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Abstract 

Purpose: This study aimed to investigate the impact of ultrasound-guided, bilateral, low level (T8-T9) 
deep serratus anterior plane (DSAP) blocks on postoperative recovery quality and postoperative 
analgesia in patients undergoing trans-subxiphoid robotic thymectomy (TRT). 
Methods: 39 patients undergoing TRT were randomized to receive either low DSAP block under 
general anesthesia (Group S) or the sham block (Group C) on each side. The primary outcome was the 
QoR-40 score at postoperative day (POD) 1. Secondary outcomes included numeric rating scale (NRS) 
scores over time, postoperative 48 hours opioid consumption, QoR-40 scores at POD 2, 30, and 90.  
Results: The QoR-40 scores on POD1-2 were higher in Group S than in Group C [179.1 (4.9) vs 167.7 
(2.8), P < 0.01; 187.7 (4.6) vs 178.1 (3), P < 0.01, respectively]. Pain scores were significantly lower in 
Group S, both during resting and motion at postoperative 6h, 12h, and 24h (P < 0.05 for each). The total 
amount of sufentanil consumed in the first 48 h was lower in Group S than in Group C [61.4 (4.9) vs 78.9 
(4.6), P < 0.001]. 
Conclusion: The bilateral low DSAP blocks enhanced the QoR-40 for 2 days postoperatively, relieved 
postsurgical pain, and reduced opioid consumption during the early postoperative period in patients 
undergoing TRT. 
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Introduction 
Currently, minimally invasive surgical 

approaches have replaced median sternotomy for the 
treatment of anterior mediastinal tumors and 
myasthenia gravis, which have many advantages 
such as minor trauma, less surgical complications and 
better postoperative recovery.[1-3] Among the 
minimally invasive techniques, the robotic 
subxiphoid approach is a widely used and promising 

technique.[4-6] The advantages of this technique 
combining the subxiphoid approach with the da Vinci 
robotic system are as follows: (Ⅰ) the visual field, 
comparable to that achievable via sternotomy, can be 
obtained through the camera scope inserted from the 
midline camera port; (Ⅱ) the soft tissue in the 
subxiphoid region, unlike rigid rib structure, which 
makes it easier to transfer the entire specimen through 

 
Ivyspring  

International Publisher 



Int. J. Med. Sci. 2024, Vol. 21 

 
https://www.medsci.org 

1242 

the surgical incision; (Ⅲ) the cosmetic outcome is 
superior; and (Ⅳ) the surgical robot provides a 
magnified three-dimensional and high-definition 
vision, as well as offers a markedly improved 
ergonomics including articulating endo-wristed 
instruments and filtration of physiologic hand 
tremors. 

Initially, Suda et al. developed the 
trans-subxiphoid robotic thymectomy (TRT) in 2015.[4] 
Lu et al. subsequently developed a new approach via 
subxiphoid and subcostal arch facilitating the 
thoracoscopic thymectomy and extended thymec-
tomy.[7] Now, many treatment centers increasingly 
perform TRT via subxiphoid and subcostal arch 
approach.[1,8] In this approach, a 3-cm incision is made 
below the xiphoid as camera port and two additional 
trocars are inserted bilaterally below the costal 
margin. In spite of trauma and postoperative pain in 
TRT may be minimal due to intercostal spaces are not 
traversed,[9] incisions of subxiphoid and subcostal 
arch can still bring painful feeling after surgery. 
Inadequately controlled pain after thoracic surgery 
negatively affects the risk of postoperative 
complications (such as respiratory and cardiac 
complications), quality of recovery, length of stay, and 
the risk of chronic post-surgical pain. [10-12] Therefore, 
it is important to optimize perioperative pain 
management to accommodate the transition from 
sternotomy to minimally invasive surgery (MIS).  

Epidural analgesia, as a traditional pain 
management standard for patients undergoing 
thoracic and abdominal surgeries, has been 
questioned in MIS, due to the potential severe 
complications and strict requirements on coagulation 
function.[13] Blanco et al. firstly developed serratus 
anterior plane (SAP) block in 2013, [14] which can block 
the thoracic intercostal nerves in the lateral part of the 
thorax to provide an excellent analgesic effect. The 
SAP block has gained popularity as it is a reliable, 
efficient and easy to perform analgesic technology 
with a low risk of adverse effects.[15,16] Described by 
Blanco and his colleagues,[14] there are two methods of 
SAP block: superficial serratus anterior plane (SSAP) 
block (injection in the plane superficial to the serratus 
anterior muscles), and deep serratus anterior plane 
(DSAP) block (injection in the plane between the 
posterior surface of the serratus anterior muscle and 
the periosteum of the rib). Practically, the DSAP block 
to separate the serratus anterior muscle from the rib is 
easier than the SSAP block to separate the serratus 
anterior from the external intercostal muscle. 

