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Abstract

Objectives—Intravenous lidocaine can alleviate painful diabetic peripheral neuropathy (DPN) in 

some patients. Whether quantitative sensory testing (QST) can identify treatment responders have 

not been prospectively tested.

Methods—This was a prospective, randomized, double-blind, crossover, placebo-controlled 

trial comparing intravenous lidocaine to normal saline (placebo) for painful DPN. Thirty-four 
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participants with painful DPN were enrolled and given intravenous lidocaine (5 mg/kg ideal body 

weight) or placebo as a 40-minute infusion, after a battery of QST parameters were tested on the 

dorsal foot, with a three-week washout period between infusions.

Results—Thirty-one participants completed both study sessions and were included in the 

final analysis. Lidocaine resulted in a 51% pain reduction 60-120 minutes after infusion 

initiation, as assessed on a 0-10 numerical rating scale, while placebo resulted in a 33.5% pain 

reduction (difference = 17.6%, 95% CI 1.9-33.3%, p = 0.03). Neither mechanical pain threshold, 

heat pain threshold, nor any of the other measured QST parameters predicted the response 

to treatment. Lidocaine administration reduced mean Neuropathic Pain Symptom Inventory 

paresthesia/dysesthesia scores when compared to placebo by 1.29 points (95% CI −2.03 to −0.55, 

p = 0.001), and paroxysmal pain scores by 0.84 points (95% CI −1.62 to −0.56, p = 0.04), without 

significant changes in burning, pressing or evoked pain sub-scores.

Discussion—While some participants reported therapeutic benefit from lidocaine 

administration, QST measures alone were not predictive of response to treatment. Further studies, 

powered to test more complex phenotypic interactions, may be required to identify reliable 

predictors of response to pharmacotherapy in patients with DPN.
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INTRODUCTION

Diabetic peripheral neuropathy (DPN) is the leading cause of neuropathic pain worldwide 

and affects more than three million Americans.1 DPN is most often characterized by a mixed 

small and large fibre neuropathy causing distal symmetric pain, numbness, burning and 

tingling, accompanied by either sensory loss or tactile/thermal hyperalgesia and allodynia.2 

Pain is the most common presenting symptom for patients with diabetic peripheral 

neuropathy. Painful DPN is difficult to treat, with current pharmacological modalities (e.g. 

amitriptyline, gabapentin, pregabalin, duloxetine) providing significant relief for only about 

20% of afflicted individuals.3, 4

One of the key mechanisms that leads to spontaneous and evoked pain in diabetic 

peripheral neuropathy is alteration in the expression of voltage-gated sodium channels 

both peripherally and centrally.5–8 Systemic intravenous administration of lidocaine, a 

nonselective sodium channel blocker, has shown promise as a useful analgesic adjunct for 

a multitude of pain conditions, including for painful DPN.9, 10 However, only a minority of 

patients seem to achieve substantial benefit from intravenous lidocaine infusions, making its 

indiscriminate use both time and resource intensive.9, 11, 12

The success rate of conventional therapies for the treatment of neuropathy is mixed, which 

suggests that variability exists among the underlying pain mechanisms on the patient level, 

and points to individual differences in response to analgesics. For example, in a small 

study, patients with distal symmetric polyneuropathy (primarily due to DPN) had better 

response to systemic administration of lidocaine than patients with neuropathic pain due 
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to traumatic nerve injury.13 Recent literature suggests that certain methods of assessing 

sensory nerve function in neuropathic pain patients may help predict the individual analgesic 

response.14–17 Despite these promising data, the use of quantitative sensory testing to predict 

treatment response to lidocaine in a randomized controlled trial of painful DPN has not been 

published.

MATERIALS AND METHODS

Trial design

This was a prospective, randomized, double-blind, crossover, placebo-controlled trial 

comparing intravenous lidocaine to normal saline (placebo) for the treatment of diabetic 

peripheral neuropathy. The study was approved by the Washington University Institutional 

Review Board and registered with clinicaltrials.gov (NCT02363803) prior to enrollment. 

Written informed consent was obtained according to the Declaration of Helsinki prior to 

participation. No important changes were made to the methods outlined below after the 

onset of enrollment.

Participants

Participants with diabetes mellitus and distal symmetric pain in the lower extremities with a 

duration of more than three months were recruited for participation in this study. Potential 

participants were identified from the Washington University Pain Management Center and 

Diabetes Center, through posters and flyers, and through the Volunteer for Health local 

registry. Specific inclusion criteria were as follows: 1) Age ≥ 18; 2) Diagnosis of diabetes 

mellitus (fasting plasma glucose > 126 mg/dL and/or HbA1C >6.5%); 3) Distal symmetric 

pain in lower extremities with duration of more than three months; 4) Presence of either 

numbness or at least one sensory disturbance (increased or decreased sensitivity) in the feet; 

5) Spontaneous pain with average (past week) intensity of ≥4 on a 0-10 Numerical Rating 

Scale (NRS).

Specific exclusion criteria were as follows: 1) Not giving consent to participate in the study; 

2) Unable to complete a self-reported pain questionnaire; 3) History of moderate to severe 

renal or liver failure; 4) History of other central or peripheral neurologic disorders; 5) 

History of cardiac arrhythmias; 6) Contraindication to intravenous lidocaine; 7) Pregnancy 

or lactation. A comprehensive metabolic panel was drawn in participants who had a 

history of renal or hepatic disorders and were excluded if a) serum creatinine >1.5 mg/dL 

(or creatinine clearance <50 mL/min/1.73m2 [by Cockcroft-Gault formula]), b) Alanine 

aminotransferase (ALT) or Aspartate aminotransferase (AST) were more the twice the upper 

normal limit, or c) serum albumin below 3.5 g/dL. Participants with a history of cardiac 

disease had a 12-lead electrocardiogram (EKG) performed to exclude the presence of active 

arrhythmias.

