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Background: Patients who undergo surgical procedures that impair the integrity of the chest 

wall frequently experience extremely severe postoperative pain. Opiates and weaker analge-

sics, such as nonsteroidal anti-inflammatory drugs (NSAIDs), are not sufficiently effective in 

achieving control of severe pain and might cause respiratory and gastrointestinal complications. 

In the past decade, there has been an increased interest in the use of regional nerve blocks for 

post-thoracoscopy and post-thoracotomy analgesia.

Methods: This is a prospective, randomized, double-blind and single-center study. We recruited 

104 patients who underwent elective thoracoscopy. Prior to surgery, the participating patients were 

randomized into one of two study groups: Group 1- the “standard control group” that received 

standard postoperative pain control with intravenous opioids, NSAIDs and acetaminophen 

(paracetamol) and Group 2- the “block group” that was treated by ultrasound-guided serratus 

anterior plane (SAP) block (a single injection of 0.25% bupivacaine hydrochloride 2 mg/kg 

plus dexamethasone 8 mg) with standard postoperative pain control regimen. We compared the 

clinical, laboratory, and postoperative pain assessment data of both groups.

Results: Patients in the SAP block Group 2 reported significantly lower levels of pain after tho-

racic surgery as assessed by their visual analog scale scores, as compared to the patients in the 

standard pain control Group 1 (P<0.001). The total dosage of morphine and tramadol required 

for pain relief during the first hours after surgery was significantly lower in the patients who 

received SAP block. Also, the incidence of vomiting after surgery was significantly lower among 

the patients who received SAP block than among the patients who received standard pain control.

Conclusion: The results of the present study suggest that SAP block is an effective adjuvant 

treatment option for post-thoracic surgery analgesia. Compared to the current methods used for 

post-thoracic surgery pain relief, SAP block has some significant merits, particularly its ease of 

use and its low potential for side effects.

Keywords: serratus anterior plane block, thoracic surgery, thoracoscopy, post-thoracic surgery 

pain relief, ultrasound-guided regional anesthesia, post-thoracotomy analgesia

Introduction
Patients who undergo surgical procedures that impair the integrity of the chest wall 

frequently experience extremely severe postoperative pain.1 The pain following tho-

racic surgery often leads to loss of effective coughing due to chest wall splinting with 

consequent inability to clear secretions. This process can engender serious complica-

tions such as pneumonia and respiratory failure, and can also lead to the chronic post-

thoracotomy pain syndrome.1,2 Placement and positioning of intercostal chest tubes after 

thoracic surgery can also cause severe and even excruciating pain.3 The two accepted 
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methods for treating the pain that follows thoracic surgery are 

opioid drug administration and induction of thoracic epidural 

anesthesia, but these therapeutic approaches are often associ-

ated with serious side effects.4,5 Opiates, especially in large 

doses, can cause respiratory depression6 frequently requir-

ing reintubation and reventilation, while local anesthetic 

spinal procedures such as thoracic epidural blockade (TEB) 

and paravertebral blockade (PVB) are not only technically 

difficult to perform and do not always provide optimal pain 

relief, but they can also entail risks such as inadvertent intra-

vascular injection, total spinal anesthesia and pneumothorax.7 

Weaker analgesics, such as nonsteroidal anti-inflammatory 

drugs (NSAIDs), are not sufficiently effective in achieving 

control of severe pain8 and are not infrequently complicated 

by gastrointestinal bleeding. Similarly, intermediately potent 

opiates such as tramadol are not usually sufficiently effective 

in controlling post-thoracotomy and post-thoracoscopy pain.

Consequently, in the past decade, there has been an 

increased interest in the use of regional nerve blocks for 

post-thoracoscopy and post-thoracotomy analgesia.4,9,10 This 

is especially related to the introduction of ultrasound guid-

ance, which has facilitated the administration of a variety 

of plane blocks to achieve effective regional anesthesia. In 

the present clinical trial, we compared ultrasound-guided 

serratus anterior plane (SAP) block with traditional early 

postoperative pain management regimens for patients who 

have undergone thoracic surgery, based on intravenous (IV) 

administration of opioids, NSAIDs and paracetamol.

