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Background: Spine surgery causes severe pain and can be associated with significant opioid 
utilization; however, the evidence for opioid-sparing analgesic techniques such as erector 
spinae plane (ESP) block from controlled studies is limited. We aimed to investigate the 
analgesic effects of ESP block in lumbar laminoplasty.
Methods: In this prospective, double-blind, controlled single-center trial, 62 consecutive 
elective lumbar laminoplasty patients were randomized into either a control group (Group G, 
N=32) or a treatment group (Group E, N=30). Group G received general anesthesia and multi-
modal analgesia, similar to group E, while Group E received additional bilateral ESP block after 
induction of general anesthesia. The primary outcome was postoperative pain scores for the first 
48 h after surgery, and the secondary outcomes analyzed included intraoperative anesthetic 
usage, perioperative analgesic consumption, return of bowel function and satisfaction for acute 
pain management indicated by overall benefit of analgesia score (OBAS).
Results: Significant differences in pain scores over time were found between the two groups 
(P=0.010), with Group E patients having significantly lower pain scores than Group G during 
the first six hours (P=0.000). The opioid consumption in Group G was significantly higher 
than in Group E both intraoperatively (P=0.000) and postoperatively (P=0.0005). Group 
E patients had lower intraoperative sevoflurane requirement, improved satisfaction with pain 
management, and earlier return of bowel function than Group G patients.
Conclusion: ESP block is effective in reducing postoperative pain scores and lowering 
opioid utilization (both intraoperatively and postoperatively), resulting in improved patient 
satisfaction for pain management in lumbar laminoplasty.
Keywords: erector spinae plane block, laminoplasty, spine, perioperative pain, opioid, short- 
term outcome

Introduction
Spine surgery is frequently associated with patient dissatisfaction because of poorly 
controlled postoperative pain, chronic postoperative opioid dependence and long- 
term functional disability.1,2 Since its original description, erector spinae plane 
(ESP) block, an ultrasound-guided interfascial plane block with local anesthetics 
deposited between the transverse process and erector spinae muscle,3,4 is an 
emerging regional anesthesia technique that continues to gain popularity due its 
ease of performance and efficacy in pain control.5 In particular, ESP block, 
performed at the level of the lumbar spine, directly and consistently targets the 
dorsal rami of the spinal nerves1,2,4,6 and has been reported to provide 
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postoperative analgesia in spine surgery in small case 
series,7 retrospective studies,8 and in small randomized 
controlled studies.1,2,9–11 Our primary hypothesis is that 
ESP block can improve perioperative analgesia with lower 
pain scores in lumbar laminoplasty patients. In secondary 
analysis, we also prospectively investigated the effects of 
the ESP block on intraoperative anesthetic requirements, 
perioperative opioid consumption, and patient satisfaction 
with pain management after lumbar spine surgery.

Methods
Study Design
This study is a single center, prospective, randomized, 
controlled clinical trial conducted with Institutional 
Review Board approval from the Second Hospital of 
Shandong University in China (number KYLL-2018(LW) 
031), and the guidelines outlined in the Declaration of 
Helsinki were followed. Written informed consent was 
obtained from all study participants. The study was retro-
spectively registered at http://www.chictr.org.cn, identifier 
ChiCTR1900026706. No further data will be shared 
besides what is included in this manuscript.

Patient Enrollment and Randomization
Seventy-two consecutive patients for elective two- or 
three-level lumbar laminoplasty for lumbar spinal stenosis 
were identified from September 1, 2018 to May 31, 2019. 
Seventy partients were enrolled and randomly allocated 
into two groups using computer-generated randomization 
numbers contained in sealed opaque envelopes and two 
were excluded due to patient refusal. The follow-up for 
eight patients could not be included in the final statistical 
analysis: five patients experienced PCA device failure and 
three patients declined further follow-up postoperatively, 
resulting in 62 patients included in the final statistical 
analysis (Figure 1). Inclusion criteria: elective lamino-
plasty and American Society of Anesthesiologists (ASA) 
physical status I–III. Exclusion criteria: patient refusal, 
body mass index (BMI) less than 18 or higher than 
35 kg/m2, age less than 18 years old, pregnancy, history 
of relevant allergy to related perioperative medications, 
previous lumbar spine surgery, existing contraindications 
to nerve block such as coagulopathy, local and systemic 
infection, and inability to operate a patient-controlled 
analgesia (PCA) pump.

