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ABSTRACT

Introduction: For preoperative analgesia during
a variety of operations, the erector spinae plane
block (ESPB) has grown in popularity. However,
its effectiveness in lumbar surgery is still
unknown. The purpose of this study was to
investigate the potential benefits of ESPB in
enhancing analgesic efficacy in elderly individ-
uals following posterior lumbar spine surgery.

Methods: Patients aged 65 years or older who
underwent elective posterior lumbar instru-
mented fusion (with or without decompression)
at our institution between January 2019 and
June 2022 were included. Demographic data,
comorbidities, and results of preoperative
screening were retrospectively  collected.
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Propensity score matching (PSM) was per-
formed in a ratio of 1:1 for control and ESPB
groups. The primary outcome was opioid con-
sumption at 24 h after surgery. Secondary out-
comes was visual analog scale (VAS) pain scores
at rest in the first 24 h. Additional secondary
outcomes included number of patients
requesting rescue analgesia, incidence of nausea
and vomiting, time to the first request for
analgesia via patient-controlled analgesia, and
length of stay.

Results: A total of 382 patients were included,
of whom 119 received ESPB. The mean age of
the study patients was 70.6 years old, and 254
(66.5%) were male. After PSM, each group
comprised 115 patients. Patients in the ESPB
group showed a significantly lower opioid con-
sumption at 24 h after surgery. Compared with
the control group, VAS pain scores at rest in the
first 24 h, number of patient-controlled intra-
venous analgesia (PCIA) pump compressions,
ratio of patients requesting rescue analgesia,
incidence of nausea and vomiting, and length
of stay were significantly reduced in the ESPB
group. There were no significant differences
between the two groups regarding safety
outcomes.

Conclusions: ESPB reduces short-term opioid
consumption while providing safe and effective
analgesia in elderly patients undergoing poste-
rior lumbar surgery.
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Key Summary Points

Why carry out this study?

For preoperative analgesia during a variety
of operations, the erector spinae plane
block (ESPB) has grown in popularity. Its
effectiveness in lumbar surgery is still
unknown. The aim of this study is to
assess the potential benefits of ESPB in
enhancing analgesic efficacy in elderly
individuals following posterior lumbar
spine surgery.

What was learned from the study?

ESPB is a novel, effective, and promising
technique in posterior lumbar spine
surgery and should be used widely.

INTRODUCTION

Degenerative lumbar spine illness is becoming
an increasingly serious global public health
issue as the world’s population ages [1, 2].
Treatment for lumbar pathologies is thought to
cost close to $50 billion annually in the USA
alone [3]. Lumbar degenerative disease is
induced by the aging process and the gradual
loss of lumbar spine function. Clinical symp-
toms are frequently exhibited as degenerative
alterations of the articular cartilage and sur-
rounding ligaments of the lumbar intervertebral
disc and facet joints, lumbar and leg pain, and
sciatica, which is characterized by a complex
etiology, a protracted illness course, and a
challenging therapy [4].

Currently, posterior lumbar canal decom-
pression and bone graft fusion are the primary
surgical treatments for lumbar degenerative
disorders. Statistics indicate that the number of
posterior lumbar decompressions has more
doubled in the past 15 years [5]. As a result of

the large wound surface, long incision, severe
damage to the surgical area’s structure and sur-
rounding tissues, and postoperative postural
compression, patients frequently experience
severe pain shortly after surgery, which has a
negative effect not only on their postoperative
satisfaction but also on their mental health. In
addition, postoperative pain cannot be ade-
quately managed, preventing it from cooperat-
ing with early functional activity of the waist
and back muscles and lower limbs, hence
increasing the risk of thrombosis and other
significant complications and resulting in a
poor prognosis [6-8]. Consequently, analgesia
in posterior lumbar surgery has become a
pressing issue for clinicians to address.

