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Abstract

Background & objective: The serratus anterior plane block (SAPB) is a recent technique providing effective
perioperative analgesia in thoracic surgeries. This study compared the intra—operative hemodynamics and the
perioperative analgesic efficacy of superficial SAPB, to deep SAPB, and to thoracic epidural analgesia in
thoracotomies.

Methodology: one hundred and eighty lung cancer patients scheduled for thoracotomy were randomly allocated to
three groups; TEA group, which received thoracic epidural analgesia, SSPB group receiving ultrasound—guided
superficial serratus plane block and DSPB group which received US—guided deep serratus plane block. Baseline and
intra—operative hemodynamics and total consumption of intraoperative fentanyl and postoperative morphine was
noted.

Results: Intra—operative mean arterial pressure (MAP) significantly decreased in the TEA group compared to baseline
values, whereas no significant changes were found in either SSPB or DSPB groups. Heart rate (HR) did not show
significant changes in any group. The time to postoperative analgesic demand was significantly longer in the SSPB
and DSPB groups than in the TEA group (p < 0.001). In the first postoperative hour, TEA group had significantly higher
visual analogue scale (VAS) scores than SSPB or DSPB groups at rest and with cough. The total consumption of
intraoperative fentanyl and postoperative morphine was comparable among all groups.

Conclusion: Pre—operative SSPB and DSPB can provide adequate perioperative analgesia without hemodynamic
instability when compared to TEA in thoracotomies.
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1. Introduction

Thoracic surgery is known to cause considerable
postoperative pain. The pain can be caused by surgical
incision, rib retraction, costovertebral joint dislocation,
intercostal nerves damage, insertion of chest tube at the
end of the surgery, or stretching of the brachial plexus
and shoulder muscles of the ipsilateral side.™

Acute post-thoracotomy pain (PTP) can intervene
vigorous physiotherapy and spirometer usage, which are
essential to prevent atelectasis and retention of
secretions. Therefore, adequate pain control is essential
to facilitate coughing, deep breathing and allow early
mobilization.>

The variety of pain sources in thoracotomy necessitates
a multimodal analgesic technique to address the different
pain locations. Thoracic epidural analgesia (TEA),
paravertebral block (PVB), and intercostal nerve block
are among the regional anesthetic techniques used in
combination with systemic analgesic medications.®

The gold standard for PTP management is TEA.*
However, TEA carries the risk of complications such as
hemodynamic instability, epidural hematoma or abscess,
in addition to neuraxial opioid side effects, such as
nausea and vomiting, urine retention, pruritus, and
respiratory depression.®

The serratus anterior plane block (SAPB) is a potentially
novel regional anesthetic technique that has been
effective in treating PTP. Its analgesic effect is thought
to be via blocking lateral cutaneous branches of the
intercostal nerves. It avoids autonomic blockade and
serious complications including injury of the pleura and
central neuraxial structures. Furthermore, SAPB can be
done under ultrasound (US)—guidance which facilitates
the block and guarantees proper injection of the local
anesthetics in plane either superficial or deep to the
serratus muscle.®

This study was conducted to compare the intra—operative
hemodynamics and the perioperative analgesic efficacy
of superficial SAPB, to deep SAPB, and to thoracic
epidural analgesia in thoracotomies.

2. Methodology

This prospective randomized controlled study involved
180 lung cancer patients aging from 18 to 60 years and
classified according to the American Society of
Anesthesiologists (ASA); class II. The patients were
scheduled for thoracic surgeries (metastasectomy or
lobectomy). The study was registered in
ClinicalTrials.gov (NCT04189120) and approved by the
local Ethical Committee of the Anesthesia Department.
Informed written consent was obtained from patients

thoracotomy under three regional techniques

before enrollment in the study. The study was done at
National Cancer Institute, Cairo University, from April
2019 to May 2021. Patients with cognitive problems,
coagulopathy, or local infection at the puncture site were
excluded from the study.

2.1. Randomization:

Participants were randomly assigned in a parallel manner
to one of three equal groups (each of 60 patients), where
a group received thoracic epidural analgesia (TEA
group), another one received US-guided superficial
serratus plane block (SSPB group), lastly a group
received US—guided deep serratus plane block (DSPB
group). A computer—generated list was kept in a sealed
envelope for randomization.

2.2. Preparation:

Routine preoperative assessment was done to all patients.
The study protocol was explained to the patients and
their consents were taken. All patients were made
familiar with the use of the visual analog scale (VAS),
where 0 score represented no pain and 10 represented the
worst imaginable pain. The pulse, blood pressure, and
oxygen saturation were continuously monitored in the
holding room. An intravenous (IV) 18-gauge cannula
was inserted for all patients. IV Midazolam 0.02 mg/Kg
was administered. Portable ultrasound machine,
resuscitation equipment and drugs (e.g. epinephrine,
lipid emulsion), sterile gloves and surgical towels were
present.

