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Abstract
Purpose  Neutrophile-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are the inflammatory biomark-
ers of the stress response. In this study, we aimed to evaluate the effects of erector spinae plane block (ESPB) on posterior 
lumbar decompression and stabilization by comparing NLR, PLR, postoperative pain, opioid consumption, and functional 
recovery between sham block and ESPB.
Methods  This was a prospective, double-blinded, randomized controlled trial in a tertiary referral hospital. Sixty patients 
were randomized into two equal groups, each receiving either a sham block or ESPB. The primary outcome was the NLR 
and PLR 12 h and 24 h after lumbar posterior decompression and stabilization. The secondary outcomes were total opioid 
consumption and pain score 24 h postoperatively. Also, functional recovery determined by getting out of bed, verticalization, 
and walking by the balcony were reviewed as secondary outcomes.
Results  Significant differences existed between the sham block and ESPB group in NLR (29.08 ± 12.29 vs. 16.97 ± 10.38; 
p < 0.0001) and PLR (556.77 ± 110.32 vs. 346.43 ± 117.34; p < 0.0001) 12 h after surgery. Also, there was a significant dif-
ference in NLR (p = 0.0466) and PLR (p < 0.0001) 24 h after surgery. In addition, there was a substantial difference in pain 
score, total opioid consumption, and functional recovery.
Conclusion  ESPB performance during spinal surgery lowers NRL and PLR ratios 12 h and 24 h after surgery. In addition, 
ESPB provides better analgesia and improves functional recovery compared to sham block following posterior lumbar 
decompression and stabilization.
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Introduction

Posterior lumbar decompression and stabilization is a sur-
gical procedure to correct spinal instability and deformity. 
Spinal cord surgery is a procedure that causes severe pain 
in the first days after surgery. Inadequate pain manage-
ment can hinder patient recovery, mobility, and recovery 
and increase the risk of chronic pain. In addition, insuf-
ficient control of postoperative pain could delay the early 
mobilization and rehabilitation, prolong the hospital stay, 
worsen patient satisfaction, and promote the development 
of persistent postoperative pain.

The conventional analgesia model based on opioids 
often leads to opioid-related side effects, including nausea, 
vomiting, itchy skin, and dizziness, which many patients 
cannot tolerate. By contrast, using various drugs and tech-
nologies, a multimodal analgesic (MMA) regimen better 
controls postoperative pain and reduces opioid-related side 
effects [1]. As a vital element of MMA, regional anesthe-
sia is essential in reducing postoperative pain. In recent 
years, erector spinae plane block (ESPB) has received 
more and more attention in spine surgery [2]. ESPB inhib-
its dorsal pain transmission to the thoracoabdominal spinal 
cord. As a part of a multidisciplinary approach, ESPB has 
been reported to reduce opioid use and postoperative pain 
during spine surgery.

The neuroendocrine system is activated during surgery 
and anesthesia, which results in the release of neuroendo-
crine hormones and cytokines. Also, postoperative pain 
during lumbar decompression and posterior stabilization 
surgery describes the control of nociceptive, neuropathic, 
and inflammatory pain and is associated with the surgical 
stress response. In addition, systemic leukocytic altera-
tions, including leukocytosis, lymphopenia, and neutro-
philia, occur in response to surgery [3]. Nowadays, the 
neutrophil-to-lymphocyte (NLR) and platelet-to-lympho-
cyte (PLR) ratios are widely used across many medical 
disciplines as readily available and reliable markers of 
immune response to various non-infectious stimuli [4]. 
NLR predicts outcomes in patients with coronary artery 
disease and cancer. NLR is not only affected by surgical 
trauma but also by the anesthetic method [5]. However, 
very few studies have been conducted to evaluate the 
effects of different methods of anesthesia on NLR [3, 6–8].

