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ABSTRACT

Lumbar spine surgery is one of the most wide-
spread types of surgery for treating back and leg
pain. However, the postoperative period always
presents with severe pain due to the removal of
skin, subcutaneous tissues, bones, and liga-
ments. Patients usually require high doses of
opioids to relieve pain during the initial three
days after operation, as well as experience drug-
related complications and prolonged length of
stay in hospital. We found that Erector spinae
plane block significantly reduced postoperative
opioid consumption and pain scores. The pre-
sent systematic review revealed that ESPB was
effective and safe for postoperative analgesia.

Keywords: Erector spinae plane block; Lumbar
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Key Summary Points

Why carry out this study?

Patients usually require high doses of
opioids to relieve pain after lumbar spine
surgery, and experienced various drug-
related complications.

Erector spinae plane block (ESPB) is a
novel regional block technique that has
been reported as effective for relieving
postoperative pain, but no systematic and
persuasive evidence has been presented.

We conducted a systematic review and
meta-analysis to explore the safety and
efficacy of ESPB in lumbar spine surgery.

What was learned from the study?

This study showed that ESPB reduced
opioid consumption and provided
effective analgesia during the first 24
postoperative hours.

ESPB effectively improves postoperative
analgesia in patients undergoing lumbar
spine surgery.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14199329.

INTRODUCTION

Lumbar spine surgery is one of the most wide-
spread types of surgery for treating back and leg
pain. However, the postoperative period always
presents severe pain due to the removal of skin,
subcutaneous tissues, bones, and ligaments.
Patients usually require high doses of opioids to
relieve pain during the initial 3 days after
operation, and also experience drug-related
complications and prolonged length of hospital
stay [1]. In addition, severe postoperative pain
can lead to delayed out-of-bed activity, deep
venous thrombosis, postoperative delirium, and
chronic pain syndrome [2]. Unlike other types
of surgeries, such as thoracic and abdominal
surgery, lumbar spinal surgery lacks an effective
regional block technique to reduce the con-
sumption of opioids used to relieve postopera-
tive pain. Therefore, it is essential to find a safe
and effective way of relieving postoperative
pain associated with lumbar spinal surgery.

Erector spinae plane block (ESPB) is a novel
regional block technique, which was first
described by Forero in 2016 as the injection of
local anesthetic into the plane between the
deep fascia of the erector spinae muscle and the
vertebral transverse process under ultrasound
guidance [3]. Over the last few years, ESPB has
been demonstrated to be effective in various
type of surgeries, including breast surgery [4],
thoracic surgery [5], and laparoscopic chole-
cystectomy [6], among others. Several random-
ized controlled trials (RCTs) have reported that
ESPB could be a factor influencing postoperative
analgesia after lumbar spinal surgery [7, 8];
however, no systematic and persuasive evidence
has been presented.

Therefore, we conducted a systematic review
and meta-analysis of RCTs to explore the safety
and efficacy of ESPB in lumbar spine surgery.

METHODS

The present systematic review and meta-analy-
sis was conducted according to the Preferred
Reporting Items for Systematic Reviews and
Meta Analyses (PRISMA) guidelines. This article
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

Systematic Literature Search

PubMed, Embase, the Cochrane Library, and
Web of Science databases were independently
searched by two researchers to identify RCTs
available since the establishment of the data-
bases to January 31, 2021. No restrictions were
placed on language. The search strategy for the
PubMed database was as follows: ESPB [All
Fields] OR (erector [All Fields] AND (‘‘spine’’[-
MeSH Terms] OR ‘‘spine’’[All Fields]) AND plane
block [All Fields])), OR erector spinae plane
block [All Fields]. In addition, we manually
searched for the references of included studies
to determine whether there were potential
related trials.

Selection Criteria and Data Extraction

Studies that satisfied the selection criteria were
included, and the inclusion criteria were as
follows: (1) studies with patients undergoing
lumbar spine surgery; (2) studies with inter-
ventions that clearly described single ESPB as an
auxiliary analgesia technique (timing, location,
concentration, and dose of local anesthetic)
after administration of general anesthesia; (3)
studies involving comparisons such as no
intervention or sham block; (4) studies with
postoperative opioid consumption as an out-
come; and (5) studies designed as RCTs. The
exclusion criteria were as follows: (1) ongoing
clinical trials; (2) trials on animals or cadaver
research; (3) continuous ESPB; and (4) duplicate
publications.

