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ABSTRACT

Although thoracoscopy has characteristics such
as a small surgical incision and low stress
response, post-surgical pain after a thoraco-
scopic operation is no less than that after a
thoracotomy. Moreover, poor post-surgical pain
management is likely to cause an increased
incidence of postoperative pulmonary compli-
cations (PPCs) and chronic post-surgical pain.
The serratus anterior plane block (SAPB) is a
regional anesthesia method whereby local
anesthetics (LAs) are injected into the serratus
anterior space to block the lateral cutaneous
branch of the intercostal nerve, long thoracic
nerve, and dorsal thoracic nerve. The block
range of the SAPB covers the incisions of video-
assisted thoracoscopic surgery (VATS) and the
site of the chest tube, which are often located in
the antero-lateral chest wall. Therefore, the
SAPB can achieve effective analgesia in VATS.
For example, 0.125% to 0.25% levobupivacaine
(20–25 ml) is widely used for thoracic surgery,

which can achieve effective analgesia and avoid
adverse reactions. Moreover, it has advantages
compared with thoracic segmental epidural
block (TEA) and thoracic paravertebral block
(TPVB), such as simple operation, increased
safety, fewer complications, and hemodynamic
stability. In addition, adequate analgesia is
helpful for pulmonary function recovery and
reduces the incidence of PPCs. This article
introduces the anatomical mechanism of the
SAPB, diverse operation approaches, how to
choose drugs and adjuvants, and the resulting
impacted area range. It summarizes the advan-
tages and disadvantages of the SAPB compared
with other analgesic methods and posits that
the SAPB is beneficial to the recovery of post-
operative lung function, which provides more
options for postoperative analgesia after VATS.
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Key Summary Points

Acute pain after thoracic surgery is
believed to negatively influence breathing
and lung function in the early
postoperative period. Therefore, acute
pain after thoracic surgery should be
prevented or reduced by better pain
management, allowing patients to
perform effective breathing exercises for
adequate gas exchange postoperatively

Continuous SAPB, in which a catheter is
placed and connected to a patient-
controlled analgesia device, provided a
comparable analgesia to continuous
thoracic epidural analgesia or patient-
controlled intravenous analgesia

In this narrative review, we first reviewed
the characteristics of SAPB technically,
such as anatomical mechanism, diverse
operation approaches, how to choose
drugs and adjuvants, and resulting
impacted area range

In the context of perioperative period of
video-assisted thoracoscopic surgery in
particular, we further summarized the
evidence on SAPB with acute post-surgical
pain management and proposed that
SAPB benefits postoperative lung function
recovery by removing the pain limitation
from ventilatory function practice

INTRODUCTION

Video-assisted thoracoscopic surgery (VATS) has
been employed for thoracic surgery for several
decades. It is now widely accepted owing to its
small surgical incision, low stress response, and
high tolerability [1]. Initially, chest pain elicited
by VATS was thought to be reduced by the
reduced inflammatory response and tissue
damage of the thoracoscopic operation [2].
Unfortunately, most available evidence does

not support the claim that the analgesic
requirements of VATS are fewer than the mea-
sures required after an open thoracotomy [3, 4].
Similar to the situation in the open procedure,
nociceptive stimuli during VATS also stem from
multiple mechanisms owing to the chest inci-
sion, surgical trauma, and placement of the
chest tube. Thus, the pathophysiology of acute
pain after VATS should not differ much from
that following open thoracotomy, and the
resulting pain intensity is still thought to be
moderate to severe, especially after major sur-
gical procedures, such as lobectomies [5].