After obtaining informed consent, demographic data and baseline pain information were 

recorded. Height and weight were measured. In addition, participants were asked to 

complete the Brief Pain Inventory (BPI), Hospital Anxiety and Depression Scale (HADS) 

and Neuropathic Pain Symptom Inventory (NPSI) questionnaires. Eligibility to participate 
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in the trial was confirmed, and only those who met the inclusion/exclusion criteria above 

were asked to return for subsequent visits. Participants were asked to continue all chronic 

medications, including chronic pain medications, provided that the dose was stable for at 

least three weeks. Participants were asked to discontinue PRN analgesics for 24 hours prior 

to each study visit.

Randomization

Participants were identified and recruited into the study using convenience sampling. 

Participants who signed informed consent were randomized to the order of interventions, i.e. 

lidocaine first, or placebo first. Randomization occurred via a computer-generated random 

sequence in blocks of six, with three patients in each block per arm, prepared by the 

pharmacist at the institutional investigational drug service.

Blinding

Study drug was prepared to a total volume of 100 mL 0.9% NaCl solution, by an unblinded 

investigator at the Investigational Drug Service. Each solution was labeled “lidocaine/

placebo” and no discernable difference existed between the compounded lidocaine and 

normal saline solutions. The solutions, after being compounded, were given to blinded 

investigators to administer to the participants. The investigators, participants, and all 

ancillary staff present during the study administration were blinded to the treatments 

provided during the trial. Analysis of data was performed by an unblinded investigator upon 

completion of the study.

Interventions

Eligible participants attended two study visits during which intravenous lidocaine or placebo 

infusion were administered, separated by a three-week washout period. Participants were 

instructed to abstain from food four hours prior to infusion, liquids two hours prior to 

infusion, and all PRN pain medicines 24 hours prior to infusion. In addition, any changes 

to the patient’s health status and medication list from their baseline visit were documented 

at each subsequent visit. Female premenopausal participants submitted a dip-stick pregnancy 

urinalysis prior to infusion and were withdrawn from the study if pregnant.

Quantitative sensory testing (QST) was performed at each visit prior to infusion onset. To 

maintain assessment consistency, all QST measurements were made by a single trained 

coordinator (KF). Quantitative sensory testing was performed as previously described on the 

dorsal mid-foot.18, 19 If asymmetry in pain intensity existed between extremities, QST was 

performed on the more painful foot.

Thermal detection thresholds were measured using the Thermal Sensory Analyzer (TSA-

II platform – Medoc, Ramat Yishai, Israel). Heat pain threshold (HPT), cold pain 

threshold (CPT), warm detection threshold (WDT) and cold detection threshold (CDT) 

were determined using previously published methods.20 A thermode with a contact area of 

9.0 cm2 was applied to the tested site, and all thresholds were determined by continuous 

ramping of temperature from 32°C baseline temperature by 1°C/s until the participant 

pressed the ‘stop’ button on the device. Predetermined cut-off temperatures were 0°C and 
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50°C, to minimize thermal damage to the skin. An average threshold was calculated from 

three consecutive measurements.

Mechanical pain threshold (MPT) was measured using standardized weighted metal probes 

(Nervetest, MRC systems, Heidelberg, Germany) exerting pressures of 8, 16, 32, 64, 128, 

256 and 512 mN. Beginning with an applied force of 8 mN, stimuli were increased in 

intensity until the sensation induced by increased pressure was described as ‘sharp’. If a 

participant failed to describe any stimulus, including a 512 mN stimulus, as painful, this 

was recorded as a value of 1024 mN. The stimulus was then applied in descending stimulus 

intensities until the participant no longer described the sensation as ‘sharp’. If the participant 

described an 8 mN pressure intensity as ‘sharp’ during descending stimulus, this was 

documented as 4 mN. In addition, if the participant could not describe any sensation, painful 

or otherwise, when using descending stimulus intensities, this was documented as a value 

of 1024 mN. The process of determining ascending and descending stimulus intensities was 

repeated for a total of five times, and the final threshold was calculated as the geometric 

mean of all five ascending and descending stimulus intensities.

Mechanical detection threshold (MDT) was measured with a set of Semmes-Weinstein 

monofilaments (North Coast Medical, Gilroy, CA, USA). Standardized monofilaments sizes 

of 1.65 through 6.65, corresponding with target forces of 0.008 to 300 grams, were utilized 

for assessment. These filaments were applied in a series of three sets of increasing and 

decreasing stimulus intensities to the target site by asking whether the participant ‘felt’ a 

specific monofilament. A tactile detection threshold was recorded according to this response. 

If a participant did not feel a 300 g stimulus on ascending intensity testing, this was 

documented as a value of 600 grams. If the participant could not feel a descending stimulus 

of 300 g, this was documented as 300 g. The final threshold was calculated as a geometric 

mean of all three ascending and descending stimulus intensities.

Wind up ratio (WUR) was measured using standardized weighted metal probes (Nervetest, 

MRC systems, Heidelberg, Germany). A 256 mN pinprick stimulus was applied to the test 

site singularly. If a single 256 mN stimulation elicited a pain score of 0 on a 0-10 NRS, a 

512 mN probe was used for WUR testing. If a single 256 mN stimulation elicited a pain 

of intensity ≥ 9 on a 0-10 NRS, a 128 mN probe was used for WUR testing. In all other 

scenarios, a 256 mN probe was used for WUR testing. Using the correct probe outlined 

above, a single stimulus was applied with the chosen probe and a verbal pain score was 

recorded on a 0-10 NRS. After a 10 second wait period, 10 identical pinprick stimuli were 

applied at a rate of 1/sec to the target site within an area of 1 cm2. The participant was asked 

for a pain score at the target site, again on a 0-10 NRS. A ratio of pain during repeated 

stimuli when compared to single stimulus was calculated. This test was repeated two more 

times, and a geometric mean of the three ratios was calculated to assess WUR.

