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Purpose: This randomized, double-blind study evaluated the effectiveness and limitations 
of continuous serratus anterior plane block (cSAPB) by comparing the effect of cSAPB to 
patient-controlled intravenous analgesia (PCIA) on postoperative acute pain after thoraco
scopic surgery in adults.
Patients and Methods: Sixty-six patients who underwent elective video-assisted thoraco
scopic surgery (VATS) were randomly allocated to cSAPB or PCIA groups (n=33 per group) 
after surgery. For the cSAPB group, patients were treated by an initial does of 20 mL 
ropivacaine (0.375%), followed by continuous infusion at a rate of 5 mL/h of ropivacaine 
(0.2%) and a patient-controlled bolus of 5 mL ropivacaine (0.2%). PCIA started with an 
initial does of 0.03 µg/kg sufentanil, followed by a basal infusion of 0.03 µg/kg/h sufentanil 
and a patient-controlled bolus of 0.03 µg/kg sufentanil. Visual analog scale (VAS) and other 
items were examined postoperatively. The area under the curve of VAS-time (AUCVAS-time) 
at rest and on coughing in the first 24 hours postoperatively were primary outcomes.
Results: At the first 24 hours postoperatively, patients in the cSAPB group exhibited a smaller 
AUCVAS-time at rest (44.0±17.1 vs 68.9±11.8 cm·h, P<0.001) and AUCVAS-time on coughing 
(67.1±8.8 vs 78.0±12.5 cm·h, P<0.001) compared with those in the PCIA group. The differences 
in means of VAS score at rest were more than 1.0 cm between the two groups, however, on 
coughing they were less than 1.0 cm at each observation point. Additionally, patients in the 
cSAPB group had a longer time to first patient-controlled bolus (15.8±7.6 vs 10.6±8.6 hours, 
P=0.011). Furthermore, a higher rank of satisfaction was recorded with patients in the cSAPB 
group.
Conclusion: cSAPB using PCA devices might be superior to traditional intravenous con
tinuous analgesia, particularly with an advantage of pain relief at rest following VATS 
operation. Meanwhile, cSAPB lacks a satisfactory analgesic effect on cough.
Keywords: patient-controlled regional analgesia, continuous regional analgesia, continuous 
peripheral nerve blocks, postoperative acute pain, video-assisted thoracoscopic surgery

Introduction
Postoperative acute pain after thoracoscopic surgery is common and severe, which 
is a high-risk factor for developing chronic post-surgical pain (CPSP) and post
operative pulmonary complications (PPCs).1 Patient-controlled intravenous analge
sia (PCIA), which primarily employs intravenous administration of opioids, is a 
common and convenient approach for postoperative analgesia in the clinic. Some 
studies, particularly in thoracic surgery, have indicated that the traditional approach 
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of PCIA is associated with inadequate pain relief and 
significant side-effects (eg, respiratory depression, nau
sea/vomiting, and pruritus), resulting in additional needs 
for analgesia and dissatisfaction.2,3 However, the perio
perative multimodal treatment (eg, regional anesthetic 
blockade and systemic administration of opioid analgesics 
and/or NSAIDs) is effective in management of acute post- 
thoracotomy pain.

According to the American Pain Society guidelines, the 
use of continuous, rather than single-injection, peripheral 
regional analgesic techniques is strongly recommended for 
postoperative pain management, as it can offer more pro
longed duration of analgesia.4–6 Thoracic epidural analge
sia (TEA) and paravertebral blocks (PVBs) was the 
earliest regional anesthetic techniques for the thoracic 
surgery.7 Due to the side-effects and the fact that it is 
challenging to perform, TEA may not be the best choice 
in the management of postoperative pain. Bleeding in a 
loose space limits the value of PVB in patients being 
treated with anticoagulants or antiplatelet agents.8 

Besides, it is not an easy technique to place and fix the 
catheter for continuous analgesia in PVB.

