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Abstract
Background Severe pain after lumbar spine surgery can delay recovery in elderly patients. We explored the efficacy 
of T12 erector spinal plane block (ESPB) in elderly patients who underwent lumbar spine surgery.

Methods A total of 230 patients undergoing lumbar spine surgery were divided and randomly allocated to 
ultrasound-guided ESPB (n = 115) and control (n = 115) groups. The ESPB group received 20 mL of 0.4% ropivacaine 
bilaterally at the T12 level after intubation, whereas the control group did not receive a block. The primary outcome 
was the numeric rating scale (NRS) score at 12 h after surgery. Secondary outcomes included the NRS score and 
tramadol use within 72 h postoperatively, intraoperative remifentanil use, incidence of postoperative delirium (POD), 
complications of ESPB, ambulation time, and length of hospitalization after surgery.

Results The12-hour NRS (median (IQR)) score was remarkably lower in the ESPB group than in the control group 
(2 (1–3) vs. 3 (2–4), p = 0.004), as well as NRS score within 48 h (P < 0.01). The ESPB group had less intraoperative 
remifentanil use (P < 0.001), and less tramadol use within 72 h postoperatively (P < 0.001). Seven patients (6.7%) 
developed POD in the ESPB group and ten patients (9.3%) in the control group, without any statistically significant 
difference (P > 0.05). The ambulation time and length of hospitalization after surgery were shorter in the ESPB group 
than in the control group (P < 0.05). No ESPB-related complications were observed.

Conclusions Bilateral T12 ESPB lowered the NRS score within 48 h after lumbar spine surgery, decreased 
perioperative opioid use and resulted in faster recovery in elderly patients but did not significantly reduce the 
incidence of POD.
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Introduction
As the population ages, more older people are undergo-
ing lumbar spine surgery. Posterior lumbar spine surgery 
is usually an open procedure that results in consider-
able postoperative pain due to paraspinal muscle dis-
section and disc removal. In a comprehensive analysis of 
179 postoperative pain types, spinal surgery pain ranked 
second after open calcaneal surgery [1]. Postoperative 
pain, as a result of lumbar spine surgery, commonly lasts 
more than three days, with the most severe pain occur-
ring in the first four hours and progressively diminishing 
after the third day. Severe postoperative pain can cause 
depressive episodes, sleep disturbances, and ambulation 
delays, all of which decrease postoperative comfort and 
delay recovery. Postoperative pain may also increase the 
risk of cardiac ischemia and the incidence of postopera-
tive delirium (POD) [2] in elderly patients.

Opioids are the main analgesic drugs used after spinal 
surgery. Due to reduced organ function, elderly patients 
are less tolerant of opioids and are more susceptible to 
respiratory depression, excessive sedation, and other 
adverse effects. Additionally, neuraxial blocks are rarely 
utilized because they block the anterior branches of the 
spinal nerves and interfere with intraoperative monitor-
ing of lower limb motor function. With the development 
of ultrasound visualization techniques, regional block 
techniques play an increasingly important role in mul-
timode analgesia. An erector spinae plane block (ESPB) 
is a truncal block in which a local anesthetic is injected 
between the transverse process and the erector spinae 
muscle (ESM) under ultrasound guidance. Local anes-
thetics are widely diffused between the transverse pro-
cess and the ESM, thus blocking the dorsal branches of 
spinal nerves at multiple levels [3]. Numerous research-
ers have reported the good analgesic effect of lumbar 
ESPB in spinal surgery. However, few researchers have 
reported the application of low-thoracic ESPB during 
lumbar spine surgery [4–6].

A single-blind randomized controlled trial was 
designed to principally evaluate the impact of T12 ESPB 
on postoperative pain scores in elderly patients who 
underwent lumbar spine surgery. Second, the effects 
of T12 ESPB on intraoperative hemodynamics, peri-
operative opioid use, and recovery outcomes were also 
investigated.

