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Abstract
Background: Serratus anterior plane block (SAPB) and intercostal nerve block (ICNB) are attractive options for multimodal
analgesia in patients undergoing thoracoscopic surgery, but which block is superior remains unclear.

Objective: The present study aimed to assess the effect of SAPB versus ICNB on reducing postoperative pain after video-assisted
thoracoscopic surgery (VATS) for lobectomy.

Methods: This prospective, randomized, active-intervention-controlled, subject-assessor-blinded, single-center, parallel-group
trial allocated 18- to 80-year-old patients with American Society of Anesthesiologists status I to III to receive either SAPB or ICNB in
a 1:1 ratio. The primary outcome was numerical pain rating scale (NRS) scores during the first 24hours postoperatively. The
secondary outcomes were postoperative cumulative doses of ketorolac and fentanyl, and the occurrence of postoperative adverse
effects.

Results: Among the 57 patients assessed for eligibility, 50 were randomly assigned in a 1:1 ratio. Due to conversion to open
thoracotomy and patient-controlled analgesia pump failure, 4 patients were excluded and 46 were analyzed. The intergroup
differences in NRS scores were not statistically significant at any time point. Cumulative consumptions of fentanyl and ketorolac were
also not significantly different. No perioperative adverse events occurred. Postoperative complications were also absent, except for
nausea (2/23 patients [8.7% in both groups]).

Conclusion:Results of the present study do not clarify whether SAPB or ICNB has a superior effect on reducing pain after VATS,
thereby suggesting they may exert similar analgesic effects.

Abbreviations: ASA = American Society of Anesthesiologists, ICNB = intercostal nerve block, ICS = intercostal space, IQR =
interquartile range, NRS = numeric pain rating scale, PACU = postanesthesia care unit, PCA = patient-controlled analgesia, POD =
postoperative day, SAPB = serratus anterior plane block, SD = standard deviation, VATS = video-assisted thoracoscopic surgery.
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1. Introduction

Thoracoscopic surgery can reduce postoperative pain associated
with thoracic surgeries. However, pain remains a major concern
for patients undergoing video-assisted thoracoscopic surgery
(VATS).[1–3] Regional analgesic techniques are considered an
important part of multimodal analgesia. They can alleviate pain
more effectively than systemic opioids alone and can decrease
opioid consumption, which contributes to reducing opioid-
related adverse effects.[4,5]

Serratus anterior plane block (SAPB) and intercostal nerve
block (ICNB) are used in multimodal analgesia after VATS.
Compared with epidural or paravertebral block, these blocks
have the common advantages of being safe and easy to perform.
Several studies have reported the effectiveness of SAPB and ICNB
in pain management after VATS.[6–10]

However, to our knowledge, no study has compared the
analgesic effect of SAPB and ICNB. Accordingly, we aimed to
compare the efficacy of SAPB and ICNB in reducing postopera-
tive pain as well as the differences in analgesic consumption
between the 2 procedures in patients undergoing VATS
lobectomy.
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2. Methods

This prospective, randomized, active-intervention-controlled,
subject-assessor-blinded, single-center, parallel-group trial allo-
cated patients at a ratio of 1:1. The study was approved by the
Hospital Ethics Committee (2019-07-008-002) and was regis-
tered in ClinicalTrials.gov (NCT04250272). This study was
performed at KyungpookNational University Hospital, a tertiary
referral center in Daegu, Korea, and written informed consent
was obtained from all patients. Patients 18 to 80 years of age with
lung cancer categorized as American Society of Anesthesiologists
class I to III and scheduled to undergo VATS lobectomy were
included. Individuals with a history of allergy to local anesthetics,
psychological disorders, chronic analgesic or sedative use,
coagulopathy, presence of systemic infection or local infection
at the injection site, and pregnancy were excluded.
Patients were allocated to receive either SAPB or ICNB in a 1:1

ratio via computer-generated block randomization using block
sizes of 2, 4, and 6. Sequentially numbered, opaque, sealed
envelopes were used to conceal the allocation sequence, and were
prepared by an assistant not otherwise involved in this study. A
sequential envelope was opened after anesthesia induction by a
nurse who was not involved in the study.
Standard monitoring (electrocardiography, noninvasive blood