Although opioids are the most often used
analgesics for postoperative analgesia, they are
associated with adverse effects including dizzi-
ness, pruritus, nausea, vomiting, and respiratory
depression [9]. With the invention and refine-
ment of ultrasound-guided regional nerve block
technology, peripheral somatic nerve block
technology has increasingly become a vital
component of perioperative multimode anal-
gesia, which plays a significant role in a number
of conventional surgical procedures [10, 11].
These methods have a high success rate, par-
ticularly when performed under ultrasound
guidance, which increases vision and conse-
quently minimizes the likelihood of problems
[12]. Erector spinae plane block (ESPB), which
was established in 2016, is a relatively new
regional anesthesia treatment involving the
injection of local anesthetic into the fascial
plane between the transverse process of the
spine and the erector spinae muscles [13]. ESPB
has been demonstrated to provide analgesia
effectively in orthopedic surgery [14], breast
surgery [15], thoracic surgery [16], and abdom-
inal surgery [17]. Prior research has paid less
attention to the use of ESPB in posterior lumbar
surgery for older individuals. To address these
limitations, a well-designed randomized con-
trolled trial is required, notwithstanding the
difficulty of conducting such a study in older
patients undergoing posterior lumbar spine
surgery.

We use propensity score matching (PSM)
approaches to control for sample selection bias
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and simulate the randomization procedure. In
addition, it was found that PSM data were
comparable to what a prospective randomized
data set would have revealed [18]. The purpose
of this study is to examine whether ESPB can
enhance analgesic efficacy in elderly individuals
following posterior lumbar spine surgery.

METHODS

Study Design

This study was conducted in compliance with
the Helsinki declaration’s ethical principles and
was approved by the institutional review board
of Ganzhou People’s Hospital. As a result of the
retrospective design, signed informed consents
for participation were unavailable; therefore,
the institutional review board at Ganzhou Peo-
ple’s Hospital waived the informed consent
procedure for the current study. The electronic
medical records of our hospital were reviewed to
identify patients who met the following inclu-
sion criteria: (1) aged 65 years or older, (2) pos-
terior lumbar spine surgery under general
anesthesia, (3) American Society of Anesthesi-
ologists (ASA) physical status 1-3, (4) body mass
index (BMI) less than 40 kg/m?. The exclusion
criteria included (1) a previous history of sur-
gery in the involved lumbar spine, (2) severe
organ insufficiency, (3) a history of prolonged
use of analgesic drugs, and (4) absence of com-
plete data.

Data Collection

Data of selected patients were retrospectively
retrieved from the medical database of our
hospital. Demographic features included age,
gender, BMI, marital status, smoking history,
ASA physical status, and surgery time. Charlson
comorbidity index (CCI) was calculated to
obtain an overall assessment of preoperative
comorbid condition. CCI included prior stroke,
circulatory abnormalities (hypertension, coro-
nary heart disease, prior myocardial infarction,
and arrhythmia), type2 diabetes, chronic
obstructive pulmonary disease, dementia,

pulmonary infection, Parkinson’s disease,
digestive system disorders, chronic renal failure,
rheumatologic disease, and osteoporosis [19].
Preoperative vital signs, as well as blood glucose
(Glu), hemoglobin (HGB), serum albumin
(ALB), platelet (PLT) count, white blood cell
(WBC) count, international normalized ratio
(INR), blood urea nitrogen (BUN), and left
ventricular ejection fraction (LVEF), were
recorded. An abnormal vital sign was defined
according to the criteria of Zanker and Duque’s
study [20].

Outcomes

The primary outcome was opioid consumption
at 24 h after surgery. Secondary outcomes was
visual analog scale (VAS) pain scores at rest in
the first 24 h, number of patient-controlled
intravenous analgesia (PCIA) pump compres-
sions, ratio of patients requesting rescue anal-
gesia, incidence of nausea and vomiting, and
length of stay. Additional secondary outcomes
were adverse events, which were monitored
from the beginning of anesthesia until 24 h
after surgery.

