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ABSTRACT
Background  Low-dose lidocaine is a common diluent 
for analgesia following cervical interlaminar epidural 
steroid injection (CIESI). Concerns with this practice 
exist. A single-arm cohort reported that 20% of patients 
develop postprocedural upper extremity weakness when 
using lidocaine as a diluent. Furthermore, a high-cervical 
spinal block with unintended intrathecal or subdural 
administration is possible.
Objective  Determine if low-dose lidocaine as a diluent 
during CIESI causes clinically meaningful (1) upper 
extremity weakness and (2) immediate pain relief when 
compared with saline.
Design  Double-blinded randomized control trial.
Methods  Patients with cervical radicular pain 
scheduled for CIESI were enrolled. Participants received 
lidocaine (CIESI-L) or saline (CIESI-S) as a diluent for the 
epidural injectate. Myotomal strength was measured 
with dynamometry before and between 20 and 30 min 
after CIESI. Pre-pain and post-pain scores were obtained. 
Primary and secondary outcomes were post-CIESI 
weakness of ≥20% (minimal clinically important 
difference (MCID)) in >1 myotome and ≥50% pain 
reduction on the numerical scale.
Results  120 participants (64 females (53%), mean 
age, 56 (SD 13.7) years) completed the study and were 
analyzed (CIESI-L n=60; CIESI-S n=60). There was no 
significant between-group difference in the proportion 
of participants with postprocedural weakness, CIESI-L 
41.7% (95% CI, 29.8% to 54.5%), CIESL-S 50% (95% 
CI, 37.5% to 62.5%). Between-group comparison 
showed no significant difference in pain reduction, 
relative risk 1.53 (95% CI, 0.82 to 2.86).
Conclusion  Low-dose lidocaine as a diluent in CIESI 
does not significantly increase the risk of post-CIESI 
myotomal weakness when compared with saline, but 
also does not substantially increase the likelihood of 
immediate, meaningful pain relief.
Trial registration details  ​ClinicalTrials.​gov 
(NCT03127137); December 26, 2017.

INTRODUCTION
Cervical radicular pain has an incidence of 83 
per 100,000 in the US population.1 Recalcitrant 
cervical radicular pain is commonly treated with 
epidural steroid injections.2 Cervical interlam-
inar epidural steroid injection (CIESI) is the most 

common technique to access the epidural space.3–6 
The majority of the literature on the effectiveness 
of CIESI includes the use of low-dose local anes-
thetic as a diluent for the steroid injectate with the 
intention of providing immediate pain relief.7–14 
While this practice is common,7 it is not supported 
by evidence. Currently, clinical practice guidelines 
neither recommend nor discourage the use of local 
anesthetic as a diluent.5

There are risks associated with local anesthetic 
use as a diluent. Local anesthetic unintentionally 
placed in the intrathecal or subdural space can 
result in apnea, hypotension, bradycardia, paral-
ysis, and loss of airway reflexes, also known as high-
spinal block (HSB).8–13 Furthermore, previous work 
demonstrates transient upper extremity weakness 
after appropriately placed transforaminal delivery 
of steroids with low-dose local anesthetic.14 We 
reported similar findings in a single-arm cohort 
study, wherein 20% of participants experienced a 
clinically meaningful decrease in upper extremity 
strength, as assessed by dynamometry, in at least 
one myotome after a single CIESI injection with 
1.0 mL of 1% lidocaine used as a diluent.15

Given a lack of clear evidence or a consensus 
recommendation for the use of local anesthetic 
as a diluent during CIESI, the present study was 
designed to determine if low-dose lidocaine used 
during CIESI results in (1) clinically significant 
upper extremity weakness and (2) immediate pain 
relief when compared with saline. We hypothesized 
that CIESI with lidocaine would cause an objective 
transient decrease in upper extremity strength and 
a significant immediate decrease in pain compared 
with saline. Broadly, we also sought to place our 
findings into a risk-benefit analysis that includes the 
risk of HSB, in order to provide evidence to aid 
clinical decision-making regarding diluent choice 
for CIESI.