pressure measurement, pulse oximetry, and bispectral index) was
applied to all patients on arrival to the operating room.
Preoxygenation with 100% oxygen was performed. After
administering propofol (2mg/kg), remifentanil (0.3–1.0mg/kg/
min), and rocuronium (0.8mg/kg) for induction, patients were
intubated using a double-lumen tube and a radial artery was
cannulated. During surgery, anesthesia was maintained by
adjusting propofol infusion to maintain a bispectral index of
40 to 60 and by adjusting remifentanil infusion tomaintain blood
pressure and heart rate within 80% to 120% of the preoperative
baseline values. Rocuronium (0.2mg/kg) was administered every
30minutes.
All VATS lobectomies were performed using a conventional 3-

port technique by a single surgeon. Two incisions approximately
1 to 1.5cm in length were made at the seventh intercostal space
(ICS) on the anterior axillary line and the eighth ICS on the
posterior axillary line. A 4 to 5cm incisionwasmade at the fourth
ICS on the midaxillary line without rib spreading. At the end of
surgery, a 28 Fr chest tube was placed in the lowest access.
Ultrasound-guided superficial SAPBs were performed with the

patients in the lateral decubitus position after anesthesia
induction before the start of surgery by a single anesthesiologist.
A high-frequency linear transducer (6–15MHz; HFL50x,
Sonosite M-Turbo, Sonosite, Bothell, WA, USA) was used.
Before skin disinfection, an ultrasound prescan was performed to
localize the injection site, which was the plane between the
serratus anterior muscle and the latissimus dorsi muscle at the
fifth rib level on the midaxillary line. The fifth rib was identified
using ultrasound by counting the ribs in a row from the twelfth
rib onward. After sterilizing the injection site, a 22-gauge Tuohy
needle was placed in the prescanned plane using an in-plane
technique. The needle tip position was confirmed using the
hydrodissection technique by separating the serratus anterior
fascia from the latissimus dorsi fascia. Thereafter, 20mL of
0.375% ropivacaine was injected to spread along the plane.
Thoracoscopic-assisted ICNBs were performed at all port sites

at the end of the surgery and before inserting the chest tube and
suturing the surgical wound. Under direct observation of the
2

affected inside the chest wall with thoracoscopic assistance, a 22-
gauge needle was introduced beneath the intercostal muscle and
above the parietal pleura in the vicinity of the intercostal bundle.
Successful injection was confirmed via a resultant bulge in the
parietal pleura. A total of 20mL of 0.375% ropivacaine was
delivered evenly at the anterior and posterior ICSs from all port
sites.
After the completion of the surgery, patients in both groups

received intravenous patient-controlled analgesia (PCA) devices
(Accumate 1100, WooYoung Medical, Seoul, Korea) on arrival
at the post-anesthesia care unit (PACU). The PCA regimen
consisted of fentanyl 20mg/mL mixed with normal saline to a
total volume of 100mL. The device was set to a bolus dose of 20m
g at a basal infusion rate of 0.2mg/kg/h with a lockout time of 15
minutes. If a patient required additional analgesics postopera-
tively, ketorolac 30mg was administered intravenously for those
with a numerical pain rating scale (NRS) score of 4 or 5 (0
indicating no pain and 10 signifying the worst pain imaginable)
and fentanyl 50mg was administered intravenously for those with
an NRS score ≥6.
The primary outcome was NRS score at each time point during

the first 24hours postoperatively. NRS scores were recorded at 2,
6, 12, and 24hours postoperatively. The secondary outcomeswere
the cumulative doses of ketorolac and fentanyl at 2, 4, 6, 12, 24,36,
and 48hours postoperatively. The fentanyl dose was calculated as
the sumof the basal infusion andbolus doses administered via PCA
and the rescue dose. The occurrence of postoperative adverse
effects, including nausea, vomiting, dizziness, and respiratory
depression, during the 48hours as well as the number of
postoperative days until chest tube removal, were also recorded.
Both blocks were performed when the patients were under

general anesthesia. At the end of surgery, needle wounds in
patients receiving SAPB were covered with port site dressings
because needle insertion points were very close to the port
insertion sites (fourth ICS on the midaxillary line). Dressing sizes
were identical between the groups. Therefore, the patients, ward
medical staff who provided postoperative care, and a research
nurse who recorded the evaluation parameters were blinded to
the allocation of the block technique.
The sample size for the present investigation was calculated

based on findings from a pilot study performed on 5 patients. The
mean and standard deviation (SD) of the NRS score at 6hours
after VATS lobectomy in patients receiving thoracoscopic-
assisted ICNB was 4.0 and 2.0, respectively. We considered a
reduction of the NRS score by 2 as a clinically significant change.
The estimated sample size required in each groupwas 22 patients,
with an alpha of 0.05 and power of 0.9. Projecting a 10%
dropout rate, 25 patients were included in each group.
Statistical analysis was performed using SPSS version 20.0

