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ABSTRACT
Background: Preventive analgesia is designed to ensure perioperative pain control. The 
erector spinae plane (ESP) block may abolish the neuroendocrine stress response and aug
ments controlled hypotensive anesthesia. But to what extent does it interfere with spinal cord 
function.
Methods: The patient’s population is divided into Group N (control) and Group E (ESP Group). 
A baseline for the amplitude and/or latency of either somatosensory evoked potentials (SSEPs) 
or motor evoked potentials (MEPs) were collected (30 min after induction of anesthesia and 
after full reverse of muscle relaxant before performing ESP block) in group E, the change from 
the baseline was recorded as a percent decrease. The total dose of anesthetics, the adjuvant 
analgesics and the postoperative complications were recorded.
Results: The change in the latency and the amplitude of SSEPs and MEPs among the two 
groups showed a non-significant change from the baseline. The intra-operative fentanyl 
consumption was significantly lower in group E than in C. The mean was 21.5 ± 25 vs 178.2  
± 46 mg respectively. The total doses of propofol and dexmedetomidine were lower in group 
E than in C. 18% of the patients in group E requested a rescue analgesic at a median of 70 (65) 
min postoperatively vs 55% of those in group C that requested analgesics earlier at a median 
16(6) min.
Conclusion: The ESP block can be safely used without interfering with the monitoring of the 
somatosensory and MEPs during complex spinal surgery.
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1. Background

Preventive analgesia is designed to ensure appropriate 
level of perioperative pain control and to prevent 
acute as well as chronic pain [1]. The type of surgery 
plays a crucial role in tailoring the analgesic regimen, 
those patients who are scheduled for spinal fusion 
surgery, usually need a complex multimodal analgesic 
protocol. Whenever possible, regional block should be 
a part of this regimen [2], as directly blocking the 
activity of pain receptors by local anesthetics will elim
inate or even reduce the need for long-term use of 
opioids [3]. An issue which represents a cornerstone in 
enhanced recovery after surgery [2].

Patient-related factors also play a role in the choice of 
the appropriate analgesic plan. Patients with scoliosis 
usually suffer from a restrictive pulmonary disease and 
will benefit from decreasing the opioid requirements [2].

Ultrasound guided erector spinae plane (ESP) block 
involves local anesthetic injection between the erector 
spinae muscle group and the underlying transverse 
process [4]. The mechanism of action of the ESP block 
is controversial as some suggest that the local anes
thetic spreads- to soil the spinal dorsal rami through 

the paravertebral space or the epidural space, while 
others have suggested only facial spread [5–7].

The ESP block is not only a mere analgesic, but also 
it aborts the neuroendocrine stress response and 
ensures a hypotensive and stable hemodynamic state 
without interfering with the spinal cord function as 
expected with neuraxial blocks [7,8].

Neurophysiological monitoring has largely been 
used with different types of surgery, replacing intrao
perative wake-up testing. Somatosensory evoked 
potentials (SEPs) and motor evoked potentials (MEPs) 
are commonly used during spinal fusion surgery to 
improve the decision and possibly reduce the antici
pated neurologic complications. The sites of stimula
tion and recording are the determinants of the 
morphology of the recorded waveform, while the 
amplitude and latency provide functional neurological 
assessment [9–11].

Various anesthetic agents have different impacts on 
neurophysiological monitoring, the anesthetic agents 
may affect the interpretation of the electrophysiologi
cal monitoring which is usually needed to prevent 
radiculopathy [12,13]. In general, inhalational agents 
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have a greater effect on all modes than do intravenous 
agents, MEPs are very sensitive, SSEPs are moderately 
affected [9]. Some agents show controversy, while lim
ited data are available on other agents like 
Dexmedetomidine and lidocaine [14].

Accordingly, the goals of anesthesia for spine cor
rective surgery include maintaining hemodynamic sta
bility with optimal pain control without interfering 
with the neuromonitoring [7]. An issue has been raised 
by some authors whether ESP block would interfere 
with MEPs or SSEPs during spine surgery [15–17], but 
results have not been yet validated.

1.1. Keywords

ESP block, neurophysiological monitoring, scoliosis 
repair.