In the immediate postoperative period of
VATS, poorly controlled post-surgical pain may
lead to chronic post-surgical pain over time,
and it also has a significant negative impact on
respiratory mechanics, which potentially con-
tributes to an increased risk of postoperative
pulmonary complications (PPCs) [6]. A key aim
for the enhanced recovery after surgery (ERAS)
strategy of VATS is accelerating the recovery
from functional respiratory impairment. There
has been a greater appreciation for the rela-
tionship between pulmonary performance and
movement-evoked pain in the immediate post-
surgical period [7–9]. For example, pulmonary
function exercise is encouraged but underesti-
mated because it can reliably facilitate
improvement in postoperative respiratory
impairment. It has been commonly found that
pulmonary function exercise is largely restricted
once uncontrolled pain starts postoperatively,
thereby leading to PPCs [10]. Conversely, early
and timely pain control can ensure enforced
breathing or free coughing, which is beneficial
for improving lung atelectasis and accelerating
the recovery of respiratory function [11].

Systemically administered opioids are the
most commonly used drugs to reduce the post-
surgical pain after VATS; however, they induce a
series of adverse reactions, including postoper-
ative nausea/vomiting and respiratory depres-
sion [12, 13]. Considering the comorbidities in
most patients eligible for thoracic surgery, it is
critically important to lessen their use [14].
Consequently, a multimodal perioperative
analgesia, administered regionally and systemi-
cally, has become a standard to mitigate post-
operative pain [2]. In 2013, Blanco et al. [15]
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first proposed a novel regional block for antero-
lateral chest wall analgesia by injecting local
anesthetics (LAs) into the surface of the anterior
serratus muscle or deep interstitial space. This
method, termed the serratus anterior plane
block (SAPB), is promising for chest wall anal-
gesia as it is technically easy to perform and can
fully cover the surgical area impacted by VATS
[16].

This narrative review first examines the
technical characteristics of SAPB, such as the
anatomical mechanism, diverse operational
approaches, how to choose drugs and adju-
vants, and the resulting impacted area range.
Particularly, in the context of the VATS peri-
operative period, this evidence is further sum-
marized on the SAPB with acute post-surgical
pain management, and we offer the perspective
that SAPB has a benefit on postoperative lung
function recovery by reducing the pain caused
by ventilatory function practice (Table 1).

A comprehensive literature review was per-
formed in MEDLINE, PubMed, and Cochrane
databases from 1981 to 2021 using the terms
‘‘serratus anterior plane block,’’ ‘‘video-assisted
thoracoscopic surgery,’’ ‘‘thoracic surgery,’’
‘‘anatomy,’’ ‘‘postoperative pulmonary compli-
cations,’’ ‘‘continuous serratus anterior plane

block,’’ ‘‘regional anesthesia,’’ ‘‘local anesthetic,’’
‘‘adjuvant,’’ ‘‘approach,’’ ‘‘ultrasound-guided,’’
‘‘thoracic segmental epidural block,’’ ‘‘thoracic
paravertebral block,’’ and ‘‘post-surgical pain.’’
All retrieved articles were reviewed by title,
abstract, and the article itself when its content
was not clearly indicated by the title and
abstract. This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

ANATOMICAL BASIS

Serratus anterior is a quadrilateral broad flat
muscle located on the lateral side of the chest
wall. It runs from the lateral edge of the first to
ninth ribs and ends at the medial edge of the
ipsilateral scapula [17]. The upper part of the
serratus anterior is covered by the pectoralis
major and pectoralis minor muscles, and the
inner part is adjacent to the intercostal muscles
(Fig. 1) [18]. In addition, the thoracic spinal
nerve roots penetrate from the intervertebral
foramen, and they are subdivided into the
ventral and dorsal branches. The dorsal branch
innervates the skin and muscles in the

Table 1 Key recommendations for performing an SAPB

Location Approaches Drugsa Adjuvantsa Block range

Anterior Lateral Posterior

Superficial

SAPB

5th rib in

MAL

Between LDM

and SAM

20–25 ml of

0.125–0.25%

levobupivacaine

Dexmedetomidine

(1 lg/kg)

Dexamethasone

(8 mg)

Clonidine

(100 lg)

Morphine (4 mg)

Buprenorphine

(0.3 mg)