Treatment Protocol in Perioperative
Period

Visit the patient in the ward on the day before
surgery, inquire and understand the general
physical condition of the patient, and establish
relevant  preoperative  preparation  and
improvement of relevant examinations. Com-
municate fully with patients and their families,
and inform them about the anesthesia protocol
and the use of PCIA pump.

After entering the operating room, all
patients underwent tripartite verification, and
peripheral venous access was routinely opened
after verification. The drip rate of sodium lactate
Ringer injection was set at 8 ml/kg/h. Vital signs
were routinely monitored, and the depth of
anesthesia was monitored with bispectral index
(BIS) monitor (Covidien llc, USA). Before anes-
thesia induction, 0.5 mg atropine was injected
intravenously to estimate the scope of surgical
incision, and body surface markers were made
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in the median of the corresponding lumbar
segment.

In the ESPB group, patients were placed in
the prone position, and an ultrasonic high-fre-
quency linear array probe (5-10MHz) was
installed with disposable sterile protective
sleeve. The position of the spinous process of
the third lumbar spine was determined by
median sagittal long-axis scanning (Fig. 1).
Then the probe was rotated to the horizontal
position of the short axis, and the probe was
moved laterally 2-3 cm to identify the pec-
toralis longissimus muscle and multifidus mus-
cle successively. The puncture needle tip (22 G,
90 cm long) was positioned at the fascia space
between the longissimus pectoralis and multi-
fidus muscle. After blood was withdrawn, all
patients received an injection of 0.33% ropiva-
caine 15 mL.

Anesthesia induction was performed imme-
diately after completion of nerve block. Anes-
thesia induction was performed in the two
groups by intravenous injection of midazolam
0.05 mg/kg, sufentanil 0.5 pg/kg, etomidate
0.2mg/kg, and cisatracurium sulfonate
0.15 mg/kg. After anesthesia induction, 4-6 L/
min high-flow pure oxygen was given for 3 min
under mask pressure. After the full effect of the
induction drug, the patient’s body movement,
pain and eyelash reflex disappeared, and the
muscle relaxation was satisfactory, endotracheal
intubation was performed under laryngeal

Fig. 1 Ultrasound image of erector spinac plane block

exposure. After intubation, the anesthesia
machine (Draeger Medical GmbH, Germany)
was used for mechanical ventilation, and the
tidal volume was set at 6-8 mL/kg to control
respiratory parameters. The respiratory rate was
10-12 times/min, and the partial pressure of
ETCO, was maintained at 35-45mmHg.
Propofol 4-8 mg/kg/h, remifentanil 0.1-0.2 ng/
kg/min, and cisatracurium 0.06-0.12 mg/kg/h
were used to maintain BIS at 45-65. The infu-
sion rate was adjusted according to BIS value
and vital signs. The mean arterial pressure of the
patients was maintained to be no less than 20%
of that before surgery to ensure stable blood
flow. Sufentanil was added periodically accord-
ing to specific conditions and the infusion
speed of anesthetic drugs was adjusted. All
operations were performed by the same group
of experienced surgeons who did not know the
experimental grouping.

Statistical Analysis

Continuous data were evaluated for normality
using the Shapiro-Wilk test and Q-Q plots.
Variables with normal distribution were
expressed as mean + SD and compared with the
independent ttest; otherwise, they were
expressed as median (interquartile range) and
compared with Mann-Whitney U test. Cate-
gorical variables are presented as total numbers
and percentages. Comparisons between groups
were made using the y> test for categorical
variables and the Mann-Whitney U test for
continuous variables, as appropriate.

The total number of initial participants
comprised the original cohort. PSM was used to
create well-balanced groupings, notably the
matched cohort, in addition to the original
cohort. PSM-based propensity score adjust-
ments were also applied to confirm the validity
of our findings [21, 22]. The propensity score
was calculated utilizing a non-parsimonious
multivariable logistic regression model, with
ESPB as the dependent variable and all baseline
parameters as the independent factors. Patients
in the ESPB group were matched with patients
in the control group using the greedy nearest
neighbor-matching method with a caliper
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width of 0.2. To assess the efficacy of the PSM,
the standardized mean differences (SMD) were
computed. SMD < 0.1 is considered a reason-
able compromise between the groups [21].

