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ABSTRACT

Objective: This study aimed to compare the effect of the ultrasound (US) guided erector spinae plane block (ESPB) on pain scores, opioid
requirement, patient satisfaction, and the length of hospital stay with standard analgesia methods following scoliosis surgery.

Methods: Twenty-seven patients (17 females, 10 males; mean age=15.59 + 3.24 years) who underwent scoliosis surgery with preopera-
tive bilateral bilevel US-guided ESPB were the sample group, and the remaining 30 patients (20 females, 10 males; mean age = 15.57 +
2.75 years) without ESPB were the control group. Bilateral bilevel injection ESPB was performed at two levels (T4 and T10). Postoperative
pain scores, morphine consumption, patient satisfaction scores, and the number of patients requiring rescue analgesia were recorded. A
visual analog scale (VAS) was used to score postoperative pain.

Results: VAS at rest and when mobile, as well as postoperative cumulative morphine consumption in the first postoperative 24 h, was
significantly lower in the ESPB group. Thirteen patients in the control group but no in the ESPB group required rescue analgesics in the
postoperative period. Both the time to the requirement of the initial dose of PCA and patient satisfaction scores were significantly higher
in the ESPB group (P < 0.001 for both).

Conclusion: Given the need for improved recovery of the patients, ESPB seems to be an essential analgesic technique that may reduce
both opioid consumption and the severity of the pain, thus increasing the satisfaction of the patients and decreasing the length of hospital

stay.

Level of Evidence: Level 1V, Therapeutic Study

Introduction

Posterior spinal fusion for scoliosis surgery may lead
to severe postoperative pain which requires significant
opioid use for adequate perioperative analgesia. This
postoperative pain extends the time of recovery,'?
and thus, safe and efficient methods for periopera-
tive analgesia are crucial and advantageous for early
recovery and ambulation.

Traditional opioid-based analgesia techniques are
characterized by well-known complications such as
vomiting, nausea, sedation, and pruritus.® Although
regional anesthesia is an essential part of multimodal
analgesia, available options are limited.*” Recently,
an ultrasound (US)-guided erector spinae plane block
(ESPB) method that anesthetizes ventral and dorsal
rami of spinal nerves was introduced for the treat-
ment of both postoperative and neuropathic pain.**°

Due to the arousing interest of several physicians,
ESPB application is reported to be effective in
the breast,"" weight loss,’? and lumbosacral spine
surgeries® as it reduces the need for analgesic drugs.

The main advantages of the ESPB are technical sim-
plicity, minimal risk for the spinal cord, and fewer
complications.” However, there are limited data for
the use of the ESPB in scoliosis surgery.

This retrospective case-control study was set out to
compare the effect of the US-guided ESPB on 24-hour
postoperative cumulative morphine requirements
with default opioid-based analgesia and to determine
the difference in both postoperative pain control and
patient satisfaction in scoliosis surgery.

Materials and Methods

Study design

This retrospective case-control study protocol was
approved by the Institutional Ethical Committee
board (2020-7/11). The electronic database of scoliosis
surgery patients aged 14-20 years with the American
Society of Anesthesiologists (ASA) physical status I-I1I
who underwent scoliosis surgery for the treatment of
idiopathic scoliosis between January 2017 and March
2020 was retrospectively reviewed.

The exclusion criteria included a known history of
recent opioid use and obesity (body mass index (BMI)
> 35 kg/m?). Patients with congenital, neuromuscular,
and posttraumatic deformity of the spine, those who
underwent revision surgery, and ASA IV status, and
patients who underwent procedures under epidural
anesthesia were also excluded. Written informed con-
sent was obtained from all participants who partici-
pated in this study.
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Figure 1. Scope images of injection points for ESPB at level T4-T10.

