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Abstract: Objective To explore the effects of ultrasound-guided serratus anterior plane block (SAPB) and thoracic
paravertebral block (TPVB) on opiate dosage and stress response in patients undergoing thoracoscopic radical resection of
lung cancer.Methods A total of 130 patients undergoing elective thoracoscopic radical resection of lung cancer in Changshu
Second People's Hospital between June 2019 and January 2022 were enrolled. According to the random number table method,
they were divided into SAPB group (65 cases, ultrasound-guided SAPB before anesthesia induction) and TPVB group (65 cases,
ultrasound-guided TPVB before anesthesia induction). After surgery, all underwent patient-controlled intravenous analgesia
with analgesia pumps. The timepoints including preoperative, thoracic closure, and postoperative 2, 6, and 24 hours were set
as T1, T2, T3, T4, and T5, respectively, and the intraoperative blood loss and fluid supplement, operation time, intraoperative
dosages of sufentanil and propofol, and postoperative cumulative dosages of sufentanil at T3, T4 and T5 in the two groups were
recorded. At T3, T4 and T5, pain changes were evaluated by Prince-Henry pain scores. The levels of prostaglandins E2 (PGE2),
norepinephrine (NE) and cortisol (Cor) were detected by enzyme-linked immunosorbent assay. The partial pressure of arterial
oxygen was detected by a blood gas analyzer, and oxygenation index (OI) was calculated. The occurrence of postoperative
adverse events (PAEs) in the two groups was recorded. Results From T3 to T5, levels of PGE2, NE, and Cor in SAPB group were
significantly lower than those in TPVB group (P<0.05). OI at T2 to T4 was significantly lower than that at T1, while OI at T5 was
significantly higher than that at T2, T3 ,and T4 in both groups (P<0.05). From T2 to T4, OI in SAPB group was significantly higher
than that in TPVB group (P<0.05). Compared with TPVB group, the cumulative consumption of sufentanil in SAPB group
slightly decreased from T3 to T5, but the differences were not statistically significant (P>0.05). The incidences of nausea and
vomiting (6.15% vs 18.46%, χ 2=4.561, P=0.033), atelectasis (3.08% vs 12.31%, χ 2=3.900, P=0.048) and hypotension (7.69% vs
20.00%, χ 2=4.127, P=0.042) in SAPB group were lower than those in TPVB group. Conclusion Compared with TPVB,
ultrasound-guided SAPB can relieve stress response, promote the recovery of pulmonary oxygenation and reduce PAEs in
patients undergoing thoracoscopic radical resection of lung cancer, but whether it can significantly reduce the dosage of
opiates needs to be further explored.
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lung cancer; Opiate; Stress response
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Patients undergoing thoracoscopic radical resection
of lung cancer suffer from hypoxemia, pulmonary
atelectasis and decreased pulmonary oxygenation due to
intraoperative chest wall incision and damage to chest
wall nerves and muscle tissues caused by instruments. In
severe cases, patients even develop chronic
post-thoracotomy pain syndrome, which impacts their
quality of life seriously [1-3]. Currently, thoracic
paravertebral block (TPVB) and serratus anterior plane
block (SAPB) are primarily used to perform a regional
block in clinical thoracoscopic radical resection of lung
cancer in order to improve the patients' postoperative pain
[4]. Research revealed that TPVB has operational risks
such as puncture site hematoma and pneumothorax,
whereas SAPB can achieve analgesia through the
intercostal nerve blocks of T2 to T9 cutaneous branches.
Compared with TPVB, SAPB has a more comprehensive

effect on nerve blocks for antero-lateral chest walls [5-6].
Previous clinical studies have reported the use of SAPB
for multimodal analgesia in the perioperative period of
thoracoscopic surgery [7]. However, comparative studies
of the clinical effects of analgesia in SAPB compared to
those in TPVB are rare. This study explores the effects of
SAPB and TPVB on dosage of opioid and stress response
in patients undergoing radical resection for lung cancer,
aiming to provide a reference for pain management.

1 Data and methods

1.1 General data
A total of 130 patients undergoing elective

thoracoscopic radical resection of lung cancer in
Changshu Second People's Hospital were enrolled
between June 2019 and January 2022. The inclusion and
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exclusion criteria for the study were as follows.