1.2. Aim of the study

The aim is to study the possible effect of ESP block on 
neurophysiological monitoring in patients undergoing 
scoliosis repair.

2. Patients and methods

2.1. Study population

This study is a prospective randomized double blinded 
clinical trial (the patients and those involved in the 
data collection were blind). It was conducted at Ain 
Shams university hospitals’ general operating room, 
Cairo, Egypt over a period of 6 months from February 
till August 2023. After approval of the research ethical 
committee, all the patients or their guardians signed 
a written informed consent. Randomization was per
formed using a computer-generated random number 
sequence.

2.2. Ethical approval and clinical trial registration

The study was approved by the ethical committee of 
the faculty of medicine, Ain Shams University with 
approval number FAMSU R 193/2022. Clinical trial 
registration NCT05632016.

2.3. Sample size and study groups

The sample size was calculated by using power analy
sis and sample size software [PASS 11] (version 11.0.08) 
for sample size calculation, to reach power of 99%, at 
alpha error of 5%, after reviewing the previous study 
results by Siam et al., 2020 [18]. They showed 
a response state entropy mean after ESP at the end 
of anesthesia which is lower than before induction 
(70.67 ± 10.36 vs 89.67 ± 2.74 respectively); based on 
a sample size of 40 patients undergoing scoliosis repair 

under TIVA divided into two groups (20 patients in 
each group). Accordingly, 44 patients were included 
in this study for possible drop out and were allocated 
into two groups: Group C (control) N = 22: where the 
patients received only intravenous analgesia without 
any regional block. Group E (ESP block) N = 22: where 
the patients in addition received ESP block immedi
ately after induction of anesthesia and before the skin 
incision.

2.4. Inclusion criteria

Patients between 12 and 25 years old with an 
American society of anesthesiologists (ASA) status up 
to III, undergoing posterior spinal fixation for scoliosis 
repair.

2.5. Exclusion criteria

Patients with an ASA status above III, patient or guar
dian refusal to participate, patients with multiple con
genital anomalies, hypersensitivity, or contraindication 
to the study drugs and those with a body weight less 
than 40 kg.

2.6. Study outcomes

The primary outcome was to test the effect of ESP 
block on neurophysiological monitoring. Secondary 
outcome was to study the contribution of ESP block 
in decreasing the total dose of anesthetics used as well 
as achieving tight intra and postoperative pain control, 
and the impact on the early ambulation as one of the 
components of the enhanced recovery after surgery.

2.7. Study procedures

All the patients were assessed by detailed medical 
history, general examination. Complete blood count, 
serum creatinine, coagulation profile, random blood 
sugar, chest radiograph, pulmonary function tests, 
echocardiography were all done. The patients were 
monitored using 5-leads ECG, invasive blood pres
sure monitoring, capnography, bispectral index (BSI) 
and plethysmography. Anesthesia was induced using 
1 µg/kg of fentanyl, propofol 2 mg/kg and 0.5 mg/kg 
of atracurium. Endotracheal intubation was done 
using wire reinforced endotracheal tube and positive 
pressure ventilation was adjusted to maintain an 
end-tidal carbon dioxide partial pressure between 
30 and 35 mmHg. Anesthesia was maintained using 
propofol infusion at a rate of 80–150 μg/kg/min and 
dexmedetomidine 0.3–0.7 μg/kg/hr. Doses were 
adjusted to maintain bispectral index (BSI) 
around 50.
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In group (C), patients were given 0.1 mg/kg mor
phine sulphate up to a total of 10 mg and 2–4 mg to be 
given after 4 hrs as needed.

In group (E), the Level above the kyphosis angle at 
T8- T10 and that below the angle of kyphosis at L3 
were identified, ESP block was performed on both 
sides using a curvilinear probe placed in 
a parasagittal plane 3 cm lateral to the spinous process 
above and below the selected level. A 12-cm 22-gauge 
echogenic needle was directed using in plane techni
que targeting the plane below the erector spinae mus
cles. Injection of 10 mL of bupivacaine 0.25% at each of 
the four selected point was done.

