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Abstract

Purpose A multimodal analgesic approach is necessary for
post-thoracotomy pain, which can be severe. Intravenous
access, central and peripheral nerve blocks are frequently
used. The aim of this study was to evaluate the efficacy of
serratus anterior plane block (SAPB) in the management of
post-thoracotomy pain.

Methods A total of 40 patients who underwent thoracot-
omy between January 2014 and January 2016 were retro-
spectively analyzed. The patients were divided into two
groups: Group M (intravenous patient-controlled analgesia
morphine; n = 20) and Group S (intravenous patient-con-
trolled analgesia morphine + SAPB; n = 20). The Visual
Analogue Scale (VAS) was used for pain evaluation at the
1st, 2nd, 4th, 6th, 8th, 12th and 24th postoperative hours
and morphine consumption was evaluated at the 6th, 12th
and 24th postoperative hours. Secondary outcomes were
additional analgesic requirement, side effects, the Ramsay
Sedation Scale (RSS) scores, block onset time and block
level.

Results The VAS scores and the amount of morphine con-
sumed at the 6th, 12th and 24th hours were found to be sig-
nificantly lower in Group S than in Group M (P < 0.001).
No statistically significant difference was found in the
rate of side effects, including nausea, vomiting, pruritus,
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respiratory depression, bradycardia and hypotension, and
RSS outcomes between the groups.

Conclusion Our study suggests that SAPB is an effective
adjuvant treatment option for thoracotomy analgesia.
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Introduction

Thoracotomy, which is used for the exploration of the
thoracic cavity and for the management of pulmonary,
mediastinal, diaphragmatic and esophageal patholo-
gies, can be performed posterolaterally, anterolaterally
or anteriorly. Pain following thoracotomy may result in
hypoxemia, depending on the altered mechanical func-
tions of the lungs and ventilation—perfusion mismatch
[1, 2]. The main causes of postoperative pain during the
early period include intercostal muscle and soft tissue
damages and rib fractures [3]. Intravenous (IV) drugs
such as opioids, non-steroidal anti-inflammatory drugs
(NSAIDs), local anesthetic injections to the wound site
and regional anesthetic techniques are used to relieve
thoracotomy pain. Currently, opioids (morphine, fenta-
nyl etc.) and drugs used as adjuvant agents (ketamine
and dexmedetomidine), are administered using the IV
route [3-7]. Among different regional anesthetics, tho-
racic epidural block, paravertebral block, intercostal
block and intra/extrapleural block are frequently used
[3]. However, symptoms such as respiratory depres-
sion, sedation and pruritus caused by increased doses
of opioids, and the possibility of transient or permanent
nerve damage following neuraxial block, have directed
clinicians to investigate alternative methods and drugs
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[7-11]. At the present time, the increased use of ultra-
sonography (USG) in nerve blocks has enabled the appli-
cation of different plane blocks in regional anesthesia
[12, 13]. Serratus anterior plane block (SAPB), which
may be a suitable approach for analgesia in thoracic sur-
gery, is one of the recent plane blocks which can pro-
vide analgesia between the thoracic 2 (T2) and thoracic
9 (T9) levels and which can be performed under ultra-
sonography guidance [14]. The blockade of cutaneous
branches of intercostal muscles in T2-T9 dermatomes
can be achieved with this block, and can be performed
in two different ways, either to the region between the
serratus anterior muscle and intercostal muscle, or to the
region above the serratus muscle [14]. A sensorial block-
ade for approximately 12 h can be achieved using SAPB
which, in addition to thoracic surgery, is also used for
postoperative analgesia following breast surgery [15].

In the present study, we aimed to evaluate the effect
of SAPB, which is used for posterolateral thoracotomy
analgesia in addition to IV patient-controlled analgesia
(PCA) with morphine, on the amount of morphine con-
sumption and the Visual Analogue Scale (VAS) scores.