Vibration was measured with a tuning fork (64 Hz, 8/8 scale) applied at the lateral malleolus 

area, as previously described.13 A geometric mean of three assessments was calculated to 

determine vibration detection threshold (VDT).
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Conditioned pain modulation (CPM) was assessed using the method of levels via 

the Q-Sense Thermal Analyzer (Medoc, Ramat Yishai, Israel), equipped with two 

Peltier thermodes with independent temperature programming. The testing stimulus was 

determined by the temperature that elicited heat pain of 60 on a 0 to 100 NRS (Pain-60). 

Cold conditioning stimulus was set at 16°C. At first, the test stimulus was applied at the 

nondominant forearm twice, 30 seconds apart, and the average pain value on 0 to 100 

NRS was obtained. After a 10-minute break, the conditioning stimulus was applied to the 

dominant forearm for 60 seconds; during the last 30 seconds of conditioning, two Pain-60 

heat stimuli were applied to the nondominant forearm. The procedure was repeated twice. 

Conditioned pain modulation was measured as the difference between NRS of Pain-60 

stimuli with and without the contralateral cold conditioning (average score of 2 tests).18

Upon QST testing completion, participants were then asked to rate the spontaneous 

pain intensity in their lower legs on a scale of 0-10 NRS, with the opportunity to 

provide non-integer values (e.g. 6.5) if deemed necessary. In addition, participants were 

asked the following NPSI pain descriptors on a 0-10 scale: burning, squeezing, pins 

and needles, tingling, stabbing, and electrical shocks. Evoked responses (measured on 

a 0-10 NRS scale, where 5 is considered normal sensation) to cold (20°C, Rolltemp, 

Somedic, Norra Mellby, Sweden), warm (40°C, Rolltemp, Somedic, Norra Mellby, Swden), 

brush (Senselab brush-05, Somedic, Norra Mellby, Sweden) and pinprick (#6.10 Semmes-

Weinstein monofilament; North Coast Medical, Gilroy, CA, USA) stimuli were measured on 

the same dorsal foot utilized for QST testing.13

Intravenous lidocaine (5 mg/kg ideal bodyweight, calculated using the Devine formula21) 

or normal saline (placebo) was administered via intravenous infusion over 40 minutes. 

Spontaneous lower extremity pain and evoked responses were measured every 10 minutes 

after the onset of infusion for the first hour, followed by every 15 minutes for the second 

hour after infusion initiation. NPSI pain descriptors were also reassessed 60 minutes after 

initiation of intravenous infusion. All participants were monitored via sphygmomanometer, 

pulse oximeter and three lead EKG for 120 minutes after infusion initiation. In addition, 

venous blood samples were collected via an indwelling intravenous catheter on the arm 

contralateral to the infusion arm, immediately prior to onset of infusion (time point zero), 

and at 20, 45, 60, 90 and 120 minutes after infusion initiation to assess lidocaine plasma 

concentrations. A 20% intravenous fat emulsion was readily available for administration in 

the event of local anesthetic systemic toxicity.

At discharge, participants were given a pain diary and were asked to record spontaneous 

pain intensity hourly for the first eight hours after infusion initiation, and then daily for 

three weeks. Participants were contacted by a member of the research team weekly for three 

weeks after infusion to ascertain pain diary adherence and assess any long-term adverse 

effects.

After three weeks, participants were asked to return for their second treatment visit, where 

they received either lidocaine or normal saline, per randomization schedule. Data collection 

occurred in the same fashion as the participant’s first visit, as described above.

Todorovic et al. Page 6

Clin J Pain. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Outcomes

Primary outcome—The primary outcome for this study was the percent change in 

spontaneous pain scores from time point zero (defined as immediately prior to infusion 

onset) to 60-120 minutes after infusion onset (assessed every 15 minutes, with final 

comparison score as an average of these values). The primary outcome was modified after 

data collection to remove the 40-min timepoint from primary analysis, as that particular 

timepoint (when the participants are told that the infusion of study drug is completed), 

was associated with unexpectedly large variability in responses not seen with any other 

timepoint. No other changes were made to pre-specified primary or secondary end points in 

the study.

Secondary outcomes—Pre-specified secondary outcomes for the study were the 

following:

1. The change in spontaneous pain intensity at 60-120 minutes as a function of 

baseline heat pain threshold at each visit. The slopes (Pearson coefficients) of 

the correlation obtained from lidocaine versus normal saline (placebo) were 

compared.

2. The change in spontaneous pain intensity at 60-120 minutes as a function 

of baseline mechanical pain threshold at each visit. The slopes (Pearson 

coefficients) of the correlation obtained from lidocaine versus normal saline 

(placebo) were compared.

3. The change in evoked mechanical and thermal sensation prior to infusion and 60 

minutes after infusion initiation, as assessed on a 0-10 numerical rating scale.

4. The change in Neuropathic Pain Symptom Inventory descriptors of pain prior to 

infusion and 60 minutes after infusion, as assessed on a 0-10 numerical rating 

scale.

Adverse effects were assessed by specifically asking for side effects (perioral numbness, 

dizziness, drowsiness, blurred vision, dry mouth) every 10 minutes for an hour from starting 

the drug infusion, and by encouraging spontaneous reporting by patients. For events that 

occurred, symptom duration was documented.