The level of T6-L1 is responsible for the 
innervation of the abdominal wall, which means that 
SAP block also provides analgesia for upper 
abdominal wall incisions by blocking these sensory 

dermatomes in the thoracic region. Recent studies 
have demonstrated the good analgesic efficacy of low 
SAP block in laparoscopic cholecystectomy and 
hepatectomy. [17,18] However, the efficacy of bilateral 
low SAP blocks analgesia in the patients undergoing 
TRT remains unknown. Whether a relationship exists 
between bilateral low SAP blocks and postoperative 
recovery quality is still unclear. 

Given these knowledge gaps, we designed a 
randomised controlled trial to assess the impact of 
bilateral low DSAP blocks on the quality of recovery 
(QoR) after TRT, and to evaluate the analgesic efficacy 
of bilateral low DSAP blocks for patients undergoing 
TRT.  

Material and methods 
Ethics approval and registration  

The Clinical Research Ethics Committee of 
Shanghai Pulmonary Hospital approved this study 
(approval number K21-372Y) and all subjects who 
took part in this trial gave written consent. The study 
was registered at the Chinese Clinical Trial Registry 
before patient enrollment (ChiCTR2200055315, 
Principal investigator: Yu Fu, Date of registration: 1 
January 2022). Besides, the study protocol was 
prospectively published in the Journal of Pain 
Research on 6 April 2022 (DOI: 10.2147/ 
JPR.S359638).[19] The study was conducted following 
the Consolidated Standards of Reporting Trials 
(CONSORT) guidelines.[20] 

Participants 
This study was conducted in Shanghai 

Pulmonary Hospital, School of Medicine, Tongji 
University between January 2022 and March 2023. To 
be enrolled, patients had to meet all the following 
criteria: (1) age range 18-80 yr, (2) ASA grading 
between I and III, and (3) received elective TRT and 
signed informed consent for the follow-up study. 
Exclusion criteria included (1) contraindication to 
bilateral low SAPB, (2) history of opioid as well as 
opiate abuse, (3) abnormal coagulation function, (4) 
preexisting skin infection or eczema at the injection 
site, (5) preexisting chronic pain, or (6) known 
psychiatric and neurologic disorders that don't 
include stable myasthenia gravis (refers to no 
symptoms or functional limitations from myasthenia 
gravis but some weakness on examination of some 
muscles). We invited all eligible patients to participate 
in this study, and those who enrolled provided 
written informed consent one day before surgery. 

Randomization and Blinding 
A research investigator (H.Fu) who was blinded 

to study design prepared random numbers using 
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SPSS 26.0 (IBM, Chicago, IL, USA). Participants were 
randomly assigned to 2 groups at a 1:1 ratio via 
random numbers. Group allocation concealment was 
performed using sealed envelopes. On the morning of 
surgery, the anaesthesiologist (Y.Fu) prepared a 
40-mL syringe labelled “research solution” consisting 
of 0.375% ropivacaine or normal saline according to 
the group allocation. Before surgery, another 
anaesthesiologist (Y. Lu) performed the ultrasound- 
guided bilateral low DSAP blocks using “research 
solution” for each participant. Blocks were performed 
under general anesthesia, which meant that the 
patients were not aware of their group allocation, and 
resulting in the absence of sensory evaluation of the 
block. Healthcare workers (H.Liu and Z.Wen) who 
were involved in data collection were also blinded to 
the group allocation and were not granted access to 
the randomization until the completion of the data 
analysis. Thus, this study was conducted with a 
double-blind design. 

Standard anaesthesia and analgesia protocol 
Standard perioperative care was given to all 

patients. After attaching the standard monitoring of 
electrocardiogram (ECG), pulse oximetry (SpO2), and 
non-invasive blood pressure (BP), the right internal 
jugular vein cannula was placed and Ringer’s solution 
infusion was started in the operating room. Induction 
of anesthesia was done by standard doses of 
midazolam, propofol, sufentanil, and rocuronium 
bromide. This was followed by double-lumen 
endotracheal intubation to achieve lung isolation. 
Anaesthesia was maintained with total intravenous 
anesthesia, with the objective of attaining a bispectral 
index value ranging between 40 and 60. The 
administration of remifentanil was initiated at a dose 
of 0.1 μg/kg/min, and then adjusted according to the 
hemodynamic parameters, with a maximum of 2 
μg/kg/min. Specifically, the anesthetic, liquid 
volume and rate of infusion were adjusted in 
accordance with hemodynamic monitoring conditions 
to keep the systolic BP and HR within 20% of the 
baseline. An electronic anaesthesiology recording 
system (Medicalsystem Co., Ltd., Nanjing, China) was 
used to document vital signs. After the surgical 
procedure, the neuromuscular blockade was 
reversible by utilizing a combination of neostigmine 
and atropine to meet the criteria for extubation. 
Patients were transferred to the post-anesthesia care 
unit (PACU) for one hour after extubation and then to 
the surgical ward. As a component of multimodal 
analgesia, all patients have been administered 50 mg 
flurbiprofen intravenously 30 minutes prior to the 
surgical incision and immediately upon their arrival 
in the PACU. 

