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Abstract
Background: The serratus anterior plane block (SAPB) is a novel method that provides lateral chest wall analgesia. There are 2
methods of SAPB; deep and superficial SAPB. Each of these methods has been demonstrated to provide effective perioperative
analgesia in thoracic surgery. The aim of this study was to compare the intraoperative hemodynamic and analgesic benefits of deep
versus superficial SAPB during video-assisted thoracic surgery (VATS) lobectomy.

Methods:We performed a prospective, randomized, patient/assessor-blinded trial. We included patients who were 20 to 75 years
of age and scheduled to undergo VATS lobectomy with American Society of Anesthesiologists physical status 1 or 2. Patients were
randomly allocated to receive either ultrasound-guided deep SAPB (Group D) or superficial SAPB (Group S). The primary outcome
was intraoperative remifentanil consumption. We also recorded intraoperative systolic blood pressure (SBP), heart rate (HR),
emergence time, and doses of rescue drugs used to manage hemodynamic instability.

Results: Data for 50 patients undergoing 3-port VATS lobectomy were analyzed. Intraoperative remifentanil consumption did not
differ significantly between Group D (n=25, 715.62±320.36mg) and group S (n=25, 721.08±294.48mg) (P= .97). Additionally,
there were no significant differences between the 2 groups in SBP and HR at any time point, emergence time, or amount of rescue
drugs used.

Conclusion: Our study suggests that the intraoperative analgesic efficacy is similar for deep and superficial SAPB during VATS
lobectomy.

Abbreviations: HR = heart rate, SBP = systolic blood pressure, SPB = serratus plane block, VATS = video-assisted thoracic
surgery.
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1. Introduction

Sufficient intraoperative pain control is critical to stabilizing a
patient’s hemodynamics during surgery and to reduce the
incidence of complications and length of hospitalization.[1–3]

For effective intraoperative pain relief, intravenous opioid
administration is usually used. However, reducing opioid
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consumption has become important because of its side effects
such as delayed recovery from general anesthesia, opioid-induced
hyperalgesia, sedation, nausea, and respiratory depression. To
reduce intraoperative opioid use during thoracic surgery, local
anesthetic infiltration at the incision site, thoracic epidural block,
paravertebral block, and intercostal nerve block can be used
alone or in combination.[4–7]
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Ultrasound-guided serratus anterior plane block (SAPB) is a
newmethod characterized by a long blocking time, wide blocking
range, and low risk of serious complications associated with the
procedure. The efficacy of SAPB in perioperative pain manage-
ment during thoracic surgery has already been well docu-
mented.[8–13] There are 2 variations of SAPB: Superficial SAPB
has its target point in the superficial serratus plane between the
latissimus dorsi muscle and the serratus anterior muscle while
deep SAPB has its target point in the deep serratus plane between
the serratus anterior muscle and rib/external intercostal muscle.
Intercostal nerves run between the internal intercostal muscles
and the innermost intercostal muscles. On the lateral aspect of the
chest wall, the lateral cutaneous branches derived from the
intercostal nerves pierce the external intercostal muscles and
serratus anterior muscle, then divide into anterior and posterior
branches. SAPB provide analgesic effect on lateral chest wall by
spreading local anesthetics along the superficial or deep serratus
plane through which the lateral branches of the intercostal nerves
pass. Superficial SAPB has been known to have a longer duration
and a wider area of blockage than deep SAPB.[6] Thus, we
speculated that superficial SAPB could provide a more effective
intraoperative pain control than deep SAPB during video-assisted
thoracic surgery (VATS) lobectomy; therefore, superficial SAPB
might reduce intraoperative opioid usage more effectively than
deep SAPB. In a previous study, during VATS lobectomy,
superficial SAPB was found to reduce intraoperative remifentanil
usage as compared with a control group and provide
hemodynamic stability.[10] However, no study on the intraop-
erative analgesic efficacy of deep SAPB has been published
to date.
Therefore, the aim of this study was to compare intraoperative

hemodynamic changes and opioid consumption to determine
which of the 2 variants of SAPB results in more effective
intraoperative pain relief in VATS lobectomy.
2. Methods