Patients and methods
This prospective, randomized, double-blind and single-center 

study was carried out at the Soroka Medical Center, a 1,000-

bed tertiary care, Trauma Level I teaching hospital located 

in Beer Sheva in southern Israel. The Human Research and 

Ethics Committee at Soroka Medical Center approved the 

study (RN-0345 – 16.SOR). Informed consent was obtained 

from each participating patient before initiation of the study 

protocol. During the course of the study, we collected and 

analyzed the clinical and laboratory data of a total of 104 

participating patients who underwent elective thoracoscopy 

(including cases converted to thoracotomy) at the Soroka 

Medical Center between December 2016 and January 2018.

Inclusion criteria
Adult patients aged ≥18 who underwent elective video-

assisted thoracoscopic surgery between December 2016 

and January 2018 at the Soroka Medical Center and who 

met the criteria of classes I–III of the American Society of 

Anesthesiology (ASA) classification were eligible for inclu-

sion in the study.

Exclusion criteria
Age <18, pregnancy and refusal to participate in the study 

constituted the exclusion criteria. Also, patients who were 

unconscious or mentally incompetent prior to surgery, or 

who were in ASA classes IV or V, or had coagulopathy or 

hemodynamic instability (systolic blood pressure <90 mmHg, 

mean arterial pressure <60 mmHg), or a history of opioid 

abuse or of allergic reactions to opiates or to local anesthetic 

agents were excluded from the study.

SAP block protocol
Prior to surgery, the participating patients were randomized 

into one of two study groups (Scheme 1). The two groups 

were:

•	 Group 1 (the “standard control group”): These patients 

received standard postoperative pain control with IV 

opioids, NSAIDs and acetaminophen (paracetamol).

•	 Group 2 (the “block group”): Immediately after induction 

of anesthesia and positioning for surgery, these patients 

received ultrasound-guided SAP block (a single injec-

tion of 0.25% bupivacaine hydrochloride 2 mg/kg plus 

dexamethasone 8 mg).11–13 These patients also received 

the standard postoperative pain control regimen. We used 

the Linear 6–13 MHz probe for ultrasound-guided block.

The SAP block was performed while the patient was 

in a lateral (dorsal decubitus) position with the ipsilateral 

arm abducted to 90°.8 The injection was administered in 

the midaxillary line either in the plane between the serratus 

anterior muscle and the intercostal muscles between the 

fourth and fifth ribs, or more superiorly in the plane between 

the serratus muscle and the teres major and latissimus dorsi 

muscles.

Postoperative data collection
Following transfer to the post-anesthesia care unit (PACU) 

and after the patients were awake, extubated and fully con-

scious, continuous monitoring of pain intensity was begun. 

During the postoperative period, each patient’s pain level was 

assessed by the visual analog scale (VAS) score for pain: 

range 0–10 (0= no pain, 10= worst pain ever). The patients 

were interviewed every 15 minutes following admission to 

the PACU and thereafter at 1, 4, 8, 12, 24, 48 and 72 hours 

postoperatively, and also at discharge. Preoperative pain 

intensity was also recorded so as to provide a more accurate 
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basis for postoperative pain assessment. We administered our 

routine postoperative pain control regimen consisting of a 

combination of IV paracetamol in a single dose of 1 g and 

IV morphine in incremental doses of 5 mg, so as to achieve 

a VAS score of 0–3. We recorded all postoperative nausea 

and vomiting (PONV) events that occurred within the first 

24 hours after surgery. Occurrences of urinary retention, 

constipation and itching were also recorded.

Anesthesia and surgery
Anesthetic management consisted of fentanyl (2–3 µg/kg on 

induction and titrated as needed), isoflurane (minimum alveo-

lar concentration 1–2) and rocuronium bromide for muscle 

relaxation. Cefazolin was administered for perioperative 

infection control prior to chest wall incision. All the patients 

underwent either thoracoscopy or eventual thoracotomy for 

performance of anatomic or nonanatomic lung resection. 

The standard thoracoscopy approach in our institution is the 

three-port technique incorporating two 1 cm incisions and 

one 4 cm utility incision. If thoracoscopy was not feasible 

because of difficulty in removing a tumor or because of 

excessive bleeding, thoracotomy was performed. Our stan-

dard thoracotomy procedure incorporates a posterolateral 

approach that entails division of the latissimus dorsi muscle, 

but spares the serratus anterior muscle.