The same anesthesiologist administered the ultrasound- 
guided ESP block and general anesthetic for all patients. 

The blocks were performed with the patient in the prone 
position under general anesthesia. All patients were 
blinded to their group assignments. The surgeons were 
not blinded to the group assignments; however, they 
were not involved in performing any of the postoperative 
assessments. Postoperative follow-up was performed by 
two certified nurses who were also blinded to the patient 
group assignments.

Anesthesia, Analgesia and 
Ultrasound-guided ESP
For all patients, ASA standard monitors were applied, and 
an arterial line was placed before induction of general 
anesthesia, following the standard protocol for patients 
undergoing lumbar spine surgery at the study institute. 
General anesthesia with endotracheal intubation was 
induced with propofol (1.5~2.5 mg/kg), sufentanil 
(0.2~0.3 µg/kg) and cisatracurium (0.2 mg/kg). Group 
G received general anesthesia and multimodal analgesia, 
while Group E received the same multimodal analgesia 
supplemented with pre-incision ultrasound-guided ESP 
blocks bilaterally. Block level was determined based on 
the vertebral levels of the surgery. For two-level surgery, 
the block was performed at the upper level and for three- 
level surgery the block was performed at the middle level. 
The ESP block was performed after induction of general 
anesthesia and after patients were placed in the prone 
position. A 5–2 MHz low-frequency probe (C5-1B convex 
transducer, Wisonic Navi, Shenzhen, China) was first 
placed in a longitudinal orientation in the midline to iden-
tify the spinous process of the appropriate lumbar level, 
then moved 2–3 cm laterally until the paraspinal muscles 
and the transverse process at that level could be visualized 
(Figure 2). After standard sterilization, a 21-G×100 mm 
short bevel non-echogenic nerve block needle (PAJUNK 
Gmbh Medizintechnologie, Geisingen, Germany) was 
advanced in-plane under real-time ultrasound guidance, 
through skin, subcutaneous tissue and erector spinae mus-
cle until reaching the transverse process. After negative 
aspiration for blood, a small volume of local anesthetic 
was injected to confirm the position of the needle tip 
between the erector spinae muscle and the transverse pro-
cess. A total of 20 mL of 0.375% ropivacaine hydrochlor-
ide was incrementally injected with intermittent negative 
aspiration on each side. The duration from block comple-
tion to surgical incision was at least 30 min to allow 
sufficient time for ESP block to take effect.
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Intraoperatively, maintenance of anesthesia was 
achieved with sevoflurane (1~4% in 60% oxygen); 
sevoflurane concentration was titrated to maintain the 
Bispectral Index (BIS) between 40 and 60. Sufentanil 

boluses (5 µg) were administered every 10 min as 
needed to maintain blood pressure and heart rate within 
20% of the patient’s baseline upon arrival to the hos-
pital. Cisatracurium (0.1 mg/kg•h) was administered 

Figure 1 Flow diagram in CONSORT format. 
Notes: Adapted from: Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised 
Trials. PLoS Med. 2010;7(3):e1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License. https://journals.plos.org/plosmedicine/article?id=10.1371/ 
journal.pmed.1000251. 
Abbreviations: ESP, Erector Spinae Block; PCA, patient-controlled analgesia.
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during maintenance at the discretion of the anesthesiol-
ogist. Sufentanil dosing was switched to remifentanil 
infusion at the rate of 0.1–0.4 µg/kg/min at the start of 
surgical closure to facilitate smooth extubation, titrated 
to maintain similar hemodynamics as sufentanil 
achieved.12,13