Methods
This prospective, randomized, single-blinded trial pro-
tocol was approved by the Ethics Committee of the Sec-
ond Affiliated Hospital of Harbin Medical University on 
November 10, 2020 (KY2020-222), and it was registered 
at www.chictr.org.cnon12/01/2021 (registration No.: 
ChiCTR2100042037). The methodology of this study 
follows the Helsinki Declaration (revised, 2014). From 
November 10, 2020, to May 30, 2021, 230 patients were 
selected for posterior lumbar decompression or fusion 
surgery. All patients signed written informed consent 
before enrollment. Inclusion criteria: age ≥ 60 years, 
BMI ≤ 32 kg/m2, and American Society of Anesthesiolo-
gists (ASA) physical status I to III. The exclusion criteria 
were as follows: (1) schizophrenia, epilepsy or Parkinson’s 
disease; (2) inability to communicate or have cognitive 
dysfunction (Screening of mini-Mental State Examina-
tion (MMSE)) [7]; (3) history of traumatic brain injury, 
stroke or neurosurgery; (4) injection site infection; or (5) 
contraindications to flurbiprofen. Exit criteria included 
(1) withdrawal or early discharge from the study; (2) self-
administered analgesics; (3) cerebrospinal fluid leaking 
during surgery; or (4) serious cardiac and cerebrovascu-
lar events during the trial.

Randomization and blinding
The anesthesiologist in charge of intraoperative man-
agement evaluated the patients on the day before the 
operation and allocated them to the ESPB or control 
group based on a 1:1 random number (SPSS Statistics 
26.0, IBM, USA). Standard general anesthesia was con-
ducted in the two groups. The ESPB group received T12 
ESPB after intubation, whereas the control group did not 
receive the intervention. T12 ESPB was performed by a 
specialist who was experienced in nerve blocks. Patients, 
postoperative physicians and postoperative investigators 
were unaware of the group assignments throughout the 
trial.

Perioperative management
The electrocardiogram (ECG), pulse oxygen satura-
tion, and bispectral index (BIS) were monitored once 
the patient entered the operating room. Depending on 
the patient’s condition, invasive or noninvasive arterial 
blood pressure monitoring was performed. Intravenous 
(IV) sufentanil (0.3  µg/kg), etomidate (0.2–0.3  mg/kg), 
and atracurium (0.6 mg/kg) were used to induce general 
anesthesia. Following intubation, sevoflurane (1.5-3%) 

Trial registration The study was retrospectively registered at www.chictr.org.cn (ChiCTR2100042037) on January 12, 
2021.
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was inhaled to maintain BIS values between 40 and 60. 
Intermittent atracurium injections kept muscles relaxed, 
and the continuous infusion volume of remifentanil (0.1–
0.2 µg/(kg·min)) was adjusted to maintain the heart rate 
(HR) and the mean arterial blood pressure (MAP) within 
80–120% of baseline. When the MAP was less than 80% 
of the baseline value, IV ephedrine or IV phenylephrine 
was administered, and IV atropine was administered 
when the HR was less than 40 bpm. IV 5 mg dexametha-
sone were administered for PONV prevention. Flurbi-
profen (100 mg) was injected intravenously 30 min before 
the end of the operation to ensure postoperative analgesia 
was achieved. When the patient was awake and the tidal 
volume was sufficient, the tracheal tube was removed. 
The anesthesiologist then transferred the patient to the 
postanesthesia care unit (PACU).

Ultrasound-guided bilateral block
After induction, the patient was changed to a prone 
position. The skin was disinfected with iodophor, and 
the high-frequency linear ultrasound probe (6–13 Mhz, 
SonoSite S Series, USA) was placed in a sterile sleeve. 
The probe was placed longitudinally at the 12th rib of the 
midscapular line and moved inward along the 12th rib 
until the tip of the transverse process was reached. Using 
an in-plane method, the needle (0.71 × 120 mm, 22 G, B 
Braun, Germany) was inserted into the skin at the head 
of the probe until it reached the transverse process. Two 
milliliters of normal saline (NaCl 0.9%) were injected 
to identify the needle tip position. If the needle tip was 

located between the transverse process and the ESM and 
was not in the muscle, 20 mL 0.4% ropivacaine (Astra-
Zeneca AB, Sweden) was injected immediately (Fig.  1). 
The procedure was then repeated on the opposite side.

Postoperative pain management
Both groups were administered intravenously guttae flur-
biprofen 100  mg twice a day to maintain postoperative 
analgesia. When the numeric rating scale (NRS) score 
was ≥ 4, an intramuscular injection of 100  mg tramadol 
was administered.