(IBM Corporation, Armonk, NY, USA) for Windows (Microsoft
Corporation, Redmond, WA, USA). Normality of continuous
variables was assessed using the Shapiro-Wilk test. Normally
distributed continuous data were analyzed using the independent
t-test; these data are expressed as mean±SD. Non-normally
distributed continuous data were analyzed using the Mann-
Whitney U testand are expressed as median (interquartile range
[IQR]). Mean or median differences for the primary and
secondary outcomes are reported with corresponding 95%
confidence intervals. The median differences were calculated
using the Hodges-Lehmann estimator. Categorical variables were
analyzed using Fisher’s exact test. Differences with a two-tailed
P< .05 were considered statistically significant.
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3. Results

Patients were prospectively enrolled between August 2019 and
January 2020. Of the 57 patients assessed for eligibility, 7 were
excluded: 4 had a history of chronic analgesic use; and 3 refused
to participate. The remaining 50 patients were randomized in a
1:1 allocation ratio. After allocation, 1 patient in the ICNB group
did not receive the block because the operation was converted to
open thoracotomy. During both procedures, no adverse events
occurred. In addition, 2 patients in the SAPB group (conversion to
open thoracotomy) and 1 in the ICNB group (PCA pump failure)
were excluded from the analyses. Thus, 46 patients were
ultimately analyzed at an allocation ratio of 1:1 (Fig. 1).
Allocated to ICNB group (n=25 )
¨ Received allocated interven�on 
(n= 24)a

Assessed for el

Randomi

Lost to follow-up (n= 1)
-PCA pump failure (n=1)

Analysed  (n=23  )
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Analysis
Alloca�on

Follow
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p

Figure 1. Flow diagram of the study design. ICNB= intercostal nerve block, SAPB
the intervention because the surgery was converted to open thoracotomy.
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The patients exhibited no significant differences in baseline
features except for intraoperative remifentanil consumption
(Table 1). Intraoperative remifentanil consumption was signifi-
cantly lower in the SAPB group (median 500 [IQR 314–734])
than in the ICNB group (median 910 [IQR 761–1293]) (P< .001).
Differences in NRS scores between the ICNB and SAPB groups

were not statistically significant at any time point during the first
24hours postoperatively (Table 2).
Cumulative consumptions of fentanyl and ketorolac were also

not significantly different between the groups at 2, 4, 6, 12, 24,
36, and 48hours postoperatively (Tables 3 and 4). The incidence
of postoperative nausea was identical in both groups (2/23
patients [8.7% in each group]), and vomiting, dizziness, and
Allocated to SAPB group (n=25 )
¨ Received allocated interven�on 
(n= 25 )

igibility (n=57)

Excluded  (n=7)
¨ Not mee�ng inclusion criteria (n=4)
¨ Declined to par�cipate (n=3)

zed (n=50)

Lost to follow-up (n= 2 )
-Change in opera�on plan(n= 2)

Analysed  (n=23  )

=serratus anterior plane block. aOne patient in the ICNB group did not receive
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Table 2

Postoperative pain scores (numeric rating scale score).

Time after surgery ICNB group (N=23) SAPB group (N=23) P value Median difference (95% CI)

At 2h 4 (3–5) 4 (4–6) .71 0 (�1 to 1)
At 6 h 3 (2–4) 3 (2–4) .70 0 (�1 to 0)
At 12 h 2 (2–3) 2 (2–3) .70 0 (0–0)
At 24 h 2 (2–2) 2 (2–2) .72 0 (0–0)

Data are presented as median (interquartile range).
CI= confidence interval, ICNB= intercostal nerve block, SAPB= serratus anterior plane block.

Table 1

Demographics of the study patients and perioperative data.