Patients received intravenous opioid patient- 
controlled analgesia during the first 48 hours after 
surgery. The PCIA pump was set up with sufentanil 
100 μg in 0.9% sodium chloride 100 mL, at the rate of 2 
mL/hour, with a single bolus dose of 2 μg, and a 
lockout period of 15 minutes. Intravenous 
flurbiprofen 50 mg was administered as a rescue 
analgesic to patients if the NRS ≥ 4, and it could be 
repeated if necessary (maximum, not exceeding 200 
mg/day). 

Ultrasound-guided bilateral low DSAP blocks 
The bilateral low DSAP blocks were performed 

by the experienced anesthesiologist (Y.Lu) under 
ultrasound guidance after anesthesia induction. The 
patient was supine and the ultrasound probe (8–12 
MHz) was placed on the sagittal plane of the 
midclavicular line of the chest. The probe was moved 
downward to count the ribs until the level of 8-9th 
inter-costal space in the mid-axillary line. The serratus 
anterior muscle and intercostal muscle were 
recognized using ultrasound. Then, the “research 
solution” was injected into the plane between the 
posterior surface of the serratus anterior muscle and 
the periosteum of the rib using an in-plane approach 
with a 22-gauge needle (22G, 80 mm, UniPlex®, 
NanoLine®, Germany). The procedure was 
performed bilaterally for the patients. Thus, a total 
amount of 40 ml of 0.375% ropivacaine or normal 
saline was divided into two equal volumes and 
injected at each side. The injection sites were gently 
pressed to accelerate the diffusion. 

The Procedure of TRT 
All the operations were executed by a fixed 

surgical team employing the da Vinci surgical system 
(Surgical Intuitive, Mountain View, CA, USA) with 
three arms. The lower edge of the xiphoid process, 
which served as the camera port, was cut with an 
approximately 30-mm longitudinal incision. Two 
8-mm subcostal incisions, where the da Vinci arms 
were mounted, were made bilaterally on the 
midclavicular line. After resection, the thymus was 
placed in a bag dedicated to mediastinal tumors and 
removed through the subxiphoid incision. 

Outcome measures 
The primary outcome was the global Quality of 

Recovery-40 (QoR-40) score on postoperative days 
(POD) 1. The QoR-40 scale is a reliable measure of a 
patient’s quality of recovery after surgery, which 
scores ranging from 40 to 200.[21] Secondary outcomes 
included: (1) NRS scores at rest and with movement at 
6 h, 12 h, 24 h, 48 h, 30d, and 90d postoperatively; (2) 
cumulative opioid consumption within 48 h 
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postoperatively; (3) PCIA pump use within 48 h 
postoperatively; (4) use of rescue analgesics within 48 
h postoperatively; (5) QoR-40 scores at POD 2, 30, and 
90; and (6) incidence of adverse events such as block 
complications, nausea and vomiting, sedation, 
pruritus, and surgical complications. 

Sample size and statistical analyses  
The established minimum clinical improvement 

in recovery quality after surgery is 10-points in the 
global QoR-40 score. [22,23] Based on our pilot study in 
a population of patients undergoing TRT, which 
reported that the global QoR-40 score at the 24th hour 
postoperatively was 168 (10), the sample size was 
calculated. Assuming α = 0.05 and β = 0.20 for a 
10-point difference in global QoR score between 
groups, the calculated sample size was 17 subjects per 
group. In consideration of possible dropouts, a total of 
40 patients (20 patients in each group) were recruited. 
The calculation of sample size was made using the 
software G*Power (version 3.1). 

Statistical Product and Service Solutions (SPSS) 
version 26.0 (IBM SPSS Inc., Chicago, IL, USA) was 
used for all statistical analyses. The normal 
distribution of the variables was assessed using the 
Shapiro-Wilk test, and if it was satisfied, the data were 

presented as mean (standard deviation, SD), and 
analyzed with an independent sample t-test 
(Student’s t-test) between groups. Otherwise, the data 
were presented as median (interquartile range, IQR), 
and analyzed with the Mann-Whitney U-test between 
groups. Categorical variables were presented as 
frequency (percentage), and compared using the 
chi-square test or Fisher’s exact test. Analysis of 
variance (ANOVA) was used for multiple testing. 
Post hoc multiple comparisons were conducted using 
the Bonferroni method when significant interactions 
are detected using ANOVA. Two-tailed P-values of 
less than 0.05 was accepted as statistically significant. 

Results 
In this study, 40 patients were initially assessed 

for eligibility. However, one patient was excluded 
because temporarily cancelled operation. The 
remaining 39 cases were equally and randomly 
allocated to the bilateral low DSAP blocks or placebo 
control groups (Group S, n=19; Group C, n=20). No 
subjects were lost to follow-up (Figure 1). Both groups 
had similar patient characteristics and duration of 
surgery (Table 1). 