This study aimed to evaluate the effects of ESPB on 
posterior lumbar decompression and stabilization by com-
paring NLR, PLR, postoperative pain, opioid consump-
tion, and functional recovery between sham block and 
ESPB. In addition, this is the first trial that studies the 
impact of ESPB on NLR and PLR in patients undergoing 
posterior spinal decompression and stabilization.

Methods and patients

This was a single-centered, prospective, double-blinded, 
randomized controlled trial in two parallel groups. The 
Poznan University of Medical Sciences Bioethics Commit-
tee approved the study on the 17th of June 2020, protocol 
number 494/20. Enrolment occurred from the 1st of July 
2020 to the 31st of January 2022. The study was performed 
at the Department of Anesthesiology and Intensive Care in 
an Independent Public Health Care Institution of the Minis-
try of the Interior and Administration in Poznań. The study 
was conducted following the principles outlined in the Hel-
sinki Declaration. Enrolment was offered preoperatively to 
adults undergoing primary posterior lumbar decompression 
and stabilization with instrumentation involving multi-levels 
in the lumbar region, aged > 18 years, and ASA physical 
status 1 or 2.

Patients were not included in this study: if they refused to 
participate, had a history of opioid abuse, had an infection 
of the puncture site, were aged < 18 years, or were assessed 
as having ASA > 2. Also, in cases where no instrumentation 
was used, patients with a surgical intervention time of less 
than 60 min or longer than 300 min and patients admitted 
to the intensive care unit during the postoperative period 
were excluded.

Randomization

Patients were randomly allocated to receive ultrasound-
guided ESPB block, or sham block, by computer software 
1:1. A researcher who was not involved in the study pre-
pared the randomization list and concealed group assign-
ments consecutively numbered, sealed, opaque envelopes. 
A consultant anesthesiologist followed management to open 
the envelopes shortly before the nerve block performance 
to reveal the group allocation and perform the procedure 
according to the assignment. The patients, surgeons, operat-
ing room staff, and anesthesia team were masked to the study 
group allocation. Group blinding unmasking occurred once 
the statistical analysis was complete.

All patients underwent multilevel posterior spinal decom-
pression and stabilization under general analgesia performed 
by one surgical team.

Procedures

In both groups, the patients received 7,5 mg of midazolam 
p.o. and 8 mg of dexamethasone i.v. half an hour before 
the procedure, as a part of multimodal preemptive analge-
sia. General anesthesia with endotracheal intubation and 
volume-controlled ventilation (O2/Air 40:60) was induced 
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and maintained using IV infusions of propofol 4–12 mg/
kg/h, remifentanil 0,5–0,1 mcg/kg/min, titrated to achieve 
hemodynamic stability monitored through radial artery 
line, and adequate anesthetic depth (BIS, GE Healthcare, 
Helsinki, Finland) values between 45 and 65. In addition, 
the combination of intraoperative 1.0 g acetaminophen, 
1.0 g metamizole, and 400 mg ibuprofen was applied as a 
multimodal analgesia protocol in the opioid-sparing anes-
thetic regimen.

After the induction of general anesthesia, bilateral, 
single-injection ESPBs were performed at L4 vertebral 
level by an experienced regional anesthesiologist (Fig. 1). 
In each ESPB, a 22-gauge needle (Stimuplex Ultra 360, 
80 mm) was inserted into one plane of convex array ultra-
sound transducer longitudinally positioned across the apex 
of the transverse process. The hand was directed caudally 
at a higher level and craniocaudally at a lower level. Pen-
etration of the fascial plane between the transverse process 
and the erector spinae was confirmed by hydro-location 
with 1–2 mL of 0.9% isotonic saline, followed by 20 ml 
of injections of 0.2% ropivacaine (ESPB group) or 20 ml 
of 0.9% isotonic saline (sham group) by using an in-plane 
technique (totally 40 ml).

During the procedure: The basic hemodynamic param-
eters, opioid/propofol consumption, after the ESP block, 
the somatosensory evoked potentials (SSEP), and the dura-
tion time of the surgery were monitored.