METHODS
Study design and patient selection
This double-blinded randomized control trial was 
conducted at a single urban tertiary academic pain 
medicine center. Patients were recruited and treated 
between August 2018 and May 2019. All partici-
pants provided written informed consent prior to 
undergoing any study related procedures.
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Eligible patients were 18 years and older who were scheduled 
to undergo CIESI for the treatment of cervical radicular pain. 
Patients were included if they had a clinical diagnosis of cervical 
radicular pain, a numerical rating scale (NRS) for pain ≥4 at 
the time of screening, duration of radicular pain ≥4 weeks, 
and failure of conservative therapy (oral analgesics, oral anti-
inflammatories, physical therapy). Exclusion criteria included 
pregnancy, breastfeeding, refusal to participate, allergy or hyper-
sensitivity to steroid or amide local anesthetics, contraindication 
to CIESI, inability to perform upper extremity strength testing, 
prior stroke or other neurological or neuromuscular disease, 
or need for or request of conscious sedation during the CIESI 
procedure.

Randomization and masking
A computer-generated 1:1 block randomization scheme (https://
www.​randomizer.​org) was used to assign participants to receive 
a CIESI of 80 mg triamcinolone acetonide (40 mg/mL) with 
either 2.0 mL 1% lidocaine or 2.0 mL preservative-free saline. 
Randomization was performed by the injectionist immediately 
before the injection procedure by opening an opaque enve-
lope to reveal the participant number and group assignment 
printed inside of the envelope. Participants and all other study 
personnel were blinded to group assignment. The intervention-
alist performing the CIESI was not blinded, but was not involved 
in any data collection.

Data collection
Preprocedural baseline demographic, clinical, and imaging infor-
mation were collected. Age, gender, body mass index (BMI), 
duration of symptoms, laterality of symptoms, and preproce-
dural NRS pain scores were recorded by a blinded authorized 
study team member.

Strength measurements
Bilateral upper extremity strength testing was performed by 
a blinded trained research assistant. Bilateral elbow flexion 
(EF;C5), wrist extension (WE;C6), elbow extension (EX;C7), 
and handgrip (HG;C8,T1) strength were measured with a 
push-pull hydraulic dynamometer (Baseline Evaluation Instru-
ments, Somerset, UK) and handgrip strength was evaluated with 
a digital dynamometer (JAMAR PLUS+, Sammons Preston, 
Bolingbrook, Illinois, USA). A standard protocol was used to 
isolate each joint movement and force production. Participants 
were instructed to offer maximum effort with each exercise. 
Three baseline strength measurements were recorded for each 
strength test. Validation studies using similar protocols for upper 
extremity functional strength measurement show a high degree 
of test-retest reliability with a narrow range of variability.16–21 
Measurements were obtained immediately before and between 
20 and 30 min following the procedure.

Procedures
All CIESI procedures were performed at a single facility by three 
experienced interventionalists, board-certified in anesthesiology 
with subspecialty certification in pain medicine.

Participants were placed prone on a fluoroscopy table. A non-
invasive blood pressure and ECG monitor, and pulse oximeter 
were placed. The cervical spine region was cleaned with chlor-
hexidine and draped in a sterile manner. Fluoroscopy was used 
to identify the C7-T1 interlaminar space. After injection of 1.0 
to 2.0 mL of 1% lidocaine to the skin and subcutaneous tissues 
using a 1.5-inch 25G needle, a 17G 3.5-inch Tuohy needle was 

placed at the C7-T1 level and a loss of resistance (saline) tech-
nique was used to gain access to the epidural space. Needle posi-
tion was confirmed in anterior-posterior and lateral fluoroscopic 
views. Once a satisfactory target position was achieved, 0.5 to 
1.0 mL of contrast (Omnipaque-180, GE Healthcare, Princeton, 
New Jersey, USA) was injected under fluoroscopy. On confirma-
tion of a satisfactory epidural contrast pattern, the epidural injec-
tate was delivered. The CIESI-L group received 2.0 mL of 1% 
preservative-free lidocaine and 80 mg triamcinolone acetonide 
(40 mg/mL). The CIESI-S group received 2.0 mL of preservative-
free saline and 2.0 mL of triamcinolone acetonide (40 mg/mL). 
In all cases, the total injectate volume was 4.0 mL.

Twenty minutes after the procedure, three measurements for 
each strength test were recorded. The testing took no more than 
10 min for any individual. The order of muscle testing remained 
the same for all participants to limit additional variability in 
the strength measurement protocol. Secondary measures were 
collected 20 min after the procedure.