The present prospective randomized trial was approved by the
local hospital ethics committee (KNUH2019-05-003-01) and
registered in ClinicalTrials.gov (NCT04252378). All patients in
this study provided written informed consent.
Figure 1. Ultrasound views for the deep and superficial serratus anterior plane bl
superficial serratus plane (B). Dotted line shows the spread of local anesthetics. LA
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Patients had to meet the following inclusion criteria: Physical
status 1 or 2 according to the American Society of Anesthesi-
ologists; age, 20 to 75 years; and elective 3-port VATS lobectomy.
Patients with the following conditions or issues were excluded
from the study: a history of opioid or local anesthetic allergy;
local infection at the injection site or systemic infection;
coagulopathy; difficulty in understanding the study protocol;
and refusal to participate.
We randomly divided the patients by a 1:1 ratio into a “deep

SAPB group” (Group D) and a “superficial SAPB group” (Group
S), using computer-generated block randomization. The alloca-
tion sequence was concealed in sequentially numbered, sealed,
opaque envelops by an assistant who was not associated with this
study. Before the induction of general anesthesia, a sequential
envelope was opened by a nurse and SAPB was performed
according to the allocation in the preanesthesia room.
All SAPBs were performed by 1 practitioner. After placing the

patient in the lateral decubitus position, the fifth rib was identified
using a high-frequency linear ultrasound probe (Edge instrument
8–16MHz linear transducer; SonoSite Inc, Bothell, WA) at the
mid-axillar line. The latissimus dorsi muscle, serratus anterior
muscle, and external intercostal muscle between the ribs were
easily distinguished. In Group D, a 22-gauge Tuohy needle was
advanced to the plane between the serratus anterior muscle and
the fifth rib using the in-plane technique. After hydrodissection
with normal saline to confirm that the needle tip was placed in the
interfascial space, 20mL of 0.375% ropivacaine solution was
injected (Fig. 1A). In Group S, after the needle was placed in the
interfascial space between the latissimus dorsi muscle and the
serratus anterior muscle, 20mL of 0.375% ropivacaine solution
was injected (Fig. 1B). Because the device, needle insertion site,
injectate, and blocking process were identical in the 2 methods
(except for the position of the needle tip), the patients remained
blinded with regard to their group allocation. We defined
successful block as the loss of pinprick sensation from T5 to T8
dermatomes on the lateral chest wall.
In the operating room, standard monitoring was performed,

and we started induction with propofol (2mg/kg), remifentanil
(0.3–1.0mg/kg/min), and rocuronium (0.8mg/kg). We performed
intubation with a double-lumen tube and inserted a catheter into
the radial artery for continuous blood pressure (BP) monitoring.
ocks. The needle (arrows) tips were placed in the deep serratus plane (A) and
= local anesthetics, LD= latissimus dorsi muscle, SA=serratus anterior muscle.
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After intubation, anesthesia was maintained by titrating the
propofol concentration to a bispectral index of 40 to 60 and by
remifentanil infusion to achieve BP and heart rate (HR) values
within 70% to 130% of the baseline values. When severe
hemodynamic changes occurred beyond 70% to 130% of the
baseline values and were difficult to control by remifentanil
adjustment, appropriate medications, including ephedrine,
phenylephrine, nicardipine, esmolol, and glycopyrrolate, were
administered. During surgery, rocuronium (0.2mg/kg) was
administered every 30 minutes.
The VATS lobectomy was performed by a single surgeon using

the conventional 3-port technique. Two incisions (1–1.5cm in
length) were made at the 7th intercostal space on the anterior
axillary line and the 8th intercostal space on the posterior axillary
line. Another incision (4–5cm in length) was made at the 5th
intercostal space on the mid-axillary line. After completed
surgery, all participants received sugammadex (4mg/kg), and
propofol administration and remifentanil infusion were discon-
tinued. After confirmation of a bispectral index above 80,
opening of the eyes, sufficient spontaneous respiration, and full
recovery of muscle strength, extubation was carried out. Patients
were transferred to the recovery room with monitoring of
vital signs.
The primary outcome was intraoperative remifentanil use. The

secondary outcomes were systolic blood pressure (SBP), HR,
emergence time, and doses of rescue drugs used to manage
hemodynamic instability. Emergence time was defined as the time
period between surgical incision closure and extubation. We
recorded the SBP and HR before induction, immediately after
incision, and at 5, 15, 30, 60, and 120min during surgery. Data
were collected by the attending anesthesiologists who were
blinded to the allocation.
In the pilot study, the intraoperative remifentanil consumption

of 8 patients in GroupDwas 762.2±345.1mg. A reduction of the
intraoperative remifentanil consumption by 50% in Group S was
considered clinically relevant. The sample size was estimated
based on the requirement of Type I and II errors<0.05 and<0.2,
respectively. Considering a 10% dropout rate, we included 28
patients in each group.
Statistical analyses were performed using IBM SPSS software