Perioperative anesthetic regimen
The technique for the erector spinae plane block

General anesthesia was provided with a combined anesthesia pro-
tocol of 2 pg/kg of fentanyl, 2-3 mg/kg propofol, and 0.4-0.6 mg/kg
rocuronium for induction, followed by a continuous infusion of
0.5 pg/kg/min remifentanil and 6 mg/kg/h propofol. In the intraop-
erative period, remifentanil was titrated to maintain blood pressure
and heart rate within 20% baseline values. An intravenous (iv) 0.03
mg/kg morphine as patient-controlled anesthesia (PCA) was started
immediately before wound closure after the operation. A multimodal
analgesia regimen including non-opioid analgesics acetaminophen
and either a Non-Steroidal Anti-Inflammatory drug or a COX-2-specific
inhibitor was given to all patients.

HIGHLIGHTS

Scoliosis surgery may cause severe postoperative pain. This study aimed
to compare the effect of erector spinae plane block(ESPB) on 24-hour post-
operative cumulative morphine requirements and patient satisfaction regard-
ing analgesia in scoliosis surgery.

ESPB group had longer analgesic effect, and the time until the initial use of
patient-controlled anesthesia device was longer, opioid consumption was
lower as well.

The results from this study indicate that the ESBP is an encouraging way for
providing analgesia for spinal surgery and that it may minimize both opioid
consumption and postoperative pain.

The induction of general anesthesia was followed by bilateral bi-level
ESPB positioning at both T4 and T10 vertebral levels under standard-
ized monitorization protocols (Figure 1). Standard intraoperative
monitoring included electrocardiogram, SpO, monitoring, end-tidal
carbon dioxide, invasive blood pressure, and nasopharyngeal body
temperature.

With the patient in the prone position, a 22-gauge needle (Stimuplex,
ultra 360®, 50 mm Braun) was inserted through erector spinae
muscle under US (GE Medical Sytems, Phoenix, Ariz, USA) guidance
in longitudinal axis over the tip of the transverse process (Figure 2).

Until the tip of the needle reached the tip of the transverse process,
the needle was diverted and advanced through the caudad-to-
cephalad direction at T4 level and a cephalad-to-caudad direction
at T10 level.

The confirmation of the correct position of the needle tip was pro-
vided by administration of 1-2 mL of 5% dextrose. Subsequently,
0.25% bupivacaine to a total volume of 40 mL was injected (2.5 mg/kg
bupivacain+ 2 mL dexamethasone +saline). The local anesthetic solu-
tion was injected in increments, ensuring the adequate and equal
distribution of the anesthetic agent. The distribution of the injected
fluids in both directions was observed under US guidance. Extra care

328



Akesen et al. / Acta Orthop Traumatol Turc 2022; 56(5): 327-332

SR
Trapezius e
S TIPS

" Rhomboid M
- e

Erector Spinae "

g

Transverse
Transverse Process

Process

Figure 2. Sonographic anatomy for ESPB.

was taken to ensure that the total bupivacaine dose did not exceed
3 mg/kg. The same protocol was applied to the opposite side. The
anesthesia procedures were performed by the same physician (SA)
in all operations.

Study variables

After surgery, post-operative analgesia included oral acetaminophen
(15 mg/kg/6 h) and iv PCA devices with 1 mg/mL morphine(lock-
out interval 15 minutes, maximum dose 24 mg/day, no background
infusion).

A visual analog scale (VAS) ranging from 0 to 10 (0=no pain,
10=worst imaginable pain) was used to score the postoperative pain.
The VAS scores were recorded immediately in the recovery room, at
4, 8,12, and 24 hours postoperatively during bed rest and at 8, 12, and
24 hours during mobilization.

Additional postoperative measures included time to first need of
PCA, total consumption of morphine, rescue analgesia, in-hospital
stay, and incidences of opioid-related complications including nau-
sea and vomiting.

Patient satisfaction was assessed on the 24th hour following
the surgery using a 5-point satisfaction score (5=most satisfied,
0=unsatisfied).

Rescue analgesia was prepared with intramuscular meperidine
(1 mg/kg) on-demand or whenever the VAS score was >4.

All evaluations were done by the surgical ward nurse experienced in
the field and supervised by a 3-year anesthesiology resident on each
follow-up visit.