Serratus anterior plane block (SAPB), which is easy-to- 
perform, has been indicated to provide regional analgesia by 

blocking the lateral cutaneous branches of the intercostal 
nerves.9 The continuous SAPB (cSAPB), in which a catheter 
is placed and connected to a patient-controlled device for 
continuous peripheral nerve blocks (CPNB), has recently 
started to be discussed10–12. But the results of previous 
research seemed inconsistent with the effects of using 
cSAPB in our own clinical work. This trial, therefore, mod
ified the blind method and statistical analyzed pain scores at 
cough and rest to evaluate the effectiveness and limitations 
of continuous serratus anterior plane block (cSAPB) by 
comparing the effect of cSAPB and PCIA after thoraco
scopic surgery up to the first and the second 24 hours. We 
speculate that cSAPB has improved postoperative analgesia 
compared with PCIA, but we do not know whether it can 
achieve satisfactory analgesia.

Patients and Methods
Trial Design
This is a prospective, randomized, double-blind and controlled 
trial implemented in First Affiliated Hospital, University of 
Science and Technology of China (USTC). From April to June 
2019, 66 patients who were scheduled for elective thoraco
scopic segmentectomy or lobectomy were recruited. Figure 1 
shows the flow diagram of participant recruitment.

Figure 1 Flow chart of study. 
Notes: Seventy-eight patients were initially assessed prior to surgical operation. Sixty-six patients were enrolled in the present study. During the follow-up to 48 hours after 
surgery, six patients were excluded because of subcutaneous emphysema postoperatively, low back pain occurred with a history of urinary stone disease, withdrawal as 
unacceptable nausea/vomiting, refusal of continuing to participation. Finally, data of a total of 66 patients were collected for statistical analysis. 
Abbreviations: cSAPB, continuous serratus anterior plane block; PCIA, patient-controlled intravenous analgesia.
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Participants
Participants meeting the following inclusion criteria were 
recruited: aged 18–65 years, body mass index (BMI) 18.5– 
25 kg/m2, both genders, American Society of 
Anesthesiologists (ASA) class I–III, voluntary participa
tion with an ability to precisely complete a pain assess
ment. The exclusion criteria included: 1) coagulation 
dysfunction; 2) systemic or puncture site infection; 3) 
local anesthetic allergy; 4) Peripheral nervous system dis
ease or SAPB-impacted area nerve damage; 5) impairment 
with severe heart (New York Heart Association classes 
III–IV), lung (forced expiratory volume in 1 second 
<50% of the predicted values), kidney, or liver functions; 
6) chronic pain history or on lasting analgesic therapy 
before the surgery; 7) other circumstances under which 
the patients to be ineligible for this study considered by the 
investigators. Such as, the incision site located beyond the 
area SAPB impacted (ie, the area bounded by the anterior 
axillary line and posterior axillary line), VATS intraopera
tively converted to open thoracotomy procedure.

General Anesthesia
No premedication was used prior to surgery. The ECG, 
heart rate (HR), mean arterial pressure (MAP), pulse oxy
gen saturation (SpO2), end-tidal carbon dioxide partial pres
sure (ETCO2), temperature, and bispectral index (BIS) were 
monitored before anesthesia by multi-function monitor and 
BIS monitor. General anesthesia was initiated with intrave
nous 0.05 mg/kg midazolam, 2 mg/kg propofol, 0.4 μg/kg 
sufentanil, and 1.0 mg/kg rocuronium. Intubation was per
formed using a double-lumen tube. An additional 0.15 μg/ 
kg of sufentanil was given before incision. Subsequently, 
the intraoperative anesthesia was maintained with a contin
uous infusion of propofol (4–8 mg/kg/h) and remifentanil 
(0.05–0.2 μg/kg/min) in order to achieve a target BIS value 
between 40–50. Cisatracurium was administered intermit
tently as required during the surgery. All patients were 
mechanically ventilated to maintain around 35–45 mmHg 
of ETCO2. All surgical operations were performed by the 
same surgeon team, without any additional administration 
of local anesthetic by surgeons. When the incision began to 
be stitched, 40 mg of parecoxib and 0.1 μg/kg of sufentanil 
was intravenously given. At the end of surgery, randomiza
tion and treatment by a independent team were commenced 
prior to the patients being extubated and fully conscious.

