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Serratus anterior plane block (SPB) as a regional anesthesia technique is used for analgesia in modified 
radical mastectomy (MRM). The new serratus anterior plane (SAP) block is a novel approach that has 
been described recently. This study aimed to elucidate the effectiveness and safety of SAP block for 
pain management after MRM and compare the analgesic effects of SPB and SAP block with those 
of a control group during the postoperative period of MRM. In a prospective randomized controlled 
trial, sixty patients (n = 60) who underwent MRM surgery received either SPB or SAP block analgesia. 
The primary endpoint was the visual analog scale (VAS) score (at rest or with movement) at 2 h after 
MRM. The secondary outcomes were VAS scores at different time points (6, 12, 24 h) after MRM, 
stress hormone levels, and the consumption of opioid analgesics during the surgery. Sixty subjects 
were enrolled. The VAS scores with movement at 2 h postoperation were significantly lower in the 
SAP group than in the SPB group (P = 0.027). The patients in the SAP and SPB groups had lower VAS 
scores compared with the Control group at 2 and 6 h after MRM, both at rest and with movement 
(P < 0.001). The SPB and SAP blocks significantly reduced the consumption of opioid analgesics during 
surgery compared with the control group (P < 0.001). This study revealed that both SPB and SAP 
blocks had good postoperative analgesic effects on modified radical mastectomy surgery, reduced 
the consumption of opioids, and decreased the stress response during surgery compared with the 
control group. Compared with SPB, the SAP block may have better analgesic effects during the early 
postoperative period of modified radical mastectomy surgery.

Trial registration: This study was registered in the Chinese Clinical Trial Registry (Date of Registration: 
08/08/2021, registration number: ChiCTR2100049692).
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SPB	� Serratus anterior plane block
VAS	� Visual analog scale

Breast cancer is the most common cancer among women accounting for 30% of new female cancer cases in 
20211. Surgery is the first and most effective therapy for breast cancer. Modified radical mastectomy (MRM), 
which associated with an axillary lymph node dissection or sentinel lymph node biopsy, is a widely used surgical 
procedure. A significant clinical problem in which more than half of breast cancer patients complain of moderate 
to severe pain after surgery should be taken seriously2,3. Severe postoperative pain has a significant negative 
impact on patient’s quality of life.

Pectoral nerve (PECS) blocks, including PECS I and II and serratus plane blocks, have provided adequate 
analgesia for MRM4. PECS II is the modified PECS I, and it infiltrates the interfascial planes between the 
pectoralis major and minor and between the pectoralis minor and serratus anterior with local anesthetic5,6. 
Blanco proposed a serratus anterior plane block (SPB) to inject the local anesthetic into the plane superficial to 
the serratus muscle7. In 2019, Franco et al. proposed a novel analgesic technique that is thought to consolidate 
PECS and SPB into a single thoracic fascial plane block: the new serratus anterior plane (SAP) block8. In this 
new block, a certain amount of local anesthetic was placed into the plane between the lateral border of the 
pectoralis major and the serratus anterior to block the lateral cutaneous branches of the intercostal nerves, the 
long thoracic nerve, and the thoracic dorsal nerve.

SPB is considered an alternative to paravertebral block because of its safe and easy operation and adequate 
analgesia. It has been widely used clinically in breast surgery, rib fracture, thoracoscopic surgery, and 
thoracotomy9–12. A prospective randomized controlled trial has shown that SAP block provides analgesia after 
MRM surgery13, but its efficiency remains unproven; no clinical trial has compared SAP block with SPB. This 
study aimed to further elucidate the effectiveness and safety of SAP block for pain after MRM and compare the 
results with those of SPB.

Method
This research was a prospective randomized controlled clinical trial conducted at the First College of Clinical 
Medical Science, China Three Gorges University, Yichang Central People’s Hospital, Hubei, China, after 
receiving approval from the Research Ethics Board and registering with the Chinese Clinical Trial Registry 
(Date of Registration: 08/08/2021, registration number: ChiCTR2100049692). We confirm that all experiments 
were performed by the Declaration of Helsinki, and informed consent was obtained from all participants or their 
legal guardians.

The inclusion criteria were women aged 18–65 years, with an American Society of Anesthesiologists physical 
status of 1–2, a body mass index (BMI) of 35 kg/m2 or less, and undergoing unilateral MRM under general 
anesthesia. In addition, surgery was scheduled at 8 am and involved an operation duration of less than 4 h. 
The exclusion criteria were BMI > 35 kg/m2, allergy to local anesthetics, contraindication to regional anesthesia, 
pre-existing infection at the block site; chronic pain or history of opioid abuse, history of diseases such as 
hypertension, heart disease, diabetes, and history of long-term use of drugs related to hormone levels.