Data collection
  Intraoperative data were collected, including the dura-
tion of surgery, remifentanil use, total blood loss, hemo-
dynamic parameters, and vasoactive medication dosage. 
Postoperative data included extubation time, Sedation-
Agitation Scale (SAS) score [8] after extubation, NRS 
score (evaluated at 0, 0.5, 4, 12, 24, 36, 48, 60, and 72 h 
postoperatively), tramadol use within 72  h postopera-
tively, incidence of POD within 3 days after surgery (POD 
diagnosed by Confusion Assessment Method (CAM)) 
[9], postoperative nausea and vomiting (PONV), ESPB-
related complications, ambulation time (the period 
between the completion of surgery until and when the 
patient could stand up and walk with support from a fam-
ily member), and length of hospitalization after surgery.

Intraoperative data were collected by the anesthesiolo-
gists and postoperative data were obtained by the trained 
investigators.

Outcomes
The primary outcome was the NRS pain score (0–10; 0, 
no pain; 1–3, mild pain; 4–6, moderate pain; 7–10, severe 
pain) at 12 h after surgery. Secondary outcomes included 
the NRS pain score and tramadol use within 72 h postop-
eratively, intraoperative remifentanil use, hemodynamic 
parameters, extubation time, SAS score after extubation, 
incidence of POD, incidence of PONV, ESPB-related 
complications, ambulation time, and length of hospital-
ization after surgery.

Statistical analysis
The sample size was estimated with the MedSci Applica-
tion (V.6.2.2, MedSci, China). We performed sample size 
calculations, in which a 1-point reduction in the NRS 
score at 12  h was considered clinically relevant. Eight 
patients in each group were included in our pilot study. 
The NRS score was 2 (1) (mean (SD)) in the ESPB group 
and 2.5 (1.4) in the control group at 12 h. According to 
a two-sided unpaired t test, 90 patients were required in 
each group to achieve 80% response and an α threshold 
of 0.05. Due to the nonparametric estimation parameter 
data, the sample size was increased by 15%, resulting in 

Fig. 1 Ultrasound images of ESPB with the in-plane technique. Arrows, 
needle shaft. Abbreviations: ESM, erector spinae muscle; TP, transverse 
process
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104 patients per group. Considering loss to follow-up, 
we selected 115 patients per group. Statistical tests were 
conducted with IBM SPSS Statistics 26.0 (IBM, USA). 
The Shapiro―Wilk test was employed to test for nor-
mal distribution; the Student’s t test and the Mann―
Whitney U test were used for continuous variables 
(normal and nonnormal distribution);and the Fisher’s 
exact or χ2 tests were used for categorical variables and 
proportions. A two-tailed, P value < 0.05 was deemed sta-
tistically significant.

Results
From November 10, 2020, to May 30, 2021, 230 patients 
met the requirements after being screened. Three 
patients requested removal from the study after surgery; 
two patients self-administered analgesics; seven patients 
experienced cerebrospinal fluid leakage during the opera-
tion and the postoperative ambulation time was pro-
longed; and five patients were discharged early. Finally, 

the data of 213 patients were analyzed. Figure  2 shows 
the research flow chart.

Pre- and intraoperative data
The demographic and clinical variables were comparable 
between the two groups (Table  1). The operative seg-
ments, operative duration, total blood loss, and use of 
ephedrine and phenylephrine were similar between the 
two groups, and the amount of remifentanil in the ESPB 
group was remarkably lower than that in the control 
group (6.67 (1.18) vs. 10.01 (1.23) µg/(kg·h), P < 0.001) 
(Table  1). The MAP was lower in response to the skin 
incision (83 (9) vs. 86 (10) mmHg, P = 0.03) in the ESPB 
group (Table 2).

Postoperative data
Patients in the ESPB group had lower NRS scores at 12 h 
postoperatively than the control patients (2 (1, 3) vs. 3 
(2–4), p < 0.01). Similar differences were observed in the 

Fig. 2 Flow chart of included patient numbers
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pain scores at 0, 0.5, 4, 24, 36, and 48 h. In contrast, the 
two groups had similar NRS pain scores at 60 and 72 h 
postoperatively (Fig. 3). The cumulative dosage of trama-
dol in the ESPB group was significantly lower within 72 h 
after surgery (0 (0-100) vs. 100 (0-300) mg, p < 0.001). 
The incidence of POD was similar between groups (7 
(6.7%) vs. 10 (9.3%), p = 0.49). Ambulation time in the 
ESPB group was 15.2 h earlier than in the control group 
(68.6 (24.5) vs. 83.8 (44.0) h, p < 0.01), and the length of 
hospitalization after surgery was 1 day shorter (9.3 (2.8) 
vs. 10.3 (3.2) d, p = 0.02). Significant differences were 
observed for extubation time, SAS score after extuba-
tion, and incidence of PONV (Table 3). No complications 
related to ESPB block were observed.