Postoperative analgesia protocol

PCA with morphine was started to maintain postoperative 
analgesia in both groups before the patients were taken to 
the recovery room at the end of surgery. The bolus dose of 
morphine was prepared as 0.05 mg/kg, and bolus dose drug 
administration was provided in each press with a lock-in time 
of 30 min without basal infusion. In addition, in-service fol-
low-up intravenous acetaminophen 1.0 g 6 hourly, 1.0 g meta-
mizole 6 hourly, and 400 mg ibuprofen 6 hourly were adminis-
tered simultaneously to prevent rebound pain for both groups.

At all postoperative time points (24, 48, 72, > 72 h), 
patients were asked to rate perceived pain using an 11-point 
numerical rating scale (NRS) rating from 0 to 10 (0 indicat-
ing no pain and 10 indicating the worst pain imaginable) 
experienced during motion. Total opioid consumption and 
time to first opioid use were measured using the PCA's elec-
tronic memory. Blood samples for NLR and PLR were col-
lected 12 h and 12 h postoperatively.

The functional recovery was assessed at 24 h using yes 
or no ratings. Following abilities were rated: no problems in 
getting out of bed, verticalization with a balcony, and unlim-
ited walking distance with a balcony. The rehabilitation team 
performed the functional recovery outcome assessment, who 
were blinded to the group allocation.

The outcome assessment was performed by a group of 
two clinicians (TR, KWT) who were blinded to the group 
allocation.

Sample size and statistical analysis

We considered our primary hypothesis that the ESPB 
improves stress response to calculate the sample size. There-
fore, the sample size was calculated for the paired t-test. 
Depending on the previous trial [15], with a two tails type I 
error of 0.05, power of 80%, and an effect size factor of 0.5, 
it should involve 58 or more subjects.

Statistical analysis was performed using GraphPad Prism 
8 software (GraphPad Software Inc., San Diego, CA, USA).

The parametric distribution of numerical variables was 
evaluated using the Kołomogorov–Simirnov normality test. 
The t-student or Mann–Whitney U test assessed differences 
between groups. Categorical variables were compared with 
the Mann–Whitney U test, and an analysis of contingency 
was compared with Fisher’s exact test. A p-value < 0,05 was 
considered statistically significant.

Results

The study was conducted according to CONSORT criteria, 
as seen in Fig. 2. Of eighty-four patients assessed for eligi-
bility, six did not meet the inclusion criteria, four declined Fig. 1   ESPB (TP—transverse process)
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to participate, and four were excluded due to a history of 
opioid abuse. The remaining 70 were randomly allocated 
between groups. Five patients did not receive the interven-
tion due to the change of the surgical procedure. Another 5 
patients were lost for follow-up, four declined to participate 
in the study, and one was administered to ICU, as shown in 
Fig. 2. The remaining sixty were analyzed. No clinically rel-
evant differences were apparent from group characteristics, 
as shown in Table 1.

The results are presented in several tables to facilitate the 
analysis of the collected material.

Patients who underwent the ESPB had lower NLR 12 h 
(16.97 ± 10.38 vs. 29.08 ± 12.29; p < 0.0001) and 24  h 
(4.43 ± 3.22 vs. 4.43 ± 3.22; p = 0.0466) after surgery. Also, 
PLR was lower in the ESPB group 12 h (346.43 ± 117.34 vs. 