Exploratory analysis centered around assessing whether any other QST measurements taken 

during testing (CDT, WDT, CPT, WUR, MDT, VDT and CPM) correlated with percent pain 

reduction at 60-120 minutes after infusion initiation. In addition, participants who achieved 

>50% pain reduction with lidocaine 60-120 minutes after infusion but not placebo (i.e. 

“responders”) were compared to those who did not obtain such relief.

All data were initially recorded on paper case report forms, entered to a secure REDCap 

database, and subsequently verified by an independent investigator.22

Sample size

To identify significant differences in slopes of predictor and response magnitude versus 

pain reduction in the lidocaine group and placebo group, 34 patients were required for this 
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cross-over trial. The calculation was based on the ability to detect a statistically significant 

difference between correlation coefficients of the two slopes, with 85% power, and an α = 

.025, after Bonferroni correction for two comparisons: mechanical and heat pain threshold. 

The assumption for the correlation coefficients was based on preliminary data obtained in a 

group of seven patients with DPN receiving treatment with intravenous lidocaine,23 aiming 

to detect a difference of 14 (SD 18.21) units between correlation coefficients of lidocaine vs 

placebo curves.

Pharmacokinetic analysis

Blood samples collected during the study were sent for lidocaine level analysis after all 

participants completed the trial, and the results were unblinded once blood level analysis 

was performed. Plasma samples were analyzed for lidocaine concentrations using an Agilent 

1260 Infinity system equipped with UV diode array detector (Agilent, Santa Clara, CA, 

USA). A combination of protein precipitation and solid phase extraction (SPE) was used for 

sample preparation. Plasma samples (100 µL) were mixed with 100 µL of methanol and 10 

µL of internal standard (bupivacaine 100 µg/mL in methanol) solution. The samples were 

vortexed for 20 seconds and centrifuged for 5 minutes at 15700 g. The supernatant was 

transferred onto Bond Elut Plexa 30 mg (Agilent, Santa Clara, CA, USA) cartridges used for 

the SPE. The cartridges were preconditioned by eluting 500 µL of methanol followed by 500 

µL of water. The samples were loaded on the cartridge, followed by washing with 500 µL of 

5% methanol in water. The samples were eluted by applying 400 µL of methanol twice and 

the eluent was collected and evaporated under gentle stream of N2 gas. Dried samples were 

reconstituted with 30% methanol in water and 40 µL was injected in the HPLC-UV system. 

Chromatographic separation was achieved using a Poroshell 120 column (EC-C18, 2.7 µm, 

3.0 × 100 mm, Agilent, Santa Clara, CA, USA).24, 25 The mobile consisted of a mixture 

of 5 mM ammonium acetate (pH 4.0) and acetonitrile at 70:30 ratio. The flow rate was 0.7 

mL/min and chromatograms were collected at UV wavelength of 215 nm. The lower limit of 

quantification for lidocaine was 0.5 µg/mL. The retention time of lidocaine and bupivacaine 

were 3.4 min and 13.0 min, respectively.

A standard noncompartmental data analysis was performed for each individual lidocaine 

concentration-time profile. The maximum plasma drug concentration (Cmax) were obtained 

directly from the experimental data. Terminal half-life, area under the concentration time 

curve from time zero to infinity (AUC, calculated by linear-up/log-down trapezoidal 

method), and clearance were calculated using Phoenix WinNonlin version 8.2 (Certara, 

Princeton, NJ, USA).

Statistical methods

All statistical analyses were performed using SPSS version 26 (IBM Corp., Armonk, 

N.Y., USA). Continuous variables were assessed for normalcy by graphical inspection, 

and inferences were made about the underlying distribution. Data assessed as normally 

distributed were compared using paired t-tests. Data with gross departures from normality 

were compared using the Wilcoxon signed-rank test. Ordinal data were compared using 

Wilcoxon signed-rank test, whereas categorical data were compared using McNemar’s test. 

All QST parameters were normalized and Z-transformed according to methods previously 
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described.26 Z-scores for some parameters were multiplied by −1 to maintain consistency 

of scores across QST parameters, with positive values indicating “gain of sensation” and 

negative values indicating “loss of sensation”. Correlations between percent pain reduction 

and QST parameters were made using bivariate Pearson correlation. Significance testing 

of correlation coefficients was carried out using Fisher’s Z-transformation. For responder 

analysis, an arithmetic mean of QST measurements between the two study sessions was 

calculated obtain a single QST value for each participant. Baseline demographic and 

QST data were compared using independent samples t-test or Mann-Whitney U test as 

appropriate.

RESULTS

Recruitment

Recruitment occurred from March 2015 to March 2018. A total of 200 participants were 

screened for study eligibility (Figure 1). Of these, 55 participants were consented and 

enrolled into the study. Ten participants voluntarily withdrew from the study prior to 

randomization and their phase 1 visit. Two participants were excluded for HbA1C values ≤ 

6.5. Four participants were excluded for abnormalities on EKG testing, and five participants 

did not meet pain inclusion criteria prior to phase 1. A total of 34 participants were 

randomized to either lidocaine or placebo arms in phase 1. Of these, one participant in 

the lidocaine arm did not return for phase 2 of the study, as he experienced no pain after 

treatment with the lidocaine infusion over six weeks of follow-up. A total of 33 participants 

completed both phases of the trial. Two participants (one in each arm) were excluded from 

final analysis as they exhibited a pain score of zero at the onset of medication infusion 

during one of the phases of the trial. A total of 31 participants were included in data 

analysis.