T2–T7 T2–T9 T2–T8

Deep

SAPB

5th rib in

MAL

Between SAM

and ICM

T2–T6 T2–T8 T2–T8

Modified

SAPB

6th rib in

PAL

Between LDM

and SAM

T2–T6 T2–T9 T2–T9

MAL mid-axillary line, PAL posterior axillary line, LDM latissimus dorsi, SAM serratus anterior muscle, ICM intercostal
muscle
a The recommended doses of drugs and adjuvant are approximate amount of range
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paravertebral region, and the ventral branch
continues to course with the intercostal nerve
laterally. In the mid-axillary line, the intercostal
nerve is subdivided into the lateral cutaneous
branch, which passes through the intercostal
muscle, and the serratus anterior muscle, which
innervates the skin and muscles in the lateral
chest wall [19]. In addition, the long thoracic
nerve courses on the surface of the serratus
anterior muscle, which runs along with the
lateral thoracic artery and innervates the serra-
tus anterior muscle. The dorsal thoracic nerve
also courses on the surface of the serratus
anterior muscle in the mid-axillary line [20].
Mayes et al. [21, 22] used cadaveric specimens
to perform a diffusion test of a melanic solution
in the serratus anterior interval showing the
diffusion area, including the lateral cutaneous
branches of the second to sixth intercostal
nerves, the long thoracic nerve, and the dorsal
thoracic nerve in the serratus anterior interval.
Therefore, anatomically, the SAPB can block not
only the lateral cutaneous branch of the inter-
costal nerve but also the long thoracic nerve
and the thoracic dorsal nerve. This probably
explains why SAPB can successfully cover the
antero-lateral chest wall in most cases, which
may not be usually achieved by other regional
anesthesia methods, such as thoracic segmental
epidural block (TEA) and thoracic paravertebral
block (TPVB).

ULTRASOUND-GUIDED BLOCK

In recent years, image-guided procedures have
emerged and played an active role in pain
management. In particular, analgesia without
systemic side effects can be achieved regionally
by precise administration of LAs into the local
area by ultrasound-guided techniques. These
offer safe and effective methods for pain relief,
allowing clinicians to control or reduce the
amount of opioids used. In terms of techniques
and new devices or technological improve-
ments, new local regional options, such as
SAPB, have emerged (Fig. 2).

SAPB Approaches

Superficial SAPB
The superficial serratus plane block was first
proposed by Blanco et al. [15] in 2013. With the
patient in a supine position, an ultrasound
probe was placed at the level of the midclavic-
ular line in a sagittal plane. The second rib was
recognized at the axillary artery. The probe was
moved downward to count the ribs until the
level of the fifth rib in the mid-axillary line. At
this time, the latissimus dorsi muscle and the
serratus anterior muscle were clearly identified
under ultrasound. Next, a 22-G needle was
inserted between the latissimus dorsi and the
serratus anterior muscles. Furthermore, 0.125%
levobupivacaine was injected at 0.4 ml/kg, and

Fig. 1 Anatomical planes (left) and the ultrasound imaging (right) of SAPB. Cited from: Gao et al. [31]
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the range of sensory blockage was tested at
T2–T9 in 30 min.

Deep SAPB
In 2015, Pérez et al. [23] proposed the deep
serratus plane block, whereby the ultrasound

Fig. 2 Graphic representing probe position and ultrasound image obtained during a superficial SAPB (top), seep SAPB
(middle), and modified SAPB (bottom)
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probe was placed under the outer third of the
clavicle while the patient was in the supine
position. The probe was then slowly moved to
the fifth rib in the mid-axillary line. The serratus
anterior muscle and intercostal muscle were
clearly recognized using ultrasound. A needle
was inserted between the serratus anterior
muscle and intercostal muscle, and LAs were
injected. In summary, the superficial approach
is more extensive and longer than the deep
block, but the deep serratus anterior block can
relieve pain that cannot be controlled by the
superficial method.