All statistical analyses were performed using
R software (version 4.1.1), and P < 0.05 was
considered statistically significant.

RESULTS

Demographic Data

We identified 456 elderly patients who under-
went elective posterior lumbar instrumented
fusion between January 2019 and June 2022.

Enrollment
(456)

After screening, 382 patients were included in
the final analysis; details are shown in the
flowchart (Fig. 2). The mean age of the study
patients was 70.6 years old, 254 (66.5%) were
male, and 119 patients (31.2%) received ESPB.
Before PSM, the majority of factors between the
two groups were not balanced. Patients who
underwent ESPB were more likely to be
younger, male and have a lower ASA physical
status, CCI score, and surgery time. Two hun-
dred and thirty patients (115 per group) were
selected after PSM. After PSM, the imbalanced
covariates were balanced in the matched cohort
(Table 1 and Fig. 3).

Analysis
(382)

History of surgery in the involved lumbar
spine (11 excluded)

Severe organ insufficiency (9 excluded)
History of prolonged use of analgesic
drugs (24 excluded)

Absence of intact data (30 excluded)

A 4

A

y

Control group ESPB group
(263) (119)
A\ 4
Propensity score matching (1:1)
A 4 v
Control group ESPB group
(115) (115)

Fig. 2 Screening of admissions for inclusion
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Table 1 Baseline characteristics of subjects in the original and matched cohorts

Covariates Original cohort (N = 382) SMD Matched cohort (N = 230) SMD
Control group ESPB group Control group ESPB group
N 263 119 115 115
Age (years) 70.78 £+ 4.82 70.20 £+ 4.26 0.126 70.23 + 4.49 70.19 £ 4.26 0.010
Male (%) 167 (63.5) 87 (73.1) 0208 82 (71.3) 83 (72.2) 0.018
BMI (kg/mz) 22.84 + 3.05 22.96 £ 3.06 0.040 23.05 £ 3.02 22.96 £ 3.07 0.029
Marital status (%) 0.018 < 0.001
Married 179 (68.1) 82 (68.9) 78 (67.8) 78 (67.8)
Single 84 (31.9) 37 (31.1) 37 (322) 37 (32.2)
Smoking (%) 80 (30.4) 36 (30.3) 0.004 34 (29.6) 35 (30.4) 0.020
ASA (%) 0.147 < 0.001
I-1I 229 (87.1) 109 (91.6) 105 (91.3) 105 (91.3)
> 11 34 (12.9) 10 (8.4) 10 (8.7) 10 (8.7)
Surgery time 104.0 (925, 135.0) 99.0 (89.0, 120.0)  0.245 96.0 (86.0, 121.0)  100.0 (89.0, 120.0)  0.011
(min)
CCl 5.0 (3.0, 6.0) 5.0 (2.0, 7.0) 0.158 4.0 (3.0, 6.0) 5.0 (2.0, 7.0) 0.014
Vital signs (%) 0.078 0.018
Normal 183 (69.6) 87 (73.1) 82 (71.3) 83 (72.2)
Abnormal 80 (30.4) 32 (26.9) 33 (28.7) 32 (27.8)

Glu (mmol/L) 590 (5.30, 6.50)  5.80 (530, 6.70)  0.045 5.80 (520, 6.40)  5.80 (5.30, 6.70) 0.010
HGB (g/L) 131.0 (119.0, 130.0 (99.0, 141.0) 0.170 130.0 (100.0, 130.0 (100.0, 0.013
141.0) 141.0) 141.0)

ALB (g/L) 42.09 £ 5.02 42.03 + 5.03 0.011 42.05 + 4.88 42.10 £+ 5.02 0.009
PLT (x 10%L)  170.0 (127.0, 152.0 (109.5, 0400 145.0 (107.0, 154.0 (112.0, 0.003
218.0) 193.0) 191.0) 193.0)