 

 
Figure 1: Consolidated Standards of Reporting Trials flow study diagram describing patient progress through the study. Abbreviations: DSAP, deep serratus 
anterior plane; USG, ultrasonography.  
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Table 1. Comparison of baseline characteristics and surgery 
duration between the two groups.  

Variable Group C (n=20) Group S (n=19) P-value 
Age, yr 52.9 (10.1) 54 (12.4) 0.752 
Gender, n (%)   0.621 
 Female 10 (50) 11 (57.9)  
 Male 10 (50) 8 (42.1)  
Height, cm 164.9 (7.1) 164.8 (8.0) 0.981 
Weight, kg 64.9 (9.4) 67.4 (6.9) 0.357 
Body mass index, kg/m2 23.8 (2.2) 24.8 (2.0) 0.140 
ASA physical status, n (%)   0.242 
 Ⅰ 10 (50) 6 (31.6)  
 Ⅱ 10 (50) 13 (68.4)  
Duration of surgery, min 94.5 (31.6) 85.1 (28.4) 0.337 

The data are represented as n (%) or mean (SD). Abbreviations: ASA, American 
Society of Anesthesiologists. 

 

The Quality of Recovery-40 
The postoperative global and dimensional 

QoR-40 scores are showed in Table 2 and Figure 2. 
This measurement was repeated at POD1, 2, 30, and 
90. The repeated-measures ANOVA showed that 

there was interaction between time and group (P < 
0.001), so Bonferroni correction was applied at each 
time point. The total QoR-40 scores of both groups at 
POD2, 30, and 90 were higher than those at POD1 (P < 
0.001). Similarly, the total QoR-40 scores of both 
groups at POD30 and 90 were higher than those at 
POD2 (P < 0.001). However, there were no significant 
differences in the total QoR-40 scores of both groups 
between POD30 and 90 (P > 0.05; Figure 2). The global 
QoR-40 scores on both POD1 and 2 were significantly 
different between the groups (POD1: mean difference 
-11.5[95% confidence interval (CI): -14.1 to -8.8], P < 
0.01, and POD2: -9.7[95% CI: -12.2 to -7.2], P < 0.01). 
Among the five dimensions, the scores of physical 
comfort, emotional status, and pain dimension were 
higher in Group S at POD1 and 2 than in Group C (P < 
0.01 for each), moreover, the physical independence 
dimension score was significantly higher in Group S 
at POD2 than in Group C (P < 0.05; Table 2). 

 

 
Figure 2: Postoperative QoR-40 scores at POD1, 2, 30, and 90. The data are represented as mean (SD). Data collected at multiple points in time were analyzed using 
repeated-measures ANOVA. *P < 0.05 compared with Group C. aP < 0.05 compared with POD1. bP < 0.05 compared with POD2. Abbreviations: POD, postoperative days.  
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Table 2. Postoperative QoR-40 scores at POD1 and POD2.  

QoR-40 Group C (n=20) Group S (n=19) Between-group P-value 
POD1    
 Total score 167.7 (2.8) 179.1 (4.9) <0.01 
 Physical comfort 51.2 (3.0) 55.4 (1.8) <0.01 
 Emotional state 37.2 (3.3) 41.8 (1.6) <0.01 
 Psychological support 28 (27-31.5) 28 (28-30) 0.596 
 Physical independence 19 (17.5-21) 20 (18-21.5) 0.249 
 Pain 31 (30-32) 33 (32-34) <0.01 
POD2    
 Total score 178.1 (3.0)  187.7 (4.6)  <0.01 
 Physical comfort 53.9 (2.1) 57.3 (1.8) <0.01 
 Emotional state 40 (37.5-41) 43 (42-44) <0.01 
 Psychological support 31 (2.4) 31.3 (2.7) 0.703 
 Physical independence 21 (2) 22.2 (1.3) 0.024 
 Pain 33 (32-34) 34 (34-34) <0.01 

The data are represented as mean (SD) or median (IQR). The mean (SD) data were 
compared with the independent t test. The median (IQR) data were compared 
using the Mann-Whitney U test. Abbreviations: QoR-40, Quality of Recovery-40; 
POD, postoperative days. 

 

Numeric Rating Scale 
The ultrasound-guided bilateral low DSAP 

blocks was performed successfully in all subjects. No 
complications were attributable to regional 
anaesthesia were observed. The repeated-measures 
ANOVA showed that time effect, group effect, and 
time-group interaction were statistically significant 
regarding pain scores at rest and motion (P < 0.01 for 
each). The NRS scores were statistically significantly 
lower in Group S compared to Group C, both during 
resting and motion at POS6h, POS12h, and POD1 (P < 
0.05 for each). Furthermore, the NRS scores remained 
lower in Group S compared to Group C during 
motion at POD2 (P < 0.05; Figure 3). 