Patients and methods
Patient selection

The study protocol was approved by the local Ethics Com-
mittee (decision number 2011-KAEK-25 2016/08-01).
The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. As soon as the local
ethics committee gave approval, the patient files were
reviewed.A total of 83 patients who underwent thoracot-
omy between January 2014 and January 2016 were retro-
spectively analyzed. Patients who were deemed eligible
to participate in the study were called to the hospital for
a written informed consent form. A written informed con-
sent was obtained from each patient who was included
the study. Patients aged between 18 and 65 years, those
who were in the American Society of Anesthesiologists
(ASA) I-III class and underwent thoracotomy and those
with prior standard surgical procedures by a single surgical
team without any complications were evaluated within the
scope of the study. Exclusion criteria were as follows: pre-
vious history of opioid use preoperatively, repeat surgery,
additional imaging studies and other procedures requiring
mobilization (which can alter VAS scores), allergy to local
anesthetics, urgent surgery, the presence of any systemic
infection, or pregnancy. Forty-three patients were excluded
from the study. A total of 40 patients were divided into two
groups: Group M (IV PCA morphine; n = 20) and Group
S (IV PCA morphine + SAPB; n = 20) (Fig. 1).
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Anesthetic management

Following premedication with IV midazolam (0.03 mg/
kg), all patients were monitored in the operating room for
non-invasive blood pressure, electrocardiography (ECG),
heart rate (HR) and peripheral oxygen saturation (SpO,).
Before induction, intravenous infusion of NaCl 0.9% was
initiated and pre-oxygenation with oxygen 100% was per-
formed for 3 min. Propofol 2-2.5 mg/kg and rocuronium
bromide 0.6 mg/kg were administered IV during induc-
tion. The patients were intubated with a double-lumen
endotracheal tube in appropriate sizes (35-37 French),
and mechanical ventilation was performed to achieve end-
tidal CO, (ETCO,) of 30-35 mmHg. During maintenance
of general anesthesia, sevoflurane at a concentration of
1-2.5% was administered in a 50% O,-50% air mixture
at a flow rate of 3 L/min. Additional analgesia was met by
administering fentanyl at 1 pg/kg. Twenty minutes before
the end of the operation, morphine infusion with IV PCA
(APM II Ambulatory Pump, Abbott Laboratories, San
Diego, CA, USA) was initiated and SAPB under USG
guidance was then performed. Following recurarization,
patients were extubated and were followed in the post-
anesthetic care unit (PACU). O, support with a mask at a
rate of 0.2-0.4 L/min was given for 24 h during the PACU
stay.

Pain management

Group M (IV PCA morphine): for the morphine group,
the solution was prepared at a concentration of 0.5 mg/
mL, following a loading dose of 5 mg. The device was pro-
grammed to 0.5 mg/h of baseline infusion rate, 0.5 mg of
bolus dose, 20 min of locking time, and 18 mg of maxi-
mum dose for 4 h.

Group S (IV PCA morphine and SAPB): for the SAPB
group, in addition to the IV PCA morphine protocol used in
the morphine group, SAPB was applied. It was performed
at the end of the operation following the skin closure in the
supine position, while the patient’s arm was above the head.
After proper site cleaning, the first and second ribs were
identified with a linear probe in the midclavicular line. The
USG probe was advanced caudally in the sagittal plane, and
the fourth and fifth ribs were visualized. The USG probe
was then directed posteriorly and the serratus, latissimus
dorsi and intercostal muscles were visualized. Bupivacaine
0.25% 20 mL was administered to the lower plane of the
serratus muscle, using a 22-gauge 100-mm visible periph-
eral nerve block needle under the guidance of USG through
the in-line technique. In the case of a VAS score of >5, an
additional analgesic need was fulfilled using paracetamol
1 g IV at a maximum dose of three times every 8 h in both
groups.
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Fig. 1 Flow chart of the study [ Enrolent ]
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Outcome measures
Primary measures

The VAS score at the 1st, 2nd, 4th, 6th, 8th, 12th and 24th
postoperative hours and the amount of morphine consumption
at the 6th, 12th and 24th postoperative hours were examined.

Secondary measures

Side effects, including nausea and vomiting, pruritus, res-
piratory depression, bradycardia and hypotension, addi-
tional analgesic requirement, intraoperative opioid require-
ment, and the Ramsay Sedation Scale (RSS) scores were
evaluated. The recorded time and level of blockade as con-
firmed with the pinprick test (from midaxillary) were also
assessed at 30-min intervals.

