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Abstract

Purpose Spinal nerve injections have traditionally been performed under fluoroscopic (FL) and computed tomography (CT)
guidance. Recently, ultrasound (US)-guided procedures have provided an alternative guidance approach that does not expose
the patient and operator to radiation. The aim of this study was to compare the efficacy and safety of US-guided spinal nerve
injections compared with FL- or CT-guided spinal nerve injections.

Methods MEDLINE, Cochrane Library, EMBASE, international clinical trials registry platform (ICTRP) and ClinicalTri-
als.gov database searches for inclusion until February 2023 were independently performed by two authors using predefined
criteria. Randomized controlled trials (RCTs) were included. Primary outcomes were change in pain score (numeric rating
scale or visual analogue scale) and major adverse events. Secondary outcomes were procedure time, change in functional dis-
ability score and minor adverse events. Meta-analysis was performed using random-effect model. We evaluated the certainty
of evidence based on the Grading of Recommendations, Assessment and Development (GRADE) approach.

Results Eight RCTs involving 962 patients were included. There might be little to no difference in the mean score of the pain
change between the US-guided methods and the FL- or CT-guided injections (standard mean difference -0.06; 95% confi-
dence interval [CI] —0.26 to 0.15). US guidance probably reduced major adverse events (0.7% [3/433] and 6.5% [28/433],
respectively), reduced procedure time (mean difference —4.19 min; 95% CI —5.09 to —3.30), and probably reduced minor
adverse events (2.1% [9/433] and 4.2% [18/433], respectively) compared with FL or CT guidance. There was probably little
to no difference in the change in functional disability score with either method.

Conclusion US-guided spinal nerve injections remained effective and reduced adverse events compared with conventional
FL- or CT-guided spinal nerve injections. Further RCTs are required to verify our results.

Study registration Open Science Forum (Available from: https://osf.io/vt92w/).
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Introduction

Cervical and lumbosacral radicular pain is caused by spinal
nerve root dysfunction [1, 2] and their prevalence is 1-6%
and 3-5%, respectively [3, 4]. This disorder significantly
negatively impacts on a patient's physical functioning, men-
tal health, and social participation. Spinal nerve injections,
including transforaminal epidural injections, are used to treat
cervical spine and lumbosacral radiculopathy [5, 6].

Spinal nerve injections have traditionally been performed
under fluoroscopy (FL) or computed tomography (CT) guid-
ance [7, 8]. Recently, ultrasound (US)-guided procedures
have provided an alternative approach that does not expose
patients or operators to radiation. With this approach, the
nerve roots and blood vessels are visible, thus reducing
complications [8, 9]. One randomized controlled trial (RCT)
reported that US-guided injections significantly reduced the
risk of complications and have equivalent accuracy and effi-
cacy compared with CT-guided injections [8]. Another RCT
reported that US guidance provided similar pain relief and
functional improvements, while facilitating the identification
of critical vessels and requiring a shorter procedure time
without radiation exposure compared with FL guidance
[10]. However, there have been no systematic review and
meta-analysis comparing the effectiveness of US guidance
with FL or CT guidance for spinal nerve injections. Whether
imaging guidance affects the risk of complications during
spinal nerve injections remains controversial.

Therefore, this systematic review and meta-analysis
aimed to compare the efficacy and safety of US-guided
spinal nerve injections with FL- or CT-guided spinal nerve
injections.

Methods

This systematic review and meta-analysis of RCTs is in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses 2020 (PRISMA-2020)
(Online Resource 1) [11]. This protocol has been submitted
to the Open Science Forum (https://osf.io/vt92w/).

Search method

We searched the following databases: MEDLINE (Pub-
Med); the Cochrane Central Register of Controlled Trials
(Cochrane Library), and EMBASE (Dialog); and the World
Health Organization International Clinical Trials Platform
Search Portal (ICTRP) and ClinicalTrials. gov for ongoing
or unpublished trials on 28 February, 2023 (Online Resource
2). We checked each study’s reference list, including
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international guidelines [12—14]. Additionally, we checked
each eligible study’s and article citing eligible study’s refer-
ence list. The authors of the original studies were asked to
provide unpublished or additional data, if necessary.

Inclusion criteria of the articles

We included RCTs that assessed the effectiveness of US
guidance versus FL or CT guidance for spinal nerve injec-
tions (nerve root and transforaminal epidural injections) in
adults. Patients who received interlaminar and caudal epi-
dural blocks were excluded from the study.
The following data were extracted from the trials.
Primary outcomes:

1. Change in pain score: measured using a self-reported
scale (e.g. numeric rating scale [NRS] or visual ana-
logue scale [VAS]). To assess changes in the pain scale,
we compared the differences in the pain scale before and
after the intervention. The pain score at the last follow-
up visit was used as the post-intervention score.