Other outcomes 
As detailed in Table 3, the number of PCIA 

button presses within 48h was significantly lower in 
the Group S compared to Group C (P < 0.001). 
Similarly, the cumulative sufentanil and rescue 
analgesic consumption within 48h was significantly 

lower in the Group S compared to Group C (P < 0.001 
and P < 0.05, respectively). No significant differences 
in postoperative complication rates were found 
between Group S or Group C. The postoperative 
nausea or vomiting (PONV) was the most common 
postoperative complications observed (Table 3). 

 

Table 3. Comparison of other perioperative outcomes between 
groups. 

Outcomes Group C 
(n=20) 

Group S 
(n=19) 

P-value 

Times PCIA used within 48h 3 (3-4) 1 (1-2) <0.001 
Cumulative sufentanil consumption 
within 48h, μg 

78.9 (4.6) 61.4 (4.9) <0.001 

Rescue analgesic (flurbiprofen) 
consumption within 48h, mg 

50 (50-100) 50 (0-50) 0.01 

Postoperative complications, n (%)    
PONV 7 (35) 4 (21.1) 0.48 
Pruritus 1 (5) 1 (5.3) 1 
Dizziness 3 (15) 1 (5.3) 0.61 
Pneumonia 1 (5) 0 1 
Arrhythmia 0 1 (5.3) 0.49 
Postoperative 30-day readmission 0 0 NS 

The data are represented as n (%), mean (SD) or median (IQR). Abbreviations: 
PONV, postoperative nausea or vomiting; PCIA, patient-controlled intravenous 
analgesia. 

 

Discussion 
The present study is the first randomized 

controlled trial comparing the ultrasound-guided 
bilateral low DSAP blocks versus the sham block in 
TRT. Our results indicated that patients who received 
the ultrasound-guided bilateral low SAPB had higher 
global QoR-40 scores at POD1 and 2, which showed 
that they had a better quality of recovery after TRT. 
Furthermore, we demonstrated that patients exposed 
to bilateral low DSAP blocks prior to surgery felt less 
pain in the early postoperative period and decreased 
cumulative opioid consumption following surgery. 

Robotic surgery, a new surgical frontier, offers a 
minimally invasive platform to treat a wide variety of 

 

 
Figure 3: Postoperative numerical rating scores (A) at rest and (B) at motion. Boxes present interquartile ranges while whiskers show 1 to 99 percentiles. The 
Mann-Whitney U test was used in the comparison between groups. *P < 0.05 compared with Group C. Abbreviations: NRS, numeric rating score; POS, postoperative; POD, 
postoperative days.  
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complex thoracic diseases. [24,25] Robot-assisted 
thymectomy via the subxiphoid approach has 
increasingly attracted professional and public interest. 
[1,26] As mentioned above, these involved incisions of 
TRT are limited to the upper abdominal wall, ranging 
from the T6 to T10 intercostal nerves.[19] With 
advancements in medical devices and techniques 
enabling the surgical resolution of intricate 
intrathoracic pathology in patients, anesthesiologists 
should devote greater attention to the improvement of 
efficient, safe analgesic management and patient- 
oriented quality of recovery. However, scientific 
literature about pain management for patients 
undergoing TRT remains limited. 

Despite epidural analgesia (EA) having a long 
history of use in thoracic and abdominal surgeries, 
which keeps declining in popularity currently owing 
to a reportedly high failure rate and the potential 
multitude of complications.[27,28] Several ultrasound- 
guided regional techniques may be preferred for 
effective safe alternatives to thoracic EA, including 
interfascial plane blocks. SAP block is regarded as a 
promising interfascial plane block owing to its ease of 
execution and capacity to completely cover the 
surgical area affected by thoracoscopic surgery.[15,29] 
Additionally, it has been shown that the utilization of 
low SAP block can provide a good analgesic effect 
and reduce opioid consumption in liver surgery and 
laparoscopic cholecystectomy.[17,18] Thus, we speculate 
that the ultrasound-guided bilateral low DSAP blocks 
can improve the quality of recovery and provide an 
efficient analgesic effect for patients undergoing TRT. 

Modern recovery after surgery involves a 
process that ultimately results in the patient returning 
to a relative state of normality, independence, optimal 
well-being, and self-efficacy. Although lower pain 
scores hold significant importance after surgery, they 
won’t be seen as a better recovery experience if they 
come with other negative side effects. Hence, we 
focused on how well the patient recovered, which is 
assessed by QoR-40 scores. The QoR-40 questionnaire 
is acknowledged as the most widely used scale for 
assessing patients’ quality of recovery. [21,30,31] This 
study showed that there was a statistically significant 
difference in global QoR40 scores of 11.5 points at 
POD 1, this succeeded in reaching our predefined 
primary outcome of a 10-point difference. Besides, 
there remained a statistically significant difference in 
global QoR40 scores of 9.7 points at POD 2. Our 
results pointed out that the bilateral low DSAP blocks 
brought about a significantly better early 
postoperative recovery of patients after TRT. 