WBC (x 10°/L) 550 (450, 690) 550 (425, 675) 0055 530 (430, 6.10) 550 (4.30, 6.40) 0.017
INR 1.02 = 0.10 1.04 £ 0.13 0.172 1.03 £ 0.11 1.03 £ 0.13 0.005
ALT (U/L) 210 (145, 29.0)  22.0 (145, 280)  0.020 22.0 (14.0,280)  20.0 (14.0, 28.0) 0.034
BUN (mmol/L) 523 (425, 6.15) 532 (440, 643)  0.007 525 (429, 6.15) 527 (439, 6.41) 0.002
LVEF (%) 62.34 £ 8.39 61.29 £ 9.71 0.115 61.11 + 9.08 61.29 £ 9.71 0.019

BMT body mass index, 454 American Society of Anesthesiologists, CCI Charlson comorbidity index, G/« blood glucose,
HGB hemoglobin, ALB serum albumin, PLT platelet counts, WBC white blood cell count, INR international normalized
ratio, BUN blood urea nitrogen, LVEF left ventricular ejection fraction
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Opioid consumption at 24 h after surgery

T T
Control group ESPB group

Fig. 4 Comparison of opioid consumption at 24 h after
surgery between different groups

Primary Outcomes

In the matched cohort, as shown in Fig. 4,
patients in the ESPB group showed a

significantly lower opioid
(P <0.001) at 24 h after surgery.

consumption

Secondary Outcomes

Patients in the ESPB group showed similar
independent length of hospital stay as com-
pared with the control group (Table 2). Com-
pared with the control group, VAS pain scores at
rest in the first 24 h, number of PCIA pump
compressions, ratio of patients requesting res-
cue analgesia, and incidence of nausea and
vomiting (P < 0.05, Table 2).

Safety Outcomes

There were no significant differences between
the two groups regarding safety outcomes
(Table 3). Hypotension comprised the largest
proportion of postoperative complications in
both groups. No adverse events related to either
the ESPB or lack of ESPB were observed,
including local anesthetic intoxication and
hematoma.
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Table 2 Comparison of the secondary outcomes of subjects in the matched cohorts

Covariates Control group ESPB group r

N 115 115

VAS pain score 3.0 (2.0, 4.0) 2.0 (1.0, 2.0) < 0.001
Number of PCIA pump compressions 8.0 (2.0, 14.0) 2.0 (2.0, 5.0) < 0.001
Rescue analgesia (%) 24 (20.9) 6 (5.2) < 0.001
Nausea and vomiting (%) 10 (8.7) 2 (1.7) 0.018
Length of stay (days) 7.0 (6.0, 8.0) 7.0 (5.0, 7.0) 0.097

VAS visual analog scale, PCIA patient-controlled intravenous analgesic

Table 3 Comparison of the safety outcomes of subjects in
the matched cohorts

Covariates Control ESPB p
group group
N 115 115
Respiratory depression 4 (3.5) 2 (1.7) 0.683
(%)

Hypotension (%) 30 261) 20 (174)  0.110
Hypertension (%) 5 (4.3) 2 (1.7) 0.446
Bradycardia (%) 22 (19.1) 16 (13.9) 0287
Tachycardia (%) 3 (2.6) 0 (0.0) 0.247
Desaturation (%) 2 (17) 0(0.0) 0498
Dizziness (%) 6(5.1) 2(16) 0280

DISCUSSION

In the present study, we found that ESPB sig-
nificantly decreased the 24-h opioid consump-
tion following posterior lumbar spine surgery; it
also decreased the VAS pain scores at rest in the
first 24 h, number of PCIA pump compressions,
ratio of patients requesting rescue analgesia,
and incidence of nausea and vomiting. In
addition, we observed that ESPB was less likely
to cause postoperative adverse events and had a
good safety profile.