All patients were admitted to the Spine Surgery 
Postoperative Observational Unit (essentially a combination 
of postanesthesia care unit (PACU) and level two surgical 
step-down unit) for observation for the first 48 h after surgery 
before being transferred to a regular hospital floor. All 
patients were provided with a PCA pump that delivered 
a mixture of sufentanil 1 µg/mL, dezocine 0.2 mg/mL, dex-
medetomidine 1 µg/mL, and palonosetron 0.005 mg/mL at 
a basal rate of 2 mL/h, with a 2-mL demand dose at lock-out 
intervals of 15 min. The PCA pump was started immediately 
after the operation upon arrival in the Spine Surgery 
Postoperative Observational Unit. Intravenous sodium pare-
coxib 40 mg and intramuscular pethidine 50 mg were the 
first- and second-line treatments (ordered to be administered 
30 min after first-line treatment) for breakthrough pain 
respectively for visual analog scale (VAS) ≥4. 
Breakthrough nausea and vomiting were managed with 
0.25 mg palonosetron intravenously when patients requested 
treatment, or patients were observed to have signs and/or 
symptoms of nausea and/or vomiting. Overall benefit of 
analgesia score (OBAS), a validated multidimensional 
instrument to assess pain intensity, opioid-related adverse 

effects such as distress from vomiting or itching, and patient 
satisfaction for pain control,14 was measured 
24 h postoperatively in the Spine Surgery Postoperative 
Observational Unit.

The primary outcome was VAS pain score for the 
first 48 h after surgery. The secondary outcomes 
included intraoperative opioid and sevoflurane con-
sumption, postoperative opioid consumption and num-
ber of postoperative PCA attempts at 0–12 h, 12–24 h, 
24–48 h, and 0–48 h, pain management satisfaction 
indicated by OBAS score at 24 h postoperatively, and 
postoperative rescue analgesic usage for the first 48 
h after surgery. Frequency of adverse events such as 
nausea, vomiting, and dizziness were also measured as 
well as functional outcomes such as return of bowel 
function (indicated by the time to first postoperative 
flatus), length of hospital stay, and cost of 
hospitalization.

Statistical Analysis
The sample size calculation and all statistical data analysis 
was performed with R software. The significance level 
was set at a P-value <0.05.

To estimate the sample size and power, 40 patients 
were randomly assigned into two groups in the preliminary 
pilot study. For the primary outcome, VAS pain scores for 
the first 48 h after operation, we first applied the sample 
size formula for a two-sample longitudinal data to 

Figure 2 Sonographic illustration of erector spinae plane (ESP) block in parasagittal scan. White arrow, needle trajectory; green arrow, needle tip. 
Abbreviations: ESM, erector spinae muscle; LA, local anesthetic; TPL, lumbar transverse process.
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compute the predicted power using a two-sided test. The 
possible new enrolled sample size was obtained. We 
repeated this procedure until the predicted power achieved 
the preset power β (β=0.8). For secondary outcomes 
(analgesic consumption), we again calculated the sample 
size and power under the hypothesis tested. Combining all 
predicted sample size together, the estimated sample size 
was about 28 for each group. Considering 10% loss of 
follow-ups, the effective sample size was set at 36 for each 
group.

Data are presented as mean (SD), or median (inter-
quartile range (IQR): 25th percentile to 75th percentile) 
for continuous variables, and frequency and percentage for 
categorical variables. The study for our primary outcome, 
VAS at 1, 3, 6, 12, 24, and 48 h after operation, was 
a repeated measures design because multiple measure-
ments were on the same unit and observed over time.15 

However, VAS over times tended to correlate with each 
other. It was therefore important to account for the corre-
lation between measurements. We applied Mauchly’s Test 
of Sphericity to test the correlations between measure-
ments over times.16

In equation (1),
Xi where, i = 1, 2
Yj, where j = 1, 3, 6, 12, 24, 48
Zi, Where,

Z1 = (1,2, … … 30)T                         

Z2 ¼ 1; 2; . . . . . . 32ð Þ
T (1) 

We let Yj be VAS over time, Xi be types of anesthesia, 
Z be patients in each group. i be the number of group, and 
j be time interval.