A potent postoperative analgesia is important 
for recovering from surgery. Although published 
articles concluded that SAP block is now wildly used 

in postoperative analgesia treatment of the chest wall 
including breast cancer surgery,[32] thoracoscopic 
surgery,[33] and thoracotomy,[34] there is still limited 
clinical data on SAP block used in upper abdominal 
surgery. Tao et al.[17] reported that the unilateral SAP 
block (T6-T7) offered excellent analgesia and reduced 
perioperative opioid consumption for open partial 
hepatectomy. And Wu et al.[18] reported that the 
unilateral low SAP block (T8-T9) reduced the 
postoperative pain score for patients undergoing 
laparoscopic cholecystectomy. Given that surgical 
incisions of TRT are limited to the upper abdominal 
wall, the bilateral low level (T8-T9) SAP blocks may be 
utilized for pain relief following the subxiphoid 
incision and bilateral subcostal incisions. In the 
present study, we found that the bilateral low DSAP 
blocks did provide superior postoperative early 
analgesia to patients undergoing TRT. However, there 
were no disparities observed in the NRS score 
between the two groups on POD30 and 90. This may 
have been because our sample size is insufficient to 
compare the incidence of chronic postsurgical pain.  

 This study also yields significant results 
regarding the opioid-reducing of preoperative 
bilateral low DSAP blocks. In this study, we observed 
that the bilateral low DSAP blocks offered a reduction 
of the cumulative sufentanil consumption within 
postoperative 48h compared to the control. There are 
several negative effects of opioids, including 
respiratory depression, postoperative nausea/ 
vomiting, and the possibility of developing an 
addiction. Therefore, it is necessary to minimize the 
usage of opioids to the public. This is in line with the 
ongoing campaign for the active participation of 
medical professionals in reducing the narcotic 
abuse/overdose epidemic. [35,36] 

There were several limitations in this study. 
First, the blocks were performed under general 
anaesthesia. Thus, the distribution of sensory 
blockade was not assessed, which increased the 
possibility that some blocks weren’t entirely effective. 
However, this procedure that performs ultrasound- 
guided peripheral nerve blocks following the 
induction of general anaesthesia is in line with the 
established clinical practice. Moreover, while 
performing the blocks, we observed a hypoechoic 
ellipsoid with a well-defined margin beneath the 
serratus anterior muscle on ultrasonic view in each 
patient. Hence, our findings ought to hold 
significance for widespread application. Second, the 
present study employed the Chinese-written version 
of the QoR-40 questionnaire, which may have 
language and cultural influences on the results of this 
study. However, this version has been formally 
validated with good reliability, validity, and 
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responsiveness.[37] Third, as the blocks was adminis-
tered preoperatively, it is indeed possible that the 
managing and blinded anesthesiologist may have 
become unblinded due to the need for opioids 
intraoperatively. Actually, in our study, the 
intraoperative anesthesiologist was allowed to adjust 
the dose of remifentanil according to hemodynamic 
parameters during intraoperative procedure. Besides, 
the liquid volume and rate of infusion were adjusted 
in accordance with hemodynamic monitoring 
conditions to keep the systolic BP and HR within 20% 
of the baseline. If a patient was suspected to have 
severe hemodynamic change that could not be 
corrected, we would initiate unblinding. We carefully 
monitored the anesthetic and intraoperative 
management to mitigate any potential bias resulting 
from unblinding. Until the end of this study, no 
unblinding events occurred. Despite this limitation, 
we believe that the robust design and statistical 
analysis of our study provide meaningful insights into 
the efficacy and safety of bilateral low DSAP blocks. 
Finally, many clinically relevant issues require further 
investigation, such as the difference between a 
superficial or deep anterior serratus plane block in 
patients who have undergone TRT; and the impact of 
employing diverse volumes and concentrations of 
local anaesthetic solutions and additives. 

In conclusion, this single-center, prospective 
double-blind, randomised controlled trial among TRT 
patients has shown that patients who received the 
bilateral low DSAP blocks enhanced the quality of 
recovery, relieved postsurgical pain, and reduced 
opioid consumption during the early postoperative 
period. Our findings will encourage the use of low 
DSAP blocks in patients undergoing TRT, serving as 
an effective method for alleviating postoperative pain 
and fostering recovery. 

Acknowledgments 
The authors thank Professor Deping Zhao 

(Department of Thoracic Surgery, Shanghai 
Pulmonary Hospital, School of Medicine, Tongji 
University) for his kind assistance. 

Funding 
This work was supported by grants from the 

following: National Natural Science Foundation of 
China (82170107), Shanghai Municipal Health 
Commission (202140406), Excellent Subject Leader 
Program of Shanghai Municipal Health Commission 
(2022XD007), Program of Shanghai Academic 
Research Leader (No. 21XD1402800), and Develop-
ment Fund for the Department of Anesthesiology, 
Shanghai Pulmonary Hospital. 