Modified SAPB
In 2016, Khemka et al. [24] proposed placing
the ultrasound probe obliquely on the second
rib and moving the probe downward laterally to
the sixth rib in the posterior axillary line. The
latissimus dorsi and serratus anterior muscles
could be identified under ultrasound, and then
20 ml of 0.25% levobupivacaine was injected.
This method is suitable for patients who
undergo breast reconstruction with a latissimus
dorsi muscle flap. Although both superficial and
deep SAPB can block the long thoracic nerve,
which innervates the serratus anterior muscle,
these two methods cannot achieve a block of
the thoracodorsal nerve. However, the benefit
of modified SAPB is the blocking of the thora-
codorsal nerve and plexus located under the
pectoralis muscle.

Continuous SAPB

Continuous techniques are highly recom-
mended for prolonged analgesia [25, 26], and
the continuous SAPB is an effective method of
relieving acute pain after a VATS, thoracotomy,
and multiple rib fractures [27–30]. In our pre-
vious study [31], we successfully implemented a
continuous serratus anterior block in patients,
and the specific operational details were as
follows.

The patient was kept in the surgical position
(lateral position), and ultrasound-guided con-
tinuous SAPB right after surgery was performed.
The advantage of the lateral position was that
the operator could sterilize a larger area of the
skin. The ‘‘scope of disinfection’’ was very
important for catheterization in continuous
analgesia. In supine position, the range of dis-
infection can only reach to the posterior axil-
lary line at most (the distance of the puncture
site to the edge of disinfection area may be \
15 cm). Therefore, we recommend the lateral
position for performing continuous SAPB. After
disinfection, the needle was inserted into the
fourth or sixth rib, between the anterior axillary
line and posterior axillary line, where the latis-
simus dorsi and the serratus anterior muscle
were clearly discernable under ultrasound. Fur-
thermore, 3 ml saline was injected to open the
potential interfacial space between the rib and
serratus anterior muscle. Afterward, an epidural
catheter was passed through. Then, an epidural
catheter was threaded through the needle, and
we then slowly removed the needle. After a
confirmed negative aspiration, 40 ml of 0.375%

Fig. 3 Devices (left) and anatomical location (right) of continuous SAPB. Cited from: Gao et al. [31]
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ropivacaine was administered beneath the ser-
ratus anterior muscle (Fig. 3). The patient-con-
trolled analgesia pump was connected to the
catheter, with a background of 0.3% ropiva-
caine at a rate of 7 ml/h (Fig. 4).

Drugs

According to current research, the commonly
used LAs for SAPB are lidocaine, ropivacaine,
and bupivacaine. Ropivacaine and bupivacaine
have a high safety margin and are the most
widely used. The SAPB can be used to maintain
a certain duration of analgesia by a single
injection or perioperative analgesia by an in-
plane catheter. In a randomized controlled trial
by Huang et al. [32], the analgesic duration and
effects of different concentrations of ropiva-
caine (0.375%, 0.5%, and 0.75%) were com-
pared in breast surgery. The results showed that
the higher the concentration of ropivacaine
was, the longer the duration of the sensory
blockade. There was no significant difference
between 0.5 and 0.75% ropivacaine compared
to postoperative analgesia, but both were supe-
rior to the 0.375% ropivacaine group. There-
fore, 0.5% ropivacaine is more suitable for
postoperative analgesia after breast surgery.
Furthermore, Kunigo et al. [33] studied the
effect of the SAPB drug volume on the anes-
thetic effect in patients after breast cancer sur-
gery. Although the anesthetic effect of 40 ml of
0.375% ropivacaine was better than that of
20 ml of 0.375% ropivacaine, the latter could
achieve an optimal effect compared with the
former, and it may be safer to avoid the toxic
reactions of LAs. Moreover, Kunhabdulla et al.
[20] performed the SAPB with 20 ml 0.125%
levobupivacaine in patients with rib fractures,
and it provided safe and effective analgesia to
the patients. Currently, there are few clinical
studies on the volume and optimal concentra-
tion of LAs in SAPB. In the future, more studies
are needed to determine the optimal dosing
regimen to achieve the desired analgesic effect
while avoiding the potential toxic and side
effects.