The sedation level was evaluated using the RSS: (1)
anxiety, agitation are present; (2) cooperated, awake; (3)
sedated, responds to commands; (4) sleepy, immediately
woken by auditory stimulus or glabella tap; (5) sleepy, deep
response to auditory stimulus or glabella tap and (6) sleepy,
no response to auditory stimulus or glabella tap. A RSS

score of >5 was accepted as over-sedation and the locking
time in PCA was prolonged to 40 min. Complaints of nau-
sea and vomiting were assessed using the Nausea—Vomit-
ing Scale (NVS): (1) no nausea is present, (2) mild nausea
is present, (3) severe nausea is present, (4) vomiting is pre-
sent. In the case of a NVS score of >3, an anti-emetic drug
was administered. Hypotension was defined as a mean arte-
rial blood pressure of <60 mmHg.

Statistical analysis

Statistical analysis was performed using IBM SPSS
version 22.0 software (SPSS Inc., Chicago, IL, USA).
Descriptive data were expressed as frequency, percent-
age, mean and standard deviation, and min—max values.
The chi-squared test (x?) was used to compare qualitative
data. Normal distribution of data was assessed with the
Shapiro—Wilk test. The Mann—Whitney U test was used
for inter-group comparisons, while the Friedman test was
used to compare data between measurement intervals for
intragroup analysis. Values with a probability lower than
a = 0.05 were accepted as an indicator of significant dif-
ferences between the groups, while values higher than
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a = 0.05 were accepted as an indicator of no significant
differences between the groups. A p value of p = 0.05
was considered statistically significant.

Results

In the study population, 22 were males and 18
were females. The mean age was 58.4 + 9.6 (range
18-65) years. There was no significant difference in the
age and sex of the patients, surgical site and duration of
surgery between the groups (Table 1). In the intragroup
analysis, the VAS scores at the 2nd, 4th, 6th, 8th, 12th
and 24th hours were found to be significantly lower
than the scores measured at the 1st hour in both groups
(p < 0.05) (Table 2). However, the VAS scores were sig-
nificantly lower in Group S than Group M (p < 0.05).
The amounts of PCA morphine consumption at the 6th,

Table 1 Demographic characteristics of the patients (mean + SD)

GroupM (n =20) GroupS(n=20) P

Gender
Female 10 (50%) 8 (40%) 0.530
Male 10 (50%) 12 (60%)
Age (years) 58.8+9.2 579 £10.2 0.935
Height (cm) 163.7 £ 6.9 1623 +£7.1 0.479
Weight (kg) 75.6 £9.2 757+ 124 0.957
Indications for thoracotomy
Wedge resection 13 (65%) 12 (60%) 0.848
Lobectomy 6 (30%) 8 (40%)
Other 1 (5%) 0

Group M intravenous patient-controlled analgesia morphine, Group S
intravenous patient-controlled analgesia morphine + serratus anterior
plane block

Table 2 Comparison of VAS scores between groups and within
groups (mean £ SD)

VAS

Group M (n = 20) Group S (n = 20) P

Ist hour 6.25 £ 1.51 52+£0.76 0.041
2nd hour 4.65 +1.18 2.7 +£0.57 <0.001
4th hour 4.05+1.23 23 +£0.86 <0.001
6th hour 39+ 1.11 2.6 = 0.94 <0.001
8th hour 3.6+ 0.88 2.1+£1.33 <0.001
12th hour 3.65 £ 0.67 1.75 £ 1.11 <0.001
24th hour 33+£097 1.8 £0.76 <0.001

12th and 24th postoperative hours were also found to be
significantly lower in Group S (Table 3). There was no
statistically significant difference in the frequency of side
effects between the groups (p > 0.05) (Table 4).

Furthermore, seven patients in Group S and five patients
in Group M needed paracetamol as rescue analgesia. How-
ever, the difference did not reach statistical significance
(p > 0.05) (Table 4). The level and duration of sensorial
blockade in Group S are presented in Table 5.