Author contributions 
YF helped design the study and draft, read, and 

approve the final manuscript. HF helped perform the 
study; design the trial; and draft, read, and approve 
the final manuscript. HL helped perform the study 
and approve the final manuscript. ZW helped design 
the study; analysis the data; and draft, read, and 
approve the final manuscript. XL helped conceive the 
study; design the trial; and draft, read, and approve 
the final manuscript. YL helped design the trial; 
contribute mostly to preparation of the manuscript, 
and approve the final manuscript. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1.  Zhang H, Wang F, Qiu G, Li Z, Peng L, Wang X. et al. Safety and feasibility of a 

modularized procedure for trans-subxiphoid robotic extended thymectomy. 
Surg Endosc. 2023;37:90-100. 

2.  Zhang H, Chen L, Zheng Y, Wang Z, Geng Y, Wang F. et al. Robot-assisted 
thymectomy via subxiphoid approach: technical details and early outcomes. J 
Thorac Dis. 2018;10:1677-82. 

3.  Leow O Q Y, Cheng C, Chao Y K. Trans-subxiphoid robotic surgery for 
anterior mediastinal disease: an initial case series. J Thorac Dis. 2020;12:82-88. 

4.  Suda T, Tochii D, Tochii S, Takagi Y. Trans-subxiphoid robotic thymectomy. 
Interact Cardiovasc Thorac Surg. 2015;20:669-71. 

5.  Suda T, Kaneda S, Hachimaru A, Tochii D, Maeda R, Tochii S. et al. 
Thymectomy via a subxiphoid approach: single-port and robot-assisted. J 
Thorac Dis. 2016;8:S265-71. 

6.  Shimomura M, Ishihara S, Okada S, Inoue M. Robotic subxiphoid-optical 
thymectomy. Interact Cardiovasc Thorac Surg. 2022;35:ivac104. 

7.  Lu Q, Zhao J, Wang J, Chen Z, Han Y, Huang L. et al. Subxiphoid and 
subcostal arch "Three ports" thoracoscopic extended thymectomy for 
myasthenia gravis. J Thorac Dis. 2018;10: 1711-20. 

8.  Chen K, Zhang X, Jin R, Xiang J, Han D, Zhang Y. et al. Robot-assisted 
thoracoscopic surgery for mediastinal masses: a single-institution experience. J 
Thorac Dis. 2020;12:105-13. 

9.  Suda T. Subxiphoid thymectomy: single-port, dual-port, and robot-assisted. J 
Vis Surg. 2017; 3:75. 

10.  Wang H, Li S, Liang N, Liu W, Liu H, Liu H. Postoperative pain experiences in 
Chinese adult patients after thoracotomy and video-assisted thoracic surgery. 
J Clin Nurs. 2017;26:2744-54. 

11.  Bayman E O, Lennertz R, Brennan T J. Pain-Related Limitations in Daily 
Activities Following Thoracic Surgery in a United States Population. Pain 
Physician. 2017;20:E367-78. 

12.  Rice D, Rodriguez-Restrepo A, Mena G, Cata J, Thall P, Milton D. et al. 
Matched Pairs Comparison of an Enhanced Recovery Pathway Versus 
Conventional Management on Opioid Exposure and Pain Control in Patients 
Undergoing Lung Surgery. Ann Surg. 2021;274:1099-106. 

13.  Zeltsman M, Dozier J, Vaghjiani R G, Poch A, Eguchi T, Pedoto A. et al. 
Decreasing use of epidural analgesia with increasing minimally invasive 
lobectomy: Impact on postoperative morbidity. Lung Cancer. 2020;139:68-72. 

14.  Blanco R, Parras T, Mcdonnell J G, Prats-Galino A. Serratus plane block: a 
novel ultrasound-guided thoracic wall nerve block. Anaesthesia. 
2013;68:1107-13. 

15.  Mayes J, Davison E, Panahi P, Patten D, Eljelani F, Womack J. et al. An 
anatomical evaluation of the serratus anterior plane block. Anaesthesia. 
2016;71:1064-69. 

16.  Finnerty D T, Mcmahon A, Mcnamara J R, Hartigan SD, Griffin M, Buggy DJ. 
Comparing erector spinae plane block with serratus anterior plane block for 
minimally invasive thoracic surgery: a randomised clinical trial. Br J Anaesth. 
2020;125:802-10. 

17.  Tao K M, Xu H H, Zhu C C, Lu Z J. Serratus anterior plane block catheter for 
hepatectomy: A method to decrease opioid use perioperatively. J Clin Anesth. 
2020;61:109682. 

18.  Wu Y, Yang W, Cai Z, Zhang Z. The effect of ultrasound-guided low serratus 
anterior plane block on laparoscopic cholecystectomy postoperative analgesia: 
A randomized clinical trial. Medicine (Baltimore). 2021;100:e27708. 

