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ABSTRACT

Aim: The aim of the study was to compare the effects of ultrasound (US)-guided Erector spinae plane block (ESPB) and
thoracic paravertebral block (TPVB) on postoperative acute and chronic pain.

Material and Method: Patients aged range of 18 to 80 years and underwent video-assisted thoracoscopic surgery (VATS) were
included in a single-blinded randomized trial. All patients were informed about the study and their written consent was obtained.
The primary outcome was determined as acute postoperative visual analog scale (VAS) scores, and secondary outcomes were
postoperative morphine consumption and the incidence of chronic pain. US-guided ESPB and TPVB were performed to all
patients and they were assigned randomly to ESPB (Group 1) and TPVB (Group 2) groups according to the analgesia protocol.

Results: Visual analog scale (VAS) resting and VAS cough scores at the 1, 274, 4th, 8th, and 16" hours were found to be statistically
significantly higher in the TPVB group than in the ESPB group (p<0.05) Morphine consumption (p:0.042) and additional analgesic
(p:0.037) use were found to be statistically significantly higher in the TPVB group compared to the ESPB group. As complications,
only nausea and vomiting were observed with no significant difference between the groups (p>0.05). There was no significant
difference in terms of postoperative 30t and 90" day pain characteristics between the groups (p>0.05).

Conclusion: ESPB was superior to TPVB in terms of acute postoperative pain management, morphine consumption, and side
effects, but the incidence of chronic pain in the first and third months after surgery was similar in both groups.
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INTRODUCTION

In thoracic surgery, video-assisted thoracoscopic
surgery (VATS) procedures are gaining popularity
due to the minimally invasive approach resulting in
limited tissue trauma, shorter recovery time, and lesser
postoperative pain (1,2). Even though VATS is less
invasive than open thoracotomy, moderate to severe
acute pain is common after VATS, and is also associated
with significant chronic pain (1,3).

In the early postoperative period, poorly managed
acute pain has significant adverse effects on respiratory
mechanics and mobilization and increased risk of
postoperative pulmonary complications (4).
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The mechanism of chronic pain after thoracic surgery
is still under debate. One of the possible mechanisms
of chronic pain is intercostal nerve damage during
surgery. Previous studies have shown chronic pain in
40% to 80% of patients after thoracotomy and in 20% to
40% after VATS (5).

Thoracic epidural analgesia (TEA) remains the gold
standard in the treatment of postoperative pain in
thoracic surgery (6-8). However, TEA may cause side
effects such as hypotension, urinary retention, nausea,
and vomiting (8,9).
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Therefore, in recent years, peripheral blocks have been
preferred more for postoperative analgesia following
VATS applications. There are also studies showing that
peripheral blocks and TEA provide similar postoperative
analgesia after VATS (7,8,10).

Thoracic paravertebral block (TPVB) has been employed
to prevent postoperative pain after thoracic surgery (11).
Erector spinae plane block (ESPB), a novel plane block
first introduced by Forero et al. (12) in 2016, provide
analgesia for different surgeries such as lung surgery,
laparoscopy, mastectomy, and pediatric surgery, and may
also be effective for the management of chronic pain (12).
The possible mechanism of action of ESPB is related to
the distribution of the local anesthetic solution into the
paravertebral and epidural space (13) and subsequently
blocking the dorsal and ventral branches of the spinal
nerve. Although many studies have been conducted on
the effectiveness of ESPB in the prevention of acute pain
after VATS, studies evaluating its effects on chronic pain
are very limited.

We hypothesized that the application of ESPB before
surgical incision may prevent acute and chronic pain after
VATS. In this study, the primary outcome was determined
as acute postoperative visual analog scale (VAS) scores,
and secondary outcomes were postoperative morphine
consumption and the incidence of chronic pain. Our aim
is to compare the effects of ultrasound-guided ESPB and
TPVB on postoperative acute and chronic pain.

MATERIAL AND METHOD
Study Design and Patients

The study was carried out with the permission of
Ankara Kegioren Training and Research Hospital Ethics
Committee (Date:13.04.2021, Decision No: 2012-KAEK-
15:2232). All procedures were carried out in accordance
with the ethical rules and the principles of the Declaration
of Helsinki. The study was conducted with a prospective,
randomized, single-blind design.