Inclusion criteria: aged from 40 to 70 years old;
body mass index (BMI) 18-30 kg/m2; pathologically
confirmed which met diagnostic criteria for lung cancer [8];
undergoing selective operation of thoracoscopic surgery;
American Society of Anaesthesiologists (ASA) Physical
status classification was I-II [9]; no infection at the
puncture point; and the patients and their family members
were informed consent.

Exclusion criteria: had a previous history of
thoracic surgery; comorbid immune-related diseases;
comorbid coagulation disorders; preoperative
radiotherapy or chemotherapy treatment; allergy to
opioids or local anaesthesia drugs; comorbid peripheral
neurological diseases; had a previous history of chronic
pain.

According to the random number table method, the
patients were divided into SAPB group (65 cases,
ultrasound-guided SAPB before anesthesia induction) and
TPVB group (65 cases, ultrasound-guided TPVB before
anesthesia induction). Thirty-six males and 29 females in
the SAPB group were aged 40-70 (54.63±5.71) years old,
with a BMI of (23.44±2.56) kg/m2, and there were 19
cases of ASA class I and 46 cases of ASA class II.
Thirty-five males and 30 females in the TPVB group
were aged 40-70 (54.72±5.89) years old, with a BMI of
(23.58± 2.32) kg/m2, and there were 21 cases of ASA
class I and 44 cases of ASA class II. The difference in
baseline data between the two groups was not statistically
significant (P>0.05). This study was approved by the
Ethics Committee in Changshu Second People's Hospital
(Ethics review number: No. 2021-0127).

1.2 Anesthesia methods

Patients routinely fasted for 8 hours and dehydrated
for 2 hours before surgery. Systolic blood pressure (SBP),
diastolic blood pressure (DBP), mean arterial pressure
(MAP), heart rate (HR), electrocardiogram (ECG),
oxygen saturation (SPO2) behavior by pulse oximetry, and
electroencephalographic bispectral index (BIS) were
monitored. Prior to the anesthesia induction,
ultrasound-guided SAPB was performed in the SAPB
group using 30 mL 0.25% ropivacaine, and
ultrasound-guided TPVB was performed in the TPVB
group using 30 mL 0.25% ropivacaine. After nerve blocks,
all patients were given dexmedetomidine hydrochloride
0.5 μg/kg for sedation, with a pumping rate of 1 μg/(kg·h).
After nasal inhalation of pure oxygen for 3-5 min, 0.4-0.5
μg/kg sufentanil and 1.5-2 mg/kg propofol were
administered intravenously. Once the patient lost
consciousness, 0.2-0.3 mg/kg cisatracurium was injected
intravenously. The disposable face mask was
discontinued after the relaxation of the skeletal muscles,
and the double-lumen endobronchial tubes were used for
mechanical ventilation. The tidal volume was 6-8 mL/kg,
the frequency was 12-14 times/min, the inspiratory to
expiratory ratios (I:E) was 1:2, and the inspired oxygen
concentration was 50%. Intraoperative one-lung
ventilation was performed during the operation, the tidal

volume was 4-6 mL/kg, the inspired oxygen
concentration was 100%, and the value of end-tidal
carbon dioxide partial pressure (PETCO2) was maintained
at 35-45 mmHg through adjusted respiratory rate. After
adjusting the patient to the surgical position, sufentanil
was given intravenously at 0.1-0.2 μg/kg prior to skin
incision. During the operation, 4-8 mg/(kg·h) propofol
and 1.5%-2% sevoflurane were administered
intravenously to maintain the BIS value at 45-60. Cis
atracurium [0.1 mg/(kg·h)] was pumped intravenously,
and 0.15-0.2 μg/kg of sufentanil was added every 1 hour
of the operation. The change in intraoperative blood
pressure was maintained at the basal blood pressure
±20%. At the end of the surgery, patients in both SAPB
and TPVB groups were given patient-controlled
intravenous analgesia (PCIA) pumps. The analgesic pump
formula: sufentanil 100 μg, tolansetron 4 mg, haloperidol
2.4 mg with saline to 100 mL. Analgesic pump set
loading volume of 5 mL, the background dose of 2 mL/h,
the self-control of the additional dose of 0.5 mL, the
locking time of 15 min. If the PCIA pump drug was close
to the end of the infusion in postoperative follow-up, the
same concentration of drugs should be supplied into the
pump.