19.  Fu Y, Fu H, Lu Y, Lv X. The Effect of Ultrasound-Guided Low Serratus 
Anterior Plane Block on Analgesia and Quality of Recovery After 
Robot-Assisted Thymectomy via Subxiphoid Approach: Study Protocol for a 
Randomized Controlled Trial. J Pain Res. 2022;15: 939-47. 



Int. J. Med. Sci. 2024, Vol. 21 

 
https://www.medsci.org 

1249 

20.  Moher D, Hopewell S, Schulz K F, Montori V, Gøtzsche PC, Devereaux PJ. et 
al. CONSORT 2010 explanation and elaboration: updated guidelines for 
reporting parallel group randomised trials. BMJ. 2010;340:c869. 

21.  Gornall B F, Myles P S, Smith C L, Burke JA, Leslie K, Pereira MJ. et al. 
Measurement of quality of recovery using the QoR-40: a quantitative 
systematic review. Br J Anaesth. 2013;111: 161-9. 

22.  Myles P S, Hunt J O, Nightingale C E, Fletcher H, Beh T, Tanil D. et al. 
Development and psychometric testing of a quality of recovery score after 
general anesthesia and surgery in adults. Anesth Analg. 1999;88:83-90. 

23.  Canıtez A, Kozanhan B, Aksoy N, Yildiz M, Tutar M. Effect of erector spinae 
plane block on the postoperative quality of recovery after laparoscopic 
cholecystectomy: a prospective double-blind study. Br J Anaesth. 
2021;127:629-35. 

24.  Kent M S, Hartwig M G, Vallières E, Abbas A E, Cerfolio R J, Dylewski M R. et 
al. Pulmonary Open, Robotic, and Thoracoscopic Lobectomy (PORTaL) Study: 
An Analysis of 5721 Cases. Ann Surg. 2023;277:528-33. 

25.  Cerfolio R, Louie B E, Farivar A S, Onaitis M, Park B J. Consensus statement on 
definitions and nomenclature for robotic thoracic surgery. J Thorac Cardiovasc 
Surg. 2017;154:1065-69. 

26.  Zheng Y, Cai Y Z, Zhang H L, Wang Z H, Wang Y. Robotic trans-subxiphoid 
extended thymectomy in a patient with thymoma-associated pemphigus. J 
Thorac Dis. 2017;9:E565-69. 

27.  Cook T M, Counsell D, Wildsmith J A. Major complications of central 
neuraxial block: report on the Third National Audit Project of the Royal 
College of Anaesthetists. Br J Anaesth. 2009; 102:179-90. 

28.  Pöpping D M, Elia N, Van Aken H K, Marret E, Schug SA, Kranke P. et al. 
Impact of epidural analgesia on mortality and morbidity after surgery: 
systematic review and meta-analysis of randomized controlled trials. Ann 
Surg. 2014;259:1056-67. 

29.  Chen J Q, Yang X L, Gu H, Chai X Q, Wang D. The Role of Serratus Anterior 
Plane Block During in Video-Assisted Thoracoscopic Surgery. Pain Ther. 
2021;10:1051-66. 

30.  Wensing A, Van Cuilenborg V R, Breel J S, Heineman D J, Hermanides J, 
Hollmann M W. et al. Psychometric evaluation of the Dutch 40-item 
Quality-of-Recovery scale. Br J Anaesth. 2022; 128: e6-8. 

31.  Vignaud M, Morel C, Henault A, Futier E, Pereira B, Lambert C. et al. 
Variability and reliability of the French version of the Quality of Recovery-40 
Questionnaire (QoR-40). Anaesth Crit Care Pain Med. 2021;40:100822. 

32.  Abdallah F W, Patel V, Madjdpour C, Cil T, Brull R. Quality of recovery scores 
in deep serratus anterior plane block vs. sham block in ambulatory breast 
cancer surgery: a randomised controlled trial. Anaesthesia. 2021;76:1190-97. 

33.  Gao W, Yang X L, Hu J C, Gu H, Wu X N, Hu S S. et al. Continuous Serratus 
Anterior Plane Block Improved Early Pulmonary Function After Lung Cancer 
Surgical Procedure. Ann Thorac Surg. 2022;113:436-43. 

34.  Khalil A E, Abdallah N M, Bashandy G M, Kaddah T A. Ultrasound-Guided 
Serratus Anterior Plane Block Versus Thoracic Epidural Analgesia for 
Thoracotomy Pain. J Cardiothorac Vasc Anesth. 2017;31:152-58. 

35.  Hurley R. US surgeon general: doctors have central role in solving opioid 
epidemic. BMJ. 2017;356:j715. 

36.  Vu J V, Lin L A. Opioid Overdose-the Surgeon's Role. Ann Surg. 
2018;268:32-34. 

37.  Chen Y, Wang J, Liu S, Lai W, Liu J, Wang Z. et al. Development and 
Validation of the Chinese Version of the Quality of Recovery-40 
Questionnaire. Ther Clin Risk Manag. 2020;16:1165-73. 