Discussion
The findings of this randomized, single-blind study 
showed that T12 ESPB could reduce NRS scores within 
48 h postoperatively and perioperative opioid use. Com-
pared with no block, T12 ESPB significantly shortened 
ambulation time and hospital stay.

ESPB was proposed for the treatment of thoracic neu-
ropathic pain in 2016 [10]. Its extensive block of the spi-
nal nerve’s dorsal rami is preferred by nerve block experts 
and has been employed in the investigation of postop-
erative analgesia after spinal surgery [4, 11, 12]. Because 
local anesthetics in ESPB can spread to multiple levels 
[3], ESPB can be conducted not only at the midpoint of 
the incision but also at the lower thoracic level in lum-
bar spine surgery. There are three advantages associated 
with using a low-thoracic ESPB: (1) the target is located 
outside of the surgical area, which reduces the risk of 
incision infection; (2) the lumbar ESM is thick, and the 
middle layer of the thoracolumbar fascia below the ESM 
is attached to the tip of the lumbar transverse process 
and the intertransverse process ligaments to form a tenu-
ous connection [13] that is difficult to separate; and (3) 
when compared to the lumbar ESM, the thoracic muscles 
are thinner and the transverse process is shallower, mak-
ing the procedure easier.

Singh et al. [14] reported that by injecting 20 mL of 
local anesthetics at the T10 transverse process, the skin 
sensory block range may reach T6-L3, decreasing the 
need for opioids after lumbar spine surgery and improv-
ing patient satisfaction. The twelfth thoracic vertebra is 
closer to the lumbar spine. In theory, the same volume 
of local anesthetic diffuses more extensively toward the 
lumbar spine when injected at this location as when 
injected at other thoracic levels. Van den Broek et al. 
[4] conducted a randomized controlled trial in which a 
20 mL injection of local anesthetics at the bilateral T12 
vertebra significantly reduced the need for postopera-
tive self-controlled analgesia after lumbar spine surgery. 
We also chose the T12 vertebra for ESPB. The primary 

Table 1 Demographic and intraoperative data
Control group ESPB group p 

value
Sample size, n 108 105

Age (years; mean (SD)) 66.7 (5.5) 65.7 (4.4) 0.17

Sex (n (% men) 53 (49.1) 44 (41.9) 0.29

BMI (kg/m2; mean (SD)) 24.8 (3.2) 24.7 (2.6) 0.71

Hypertension (n (%)) 40(37.0) 35(33.3) 0.57

Diabetes (n (%)) 37(34.3) 32(30.5) 0.56

ASA status (n (%)) 0.49

I 27(25.0) 34(32.4)

II 56(51.9) 50(47.6)

III 25(23.1) 21(20.0)

MMSE (mean (SD)) 26.7 (2.0) 26.6 (2.0) 0.78

Operative segments (n (%)) 0.87

1 34(31.5) 38(36.2)

2 52(48.1) 49(46.6)

3 19(17.6) 15(14.3)

4 3(2.8) 3(2.9)

Operative duration (min; 
mean (SD))

152.0 (54.5) 142.7 (45.6) 0.18

Total blood loss (mL; median 
(IQR))

225(100–400) 200 
(100–300)

0.13

Ephedrine (mg; median (IQR)) 18(10–24) 18(6–24) 0.74

Phenylephrine (µg; median 
(IQR))

100(0-857) 60(0-457) 0.47

Remifentanil [µg/(kg·h); mean 
(SD)]

10.01 (1.23) 6.67 (1.18) < 0.001

Student’s t test or Mann―Whitney U test for continuous variables; Fisher’s 
exact or χ2 tests for categorical variables and proportions

ASA, American Society of Anesthesiologist; BMI, body mass index; MMSE, Mini-
mental state examination; n, number; SD, standard deviation