1.3 Observation indicators

1.3.1 Surgical indicator, intraoperative anaesthesia dosage
and opioid dosage

The surgical indicators such as the volume of blood
loss and fluid supplement, operation time and
intraoperative anesthesia dosage of sufentanil and
propofol in the two groups were compared. The
timepoints including preoperative period, thoracic closure,
and postoperative 2, 6, and 24 hours were set as T1, T2, T3,
T4, and T5, respectively. The use of sufentanil in T3, T4
and T5 was compared between the two groups.

1.3.2 Pain condition
The Prince-Henry pain score [10] was used to

evaluate the pain changes in the two groups at T3, T4 and
T5, respectively. The Prince-Henry pain score is a 5-point
scale ranging from 0 to 4, with higher scores indicating
more intense pain.

1.3.3 Indicators of stress response
Three mL of venous blood was drawn from patients

of the two groups at T1, T2, T3, T4 and T5, respectively.
Levels of prostaglandin E2 (PGE2), norepinephrine (NE),
and cortisol (Cor) in the serum were detected by using the
enzyme immunoassay method (Shanghai Wanlang
Bio-technology Co., Ltd.).

1.3.4 Pulmonary oxygenation function
Radial artery blood was drawn from the two groups

at T1, T2, T3, T4 and T5, respectively. Blood gas analysis
was performed using an ABL90 FLEX PLUS blood gas
analyzer provided by Radiometer Medical Devices Inc.
Arterial partial pressure of blood oxygen was recorded
and oxygenation index (OI) was calculated. Postoperative
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hypoxemia was judged by the following criteria [11-12]:
OI<300 mmHg at any postoperative time point or a 40%
reduction in OI compared with the preoperative period.

1.3.5 Postoperative adverse events
Adverse events like postoperative nausea and

vomiting, pulmonary atelectasis, hypoxemia and
hypotension were recorded in both groups.

1.4 Statistical methods

Data were analyzed by SPSS 23.0 statistical
software. Continuous data were expressed through x ± s,
and the difference between two groups was analyzed by
independent sample t-test. The comparison of indicators
between and within groups at different time points was
analyzed by repeated-measures ANOVA; Discrete data
were expressed by cases (%), and the difference between

groups was analyzed by Chi-square test or Yates's
correction for continuity. P <0.05 was considered as the
difference was statistically significant.

2 Results

2.1 Comparison of stress response indexes in the two
groups at different time points

Compared with T1, the levels of PGE2, NE and Cor
in the two groups at T2 showed an increased tendency,
and the levels of NE and Cor in the SAPB group were
significantly lower than those in the TPVB group, with a
statistically significant difference (P <0.05). Compared
with T2, the levels of PGE2, NE and Cor in the two groups
at T3, T4, and T5 decreased, in which the levels of PGE2,
NE and Cor were significantly lower in the SAPB group
than in the TPVB group, and the difference was
statistically significant (P <0.05) [Table 1].

Tab. 1 Comparison of pain stress indexes between two groups at different time points (n=65， x ±s)

Groups Time
point

PGE2（μg/L） NE（ng/L） Cor（ng/L）

SAPB T1 1.30±0.19 298.74±30.58 209.69±19.56

T2 2.56±0.24a 361.25±32.68a 312.65±22.37a

T3 1.79±0.30a 304.75±31.92a 283.12±20.45a

T4 1.93±0.35a 273.86±28.41a 267.95±19.26a

T5 2.14±0.27a 232.13±26.45a 249.51±16.82a

TPVB T1 1.31±0.22 301.46±31.72 209.04±21.43

T2 2.65±0.23a 381.33±34.29ab 353.17±23.16ab

T3 1.98±0.26ab 330.12±32.47ab 314.79±21.65ab

T4 2.54±0.38ab 294.61±32.05ab 285.96±20.23ab

T5 2.89±0.34ab 253.42±31.43ab 268.34±19.55ab

F/P group value 21.564/<0.001 43.125/<0.001 74.135/<0.001

F/P time value 79.058/<0.001 85.490/<0.001 89.123/<0.001

F/Pgroup*time value 98.451/<0.001 115.642/<0.001 102.495/<0.001

Note: Compared with the same group before treatment，aP＜0.05; compared same time point of SAPB group，bP<0.05.