From equation (1), we found that multivariate analysis 
of variance (MANOVA) could not be applied to analyze 
the difference of Yj between two groups. Ball Divergence 
Test (BD)17 is a nonparametric two-sample test. It is 
a measure of the difference between two probability mea-
sures in separable Banach spaces.17 Hence, BD was 
adopted to identify the difference for VAS over time 
between the two groups. In this study, let Xi and Yj to 
express two groups’ patient’s measurements of VAS 
overtimes.

Xi ¼ Xi;1;Xi;3;Xi;6;Xi;12;Xi;24;Xi;48
� �

, where, i = 
1,2, … …,30  
Yj ¼ Yj;1Yj;3Yj;6Yj;12Yj;24Yj;48

� �
, where, j = 1.2, … …,32

Defined the distance between Xi’s and Υj’s as the 
equation (2)

d A;Bð Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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2

v
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u
u
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We used equation (2) to calculate the distance in our 
study as: 

d X1;X1ð Þ � � � d X1;X30ð Þ d X1;Y1ð Þ . . . d X1;Y30ð Þ

� � � � � � � � � � � � � � � � � �

d X30;X1ð Þ � � � d X30;X30ð Þ d X30;Y1ð Þ . . . d X30;Y30ð Þ

d Y1;X1ð Þ � � � d Y1;X30ð Þ d Y1;Y1ð Þ . . . d Y1;Y32ð Þ

� � � � � � � � � � � � � � � � � �

d Y32;X1ð Þ � � � d Y32;X30ð Þ d Y32;Y1ð Þ . . . d X32;Y32ð Þ
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C
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We subsequently compute the test statistic with techni-
ques described by Pan et al.17

After comparing the VAS difference between the two 
groups using Ball Divergence Test, we subsequently stu-
died the change pattern as well as the extreme points over 
time between the groups.

Two sample rank sum test was applied to analyze the 
cardinal variables with non-normal distribution (such as, 
intraoperative sevoflurane consumption, intraoperative 
inhalation concentration of sevoflurane) or ordinal scale 
variables (such as ASA status, New York Heart 
Association (NYHA) status). Two-sample t test was used 
for data with normal distributions such as intraoperative 
and postoperative opioid consumption, and first postopera-
tive flatus time. The two-sample test for binomial propor-
tions or Fisher's exact test were used to analyze the 
difference between the two groups in the number of ver-
tebral levels surgically treated and postoperative nausea/ 
vomiting. All tests were one-sided.

Results
There was no significant difference between groups in 
major demographic variables, such as age, gender, BMI, 
history of opioid usage, ASA status, the number of lumbar 
spine levels treated (P=0.296), surgical time (P=0.136) 
and general anesthesia duration (P=0.136) (Table 1).

Primary Outcome: VAS Pain Scores for 
the First 48 h After Surgery
The result of Mauchly’s Test of Sphericity showed that the 
correlations between each two neighboring time points 
(P=0.000) were strong. BD result indicated that there 
were significant differences in VAS scores over time 
between the two matched groups (P=0.010). From the 
time line chart (Figure 3), patients in Group E reported 
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less pain than patients in Group G in the early postopera-
tive period, postoperative VAS at 1 h, 3 h, 6 h in Group 
G and Group E were 4.250±1.414 vs 2.033±0.718, 
P=0.000, 3.906±1.14 vs 2.400±0.814, P=0.000, and 
3.656±1.066 vs 2.767±0.679, P=0.000 respectively. 
Group G and Group E VAS scores peaked at 1 h and 12 
h, respectively, and the peak pain score in Group G is 

significantly higher than that of Group E (P=0.002). In 
addition, the OBAS pain satisfaction score of Group E was 
significantly lower than that of Group G (P=0.008); lower 
OBAS score corresponds to a greater benefit from 
a specific pain management therapy (Table 2).