Table 2 Hemodynamic parameters
Control 
group

ESPB 
group

p 
value

Sample size, n 108 105

MAP (mmHg; mean (SD))

Upon entry into the
operating room (T1)

109 (13) 111 (11) 0.17

Before skin incision (T2) 83 (8) 82(9) 0.19

At skin incision (T3) 86 (10) 83 (9) 0.03

1 h after skin incision (T4) 82 (8) 82 (7) 0.62

Before extubation (T5) 95 (10) 98 (11) 0.11

5 min after extubation (T6) 105 (9) 104(10) 0.71

 h (bpm; mean (SD))

Upon entry into the
operating room (T1)

76 (11) 77 (11) 0.68

Before skin incision (T2) 60 (7) 60 (9) 0.90

At skin incision (T3) 61 (7) 61 (8) 0.85

1 h after skin incision (T4) 60 (6) 61 (7) 0.71

Before extubation (T5) 71 (13) 70 (10) 0.40

5 min after extubation (T6) 86 (10) 84 (10) 0.35
Student’s t test for continuous variables; HR: heart rate; MAP, mean arterial 
pressure; n, number; SD, standard deviation
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outcome revealed that both groups experienced mild 
pain at 12 h after surgery, with a marginal decrease of 1 
point observed in the ESPB group compared to the con-
trol group. Although this reduction is statistically signifi-
cant, its practical significance may be limited. However, 
the difference in the NRS score between the two groups 
at 0, 0.5, and 4  h was 3, 3, and 2 points, respectively, 
surpassing the recommended threshold for a minimal 
clinically significant change in the pain score [15]. This 
indicated the efficacy of T12 ESPB as a viable treatment 
option for acute postoperative pain following lumbar 
spine surgery. In addition, the median NRS score in the 
ESPB group was maintained at 0–2 within 72 h after the 

operation, and the tramadol dosage in the ESPB group 
was significantly lower than that in the control group.

The concentration and volume of local anesthetics 
affect the blocking effect of ESPB, but there is no con-
sensus on the optimal concentration and volume of local 
anesthetics. In two randomized controlled trials, 25 mL 
of 0.3% ropivacaine [12] and 30 mL of 0.375% ropivacaine 
[5] were injected into the bilateral transverse processes of 
the T12 vertebra. Both reduced NRS scores and opioid 
use after lumbar spine surgery. Our findings showed that 
a bilateral injection of 20 mL of 0.4% ropivacaine into the 
T12 transverse process to achieve an ESPB provided ade-
quate postoperative analgesia. The analgesic effect of a 20 
mL injection at a lower concentration can be explored in 
the future.

An ultrasound-guided thoracolumbar interfascial plane 
(TLIP) block is aimed at the fascia between the lumbar 
multifidus and longissimus muscles, and local anesthet-
ics are injected to block the medial branch of the poste-
rior branch of the spinal nerve [16]. Bilateral TLIP block 
can effectively alleviate the pain of lumbar spine surgery 
[17]. Compared with the TLIP block, T12 ESPB provided 
better analgesia, lower NRS scores at rest, a lower fre-
quency of PCA compression, and less use of opioids for 
analgesia [18]. There are two reasons that may weaken 
the analgesic efficacy of TLIP block: (1) local anesthetics 
are injected into the thoracolumbar fascia in the opera-
tional area during TLIP block, which may be washed 
during the surgery; (2) the complicated structure of the 
thoracolumbar fascia impacts the diffusion of local anes-
thetics. In addition, the target of ESPB is the transverse 
process, which is easier to identify than the fascia in the 

Table 3 Postoperative recovery outcomes
Control 
group

ESPB 
group

p 
value

Sample size, n 108 105

Extubation time (s; mean (SD)) 772.6 
(174.9)

698.5 
(160.5)

< 0.001

SAS score after extubation (mean 
(SD))

4.3 (0.8) 3.8 (0.5) < 0.001

PONV (n (%)) 38(35.2%) 23(21.9%) 0.03

POD (n (%)) 10(9.3%) 7(6.7%) 0.49

Tramadol (mg; (median (IQR)) 100 
(0-300)

0 (0-100) < 0.001

Ambulation time (h; mean (SD)) 83.8 (44.0) 68.6 (24.5) < 0.01

Length of hospitalization after
surgery (d; mean (SD))