All patients provided written informed consent to participate. Using the computer-generated random number 
tables, 69 subjects were randomly divided into three groups: the SAP group, the SPB group, and the control 
group (C group). The results of group allocation were concealed in numbered and sealed opaque envelopes. 
These envelopes were opened by a nurse, whereas an experienced anesthesiologist performed the corresponding 
block.

All the subjects underwent standardized monitoring after arriving in the operating room. We used ultrasound 
in all the instances in the study groups (SonoSite M-Turbo, USA), with a high-frequency linear ultrasound probe 
(6–13 MHz). The patients were placed in the supine position, with the arm abducted at 90°, and the puncture site 
skin was sterilized with 1% povidone-iodine.

The SAP blocks were prepared by an experienced clinical professor. The ultrasound probe was placed 
obliquely over the anterior chest at the position of the fourth rib (Fig. 1a) to identify the fourth to fifth ribs, 
the pectoralis major, and the serratus anterior. The block needle was inserted via an in-plane technique from 
medial to lateral until the needle tip (80 mm, 21 gauge) was positioned in the fascial plane between the end of 
the pectoralis major and the serratus anterior muscle (Fig. 1c). Then, 20 ml of 0.375% ropivacaine was injected 
into the target interfascial plane after confirming that the needle tip was in the designated position with 3 ml of 
saline and ensuring negative aspiration.

The same investigator installed the SPB blocks. The ultrasound probe was placed on the upper chest of the 
affected side in the sagittal plane (Fig. 1b), with the probe moving inferiorly and laterally until the fourth and 
fifth ribs, latissimus dorsi, and serratus muscles were located (Fig. 1d). After the block needle was inserted via the 
in-plane technique and 3 ml of saline was confirmed such that the needle tip was located in the plane between 
the serratus anterior and latissimus dorsi, 20 ml of 0.375% ropivacaine was administered into this gap.

The sensation of pain and warmth were assessed every 5 min for 30 min after completion of the blocks. We 
evaluated the sensory block by “cold testing” and applied it to the breast areas with a cotton swab dipped in 
alcohol, in contrast to the contralateral breast (scale from 0 to 2, 0 = no block; 1 = diminished sensation; 2 = no 
sensation). For the analgesia assessment, a toothpick was applied to the skin of the affected breast and compared 
with the other side (scale from 0 to 2, 0 = no block; 1 = unsharp pinprick; 2 = no sensation). A block was regarded 
as successful if both scores were greater than 1.

The patients in the C group received standard general anesthesia without block intervention. Patients in 
the test groups received general anesthesia after successful blocking. General anesthesia was induced using 
propofol (2  mg kg−1), midazolam (0.04  mg kg−1), sufentanil (0.4  µg kg−1), rocuronium (0.6  mg kg−1), and 
lidocaine (1.5  mg kg−1) for the application of endotracheal intubation. After confirming the tube position, 
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volume-controlled ventilation was performed, and the tidal volume and respiratory rate were adjusted to 
maintain the end-tidal CO2 within 35–45 mmHg. Intraoperative continuous infusion of propofol, remifentanil, 
and cisatracurium was performed to maintain anesthesia. Intravenous sufentanil (0.1 µg kg−1) for perioperative 
analgesia was administered when the mean arterial blood pressure (MAP) or heart rate (HR) increased by ≥ 20% 
from the baseline measurement. The bispectral index was maintained in the range of 40–60 intraoperatively. 
A total of 5  mg tropisetron was administered to all patients to prevent postoperative nausea and vomiting 
(PONV), and sufentanil (0.1 µg kg−1) was applied to improve postoperative pain. Propofol and remifentanil 
were discontinued at the end of the surgery, and muscle relaxation was reversed if necessary. All patients were 
sent to the postanesthetic care unit. After surgery, the visual analog scale (VAS, scale from 0 to 10, 0 = no pain; 
10 = extreme pain) scores and the need for rescue analgesia (flurbiprofen 1 mg kg−1) were recorded when the 
VAS score was > 4.