Baseline Data

Participant demographic information is listed in Table 1. Mean participant age was 57 years 

(SD 11). Approximately half of the participants were female (47%), and predominantly 

White (71%). The median years with a diagnosis of diabetes in this cohort was 10 

(IQR 5-17.5). Hypertension (74%), hypercholesterolemia (53%) and cardiovascular disease 

(21%) comprised the top three medical comorbidities in this sample. Sixty five percent of 

participants in this study used analgesic medications for pain control. Overall, 73% of the 

participants had painful symptoms for greater than two years prior to the study, and 94% 

described their pain as constant, with a median pain intensity over the previous week as 6.2 

on a 0-10 NRS (IQR 5-7.2).

Normalized QST data for the participants included in analysis can be found in Figure 2. 

The population cohort studied predominantly displayed loss of sensation across all tested 

modalities.

Primary Outcome – Percent pain reduction after 60 to 120 minutes of infusion

Lidocaine infusion resulted in a 51.0% reduction in pain scores while placebo resulted 

in a 33.5% reduction in pain scores when assessed 60 to 120 minutes after infusion 
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initiation (lidocaine SD 39.9%, placebo SD 45.8%, n = 31, difference 17.6%, p = .03, 

95% CI 1.9-33.3%) (Figure 3). A 30% reduction in pain scores was achieved with lidocaine 

administration in 71.0% of participants during this time frame, compared to 54.8% of 

participants when placebo was administered (16.2% difference, p = .23, NNT = 6.2). A 50% 

reduction in pain scores was achieved with lidocaine administration in 54.8% of participants, 

compared to 38.7% of participants when placebo was administered (16.1% difference, p = 

.18, NNT = 6.2). Aggregate time course pain intensity data from onset of infusion to 21 days 

later is depicted in Figure 4.

Secondary Outcome – Percent pain reduction at 60-120 minutes as a function of 
mechanical and heat pain thresholds

MPT was not associated with percent pain reduction during either placebo or lidocaine 

administration (placebo: r = −.276, p = .133; Lidocaine r = −.156, p = .401; difference 

between correlation coefficients p = .64) (Figure 5). Similarly, HPT was not associated with 

percent pain reduction during either session (placebo: r = −.062, p = .748; lidocaine: r = 

.145, p = .454; difference between correlation coefficients p = .45).

Secondary Outcome - Change in evoked mechanical and thermal sensation prior to 
infusion and 60 minutes after infusion initiation

Lidocaine administration resulted in a 0.84-point reduction in cold intensity on a 0-10 NRS 

60 minutes after infusion initiation when compared to placebo (p = 0.04, 95% CI −1.53 to 

−0.05) (Table 2). In the same timeframe, lidocaine administration did not result in significant 

reductions in pinprick intensity (difference 0.84 on a 0-10 NRS, p = 0.08, 95% CI −1.78 to 

0.10), heat intensity (difference −0.19, p = 0.53, 95% CI −0.82 to 0.43), or brush intensity 

(difference 0.23, p = 0.59, 95% CI −0.62 to 1.07) when compared to placebo.

Secondary Outcome – Change in NPSI Descriptors prior to infusion and 60 minutes after 
infusion initiation

Lidocaine administration reduced mean NPSI paresthesia/dysesthesia scores when compared 

to placebo by 1.29 points on a 0-10 NRS (95% CI −2.03 to −0.55, p = 0.001), and 

paroxysmal pain scores by 0.84 points (95% CI −1.62 to −0.56, p = 0.04), without 

significantly affecting burning pain score (−0.74, 95% CI −1.88 to 0.40, p = 0.19) (Table 2).

Exploratory Analysis – Percent pain reduction at 60-120 minutes as a function of multiple 
QST parameters

Supplemental Digital Content Figures 1 and 2 show the QST parameters studied (CDT, 

WDT, CPT, WUR, MDT, VDT and CPM) as a function of percent pain reduction, with 

Pearson correlations found on Supplemental Digital Content Table 1. During lidocaine 

administration CPT (r = .3, p = .11), WUR (.34, p = .09), MDT (r = −.24, p = .19) and CPM 

(r = .26, p = .17) showed marginal correlations with percent pain reduction, although these 

correlations were not significantly different from those during placebo administration. NPSI 

sub-scores were not significantly associated with percent pain reduction with lidocaine vs 

placebo.
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Exploratory Analysis – Responder versus non-responder analysis

Overall, a total of seven participants obtained a >50% reduction in pain 60-120 minutes after 

infusion with lidocaine but not placebo (i.e. lidocaine responders). Supplemental Digital 

Content Table 2 displays baseline patient characteristics of these participants compared 

to those who did not respond to lidocaine infusion. Both groups had similar baseline 

characteristics and received comparable dosages of lidocaine. Compared to non-responders, 

lidocaine responders had a general tendency to exhibit less profound thermal sensory loss 

across QST measurements, with a significant difference in cold detection threshold (Figure 

6).

Adverse Events

Adverse events from this study are summarized in Table 3. All adverse events were 

mild-to-moderate in nature. The most common adverse event during both lidocaine and 

placebo administration was dry mouth (13/34 participants during lidocaine administration 

versus 8/33 during placebo administration). Drowsiness (9/34), perioral numbness 

(8/34), dysesthesias (7/34) and dizziness (6/34) were more common during lidocaine 

administration. Only two participants in the study achieved a calculated Cmax lidocaine 

concentration above 5 μg/mL; both participants described perioral numbness with lidocaine 

administration. One of these two participants described dysesthesias and slurred speech 

in addition to perioral numbness. There were no serious adverse events during the study 

that prompted participant withdrawal; therefore, a number needed to harm could not be 

determined. In addition, no participants in the study were given 20% intravenous fat 

emulsion as no serious systemic adverse reactions were observed.