Outcomes
The primary outcome of this study was the proportion of each 
group (CIESI-L and CIESI-S) that demonstrated post-CIESI 
weakness of ≥20% (minimal clinically important difference 
(MCID)) compared with baseline measures in ≥1 myotome. 
Strength differences were calculated by subtracting the mean 
preprocedural and postprocedural CIESI strength measurements 
for each myotome. The between-group difference was repre-
sented by the relative risk (RR), defined as the proportion of 
participants in the CIESI-L group observed to meet the primary 
outcome compared with those in the CIESI-S group.

Secondary outcomes included changes in pain score (NRS) 
and the incidence of adverse events. The proportion of patients 
in each group (CIESI-L and CIESI-S) that experienced ≥50% 
immediate pain reduction on the NRS after CIESI was calcu-
lated. A ≥50% pain reduction is a common and recommended 
categorical outcome measure that reflects a more significant 
pain reduction than the often-reported MCID.22 Adverse events 
were assessed by questionnaire during postprocedure testing and 
again during a phone call approximately 1 day following the 
procedure.

Statistical analysis
A power analysis was performed based on previous observations 
of changes in upper extremity strength (24, 25) using Fisher's 
exact test. Sample sizes of 52 in each group achieved >80% 
power to detect a group difference in proportions, assuming that 
20% of patients in the CIESI-L group would demonstrate a motor 
deficit meeting the MCID after the injection and those in the 
saline group would demonstrate no difference in motor strength. 
Additionally, this calculation included a 2% measurement error 
associated with the strength testing method described.20 The 
alpha level of this test statistic was set at 0.05. To account for 
possible attrition, we aimed to enroll 120 participants.

Descriptive statistics were calculated for patients’ demo-
graphics as well as each outcome variable. Specifically, mean 
and SD were used for continuous variables, while frequency 
and proportion were used for categorical variables. Between-
group comparisons of the demographic variables were made 
using (1) an independent t-test and (2) Pearson’s χ2 test (or 
Fisher’s exact test in case of low expected frequencies) for cate-
gorical variables. Preliminary analysis using the Shapiro-Wilk 
W-test23 showed that age and baseline NRS scores were approx-
imately normally distributed (p>0.05), but BMI values were 
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not (p<0.001). Hence, BMI was analyzed using the Wilcoxon 
rank-sum test/Mann-Whitney two-sample statistic,24 25 instead. 
Furthermore, proportions and 95% CI were calculated for each 
binary outcome variable (≥20% change in myotome, ≥50% 
NRS pain reduction, and ≥2 point NRS change (MCID for neck 
pain)).26 Contingency table analysis and the Wilcoxon rank-sum 
test/Mann-Whitney two-sample statistic were performed for 
the binary outcome variables and the mean changes in NRS (as 
change scores on NRS in the lidocaine group were not normally 
distributed according to the Shapiro-Wilk W-test (p<0.001)), 
respectively, by CIESI-L versus CIESI-S. In case there were 
significant differences in the demographic variables, multi-
variate logistic and linear regression analyzes were conducted 
to examine the binary and continuous outcome variables by 
group, while accounting for the statistically significant demo-
graphic variables. Finally, the pre-post changes in strengths for 
EF;C5 (left and right), WE;C6 (left and right), EX;C7 (left and 
right), and HG;C8,T1 (dominant and non-dominant) myotomes 
by group (lidocaine versus saline) were examined, using the 
Wilcoxon rank-sum test/Mann-Whitney two-sample statistic, 
because of non-normal distributions of these variables based on 
the Shapiro-Wilk W-test (p<0.05).

Participants whose preinjection and postinjection NRS scores 
were zero were excluded from the analysis. Missing prepro-
cedural NRS scores were excluded from the analysis. Missing 
preprocedural NRS or a pre-NRS and post-NRS score of zero 
prevents the ability to calculate an NRS difference. Those whose 
post-NRS scores were missing were considered non-responders 
such that they were conservatively assumed to not achieve mean-
ingful pain relief.

RESULTS
One hundred fifty-nine patients were approached to partici-
pate in this clinical trial and 123 met inclusion criteria and were 
enrolled and randomized. Three participants were withdrawn 
from the study and 120 participants were included in the final 
data analysis (figure 1). Baseline demographic, clinical, symptom 
laterality, and characteristics were collected and summarized 
(table 1). There were no statistically significant group differences 
in all variables (p>0.05), except for BMI (p=0.007) and phys-
ical examination weakness in any myotome (p=0.016).