ICNB group (N=23) SAPB group (N=23) P value

ASA class (I/II/III) 2/19/2 1/21/1 .70
Sex (male/female) 16/7 12/11 .37
Age (yr, median, IQR) 67 (58–74) 68 (57–75) .78
Height (cm, mean, SD) 163.6 (8.5) 159.3 (10.2) .12
Weight (kg, median, IQR) 65.0 (57.9–69.4) 63.0 (53.0–72.0) .82
Intraoperative propofol (mg, median, IQR) 1394 (1080–1668) 1264 (985–1412) .33
Intraoperative remifentanil (mg, median, IQR) 910 (761–1293) 500.0 (314–734) <.001
Anesthesia time (min, median, IQR) 176 (160–207) 167 (144–206) .53
Operation time (min, median, IQR) 135 (115–173) 123 (100–150) .22
Use of rescue drugs for hypotension (number, %) 9 (39.1%) 12 (52.2%) .55

ASA=American Society of Anesthesiologists, ICNB= intercostal nerve block, IQR= interquartile range, SAPB= serratus anterior plane block, SD= standard deviation.
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respiratory depression did not occur postoperatively. Themedian
number of postoperative days until chest tube removal was
identical in both groups (1 [IQR 1–1]) (P= .77).
4. Discussion

The present study compared the efficacy of SAPB with ICNB in
patients undergoing VATS lobectomy. No significant differences
Table 3

Postoperative cumulative doses of fentanyl consumption.

Time after surgery ICNB group (N=23) SAPB grou

At 2 h 117.39±48.10 143.30±
At 4h 168.52±65.04 197.04±
At 6 h 213.09±81.59 241.22±
At 12 h 322.39±114.91 347.22±
At 24 h 548.91±154.29 564.39±
At 36 h 710.13±217.89 693.04±
At 48 h 830.87±314.56 793.74±

Data are presented as mean± standard deviation (mg).
CI= confidence interval, ICNB= intercostal nerve block, SAPB= serratus anterior plane block.

Table 4

Postoperative cumulative doses of ketorolac consumption.

Time after surgery ICNB group (N=23) SAPB grou

At 2 h 0 (0–30) 30 (0
At 4h 0 (0–30) 30 (0
At 6 h 30 (0–30) 30 (0
At 12 h 30 (0–30) 30 (0
At 24 h 30 (0–60) 30 (0
At 36 h 30 (0–60) 30 (0
At 48 h 30 (0–60) 30 (3

Data are presented as median (interquartile range).
CI= confidence interval, ICNB= intercostal nerve block, SAPB= serratus anterior plane block.
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were observed between the 2 groups in postoperative NRS scores
at each time point during the first 24hours. Similarly, no clinically
significant differences were observed between the groups in the
secondary outcome measures of the cumulative consumptions of
fentanyl and ketorolac during the 48hours postoperative period.
Although VATS is less invasive than thoracotomy approach,

postoperative pain after VATS is still considered to be moderate
to severe.[11,12] Inadequate analgesia in VATS may lead to
p (N=23) P value Mean difference (95% CI)

60.06 .11 �25.91 (�58.25 to 6.42)
72.40 .17 �28.52 (�69.42 to 12.37)
87.25 .26 �28.13 (�78.33 to 22.07)
100.60 .44 �24.83 (�89.01 to 39.35)
149.60 .73 �15.48 (�105.79 to 74.83)
201.15 .78 17.09 (�107.53 to 141.70)
275.71 .67 37.13 (�138.65 to 212.91)

p (N=23) P value Median difference (95% CI)

–30) .17 0 (�30 to 0)
–30) .21 0 (�30 to 0)
–30) .78 0 (0-0)
–30) .84 0 (�30 to 0)
–60) .79 0 (�30 to 30)
–60) .73 0 (�30 to 30)
0–90) .48 0 (�30 to 0)
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respiratory and cardiovascular complications secondary to
ineffective cough, poor removal of secretions, hypercarbia,
hypoxemia, and increased myocardial work, as well as patient
discomfort.[13] Uncontrolled pain also has the potential to
develop into post-thoracotomy pain syndrome.[14] Therefore,
appropriate multimodal analgesia should be provided to patients
undergoing VATS for reducing pain-related complications and
accelerating recovery.[15]

Ultrasound-guided SAPB is a relatively novel technique of
regional analgesia for thoracic pain.[16] SAPB is safe and easy to
perform because the fifth rib acts as a barrier to the lung and the
target injection site is superficial andwell visualized on ultrasound.
SAPB is performed at the fascial plane either superficial or deep to
the serratus anterior muscle. Several studies have reported the
effectiveness of SAPB in reducing postoperative pain after
VATS.[6,7,17,18] In 2018, a randomized trial reported that SAPB
can reduce opioid consumption after VATS segmentectomy or
lobectomy.[6] In 2019, a retrospective study reported that SAPB
was noninferior to paravertebral block in terms of pain score and
opioid consumption.[18] Another randomized study demonstrated
that SAPB had advantages over local infiltration techniques in
terms of pain scores after thoracoscopic surgery.[17] As such, SAPB
is becoming an attractive choice for regional analgesic intervention
for post-VATS pain.
ICNB is a well-known technique for pain management after