Interventions
Patients in group cSAPB received a continuous fascia 
plane block, according to the following protocol.

1. At the end of surgery, anesthesia was still sustained 
for the patients receiving cSAPB by using a contin
uous infusion of propofol (4 mg/kg/h). The patients 
remained in the lateral position.

2. After sterilization of the injection site on the lateral 
chest wall, the muscles overlying the fourth to sixth 
ribs between the anterior axillary line, and posterior 
axillary line were identified by the ultrasound 
(Navis, Wisonic, Shenzhen, China) with a linear 
transducer (4–15 Hz, L15-4B). The serratus anterior 
and latissimus dorsi muscles were easily identified 
above the ribs.

3. The needle was sometimes placed on the fourth or 
sixth rib, not only restricted to the fifth rib in the 
mid-axillary line, to avoid disturbing the surgical 
incision. The disposable spinal-epidural anesthesia 
kit AS-E/S (Tuoren, China) was used for following 
the block procedure.

4. When the probe was placed in a coronal plane, the 
epidural needle (Tuoren, China) with a size of 1.6 
(outer diameter) × 80 mm was inserted using an in- 
plane approach. The needle was introduced in cau
dal-cephalad direction until beneath the serratus 
anterior muscle. When the needle reached the sur
face of the rib, 3 mL of saline was injected to test 
the location of the needle tip and open the potential 
interfacial space between the rib and the serratus 
anterior muscle.

5. Afterwards, an epidural catheter with a size of 0.5 
(inner diameter) × 113 mm (Tuoren) was passed 
through the needle, and the needle was removed 
subsequently, leaving 4.5 cm of catheter inside the 
serratus anterior muscle plane. After a confirming 
negative aspiration, a bolus of 20 mL of 0.375% 
ropivacaine was administrated beneath the serratus 
anterior muscle.

6. The ultrasound confirmed that injected local anes
thetic liquid distribute adequately into the fascial 
plane between the serratus anterior muscle and the 
external intercostal muscle (Figure 2).

7. PCA pump was connected to the catheter prior to 
commencement of continuous administration. Patients 
were treated with continuous infusion through the PCA 
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device in which a background infusion at a rate of 5 mL/ 
h of 0.2% ropivacaine as well as a patient-controlled 
bolus of 5 mL 0.2% ropivacaine with a 30 minutes 
lockout.

In the PCIA group, intravenous administration of sufentanil 
using a PCA device started with an initial dose of 0.03 µg/kg 
sufentanil, followed by a background infusion of 0.03 µg/kg/ 
h sufentanil and patient-controlled bolus of 0.03 µg/kg 
sufentanil with a lockout interval of 15 minutes.

In order to achieve double blindness, patients in both 
groups were connected to the No.1 catheter with the above- 
mentioned PCA pump and, at the same time, they received a 
mock infusion device with the same appearance and con
nected to the No.2 catheter. The No.2 catheter in the PCIA 
group was taped to the skin of the chest wall and covered with 

the same bandage as the cSAPB. In the cSAPB group, the 
No.2 catheter was connected to the intravenous indwelling 
needle.

Postoperatively, NSAIDs flurbiprofen 40 mg was 
administrated every 12 hours for both groups. When the 
pain score at rest was ≥4 or on patient request, additional 
analgesia of intravenous tramadol (50 mg) was provided.

Outcomes
After the patients were extubated and fully conscious, 
assessment of pain intensity was taken. Pain intensity at 
rest and on coughing were measured by an independent 
staff member using a visual analog scale (VAS) of 0–10 
(0=no pain, 10=worst pain imaginable). VAS pain scores 
were examined at 1, 2, 6, 12, 24, 36, and 48 hours post
operatively. The area under the curve of VAS-time 