(version 25.0; IBM Corp, Armonk, NY). For continuous
variables, after assessment of normality using Shapiro–Wilk
test, normally distributed data were analyzed using Student t test
and non-normally distributed data were analyzed using the
Mann–Whitney U test. We compared categorical variables using
Fisher exact test. A probability P value< .05 was considered to
indicate statistical significance.
3. Results

Fifty-six patients were enrolled in this study. Twenty-eight
patients received superficial SAPB and the remainder received
deep SAPB. All blocks were successful. We analyzed data for 50
out of 56 participants. In GroupD, 3 patients were excluded from
the analysis owing to conversion to open thoracotomy. In Group
S, 2 patients were excluded owing to conversion to open
thoracotomy and 1 patient was excluded because of operation
termination due to malignant pleural seeding (Fig. 2). Demo-
graphic characteristics, duration of anesthesia, and preanesthetic
SBP and HR did not differ significantly between the 2 groups
(Table 1).
3

There was no significant difference in the intraoperative
remifentanil consumption between Group D (715.62±320.36mg)
and Group S (721.08±294.48mg) (P= .97).
During surgery, there were no significant differences in SBP and

HR between the 2 groups (Figs. 3 and 4). Emergence time did not
differ significantly between Group D (10.00±4.06min) and
Group S (11.11±5.55min) (P= .32). Additionally, there were
no differences in the amounts of rescue drugs used to control
BP and HR.
All patients showed no complications related to SAPB, such as

systemic local anesthetic toxicity, pneumothorax, bleeding, and

focal infection.
4. Discussion

In the present study, the 2 SAPB methods were not seen to differ
significantly with regard to intraoperative remifentanil consump-
tion and hemodynamic parameters, including SBP and HR,
during VATS lobectomy.
Thoracic surgery is known as one of the most painful of

surgeries. The pain is caused by traction of the incision site,
resection of the ribs, damage to the intercostal nerve caused by
dislocation of the costovertebral joint, irritation of the pleura by
the chest tube, and excessive stretching of the ipsilateral brachial
plexus and associated shoulder muscles.[14,15] VATS has been
developed with a view to reducing surgical stress by using a less
invasive technique. Although VATS has several advantages over
thoracotomy, including reduced postoperative pain, reduced
perioperative bleeding, and shorter hospital stay, the surgery is
still painful.[5,16]

Inadequate management of pain associated with surgical
procedures induces peripheral and central sensitizations, which
cause an intensification of postoperative pain. Preventive
analgesia is considered critical to reducing short- and long-term
postoperative pain. This practice refers to the administration of
analgesic treatment throughout the perioperative period. The
rationale of preventive analgesia is that adequate analgesia
throughout the perioperative period prevents sensitization of
pain, thereby reducing postoperative pain. Therefore, intraop-
erative pain management is an important component of
preventive analgesia, which is performed using analgesic
medication and regional block.[17,18]

Epidural block and paravertebral block have been widely
performed in patients undergoing thoracic surgery. These blocks
are effective for pain relief but are technically difficult and are
associated with some serious complications. An epidural block is
linked to the risk of dural puncture, compromised hemodynam-
ics, epidural hematoma and abscess, and respiratory depression,
and a paravertebral block can lead to pneumothorax and
hemodynamic instability.[19] Therefore, a regional block, which
is less difficult and more safe, may be appropriate for
thoracoscopic surgery, considering the fact that there is relatively
less pain than in thoracotomy, and it would facilitate early
recovery. Recently, Blanco et al[6] introduced SAPB. It provides
analgesic effects at approximate levels T2–T9 by blocking the
lateral cutaneous branches of the intercostal nerves that traverse
through the serratus plane. Because the target point of the
procedure is superficial and does not involve any major vessels,
SAPB is easy to perform and safe. In the past few years, many
reports on SAPB have documented its efficacy for post-VATS
pain management.[9,20–22] In recent studies, SAPB was reported

http://www.md-journal.com
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Figure 2. Flow diagram of the study.
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to be superior to local anesthetic infiltration and noninferior to
paravertebral block for reducing postoperative pain.[13,20]

Consequently, SAPB has now been acknowledged as an
alternative approach of nerve blocking in patients undergoing
VATS.
SAPB is performed by spreading local anesthetics within the

plane either deep of or superficial to the serratus anterior muscle.
Table 1

Demographics of the study patients.