Outcomes
We collected general clinical data such as age, height, weight, and the side affected preoperatively. The study’s 
primary endpoint was the VAS scores (at rest or with movement) at 2 h after MRM. The secondary outcomes 
were VAS scores at different time points (6, 12, 24 h) after MRM, stress hormone levels, and the consumption of 

Fig. 1.  Sonographic anatomy of the ultrasound-guided SAP (a,c) and SPB (b,d). (a,b) Position of the 
ultrasound probe. (c,d) Ultrasound images and the puncture route of the linear ultrasound transducer of the 
SAP block and SPB. SAP: new serratus anterior plane; SPB: Serratus anterior plane block.
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opioid analgesics during the surgery. We recorded the MAP and HR at five time points: before anesthesia (T0, 
baseline), before intubation (T1), skin incision (T2), 30 min after skin incision (T3), and 10 min after extubation 
(T4). Three blood samples were collected to measure the serum cortisol (Cor), norepinephrine (NE), and blood 
glucose (Glu) levels at T0, T2, and T4. We recorded the consumption of propofol, remifentanil, and sufentanil 
during surgery. In addition, the rate of PONV and the rescue analgesia within 24 h after surgery were recorded.

The sample size was calculated based on our pre-experimental results. Substitute the pre-experimental 
grouping mean in VAS scores at 2 h postoperatively between groups, with a standard deviation of 2.0. Using 
G*Power 3.1 version (University of Dusseldorf, Germany), a sample size of 18 subjects per group was estimated 
to detect such a difference with 80% power at an alpha level of 0.05. To account for potential dropouts, we 
planned to include 20 patients in each group.

All data were analyzed using SPSS Version 26.0 (IBM Corporation, USA). The normality of continuous 
outcome distributions was assessed with the Shapiro–Wilk test. Normally distributed continuous outcomes are 
presented as the mean ± standard deviation (SD), while group comparisons were conducted using One–Way 
Analysis of Variance and the Least Significant Difference post hoc test. Non-normally distributed data were 
described as medians (25th–75th percentiles), with group comparisons performed via the Kruskal–Wallis test 
and Dunn–Bonferroni post hoc test. Data for qualitative variables are presented as counts (percentages) and 
analyzed through the chi-square test.

Results
Figure 2 presents the CONSORT diagram of the enrollment process. A total of 69 participants were assessed for 
eligibility; 6 refused, 63 were recruited and randomized, 2 were excluded due to block failure, and 1 was excluded 
for severe anaphylaxis after induction. The data from the 60 subjects were analyzed, and the demographic 
parameters and characteristics of the surgical interventions were comparable between the groups (Table 1).

Compared with those in the C group, the VAS scores at rest and with movement at 2 and 6 h postoperation 
were significantly lower in the SAP and SPB groups (P < 0.001), and the VAS scores at movement at 2  h 
postoperation were significantly lower in the SAP group than in the SPB group (P = 0.027 < 0.05) (Table 2). The 
consumption of sufentanil, remifentanil, and propofol during surgery was decreased in the SAP and SPB groups 
compared with the control group (P < 0.001), and no statistically significant difference was recorded between 

Fig. 2.  CONSORT flow diagram of patients. SAP: new serratus anterior plane; SPB: Serratus anterior plane 
block.
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the SAP and SPB groups (P > 0.05) (Table 3, Supplementary material Table 5). A significantly greater incidence 
of PONV and rescue analgesia within 24 h after surgery were observed in the C group than in the SAP and SPB 
groups (P < 0.01) (Table 3). In addition, the extubation time was significantly shorter in the SAP and SPB groups 
than in the C group (P < 0.001), and no significant difference was recorded between the SAP and SPB groups 
(P > 0.05) (Table 3).

Statistically insignificant differences were observed among the MAP of the three groups at the points T0 
(baseline), T1, and T3, whereas a significantly lower MAP was observed in the SAP and SPB groups at T2 and 
T4 compared with the C group (P < 0.05). No significant difference in the MAP was detected between the SAP 

SAP group
(n = 20)

SPB group
(n = 20)

Control group
(n = 20) P value

Consumption of sufentanil (ug) 28.35 ± 3.54 29.85 ± 2.68 33.80 ± 2.93 < 0.001*#

Consumption of remifentanil (ug) 770.48 ± 162.11 853.50 ± 153.92 1363.30 ± 203.76 < 0.001*#

Consumption of propofol (mg) 559.27 ± 105.48 588.15 ± 72.77 710.73 ± 91.94 < 0.001*#

Extubation time (min) 5.85 ± 1.18 6.60 ± 1.39 10.45 ± 2.01 < 0.001*#

PONV, n (%) 1 (8.3%) 2 (16.7%) 9 (75%) 0.003*#

Rescue analgesia, n (%) 2(13.3%) 2(13.3%) 11(73.3%) 0.001*#

Table 3.  Comparison of drug consumption, Extubation time, incidence of PONV and rescue analgesia in 
different groups. The data are expressed as the means ± SDs or counts. SAP: new serratus anterior plane; SPB: 
Serratus anterior plane block; PONV: postoperative nausea and vomiting. *P < 0.01 for the SPB group versus 
the C group. #P < 0.01 for the SAP group versus the C group.