Statistical analysis

Deriving the mean and standard deviation (SD) from a previous
study at a significance level of .05 and power of 0.8, the sample size
was determined as 24 for each group by the power analysis.® As per
the evaluation of exclusion and inclusion criteria of our study, we

included 27 patients who are eligible for the data analysis. The con-
trol group consisted of 30 patients with similar demographic data to
provide a more secure statistical evaluation.

Statistical analysis was done using GraphPad version 8.0.2. The dis-
tribution of the variables was analyzed by the Kolmogorov-Smirnov
test. Both the mean and standard deviation were employed to repre-
sent quantitative variables. The Student’s t-test for the variables with
normal distribution and the Mann-Whitney U test for variables with
non-normal distribution were applied. The one-way analysis of vari-
ance test was employed when necessary. A P-value of <.05 was con-
sidered statistically significant.

Results

The study group consisted of 27 patients (17 females, 10 males),
while 30 patients (20 females, 10 males) comprised the control
group. The mean age of the subjects in the EPSB group was 15.59 +
3.24 years, while the mean age in the control group was 15.57 +
2.75 years. The ESPB and control groups were comparable regard-
ing age, BMI (21.55 + 2.314 vs. 19.61 = 3.192 kg/m?, respectively),
female to male ratio, ASA physical status, intraoperative blood loss
(306.5 +56.16 vs. 318.3 + 62.26 mL, respectively), duration of surgery
(3.444 + 0.5064 vs. 3.02 + 0.04, respectively), and time of extubation
(6.926 + 2.037 vs. 10.00 + 4.177 minutes, respectively) (Table 1).

Postoperative cumulative morphine consumption in the first
24 hours postoperative was significantly lower in the ESPB group
compared to the control group (4.92 + 0.53 vs. 2.21 + 0.47 iv mor-
phine mg equivalents; P < .0001) (Table 2).

Thirteen patients in the control group required meperidine for rescue
analgesia, whereas none of the patients in the ESPB group required
opioids in the postoperative period (P < .001).

The time to the requirement of the initial dose of PCA was signifi-
cantly higher in the ESPB group (6.81 + 0.96 vs. 1.36 + 0.55 hours;
P <.001).

Visual Analog Scale scores at the postoperative 1, 4, 8, 12, and
24 hours at rest and at the 8 and 24 hours when mobile were sig-
nificantly lower in the ESPB group (P < .001 for all variables). The
clinical significance of the VAS scores was confirmed with verbal

» o«

statements of the patients’ rating of their pain as “mild pain,” “mod-
severe pain,” “a lot better,” “a little better,” “much the

a little worse,” or “much worse.”

» o«

erate pain,

» «

same,

Table 1. Comparison of the demographic clinical variables between the study
groups

EPSB (n=27) Control (n=30) P

Age [years] 15.59 + 3.24 15.57 + 2.750 0.97
BMI (kg/m?) 21.55 + 2.314 19.61 + 3.192 0.12
F/M 17/10 20/10
ASA

I 15 19 0.28

1I 12 6

1T 0 3
Hospital stay (days) 3.22 +0.577 4.93 +0.583 <0.001
Intraoperative blood loss (mL) 306.50 + 56.16  318.30 + 62.26 0.45
Intraoperative analgesics (ng/kg/dk) 9.55 + 1.28 14.10 + 1.26 <0.001
Time of extubation (minutes) 6.92 + 2.03 10.00 + 4.17 <0.05
Operation time (minutes) 3.44 + 0.50 3.02 + 0.04 <0.001

ESPB, erector spinae plane block; BMI, body mass index; ASA, American Society of Anesthesiologists.
P values that are written bold represent statistical significance.
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Table 2. Comparison of the study variables between the groups