thoracic surgery.[3,9,15,19–21] In a randomized trial, ICNB reduced
postoperative pain scores in patients undergoing VATS.[10] A
review article described ICNB as superior to systemic analgesia
and placebo in terms of pain severity.[22] Various approaches of
ICNB for postoperative pain management in thoracic surgery are
available, including transcutaneous injection, transparietal
pleural injection from within the pleural cavity,[21] and direct
injection through the ICS through the port incision.[8] The latter 2
approaches are performed by thoracic surgeons during the
surgery. Before the introduction of SAPB, our center routinely
used ICNB for the management of post-VATS pain via direct
injection through the port incision.
Both SAPB and ICNB are alternative options to more invasive

blocks such as epidural and paravertebral blocks because they are
safe, easy to perform, and easy to learn, and do not affect patient
hemodynamics. Hence, we aimed to evaluate which block was
superior at reducing postoperative pain scores.
Multimodal analgesia, which is a key component of enhanced

recovery after surgery, can be achieved using a combination of
nonopioid agents, opioids, and regional analgesic techniques.[23]

In this study, we designed a multimodal analgesic regimen with
SAPB or ICNB, fentanyl, and ketorolac. A PCA system was used
for fentanyl administration, which contributes to decreased
opioid-related complications and patient convenience through
individualization of opioid consumption.[24] Cumulative doses of
total fentanyl through a PCA device and rescue administration
and ketorolac demonstrated no significant differences. Because
NRS scores were not significantly different based on similar
consumption of systemic analgesics, the 2 blocks may have
similar analgesic efficacy after VATS lobectomy.
Although the present study did not demonstrate significant

differences between the 2 blocks, the result is plausible. Themajor
factors that affect postoperative pain after VATS include skin
incision, muscle splitting, parietal pleural injury, and chest tube
stimulation.[3,17] ICNB and SAPB have different coverages
against these components. The intercostal muscles and costal
parietal pleura are innervated by the intercostal nerves, and the
5

skin is innervated by the lateral cutaneous branches of the
intercostal nerves.[3] ICNB covers these pain components. Chest
tubes irritate not only the pleura, but also the serratus anterior
muscle. Stimulation of thismuscle causes contractions and spasms,
which contribute to post-VATS pain.[17] Direct injury to the
serratus anterior muscle during surgery also causes postoperative
pain. Long thoracic nerve block has been reported to reduce post-
VATS pain by relaxing the serratus anterior muscle.[25] Superficial
SAPB, which we performed in this study, blocks the long thoracic
nerve that lies on the superficial plane of the serratus anterior
muscle as well as the lateral cutaneous branches of the intercostal
nerves.[26]However, SAPBhasnoeffect onpleural pain.Therefore,
the sum of the effects of each of these blocks on pain components
may not be clinically different from one another.
During the surgery, intraoperative remifentanil consumption

was significantly lower in the SAPB group than in the ICNB group
(median 500 [IQR 314–734] vs 910 [IQR 761–1293]; P< .01).
This was consistent with the result of our previous study
investigating the effect of SAPB on intraoperative opioid
consumption.[27] Pre-incisional regional analgesia in the SAPB
group blocked the nociceptive afferent transmission of surgical
stimulation and reduced opioid requirement, while ICNB was
performed at the end of surgery.
This study, however, had several limitations, the first of which

was that we did not assess the success of the blocks by using
sensory checks. However, we performed the procedures under
ultrasound or thoracoscopic guidance and visually confirmed
appropriate spread of the injectates. Second, the timing of
procedure application was different between the 2 groups. SAPB
was performed before incision, while ICNB was performed at the
end of surgery. Preventive analgesic effect or difference in
intraoperative remifentanil consumption may have a potential to
affect postoperative pain. Finally, this study was conducted at a
single institution and both blocks were performed by a single
operator. These factors contributed to consistency in the
procedure and assessment of the data. However, a multicenter
study including a different population to assess the generalizabil-
ity of these results is warranted.
In conclusion, we cannot conclude whether SAPB or ICNB has

a superior effect in reducing pain after VATS. The degree of
analgesic effect may be similar between the 2 blocks. Further
studies using equivalence tests are needed based on our results.
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