Fig. 4 Procedure of ultrasound-guided continuous serratus
anterior plane block
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Adjuvants

It is risky to prolong the duration of the nerve
block by increasing the concentration and
dosage of LAs. Therefore, it is necessary to
choose other methods to reduce the tissue
absorption of LAs, prolong their duration of
action, and improve the analgesic effect of
regional anesthesia techniques; the addition of
adjuvants within LAs is a common method.
Some examples of adjuvant medications for
regional techniques include dexamethasone,
buprenorphine, alpha 2 agonists (such as
clonidine and dexmedetomidine), N-methyl-D-
aspartate antagonists, and non-steroidal anti-
inflammatory drugs.

Dexmedetomidine, a commonly used adju-
vant for LAs, has been shown to have both
central and peripheral mechanisms [34, 35].
Abdallah et al. [36] conducted a prospective
randomized controlled study in which they
administered the continuous SAPB to patients
undergoing thoracotomy surgery and random-
ized them into two groups, one treated with
levobupivacaine alone and the other treated
with levobupivacaine combined with
dexmedetomidine. The results showed that the
combined dexmedetomidine group had better
analgesic and sedative effects, and levobupiva-
caine combined with dexmedetomidine signif-
icantly reduced the visual analog scale (VAS)
scores, occurrence of PPCs, and amount of opi-
oids. To assess the analgesia effect of paraver-
tebral administration of dexmedetomidine as
an adjuvant to LAs, Dutta et al. [37] included 30
patients who underwent elective thoracotomy
and were assigned randomly to either the ropi-
vacaine (15 ml 0.75% ropivacaine) or
dexmedetomidine (15 ml 0.75% ropivacaine
plus 0.2 lg/kg of dexmedetomidine) group.
They reported that the VAS scores were 5 (2–8)
in the Ropin versus 2 (1–6) in Dexem group 2 h
after surgery.

Dexamethasone is a long-acting glucocorti-
coid that is often used as an adjuvant to LAs. It
has been shown that the addition of 4–10 mg of
dexamethasone to ropivacaine can prolong the
action time, but the existence of a dose-depen-
dent prolongation effect remains uncertain
[38]. Moreover, dexamethasone has both local

and systemic mechanisms to prolong the anal-
gesic duration of LAs [39]. The local mechanism
may stem from the fact that dexamethasone
can delay the absorption of LAs by constricting
the blood vessels and reducing capillary per-
meability [40]; the systemic mechanism is likely
due to the fact that dexamethasone can inhibit
the local cyclooxygenase activity in trauma and
reduce the synthesis of pain-causing substances,
such as prostaglandins, thus exerting analgesic
effects [41]. Mao et al. [42] compared the effi-
cacy of perineural dexamethasone with ropiva-
caine for TPVB in patients undergoing elective
thoracotomy. The VAS scores were 0.55 (0.83)
in the R group (0.5% ropivacaine) versus 0.24
(0.44) in the RD group (5 mg dexamethasone
and 0.5% ropivacaine) 6 h postoperatively.

Block Range

Several studies have suggested that SAPB may
provide postoperative analgesia in certain chest
wall procedures without validating the range of
blockage of the SAPB. Blanco et al. [17] per-
formed the SAPB bilaterally in four volunteers,
and they mapped the specific skin block area
with the block site at the fifth intercostal space
in the mid-axillary line. Despite the existence of
individual differences, the SAPB had a common
skin area block, which ranged from T2 to T6 for
the anterior chest wall, T2 to T8 for the lateral
chest wall, and T2 to T9 for the posterior chest
wall. In addition, Daga et al. [22] examined the
extent of drug diffusion by ultrasound after the
bilateral SAPB in seven cadavers; 20 ml water
was injected into the serratus anterior plane at
the level of the fourth to fifth rib in the poste-
rior axillary line, and the diffusion to the
cephalic side was between the second and
fourth intercostals and to the caudal side up to
the subcostal margin, which is consistent with
the results of Blanco. VATS surgical incisions
were just located on the block area of SAPB,
which ranged from T2 to T6 on the anterior
chest wall and T2 to T8 on the lateral chest wall.
Therefore, the SAPB can achieve effective anal-
gesia in the antero-lateral chest wall. Although
there are many recognized regional block

1058 Pain Ther (2021) 10:1051–1066



methods after VATS, the SAPB plays an irre-
placeable role among these methods (Fig. 5).

