes. GA, general anaesthesia; SAPB, serratus anterior plane block; TPVB, thoracic
paravertebral block. a Statistically significant (P<0.017) differences between two groups using Bonferroni correction (i.e., 0.05/3¼0.017 for three pairwise
comparisons).
significantly reduced, but only for serratus anterior

blocks. We conclude that both serratus anterior and

paravertebral blocks are effective for thoracic surgery.

However, serratus anterior blocks are easier and

quicker than paravertebral blocks, and are thus possibly

preferable.
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