Secondary Outcomes: Hemodynamics, 
Analgesics Consumption and Recovery
Intraoperative hemodynamics were monitored continu-
ously through a radial arterial line. The diastolic blood 
pressure change (▵DBP) and heart rate change (▵HR) 
in Group G were significantly higher than that of Group 
E (P▵DBP=0.000, P▵HR=0.003) (Table 2).

The anesthetic consumption of Group G was signifi-
cantly higher than that of Group E (Table 2), including 
intraoperative inhaled concentration of sevoflurane 
(P=0.000) and intraoperative sevoflurane consumption 
(P=0.000). The function of geeglm fitting generalized esti-
mating equations was used to analyze the difference in the 
number of PCA attempts and opioid consumption (oral 
morphine milligram equivalent, OME) with time between 
the two groups, which showed the number of PCA 
attempts and opioid consumption (OME) were statistically 

Table 1 Patient Demographics

Variable Group G (n=32) Mean ±SD/N (%) Group E (n=30) Mean ±SD/N (%) P-value

Age (years) 56.094±11.372 56.733±8.690 0.597

Gender (M/F) 15 (46.9%)/17 (53.1%) 12 (40.0%)/18 (60.0%) 0.585

Height (cm) 164.938±6.535 164.567±6.971 0.415

Weight (kg) 66.141±11.677 67.167±10.648 0.640

BMI 24.311±4.861 23.882±5.270 0.648

NYHA Status (Norm/I/II) 20 (62.5%)/10 (31.3%)/2 (6.2%) 21 (70.0%)/8 (26.7%)/1 (3.3%) 0.256

ASA Status (I/II/III) 9 (28.1%)/13 (40.6%)/10 (31.3%) 6 (20.0%)/19 (63.3%)/5 (16.7%) 0.361

Drinking History 9 (28.1%) 7 (21.9%) 0.667

Smoking History 8 (25.0%) 10 (33.3%) 0.470

History of Opioid Use 0 0 –

General Anesthesia Duration (min) 245.156±60.074 253.667±51.090 0.552

Surgical Duration (min) 215.975±59.629 211.500±51.145 0.755

Number of spine levels involved segment (ESP block level)

2/3 Surgical Levels 15 (46.9%)/17 (53.1%) 19 (63.3%)/11 (36.7%) 0.296

L1/2/3 (L2) 1 (3.1%) 2 (6.7%)

L2/3 (L2) 1 (3.1%) 0 (0%)

L2/3/4 (L3) 5 (15.6%) 1 (3.3%)

L3/4 (L3) 3 (9.4%) 1 (3.3%)

L3/4/5 (L4) 7 (21.9%) 2 (6.7%)

L4/5 (L4) 3 (9.4%) 14 (46.7%)

L4/5/S1 (L5) 4 (12.5%) 6 (20.0%)

L5/S1 (L5) 8 (25.0%) 4 (13.3%)

Abbreviations: Group G, control group; Group E, treatment group; BMI, body mass index; NYHA, New York Heart Association; ASA, American Society of 
Anesthesiologists; L, lumbar spine; S, sacral spine.

Figure 3 VAS pain score timeline chart. ★*P<0.05. Data are presented as mean ±SD.
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different over time between the two groups as interactions 
exist between each anesthesia technique (without vs with 
ESP block) and the timing for PCA attempts (P=0.000) 
and opioid consumption (OME, P=0.000). The opioid 
consumption (OME) in Group G was significantly higher 
than that in Group E both intraoperatively (P=0.000) and 
postoperatively (P=0.0005). Specifically, the opioid con-
sumption (OME) and the numbers of PCA attempts in 
Group G was significantly higher than that in Group 
E (P=0.000 and P=0.000 respectively) at 0–12 h (Table 2).

In addition, the time to first postoperative flatus in 
Group E was significantly earlier than that in Group 
G (P=0.014) (Table 3).