If systolic blood pressure or heart rate increased >  
20 above baseline, a bolus of 1 μg/kg fentanyl was 
given. At the end of surgery, total intravenous anesthe
sia (TIVA) was discontinued before surgical field clo
sure. The patients were extubated after regaining 
consciousness, breathing spontaneously, and respond
ing to verbal commands.

If there was a major change in the hemodynamics, 
body temperature or failure of extubation, the patient 
was excluded from the study and replaced by another.

Postoperative analgesic regimen was intravenous 
paracetamol 1 gm/8hr, intravenous ketorolac 30 mg/ 
6hr, for those with a body weight less than 50 kg, 15  
mg/6hr. while in the age group of 12–16 years were 
0.5 mg/kg/6 hr with a total daily dose less than 60 mg. 
Morphine was given as a rescue analgesic in the case of 
moderate to severe pain with numerical analogue 
score (NAS) exceeding 7 with a dose of 0.1 mg/kg.

Those patients with NAS 0–3 were classified as hav
ing mild pain, while those with a pain score in the 
range of 4–6 were classified as having a moderate 
pain and those with a pain score more than 7 were 
classified as having severe pain.

2.8. Measurements

Hemodynamic parameters including heart rate and 
mean arterial blood pressure were continuously mon
itored and recorded before and after the induction of 
anesthesia, then at 30 min intervals throughout the 

surgery. The total dose of propofol, dexmedetomidine 
and the need for intraoperative fentanyl were also 
recorded.

A baseline for the amplitude and latency of 
either SSEPs or MEPs were collected before ESP 
block (30 min after induction of anesthesia and 
after full reversal of muscle relaxant, before per
forming ESP), a change of the baseline at any time 
throughout the whole operative time was then 
recorded. Whenever there was a failure of neuro
physiological monitoring a wake-up test was done 
and recorded (the anesthesia is markedly lightened 
or even discontinued directly following instrumen
tation of the spine, and the patient is asked to 
move his feet while still intubated and the surgical 
site still open. After test is completed anesthesia is 
resumed with the same regimen).

Emergence time was recorded, it was defined as the 
time from end of anesthesia delivery till full recovery 
state. Postoperative analgesia using NAS at time inter
vals 2, 4, 8 hr postoperatively was recorded. Time to 
first rescue analgesic and the total dose of morphine 
given were all recorded. Any postoperative complica
tion including respiratory depression, post-operative 
nausea and vomiting (PONV) or constipation was 
recorded.

2.9. Statistical analysis

Data were analyzed using Microsoft 365 software 
package version. Qualitative data were described 
using number and percent. The normal distribution 
of the data was tested by using Shapiro Wilk test. 
Mean and standard deviation, median and inter
quartile range were used to describe quantitative 
data. The correlation of the categorical data was 
done by using Chi-square test and Fisher’s Exact 
or Monte Carlo correction if more than 20% of the 
cells show data count less than 5. For the normally 
distributed quantitative data, Student t-test was 
used while Mann–Whitney test for abnormally dis
tributed quantitative data. P-value less than 0.05 is 
statistically significant.

Table 1. Descriptive statistics for the patients in the two groups.
Group p $Sig.

Variables Group E(n = 22) Group C (n = 22)
Age (years) 15.3 ± 2.5 14.4 ± 2.1 0.54 ⁋NS
Sex Male 10 13 0.36** ⁋NS

Female 12 9
ASA physical status I 2 3 0.09*** ⁋NS

II 9 8
III 11 11

Weight in Kg 49.7 ± 7 48.6 ± 4.3 0.68 ⁋NS
Procedure time in hrs 6(2) 6(2) 0.05**** ⁋NS
Time from induction to skin incisions in min. 41 ± 5 39 ± 6 0.43 ⁋NS

Student t test **Chi square test ***Fisher exact test, ****Mann Whitney test. $significance,⁋non-significant. Results are presented as mean±SD, median 
(interquartile range) or number (%).
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3. Results

There were no significant differences in the demographic 
data among the two groups as shown in Table 1.

No significant statistical difference in the preoperative 
hemodynamic data among the two groups as shown in 
Table 2. The average values of intraoperative systolic and 
diastolic blood pressures were significantly higher in 
group C compared to group E in Table 3, but the average 
for the heart rate was comparable among the two groups.