Demographics Group D (n=25) Group S (n=25)

ASA class (I/II) 1/24 0/25
Sex (M/F) 10/15 8/17
Age (y) 62.61±10.69 65.61±8.35
Height (cm) 162.23±7.65 162.05±6.65
Weight (kg) 63.61±10.26 64.71±10.01
Anesthesia time (min) 208.79±68.89 203.00±65.94
Surgery time (min) 158.86±64.07 154.46±57.22
Preanesthetic SBP (mm Hg) 162.39±21.03 157.07±21.95
Preanesthetic HR (beats/min) 69.14±11.56 73.36±16.23

Group D, patients who received deep serratus anterior plane block; Group S, patients who received
superficial serratus plane block.
ASA=American Society of Anesthesiologists, F= female, HR=heart rate, M=male, SBP= systolic
blood pressure.

4

Blanco et al[6] described the mean duration of analgesia as 752
min in superficial SAPB and 386min in deep SAPB. Recent studies
reported that both deep and superficial SAPB performed at
induction of anesthesia lasted 8hours postoperatively.[20,23]

Several studies have reported successful reduction of postopera-
tive pain following either superficial or deep SAPB.[9,13,20–22,24] A
previous study demonstrated that superficial SAPB reduced
intraoperative opioid consumption and maintained hemodynam-
ic stability during VATS lobectomy.[10] However, only few
reports comparing the clinical effectiveness between superficial
and deep SAPB are available. Abdallah et al[25] demonstrated that
deep SAPB was as effective as superficial SAPB with regard to
opioid consumption and pain severity after breast surgery. One
case series reported that deep SAPB was efficacious in patients
undergoing ineffective superficial SAPB for postmastectomy pain
syndrome.[26]

Our trial is the first to compare the intraoperative analgesic
efficacy of superficial versus deep SAPB. The results did not
indicate statistically significant differences in opioid consumption
and hemodynamics between the 2 methods. Because these 2
variants of SAPB both target the lateral branches of the
intercostal nerves, the extent to which the injectate spreads
within the plane determines the effects of the 2 methods. A recent
study using cadavers demonstrated that the extent of dye spread
was independent on the targeted plane of the serratus anterior



Figure 3. The box and whisker plot depicts systolic blood pressure during video-assisted thoracic surgery lobectomy. The middle line in the box represents the
median; the upper and lower margins of the box represent the 75th and 25th percentiles, respectively, and the whiskers represent the maximum and minimum
observations. There were no significant differences between Group D and Group S. Group D, patients who received deep serratus anterior plane block; Group S,
patients who received superficial serratus plane block.
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muscle (superficial vs. deep plane).[27] This result supports our
observations, which indicate similar effectiveness between the 2
methods. The result of the study by Abdallah et al[25] is consistent
with the finding of our study, although the period and type of
surgery differ.
Figure 4. The box and whisker plot depicts the heart rate during video-assisted th
upper and lower margins of the box represent the 75th and 25th percentiles, resp
There were no significant differences between Group D and Group S. Group D, pa
received superficial serratus plane block.

5

There are several limitations in our study. First, the sample size
was relatively small, although we conducted this study after
calculating the minimum sample with adequate statistical power
according to a pilot study. Second, this study was performed at a
single center. To validate the findings, further studies on various
oracic surgery lobectomy. The middle line in the box represents the median; the
ectively, and the whiskers represent the maximum and minimum observations.
tients who received deep serratus anterior plane block; Group S, patients who

http://www.md-journal.com
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demographic populations across multiple centers are needed.
Finally, postoperative analgesic consumption and pain scores
were not evaluated; therefore, we did not compare the
effectiveness for postoperative pain relief of the 2 SAPB methods.
Although no data were collected on pain score immediately after
recovery from anesthesia, the success of block was confirmed
preoperatively and the known duration of SAPB was sufficiently
longer than the surgery time in this study. Thus, the SAPB effect
was considered to last throughout the surgery.
In conclusion, the present study suggests that the intraoper-

ative analgesic efficacy of superficial versus deep SAPB during
VATS lobectomy is similar.
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