EPSB (n=27) Control (n=30) P

Initial use of PCA (hours) 6.81 + 0.96 1.36 £ 0.55 <0.001
VAS 1 hour (resting) 1.33 +£0.48 4.26 + 0.90 <0.001
VAS 4 hours (resting) 1.51 + 0.50 3.63 + 0.66 <0.001
VAS 8 hours (resting) 1.63 +£0.49 3.56 +0.81 <0.001
VAS 12 hours (resting) 1.51+0.57 3.86 +0.62 <0.001
VAS 24 hours (resting) 1.25 £ 0.71 2.86 +0.77 <0.001
VAS 8 hours (mobile) 2.63 +0.49 4.50 + 0.82 <0.001
VAS 24 hours (mobile) 2.03 +0.9799 3.66 +0.75 <0.001
Patient satisfaction 4.66 + 0.48 2.56 + 0.56 <0.001
Opioid consumption (iv morphine 4.92 +0.53 2.21+047 <0.0001
milligram equivalents)
Complications of opioid use

Yes 0 6 <0.05

No 27 24
Need for rescue analgesics

Yes 0 13 <0.01

No 27 17

PCA, patient-controlled anesthesia; ESPB, erector spinae plane block; VAS, visual analog scale;
iv, intravenous. P values that are written bold represent statistical significance.

Compared to the control group, the patients in the ESPB group were
more satisfied; the mean satisfaction scores were 4.66 (SD: +0.48)
in the ESPB and 2.56 (SD: +0.56) in the control group (P < .001).
Similarly, the length of hospital stay was significantly lower in the
ESPB group (3.22 + 0.57 vs. 4.93 + 0.58 days; P < .001).

Six patients in the control group developed opioid-related complica-
tions and required iv metoclopramide, whereas none of the patients
in the ESPB group experienced a complication during the postopera-
tive follow-up.

We did not experience any block-related complications or block
failures. None of the patients required postoperative intensive care
admission and prolonged intubation.

Discussion

In the current study, preoperative application of bilateral bi-level
US-guided ESPB provided efficient postoperative analgesia and
patient satisfaction after scoliosis surgery. We found that ESPB was
related to a more prolonged analgesic effect, and the time until the
initial use of PCA device was longer in the block group, as well as
a lower postoperative opioid consumption. As far as we know, this
report is the first comparative study on anesthesia techniques for sco-
liosis surgery.

In their randomized controlled study of adult major lumbar spine
surgery patients, Singh et al*® concluded that pain scores in the
ESPB group were lower immediately after surgery and at 6 hours
after surgery compared to the control subjects. In our study group,
pain scores in the ESPB group were significantly lower at all-time
points both during resting and mobilization for 24 hours. However,
the main difference between their study and ours was the use of
PCA devices in the postoperative period. Instead, they preferred iv
morphine 3 mg boluses for rescue analgesia, and patients were given
iv diclofenac 1.5 mg/kg every 8 hours. Therefore, the pain manage-
ment practices of each anesthesiology team might be the cause of
these different results. Also, dexamethasone added to bupivacaine as
an adjuvant drug in single-dose ESPB might have contributed to the
achievement of low VAS scores with prolonged analgesic effect up to
24 hours after surgery.

We performed 2 levels of block bilaterally. Chin et al™ reported that
physical spread over at least 3-6 vertebral levels in the erector spi-
nae plane from a single injection of 20 mL makes coverage of the
entire surgical incision in scoliosis surgery feasible with 2 injections
per side. Also, Tulgar et al*® reported their results of comparing the
single or bi-level application of ESP block in 12 patients undergoing
thoracotomy. They observed that the Numeric Rating Scale scores in
the first 12 hours were higher in the single-level group than in the
bi-level group.

Most lumbar spine surgeries lead to severe postoperative pain,
which generally lasts a minimum of 3 days.'® Thus, the prolonged
analgesic effect can increase the comfort of lumbar spine surgery
patients. Erector spinae plane block is reported to provide this
effect in different studies with no side effects for a wide range
of time intervals.®'?° There is a risk of dura mater damage for
epidural anesthesia while implemented in the course of spine sur-
gery, and thus the risk of intrathecal penetration of local anes-
thetics increases.?’ On the other hand, the needle remains distant
from the nerves, major vessels, neuraxis, and pleura in ESPB
technique which makes it a safe and simple procedure with fewer
complications and advantageous over Epidural Analgesia.** Our
finding is in agreement with this finding which showed that the
initial use of PCA can be extended to 6 hours with no observed
side effects or complications if ESPB is preferred. Although some
research has been carried out on ESPB, no single study exists
that compares the anesthesia techniques in scoliosis surgery.
Considering that scoliosis surgery is a complex type of surgery,
we have observed that ESPB has an advantage over traditional
anesthesia techniques even in this complexity.