Figure 2 Ultrasound-guided cSAPB with placement of catheter. (A) The serratus anterior was above the 4th and 5th ribs and below the latissimus dorsi. (B) The needle 
indicated by the triangular arrow passed through the latissimus dorsi and serratus anterior, and arrived at the surface of the 5th rib. (C) The catheter indicated by the arrow 
was inside the serratus anterior muscle plane, surrounded by the drug solution. (D) Over time, the drug distributed adequately into the fascial plane between the serratus 
anterior muscle and the external intercostal muscle. 
Abbreviations: LD, latissimus dorsi; SA, serratus anterior; IM, intercostal muscle.
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(AUCVAS-time) was calculated to represent a cumulative 
pain intensity.13

The first primary outcome AUCVAS-time at rest and the 
second primary outcome AUCVAS-time on coughing were 
measured over the first 24 hours after surgery. In terms of 
the secondary outcomes, we recorded AUCVAS-time at rest 
and on coughing over the second 24 hours after surgery, 
the differences in means of VAS score over 24 hours after 
surgery, the time to first patients-controlled bolus, the 
press counts of patients-controlled bolus, and the incidence 
of additional analgesia. Respiratory depression was 
defined as a respiratory rate of <8 breaths per minute and 
oxygen saturation either below 92% or a decrease of more 
than 5% from baseline in patients with a baseline of SPO2 

<90%.14 The number of patients with respiratory depres
sion and nausea/vomiting within 6–48 hours after surgery 
was recorded. Participants ranked their satisfaction using a 
5-point scale, from “highly unsatisfied” to “highly satis
fied”. Some perioperative data, such as total propofol dose, 
total remifentanil dose, surgical type, operation duration, 
and chest tubes number were also collected.

Sample Capacity
Difference of 1.0–1.3 cm of VAS means between both 
groups for single measurement was previously reported 
to be clinically significant.13 In our preliminary study, a 
difference of 27.26 cm·h of AUCVAS-time means in rest 
pain between groups was estimated (P<0.001) and was 
considered clinically meaningful also. Meanwhile, a mark
edly smaller difference of 4.53 cm·h of AUCVAS-time 

means for cough pain (P=0.003) was reported with only 
statistical significance. The difference of AUCVAS-time of 
cough pain, not AUCVAS-time of rest pain, between groups 
was therefore employed to ensure an adequate power for 

sample size calculation. As a SD of 4.6 cm·h of means, a 
minimum sample size of 24 patients for each group was 
estimated, with a one-sided type I error rate of 0.05 and a 
power of 0.9. A total of 33 patients for each group was 
finally included in view of potential dropout.

Randomization
Eligible patients were randomly allocated to either cSAPB or 
PCIA group before leaving the operation room. PCIA is the 
control group in the present study. An allocation sequence 
was created by a computer-generated list. Allocation con
cealment was implemented by using sequentially numbered, 
opaque, sealed envelopes. Block randomization was per
formed with a 1:1 allocation ratio by randomly selected 
block sizes of 4 and 6. The investigator who analyzed the 
data was not informed of the group assignment.

Statistical Methods
Continuous variables were displayed as mean (SD) or, if 
skewed distribution, as median (IQR), and categorical vari
ables as percentages. For comparisons of sociodemographic 
and surgical characteristics between groups, continuous 
variables were examined using the independent t-test or 
Mann–Whitney U-test, and categorical variables with χ2 

test or Fisher exact test. The descriptive information of 
VAS scores at rest and on coughing at individual time points 
between groups was displayed (Figure 3). In addition, the 
survival analysis was used to examine the time to first bolus 
(Figure 4), which was reckoned as the censored data when 
the patients-controlled bolus did not occur within 24 hours 
after surgery. All statistical analyses were performed using 
SAS version 9.4 software (SAS, USA). All statistical tests 
were two-tailed, and a P-value<0.05 was considered 
significant.