2.2 Comparison of OI in the two groups at different
time points

At T1 to T5, the values of OI in the SAPB group were
440.17±24.59, 397.82±15.94, 391.24±18.65,
382.47±17.23 and 425.64±23.01, respectively. In the
TPVB group, the values of OI was 441.05±25.62,
386.17±19.02, 370.94±18.42, 361.29±18.55, and
395.62±21.45 at five time points. In both groups, the OI
at T2-T4 was significantly lower than that at T1 (P <0.05),
while the OI at T5 was significantly higher than that at T2,
T3, and T4 (P <0.05). OI at T2-T4 in SAPB group was
significantly higher than that in the TPVB group (P

<0.05).

2.3 Comparison of surgery-related indexes and
intraoperative anaesthetic dosage between the two
groups

The differences between the two groups in
intraoperative blood loss and fluid supplement, operation
time and propofol dosage were not statistically significant
(P >0.05) [Table 2].

2.4 Comparison of opioid dosage between the two
groups
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The cumulative consumption of sufentanil consumed
in the SAPB group was lower than that in the TPVB
group at T3, T4 and T5, but the difference was not
statistically significant (P>0.05) [Table 3].

2.5 Comparison of Prince-Henry scores between the
two groups at different postoperative time points

The Prince-Henry scores of both groups at T4 and T5

were significantly lower compared with that at T3 (P <
0.05). The difference in Prince-Henry scores between the

two groups at all time points was not statistically
significant (P > 0.05) [Table 4].

2.6 Comparison of the incidence of adverse events
between the two groups

The incidence of nausea and vomiting, pulmonary
atelectasis and hypotension in the SAPB group was
significantly lower than that in the TPVB group (P <0.05),
and the incidence of hypoxemia was lower but the
difference was not statistically significant compared with
that in the TPVB group (P>0.05) [Table 5].

Tab.2 Comparison of operation-related indexes and intraoperative anesthetic dosages between two groups
（n=65, x ±s）

Groups Intraoperative blood loss (mL)
Intraoperative fluid supplement

(mL) Operation time (min) Propofol dosage (mg)

SAPB 102.46±19.47 675.93±89.44 115.53±16.45 342.75±59.82

TPVB 104.61±18.49 671.53±86.92 112.19±16.04 355.73±60.64

T value 0.645 0.284 1.172 1.228

P value 0.519 0.776 0.243 0.221

Tab.3 Comparison of cumulative dosages of sufentanil between two groups （μg, x ±s）

Groups Cases T3 T4 T5

SAPB 65 6.59±0.91 13.78±2.78 64.71±7.74

TPVB 65 6.74±1.06 14.33±3.61 65.47±8.86

t value 0.866 0.973 0.521
P value 0.388 0.332 0.603

Tab.4 Comparison of Prince-Henry scores between two groups at different time points （ x±s）

Groups Cases T3 T4 T5

SAPB 65 3.52±0.20 2.85±0.19a 1.74±0.28a

TPVB 65 3.60±0.25 2.91±0.17a 1.66±0.23a

F/P group value 2.126/0.147
F/P time value 129.164/＜0.001

F/Pgroup*time value 521.739/<0.001
*Compared with T3 in the same group, aP＜0.05.

Tab. 5 Incidence of adverse events in two groups [n=65, case(%)]