2.3. TEA group:

Skin infiltration with 2 ml of 1% lidocaine was
performed under full aseptic conditions while the patient
was in the sitting position. Then, an 18—-G Tuohy needle
with a 20-G catheter (Perifix®, B.Braun, Germany) was
inserted through the T6-T7 interspace, and the epidural
space was located using the loss of resistance approach.
To identify inadvertent intrathecal or 1V injection, a test
dose of 3 ml of 1% lidocaine with epinephrine in a ratio
of 1:200,000 was injected. After a negative reaction, the
patient was given 10 mL of 0.25 % epidural bupivacaine
and rested into the supine position.

2.4. Superficial SAPB and deep SAPB
groups:

A portable ultrasound machine (M—turbo®; FUJIFILM
Sonosite Inc., Bothell, WA, USA) was used. A sterile
area was prepared using a povidone iodine solution while
the patient was in a lateral posture with the diseased side
up. Over the fifth rib in the mid—axillary line, a linear
ultrasound transducer (10-12 MHz) was positioned,
covered with a disposable sterile cover. The latissimus
dorsi (superficial and posterior), teres major (superior),
and serratus muscles (deep and inferior) were identified
as muscles that overlie the fifth rib. A 1% lidocaine skin
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Figure 1: A: DSPB and B: SSPB, LAD: Latissimus Dorsi, SA: Serratus Anterior muscle, red stars denote
local anesthetic spread.

wheal was formed 1 cm from the lateral border of the
transducer, through which the needle (22-G, 50-mm
Stimuplex® A; B Braun, Melsung, Germany) was
introduced. The ultrasound probe was placed targeting
the plane deep to the serratus muscle separating the
serratus anterior muscle and the fifth rib in the DSPB
group (Figure 1A), or superficial to the serratus muscle
underneath the latissimus dorsi in the SSPB group
(Figure 1B). Then, 30 ml of 0.25 % bupivacaine was
injected under ultrasound guidance to ensure the exact
injection location.

After each block the sensory level was evaluated by the
loss of pinprick sensation approach along the anterior
axillary line targeting T2— T10 dermatomal block for 20
min after the block was completed. Lack of evident loss
of pinprick sensations in the targeted dermatomes
indicated an unsuccessful block. Patients with failed
blocks were excluded from the study.

2.5. Intra—operative:

All patients of successful blocks received fentanyl 100
ug 1V, propofol 2-3 mg/kg and rocuronium 0.5-0.8
mg/kg to conduct general anesthesia. Isoflurane (1-2%)
in 50% air in oxygen mixture was used to maintain
anesthesia. After that, all patients were intubated by
double lumen left endobronchial tube and mechanically
ventilated by volume controlled positive pressure
ventilation. To maintain end tidal carbon dioxide tension
around 35 mmHg, tidal volume of 6-8 mL/kg and I/E
ratio 1:2 were used. All patients were monitored with 5
leads electrocardiogram (ECG), non-invasive blood
pressure monitoring (NIBP), pulse oximetry and end-
tidal CO,. After ensuring the proper position of the
double lumen tube, the patients were positioned in the
lateral position with the diseased side up.

Mean arterial blood pressure (MAP) and heart rate (HR)
were recorded after injection of the local anesthetics then
every 5 min for the first 15 min lastly every 15 min till
the end of the surgery. Hypotension (MAP < 65 mmHg)
was treated with IV ephedrine, 5-to-25 mg, while

elevation of HR and/or MAP > 20% of the baseline were
treated by fentanyl 0.5 pg/kg. The total amount of
intraoperative fentanyl used for every patient was
recorded.

All patients in this study underwent the same surgical
technique; posterolateral thoracotomy with sparing the
serratus anterior and trapezius muscles, and the surgical
closure technique was periosteal suturing with intercostal
nerve protection.

2.6. Postoperative:

After the surgery, the patients were replaced on supine
position and after extubation of fully conscious patients;
they were then transferred to the ICU where a
multimodal approach for postoperative pain control was
adopted in the form of acetaminophen, 1g every 8 hours,
(Injectemol®, Pharco B International). IV morphine (4
mg) was provided as a rescue analgesia when VAS score
> 4, followed by continuous infusion of morphine by
patient—controlled analgesia (PCA) device (Accufuser
Plus® REF M5015L) —that was prepared by 60 mg
morphine, 90 mg ketorolac and 3 mg granisetron over
total volume of 300 ml normal saline with basal infusion
rate 5 ml/h and 1 ml bolus followed by 15 min lockout —
to keep the VAS scores < 4.