The VATS patients, in the age range of 18 to 80 years, with
the American Society of Anesthesiologists (ASA) physical
status 1-3 and body mass index (BMI) of 18-30 kg/m?
were included in the study. In a high-volume tertiary
thoracic surgery center, patients were informed about the
study, and their written consent was obtained. During
the preoperative evaluation, the patients were informed
about pain assessment and patient-controlled analgesia
(PCA). Patients with preoperative acute or chronic pain
and a history of opioid therapy were excluded. Moreover,
patients with bleeding disorders, infection at the
injection site, or allergy to local anesthetics and patients
who underwent emergency surgery, and conversion to
thoracotomy were excluded from the study.

Patients were assigned to ESPB (Group 1) and TPVB
(Group 2) groups according to the analgesia protocol.
71 patients were included in the study. Randomization
was performed using computer-generated random
numbers. Blinding was performed by concealing
information in closed opaque envelopes.

General anesthesia

Patients were monitored in the operating room in
accordance with the ASA standards. Patients were
administered 0.03 mg/kg midazolam for premedication.
Following preoxygenation, anesthesia was induced
with 2 mg/kg propofol, 1.5 mcg/kg fentanyl, and 0.1
mg/kg vecuronium. After the intubation with a left-
sided double-lumen endobronchial tube, anesthesia
was maintained by administering sevoflurane in oxygen
and air mixture and by administering remifentanil
infusion at a dose of 0.01-0.20 mcg/kg/min. Before the
commencement of the surgical procedure, blocks were
performed under ultrasonography (US) guidance.

Block procedures

Block procedures were performed under general
anesthesia before the skin incision to prevent anxiety
and ensure patient comfort. Thus, a preemptive effect
was achieved. Following the anesthesia induction,
blocks were performed under US guidance when
patients were in the lateral decubitus position. After
strict skin antisepsis, the needle insertion area was
covered with sterile drapes. In all patients, a high-
frequency 6-18 MHz linear probe (MyLab six, Esaote,
Genoa, Italy) in a sterile cover was placed 2-3 cm
laterally to the spinous process of the fifth thoracic (T5)
vertebrae. Anatomical structures including muscles
up to the transverse process, the transverse process,
the paravertebral space, the internal intercostal
membrane, and the pleura were visualized. A US-
compatible 22-Gauge and 8-mm nerve block needle
(Pajunk, SonoPlexSTIM, Germany) was used in all
groups. The following procedures were performed in
the study groups:

ESPB group (n:30): Following the visualization of
the anatomical structures, the nerve block needle
was advanced via the in-plane technique beneath the
erector spinae muscles until the interfascial space was
reached (Figure 1a). After hydrodissection with 2 ml
normal saline, 20 ml 0.25% bupivacaine was injected
into the area (Figure 1b).

TPVB group (n:30): After the visualization of the
anatomical structures, the needle was advanced via the
in-plane technique until reaching the paravertebral
space (Figure 1c). A volume of 20 ml of 0.25%
bupivacaine was injected into the area (Figure 1d).
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Figure 1. Anatomical view during Erector Spina Plane Block (A,B)
and Thoracic Paravertebral Block (C,D). A: The view of the block
needle above the transverse process and below the erector spinae
muscle. B: 20 ml of 0.25% bupivacaine was administered beneath
the erector spinae muscle. The local anesthetic spread caudally and
cranially beneath the erector spinae muscle.C: The view of the block
needle in the paravertebral space before the block. D: 20 ml of 0.25%
bupivacaine was administered and pleural depression was observed.
(ESM: Erector spinae muscles; LA: local anesthetic; PV space:
Paravertebral space; T: Thoracic; TP: Transverse process)

Analgesia Protocol

During the skin closure, patients received intravenously
administered  dexketoprofen = and  tramadol.
Metoclopramide was administered intravenously
to avoid nausea and vomiting. In the postoperative
surgical intensive care unit, intravenous morphine was
administered via patient-controlled analgesia (PCA)
pump for 24 hours. Pain intensity was evaluated using
a 10- point (0: No pain and 10: Unbearable pain) visual
analog scale (VAS). The PCA pump’s dose delivery was
limited to administer a bolus dose of 1 mg morphine
and deliver a maximum dose of 12 mg morphine in total
within 4 hours with lockout intervals of 15 minutes.
Paracetamol 1 g every 8 hours and dexketoprofen 50
mg twice daily were administered intravenously for
multimodal analgesia. As a rescue analgesic agent, 0.5
mg/kg tramadol was given to patients intravenously
when a score of VAS at rest was > 4. The patients were
transferred to the ward in the postoperative 24th hour.
Tramadol 50 mg capsules every 8 hours, paracetamol
500 mg tablets, and dexketoprofen 25 mg tablets
every 12 hours were given from the second day. VAS
scores at rest and while coughing were recorded in the
postoperative 1st hour, 2nd hour, 4th hour, 8th hour,
12th hour, and 24th hour. The need for additional
analgesics and side effects including allergic reactions,
respiratory depression, sedation, urinary retention,
nausea-vomiting, and itching were recorded. In
two groups, patients’ hemodynamic data, age, BMI,
gender, diagnosis, the type of surgery, intraoperative
and postoperative complications, postoperative VAS
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scores, and postoperative additional analgesic use
were recorded. The block was applied to all patients by
the same attending anesthesiologist. VAS follow-ups
were performed by a pain management nurse who was
blinded to the type of block applied to the patient.