Discussion

In the present study, we aimed to evaluate the efficacy of
IV PCA + SAPB in the management of post-thoracotomy
pain. We found that the amount of morphine consumption
and VAS scores were lower in the SAPB + morphine infu-
sion group than in the morphine alone group. The intra-
venous route, which is the most frequently used route for
the palliation of pain following thoracotomy, is one of the

Table 3 Morphine consumption in the first 24 h following surgery
(mean *+ SD)

Morphine consumption (mg)

Group M (n = 20) Group S (n = 20) P

6th hour 12.8 £ 1.94 10.62 + 1.86 0.011
12th hour 21.5 £2.56 16.37 + 3.84 <0.001
24th hour 335+44 25.8 £5091 <0.001

Group M intravenous patient-controlled analgesia morphine, Group S
intravenous patient-controlled analgesia morphine + serratus anterior
plane block

Table 4 Side effects, additional analgesic requirement, Ramsay
Sedation Scale (RSS) scores, duration of surgery (min) (mean £ SD)

Group M (n =20) Group S (n =20) P

Side effects 5 2 0.218

Nausea and vomiting

Pruritus 5 3 0.435

Respiratory 1 0 0.317
depression

Bradycardia 0.637

Hypotension 0.218

Additional analgesic 0.429
requirement

Ramsay Sedation 2.65 £ 0.74 2.75 £ 0.85 0.727
Scale (RSS) scores

Duration of surgery 207 £35.9 202.95 +29.5 0.828

(min)

VAS Visual Analogue Scale, Group M intravenous patient-controlled
analgesia morphine, Group S intravenous patient-controlled analgesia
morphine + serratus anterior plane block
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Group M intravenous patient-controlled analgesia morphine, Group S
intravenous patient-controlled analgesia morphine + serratus anterior
plane block



J Anesth (2017) 31:579-585

583

Table 5 Level and duration of sensorial blockade in Group S
(mean + SD)

Sensory block level® No. of patients Block duration (min)®

T2-T6 6 405 £ 26.6
T3-T7 2 400 £ 14.1
T2-T8 4 377 £55.6
T3-T8 1 400
T2-T7 5 396 £ 18.1
T3-T6 1 290
T3-T9 1 350

20 388 £38.6

Group S intravenous patient-controlled analgesia morphine + serratus
anterior plane block

# Sensorial block level; maximum analgesia level that was reached

b Block duration time; how long analgesia was maintained on this
level

basic approaches necessary for multimodal analgesia. Opi-
oids alone, or as a part of a multimodal approach, are used
in the treatment [4, 6, 15-17]. The main disadvantages of
opioid use in incremental doses include side effects, such
as respiratory depression, pruritus, sedation and nausea or
vomiting [5]. In the present study, in which morphine con-
sumption was consistent with the literature data, although
morphine consumption in the morphine infusion alone
group was higher than the SAPB group, the difference in
the frequency of side effects, such as nausea, vomiting,
bradycardia and hypotension, did not reach statistical sig-
nificance between the groups.

Of these alternative methods, regional anesthesia tech-
niques are currently frequently used alone or as a part of
multimodal analgesia [9-11]. Similar to the intravenous
use of opioids, complications and side effects may be
also observed during regional anesthesia [3, 17]. Total
spinal block, pneumothorax and neuronal injury are the
major complications which may be seen following par-
avertebral block [17]. In addition, side effects such as
hypotension, neuraxial hematoma, vomiting and urinary
retention following thoracic epidural injection have been
reported in the literature [18]. Due to these side effects
and complications, alternative methods and drug regi-
mens for palliation of thoracotomy pain are still the sub-
ject of research for authors. Considering easier applica-
tion and lower complication rates, we used USG-guided
SAPB to manage posterolateral thoracotomy pain in the
present study. Blanco et al. administered a local anes-
thetic and contrast agent under USG guidance into
two regions, the superficial and deep parts of the ser-
ratus anterior muscle, in four volunteers [14]. With this
block, which was defined as SAPB, they used a mix-
ture of levobupivacaine 0.125% at a dose of 0.4 mL/kg