Primary outcome
Postprocedural weakness of ≥20% (MCID) was observed in 25 
of 60 (41.7%) participants in the CIESI-L group and 30 of 60 

Figure 1  Consort 2010 flow diagram. NRS, numerical rating scale.
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(50%) participants in the CIESI-S group (RR 0.83 (95% CI, 0.56 
to 1.23)) (table 2).

Secondary outcomes
Postprocedural pain reduction of ≥50% was observed in 19 
of 59 (32.2%) participants in the CIESI-L group and 12 of 57 
participants (21.1%) in the CIESI-S group (RR 1.53 (95% CI, 
0.82 to 2.86)) (table  2). Two participants in the CIESI-L and 
four in the CIESI-S groups were excluded from the analysis 

because either preprocedural NRS was missing or pre-NRS and 
post-NRS scores were zero.

Adverse outcomes
There were no severe adverse outcomes in any participants of 
either group. Vasovagal symptoms, increased pain at injection 
site, and paresthesia/numbness were noted in three (2.5%), two 
(1.7%), and six (5%) participants during or immediately after 
the CIESI. There was no significant between-group difference 
(all RR 95% CI crossed 1). Two (1.7%) participants had asymp-
tomatic, transient cardiac rhythm changes during CIESI; both 
participants were in the CIESI-L group. A summary of adverse 
events is noted in table 3.

Phone calls were made approximately 1 day after CIESI 
to evaluate postprocedural numbness and weakness or other 
adverse events. In the CIESI-L and CIESI-S groups, three of 
the 42 (7.1% (95% CI, 0.0 to 15.0)) and four of the 44 (9.0% 
(95% CI, 1.0 to 18.0)) reported ‘mild’ numbness. In the CIESI-L 
and CIESI-S groups, one of the 42 (2.0% (95% CI, 0.0 to 7.0)) 
and three of the 44 (7.0% (95% CI, 0.0 to 14.0)) reported ‘mild’ 
weakness. The subjective ‘mild’ weakness was not verified by 
dynamometry.

Subanalysis
Regarding strength, 68.3% (95% CI, 59.4 to 76.1) of all patients 
showed≥20% strength improvement in ≥1 myotome, and 
24.2% (95% CI, 17.3 to 32.7) showed both a ≥20% strength 
improvement and a ≥20% strength decrease in ≥2 different 
myotomes. We identified a pain NRS reduction of ≥2 points 
(MCID) from preinjection to postinjection in 35.6% of all 
participants with no significant between-group difference (RR 
1.33 (95% CI, 0.81 to 2.18)). Similarly, the mean pain reduc-
tions were not significantly different between the CIESI-L and 
CIESI-S groups (1.5±2.0 vs 0.9±2.0, p=0.168). We found no 
significant effect of lidocaine on any of the binary outcome vari-
able compared with saline (table 4).

Since there were significant group differences in BMI and 
physical examination weakness in any myotome as reported 
above, multiple logistic and linear regression models were used 
to examine the binary (≥20% change in myotome, ≥50% NRS 
pain reduction, and ≥2 point NRS change (MCID for neck 
pain)) and continuous (mean changes in NRS) outcome variables 
by group (lidocaine versus saline), while adjusting for BMI and 
physical examination weakness. The analysis showed that there 

Table 1  Demographics

Variable

Lidocaine diluent 
group

Saline diluent 
group

P value(n=60) (n=60)

Age (years) 56.6±14.0 56.3±13.4 0.926*

BMI (kg/m2) 26.5±4.9 29.2±6.1 0.007†

Baseline NRS 4.9±2.3 5.4±2.4 0.257*

Gender, freq (%)  �   �

 � Male 30 (50.0) 26 (43.3) 0.464‡

 � Female 30 (50.0) 34 (56.7)  �

Radicular pain, freq (%)  �   �

 � C5 15 (25.0) 13 (21.7) 0.826§

 � C6 29 (48.3) 30 (50.0)  �

 � C7 12 (20.0) 9 (15.0)  �

 � C8 0 1 (1.7)  �

 � Missing 4 (6.7) 7 (11.6)  �

Laterality of symptoms, freq (%)  �   �

 � Unilateral 48 (78.3) 48 (80.0) 0.634‡

 � Bilateral 13 (21.3) 12 (20.0)  �

 � Missing 1 (1.7) 1 (1.7)  �

Physical exam - Weakness in any myotome¶, freq 
(%)

 �   �

 � Yes 3 (5.0) 12 (20.0) 0.016‡

 � No 54 (90.0) 47 (78.3)  �

 � Missing 3 (5.0) 1 (1.7)  �

Values are mean (SD), unless specified otherwise.
*From independent t-test.
†From the Wilcoxon rank-sum test/Mann-Whitney two-sample statistic.
‡From Pearson χ2 test.
§From Fisher’s exact test.
¶Without dynamometry
BMI, body mass index; NRS, numerical rating scale.