2. Major adverse events (e.g., inadvertent vascular punc-
ture, local anesthetic toxicity [central nervous system
and cardiovascular symptoms], spinal infarction, visible
haematoma, dural puncture, and iatrogenic nerve injury)
that require treatment or additional procedures.

Secondary outcomes:

1. Procedure time (minutes): set by the original authors.

2. Change in functional disability score: Neck Disability
Index (NDI) [15] was used for cervical spinal nerve
block and Oswestry Disability Index (ODI) [16] for
lumbar spinal nerve block. To assess changes in func-
tional disability scores, we compared the differences in
pre- and post-intervention functional disability scores.
The functional disability score at the last follow-up was
used as the post-intervention score.

3. Minor adverse events (e.g., transient numbness, vertigo,
dizziness, nausea, vomiting, facial flushing, and vasova-
gal syncope) that did not require any treatment or addi-
tional procedures.

Data collection and analysis

The mean difference (MD) and 95% confidence intervals
(CIs) were combined for procedure time. The standard
mean differences (SMD) and 95% Cls were combined
for change in pain score and change in functional dis-
ability score. ReviewManager (RevMan 5.4.2, The
Cochrane Collaboration, Copenhagen, Denmark) was
used to extract data for statistical analyses. A random-
effects model was used for all the meta-analyses. For
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continuous data, missing data were not imputed based
on the recommendations of the Cochrane handbook [17].
Chi-squared test was used to test for heterogeneity when
the research object, intervention measures, and method
of outcome assessment were the same. Statistical hetero-
geneity was evaluated by visual inspection of the forest
plots and calculation of the I? statistic (0-40%: might not
be important; 30-60%: may represent moderate hetero-
geneity; 50-90%: may represent substantial heterogene-
ity; 75-100%: considerable heterogeneity) [17]. If there
was substantial heterogeneity (I > 50%), we assessed its
reason.

Two authors (RK and YO) independently screened all
titles and abstracts, and assessed the risk of bias using
Risk of Bias 2 [18]. Disagreements between the two
reviewers were discussed. Two reviewers (RK and NY)
evaluated the certainty of evidence based on the Grad-
ing of Recommendations Assessment, Development and
Evaluation (GRADE) approach [19]. Disagreements
between the two reviewers were discussed and a third
reviewer (JW) acted as an arbiter.

A summary of the findings table was created for the
following outcomes based on the Cochrane handbook
[17]: change in pain score, major adverse events, pro-
cedure time, change in functional disability score, and
minor adverse events.

Additional analyses

We performed subgroup analyses of the primary outcomes
based on the following factors: cervical or lumbar spinal
nerve injections and use of drugs (with steroids vs. without
steroids). Additionally, we performed the following sensi-
tivity analyses for the primary outcomes to assess whether
the results of the review were robust to the decisions made
during the review process: inclusion of studies reporting post
intervention values, and exclusion of studies reporting only
short-term results (< three months).

Difference between protocol and review

We could not perform the sensitivity analysis for long-term
results of change in functional disability score because there
were no studies with short term results, and for performers
because all studies included senior doctors.

Results

Search results

After excluding duplicates, 318 studies were identified
in a search conducted in February 2023 (Fig. 1, Online
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Fig. 1 Flowchart outlining the process of the meta-analysis. CENTRAL, Cochrane Central Register of Controlled Trials; ICTRP, International

Clinical Trials Registry Platform
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Resource 3). Finally, we included eight reports [8, 10,
20-25] in the synthesis. A total of 962 spinal nerve root
injections were included: 481 using US and 481 using FL
or CT (Table 1). The affected segments were the cervical
(n=>5) and lumbar spine (n=3). The mean follow-up time

Table 1 Characteristics of the included studies

was 2.4 months (range, 1-6 months). All of the performers
of the injections were senior doctors. Of the eight stud-
ies, six were performed in an outpatient setting and the
remaining two were not reported. The risk of bias for each
study is shown in Fig. 2 and Online Resource 4-7.