Opioids, which may are the cornerstones of perioperative analge-
sia in spine surgeries, give rise to opioid-induced hyperalgesia and
adverse effects including the risk of opioid habituation, respiratory
depression and nausea, and gastrointestinal dysmotility.**** In their
comprehensive investigation into ESPB, Singh et al** concluded that
ESPB reduces the postoperative need for opioids, and 2 recent stud-
ies, Yayik et al*® and Cesur et al.?® in the same way, were able to show
reduced opioids consumption in the first 24 hours postoperative. In
the current study, our data further confirm the idea that the use of
ESPB may minimize postoperative opioid consumption.

In this study, a 22-gauge needle (Stimuplex, ultra 360®, 50 mm Braun)
was inserted through erector spinae muscle under US (GE Medical
Sytems) guidance in longitudinal axis over the tip of the transverse
process. Although cases of blind puncture or under fluoroscopy have
been described, the technique is usually guided by US (Kot et al).?”
Jadon et al”” used fluoroscopy, and on the other hand, Kot et al*® used
US in their studies.

In scoliosis surgery, there are several postoperative analgesia tech-
niques to minimize the pain intensity and opioids consumption
including iv PCA with morphine, EA, intrathecal opioids (ITOs),
and iv ketamine as a unit of multimodal analgesia, and ESPB.?%%
Intravenous patient-controlled anesthesia with morphine may lead
to pruritus, vomiting, and nausea and should be evaluated to be com-
bined with other techniques to reduce the use of morphine. Despite
being the most preferred technique in spine surgery, the need to
retain the urinary catheter and the inadequate assessment of motor
function should not be ignored in the EA technique. Respiratory
depression may emerge as the potential risk if a higher ITO dose is
administered. Although iv ketamine administration is encouraged by
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the recent guidelines,* the lack of optimal timing, mode of admin-
istration, and dose results in controversial outputs within different
studies. In the ESPB technique, instead, only 2 rare complications
such as muscle weakness and pneumothorax are reported to date.*
In our comparative study, neither these 2 complications nor any
other complications were observed in ESPB group.

A substantial amount of literature has been reported on postopera-
tive analgesia management.'*1*20232635 Qver half of these surveys
highlighted that successful pain management not only decreases
postoperative complications but also the length of hospital stay and
the cost of hospitalization, by accelerating the recovery of patients.
Likewise, we assert that ESPB usage reduces both length of hospital
stay and cost of hospitalization.

Even though the accumulating evidence by a majority of case reports
about ESPB makes us think this block is a good option to provide
effective analgesia in thoracic surgery, its effect in spine surgery is
still uncertain. So far, the generalizability of till-published research
on ESPB is controversial. Research on the effect of ESPB has been
usually restricted to limited comparisons of case reports. The sam-
ple size of some articles is small, many of them are retrospectively
studied, most of them are case presentations, and some need their
research to be improved. Although the results are promising, the cur-
rent study has some limitations. Firstly, the study includes a small
sample size with retrospective database evaluation. Second, the data
are limited only to a single-center experience of same physicians.
Also, the patients, surgeon, and anesthesiologist were not blinded to
the intervention, and due to the young age of the patients, the block
application was required to be performed under anesthesia, and thus,
the success of the block could not be tested. The study also includes
confounders of number of operated spinal levels that might affect
the study outcomes. Further future prospective and multi-centered
patient-surgeon blinded studies research might confirm our findings,
and a comparative study of ESPB with other analgesic interventions
should also be conducted.

Given the complications and their risk for prolonged postoperative
opioid use and postoperative pain, there is an increasing interest to
control perioperative pain with anesthesia. Thanks to its simplicity to
be performed under US guidance and fewer complications, the ESBP
is an encouraging way of spine surgery anesthesia that may minimize
both opioid consumption and postoperative pain.
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