We used EndNote X9 to exclude duplicate
trials. Two authors scanned the titles and
abstracts of the articles to establish whether
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they were eligible. Subsequently, the full text of
the articles was carefully assessed to examine
whether they satisfied the inclusion criteria.
Differences of opinion were settled by a third
author. The data from eligible studies were
extracted and cross-checked independently by
two authors. Data extracted included the name
of the first author, age, year of publication,
number of participants, the American Society of
Anesthesiologists scale, ESPB technique, general
anesthesia technique, patient-controlled intra-
venous analgesia (PCIA), and outcomes. In the
case of incomplete data, the reviewers attemp-
ted to contact the authors of the original articles
via email to request additional and complete
data.

Quality and Risk Assessment

We evaluated the risk of bias in studies included
in the systematic review using Cochrane Review
Manager (Version 5.3; The Nordic Cochrane
Centre, The Cochrane Collaboration, Copen-
hagen, Denmark, 2014). The criteria used were
as follows: random sequence generation, allo-
cation concealment, double-blinding, blinding
of outcome assessment, incomplete outcome
data, selective reporting, and other biases. Each
trial was assessed independently by two
reviewers and classified as low risk, unclear risk,
or high risk.

The quality of evidence was assessed using
the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system
for outcomes based on the following criteria:
study design, risk of bias, rating inconsistency
in results, rating of indirectness of evidence,
and others. The quality of evidence was divided
into four levels: high, moderate, low, and very
low. Funnel plots were used to evaluate publi-
cation bias.

Primary and Secondary Outcomes

Consumption of opioids during the first 24
postoperative hours was the primary outcome.
Opioids required by patients that served as res-
cue analgesia after surgery and the use of a
patient-controlled analgesia device constituted

opioid consumption. The secondary outcomes
were postoperative pain scores at different time
points, the number of patients requiring rescue
analgesia, and the occurrence of adverse events.
Pain scores used included the visual analogue
and numerical rating scales. We included active
pain scores for trials that evaluated pain scores
at different states in the present study.

Statistical Analysis

The meta-analysis was conducted using Review
Manager (version 5.3; The Nordic Cochrane
Centre, The Cochrane Collaboration, Copen-
hagen, Denmark, 2014). A pooled risk ratio (RR)
and 95% confidence intervals (CIs) were calcu-
lated for dichotomous outcomes. A P value
of\ 0.05 was considered statistically signifi-
cant. Mean difference (MD) and 95% CI were
calculated for continuous data using the same
units. Otherwise, a standardized mean differ-
ence (SMD) was applied. Continuous data
described in statistics as median (range) were
converted to means and standard deviations
according to a previously described method
[9, 10]. Heterogeneity of trials was assessed
using the I2 statistic. High heterogeneity was
likely to be observed due to clinical and
methodological factors; therefore, a random
effects model was applied in the present meta-
analysis despite a low I2 value.

RESULTS

Search Results

A total of 2103 relevant studies were obtained
from the databases after conducting an initial
search. Subsequently, we excluded 886 dupli-
cated studies and 1205 studies with irrelevant
abstracts and titles. We carefully evaluated the
remaining 12 studies by reading the full text to
determine whether they were eligible. Six stud-
ies were further excluded for the following rea-
sons: studies were reviews and case reports
(n = 2) [11, 12], retrospective study (n = 1) [13],
compared ESPB with other types of regional
blocks (n = 2) [14, 15], and an ongoing trial
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(n = 1) [16]. Finally, six studies [8, 17–21] satis-
fied the inclusion criteria and were used for the
meta-analysis. The literature screening process
is illustrated in Fig. 1.

Study Characteristics

Six RCTs with 360 patients (180 patients in the
ESPB group and 180 patients in the control
group with no intervention or sham interven-
tion) were considered in the present meta-
analysis. The publication years of the eligible
studies ranged from 2019 to 2021. ESPB was
performed between T10 and L3. Four studies
[8, 19–21] used bupivacaine as a local anes-
thetic, while two studies used ropivacaine. The
concentration of the local anesthetics ranged
from 0.025 to 0.5%. PCIA was used to relieve
postoperative pain in five trials
[8, 17, 18, 20, 21]. Detailed information
regarding studies included in the meta-analysis
is presented in Table 1.