Study Country Number of Affected Seg- Intervention  Control Steroids Last Follow- Experience of Setting
Patients (n) ment up Intervention-
(Intervention/ alist
Control)
Jeeetal. [20] Korea 110 (55/55) Cervical US nerve root FL transfo- 3 months Senior Outpatient
raminal
Obernauer Austria 40 (20/20) Cervical US periradic- CT periradic- 1 month Senior Outpatient
et al. [8] ular ular
Loizides et al. Austria 40 (20/20) Cervical US para- CT para- 1 month Senior Outpatient
[21] radicular radicular
Yang et al. China 80 (40/40) Lumbar US transfo- FL transfo- 1 month Senior Not reported
[22] raminal raminal
Cuietal. [10] China 143 (70/73) Cervical US nerve root FL transfo- 6 months Senior Outpatient
raminal
Zhang et al. China 79 (41/38) Lumbar US nerve root FL nerve root 3 months Senior Outpatient
[23]
Yue et al. [24] China 430 (215/215) Cervical US transfo- CT transfo- 3 months Senior Outpatient
raminal raminal
Plaikner et al. Austria 40 (20/20) Lumbar US periradic- CT periradic- 1 month Senior Not reported
[25] ular ular
US ultrasound guided, FL fluoroscopy guided, CT computed tomography guided
Fig.2 Risk of bias table for Risk of bias domains
change in pain score | D2 D4 D5 | Overall ‘
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Primary outcomes
Change in pain score

Eight RCTs (962 participants) reported changes in pain
score [8, 10, 20-25]. Among them, five studies used the
VAS, while three studies used the NRS. The evidence sug-
gests that there was little to no difference in the mean score
of the VAS/NRS for the patients’ pain change between the
US-guided methods and the FL- or CT-guided injections
(SMD —0.06; 95% CI, -0.26 to 0.15; F=52%; low certainty
of evidence) (Fig. 3).

Major adverse events

Six RCTs (866 participants) reported major adverse events
[8, 10, 20-22, 24]. In the cohort, 0.7% (3/433) had inad-
vertent vascular puncture with US guidance. Of these, 0.8%
(3/393) and 0% (0/40) were cervical and lumbar injections,
respectively. In contrast, 6.5% (28/433) experienced major
adverse events with FL. or CT guidance. Of these, 7.2%
(28/393) and 0% (0/40) were cervical and lumbar injections,
respectively. With the exception of inadvertent vascular
puncture, no major adverse events (e.g., local anesthetic tox-
icity [central nervous system and cardiovascular symptoms],
spinal cord infarction, visible haematoma, dural puncture,
or iatrogenic nerve injury) requiring treatment or additional
procedures were observed in either group. The US-guided
injections probably reduced major adverse events; moderate
certainty of evidence (Table 2).

Secondary outcomes
Procedure time

Seven RCTs (865 participants) reported procedure times
[8, 10, 21-25]. All trials reported shorter times with US.

US-guided injections reduced procedure time compared
with the FL- or CT-guided injections (MD —4.19 min; 95%
CI, —5.09 to—3.30; I*=95%: high certainty of evidence)
(Fig. 4a).

Change in functional disability score

Four RCTs (762 participants) reported change in functional
disability score [10, 20, 23, 24]. Among them, three studies
of the cervical spine used the NDI, while one study used the
ODI. There was probably little to no difference in the mean
functional disability score change between the US- and FL-
or CT-guided injections (SMD 0.12; 95% CI, - 0.04 to 0.28;
> = 12%; moderate certainty of evidence) (Fig. 4b).

Minor adverse event

Six RCTs (865 participants) reported minor adverse
events. 10202224 1y the cohort, 2.1% (9/433), all of whom
belonged to the cervical group (2.3% [9/393]), experienced
drug-induced adverse events such as nausea, vertigo, and
flush reaction with US-guided injections. In contrast, 4.2%
(18/433), all of whom belonged to the cervical group (4%
[18/393]), experienced minor adverse events with FL or CT-
guided injections. One case of CT-guided cervical nerve root
injection resulted in persistent numbness for one week. The
US-guided methods probably reduced minor adverse events;
moderate certainty of evidence (Table 2).

Additional analysis

All the pre-specified subgroup analyses for change in pain
score, procedure time, and change in functional disability
score revealed no significant differences between the sub-
groups (cervical spine or lumbar spine [p=0.50, 0.93 and
0.79, respectively]; with or without steroids (p=0.08 and
0.14, respectively)) (Fig. 5a, b, ¢; Online Resources 8 and 9).