 

SAP group
(n = 20)

SPB group
(n = 20)

Control group
(n = 20) P value

VAS scores at rest

 2 h 1 (0–1.75) 1 (0–2) 3 (3–3) < 0.001*#

 6 h 1 (1–1) 1 (1–2) 2 (2–3) < 0.001*#

 12 h 2 (1–2) 2 (1–2) 2 (1–2) 0.826

 24 h 1 (1–2) 1 (1–2) 1 (1–2) 0.950

VAS scores with movement

 2 h 1 (1–2) 2 (2–3) 4 (3–4) < 0.001*#^

 6 h 2 (1–2) 2 (1–2.75) 3 (3–3.75) < 0.001*#

 12 h 2 (2–2.75) 2 (2–3) 2 (2–3) 0.306

 24 h 2 (1–2) 1 (1–2) 2 (1.25–2) 0.145

Table 2.  The VAS scores at rest and with movement in different groups. Data are expressed as medians 
(percentiles: 25–75). SAP: new serratus anterior plane; SPB: Serratus anterior plane block; VAS: visual analog 
scale. *P < 0.001 for the SPB group versus the C group. #P < 0.001 for the SAP group versus the C group. 
^P < 0.05 for the SPB group versus the SAP group.

 

SAP group
(n = 20)

SPB group
(n = 20) Control group (n = 20) P value

Age (year) 51.35 ± 7.77 50.70 ± 10.40 53.40 ± 8.24 0.607

Height (cm) 158.65 ± 5.00 157.70 ± 4.92 157.45 ± 4.45 0.707

Weight (kg) 56.40 ± 7.09 59.20 ± 5.28 57.00 ± 5.59 0.311

BMI (kg/m2) 22.50 ± 2.59 23.80 ± 2.38 22.95 ± 1.82 0.197

ASA (I/II) 12/8 9/11 13/7 0.414

Surgical side (left/right) 10/10 10/10 9/11 0.935

Duration of surgery (min) 145.15 ± 9.65 146.50 ± 9.94 148.25 ± 12.01 0.652

Duration of anesthesia (min) 167.05 ± 10.13 167.25 ± 9.77 169.95 ± 12.24 0.638

Type of surgery (1/2) a 7/13 6/14 6/14 0.926

Table 1.  Demographical data. The data are expressed as the means ± SDs or counts. SAP: new serratus anterior 
plane; SPB: Serratus anterior plane block; BMI: body mass index. a Type of surgery: 1: modified radical 
mastectomy with axillary lymph node dissection; 2: modified radical mastectomy with sentinel lymph node 
biopsy.
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group and the SPB group (P > 0.05) (Fig. 3A). The HR did not differ among patients in the three groups at any 
time point (P > 0.05) (Fig. 3B, Supplementary material Table 1).

Compared with those in the C group, the serum Cor and NE levels were lower at T2 and T4 in the SAP and 
SPB groups (P < 0.001), and there was no difference between the SAP and SPB groups (P > 0.05) (Fig.  4A,B, 
Supplementary material Table 2 and Table 3). Moreover, the Glu levels in the C group were dramatically higher 
than those in the SAP and SPB groups at T4 (P < 0.001), whereas the difference between the SAP and SPB groups 
was not significant (P > 0.05) (Fig. 4C, Supplementary material Table 4).

Discussion
This prospective, randomized controlled study investigated the analgesic efficacy and safety of SPB versus 
SAP block in MRM surgery. Our findings showed that SPB and SAP blocks provided superior analgesia in 
the early postoperative period compared with the control group. In addition, SPB and SAP blocks reduced the 
consumption of opioid analgesics, inhibited the stress response, and facilitated postoperative recovery compared 
with the control group. Compared with the SPB, the SAP block reduces the VAS score with movement at 2 h 
post-surgery.