2.7. Sample size calculation:

The sample size was calculated using G*Power 3.1.9.2
(Universitat Kiel, Germany). We performed a pilot study
(10 cases in each group) and we found that the mean
intraoperative MAP (the primary outcome) was 81.75
mmHg in TEA group, 87.29 mmHg in SSPB group and
86.77 mmHg in DSPB group (SD + 8.77). The following
factors were taken into consideration during sample size
calculations: 0.28 effect size, 95% confidence limit,
group ratio 1:1 and 5 cases were added to each group to
overcome dropout and 90% power of the study.
Therefore, 60 patients were recruited in each group.

2.8. Statistical analysis:
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patients in each one).
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Failed block occurred

in one patient in TEA

v
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*Not meeting inclusion criteria (n=16)

group, 3 patients in
SSPB  group, one

Randomized (n=180)

v

v

Group TEA: (n=60)
received thoracic epidural
analgesia.

Group SSPB: (n=60)
received superficial
serratus plane block.

v

' e

v

Group DSPB: (n=60)
received deep serratus
plane block.

v

59 patients were included
in the follow-up.
Failed block (n=1)

57 patients were included
in the follow-up.
Failed block (n = 3)

59 patients were included
in the follow-up.
Failed block (n=1)

|
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|

The results are tabulated
and statistically analyzed
(n=59)

No excluded cases.

The results are tabulated
and statistically analyzed
(n=57)

No excluded cases

The results are tabulated
and statistically analyzed
(n=59)

No excluded cases

«Patient refusal (n=3) patient in DSPB
group and only the
remaining  patients

were followed-up and
analyzed statistically
(Figure 2).

The three groups were
comparable regarding
age, sex, duration of
anesthesia and
duration of surgery.
Procedure time was
significantly  shorter
in SSPB group and
DSPB group
compared to TEA
group and  was
significantly ~ shorter
in DSPB group than
SSPB group (p <
0.001) (Table 1).

The MAP was
significantly lower in

TEA group at 5, 10,

Figure 2: CONSORT flow diagram

Data analysis was done using the SPSS v25 (IBM Inc.,
Chicago, IL, USA). To assess the distribution of
quantitative variables, the Shapiro—Wilks normality test
and histograms were employed to identify the
appropriate form of statistical testing: nonparametric
versus parametric. Quantitative parametric data were
reported as mean and standard deviation (SD) and
compared between the three groups using the F test, with
a post hoc (Tuckey) test to compare each two groups.
Quantitative non—parametric variables were analyzed
using Kruskal-Wallis test and were expressed as median
and interquartile range (IQR) and; Mann-Whitney (U)
test was performed for further analysis to compare each
two groups. Categorical variables were statistically
analyzed by Chi—square test and reported as frequency
and percentage. A two tailed p-value < 0.05 was
considered statistically significant.

3. Results

In this study, 199 patients were checked for eligibility,
19 patients were excluded. The remaining 180 patients
were allocated randomly to one of three groups (60

15, 30 and 45 min
after injection of the local anesthetics compared to the
SSPB group (p < 0.001 from 5 to 30 min and p = 0.012
at 45 min) and DSPB group (p < 0.001 from5to and p=
0.001 at 45 min) while there were insignificant
differences between SSPB and DSPB groups at all-time
points after local anesthetic injection (Figure 3). The HR
was comparable among the three groups during the
intraoperative period. (Figure 4).

The total intra—operative fentanyl consumption showed
no significant differences between TEA (134.41 + 32.66
pg), SSPB (135.79 + 33.16 ng) and DSPB (134.58 +
35.15 pg) groups (p = 0.771).

VAS score at rest and at cough was comparable among
the three groups at all-time points except at ICU
admission and at 1 hour from admission to ICU where
VAS score was significantly lower in SSPB and DSPB
groups compared to TEA group, whereas both SAPB
groups showed comparable values (Table 2, Table 3).

TEA Group: thoracic epidural analgesia group, SSPB
group: superficial serratus plane block group, DSPB
Group: deep serratus plane block group, IQR: inter
quartile range. *significant as p—value < 0.05, P1: P value
between group TEA and group SSPB, P2: p-value
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Figure 3: Intraoperative mean blood pressure in the three groups at different times. (Mean * SD)
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Figure 4: Intraoperative heart rate (beats/min) in the three groups. Data presented as mean * SD.

between group TEA and group DSPB, P3: p-value
between group SSPB and group DSPB.