Variables and measurements
We collected the following data from the patients’ electronic 

hospital records: demographic information, underlying 

comorbidities, diagnoses on admission to the cardiothoracic 

department, duration of the thoracic surgery procedure, dura-

tion of the patients’ stay in the PACU and duration of their 

postoperative hospital stay. We also recorded intraoperative 

findings: the amount of drainage output and the duration 

of drainage, patients’ VAS and PONV scores, occurrence 

of SAP block complications and therapeutic management 

Outpatient clinic

Start surgery Group 1:
No block injection

Group 2:
SAP block
injection

PACU 

Informed consent

Randomization

Hospital admission

Standard treatment of pain:
morphine, NSAIDs, tramadol

Cardiothoracic

department Follow-up until discharge from hospital

Operation

Scheme 1 Study protocol design.
Abbreviations: NSAID, nonsteroidal anti-inflammatory drug; PACU, post-anesthesia care unit; SAP, serratus anterior plane.
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of the patients during their hospital stay. In addition, the 

following clinical measurements were recorded: heart rate; 

arterial blood pressure, respiratory parameters and hourly 

urine output.

Statistical analysis
In order to meet the main objective of the study, we calculated 

samples based on comparison of means using WINPEPI 

11.65 software. Sample size was calculated for a significance 

level of 0.05 and to a power of 90%, with an SD of 2.2 for 

the control group and 3.6 for the intervention group derived 

from data from previous studies. A difference of 1.5 between 

mean VAS scores was considered to be clinically significant. 

The sample size that matches such data is 100 patients. Data 

analyses were performed using SPSS (version 16.01 or 

higher) and were summarized using frequency tables, sum-

mary statistics, CIs and P-values as appropriate. Continuous 

variables were compared by Student’s t-tests. For continuous 

variables with non-normal distribution, comparisons were 

evaluated for significance using the Wilcoxon rank sum test. 

For continuous variables, the 95% CI was calculated using 

means and standard errors according to Student’s t-test statis-

tical hypothesis. Variable selection in multivariable modeling 

was based on clinical and statistical significance.

Results
A total of 104 patients (38 males and 66 females) who 

underwent elective thoracic surgery between December 

2016 and January 2018 were recruited into the study. Their 

mean age was 59 (range 18–70) years. The recruited patients 

were randomly distributed into one of two study groups (see 

“Patients and methods” section):

•	 Group 1: Patients who received standard postoperative 

pain control (57 patients).

•	 Group 2: Patients who received ultrasound-guided SAP 

block for postoperative pain control as well as standard 

pain control measures as needed (47 patients).

The demographic data and ASA classes of the study 

patients are summarized in Table 1. There were relatively 

more male patients in the SAP block group than in the 

group that received the standard protocol (Table 1). The two 

groups were otherwise demographically similar. There was 

also no difference in the length of hospital stay between the 

two groups.

Table 2 demonstrates the types of thoracic surgery that 

were performed and the mean duration of the procedures. 

All the patients initially underwent thoracoscopy; of these, 

some were eventually converted to thoracotomy. The duration 

of thoracic surgery including the time spent on anesthetic 

preparation was significantly longer in the patients who 

received SAP block than in the control patients who received 

standard analgesia.

Table 3 shows the pain severity as measured by the 

patients’ VAS scores during their postoperative stay in the 

PACU and in the cardiothoracic ward. The patients who 

received SAP block had significantly lower VAS scores dur-

ing the first eight postoperative hours than the patients who 

received the standard pain control protocol (P<0.01). From 

Table 1 Demographic data

  Standard (control) 
group (n=57)

SAP block 
group (n=47)

P-valuea

Age (years), 
mean ± SD 56.1±17.83 62±14.857

0.57

Gender 
(male), n (%) 17 (29.8%) 21 (44%)

 
0.06

Weight (kg) 71.8 72.3 0.2

ASA class (n)      

I 10 7 0.1

II 37 32 0.8

III 8 8 0.9

Ethnicity, n (%)

Jews/Arabs 48/9 (84%/15%) 43/4 (91.5%/8.5%) 0.3

Note: *A P-value of <0.05 is considered to be statistically significant.
Abbreviations: ASA, American Society of Anesthesiology; SAP, serratus anterior 
plane.