Groups Nausea and vomiting Pulmonary atelectasis Hypoxaemia Hypotension

SAPB 4（6.15） 2（3.08） 1（1.54） 5（7.69）

TPVB 12（18.46） 8（12.31） 7（10.77） 13（20.00）

χ2 value 4.561 3.900 3.330 4.127
P value 0.033 0.048 0.068 0.042

3 Discussion

In recent years, with the wide application of surgical

concepts about modern medicine accelerated
rehabilitation in thoracoscopic surgery, postoperative pain
management in thoracoscopic patients has become a key
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direction in the research field of surgery [13-14]. At present,
TPVB, SAPB and other regional block analgesic
modalities are used in clinical practice as effective
methods of analgesia in thoracoscopic surgery. TPVB
blocks unilateral spinal nerves and sympathetic nerve
chain, which has a better effect of blocking on unilateral
somatic movement, sensory, and sympathetic nerves.
However, due to the deep location of the TPVB in some
patients, the anatomical structure is relatively complex,
and TPVB has high requirements for operators, which
results in a higher failure rate of blocking [15-16]. SAPB, as
a novel regional block technique in the fascial plane
blocks, has prominent bony landmarks. Local anesthetic
infiltrates the dorsal nerve and the long thoracic nerve,
which can achieve analgesia of the anterolateral chest
wall and a higher success rate of blocking [17].

This study revealed no significant difference
between the two groups in intraoperative blood loss and
fluid supplement, operative time, or intraoperative
propofol dosage. There was an increased tendency for the
cumulative amount of sufentanil consumed in the SAPB
group to be lower than that of the TPVB group at T3, T4

and T5, but the difference was not statistically significant.
In this study, the Prince-Henry score was used to assess
the degree of pain response, and the results showed that
the Prince-Henry score of both groups decreased
significantly with the prolongation of time. However,
there was no significant difference between the two
groups, suggesting that effects of ultrasound-guided
analgesic SAPB and TPVB were similar. TPVB can block
the thoracic surface nerves and the sympathetic nerves at
the same time, and it has better analgesic effects in
viscera. In contrast, SAPB only blocks the surface nerves
and has a semi-paravertebral analgesic effect. In this
study, the analgesic effects of SAPB and TPVB were
similar, which may be because ultrasound-guided SAPB
can achieve sound anterolateral analgesia of the chest
wall [18]. However, the blockade of pleural and visceral
pain is still incomplete, so the pain is not evident in the
resting state but can be severe when patients take a deep
breath or cough. In addition, TPVB blocks both incisional
and visceral pain, because the operation is complex, its
blocked goal is in the deeper part. The diffusion of the
local anesthetic drugs may be challenging, thus affecting
its success rate.

This study showed that at T2, the levels of PGE2, NE,
and Cor in both groups showed an increasing trend
compared with T1, and the levels of NE and Cor in the
SAPB group were lower than those in the PVB group.
PGE2, NE and Cor in both groups showed a gradual
decreasing trend from T3 to T5. The levels of PGE2, NE
and Cor in the SAPB group were significantly lower than
those of the TPVB group at all time points, suggesting
that SAPB could improve the stress response, and inhibit
cardiovascular response. Stress response in patients
undergoing thoracoscopic radical lung cancer surgery is
detrimental to intraoperative hemodynamic stability, as
evidenced by a significant increase in the levels of
stress-response indexes, such as PGE2, NE and Cor, prior
to anesthesia induction and during the operation. SAPB

can block the neural conduction of injurious impulses,
attenuating the stress response [19]. In this study, OI at T2

to T4 was significantly lower than that at T1 in both
groups, and OI at T5 was significantly higher than that at
T2, T3, and T4, and OI at T2 to T4 in the SAPB group was
significantly higher than that in the TPVB group. The
above results indicate that compared with TPVB, SAPB
showed the lowest decrease in OI at T1-T4 and the most
significant degree of elevation at T5, consistent with Fang
Liang et al [20]. It suggests that ultrasound-guided SAPB
can accelerate the recovery speed of postoperative
pulmonary oxygenation function in patients who
underwent thoracoscopic radical lung cancer surgery. In
this study, the incidence of adverse events such as nausea
and vomiting, pulmonary atelectasis, hypoxemia and
hypotension in the SAPB group was significantly lower
than that in the TPVB group, which further confirmed the
safety of ultrasound-guided SAPB, and indicated that
SAPB could reduce the stress response and improve
safety.

In conclusion, ultrasound-guided SAPB can
effectively relieve postoperative pain in patients
undergoing thoracoscopic radical lung cancer surgery,
promote the recovery of pulmonary oxygenation function
and reduce the incidence of postoperative adverse events,
which is of great significance for rapid recovery. Whether
SAPB can reduce the cumulative sufentanil dosage
requires further discussion in enlarging sample sizes.
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