Discussion
Lumbar spine surgery is frequently performed to relieve 
pain and provide functional improvement in patients with 
spinal stenosis and degenerative disc disease.18,19 During 
the surgery, the paraspinal muscles are dissected away 
from the spinous process and lamina to the lateral side of 

Table 2 Intraoperative Hemodynamics and Perioperative Anesthetic/Analgesic Consumption

Variable Group G (n=32) Group E (n=30) P-value

Mean ±SD Mean ±SD

Hemodynamics

▵SBP (mmHg) 8.000±4.500 7.500±4.000 0.177
▵DBP (mmHg) 6.000±4.000 3.500±3.000 0.000

▵HR (bpm) 3.000±3.000 1.500±2.750 0.003

OBAS at 24h 3.000±2.000 2.000±1.000 0.008

Anesthetic and Analgesic Consumption

Intraoperative Inhalational Sevoflurane Concentration 2.500±0.625 1.500±0.500 0.000
Intraoperative Sevoflurane Consumption (mL) 79.200±23.625 46.800±17.100 0.000

Intraoperative Opioid Consumption (OME) 41.300±5.820 22.200±4.710 0.000

Postoperative Opioid Consumption (OME) at 0–12 h 17.800±2.100 10.300±3.700 0.000
Postoperative Opioid Consumption (OME) at 12–24 h 16.900±1.470 16.700±2.770 0.692

Postoperative Opioid Consumption (OME) at 24–48 h 18.000±3.960 18.400±4.400 0.721

Total Postoperative Opioid Consumption (OME) at 0–48 h 52.763±6.544 45.547±9.395 0.001

The number of PCA Attempts

The number of PCA Attempts at 0–12 h 1.660±1.070 0.633±0.809 0.000
The number of PCA Attempts at 12–24 h 1.030±0.595 0.933±0.828 0.463

The number of PCA Attempts at 24–48 h 0.312±0.535 0.567±0.626 0.081

The total number of PCA Attempts at 0–48 h 2.500±2.000 2.000±3.750 0.037
Number of Rescue Analgesia Received 1.000±2.000 1.000±1.000 0.215

Number of Patients Using Pethidine 0 0 –

Abbreviations: Group G, control group; Group E, treatment group; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; OBAS, overall benefit of 
analgesia score; OME, oral morphine milligram equivalent; PCA, patient-controlled analgesia.

Table 3 Postoperative Recovery

Variable Group G (n=32) Group E (n=30) P-value

Mean ±SD/N (%) Mean ±SD/N (%)

Time to First Postoperative Flatus 39.875±14.494 32.000±15.682 0.014

Hospital Stay (h) 395.344±77.994 398.767±92.562 0.562

Hospitalization Expenses (yuan, RMB) 63,246.650±23,769.970 57,124.190±14,455.210 0.111
Postoperative Nausea 11 (34.4%) 6 (5.0%) 0.205

Postoperative Vomiting 5 (15.6%) 4 (13.3%) 1.000

Postoperative Dizzines 1 (3.1%) 0 (0%) –
Postoperative Irritability 0 (0%) 0 (0%) –

Abbreviations: Group G, control group; Group E, treatment group.
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the facet joint. Mechanical and thermal trauma during 
surgery may cause muscle ischemia and damage to nerves 
innervating the paraspinal muscles.9,20 Severe postopera-
tive pain is common.9,18–20 Opioid agonists are the main-
stay of treatment for perioperative pain, but their 
administration slows down normal gastrointestinal moti-
lity, increases the incidence of respiratory complications, 
and prolongs hospital stay.21 Enhanced recovery after sur-
gery protocols frequently include the use of regional 
anesthesia techniques to minimize opioid analgesics when-
ever possible.22,23 Our study showed that the ESP block 
provided improved analgesia with significantly lower VAS 
scores at rest at 1, 3, and 6 h postoperatively, decreased 
intraoperative and postoperative opioid consumption and 
decreased intraoperative sevoflurane requirements. OBAS 
as an indicator of patient satisfaction for pain control,14 

was also shown to be better in Group E compared to group 
G. Finally, effective analgesia via opioid-reducing ESP 
block placed preoperatively was shown to accelerate 
bowel function recovery postoperatively.