Risk of Bias

Four studies [8, 17, 19, 21] explicitly reported
the method of random sequence generation,
and three studies [17, 18, 20] described alloca-
tion concealment. None of the studies described
the blinding of participants and personnel. All
studies mentioned that the assessors were blin-
ded and attrition bias was evaluated. No selec-
tive reporting was observed. All studies
calculated the sample sizes, and the other bias
was classified as ‘‘low risk’’. A summary of the
risk of bias is presented in Fig. 2.

Outcomes

All studies reported opioid consumption during
the first 24 postoperative hours. Synthesized
results revealed that patients who received ESPB
had a significantly lower opioid requirements
after surgery than patients in the control group
(SMD = -3.82, 95% CI [-5.70, -1.94]; P\ 0.01,
I2 = 97%, Fig. 3).

Postoperative pain scores were assessed at six
different time points: 2 h, 4 h, 6 h, 8 h, 12 h,
and 24 h after surgery. Forest plots revealed that

ESPB reduced postoperative pain scores signifi-
cantly (2 h: MD = -1.89, 95% CI [-2.64,
-1.14]; P\ 0.01, I2 = 87%; 4 h: MD = -1.46,
95% CI [-2.45, -0.47]; P\0.01, I2 = 92%; 6 h:
MD = -2.15, 95% CI [-2.60, -1.70]; P\ 0.01,
I2 = 0%; 8 h: MD = -1.64, 95% CI [-2.26,
-1.01]; P\ 0.01, I2 = 87%; 12 h: MD = -1.09,
95% CI [-1.71, -0.47]; P\0.01, I2 = 81%; 24 h:
MD = -0.68, 95% CI [-0.88, -0.49]; P\ 0.01,
I2 = 0%, Fig. 4).

Four studies recorded the numbers of
patients who required rescue analgesia. A forest
plot revealed that ESPB reduced the number of
patients requiring rescue analgesia significantly
(RR = 0.36, 95% CI [0.24–0.54], P\ 0.01,
I2 = 33%, Fig. 5).

Five studies recorded the incidence of post-
operative nausea and vomiting. A forest plot
revealed that the incidence of postoperative
nausea and vomiting were considerably lower
in the ESPB group than in the control group (RR
0.25, 95% CI 0.14–0.47, P\ 0.01, I2 = 0%,
Fig. 6). Two studies recorded the incidence of
itching, and a forest plot revealed no significant
difference between the ESPB and control groups
(RR 0.63, 95% CI 0.06–6.68, P = 0.70, I2 = 76%,
Fig. 7). No ESPB operation-related complica-
tions such as local anesthetic toxicity, bleeding,
neuraxial injury, or infection were reported in
the included studies.

Publication Bias

We did not evaluate publication bias because
the number of eligible studies was small [22].

Grade Assessment

All included studies were randomized trials. All
the assessors were blinded, there was no selec-
tive reporting and the other bias, the ‘‘risk of
bias’’ was graded as ‘‘not serious’’; I2[30%,
which indicated ‘‘inconsistency’’, was graded as
‘‘serious’’. Three trials [17, 19, 21] reported opi-
oid consumption and pain scores as median
(interquartile range) or median (min–max),
which indicated ‘‘indirectness’’ was classified as
‘‘serious’’. The overall results of GRADE are
presented in Table 2.
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DISCUSSION

To the best of our knowledge, this was the first
meta-analysis conducted on RCTs to evaluate
the efficacy of single ESPB in patients undergo-
ing lumbar spinal surgery. The results of the
comprehensive analyses revealed that ESPB sig-
nificantly reduced opioid consumption and

relieved postoperative pain; the quality of evi-
dence was rated as low and moderate.