The chronic pain findings of the patients were
questioned by phone call. On the 30t and 90t days,
the patients were called by phone and questioned
whether they had burning, throbbing, numbness,
electrical shock sensation, allodynia, hyperalgesia, and
hypoesthesia in the surgical site. In addition, patients
were asked on the 30t and 90t* days whether there were
pain-related limitations in activities of daily living.

Sample size and power analyses

The number of patients to participate in the study was
calculated using the G*power 3.1.9.4 program, and
the results of a pilot study showed that the resting 1st
mean of the TPVB and ESB groups were 2.81 and 2.35,
respectively, and 0.6 standard deviations (SD) in both
groups. Using a bilateral t-test, 56 patients were asked
to reach a power of 80% with an alpha value of 0.05 to
detect differences between them, and 60 patients (30
in each group) were eligible to participate in the study.
The post hoc power was calculated using G*Power©
software version 3.1.9.2 (Institute of Experimental
Psychology, Heinrich Heine University, Dusseldorf,
Germany). The power was calculated for the Mann
Whitney U test, which was used for testing the main
hypothesis (VAS rest 16th) of the present study.
Depending on previous research results with two-
sided (two tails) type I error 0.05 and effect size (d)
factor .01, post hoc power calculated as %96.5.

Statistical Analyses

Data analyses were performed by using SPSS for
Windows, version 22.0 (SPSS Inc., Chicago, IL, United
States). Whether the distribution of continuous
variables was normal or not was determined by the
Kolmogorov Smirnov test. Levene test was used for
the evaluation of homogeneity of variances. Unless
specified otherwise, continuous data were described
as mean+SD for normal distributions, and median
(Q1: first quartile - Q3: third quartile) for skewed
distributions. Categorical data were described as a
number of cases (%). Statistical analysis differences
in normally distributed variables between two
independent groups were compared by Student’s t-test,
Mann Whitney U tests were applied for comparisons
of the not normally distributed data. Categorical
variables were compared using Pearson’s Chi-square
test or Fisher’s exact test. It was accepted p-value < 0.05
as a significant level on all statistical analyses.
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RESULTS

After ethics committee approval, the data of a total of 71
patients were analyzed. Eleven patients were excluded
from the study due to conversion from VATS to open
thoracotomy (Figure 2).

| Assessed for Eligilibity (n:71) |

| Randomized (n:71) |

[
| |

ESPB Group (n:36) TPVB Group (n:35)

Received Allocated
Intervention (n:35)

Received Allocated
Intervention (n:36)

Did not Receive Allocated
Intervention (n:0)

Did not Receive Allocated
Intervention (n:0)

Lost Follow-up Because of
Conversion to Open Surgery (n:6)

Lost Follow-up Because of
Conversion to Open Surgery (n:5)

Discontinued Intervention (n:0) Discontinued Intervention (n:0)

Analysed (n:30) Analysed (n:30)

Exluded from Analysis (n:0) Exluded from Analysis (n:0)

Figure 2. Flow Chart. ESPB: Erector Spinae Plane Block, TPVB:
Thoracic Paravertebral Block

There was no statistically significant difference between
the groups in terms of demographic characteristics,
surgical features, and patient satisfaction (p>0.05)
(Table 1).