Table 2 Duration and types of thoracic surgery

  Standard 
group 
(n=57)

SAP block 
group 
(n=47)

P-valueb

Duration of surgery 
(minutes),a mean ± SD

 
111.54±15.1

 
142.67±10.2

 
0.04

Type of surgery (n)      

Lobectomy 15 17 0.8

Segmental (wedge) 23 22 0.9

Biopsy 6 4 0.9

Exploration 4 1 0.9

Pericardial window 1 2 0.9

Decortication 4 1 0.06

Thymomectomy 2 1 0.6

Converted to 
thoracotomy

4 5 0.7

Notes: aDuration of the procedure including anesthetic preparation. bA P-value of 
<0.05 is considered to be statistically significant.
Abbreviation: SAP, serratus anterior plane.
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Table 3 Comparison of VAS scores in the PACU and in the 
cardiothoracic surgical department (mean ± SD)

Time Standard 
group (n=57)

SAP block 
group (n=47)

P-valuea

Admission to PACU 
(minutes)

0.84±2.396 0 0.01a

15 6.63±2.288 3.64±2.1 <0.001

30 5.54±2.26 2.94±1.846 <0.001

45 3.98±2.279 2.62±1.824 0.001

60 2.81±1.552 2.11±1.28 0.011

Admission to CTD 5.0±2.553 3.4±2.143 0.001

4 hours 5.05±2.431 3.04±2.126 <0.001

8 hours 4.47±2.001 3.32±1.878 0.003

12 hours 4.77±2.315 3.83±2.582 0.53

24 hours 3.77±1.581 3.53±2.175 0.517

Day 2 2.86±1.638 2.62±1.929 0.848

Day 3 1.28±1.601 0.98±1.452 0.321

Day 4 2.55±2.452 2.43±1.512 0.911

Day 7 1.20±1.304 2.00±0.0 0.450

Note: aA P-value of 0.05 is considered to be statistically significant.
Abbreviations: CTD, cardiothoracic department; PACU, post-anesthesia care 
unit; SAP, serratus anterior plane; VAS, visual analog scale.

Table 4 Postoperative morphine consumption in the PACU 
(mg), mean ± SD

Time 
(minutes)

Standard group 
(n=57)

Block group 
(n=47)

P-valuea

0 1.84±3.358 0.98±2.005 0.128

15 4.12±2.693 2.57±2.500 0.03

30 3.04±2.618 0.8±1.84 <0.001

45 0.88±1.919 0.6±1.597 0.424

60 0.26±1.126 0.32±1.235 0.810

Total dose 10.14±5.26 5.48±4.29 <0.001

Note: aA P-value of 0.05 is considered to be statistically significant.
Abbreviation: PACU, post-anesthesia care unit.

the ninth postoperative hour onward, there were no significant 

differences in the VAS scores between the two study groups 

(Table 3). No difference in VAS scores of two different plane 

techniques of block, superficial to the serratus muscle or 

deep to the serratus muscle, was found in Group 2 patients.

Table 4 shows the doses of morphine required for ade-

quate pain relief during the patients’ postoperative course. 

The patients in the SAP block group required a significantly 

smaller dose of morphine to attain pain relief during their 

first 30 minutes in the PACU than the patients in the standard 

protocol group. Table 4 also shows that the total dosage of 

morphine administered to the patients who received SAP 

block was less than the total dosage administered to the 

standard protocol patients.

Table 5 presents the dosage of tramadol required for 

postoperative pain relief. As in the case of morphine, the SAP 

block patients required much smaller doses of tramadol for 

pain relief than the patients in the standard protocol group.

The total morphine and tramadol doses required for pain 

relief were found to be significantly lower among the patients 

who received SAP block than in the patients who received 

the standard pain control protocol (total morphine dosages 

5.48±4.29 and 10.14±5.26 mg, respectively [P<0.0001]; 

total tramadol dosages: 220.21±25.2 and 307.01±23.1 mg, 

respectively [P<0.02]).

The incidence of postoperative vomiting was found to be 

less among the patients who received SAP block (two patients 

[4.2%]) than among the patients who received the standard 

protocol (seven patients [12%]; P<0.01).

There were no differences in the hemodynamic param-

eters between the two study groups.