Fig. 2   Flowchart of the study

Table 1   Baseline characteristics. Values are mean (SD) or number

The parametric distribution of numerical variables was evaluated 
using the Kołomogorov–Simirnov normality test. The t-student or 
Mann–Whitney U test assessed differences between groups. Categori-
cal variables were compared with the Mann–Whitney U test, and an 
analysis of contingency was compared with Fisher’s exact test. A 
p-value < 0.05 was considered statistically significant. (ESPB—erec-
tor spinae plane block; ASA—American Society of Anesthesiology; 
BMI—body mass index)

Sham block n = 30 ESPB n = 30 P value

ASA 2.552 (0.5061) 2.484 (0.5080) 0.6082
Age (years) 64.966 (6.689) 66.516 (3.906) 0.4707
Sex (F/M) 18/12 20/10 0.6929
BMI (kg/m2) 28.931 (2.251) 29.613 (1.978) 0.3297
Surgery duration 

(min)
196.0345 (17.081) 195.161 (18.416) 0.8499
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556.77 ± 110.32; p < 0.0001) and 24 h (132.08 ± 59.61 vs. 
212.53 ± 61.84; p < 0.0001), as shown in Table 2.

Patients who underwent the ESPB had lower NRS pain 
scores at all time points than patients in the sham block 
group, with a median of 3.10 (± 0.94) versus 5.34 (± 1.18) at 
24 h, 5.84 (± 1.00) versus 7.52 (± 1.18) at 48 h, 5.29 (± 0.46) 
versus 6.52 (± 1.06) at 72 h, and 4.23 (± 0.72) versus 5.59 

(± 0.95) over 72 h, all p < 0.0001 (Table 2). Every patient 
in the sham group received morphine intravenously due 
to pain treatment. In contrast, 6 (20%) in the ESPB group 
received none, p = 0.0237. As a result, the total opioid con-
sumption (intravenous morphine equivalents; mg) was lower 
in the ESPB group at all time points 2.06(± 1.59) versus 
4.45 (± 2.86), p < 0.0001 at 24 h, 0.52 (± 1.03) versus 2.55 
(± 1.99), p < 0.0001 at 48 h, and 0.00 (± 0.00) versus 0.38 
(± 0.78), p = 0.0326 at 72 h. In addition, the mean time to the 
first opioid was 8 h shorter in the sham group (p < 0,0001). 
The results are shown in Table 2.

There was a significant difference in functional recovery 
between the two groups. Therefore, on the first postoperative 
day, 19 (63%) patients in the ESPB group could get out of 
bed with no problems versus 8 (27%) patients in the sham 
group, p = 0.0089. Also, 14 (47%) were able to indepen-
dently verticalize by the balcony versus 4 (13%), p = 0.0101, 
and 20 (67%) were able to walk by the balcony vs. 10 (33%), 
p = 0.0194. The results are shown in Table 3.

No side effects from ESPB were observed.

Discussion

In this double-blinded, randomized controlled trial (RCT) 
compared with sham block in the lumbar decompression and 
stabilization surgery, the ESPB provided less stress response 
expressed by the NLR and PLR, reduced pain ratings and 
total opioid consumption, and improved functional recovery.

ESPB suppresses the formation of proinflammatory 
cytokines related to the stress response [9]. Also, ESPB 
provides a sympathetic and inflammatory response that 
occurs perioperatively due to increased blood flow, vas-
cular permeability, and leukocyte accumulation. NLR and 
PLR are calculated from neutrophil, platelet, and lympho-
cyte values from complete blood count, one of the most fre-
quently ordered tests from clinical laboratories. They are 
the inflammatory indicators to predict mortality, morbidity, 
and subclinical inflammation [10]. NLR and PLR reflect a 
dynamic online relationship between adaptive (lymphocytes) 
and innate (neutrophils) cellular responses during different 
pathological states. NLR above 3.0 suggests pathological 

Table 2   Primary study outcomes. Values are mean (SD) or numbers

The parametric distribution of numerical variables was evaluated 
using the Kołomogorov–Simirnov normality test. The t-student or 
Mann–Whitney U test assessed differences between groups. Categori-
cal variables were compared with the Mann–Whitney U test, and an 
analysis of contingency was compared with Fisher’s exact test. A 
p-value < 0.05 was considered statistically significant. (ESPB—erec-
tor spinae plane block; NLR—neutrophil–lymphocyte ratio; PLR—
platelet-lymphocyte ratio; NRS—numeric pain rating scale)