Table 1. Demographic characteristics and surgical features of
patients

ESPB (n:30) TPVB (n:30) p

Age, year 57.5(44-62)  57.5(33-62) 0.807D

Gender 0.2928
Female 14 (46.7%) 10 (33.3%)

Male 16 (53.3%) 20 (66.7%)
BMI, kg/m? 25.78+2.77 25.59+3.24 0.929*
ASA 0.683p
1 4 (13.3%) 5(16.7%)
2 9 (30.0%) 12 (40.0%)
3 17 (56.7%) 13 (43.3%)

Surgery 0.943pB
Wedge Resection 20 (66.7%) 19 (53.3%)
Segmenthectomy 5(16.7%) 5(16.7%)
Lobectomy 5(16.7%) 6 (20.0%)

Duration of surgery, min 150 (135-210) 175 (120-240) 0.899®

Continuous variables are expressed as either the mean+tstandard deviation (SD)

or median (Q1-Q3) and categorical variables are expressed as either frequency

(percentage). Student t Test *, Mann whitney u Test ®, Chi square Test , p=Level of

Significance, p<0,05, ASA: American Society of Anesthesiologists, BMI: Body mass

index, ESPB: Erector spinae plane block, TPVB: Thoracic paravertebral block

No statistically significant difference was observed
between the groups in terms of mean arterial pressure,
heart rate, and SpO, (p>0.05).

When the groups were evaluated in terms of VAS resting
scores, the 1st, 2nd, 4th 8th and 16t%-hour VAS resting
results were found to be statistically significantly higher
in the TPVB group than in the ESPB group (p<0.05)
(Table 2). VAS cough scores were statistically significantly
higher in the TPVB group at the 1st, 2nd, 4th, 8th and 16th
hours (p<0.05) (Table 2).

Table 2. Resting and coughing VAS scores of the patients during

the postoperative 24 hours

ESPB (n:30) TPVB (n:30)
Med (Q1 - Q3) Med (Q1 - Q3)
VAS resting
15t hour 3(2-4) 4 (3-5) 0.019
2nd hour 3(2-3) 3,5 (3-5) 0.006
4t hour 2(2-3) 3(3-4) 0.006
8th hour 2 (2-3) 3(2-3) 0.001
16t hour 2 (1-2) 3(2-3) <0.001
24t hour 2 (1-2) 2 (2-3) 0.102
VAS coughing
15t hour 4 (3-5) 5 (4-6) 0.008
27d hour 4 (3-5) 5 (4-6) 0.001
4t hour 3(3-4) 4 (4-5) 0.006
8th hour 3(3-4) 4(3-4) 0.001
16t hour 3(2-3) 4(3-4) <0.001
24t hour 3(2-3) 3 (3-4) 0.143
*Mann whitney u test, p=Level of Significance, p<0,05, ESPB: Erector spinae plane
block, TPVB: Thoracic paravertebral block, VAS: Visuel analog skala

Morphine consumption (p:0.042) and additional
analgesic (p:0.037) use were found to be statistically
significantly higher in the TPVB group compared to the
ESPB group. As complications, only nausea and vomiting
were observed with no significant difference between the
groups (Table 3).

Table 3. Morphine consumption during postoperative 24 hours,

need for additional analgesics, and complication rates
ESPB (n:30) TPVB (n:30) p

Morphine consumption (mg) 13.77+8.80  18.53+8.98  0.042*
Additional analgesic use n (%) 9 (30.0%) 17 (56.7%) 0.037p
Complication (Nausea) n (%) 0.195p
No 29 (96.7%) 25 (83.3%)
Yes 1(3.3%) 5(16.7%)

Continuous variables were expressed as mean+standard deviation (SD). Categorical
variables are expressed as frequency (percentage). Student t Test *, Chi square Test
B, p=Level of Significance, p<0.05 ESPB: Erector spinae plane block, mg: milligram,
TPVB: Thoracic paravertebral block

When the patients were evaluated in terms of the overall
incidence of chronic pain and the incidence of individual
chronic pain symptoms on the 30*» and 90t days; no
statistically significant difference was observed between
the ESPB and TPVB groups (p>0.05) (Table 4).
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Table 4. Chronic pain findings on the 30t and 90 day of the
VATS

ESPB (n:30)  TPVB (n:30)
n (%) n (%)

30t day pain symptoms 18  (60.0%) 16 (53.3%) 0.602
300 day dailyactivity 1) (367%) 8 (267%) 0.405
Burning 8 (267%) 6 (20.0%) 0.542
Throbbing 3 (10.0%) 7 (23.3%) 0.166
Numbness 11 (36.7%) 8 (26.7%) 0.405
Electric shock sensation 3 (10.0%) 2 (6.7%)  0.999
Allodynia 2 (67%) 0  (0%)  0.492
Hyperalgesia 8 (26.7%) 8 (26.7%) 0.999
Hypoestesia 6 (20.0%) 5 (16.7%) 0.739
90th day pain symptoms 5  (16.7%) 8 (26.7%) 0.347
?g:r‘iica&’o‘;aﬂy Gy 3 (100%) 2 (67%) 0.999
Burning 2 (6.7%) 5 (16.7%) 0.424
Throbbing 1 (3.3%) 3 (10.0%) 0.612
Numbness 2 (6.7%) 6  (20.0%) 0.254
Electric shock sensation 1 (3.3%) 1 (3.3%) 0.999
Allodynia 0 (0%) 0 (0%) -
Hyperalgesia 0 (0%) 2 (6.7%)  0.492
Hypoestesia 0 (0%) 4 (133%) 0.112
ESPB: Erector spinae plane block, TPVB: Thoracic paravertebral block