POSTOPERATIVE PAIN
MANAGEMENT

Although opioid analgesics are commonly
applied in postoperative analgesia for VATS,
opioids have several limitations owing to opi-
oid-induced adverse effects, such as nausea/
vomiting and respiratory depression [43]. In
addition to opioids, there are numerous tech-
niques for regional nerve blocks in the chest
wall, including TEA and TPVB, which have been
extensively reported in VATS postoperative
analgesia [11]. The TEA involves placing a small
catheter into the epidural space for neuraxial
analgesia. In addition, TEA still carries several
risks and limitations, which include hemody-
namic instability, intrathecal injection, epidural
hematoma, nerve injury, and urine retention.
The TPVB technique has some similar compli-
cations to TEA; its own list of complications
includes pleural puncture (1.1%), pneumotho-
rax (0.5%), and vascular puncture (3.8%) [44].
Both the TEA and TPVB techniques should
strictly follow the American Society of Regional

Anesthesia guidelines regarding anticoagulation
so that catastrophic complications can be avoi-
ded [45]. Experience with TEA and TPVB influ-
ences the success of these blocks and is largely
institution and physician dependent. Accord-
ingly, this article also discusses the efficacy of
SAPB in the management of acute post-surgical
pain, with a focus on comparison with those
methods.

TEA vs. SAPB

For a long time, the use of TEA combined with
opioids has been considered the gold standard
for analgesia after thoracic surgery, and it is also
an effective way to reduce pulmonary compli-
cations after thoracotomy [46]. However, the
TEA technique is demanding and difficult for
the operator, requiring not only the placement
and removal of catheters but also continuous
intraoperative infusion during surgery [47]. It
also has a high rate of complications, including
accidental dural penetration, a high block level,
LA intoxication, and total spinal anesthesia.
Besides, postoperative hypotension, neuraxial
hematoma, nausea and vomiting, and urinary
retention have been frequently reported.

Fig. 5 Block area of SAPB in the anterior chest wall (left), lateral chest wall (middle), and posterior chest wall (right)
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Furthermore, the use of TEA is limited by a
number of contraindications, including local
infection at the puncture site, history of spinal
surgery, abnormal coagulation function, and
oral anticoagulation or antiplatelet drugs. For
example, Rajashree et al. [48] first applied the
SAPB to thoracic surgery patients with abnor-
mal coagulation and concluded that SAPB can
effectively relieve postoperative pain and is safe
and easy to implement. Asmaa et al. [49]
observed patients undergoing thoracic surgery
and found that patients with continuous SAPB
were more hemodynamically stable than
patients with a continuous epidural block. They
also found that the continuous SAPB had an
advantage in reducing postoperative opioid use.
In addition, the SAPB, a key component of
multimodal analgesia after thoracic surgery, is
simple to perform and has fewer complications
than the other commonly used regional anes-
thesia techniques.

TPVB vs. SAPB

The spinal nerve runs in the paravertebral space
after piercing out of the intervertebral foramen,
where it is not enveloped by fascia. Injection of
LAs into this space has good anesthetic and
analgesic effects [50]. TPVB is a unilateral block
technique; therefore, contralateral respiratory
and sympathetic functions can be preserved.
This function may be associated with reduced
PPCs, postoperative bleeding, and urinary
retention [51]. The complications of TPVB are
similar to those of TEA; however, spinal cord-
related complications are more likely to occur
after TEA, whereas pulmonary complications
are more common after TPVB [52]. Hanley et al.
[53] compared the analgesic effects of general
anesthesia compounded with TPVB and general
anesthesia compounded with SAPB in 40
patients undergoing VATS and observed no
difference in hemodynamics, opioid side
effects, length of hospital stay, or patient satis-
faction between the two groups. Further study
showed that injection of 20 ml 0.25% bupiva-
caine in the serratus anterior plane to block the
sensory afferent nerve (T4–T6) at the thoraco-
scopic incision site and the intercostal nerve

(T7–T8) at the drain site could effectively relieve
the pain associated with the chest tube [54].
Often, TPVB requires several injections to
obtain sufficient dermatomes, most commonly
at the T3, T5, and T7 levels [55].