and gadolinium (contrast agent). In superficial SAPB,
where the mixture was administered between the serra-
tus anterior muscle and the latissimus dorsi muscle, they
detected a sensorial block of 752 min in the intercostal
nerves. In deep SAPB, where the mixture was adminis-
tered between the serratus anterior muscle and the inter-
costal muscle, they detected a sensorial block of 386 min
in the intercostal nerves. They found the analgesia levels
in the two methods to be T2 and T9, respectively. On the
other hand, literature data related to the recently defined
SAPB is limited. In two cases in the literature, SAPB was
used for thoracic analgesia, and in three cases following
breast surgery for the management of acute and chronic
pain [15, 19-23]. In one study, in which the block was
used for chronic pain following breast surgery, Takimoto
et al. injected 10 mL of lidocaine 1% beneath the serratus
anterior muscle and achieved a decrease in VAS scores
from 10 to 6. They reported successful results follow-
ing this block, which was applied eight times within 6
months [15]. However, in the other case report, they used
30 mL of ropivacaine 0.375% during the SAPB block
for breast surgery. After a successful block in an obese
patient, they reported that this could be an alternative
treatment method in patients in whom it was difficult to
perform a central block [19]. Furthermore, in three case
reports in the literature where SAPB was used for tho-
racic analgesia, Lopez-Matamala et al. performed SAPB
in patients who were followed under mechanical venti-
lation in the intensive care unit and when weaning was
complicated. They reported that weaning was successful
following the infusion of levobupivacaine 0.625% to the
inferior plane of the serratus anterior muscle [20]. Kun-
habdulla et al. performed SAPB with 20 mL of levobupi-
vacaine at a concentration of 0.125% and achieved pain
palliation in patients with rib fractures using levobupiv-
acaine 0.625% at a dose of 7-12 mL/h [21]. They con-
cluded that SAPB was suitable for obese patients, as tho-
racic epidural anesthesia poses some risks, and it might
become necessary to repeat an intercostal block in obese
patients [21]. In another case report the authors achieved
a decrease in VAS scores using SAPB at the 3rd postop-
erative day following anterior thoracotomy operation for
esophageal surgery [22]. The authors reported that this
technique was successful. Ohgoshi et al. injected 30 mL
of ropivacaine 0.375-0.5% between the serratus muscle
and external intercostal muscles in 20 patients following
breast surgery in the so-called serratus—intercostal plane
block. They reported that this block was effective in all
patients except those undergoing axillary dissection, as it
does not provide analgesia at the T1 level [23]. In previ-
ous studies, the level of block achieved by SAPB was, as
described by Blanco et al., found to be at the T2 level in
the cranial direction [14]. However, a block was unable
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to be achieved in the caudal direction at levels lower than
T6 [19, 23]. In two different studies in which similar
results were obtained, Daga et al. found that the distribu-
tion obtained after administering an air + saline mixture
beneath the serratus muscle in seven cadavers could be
between the second and fourth intercostal spaces [24].
However, in another cadaver study, the distribution was
limited to between T2 and T6 following the administra-
tion of methylene blue [25]. In the present study, follow-
ing the blockade using 20 mL of medication, the senso-
rial block was at the T2 level in the cranial direction,
whereas it was in the caudal spread at the T8 level in two
patients and at the T9 level in one patient. The aforemen-
tioned different levels of block described by Blanco et al.
might have resulted from the fact that the contrast mate-
rial they used changed the spread of the drug. In the pre-
sent study, although there was a difference in the block
level following local anesthetic administration between
the serratus anterior and external intercostal muscles, the
sensorial block of 388 £+ 38.6 min was consistent with
the literature findings [19-22].

Nonetheless, although SAPB seems to be an effec-
tive method for pain management following thoracotomy
and breast surgery, there are still controversial issues in
its applicability and efficacy. Some of these issues are as
follows: SAPB may interfere with the integrity of the ser-
ratus muscle and facial plane may be disturbed at the sur-
gical incision site and alter the drug distribution. This can
explain the different block levels reported in the literature.
The patients on whom Blanco et al. performed this block
were healthy, and this could be an explanatory reason for
the spread over a large area. Another important issue is the
determination of the effective dose. Whether similar effects
can be obtained after the administration of 30 mL, 10 mL
or infusion remainsto be elucidated [19-21].

There are some limitations to this study: first, the small
sample size and retrospective design of the study. Second,
although block with 20 mL of bupivacaine 0.25% produced
successful results for thoracotomy pain in the present study,
further large-scale, prospective, randomized controlled
studies are needed to confirm the efficacy of SAPB.

Conclusion

In conclusion, the results of the present study suggest that
SAPB is an effective adjuvant treatment option for thora-
cotomy analgesia. Compared to the current methods used
for thoracotomy pain which require multimodal analgesia,
SAPB has some merits including its ease of use and low
potential for side effects.
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