PSM, which was utilized in the present
research, is one of the primary statistical meth-
ods for decreasing selection bias. PSM offers a
number of benefits over more conventional
regression techniques for controlling con-
founding by indication in observational
research [23]. Presumably, data following PSM
more closely resemble what a prospective ran-
domized data set would have revealed. In order
to reduce potential confounding by unmea-
sured and unknown effects of changes in pro-
cedures of treatment and postoperative care
over the course of the study period, we only
enrolled qualifying cases from recent years. In
this regard, our study is likely superior to other
retrospective investigations in terms of evidence
quality. Nonetheless, prospective randomized
controlled trials are required to investigate this
topic further.

Posterior lumbar surgery is traumatic, the
surgical incision is long, the structures of the
surgical area and related tissues are severely
damaged, and it is easy for postoperative posi-
tion compression to increase the level of pain-
causing substances locally or in plasma, thereby
continuously stimulating the central or
peripheral receptors, causing peripheral or cen-
tral nerve pain sensitization, lowering the pain
threshold, exacerbating the degree of pain, and
affecting the lumbosacral plexus [24]. A multi-
modal analgesic regimen is indicated for
patients undergoing difficult spine surgery, and
should include paracetamol and nonsteroidal
anti-inflammatory medications or cyclooxyge-
nase-2-specific inhibitors, with opioids utilized
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for rescue analgesia [25]. However, an opioid
overdose can result in adverse consequences
such as dizziness, pruritus, nausea, vomiting,
and respiratory depression [9]. In close prox-
imity to the anterior surface of the transverse
processes, lumbar spinal nerve roots emerge
from the intervertebral foramina and divide
into ventral and dorsal rami. Local anesthetics
are injected into the plane between the deep
fascia of the erector spinae muscle and the ver-
tebral transverse process during ESPB [26].
There have been some previous studies on
the use of ESPB for postoperative analgesia.
Adhikary et al. [14] included 79 patients with
rib fractures due to trauma in a retrospective
study, in which 77% of the patients with trau-
matic rib fractures underwent ESPB. The results
showed that the patients’ vital capacity was
significantly improved in the first 24 h of ESPB,
and the analgesic time lasted for nearly 72 h.
The need for opioids is reduced and hemody-
namic stability is maintained. In a retrospective
study [27], 23 out of 41 lumbar surgery patients
only received general anesthesia, while the
other 18 patients also received ESPB in addition
to general anesthesia. At 24 h following surgery,
the pain scores of the group receiving ESPB were
consistently lower than those of the group
receiving only general anesthetic. At 24 h after
surgery, the dosage of fentanyl was similarly
lower than in the general anesthetic group,
indicating that ESPB can provide effective
postoperative analgesia for 24 h in patients
undergoing lumbar surgery. In a double-blind,
prospective, randomized, controlled experi-
ment, it was discovered that ESPB can also
enhance the analgesic efficacy in patients hav-
ing hip and proximal femur surgery, a finding
that merits therapeutic advancement [28]. In
accordance with the aforementioned findings,
our experiment demonstrated that ESPB con-
siderably reduced opioid intake, PCIA bolus
demand, and the usage of rescue analgesics in
patients who underwent spinal surgery.
Despite the importance of our findings, there
are significant limits to acknowledge. As a result
of the retrospective study design, selection bias
could not be eliminated. We applied PSM
methodologies to confirm the validity of our
findings. Second, the dermatomal extent of the

sensory block was not determined. In addition,
intraoperative opioids may impede the outcome
evaluation. Considering the pharmacokinetic
characteristics of sufentanil, this effect does not
appear to last more than 4 h. We did not con-
duct a long-term follow-up since the effect of
nerve blocks on long-term pain outcomes is
expected to be limited.

CONCLUSION

ESPB reduces short-term opioid consumption
while providing safe and effective analgesia in
elderly patients undergoing posterior lumbar
surgery. ESPB may be recommended for these
patients given their opioid retention effects.
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