The percent decrease in the SSEPs and MEPs from 
the baseline regarding the latency and the amplitude 
among the two groups showed a non-significant 
change as shown in Table 4.

The total dose of intra-operative fentanyl consump
tion was significantly lower in group E compared to 
group C.

Eighteen percent of the patients in group E requested 
a rescue analgesic at a median of 70 (65) min 

postoperatively vs 55% of those in group C requested 
analgesic earlier at a median 16 (6) min. In group E, post
operative pain in 14 patients was controlled by 
a combination of NSAIDs and paracetamol, where only 
8 patients were controlled by opioids. While in Group C, 
86% of the patients needed opioids to control the pain as 
shown in Table 5.

The assessment of severity of pain at 2, 4, and 8 hr 
by using NAS showed better control of pain among the 
patients in group E, as shown in Table 6.

The total doses of propofol and dexmedetomidine 
were significantly lower in group E than in group C as 
shown in Figures 1 and 2.

4. Discussion

It is well known that using large doses of opioids in the 
intra and postoperative settings of posterior spinal 

Table 2. Average preoperative hemodynamic data.
Group E(n = 22) Group C(n = 22)

Variable Min Max Mean ± SD/ Min Max Mean ± SD/ P value

SystolicBP (mmHg) 90 124 108.6 ± 9 90 120 107.9 ± 8 0.90 ⁋NS
DiastolicBP (mmHg) 60 82 67.3 ± 8 55 80 68.4 ± 6.6 0.50 ⁋NS
Heart rate (beat/min) 70 100 87.6 ± 9 70 100 87.4 ± 8.6 0.52 ⁋NS

BP: blood pressure.,⁋non-significant Student t test, Results are presented as mean±SD, minimum and maximum.

Table 3. Average intraoperative hemodynamics data.
Group E(n = 22) Grroup C(n = 22)

Min Max Mean ± SD Min Max Mean ± SD P value Sig.

Systolic BP (mmHg) 70 108 93.2 ± 10 95 135 114.5 ± 11 .0001 ⁋⁋S
Diastolic BP (mmHg) 40 80 61.4 ± 10 50 85 70.2 ± 8 .001 ⁋⁋S
Heart rate (beats/min) 65 90 77 ± 8 60 90 78.5 ± 11 .05 ⁋NS

BP: blood pressure., ⁋ non-significant, ⁋⁋ significant.Student t test.Results are presented as mean±SD, minimum and maximum.

Table 4. Percent of the Change from the baseline among the Somatosensory evoked 
potential andmotor evoked potential among the two groups.

Group E 
(n = 22)

Group C 
(n = 22) P value $Sig.

SSEP Latency % 28 (13) 28 (14) .07^ ⁋NS
Amplitude % 33 ± 7 31 ± 8 .07 ⁋NS

MEP Latency% 31 ± 9 30 ± 9 .06 ⁋NS
Amplitude% 33 ± 7 31 ± 9 .07 ⁋NS

Student t test, ^Mann Whitney test. $significance, ⁋non-significant. . . Results are presented as mean±SD, 
median (interquartile range).

Table 5. Comparing the need for intraoperative and postoperative analgesics in both groups.

Group E(n = 22) Group C(n = 22) P value $Sig.

Total dose of Intra operativeFentanyl (µg) 21.5 ± 25 178.2 ± 46 .0001 ⁋⁋S
The Need for Postoperative Analgesics
Number (%)of patients early requested analgesics 4 (18.2%) 12 (54.5%) 0.01** ⁋⁋S
Time to first request in min. 70 (65) 16(6) .0001^ ⁋⁋S
The types of analgesics used to control the pain over 8 hr
NSAID &Paracetamol 14(64%) 3 (14%) .0001*** ⁋⁋S
+ Opioids 8(36%) 19 (86%)
Mobilization time in days