Figure 3 VAS scores at rest (A) and on coughing (B) in cSAPB and PCIA groups. 
Note: Lines represent 95% confidence intervals. 
Abbreviations: VAS, visual analog scale; cSAPB, continuous serratus anterior plane block; PCIA, patient-controlled intravenous analgesia.
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Results
Seventy-eight patients were assessed for eligibility. Sixty-six 
patients were randomized in the present study. Six patients 
were not accomplished because of: 1) pain occurred out of 
SAPB-impacted area, due to massive subcutaneous surgical 
emphysema (n=1 per group), 2) lower back pain caused by 
urinary stone disease (n=1 for cSAPB), 3) unacceptable 
nausea/vomiting (n=1 per group), and 4) refusal of continu
ing to participate (n=1 for PCIA). The results were analyzed 
on an intention-to-treat basis. In order to keep all subjects in 
both groups at the end of the trial consistent with the begin
ning, the missing data of the six uncompleted patients were 
treated by carrying forward the last observation to the end 
point. The final analysis included all 66 patients (33 per 
group). Baseline characteristics are shown in Table 1.

Comparisons of postoperative pain intensity as mea
sured by AUCVAS-time and the differences in means of VAS 
score are shown in Table 2. During the first 24 hours after 
surgery, the cSAPB group had smaller AUCVAS-time at rest 
(44.0±17.1 vs 68.9±11.8 cm·h, P<0.001) and AUCVAS-time 

on coughing (67.1±8.8 vs 78.0±12.5 cm·h, P<0.001) com
pared with the PCIA group. Thereafter, AUCVAS-time at 
rest (38.0±16.1 vs 60.4±13.2 cm·h, P<0.001) and 
AUCVAS-time on coughing (65.5±14.3 vs 75.1±13.3 cm·h, 
P=0.006) following cSAPB decreased during the second 
24 hours after surgery, and still remained statistically sig
nificant compared with the PCIA group. The differences in 

means of VAS score at rest were more than 1.0 cm 
between two groups, however, on coughing were less 
than 1.0 cm at each observation point in 48 ouhrs post
operatively. Furthermore, other secondary outcomes are 
shown in Table 3. The cSAPB group had a longer time 
to first bolus (15.8±7.6 vs 10.6±8.6 hours, P=0.011) than 
patients in the PCIA group during the first 24 hours. The 
rate of nausea/vomiting in the cSAPB group was lower 
(6% vs 36%, P=0.003) compared with the PCIA group. 
There was no significant difference in respiratory depres
sion between the two groups. The higher satisfaction was 
ranked with the cSAPB group. The incidence of additional 
analgesia, as well as bolus press counts, were not signifi
cant between both groups.

Discussion
Since SAPB was firstly reported by Blanco et al, there has 
been increasing interest in this regional analgesic techni
que for thoracic surgery which primarily focused on sin
gle-injection performed before or after surgery.15–19 

Figure 4 Survival curve of time to first patients-controlled bolus in cSAPB and PCIA 
groups. 
Note: There was a statistical difference with the time to first bolus between two 
groups (P=0.007). 
Abbreviations: cSAPB, continuous serratus anterior plane block; PCIA, patient- 
controlled intravenous analgesia.

Table 1 Demographic and Surgical Characteristics of Participating 
Patients (n=66)

cSAPB PCIA P- 
value

Sample size, n 33 33

Sociodemographic 

characteristics

Mean age in years 55.4±10.8 59.6±10.7 0.117

Sex, n (%) 0.135

Male 22 (67) 16 (48)

Surgical characteristics

Mean BMI in kg/m2 23.5±2.4 23.8±3.3 0.683

ASA Class, n (%) 0.402

II 10 (30) 7 (21)

III 23 (70) 26 (79)

Type of surgery, n (%) 0.415

Lobectomy 25 (76) 22 (67)

Segmentectomy 8 (24) 11 (33)