DISCUSSION

In this randomized, prospective, single-blinded trial,
the authors aimed to clarify the analgesic effects of
TPVB and ESPB for acute and chronic pain in VATS
procedures. The previous trials on this area included
different results and inadequate data, particularly on the
ESPB. In the present study, ESPB was superior to TPVB
for acute postoperative pain, but the incidence of chronic
pain was similar in both groups. When the side effects
were evaluated, the number of patients who developed
nausea and vomiting in the TPVB group was higher,
although not statistically significant. This may be related
to the higher dose of morphine and additional analgesic
needed in the postoperative period in the TPVB group
compared to ESPB.

In recent years, comparative studies of ESPB with other
methods such as TPVB and intercostal block have been
conducted, and various results have emerged with regard
to analgesic efficacy (14,15). When evaluated in terms of
its mechanism of action, clinical and cadaveric studies
show that the local anesthetic distribution after ESPB is
similar to that of TPVB (16,17). The possible mechanism
of action of ESPB is related to the distribution of the local
anesthetic solution into the paravertebral and epidural
space and subsequently blocking the dorsal and ventral
branches of the spinal nerve (13,18). However, when
compared to TPVB, the fact that the ESPB application
point is more accessible and far from the pleural area
can both increase the success of the application and the
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complication rates may be more limited (19). The use of
ESPB for analgesia in the early postoperative period after
VATS seems to be advantageous compared to TPVB. In
addition, ESPB's ease of application compared to TPVB
and its distance from pleura and vascular structures
may cause complications to suggest that it is a more
appropriate block method.

In studies comparing TPVB and TEA, side effects such as
hypotension, nausea/vomiting, itching, urinary retention
are more limited in TPVB applications (8,10). This
circumstance can be explained by the limited sympathetic
and neuraxial block due to TPVB. In ESPB, the ease of
application, depending on the anatomical structure, and
the fact that local anesthetics do not cause central block
effects, limits the side effects and complications that may
occur. Although not statistically significant in our study,
side effects were limited in ESPB, and nausea/vomiting
was observed in only one patient.

Chronic pain causes a significant burden for patients,
affects the quality of life, and is related to the risk of
morbidity. Thoracic surgery is one of the procedures in
which the development of chronic pain is most common.
Trauma due to thoracotomy and VATS applications,
especially in the intercostal nerves, is assumed to be an
important factor in the development of chronic pain after
thoracic surgery (5,20). Previous studies have shown the
presence of chronic pain in 40% to 80% of patients after
thoracotomy and in 20% to 40% after VATS (1,5,21).
ESPB application was first performed by Forero et al.
(12) for neuropathic pain. Although there are studies on
the application of ESPB in the treatment of chronic pain
(22,23), studies on the effectiveness of preoperatively
applied ESPB on chronic pain are quite limited.
According to our study results, patients with persistent
pain symptoms on the 30th day were 53.3% in the TPVB
group, while it was 60% in the ESPB group. On the 90th
day, the rates were found to be 26.7% in the TPVB group
and 16.7% in the ESPB group. Although there was no
statistically significant difference, it was observed that
the 90th-day pain rates were higher in patients who
underwent TPVB. Larger series of studies on this subject
will contribute to more clearly revealing the effectiveness
of ESPB in preventing chronic pain.

The present study has some limitations. The study was
conducted at a single center. We assessed pain scores
only during the 24 hours after surgery. However, none of
our patients required rescue analgesia in the ward, and
the administration of routine oral analgesic medication
regimens was sufficient for patients in the ward after the
24 postoperative hour. Finally, we only evaluated the
incidence of chronic pain after the first and third months
of surgery. Longer duration assessments may yield more
descriptive results for the development of chronic pain.
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CONCLUSION

ESPB was superior to TPVB in terms of acute
postoperative pain control, and morphine consumption,
but the incidence of chronic pain the first and third
months after surgery was similar in both groups.
Randomized controlled trials with larger series, using
TPVB and ESPB for the prevention of postoperative
pain, may be helpful in explaining the chronic pain
incidence after VATS.
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