us FLor CT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Cui 2022 5.7 3 70 6.6 2 73 16.0% -0.35[-0.68, -0.02] —
Jee 2013 3.5 0.5 55 3.5 0.4 55  14.4% 0.00 [-0.37, 0.37] s S—
Loizides 2013 54.8 23.2 20 41.2 26.6 20 7.7% 0.53 [-0.10, 1.17]
Obernauer 2013 46 2.3 20 29 26 20 7.6% 0.68 [0.04, 1.32]
Plaikner 2023 46 2.7 20 49 25 20 7.9% -0.11[-0.73, 0.51] ——
Yang 2016 4.1 1.5 40 41 1.4 40 12.3% 0.00 [-0.44, 0.44] S S—
Yue 2023 2.5 1.7 215 2.8 0.6 215 22.0% -0.23[-0.42,-0.05] —
Zhang 2022 29 0.6 41 3.1 0.9 38 12.1% -0.26 [-0.70, 0.18] I
Total (95% CI) 481 481 100.0% -0.06 [-0.26, 0.15] *
Heterogeneity: Tau? = 0.04; Chi® = 14.44, df = 7 (P = 0.04); I> = 52% _%1 —OI 5 3 0%5 i

Test for overall effect: Z = 0.52 (P = 0.60)

Fig.3 Forest plot of included studies comparing ultrasound (US)
guided spinal nerve injections with fluoroscopy (FL) or computed
tomography (CT) guided spinal nerve injections on the change in pain

Favours [FL or CT] Favours [US]

score (SD. standard deviation; IV, inverse-variance method; CI, confi-
dence interval; df, degree of freedom)
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(a) _ _
us FLor CT Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Cui 2022 3.7 1.4 78 6 2.1 78 16.4% -2.30[-2.86, -1.74] -

Loizides 2013 4 1.8 20 7.6 2.1 20 13.3% -3.60[-4.81, -2.39] _—

Obernauer 2013 2.2 1.4 20 10.3 2.3 20 13.5% -8.10[-9.28,-6.92] ——

Plaikner 2023 4.4 3.5 20 6.5 3 20 9.3% -2.10[-4.12, -0.08] —

Yang 2016 8.6 1.7 40 15.5 3.8 40 12.9% -6.90[-8.19, -5.61] —

Yue 2023 3.4 1.3 215 6.4 1.9 215 17.2% -3.00[-3.31, -2.69] ol

Zhang 2022 3.7 0.1 41 7.4 0.5 38 17.5% -3.70[-3.86, -3.54] =

Total (95% ClI) 434 431 100.0% -4.19 [-5.09, -3.30] <o

Heterogeneity: Tau? = 1.18; Chi? = 119.64, df = 6 (P < 0.00001); I> = 95% 110 _=5 3 5 16

Test for overall effect: Z = 9.19 (P < 0.00001)

Favours [US] Favours [FL or CT]

b
( ) us FLor CT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Cui 2022 67.5 38.2 70 70.5 24.1 73 20.7% -0.09 [-0.42, 0.23] ——
Jee 2013 122 3.1 55 12.2 3 55 16.3% 0.00 [-0.37, 0.37] I E—
Yue 2023 226 3.1 215 219 29 215 51.0% 0.23 [0.04, 0.42] —i—
Zhang 2022 289 4.4 41 28.1 5.9 38 12.0% 0.15 [-0.29, 0.60] e I
Total (95% Cl) 381 381 100.0% 0.12 [-0.04, 0.28] L
Heterogeneity: Tau? = 0.00; Chi® = 3.39, df = 3 (P = 0.34); I = 12% _51 —C; 5 3 055 i

Test for overall effect: Z = 1.46 (P = 0.14)

Fig.4 Forest plot of included studies comparing ultrasound (US)
guided spinal nerve injections with fluoroscopy (FL) or computed
tomography (CT) guided spinal nerve injections on the procedure

The post-intervention values for the sensitivity analy-
sis tended to be valid for the FL- or CT-guided injec-
tions, although not significantly different in the pain score
(p=0.06), and the FL- or CT-guided injections were signifi-
cantly more valid for the functional score (p=0.008) (Online
Resources 10 and 11).

Regarding long-term results of the pain score (> three
months), the change in pain score was significantly greater
with the FL or CT guidance than with US guidance
(»=0.002) (Online Resource 12).

Discussion

The results of this review covering eight RCTs including 962
participants showed that US-guided spinal nerve injections
might result in little to no difference in change in pain score
compared to the FL- or CT-guidance, and that US-guided
injections slightly reduced adverse events and procedure
time.