Mean surgical time in minutes 136.0±42.5 126.3±59.6 0.450

Mean propofol in mg 627.7±124.6 572.6±224.6 0.222

Mean remifentanil in µg 1117.5±273.8 1013.9±475.9 0.283

Median chest tube (IQR), n 1 (1–1) 1 (1–1) 0.558

Hospital stay duration, days 6 (5–6) 6 (6–7) 0.260

Notes: All continuous data are presented as mean±SD or median (interquartile 
range, IQR) and compared using the independent t-test or the Mann–Whitney U- 
test, respectively. Categorical data are presented as frequency and analyzed using 
the chi-square or Fisher’s exact test. 
Abbreviations: BMI, body mass index; cSAPB, continuous serratus anterior plane 
block; PCIA, patient-controlled intravenous analgesia; IQR, interquartile range; 
ASA, American Society of Anesthesiologists.
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Although cSAPB has been reported for the management of 
acute or chronic pain after thoracoscopic surgery,20–22 we 
consider that from the perspective of neuroanatomy, there 
may be some limitations in the application of cSAPB in 
postoperative analgesia after thoracoscopic surgery. 
Therefore, we compared the analgesic effect of cSPB 
with that of PCIA. The main results suggested that 
cSAPB using a PCA device can provide a better pain relief 
at rest than PCIA, in terms of a smaller AUCVAS-time and a 
longer time to first bolus, particularly with a clinically 
meaningful pain relief at rest following VATS operation. 
The minimum clinically important difference in VAS score 
was defined as 1.0 cm for a single measurement,13 so the 
differences in means of VAS score on coughing between 
two groups had no clinically meaningful result in our trail. 
Collectively, cSAPB was more effective with the rest pain, 
rather than cough pain.

The serratus fascial plane block could be performed at 
two different interfascial spaces, the first one was super
ficial to the serratus anterior muscle and the other one was 
deep underneath the serratus anterior muscle. It’s still 
controversial so far that which one is better.9,13,23,24 In 
the present study, we performed SAPB at deep plane 
based on several considerations. First, performance of 
deep SAPB was straightforward technically. The needle 
can be reached directly to the surface of the rib that was 
clearly identified under ultrasound guidance. Also, local 
anesthetic was easily administered into the plane beneath 
the serratus anterior, as it’s not difficult to separate the 
serratus anterior off from the rib.23 Another consideration 
relied on a wider spread of local anesthetic following the 
deep serratus block. Besides blockade of target nerves 
(including the lateral cutaneous branches of the intercostal 
nerve, long thoracic nerve, and thoracodorsal nerve), the 
infiltration of local anesthetic caused by deep serratus 
block had an additional ability to affect the external inter
costal muscles directly adjacent to the local anesthetic. 
Thus, deep blockade could provide a pain relief with 
peaceful and quiet respiration in which the external inter
costal muscle primarily gets involved.13 Lastly, the cathe
ter was secured steadily below the serratus anterior, as firm 
fixation of the catheter is one of the keys to success of 
continuous peripheral regional nerve block. In the preli
minary study we already found the catheter located at the 
same position even with patient’s body-bending.

Wang et al10 found that single-injection serratus plane 
or thoracic paravertebral block (PVB) could reduce the 
postoperative opioid consumption and pain scores at the 

Table 2 Outcomes Regarding Pain Management of Patients 
(n=66)

cSAPB PCIA Δ P- 
value

Sample size, n 33 33

AUCVAS-time 1st 24 hours

Mean AUC at rest in cm·h 44.0±17.1 68.9±11.8 24.9 <0.001

Mean AUC on coughing in cm·h 67.1±8.8 78.0±12.5 10.9 <0.001

AUCVAS-time 2nd 24 hours

Mean AUC at rest in cm·h 38.0±16.1 60.4±13.2 22.4 <0.001

Mean AUC on coughing in cm·h 65.5±14.3 75.1±13.3 9.6 0.006

VAS at rest, cm

1st hour 2.0±1.0 3.0±0.8 1.0 <0.001

2nd hour 2.1±1.0 3.1±0.7 1.0 <0.001

6th hour 2.0±0.9 3.2±0.6 1.2 <0.001

12th hour 2.0±0.9 3.0±0.6 1.0 <0.001

24th hour 1.7±0.7 2.8±0.6 1.1 <0.001

VAS on coughing, cm

1st hour 2.7±0.7 3.5±0.6 0.8 <0.001

2nd hour 2.8±0.5 3.6±0.6 0.8 <0.001

6th hour 2.9±0.5 3.6±0.7 0.7 <0.001

12th hour 3.0±0.5 3.4±0.7 0.4 0.014

24th hour 2.9±0.4 3.2±0.6 0.3 0.011

Notes: All continuous data are presented as mean±SD or median (interquartile 
range, IQR) and compared using the independent t-test or the Mann–Whitney U- 
test, respectively. Categorical data are presented as frequency and analyzed using 
the chi-square or Fisher’s exact test. 
Abbreviations: cSAPB, continuous serratus anterior plane block; PCIA, patient- 
controlled intravenous analgesia; Δ, difference in means; AUCVAS-time, area under 
the curve of VAS-time.