Our study adds to a small field of randomized control 
trials studying the efficacy of ESP block for analgesia in 
lumbar spine surgery. Bilateral ESP block for open lumbar 
decompression surgery was assessed through a single- 
center randomized control study of 60 patients.11 Lower 
pain scores at rest and with activity, as well as decreased 
opioid consumption were observed for 24 h after surgery 
in patients with ESP block.11 Another single-center rando-
mized control study of 40 patients on the effectiveness of 
bilateral ESP block in lumbar spine surgery had results 
similar to our study, with lower pain scores for the first 6 
h after surgery, less rescue analgesics and lower opioid 
consumption at 24 h in the patients with ESP block.10 

A multicenter trial of 80 patients investigating the efficacy 
of bilateral lumbar ESP block for posterior lumbar inter-
body fusion surgery is currently recruiting; opioid con-
sumption at 24 h is the primary outcome. This 
multicenter trial may add to our understanding of the 
contribution of ESP block for analgesia in lumbar spine 
surgery.9

The ESP block performed in the lumbar spine region 
by depositing local anesthetics in the fascial plane super-
ficial to the transverse process directly and consistently 
targets the dorsal rami of the spinal nerves, thus providing 
sensory input to the posterior wall of the trunk.1,2,4,6 The 
spread of local anesthetics into the paravertebral or epi-
dural space, albeit controversial and not consistently 
observed, may provide visceral pain control in addition 

to somatic analgesia, but adds the potential risk of lower 
extremity weakness.24–26 However, ESP block has been 
used for lower extremity hip, femur and knee procedures 
and there has been no more motor weakness or interfer-
ence with physical therapy when compared to other regio-
nal anesthesia techniques, such as lumbar plexus and 
quadratus lumborum block.27,28 In summary, we would 
not anticipate ESP block to cause motor weakness or 
interfere with early ambulation.

Concerns remain that the analgesic effect of pre- 
incision ESP block for spine surgery may be diminished 
because of the proximity of the injection site to the surgi-
cal incision and the potential for local anesthetics to be 
washed away. The same pre-incision technique has been 
used in other studies that have confirmed the analgesic 
effects of ESP block for spine surgery,10,11 with a similar 
time interval between block placement and surgical 
incision.11 In addition, ultrasound-guided modified thora-
columbar interfascial plane (TLIP) block, a similar fascial 
plane block to the ESP block, has been shown to provide 
effective analgesia even when performed immediately 
before surgical incision under general anesthesia.29,30 In 
this study, the surgical incision extended from midline to 
the articular process but did not extend to the transverse 
process. Also, incision did not occur immediately after the 
ESP block was performed; at least half-an-hour elapsed, 
providing enough time for local anesthetics to spread to 
the targeted location and bind to receptors. In the future, it 
would be of interest to design a study comparing the 
efficacy of ESP blocks performed at different time inter-
vals before surgical incision.

Alternative regional techniques for analgesia for lum-
bar spine surgery have been described and include epidural 
anesthesia, paravertebral nerve block (PVB), retrolaminar 
block (RLB), TLIP block, and local anesthetic wound 
infiltration. Compared to neuraxial blocks, the ESP block 
avoids serious neuraxial complications such as dural punc-
ture, epidural hematoma, and hypotension.31,32 PVB pro-
vides more reliable ventral ramus blockade, helpful when 
anterior surgical exposure is utilized, and sympathetic 
trunk blockade and thus greater visceral pain control than 
ESP block, but is associated with more risks for serious 
complications such as pneumothorax in the thoracic spine 
levels, hypotension, nerve injury, and it can be technically 
challenging to perform.33 The injectate of RLB could 
diffuse into the paravertebral space, epidural space, and 
intervertebral foramina.33 Although the two types of TLIP 
block method can provide effective analgesia for patients 
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undergoing lumbar discectomy,29,30 this block can be tech-
nically challenging because in some patients identification 
of the paraspinal muscles may prove difficult as these 
separate muscles often appear as a single larger one in 
some patients.34 Local anesthetic wound infiltration is 
common but the effects are often short-lived.35 Potential 
benefits of the lumbar ESP block include the ease of 
performance with clear landmarks for ultrasound anatomy. 
In addition, the technique is very safe, since the target site 
for injection is a muscular plane and there is practically no 
risk for mechanical nerve contact.24,28 Risk of injury to 
neuraxis is also very low.