Lidocaine Pharmacokinetics

Maximum measured lidocaine plasma concentration occurred at 45 minutes after infusion 

initiation, with a mean concentration of 3.0 μg/mL (SD 1.0) (Figure 7). The results of 

non-compartment analyses suggest a maximum plasma lidocaine concentration of 3.3 μg/mL 

(SD 1.1), a half-life of 66.4 (SD 26.2) minutes, a clearance of 1.2 (SD 0.4) L/min, and 

an area under the concentration-time curve of 327.2 (SD 137.2) min*μg/mL for these 

participants (n = 32). Lidocaine was not detected in any of the blood samples during placebo 

administration, verifying appropriate treatment allocation, according to randomization.

DISCUSSION

In this randomized, double-blind, crossover trial, we compared the analgesic effect of 

intravenous lidocaine to placebo in patients with painful DPN. Intravenous lidocaine, 

administered at 5mg/kg IBW dose, resulted in significantly more pain reduction compared 

to placebo; however, the effect was small and transient. Although the administration of 

intravenous lidocaine resulted in a >50% decrease in pain severity on average, a high 

placebo response rate was observed in the study, with a >30% pain reduction from baseline; 

therefore, the overall pain reduction beyond placebo was modest. The NNT to achieve 

30% or 50% short-term relief from lidocaine (not attributable to placebo) was 6.2, which 

is comparable to other medications used for the management of neuropathic pain.4, 27 The 

magnitude of relief obtained by lidocaine infusion in the present study was somewhat 
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smaller than that obtained by similar trials in the field; however, the placebo response 

rate was similar to that found in comparable trials 9, 12. The side effects with lidocaine 

administration in the current study were mild and not common. Classic side effects such as 

perioral numbness and drowsiness occurred in 20-30% of participants in this trial, which 

is lower than that found in comparable trials.12, 13 The plasma concentrations of lidocaine 

peaked around 3.3 μg/mL, and at the time of primary outcome measure were mostly in the 

range of 1.5-2 μg/mL. Plasma concentrations are comparable to other similar studies, but 

may be on the lower end of the therapeutic ranges implicated in analgesic response.13, 28 

The IBW dosing approach, utilized to prevent toxicity in obese individuals, may have 

resulted in a better safety profile but somewhat smaller effect size compared with other 

studies.

Some studies have reported long-term effects of a single lidocaine infusion in neuropathic 

pain.29 Except for one participant who reported complete pain relief for at least six weeks 

after lidocaine infusion (and was subsequently withdrawn from the second treatment as his 

baseline pain did not resume), we did not observe statistically significant differences in pain 

reduction between lidocaine and placebo over the three weeks post-intervention period.

QST measurements assessed prior to infusion were consistent across the two study visits. 

Overall, patients mostly presented with a phenotype of sensory loss across small and 

large fibers, as seen in lower than average Z-scores for thermal detection/pain thresholds, 

mechanical detection/pain thresholds, and vibration detection threshold. The phenotypic 

characterization in the studied sample was similar to that found in the PiNS study of DPN 2. 

The magnitude of CPM obtained with the dual-thermode method was small, compared with 

other previously published methods.14, 30

None of the individual QST measures in this study, including the hypothesized mechanical 

and heat pain thresholds, identified responders to the study intervention in this clinical trial. 

It is worth noting that several patients presented with severe sensory loss, reaching cut-off 

values of the thermal and mechanical testing equipment used in this study, which may hinder 

true interpretation of these participant’s thermal and mechanical threshold limits.

Oxcarbazepine, another sodium channel blocker utilized in the treatment of peripheral 

neuropathic pain, has shown improved effectiveness in those with an irritable nociceptor 

phenotype, characterized by hypersensitivity and preserved small nerve fiber function.17 

As DPN presentation is characterized by profound hyposensitivity across multiple QST 

parameters, as previously described and as corroborated within the present trial, a separate 

analysis of participants with an irritable nociceptor phenotype was not anticipated and likely 

is not a relevant approach in this patient population.2 However, it is worth noting that the 

responders to intravenous lidocaine in the current study exhibited less profound sensory loss, 

which is in line with previous findings that sodium channel blockers may have better utility 

in neuropathic pain patients with preserved small fiber function.17

While lidocaine suppresses action potential propagation when administered at 10-20 

mg/mL concentrations to elicit near complete sodium channel blockade (e.g. perineural 

administration), it is unlikely that systemic administration can achieve such concentrations 
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without toxicity.28 Lidocaine administration has been shown to reduce ectopic neuronal 

activity within primary afferent neurons in the dorsal root ganglia (DRG) at dilute 

concentrations in animal models.31, 32 Selective DRG blockade with dilute 3 mg/mL 

lidocaine solution has been shown to substantially alleviate phantom limb pain in humans, 

although the concentrations at the DRG level were likely still higher than those associated 

with 3 μg/mL peak plasma concentrations with systemic administration.33 Future research 

measuring local concentration at the DRG with systemic administration may help elucidate 

whether the main analgesic mechanism of systemic lidocaine results from its suppression of 

ectopic activity at the DRG level. Central nervous system mechanisms of lidocaine action 

have also been proposed. Anti-hyperalgesic effects in animal models were observed via 

the activity of lidocaine’s metabolite, N-ethylglycine, at glycine transporter 1 (GlyT1) to 

enhance inhibitory transmission in areas of CNS related to pain modulation.34–36 Additional 

preclinical experiments, including in DPN models, have suggested that lidocaine may 

alleviate cutaneous hypersensitivity by inhibiting microglial activation in the spinal cord 

dorsal horn.37, 38 Lidocaine readily crosses the blood brain barrier, and future research 

should investigate the proposed CNS mechanisms identified in preclinical studies.