Patients post-MRM surgery are frequently associated with acute pain and PONV, whereas regional anesthesia 
has been explored to alleviate postoperative pain and improve patient prognosis14,15. The thoracic paravertebral 
nerve block is regarded as a feasible option for classical multimodal analgesia because it benefits postoperative 
analgesia; however, the difficulty of the operation and severe complications may contribute to the low utilization 
of this block16,17. The SPB improves postoperative pain after MRM surgery by infiltrating the lateral cutaneous 
branches of intercostal nerves, the long thoracic nerve, and the thoracic dorsal nerve18–20. After Blanco5,7 

Fig. 4.  Changes in serum Cor (A), NE (B), and Glu (C) levels in the three groups at different time points. 
SAP: new serratus anterior plane; SPB: Serratus anterior plane block; Cor: serum cortisol. NE: serum 
norepinephrine. Glu: blood glucose. T0: before anesthesia; T2: skin incision; T4: 10 min after extubation. 
*P < 0.05 for the SPB group versus the C group. #P < 0.05 for the SAP group versus the C group.

 

Fig. 3.  Mean arterial blood pressure (A) and heart rate (B) changes in the three groups at different time 
points. SAP: new serratus anterior plane; SPB: Serratus anterior plane block; T0: before anesthesia; T1: before 
intubation; T2: skin incision; T3: 30 min after skin incision; T4: 10 min after extubation. *P < 0.05 for the SPB 
group versus the C group. #P < 0.05 for the SAP group versus the C group.
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proposed the PECS blocks and SPB, Franco8 presented the SAP block, which attempts to consolidate all three 
blocks into one thoracic fascial plane block. Compared with SPB, the SAP block is injected closer to the target 
nerve and avoids the risk of damaging the long thoracic nerve and the vessels around it. Given that SPB and SAP 
blocks are superficial blocks, we can identify the relevant anatomical structures under ultrasound and reduce 
the incidence of complications, such as damage to blood vessels and nerves, during the puncture process. We 
selected 20 ml of 0.375% ropivacaine for injection, which can achieve a certain analgesic effect while avoiding 
the systemic toxicity of local anesthetics21,22.

Previous studies have reported that SPB and SAP block can improve postoperative analgesia and reduce 
opioid requirements during the perioperative period13,23,24, which is similar to the results of this study. To our 
knowledge, this research is the first study to compare SPB with SAP blocks. We observed that the SAP block 
provided better analgesia when moving the upper arm at 2 h after surgery, probably because the SAP block was 
closer to the target nerve and better infiltrated the intercostobrachial nerve that innervates the axillary tail of the 
breast, axilla, and upper medial arm6,25.

Regional anesthesia inhibits the stress response to surgery. It involves several hormonal changes, such as 
changes in cortisol and catecholamine levels, that can influence postoperative outcomes through beneficial effects 
on organ function26. Similar to previous studies in which the regional blocks can reduce the stress response to 
surgical trauma in MRM procedures13,27. Our study revealed that SPB and SAP blocks reduce stress hormone 
levels during the skin incision and postoperative periods compared with the control group. The serum Glu levels 
were significantly lower in the SPB and SAP groups than in the control group after surgery. At the time of skin 
incision, the Glu level in the SPB and SAP groups was lower than that in the control group, but this difference 
was not statistically significant. In contrast, no significant differences in the serum Cor, NE, or Glu levels were 
detected between the SAP and SPB groups.

However, this study has several limitations. (1) The results were derived from a single center, and the small 
sample size may pose a problem of reduced statistical power and decreased effectiveness of the SAP block. 
(2) Due to ethical restrictions, no active control intervention was conducted on the block with saline. This 
situation introduced a risk of bias in the subsequent stages of the trial. (3) To evaluate the success of the block, 
we administered it while the patients were awake, and this invasive procedure may have induced anxiety among 
the patients. Moreover, performing these procedures while the patients were awake compromised the study’s 
ability to be fully double-blinded. (4) Although we confirmed that all subjects underwent MRM surgery, the 
area blocked with the SPB or SAP block alone may not have encompassed the entire surgical area of the breast, 
leading to potential bias in the analysis. (5) In this study, to ensure homogeneity of the study population and 
minimize confounding factors, we excluded patients with comorbidities based on the inclusion criteria. This 
may introduce sample selection bias, limiting the universality and applicability of the research results.

In conclusion, our study further elucidates the effectiveness and safety of SAP block for pain management after 
MRM. It revealed that both SPB and SAP blocks provide significant analgesic effects post-MRM surgery, reduce 
opioid analgesic consumption, and decrease the stress response during surgery compared to the control group. 
Additionally, in contrast to SPB, the SAP block may offer superior analgesic effects in the early postoperative 
period following MRM surgery. Anesthetists can choose either the SPB or SAP block based on their personal 
preferences and clinical experiences.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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