In this study, the analgesic effects of a bilateral single 
injection ESP block with long-acting local anesthetics 
diminished after 12 h. Multiple options are available for 
providing a longer duration of pain control. Patients may 
benefit from repeated injections. A continuous nerve block 
catheter for inpatients, or an indwelling catheter connected 
to a disposable pump for outpatients may significantly 
prolong perioperative pain control, accelerate recovery 
and shorten length of hospital stay. However, concerns 
about the potential risk for wound infections because of 
the close proximity of the surgical incision to the ESP 
block site will limit the application of ESP catheters for 
lumbar spine surgeries. Liposomal bupivacaine is another 
option for prolonging one-time injections; however, its 
potential duration of 72 h has not been universally estab-
lished and its cost is prohibitive in many settings. Several 
local anesthetic adjuvants such as dexamethasone,36 

dexmedetomidine,37 compound betamethasone38 and 
methylprednisolone acetate39,40 have been used to prolong 
the analgesic effects of single-shot blocks from hours to 
days. Such adjuvants have the potential to prolong ESP 
blocks; further investigations of this block for lumbar 
spine surgery that include local anesthetic adjuvants 
would be helpful.

There are several limitations of this study. The blinding is 
not complete as neither the anesthesiologist who prepared all 
the medication, performed all the general anesthesia manage-
ment and ESP blocks, nor the surgeons were blinded to the 
randomization. However, all patients were unaware of the 
grouping as blocks were performed after general anesthesia. 
In addition, all perioperative management and postoperative 
assessment were performed by two certified nurse investiga-
tors who were unaware of group allocation. With respect to 
the block itself, we did not measure the exact spread of local 
anesthetic after injection and were not able to assess the 
dermatomal coverage post block placement. Unfortunately, 

because our hospital does not use acetaminophen for analge-
sia, it was not included in the multimodal analgesic protocol 
for this study; parecoxib, a selective COX-2 inhibitor, was 
used instead. Intravenous acetaminophen is not commonly 
used perioperatively in China, and oral acetaminophen is 
typically only used as an antipyretic and infrequently as 
a perioperative analgesic. Ideally, both would have been 
used to maximize their opioid-sparing and synergistic 
analgesic effects with opioids. Also, because our surgeons 
prefer that their patients are not mobilized for the first 48 
h postoperatively due to concerns for wound dehiscence and 
inadequate pain control, we were not able to monitor the 
effects of ESP on VAS dynamic pain scores or the number of 
PCA attempts and opioid consumption with activity. 
Collecting this information would be helpful in future stu-
dies. Timing of the subsequent initiation of mobilization was 
not documented, but there were no reports of quadriceps 
weakness or difficulty with physical therapy in any study 
patients. In addition, the patients in this study underwent only 
lumbar laminoplasty of two to three levels, so the benefits of 
this block for other lumbar surgeries is not confirmed. 
Moreover, this study focused on short-term outcomes for 
the first 48 h after surgery, and long-term outcomes such as 
the efficacy of the ESP block to prevent persistent postsurgi-
cal pain remains unknown. A larger-scale study, ideally 
a multicenter, prospective study, including patients for dif-
ferent types of spine procedures, would be better for systemi-
cally assessing the effectiveness of the ESP block for spine 
surgery.

Conclusions
The ultrasound-guided bilateral ESP block can provide 
effective analgesia, decrease perioperative opioid consump-
tion, improve patient satisfaction with perioperative pain 
management and is beneficial for the recovery of gastroin-
testinal function in patients undergoing lumbar laminoplasty.
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