Table 2  Primary and secondary outcomes

Primary outcome ≥20% Weakness in ≥1 myotome

Risk (95% CI)* RR (95% CI)†Group Yes No

Lidocaine 25 (41.7) 35 (58.3) 41.7 (29.8 to 54.5) 0.83 (0.56 to 1.23)

Saline 30 (50.0) 30 (50.0) 50.0 (37.5 to 62.5)  �

Total 55 (45.8) 65 (54.2) 45.8 (37.1 to 54.9)  �

Secondary outcome ≥50% Pain reduction  �   �

Lidocaine 19 (32.2) 40 (67.8) 32.2 (20.3 to 44.1) 1.53 (0.82 to 2.86)

Saline 12 (21.1) 45 (78.9) 26.7 (13.8 to 39.6)  �

Total 31 (26.7) 85 (73.3) 26.7 (18.7 to 34.8)  �

Values are frequency (%) unless specified otherwise. P value from Pearson's χ2 test.
Patients whose baseline NRS scores were missing or zero were excluded from the analysis.
Patients whose post-NRS scores were missing were considered treatment failure (ie, % change=0% and 50% pain reduction=no).
Patients whose baseline and post-NRS scores were both zero were excluded from the analysis.
*Risk (%) = (freq (yes) / freq (total))×100
†Relative risk=risk (lidocaine) / risk (saline)
freq, frequency; NRS, numerical rating scale; RR, relative risk.
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was no group effect on any of the outcome variables mentioned 
previously (p=0.688, 0.329, 0.240, and 0.137, respectively). 
Hence, the significant group differences in BMI and physical 
examination weakness in any myotome did not change the 
overall results. The pre-post changes in strengths for EF;C5 (left 
and right), WE;C6 (left and right), EX;C7 (left and right), and 
HG;C8,T1 grip (dominant and non-dominant) myotomes by 
group (lidocaine versus saline) are summarized in table 5. There 
were no significant group differences in the pre-post changes in 
these measures between the two groups (p>0.05).

DISCUSSION
We report a novel double-blinded, randomized trial comparing 
the incidence of clinically meaningful changes in strength and 
pain after CIESI with lidocaine compared with saline used 
as the epidural injectate diluent. We previously published a 

single-arm cohort study demonstrating that 20% of partici-
pants experience a ≥20% decrease in strength in at least 
one myotome as measured by dynamometry after CIESI 
with 1.0 mL of 1% lidocaine used as the diluent.15 In the 
present study, a higher dose of lidocaine was intentionally 
used: 2.0 mL of 1% lidocaine for a total injectate volume of 
4 mL. Despite this higher dose of lidocaine, and surprisingly 
counter to our hypothesis, 41.7% and 50.0% of participants 
in the CIESI-L and CIESI-S groups, respectively, experienced 
a ≥20% decrease in strength in at least one myotome between 
20 and 30 min postinjection, resulting in no between-group 
difference (RR 0.83 (95% CI, 0.56 to 1.23)). Also unexpect-
edly, we found no significant difference in the proportion 
of participants who experienced >50% pain reduction in 
the CIESI-L and CIESI-S groups (RR 1.53 (95% CI, 0.82 to 
2.86)). These findings indicate that patients undergoing CIESI 