Wound Infiltration vs. SAPB

Wound infiltration includes systematic and
extensive surgical site local anesthetic infiltra-
tion in the various tissue planes under direct
visualization before closure of the surgical inci-
sion [56]. LA administration into a surgical
wound can block the stimuli that caused by
surgical injury at the site of origin. The tech-
nique is simple and inexpensive and has a good
safety with few side effects. Therefore, it is used
widely in many hospitals at the end of surgery.
Chen et al. [57] compared the effects of SAPB for
postoperative analgesia after thoracoscopic sur-
gery with LA infiltration. Forty adult patients
undergoing VATS were randomized to receive
either SAPB (SAPB group) or LA infiltration of
the incision (LA group). Finally, the SAPB group
had lower VAS scores at the 2nd and 8th hours
after surgery. Besides, postoperative sufentanil
consumption in the SAPB group during 0–8 h
was significantly lower compared with the LA
group. Concerns with surgical site infiltration
include the potential for local anesthetic sys-
temic toxicity [58]. The absorption of LAs after
wound infiltration depends on the dose of LA
and the vascularity of the incision site [59]. In
fact, several studies have reported that even
with larger doses of ropivacaine, which may be
higher than recommended (i.e., 400 mg), the
maximum concentration was still much lower
than the toxicity threshold [60]. In addition,
the use of epinephrine may slow the systemic
absorption of LAs. Overall, wound infiltration
of LAs is a safe yet under-investigated method of
postoperative pain management.

Patient-Controlled Intravenous Analgesia
(PCIA) vs. SAPB

PCIA is a combination of opioid-based and non-
opioid drugs, such as nonsteroidal anti-inflam-
matory drugs (NSAIDs). Although opioids are
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commonly used for postoperative analgesia,
they can cause dose-dependent respiratory
depression, nausea, vomiting, intestinal
obstruction, and other adverse effects [61].
Moreover, nephrotoxicity and gastrointestinal
side effects caused by NSAIDs also reduce
patients’ comfort and satisfaction with anes-
thesia. The SAPB was first used for postoperative
analgesia in breast surgery and has been widely
used ever since. Numerous studies have focused
on multimodal analgesia combined with regio-
nal anesthesia to reduce postoperative pain
scores, but they have focused less on reducing
opioid consumption and decreasing the inci-
dence of nausea and vomiting [62]. Alessandro
et al. [63] conducted a systematic evaluation of
patients undergoing SAPB for VATS and inclu-
ded seven studies with 489 patients; the results
showed that SAPB had significant advantages in
shortening the hospital stay, reducing the con-
sumption of opioids in 24 h after surgery, and
decreasing the incidence of postoperative nau-
sea and vomiting (PONV) in patients undergo-
ing VATS.

A meta-analysis by Alessandro et al. [63]
found that the effect of SAPB in reducing peri-
operative pain was more significant within 6 h
after surgery. Furthermore, Semyonov et al. [16]
reported a similar finding; compared to the
PCIA group, the SAPB group had a significant
advantage only up to 8 h postoperatively, and
there was no significant difference in pain
scores after the postoperative 9th hour.