Sham group n = 30 ESPB n = 30 p value

NLR
Before surgery 1.56 (± 0.85) 1.67 (± 1.67) 0.6358
12 h 29.08 (± 12.29) 16.97 (± 10.38)  < 0.0001
24 h 4.43 (± 3.22) 2.91 (± 0.79) 0.0466
PLR
Before surgery 163.75 (± 50.74) 137.88 (± 58.44) 0.0718
12 h 556.77 (± 110.32) 346.43 (± 117.34)  < 0.0001
24 h 212.53 (± 61.84) 132.08 (± 59.61)  < 0.0001
NRS postoperative
24 h 5.34 (± 0.90) 3.10 (± 0.94)  < 0.0001
NRS in motion
48 h 7.52 (± 1.18) 5.84 (± 1.00)  < 0.0001
72 h 6.52 (± 1.06) 5.29 (± 0.46)  < 0.0001
 > 72 h 5.59 (± 0.95) 4.23 (± 0.72)  < 0.0001
Postoperative opioid consumption
Yes 30 (100%) 24 (80%) 0.0237
no 0 6 (20%) 0.0237
Time to first opioid
hours 1.79 (± 0.94) 9.90 (± 5.30)  < 0.0001
Total opioid consumption (Intravenous morphine equivalents; mg)
0–24 h 4.45 (± 2.86) 2.06 (± 1.59)  < 0.0010
24–48 h 2.55 (± 1.99) 0.52 (± 1.03)  < 0.0001
48–72 h 0.38 (± 0.78) 0.00 (± 0.00) 0.0326

Table 3   Secondary study 
outcomes. Values are mean 
(SD) or numbers

The parametric distribution of numerical variables was evaluated using the Kołomogorov–Simirnov nor-
mality test. The t-student or Mann–Whitney U test assessed differences between groups. Categorical vari-
ables were compared with the Mann–Whitney U test, and an analysis of contingency was compared with 
Fisher’s exact test. A p-value < 0.05 was considered statistically significant

Functional recovery Postoperative day Sham block 
(n = 30)

ESPB block
(n = 30)

P value

Getting out of bed with no problems 1st day 8 19 0.0089
Independently verticalization- by the balcony 1st day 4 14 0.0101
Walking by the balcony 1st day 10 20 0.0194
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conditions like infection, inflammation, stress, and cancer 
[10, 11]. The severity of critical illness and stress levels are 
expressed by increasing NLR values [11]. Increased NLR is 
associated with an increased risk of mortality [12].

NLR independently correlates with surgical site infection 
(SSI) [13]. SSI is the third most common complication after 
spinal surgery. The incidence of wound infection in spinal 
surgery reaches up to 16% [14] and still causes significant 
morbidity and mortality after spine surgery [15]. Many stud-
ies showed that SSI following posterior lumbar surgery was 
associated with higher NLR values [16]. In our research, 
ESPB was associated with lower NLR values at 12 and 24 h 
after surgery. In addition, what is more important, after 24 h, 
NLR was < 3.0 in the ESPB group, in contrast to the sham 
group, where, after 24 h, the NLR was > 4.4. This study sug-
gests ESPB is associated with less stress response and might 
be associated with a lower risk of surgical site infection, 
which is essential in spine surgery. Until today, no studies 
describe the influence of ESPB on NLR and PLR. How-
ever, Tantri et al. [9] showed that ESPB in posterior lumbar 
decompression and stabilization procedure was associated 
with low levels of interleukin-6 (Il-6) and interleukin (Il-10), 
two proinflammatory cytokines. Also, Liu et al. [17] showed 
that Il-6, Il-10, and tumor necrosis factor-alpha (TNF-α) 
were significantly lower in the ESB group in patients after 
video-assisted thoracoscopic surgery. ESPB blocks the affer-
ent nociceptive stimulation of the injury site and enhances 
the effect of intravenous analgesia. This could be why the 
ESPB lowers stress response expressed through lower NLR, 
PLR, and cytocines.