Table 3 Other Secondary Outcomes of Patients (n=66)

cSAPB PCIA P-value

Mean time to first bolus in hours 15.8±7.6 10.6±8.6 0.011

Bolus press counts, n

Median counts 1st 24 hours (IQR) 2 (0–3) 2 (0–3) 0.478

Median counts 2nd 24 hours (IQR) 0 (0–1) 0 (0–0) 0.349

Rescue analgesia, n (%) 5 (15) 9 (27) 0.232

Nausea/Vomiting, n (%) 2 (6) 12 (36) 0.003

Respiratory depression, n (%) 1 (3) 5 (15) 0.089

Satisfaction, n (%) 0.001

Highly unsatisfied 0 (0) 4 (12)

Unsatisfied 0 (0) 1 (3)

OK 5 (15) 7 (21)

Satisfied 15 (46) 19 (58)

Highly satisfied 13 (39) 2 (6)

Notes: All continuous data are presented as mean±SD or median (interquartile 
range, IQR) and compared using the independent t-test or the Mann–Whitney U- 
test, respectively. Categorical data are presented as frequency and analyzed using 
the chi-square or Fisher’s exact test. 
Abbreviations: cSAPB, continuous serratus anterior plane block; PCIA, patient- 
controlled intravenous analgesia; IQR, interquartile range.
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early stage in the patients undergoing uniportal video- 
assisted thoracoscopic surgery. Serratus plane block is as 
effective as a thoracic paravertebral block for reducing 
postoperative pain. But, in their study, they did not classify 
the rest pain and coughing pain.

Qiu et al11 also confirmed asimilar effect of SAPB and 
PVB in terms of postoperative acute pain, additional 
analgesia, postoperative nausea and vomiting, pain assess
ment at rest and on coughing, without any significant 
difference. Hanley et al12 found that continuous SAPB 
provided better postoperative 24-hour NRS assessment of 
rest pain, coughing pain, and movement pain, compared 
with continuous PVB. The results of our study show that 
cSAPB significantly relieved the pain of patients at rest, 
which is similar to the results of the previous studies. But 
in our study, of note, cSAPB has no significant advantage 
over PCIA in the analgesic effect on coughing. We believe 
that is the limitation of cSAPB. This is very different from 
Hanley et al’s conclusion.

Anatomically, SAPB only targets the lateral branch of 
the intercostal nerves, and does not appear to be equivalent 
to TEA or PVB blocks of the entire segmental nerve. As 
the intercostal nerves at the incision sites largely contrib
uted to the pain after thoracoscopic surgery, the intercostal 
nerve was a potential target for a multi-modal analgesia. 
Theoretically, fascial plane blocks relied on local anes
thetic diffusion across fascial planes and through muscle 
layers. To determine the extent of injectate spread and 
nerve involvement, several studies conducted the dissec
tion on cadavers following SAPB.25,26 Mayes et al25 con
cluded that significant direct intercostal nerve spread is 
unlikely even deep injectate underneath the serratus ante
rior muscle, as the latex did not spread to the intercostal 
nerves on any occasions. In contrast, the latex and dye 
both did spread to the lateral cutaneous branches of the 
intercostal nerve on all occasions. Therefore, TEA or PVB 
offers more adequate and overall pain relief in theory via 
blockade of the entire segmental nerve, and SAPB could 
be reasonably expected to be effective for superficial sur
gery of the lateral thorax.