10.3 (3.2) 9.3 (2.8) 0.02

Student’s t test or Mann―Whitney U test for continuous variables; Fisher’s 
exact or χ2 tests for categorical variables and proportions

n, number; PONV: postoperative nausea or vomiting; POD: postoperative 
delirium; SAS, Sedation-Agitation Scale; SD, standard deviation

Fig. 3 NRS pain scores (median (IQR)) within 72 h after surgery. MannWhitney U Test. ** p < 0.01, *** p < 0.001. NRS, numeric rating scales
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TLIP block. Therefore, T12 ESPB may be a more effective 
peripheral nerve block than TLIP block in lumbar spine 
surgery.

As a brain complication, POD seriously affects postop-
erative recovery in older patients, and its occurrence has 
obvious timing characteristics, generally occurring from 
24 to 72 h after surgery [19]. POD has a negative influ-
ence on both early and long-term results, with studies 
revealing a 2–3 fold greater risk of postoperative compli-
cations, longer hospital stays and increased medical costs 
during hospitalization. A retrospective study showed that 
the incidence of POD in lumbar spine surgery was 0.84% 
[20]. Elderly patients are more likely to have POD, and 
the prevalence of POD is notably higher in people older 
than 65 years of age [21]. In another retrospective study 
of lumbar spine surgery, researchers found a 14.5% inci-
dence of POD in people older than 65 years of age [22]. 
The patients in this study were older than 60 years of age, 
and the incidence of delirium in ESPB group versus con-
trol group was 6.7% vs. 9.3% respectively to lie between 
the reported ratio 0.84% [20] and 14.5% [22] in previ-
ous studies. The pathophysiological mechanism of POD 
is still being explored, and there are many predisposing 
factors and trigger factors, such as deep anesthesia [23], 
intraoperative blood pressure fluctuation [24], pain [2] 
and massive use of opioids [25]. General anesthesia com-
bined with ESPB had lower postoperative pain scores and 
less opioid use. However, the incidence of POD was not 
markedly decreased in the ESPB group.

The impact of the regional block on POD is controver-
sial. The meta-analysis performed by Abou-setta et al. 
[26] provided moderate evidence that a regional block 
can decrease the risk of delirium in hip fracture patients. 
However, a 2017 Cochrane meta-analysis of hip fracture 
patients did not show sufficient high-quality evidence 
that a regional block reduces the risk of POD [27]. Sub-
sequently, a multicenter randomized controlled trial 
published in JAMA in 2022 showed that regional anes-
thesia did not markedly decrease the incidence of POD in 
patients older than 65 years of age after hip fracture sur-
gery [28]. A study on the pathophysiological mechanism 
of POD in hip fracture surgery is now being conducted 
[29]. We believe that these findings will lead to novel 
approaches to the prevention and treatment of POD.

ESPB is a simple truncal block. Because the transverse 
process is easy to identify with ultrasound, young physi-
cians with no expertise with ultrasound-guided nerve 
block can quickly learn the technique for ESPB. Fur-
thermore, serious complications are less likely to occur 
because the puncture site is far from vital structures such 
as nerves, blood arteries, and viscera. In this study, there 
were no complications in the ESPB group, such as punc-
ture site infection, hemorrhage, lumbar plexus block, or 

nerve injury. Therefore, we recommend promoting the 
use of T12 ESPB in lumbar spine surgery.

This trial has several limitations. First, ESPB was per-
formed after anesthesia induction and we did not detect 
the range of the cutaneous sensory block; therefore, 
patients for who the block failed cannot be excluded. 
Moreover, the range of nerve block that might be 
achieved with 20 mL of local anesthetics injected at the 
T12 vertebral level was not identified. Second, because 
ESPB is performed without intraoperative blinding of the 
anesthesiologist, the intraoperative data he collects are 
likely to be biased. Last, the small sample size of the two 
groups may be inadequate in detecting differences in the 
incidence of POD.

Conclusions
Bilateral ultrasound-guided T12 ESPB appears to be 
effective regional anesthesia for lumbar spine surgery. 
It is associated with accelerating recovery in elderly 
patients after lumbar spine surgery by providing appro-
priate postoperative analgesia. In the future, it might be 
used routinely for multimodal analgesia in lumbar spine 
surgery.
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