2.2 ± 0.1 2.9 ± 0.1 .0040 ⁋⁋S

Student t test **Chi square test ***Fisher exact test, ^Mann Whitney test. $significance, ⁋⁋significant. Results are presented as mean±SD, median 
(interquartile range) count or number (%).
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fusion (PSF) surgery leads to hazardous drawbacks, 
including respiratory depression, sedation, pruritus, 
nausea, vomiting, constipation, and ileus [19]. Yet, 
pain is not tightly controlled in most of cases despite 
receiving mega doses of opioids thus increasing the 
risk for cardiac and respiratory complications, prolong
ing hospital stay by delaying mobilization and raising 
the incidence of developing chronic pain syndrome 
[20]. Regional anesthesia techniques have not been 
applied routinely in spine surgery for fear of interfer
ence with postoperative neurological examination of 
the functions of the spinal cord, rendering neuraxial 
analgesia including spinal and epidural blocks as non- 
preferable techniques [7].

The current study reveals that the ESP block didn’t 
influence the neurophysiological monitoring as there 
was no significant change from the baseline regarding 
both amplitudes and latencies of evoked potentials 
among the patients in the two groups.

While many studies have reported the impact of ESP 
block on the intraoperative pain control as being 
reflected on the hemodynamic stability and lower con
sumption of anesthetic drugs as well as on the post
operative analgesic requirements as reflected on the 
lower pain scores, limited studies highlighted the impact 
of ESP block on intraoperative neuromonitoring.

Ueshima et al. [21], in their retrospective study 
reported how ESP block could effectively kill the pain 

Table 6. Severity of pain among the two groups at different times postoperatively.
NAS Group E(n = 22) Group C(n = 22) P value Sig$

2 hr Mild 21 - .0001 ⁋⁋S
Moderate 1 22
Severe - -

4 hr Mild 16 - .0001 ⁋⁋S
Moderate 6 22
Severe - -

8 hr Mild 10 - .0001 ⁋⁋S
Moderate 12 20
Severe - 2

NAS (numerical rating scale), Fisher exact test,$significance, ⁋⁋ significant.
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Figure 1. The total dose of Propofol in mg. used in the two groups, blue line for Group E and the orange for group C, the results are 
represented as mean ± SD.

Figure 2. The median and interquartile range for the total dose of Dexmedetomidine in microgram.Microgram.The results are 
presented as median, interquartile range, minimum and maximum).
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after lumbar spinal surgeries up to 24 hr Almeida et al. 
[22], reported in their study that the block at the level of 
T8, will target the dorsal rami of the spinal nerves, which 
could explain the intense analgesia offered by the block 
postoperatively even in case of ongoing pathologies like 
spinal hematoma or infection.

Chin et al. [23], reported ESP block for corrective spine 
surgeries as a simple and effective way in the regards of 
opioid-sparing in extensive multi-level correction by indu
cing adequate level of preemptive analgesia. Moreover 
Diwan et al. [15], described it as a safe technique even 
with anatomical malformations, as they recorded neither 
a complication nor interference with the evoked poten
tials after scoliosis surgery in their case series.

The results in the aforementioned study were match
ing with the results in the study done by Zhang et al., and 
Siam et al. [18,24], where 13.3% of the patients studied by 
Siam et al., consumed a rescue fentanyl with a mean dose 
of 10.0 ± 28.03 µg with ESP block vs 53.3% patients used 
a higher dose of rescue fentanyl with a mean of 46.67 ±  
48.06 µg during lumbar spine surgery with conventional 
general anesthesia. In addition, they concluded that ESP 
block could maintain an appropriate level of anesthesia 
through their watching for the hemodynamic data.

The mean difference for NAS for postoperative pain 
in a study done by Liu et al. [25], between two groups 
of patients, one group received ESP block and the 
other is a control group was −1.89 at 2hr, −1.09 at 12 
hr, and −0.68 at 12 hr. These results show a significant 
reduction in the postoperative use of opioid narcotics.

5. Conclusion

In our study, we concluded that ESP block can be safely 
used as a part of multimodal analgesia with total intrave
nous anesthesia to achieve an appropriate level of intra 
and post-operative analgesia without interfering with the 
monitoring of the somatosensory and MEPs during com
plex spinal surgery. The use of ESP block in this type of 
surgery could help in the adoption of enhanced recovery 
strategies in terms of avoiding or minimizing the use of 
opioids, maintaining a steady hemodynamic state and 
allowing for an early ambulation.
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