Consistent with the anatomical basis, we observed that 
the SAPB was more efficient with the rest pain, not with 
cough pain. Mechanically, the explanation for advantage of 
deep SAPB with rest pain seemed to be possible.25,26 The 
intercostal nerve runs anatomically between the innermost 
intercostal and internal intercostal, which are functionally 
essential to the respiration and the efficacy of cough by 
innervating the corresponding intercostal muscles. The 

external intercostal muscles are directly adjacent to the ser
ratus anterior muscle, and thus more likely to be fully 
impacted by the diffusion of local anesthetic. That’s why 
deep blockade possibly provided pain relief with peaceful 
and quiet respiration, in which the external intercostal muscle 
primarily gets involved. In contrast, coughing or forced 
expiration uses intercostal muscles (innermost and internal) 
are both deeper and perhaps less likely to be impacted by 
SAPB, thus it is possible that coughing would still be painful. 
Another consideration is that cSAPB is unlikely to affect the 
pleurae, which are richly innervated and likely provide sig
nificant pain during cough. Taken together, although there 
was a statistical difference in terms of cough pain in the 
present study, SAPB may not have clinical efficacy to active 
pain due to a lack of an anatomical basis against cough- 
related pain. Encouragingly, the perioperative experience of 
patients was likely to be improved as the reduction of post
operative pain following cSAPB, due to the high quality of 
pulmonary functional exercises and the less incidence of 
nausea and/or vomiting.

There were some considerations underlying the discor
dance of our result and Hanley et al’s study. First, the 
amount of levobupivacaine with the initial dose of 40 
mL (2 mg/kg), as well as a sustained dose of 8 mL/h, is 
far more than the dose of LAs we used. Does this mean a 
better analgesic effect can be achieved by a large volume 
of SAPB, and still be safe for the patient? Second, they 
postulate that secondary spread into communicating inter
fascial planes may have contributed to the clinical efficacy 
of the SAPB. The authors believed that this is due to the 
rhomboid intercostal and subserratus (RISS) plane block, 
and the deep erector spinae block (ESPB). But this still 
cannot explain why their continuous SAPB block the 
sensation of costal pleura. Further cadaveric work is 
needed to investigate this theory. Last but not the least, 
their trial included 40 patients, but 10 of them were dis
charged within the 24–48 hour study timepoint. The 
authors attempted to overcome the bias caused by a mass 
of missing data by using an intention to treat (ITT) analy
sis. But the inaccurate results might influence the inter
pretation of the trial results.

Our study had several limitations. First, this was a 
single-center study. Although the same team of performing 
surgeons and anesthetists ensured the standardization and 
consistency of the work, the results and conclusions of our 
trail need to be further confirmed by other centers. Another 
important limitation is no sensory testing during the opera
tion of fascial plane block as the patients were still not 
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extubated and unconscious. Instead, we confirmed using 
ultrasound that injection of local anesthetic distributed 
adequately into the target plane between the serratus ante
rior muscle and the external intercostal muscle.

Conclusion
The results of this study showed that cSAPB was superior 
to PCIA for rest pain, as indicated by a smaller AUCVAS- 

time and a longer time to first patient-controlled bolus. 
However, this intervention was less effective for cough 
pain. Further study is necessary to confirm the beneficial 
effects of this method in a larger sample size. Further 
cadaver studies are also necessary. In conclusion, cSAPB 
through a PCA device provided lasting management of 
postoperative acute pain after thoracoscopic surgery, emer
ging as a optional candidate for a multi-modal analgesia 
strategy.

Abbreviations
cSAPB, continuous serratus anterior plane block; PCIA, 
patient-controlled intravenous analgesia; VATS, video- 
assisted thoracoscopic surgery; VAS, Visual analog scale; 
CPSP, chronic post-surgical pain; PPCs, postoperative pul
monary complications; TEA, thoracic epidural analgesia; 
PVBs, paravertebral blocks; CPNB, continuous peripheral 
nerve blocks; BMI, body mass index; ASA, American 
Society of Anesthesiologists; AUCVAS-time, the area under 
the curve of VAS-time; IQR, interquartile range; Δ, differ
ence in means; LD, latissimus dorsi; SA, serratus anterior; 
IM, intercostal muscle.
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