The mechanism of action of ESPB remains
unclear. Forero et al. [3] demonstrated that local
anesthetics could block the ventral and dorsal
rami of the spinal nerve roots and produce an
extensive sensory block. A previous cadaveric
study revealed that anesthetics spread to the
epidural, paravertebral, and intercostal spaces,
in turn generating an effective blocking effect

Fig. 1 Flow chart of study retrieval
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[23]. However, a recent cadaver study revealed
that local anesthetics did not spread to the
dorsal anterior branch in most cases [24].
Despite the uncertain mechanism of action,
ESPB has been widely used as postoperative
analgesic over the last few years, and it seems to
have achieved satisfactory results [25–27]. A
previous meta-analysis [28] demonstrated that
ESPB is an effective strategy to improve post-
surgical analgesia. However, as the authors
mentioned, various surgical procedures with

anatomical differences resulted in significant
heterogeneity in the study.

Posterior lumbar spine surgery is one of the
most painful surgical procedures [29]. Studies
have revealed that opioid-based intravenous
patient-controlled analgesia is most frequently
used to overcome pain after spinal decompres-
sion surgery [30]. However, patients could suffer
the side effects of opioid use ranging from rel-
atively mild disorders, such as nausea, vomit-
ing, and hypotension, to severe side effects such
as loss of consciousness and respiratory depres-
sion. Additionally, as traditional regional anes-
thesia techniques of epidural anesthesia,
paravertebral blocks are associated with risks
including inadvertent motor blockade, deep
vein thrombosis, hypotension, urinary reten-
tion, pneumothorax, vascular puncture, and
epidural hematoma [31]. Therefore, ESPB can
potentially serve as a safe and effective method
for regional analgesia.

Our meta-analysis revealed that postopera-
tive pain score and opioid consumption
decreased significantly in patients who under-
went ESPB, which demonstrated its effective-
ness. As an important part of enhanced recovery
after surgery (ERSA), effectively relief of post-
operative pain is a problem that needs to be
solved. Further, ESPB does not interfere with
respiratory functioning, which meets the
requirements of ERSA [32]. Furthermore, the
occurrence of postoperative nausea and vomit-
ing was significantly reduced compared with
the control group. This may be a benefit from
the decreased consumption of opioids during
the postoperative period.

There are currently few documented opera-
tion-related complications of ultrasound-guided

Fig. 2 Risk of bias of included studies

Fig. 3 Forest plot of pooled analysis showing the postoperative opioid consumption
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ESPB in the literature. Ueshima [33] described
the first report of iatrogenic pneumothorax
following ESPB, and OSelvi et al. [34] first
reported motor weakness related to the ESPB in
a 29-year-old patient after a cesarean section
delivery. No ESPB operation-related complica-
tions were observed in our selected studies.
Notably, high-quality studies with large sample

sizes have demonstrated that the safety of ESPB
is essential.

The majority of quality of evidence in the
present systematic review was graded as low and
moderate, which could be attributed to the
following: First, most of the outcomes were
continuous data and the studies had high
heterogeneity. Second, opioid consumption

Fig. 4 Forest plot of pooled analysis showing the pain score at different time points during postoperative period
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and pain scores were not normally distributed,
and had to be transformed into means and
standard deviations, which suggests that the
evidence was indirect. Third, the application of
double-blinding in the included studies was a
challenge because no intervention or sham
block was lacking in the control group. Fur-
thermore, clinical heterogeneity could have
existed because of the various general anes-
thetic drugs and different ESPB techniques used.
Consequently, we adopted a random effects
model for the meta-analysis.

Limitations

The present systematic review had certain lim-
itations. First, the sample size of eligible studies
was relatively small; therefore, further studies
should be conducted with larger sample sizes.
Second, the majority of trials did not report on
double-blinding and allocation concealment;
however, the assessors were blinded. Third, the
databases we searched are not of equal quality.
Fourth, we did not compare ESPB with other
types of blocks because there were no RCTs
relevant to the subject; therefore, we could not
determine the advantages and disadvantages of

Fig. 5 Forest plot of pooled analysis showing the incidence of requiring rescue analgesia

Fig. 6 Forest plot of pooled analysis showing the incidence of postoperative nausea and vomiting

Fig. 7 Forest plot of pooled analysis showing the incidence of itching
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ESPB when compared with other types of blocks
after lumbar spinal surgery.

CONCLUSION

Overall, ESPB can serve as an effective and safe
postoperative analgesia after lumbar spinal sur-
gery. Nevertheless, future studies should be
conducted to validate our findings and to
compare ESPB with different types of regional

block analgesia, in addition to focusing on
postoperative quality of recovery.
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