We hypothesized that increased hypersensitivity to mechanical and heat pain (i.e. lower 

MPT and HPT) would be associated with an enhanced analgesic effect of systemic lidocaine 

in painful DPN. As thermal and mechanical hypersensitivity have been associated with 

increased expression of voltage-gated sodium channels in sensory neurons, a direct effect 

of systemic lidocaine on neuronal activity could be associated with a hypersensitivity 

phenotype. Several factors may have contributed to lack of such association observed in this 

study. First, while these single phenotypic QST parameters may provide surrogate measures 

of neuronal hypersensitivity, they are not directly correlated to sensory fiber structure or 

symptom severity.39 It is also possible that the magnitude of sodium channel blockade 

required to correlate with reduction of neuronal hypersensitivity is higher than what can 

be safely achieved with therapeutic doses of intravenous lidocaine. It is also possible that 

single QST measures are too simplistic to predict the analgesic effect of a drug with multiple 

possible mechanisms of action.

This study has limitations. This was a single center study with participants recruited through 

convenience sampling, which may affect generalizability of the trial findings. Although 

significance was reached on the primary outcome through the use of a cross-over design, 

the sample size was substantially smaller than what has been recently recommended for 

pain trials that include phenotypic predictors of response.40 Nevertheless, the correlations 

obtained between baseline QST measures and pain reduction were weak; these correlations 

are unlikely to be significant by merely doubling, or even tripling the sample size. 

While we report on plasma concentration profiles for lidocaine, we did not determine the 

concentrations of lidocaine metabolite monoethylglycinexylidide (MEGX), which has been 

reported to modestly correlate with analgesic outcomes in neuropathic pain.41

Notably, there were many strengths to this study. This study was performed using a 

randomized, double-blinded, placebo-controlled design, which limited treatment bias. All 

QST procedures were carefully performed by a single, trained member of the research 

team. Plasma concentrations were analyzed to verify correct treatment allocation, according 
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to randomization. The use of IBW-based dosing resulted in a favorable safety profile, 

and lidocaine plasma concentrations were comparable to those previously reported in the 

literature.

In summary, although lidocaine administration resulted in a statistically significant decrease 

in pain scores when compared to placebo, QST measures were not associated with response 

to treatment in patients with painful DPN. Considering the potential interactions in various 

phenotypic and genotypic characteristics that likely determine the response to treatment, 

it is likely that future studies investigating predictors of response to pharmacological 

interventions need to be large enough to allow testing for multivariable predictors 

of response. Such predictors may include not only psychophysical measures, but also 

demographic, psychosocial, genetic, and other factors.42–44

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Flowchart
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Figure 2: 
Normalized data for cold detection threshold (CDT), warm detection threshold (WDT), cold 

pain threshold (CPT), heat pain threshold (HPT), mechanical detection threshold (MDT), 

mechanical pain threshold (MPT), wind up ratio (WUR), and vibration detection threshold 

(VDT). N = 34 for all lidocaine sessions and n = 33 for all placebo sessions except for 

the following measurements: HPT – placebo (n = 31), CPT – lidocaine (n = 33), WUR 

- placebo (n = 30), WUR – lidocaine (n = 32) as these tests could not be tolerated by 

Todorovic et al. Page 19

Clin J Pain. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



some participants. Blue circles denote placebo session; red squares denote lidocaine session. 

Midpoint line = median, error bars = inter-quartile range
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Figure 3: 
Percent pain reduction in mean spontaneous pain scores from baseline to 60-120 minutes 

after infusion initiation (n = 31).
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Figure 4: 
Mean spontaneous pain scores during infusion, 3-8 hours after infusion initiation, and up to 

21 days after infusion (n = 31). Error bars = Standard deviation.
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Figure 5: 
Percent pain reduction 60-120 minutes after infusion as a function of mechanical pain 

threshold (MPT) and heat pain threshold (HPT), as tested on the most painful foot prior 

to infusion. Blue circle indicates placebo session; red square indicates lidocaine session. 

Two participants could not tolerate heat pain threshold probe on skin during testing. MPT 

regression line information: (n = 31): Placebo (blue): r = −.276, p = .133; Lidocaine (red): r 

= −.156, p = .401; difference between correlation coefficients p = .64. HPT regression line 

information (n = 29): Placebo (blue): r = −.062, p = .748; Lidocaine (red): r = .145, p = .454; 

difference between correlation coefficients p = .45.
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Figure 6: 
Quantitative sensory testing data, divided by non-responders versus responders (>50% pain 

reduction at 60-120 minutes with lidocaine but not placebo.) Non-responders denoted with 

blue, responders denoted with red. * indicates P value < .05. CDT = Cold Detection 

Threshold (−1.6 [−2.7 to −0.8] versus −0.8 [−0.9 to −0.5]). WDT = Warm Detection 

Threshold (−1.6 [−2.2 to −1.3] versus −1.3 [−1.4 to −1.0]). CPT = Cold Pain Threshold 

(−0.6 [−0.9 to 0.5] versus 0.3 [−0.5 to 0.7]). HPT = Heat Pain Threshold (−1.4 [−1.8 to −0.8] 

versus −0.6 [−1.2 to 0.7]). MDT = Mechanical Detection Threshold (−1.7 [−3.7 to −1.1] 
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versus −2.0 [−2.6 to −1.3]). MPT = Mechanical Pain Threshold (−1.9 [−2.7 to −0.3] versus 

−1.3 [−2.4 to −0.8]). WUR = Wind Up Ratio (−0.4 [−0.8 to 0.3] versus 0.3 [−1.0 to 1.1]). 

VDT = Vibration Detection Threshold (−2.3 [−4.5 to −1.50] versus −2.5 [−3.7 to −2.1]).
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Figure 7: 
Lidocaine concentrations as a function of time. Thin red lines correspond to individual 

participants (n = 32). Two participants did not have adequate IV access for repeated blood 

draws. Black points = mean, error bars = SD
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Table 1:

Participant demographic information divided by study medication administration order.