TEA Group: thoracic epidural analgesia group, SSPB
group: superficial serratus plane block group, DSPB
Group: deep serratus plane block group, IQR: inter
quartile range. *significant as p-value < 0.05, P1: p—
value between group TEA and group SSPB, P2: p—value
between group TEA and group DSPB, P3: p-value
between group SSPB and group DSPB.

The time to 1% morphine request was significantly
delayed in SSPB and DSPB groups compared to TEA

group with a mean time of 129.32 + 32.42 min, 126.95 +
29.55 minand 61.25 + 24.59 min respectively (p < 0.001)
while it was comparable between both SAPB groups (p=
0.375). The mean total postoperative morphine
consumption during the first postoperative day was
comparable between TEA (27.03 + 3.36 mg), SSPB
(25.88 + 3.49 mg) and DSPB (26.19 + 3.04) (p= 0.150).

4. Discussion

This study showed that SSPB and DSPB can provide
good peri—operative analgesia without hemodynamic
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Table 1: Patients' characteristics in all groups

TEA Group

(n = 59)

SSPB Group
(n =57)

DSPB Group
(n =59)

Age (years)

Sex

Procedure
time (min)

Duration of
anesthesia
(min)

Duration of
surgery
(min)

Mean +
Range

Male
Female

Mean *
Range

Mean +
Range

Mean +
Range

SD

SD

SD

SD

46.41 + 8.
26 - 59

19

34 (57.63%)
25 (42.37%)

20.2+33
15-25

2

44.19+9.41
24 - 60

32 (56.14%)
25 (43.86%)

11.42 £ 2.57
7-15

213.31+18.72 209.58 +18.30

185 -250

180 - 240

196.10 £ 19.98 191.78 + 19.67

160 - 230

160 — 225

45.47 £ 9.36
20-60

31 (52.54%)
28 (47.46%)

8.44+2.20
5-12

210.08 £ 19.84
180 - 260

195.93 £ 18.74
160 - 230

0.415

0.850

< 0.001*

0.513

0.396

p—-value

P1: <0.001*
P2: <0.001*
P3: <0.001*

TEA Group: thoracic epidural analgesia group, SSPB group: superficial serratus plane block group, DSPB Group:
deep serratus plane block group. SD: Standard deviation, *significant as p—value < 0.05, P1: p—value between
group TEA and group SSPB, P2: p—value between group TEA and group DSPB, P3: p—value between group
SSPB and group DSPB

Table 2: Visual analog scale (VAS) score at rest in the three groups

Time

At
admission

1h
2h
3h
4h
5h
6h
9h
12h
24h

TEA Group
(n =59)

O O P N W W W W w

2-4
3-4
3-3
3-4
2-3
1-2
0-2
0-1
0-0

SSPB Group

(n =57)

O O P N N W W W Bk

0-2
3-4

DSPB Group
()]

vodin [ | weden [ 1| wdtn | 07
1 0-2 0 0-1 0 0-1

0-2
3-4
3-3
3-4
2-3
2-2
0-2
0-1
0-0

O O P N N W W W Bk

p-value

0.006*

< 0.001*
0.968
0.996
0.832
0.635
0.582

0.838
0.370
0.102

0.006*

< 0.001*

0.007*

< 0.001*

0.959

0.484

instability compared to that provided by TEA in
thoracotomies. Hypotension was significantly observed
in the TEA group compared to SAPB groups. The total
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Table 3: Visual analog scale (VAS) score at cough in the three groups

Time TEA Group SSPB Group DSPB Group p—-value
(n =59) (n =57) (n =59)

-mmmmm.

At 3 2-4 3 2-3 2 1-3 0.011* 0.010* 0.009* 0.877

admission

lh 4 4-6 4 1-4 3 2-4  <0.001* <0.001* <0.001* 0.509

2h 5 4-6 6 56 5 4-6 0.762 —_— — —

3h 4 4-5 4 35 5 4-5 0.465 _— _— _—

4h 4 4-5 5 55 5 4-6 0.336 _— _— _—

5h 4 4-5 4 4-5 4 3-5 0.970 — — —

6h 3 3-4 4 2-4 3 3-4 0529 — — —

%h 2 2-3 2 1-3 2 2-3  0.933 — — —

12h 2 1-3 2 2-2 2 1-3  0.290 — — —

24h 2 1-2 2 2-2 1 1-2 0.069 e e _—

single dose of SSPB and DSPB was more prolonged
compared to that of single dose of TEA and therefore
patients who received TEA showed a higher value of
VAS score at ICU admission and in the first post-
operative hour at rest and with cough. The rest of the first
postoperative day showed comparable VAS scores
among the three groups.