ESPB provides adequate pain management with fewer 
side effects by blocking the dorsal and central branches of 
the spinal nerves. The ESPB also has a wide range of cra-
nial and caudal spread through the paraspinal muscles via 
a single injection, facilitating ESPB coverage at multiple 
vertebral levels [18]. Therefore, based on the previous study 
[18], we chose the L4 vertebral level as the local anesthetic 
injection site [2]. Also, based on the cadaveric studies [19], 
the local anesthetic was injected between the deep fascia 
of the ESP muscle and the transverse process to cover both 
ventral and dorsal rami of multiple spinal nerves above and 
below the injection site [20].

We decided to do ESPB before surgery based on previ-
ous studies [21, 22]. The reason for using this technique 
is that the preoperative ultrasound anatomy is not affected, 
and clear images can be obtained. Also, the distribution of 
local anesthetic to the target area may be affected because of 
postoperative impaired tissue integrity [23]. Similar to other 
studies [24], it was observed that satisfactory analgesia was 
obtained after the surgery. Thus, the surgery did not affect 
the ropivacaine, and the bleeding during surgery or rins-
ing at the end of the surgery did not dilute the ropivacaine 
from the paravertebral space. This confirmed that the ESPB 

performed before the surgery may be suitable for multilevel 
spinal surgery.

Our study showed that ESPB reduced postoperative pain, 
improved NRS scores, and provided a longer duration of 
the first opioid administration in patients undergoing spine 
surgery. Also, opioid consumption was much lower in the 
ESPB group, essential for reducing cardio-cerebrovascular 
complications, particularly for patients with severe preopera-
tive comorbidities.

Similar to our trial, Oh et al. [24], in his systemic review 
and meta-analysis, showed that ESBP provided adequate 
postoperative analgesia resulting in better satisfaction and 
recovery in patients undergoing lumbar surgery compared 
to the control group. Likewise, Rizkalla et al. [25], in the 
systematic review, proved that ESPB is an effective method 
to relieve pain after lumbar surgery.

Posterior lumbar decompression and stabilization sur-
gery is one of the most painful surgical procedures. In addi-
tion, the pain delays early postoperative mobilization and 
increases the complications of infection and thrombosis. 
Nevertheless, it is essential because the incidence of veno-
thromboembolic complications after spine surgery is up to 
31% [26].

Also, in our study, ESPB enhanced functional recovery. 
For example, more than half of the patients could indepen-
dently leave their beds and walk by the balcony after spi-
nal surgery compared to less than 30% in the sham group. 
Similar to our study, Yao et al. [27] showed that preoperative 
single-injection thoracic ESPB with ropivacaine improves 
functional recovery in patients after video-assisted thoracic 
surgery.

We did not observe the side effects following ESPB, 
similar to other studies [28]. However, in opposition to 
some case reports, Elkoundi et al. [29] reported priapism 
developed after ESPB in treating complex regional pain syn-
drome (CRPS). Also, Selvi et al. [30] reported unexpected 
motor weakness as a side effect of the ESPB in a 29-year-old 
patient after a cesarean delivery operation.

The main limitation of this study was the small sample 
size and the volume of local anesthetic. Also, the dermatome 
levels were not evaluated. Another limitation was that we 
did not obtain NLR and PLR over 24 h. Also, the sensory 
block was not assessed, and the duration of the block was 
not reviewed. Finally, we did not monitor the hospital dis-
charge times.

Conclusion

Based on our findings, ultrasound-guided ESPB at the low 
lumbar level lowers NLR and PLR, thus reducing the stress 
response. Also, ESPB is effective for postoperative analge-
sia, can reduce opioid consumption, and enhances functional 
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recovery in patients undergoing lumbar spine surgery. 
Therefore, we strongly recommend this technique as a part 
of multimodal analgesia protocols in spine surgery.
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