The findings of this review, similar to those of previous
studies [8, 10, 20-22, 24], suggest that US-guided injec-
tions were as effective as FL- or CT-guided injections in
reducing pain and improving function. Regarding the pain
score, the amount of change in pain score before and after
the intervention and the value after the intervention were not
significantly different between the US and FL/CT groups.
Sensitivity analysis revealed that the long-term results

Favours [FL or CT] Favours [US]

time (a); change in functional disability score (b) (SD. standard devi-
ation; IV, inverse-variance method; CI, confidence interval; df, degree
of freedom)

(> three months) of the pain score were more effective in
the FL- or CT-guided group. However, the amount of change
was small compared to the minimal clinically important dif-
ferences (MCID) [26, 27]. The post-intervention value in
the sensitivity analysis for the functional disability score
was significantly smaller in the FL/CT group than in the US
group. This may be because the functional disability scores
for the FL- or CT-guided groups were lower at the start of
the trials; however, there was no significant difference in
the amount of change. In the sensitivity analysis, there were
statistical differences from the results of the main analysis
for the 3-month pain score and the post-intervention func-
tional disability score. However, there was no difference in
the amount of change, and the values were small compared
to the MCID. Thus, we concluded it to be clinically similar
to the results of the main analysis.

Additionally, we observed that the use of US-guided
injections probably reduced the incidence of major adverse
events more than the use of FL- or CT-guided injections.
Similar results were observed for minor adverse events.
Major and minor adverse events occurred only in the cer-
vical spine and were not reported in the lumbar spine.
Although FL/CT-guided cervical nerve root block is a
widely accepted standard procedure, accidental intravas-
cular injections can lead to catastrophic problems such as
vertebral artery dissection or spinal cord infarction [28,
29]. In contrast, US-guided injections may avoid injury
to vessels, the leading cause of reported complications
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(a)
us FLor CT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Cervical spine
Cui 2022 5.7 3 70 6.6 2 73  16.0% -0.35[-0.68, -0.02] —_—
Jee 2013 35 05 55 3.5 0.4 55 14.4% 0.00 [-0.37, 0.37] —_—
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Fig.5 Forest plot of included studies comparing ultrasound (US)
guided spinal nerve injections with fluoroscopy (FL) or computed
tomography (CT) guided spinal nerve injections that of subgroup
analysis between cervical spine and lumbar spine. Change in pain
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with spinal nerve injections [8], by facilitating the identi-
fication of critical vessels in unexpected locations relative
to the foramen or associated nerve. This review showed
that US-guided injections are safer than FL- or CT-guided
injections, especially in the cervical spine, and might be
recommended for future practice. Some clinical guidelines
recommend FL- or CT-guidance for spinal nerve injections
[12, 14, 30]; however, none have recommended US guid-
ance. In clinical guidelines, US-guidance should be con-
sidered and the complications should be discussed along
with the efficacy.

Furthermore, we observed that US guidance reduced
procedure time. This might be due to the visibility of the
nerve roots, blood vessels [10] and needle. The present US
technique allows for real-time “in-plane” needle access. This
avoids all relevant vessels, as none usually cross the needle
path based on normal topography [8]. All performers in this
review were senior doctors; thus, it is unclear whether simi-
lar results can be achieved with junior doctors, as US guid-
ance is considered a skill-dependent procedure. However,
when performed by an experienced doctor under US guid-
ance, the time saved is approximately 5 min, which is clini-
cally useful, especially for outpatient bedside procedures [8].
The elimination of transport time to the fluoroscopy room is
another time advantage of the US-guided procedures. The
results are applicable to outpatient settings because most
study populations in this review were outpatients.

The strength of this study is that, to our knowledge, this is
the first systematic review and meta-analysis to evaluate the
efficacy and safety of different types of guided spinal nerve
injections. We contacted the original authors and searched
for potentially unpublished studies whenever possible. Fur-
thermore, this review was based on a rigorous methodology,
such as the Cochrane Handbook and GRADE recommenda-
tions [17, 19].

However, this review has a couple of limitations. First,
many of the overall risk of bias were assessed as concerns
because of the non-blinding of the outcome assessor and the
selection of the reported results. Therefore, further blinded
RCTs with pre-registered protocols are required. Second,
difficult cases, such as those with high body mass index or
children, were not evaluated. Accordingly, further research
is needed to increase the certainty and generalizability of
the evidence.

In conclusion, this systematic review and meta-anal-
ysis demonstrated that US-guided spinal nerve injections
remained effective and reduced adverse events compared
with conventional FL- or CT-guided spinal nerve injections.
Therefore, physicians can use US-guided spinal nerve injec-
tions to reduce adverse events. However, more RCTs blinded
to the assessor and pre-registered studies that account for
variations in performers and objects are needed to verify the
efficacy and safety of spinal nerve root injections.
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