The prolonged effect of single dose injection of the local
anesthetics in SSPB and DSPB in comparison to single
dose injection of the local anesthetics in TEA may be
explained by the fact that in the SAPB, the local
anesthetics solution is injected into a plane with
relatively low vascularity which in turn delays the
diffusion of the local anesthetic away from the site of
action, so it stays longer exerting its action!®, while in
TEA, earlier termination of action may be attributed to
the diffusion of the local anesthetics away from the site
of action, through the epidural venous plexus.’

The current study showed that both SSPB and DSPB
were easy techniques that can be performed under U/S
guidance with procedural time less than taken to perform
thoracic epidural. It was also noticed that the DSPB had
less failure rate and shorter procedural time than the
SSPB.

Post thoracotomy pain (PTP) has been managed with a
multidisciplinary analgesic strategies which combine
regional anesthesia with intravenous (1V) drug
administration to reduce the side effects of opioids and
improve patients’ comfort. Multimodal analgesic

approaches for thoracotomy pain include IV opioids,
non-steroidal anti—inflammatory drugs (NSAIDs) and
regional methods such as paravertebral block (PVB) and
TEAZ®

Although the TEA represents the gold standard treatment
for thoracotomy pain, many drawbacks has been reported
such as urinary retention, neuraxial hematoma and
hypotension! that is explained by the autonomic block
caused by the local anesthetic administration°

In 2013; Blanco and his colleagues 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
without autonomic block as with TEA and therefore
hypotension is not remarkable with SAPB. It is
conducted by injecting local anesthetics between serratus
anterior muscle and the ribs (deep plane) or between
latissimus dorsi and serratus anterior muscles (superficial
plane).t

SAPB was suggested to be easy and safe procedure
because of the superficial position of the target point that
doesn’t involve any major vessels.® It has been reported
to provide efficient analgesia in many different trials
such as; in patients with multiple rib fracture compared
to TEA and PVB 11, in breast cancer surgeries [*? and
minimal invasive heart surgeries®

Previous trials were conducted to evaluate the effect of
SAPB compared to the TEA in thoracic surgeries.'* 5 16
17 This study aimed to evaluate the effect of SSPB, DSPB
and TEA in thoracotomies in patients with lung cancer.
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In agreement to the current study, Khalil et al. in 2017
141 compared postoperative continuous SSPB  with
continuous TEA, and reported that MAP was
significantly lower in the TEA group than in the SSPB
group during the whole study period, while HR did not
show significant changes over time in both groups.
Moreover, total postoperative morphine consumption
was comparable between both groups.

However, post—operative VAS pain scores in Khalil et al.
study, were comparable in the two groups except in 14,
16 and 22 hours’ time points, where pain scores were
higher in group SAPB that is in contrast to the current
study that showed TEA had higher values of VAS score
in the first post— operative hour at rest and with cough
while the rest of values were comparable all thorough the
remaining 24 hours. This difference may be referred to
that in the current study; single dose of the local
anesthetics was injected before induction of general
anesthesia while Khalil et al used continuous infusion of
the local anesthetics in both TEA and SAPB groups.

Moreover, Okmen et al in 2018; compared DSPB to
continuous TEA during the postoperative period of
thoracotomy and reported that both groups were
comparable regarding the VAS scores and the amounts
of post—operative analgesic consumption.t®

In consistent with the results of the current study, Moon
et al. in 2020 compared SSPB with DSPB in
thoracoscopic surgeries and reported comparable level of
analgesia during the intra—operative period without any
significant changes in hemodynamics between both
groups.'®

Recently, Qiu et al. in 2021 divided 66 patients into three
groups: group received general anesthesia only, group
received combined general anesthesia and SSPB and
group received general anesthesia with DSPB and
reported that the post— operative VAS score and the total
amount of rescue analgesia was significantly lower in
groups received SSPB and DSPB than the group received
general anesthesia alone with significant higher VAS
scores in DSPB group compared to SSPB group at
24hours’ time point (P < .001), while no significant
differences between 6hours and 12hours’ time points
(P=.262 and .178), so SSPB exhibited more stable and
longer—lasting analgesic effect than DSPB.’

5. Conclusions

Pre—operative single injection of SSPB or DSPB can
provide good quality of peri—operative analgesia without
hemodynamics instability, when compared to single dose
injection of TEA. DSPB is easier to be performed with
shorter procedural time than SSPB.

thoracotomy under three regional techniques

6. Limitations

This study has some limitations: we used a single shot of
TEA and SAPB and we didn’t put a catheter to evaluate
the analgesic and hemodynamic changes with continuous
regional infusions. The follow—up was for 24 hours only.
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