The inability of a single nerve block to pro-
vide patients with lasting postoperative anal-
gesia may be related to the single
administration pattern and the pharmacoki-
netic characteristics of the LAs [64]. Intermit-
tent or continuous administration of LAs by
placing a catheter in the SAP layer combined
with a removable infusion pump can prolong
the duration of the SAPB and also facilitate the
patient’s mobility and recovery, making it a
novel regional anesthesia technique. Hanley
et al. [53] performed the ultrasound-guided
SAPB with catheter placement after VATS, and
they found that the continuous SAPB was not
inferior to TPVB in terms of 48 h opioid con-
sumption, and the continuous SAPB was asso-
ciated with improved functional measures in

thoracic surgical patients. Khalil et al. [65]
compared the continuous SAPB with TEA for
postoperative analgesia after VATS; they found
that the continuous SAPB group was not infe-
rior to the TEA group in providing postoperative
analgesia, and the difference in VAS at 24 h
postoperatively was not statistically significant.
Also, there was no statistically significant dif-
ference in the 24-h morphine dosage and the
incidence of nausea and vomiting; however, the
SAPB group had significantly better circulatory
stability than the TEA group. In our previous
study, we found that continuous SAPB signifi-
cantly reduced resting pain compared with tra-
ditional PCIA after VATS [66].

SAPB AND LUNG FUNCTION
RECOVERY

Postoperative respiratory impairment may be
caused by various factors, including surgical
factors (site of incision, postoperative pain, and
type of surgical procedure), anesthetic factors
(residual anesthetics, injurious mechanical
ventilation, and type of anesthesia), and many
other patient factors (aging and smoking his-
tory) [67]. The operative type has been consid-
ered as an important factor that affects post-
surgical pulmonary function, particularly when
the extent of parenchymal reduction is signifi-
cant, such as after segmentectomy or lobectomy
in VATS [68]. The significant decline in the
remaining pulmonary function easily results in
a series of PPCs, which refers to a series of res-
piratory complications after surgery, including
lung infection, respiratory failure, pleural effu-
sion, pneumothorax, pulmonary edema, and
acute adult respiratory distress syndrome
(ARDS) [69]. It is worth noting that pulmonary
function exercise is often limited by uncon-
trolled pain postoperatively. However, post-
surgical pain is a modifiable risk factor that can
be controlled [70]. Therefore, pain management
is valuable for improving lung function recov-
ery and PPCs [71].

Perioperative multimodal analgesia can
reduce surgical stress and improve pulmonary
function [72, 73]. Matyal et al. [74] conducted a
study to compare the immediate postoperative
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pulmonary function of patients between the
TPVB group and intercostal nerve block (INB)
group after VATS. The results showed that the
scores of resting pain and cough pain in both
groups were significantly reduced within 4 h
after the operation. On comparing forced expi-
ratory volume in 1-s forced vital capacity and
forced expiratory flow 25–75% between the two
groups, it was found that the pulmonary func-
tion of patients in the TPVB group was signifi-
cantly improved compared with that in the INB
group. Therefore, it was speculated that ade-
quate analgesia can potentially prevent respi-
ratory complications. A series of studies on
SAPB by our group found that in patients
undergoing VATS, the pulmonary function in
the continuous SAPB group was significantly
improved 72 h after surgery compared with that
in the PCIA group, and the incidence of com-
plications, such as pneumonia, atelectasis,
hypoxemia, and vomiting, was significantly
reduced [31].

CONCLUSIONS

Postoperative acute pain management and
recovery of pulmonary function are important
contents of perioperative management of VATS.
Effective control of acute postoperative pain can
make it possible for patients to perform exer-
cises to improve pulmonary function, and it is
one important means of promoting the recov-
ery of pulmonary function. The regional anes-
thesia technique plays an irreplaceable role in
perioperative pain management. The SAPB, an
important part of multimodal analgesia after
thoracic surgery, has advantages, such as simple
operation, safety, and a precise analgesic effect
with few complications. The block range of the
SAPB covers most of the VATS incisions and
location of the chest tube, which can provide
better postoperative analgesia for VATS
patients. In addition, it can also help in the
recovery of lung function, reduce the use of
opioids after VATS and the incidence of PONV,
and prevent PPCs; hence, it is worthy of clinical
promotion. Despite all this, we still need to
develop a reasonable scheme and individualize
the protocol according to different situations.

However, the SAPB provides us with an impor-
tant option.
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