Table 3  Adverse events

Outcome Vasovagal

Risk (95% CI)* RR (95% CI)† P value‡Group Yes No

Lidocaine 1 (1.7) 59 (98.3) 1.7 (0.0 to 5.0) 0.50 (0.05 to 5.37) 0.999

Saline 2 (3.3) 58 (96.7) 3.3 (0.0 to 8.0)  �   �

Total 3 (2.5) 117 (97.5) 2.5 (0.0 to 5.0)  �   �

Outcome Cardiac rhythm changes  �   �   �

Lidocaine 2 (3.3) 58 (96.7) 3.3 (0.0 to 8.0) Unable to calculate 0.496

Saline 0 (0.0) 60 (100.0) 0.0 (0.0 to 0.0)  �   �

Total 2 (1.7) 118 (98.3) 1.7 (0.0 to 4.0)  �   �

Outcome Pain at injection site  �   �   �

Lidocaine 1 (1.7) 59 (98.3) 1.7 (0.0 to 5.0) 1.00 (0.06 to 15.62) 0.999

Saline 1 (1.7) 59 (98.3) 1.7 (0.0 to 5.0)  �   �

Total 2 (1.7) 118 (98.3) 1.7 (0.0 to 4.0)  �   �

Outcome Paresthesia/numbness  �   �   �

Lidocaine 2 (3.3) 58 (96.7) 3.3 (0.0 to 8.0) 0.50 (0.10 to 2.63) 0.679

Saline 4 (6.7) 56 (93.3) 6.7 (0.0 to 13)  �   �

Total 6 (5.0) 114 (95.0) 5.0 (1.0 to 9.0)  �   �

Values are frequency (%) unless specified otherwise.
*Risk (%) = (freq (yes) / freq (total))×100
†Relative risk=risk (lidocaine) / risk (saline)
‡P value from Fisher's exact test.
freq, frequency; RR, relative risk.

Table 4  Subanalysis

Outcome ≥20% Strength improvement in ≥1 myotome

Risk (95% CI)* RR (95% CI)† P value‡Group Yes No

Lidocaine 44 (73.3) 16 (26.7) 73.3 (60.7 to 83.1) 1.16 (0.91 to 1.48) 0.239

Saline 38 (63.3) 22 (36.7) 63.3 (50.4 to 74.6)  �   �

Total 82 (68.3) 38 (31.7) 68.3 (59.4 to 76.1)  �   �

Outcome ≥20% Weakness and strength change in ≥2 myotomes  �   �   �

Lidocaine 14 (23.3) 46 (76.7) 23.3 (14.3 to 35.8) 0.93 (0.49 to 1.76) 0.831

Saline 15 (25.0) 45 (75.0) 25.0 (15.6 to 37.6)  �   �

Total 29 (24.2) 91 (75.8) 24.2 (17.3 to 32.7)  �   �

Outcome ≥2 on NRS (MCID)  �   �   �

Lidocaine 24 (40.1) 35 (59.3) 40.7 (28.1 to 53.2) 1.33 (0.81 to 2.18) 0.249

Saline 18 (30.5) 41 (69.5) 30.51 (18.8 to 42.3)  �   �

Total 42 (35.6) 76 (64.4) 35.6 (27.0 to 44.2)  �   �

Values are frequency (%) unless specified otherwise.
*Risk (%) = (freq (yes) / freq (total))×100
†Relative risk=risk (lidocaine) / risk (saline)
‡P value from Pearson's χ2 test.
freq, frequency; MCID, minimal clinically important difference; NRS, numerical rating scale; RR, relative risk.
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may experience clinically significant weakness after the injec-
tion and no immediate improvement in pain regardless of use 
of a lidocaine or a saline diluent.

These results have important safety implications. Upper 
extremity weakness appears to result in 40% to 50% of patients 
who undergo CIESI regardless of diluent. It is unclear from our 
study how long this weakness lasts. Transient upper extremity 
weakness, regardless of diluent, should be discussed with all 
patients during the informed consent process and at discharge. 
Particular attention should be given to those who are dependent 
on upper extremity strength for safe ambulation (holding a rail, 
gait aid use, and so on) to avoid falls following a CIESI. Further-
more, although not observed as an adverse event in our study 
population, using local anesthetic as a diluent may put patients 
at increased risk of HSB,9–11 13 without evidence of greater post-
injection immediate pain reduction. While an analgesic benefit 
is associated with higher doses of epidural local anesthetic, these 
increased doses also increase the risk of more profound motor 
block.

It is unclear why more substantial group differences in strength 
post-CIESI in the lidocaine group were not observed. Indeed, 
the concentration and volume of lidocaine used here may not be 
significant enough to produce a meaningful effect. Although user 
error with dynamometer muscle testing is possible, similar study 
protocols have been validated in other studies.16–21 Conversely, 
the validation studies were performed in non-antalgic partici-
pants. It is unknown how baseline or postprocedural pain affects 
the validity of dynamometer testing. Pain-related weakness or 
‘pain inhibition’ may also be a relevant factor in strength testing. 
In the present study, approximately 60% of all participants 
experienced a strength reduction or improvement in at least one 
myotome by the established MCID.