Discussion
The main findings of the study were: 1) patients in the SAP 

block group reported significantly lower levels of pain after 

thoracic surgery as assessed by their VAS scores as compared 

to the patients in the standard pain control group; 2) the total 

dosages of morphine and tramadol required for pain relief 

during the first hours after surgery were significantly lower in 

the patients who received SAP block than in the patients who 

received standard pain control; 3) the incidence of vomiting 

after surgery was significantly lower among the patients who 

received SAP block than among the patients who received 

standard pain control and 4) SAP block was not associated 

with any complications in this study. Of note, there were no 

statistically significant differences in the hemodynamic and 

Table 5 Postoperative tramadol consumption in the PACU (mg), 
mean ± SD

Time Standard group 
(n=57)

Block group 
(n=47)

P-valuea

Admission 3.51±18.564 2.13±14.564 0.128

15 minutes 15.79±36.718 10.64±31.166 0.003

30 minutes 8.77±28.540 6.38±24.709 <0.001

45 minutes 5.26±22.528 3.80±18.231 0.424

60 minutes 0 2.13±14.586 0.810

Total 307.01±23.1 220.21±25.2 0.02

Note: aA P-value of <0.05 is considered to be statistically significant.
Abbreviation: PACU, post-anesthesia care unit.
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respiratory parameters between the patients who received 

SAP block and those who received standard pain control.

The etiology of acute post-thoracotomy pain has yet to 

be fully elucidated, but it is believed to result from multiple 

factors including local damage caused by the skin incision; 

inflammation of the chest wall structures, for example, osteo-

chondritis; rib injury due to rib retraction and resection during 

surgery and acute intercostal neuralgia due to damage to the 

intercostal nerves.14–19 The pain experienced after thoracic 

surgery is one of the most severe types of postoperative pain, 

and inadequate pain relief can lead to immobility, ineffective 

breathing and poor clearing of secretions, resulting in an 

increased incidence of postoperative atelectasis, pneumonia 

and pulmonary embolism.20 The risk of respiratory complica-

tions following thoracotomy has been reported to be between 

15% and 32.5%,21 and these respiratory complications are 

reported to account for more than half of the 30-day mortal-

ity following pneumonectomy.22 Effective management of 

acute pain (by regional anesthetic blockade and systemic 

non-opioid and opioid medicational analgesia) following 

thoracotomy may help to prevent these complications and 

may also reduce the likelihood of developing chronic pain.

The IV route is one of the main approaches employed in 

multimodal analgesia and is used primarily for the adminis-

tration of opioids.23–25 However, IV opioids administered in 

incremental doses have significant side effects, particularly 

respiratory depression, sedation, nausea and vomiting, and 

pruritus.26 The results of our study show that the patients in 

the SAP block group required significantly lower total dos-

ages of morphine and tramadol during their first postoperative 

hour in the PACU than the patients who received the standard 

pain control protocol. Moreover, the amount of vomiting after 

surgery was significantly lower in patients in the SAP block 

group compared to those in the control group. Most likely, 

the decrease in the incidence of vomiting resulted from the 

lower doses of IV opioids administered to the patients who 

received SAP block. Also, the addition of dexamethasone 

should have reduced the frequency of vomiting and nausea 

in Group 2 patients. These findings suggest that the addition 

of SAP block to opioid administration following thoracic sur-

gery can lead to a significant decrease in the total opioid dose 

administered postoperatively with a consequent decrease in 

the incidence of postsurgical complications.

A variety of regional anesthetic blocks are used following 

thoracic surgery, including TEB, thoracic PVB, intercostal 

block and intra- or extrapleural block. Each of these blocks 

has its own specific advantages and disadvantages. TEB in 

combination with the administration of opioids has been 

widely regarded as the gold standard for thoracic anal-

gesia and as the best method for achieving a reduction in 

post-thoracotomy complications. However, this technique 

requires highly trained medical staff, not only for the inser-

tion and removal of the epidural catheter, but also for the 

management of the continuous infusion of the pain medica-

tion. The risks associated with TEB include accidental dural 

puncture, inadvertent high block, local anesthetic toxicity 

and total spinal anesthesia (inadvertent spinal injection of 

an epidural dose of local anesthetic leading to depression of 

the cervical spinal cord and the brainstem due to the effects 

of the local anesthetic on these tissues). Additional side 

effects such as hypotension, neuraxial hematoma, vomiting 

and urinary retention have also been reported following 

TEB.27 Furthermore, an epidural puncture is specifically 

contraindicated in patients who have local infection or a 

history of previous spinal surgery, or in patients who have 

coagulation disorders or who are on concurrent anticoagulant 

or antiplatelet therapy.