The lack of immediate therapeutic benefit of lidocaine is likely 
the result of a dilutional effect. One study revealed that 2 mL of 
injectate will spread as far cephalad as C3 with an interlaminar 
injection at C6-7 or C7-T1.27 While an inappropriate time of 
re-assessment postinjection (too soon or too long) could obscure 
observation of the anesthetic effect on strength, this is unlikely 
to be the case in the present study given the timed adherence of 
the study protocol for strength testing. Other investigations have 
demonstrated that maximal nerve block occurs at 15±3 min 
after injection with 1% lidocaine,28 with effects lasting up 
to 3 hours.29 In the current study, postprocedural NRS scores 
were measures at approximately 20 min. The between-group 
difference may have been reduced if pain reduction occurred 
by mechanical flushing of chemical inflammatory mediators and 
not by anesthetizing sensory fibers.30

Strength and limitations
There are many strengths of this study, including study design, 
blinding, low risk of bias, generalizability, statistical power, and 
objective and clinically relevant outcomes. One of the weak-
nesses of this study is the duration of outcome assessment. Post-
procedural strength was not assessed beyond 30 min. Another 
limitation of this study is the pain reduction outcome. Pain and 
pain-related outcomes are subjective and variable. One inclusion 
criteria for the current study was a screening NRS value ≥4; 
however, screening values were not recorded. The secondary 
pain outcomes were calculated based on preprocedural (imme-
diately before) and postprocedural NRS scores. As a result, 
four participants had pre-CIESI NRS scores of zero, making 
NRS percentage change mathematically impossible. As with all 
pain outcome studies, the ‘typical’ pain should be targeted and 
measured. It may have been beneficial to include a validated 
patient-reported outcome such as the patient’s global impression 
of change (PGIC). If there was a significant difference between 
NRS and PGIC, the use of low-dose lidocaine in CIESI may be 
justified.

Future studies
High-quality studies evaluating the validity of dynamometry 
used to test strength in patients with pain conditions, duration of 
postprocedural strength changes, and the patient-perceived ther-
apeutic effect of low-dose lidocaine warrant further research.

CONCLUSION
The present data indicate that low-dose lidocaine compared with 
saline used as a diluent in CIESI does not significantly increase 
the risk of transient post-CIESI myotomal upper extremity weak-
ness but also does not substantially increase the likelihood of 
immediate, clinically meaningful pain relief. As such, the use of 
low-dose lidocaine may provide minimal advantage to saline, yet 
carries the risk of HSB on unintended intrathecal administration.
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Table 5  Between-group pre-post procedural strength difference by myotome

Myotome

Lidocaine Saline

P value*Pre Post Difference Pre Post Difference

Grip (dominant) 28.2 (10.0) 27.8 (10.4) −0.4 (3.8) 26.5 (11.9) 25.9 (12.1) −0.6 (4.4) 0.869

Grip (non-dominant) 27.6 (10.4) 26.8 (10.6) −0.8 (4.3) 24.9 (11.5) 24.3 (11.4) −0.6 (4.0) 0.939

Wrist extension (left) 3.6 (1.9) 4.1 (2.4) 0.5 (0.9) 3.2 (1.9) 3.9 (3.2) 0.7 (2.1) 0.611

Wrist extension (right) 3.4 (1.8) 3.9 (2.3) 0.5 (1.1) 3.3 (2.3) 3.8 (3.3) 0.5 (1.6) 0.44

Elbow extension (left) 10.3 (3.9) 10.5 (4.7) 0.2 (1.7) 9.3 (4.4) 9.8 (4.6) 0.5 (2.4) 0.401

Elbow extension (right) 10.1 (4.3) 10.6 (4.9) 0.5 (1.8) 9.4 (5.9) 10.1 (7.3) 0.7 (2.6) 0.577

Elbow flexion (left) 13.2 (6.8) 13.1 (6.6) −0.1 (2.3) 12.8 (9.0) 13.2 (10.5) 0.4 (4.2) 0.512

Elbow flexion (right) 12.8 (6.9) 12.8 (6.2) 0.0 (2.6) 13.4 (11.5) 13.3 (11.2) −0.1 (3.9) 0.374

*P values from the Wilcoxon rank-sum test/Mann-Whitney two-sample statistic.
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