PVB is a technique which involves injection of local 

anesthetic into the paravertebral space to block nerves after 

they exit the spinal cord. PVB is a unilateral technique, and 

hence, respiratory and sympathetic functions are preserved 

on the contralateral side. This feature may be associated 

with fewer pulmonary complications and less hypotension 

and urinary retention.19 The major potential complications 

associated with PVB are total spinal block, pneumothorax 

and neuronal injury.28

Intercostal blocks also result in ipsilateral thoracic anes-

thesia, but the technique demands performance of multiple 

injections as there is only limited spread of the local anes-

thetic after a single injection.29 Furthermore, multiple inter-

costal injections are not only painful and time consuming, 

but also associated with a significant (up to 5.6%) incidence 

of pneumothorax.30,31

Due to the side effects and complications of these tech-

niques, alternative methods for palliation of thoracotomy 

pain are the subject of much current research.

In 2011, Blanco10 described a conceptually new type of 

regional anesthesia, the PECs and PECs II (modified pec-

toralis muscle blocks, for pain control after breast surgery). 

Immediately thereafter, numerous studies appeared which 

not only dealt with the use of pectoralis block in breast sur-

gery, but also described a number of other thoracic blocks 

for providing regional anesthesia to specific areas of the 

surface of the thorax. Prominent among these studies were 

descriptions of SAP block for pain relief of the anteromedial 

region of the thorax.32–34
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In the present study, we used ultrasound-guided SAP 

block in the management of post-thoracic surgery acute pain. 

This block is easy to perform, has a high success rate, and 

carries minimal complications when performed by an anes-

thesiologist skilled in ultrasound-guided blocks. In our series, 

we performed the block when the patients were already anes-

thetized, and hence, they did not experience any discomfort or 

pain. Furthermore, SAP block usually requires only a single 

injection compared to most other regional blocks that often 

require multiple injections. The duration of thoracic surgery 

was significantly longer in the patients who received SAP 

block than in the control patients (mean procedure duration 

in the block group 142.67±10.2 vs 111.54±15.1 minutes in 

the control group [P=0.04]); but on the other hand, patients 

benefited by experiencing significantly less pain during the 

first eight postoperative hours and by requiring lower opioid 

dosage during that period. There is also some evidence that 

appropriate analgesia after thoracic surgery can result in 

earlier extubation, improved ventilatory mechanics and gas 

exchange, and reduced rates of postoperative atelectasis, 

pneumonia and pain.31

The present study has several limitations. The standard 

postoperative pain relief regimen in the PACU differed from 

that in the cardiothoracic ward: in the PACU, the patients 

received morphine only as needed, while in the cardiothoracic 

ward, an obligatory pain relief regimen was administered. 

Furthermore, two technical aspects of SAP block also limit 

the efficacy of this technique as follows: 1) the zone of 

anesthesia induced by SAP block sometimes requires the 

concomitant use of another anesthetic technique and 2) the 

superficial nature of SAP block does not provide a solution 

for reduction of pain due to damage to the visceral pleura 

caused by intercostal drains. There are also some other 

controversial issues that remain unresolved: SAP block may 

interfere with the integrity of the serratus muscle, and the 

fascial plane may be disturbed at the surgical incision site 

and consequently alter the drug distribution.14,15 Moreover, 

pain after thoracotomy for lobectomy does not match (does 

not look like) pain after decortication. Pain after decortica-

tion has significant skin and muscle components. We should 

take into account that an SAP block might be inadequate for 

the muscle component after decortication. Another impor-

tant issue is the determination of the effective dose of local 

anesthetic. It appears that SAP block entails a lower risk of 

local anesthetic toxicity than most other regional anesthetic 

techniques because the total dose of local anesthetic injected 

during ultrasound-guided SAP is smaller than that used in 

the other techniques, and also, the local anesthetic agent is 

injected into an area which is relatively less vascularized. 

In the present study, the postoperative VAS scores during 

the first 8 hours after the surgical procedure were similar in 

both study groups, signifying that the analgesic effect of the 

block persisted for up to 8 hours after the patients regained 

consciousness post-surgery. We suggest future studies to 

investigate the feasibility of prolonging the effective period 

of postoperative analgesia induced by SAP block for up to 

24 hours by injecting additional doses of local anesthetic as 

needed or by administering the local anesthetic by the con-

tinuous SAP block technique during the postoperative period.

In conclusion, the results of the present study suggest 

that SAP block is an effective adjuvant treatment option for 

post-thoracic surgery analgesia. Compared to the current 

methods used for post-thoracic surgery pain relief, SAP block 

has some significant merits, particularly its ease of use and 

its low potential for side effects.
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