Placebo during first 
session (n=17)

Lidocaine during first 
session (n=17)

Total (n=34)

Age, mean (SD) 57.5 (11.9) 55.6 (9.8) 56.6 (10.8)

Sex, F/M (% female) 9/8 (53) 7/10 (41) 16/18 (47)

Race

 Black (%) 3 (18) 7 (41) 10 (29)

 White (%) 14 (82) 10 (59) 24 (71)

Cumulative years with diabetes diagnosis, median (IQR) 9 (5-17) 10 (6-18) 10 (5-17.5)

Hemoglobin A1c, mean (SD) 8.9 (1.9) 8.0 (2.0) 8.4 (2.0)

Medical comorbidities (%)

 Hypertension 13 (76) 12 (71) 25 (74)

 Hypercholesterolemia 10 (59) 8 (47) 18 (53)

 Cardiovascular disease 6 (35) 1 (6) 7 (21)

 Sleep apnea 4 (24) 1 (6) 5 (15)

 Asthma 1 (6) 2 (12) 3 (9)

 Arthritis 2 (12) 1 (6) 3 (9)

 Anxiety 2 (12) 0 (0) 2 (6)

 Depressive disorder 3 (18) 3 (18) 6 (18)

 History of cancer 3 (18) 1 (6) 4 (12)

BMI in kg/m2, median (IQR) 36.9 (29.9-39.2) 33.0 (26.0-40.8) 33.4 (28.4-39.7)

Baseline analgesic use (%)

 Any analgesic use 12 (71) 10 (59) 22 (65)

 Strong opioids (e.g. oxycodone, hydrocodone) 3 (18) 1 (6) 4 (12)

 Weak opioids (e.g. tramadol, codeine) 0 (0) 3 (18) 3 (9)

 Non-steroidal anti-inflammatory drugs and/or 
acetaminophen

8 (47) 5 (29) 13 (38)

 Serotonin-norepinephrine reuptake inhibitors (e.g. 
duloxetine, venlafaxine)

5 (29) 1 (6) 6 (18)

 Tricyclic antidepressants (e.g. amitriptyline) 2 (12) 0 (0) 2 (6)

 Anticonvulsants (e.g. gabapentin) 9 (53) 8 (47) 17 (50)

 Topical agents (e.g. lidocaine patch, topical steroids) 1 (6) 1 (6) 2 (6)

 Antispasmodics (cyclobenzaprine) 0 (0) 2 (12) 2 (6)

Duration of painful symptoms prior to study (%)

 Six months up to one year 3 (18) 2 (12) 5 (15)

 More than one year up to two years 4 (24) 0 (0) 4 (12)

 More than two years up to five years 5 (29) 6 (35) 11 (32)

 Greater than five years 5 (29) 9 (53) 14 (41)

Clin J Pain. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Todorovic et al. Page 28

Placebo during first 
session (n=17)

Lidocaine during first 
session (n=17)

Total (n=34)

Pain frequency (%)

 Constant 17 (100) 15 (88) 32 (94)

 Constant with intermittent exacerbations 0 (0) 1 (6) 1 (3)

 Intermittent 0 (0) 1 (6) 1 (3)

Average pain intensity over the previous week 0-10 NRS, 
median (IQR)

6 (5-8) 6.5 (5.5-7) 6.2 (5-7.2)

Neuropathic Pain Symptom Inventory (NPSI) score, mean 
(SD)

 Burning 5.3 (2.4) 5.5 (2.5) 5.4 (2.4)

 Pressing 4.5 (1.9) 4.3 (2.7) 4.4 (2.3)

 Paroxysmal 5.1 (2.5) 4.6 (3.1) 4.9 (2.8)

 Evoked 4.7 (2.2) 4.3 (2.6) 4.5 (2.4)

 Paresthesia/dysesthesia 6.2 (2.8) 6.1 (3.2) 6.2 (2.9)

 Total 51 (15.6) 48.4 (19.5) 49.7 (17.4)

Brief Pain Inventory (BPI), mean (SD)

 Pain severity score 5.7 (1.4) 5.6 (2.2) 5.6 (1.8)

 Pain interference score 5.3 (1.8) 5.7 (2.8) 5.5 (2.3)

Hospital Anxiety and Depression Scale (HADS), mean (SD)

 Depression 5.8 (3.5) 6.2 (4.6) 6 (4)

 Anxiety 5.8 (3.8) 7.4 (4) 6.6 (4)

Clin J Pain. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Todorovic et al. Page 29

Ta
b

le
 2

:

C
ha

ng
es

 in
 e

vo
ke

d 
m

ec
ha

ni
ca

l s
en

sa
tio

n,
 e

vo
ke

d 
th

er
m

al
 s

en
sa

tio
n,

 a
nd

 N
eu

ro
pa

th
ic

 P
ai

n 
Sy

m
pt

om
 I

nv
en

to
ry

 (
N

PS
I)

 q
ue

st
io

nn
ai

re
 d

es
cr

ip
to

rs
 a

t 

ba
se

lin
e 

an
d 

60
 m

in
ut

es
 a

ft
er

 in
fu

si
on

 in
iti

at
io

n 
(n

 =
 3

1)
. P

ai
re

d 
sa

m
pl

es
 t-

te
st

 u
til

iz
ed

 to
 c

om
pa

re
 g

ro
up

s.

P
la

ce
bo

L
id

oc
ai

ne
L

id
oc

ai
ne

 m
in

us
 p

la
ce

bo

P
re

 in
fu

si
on

60
 m

in
ut

es
C

ha
ng

e 
(6

0 
m

in
 

m
in

us
 p

re
 in

fu
si

on
)

P
re

 in
fu

si
on

60
 m

in
ut

es
C

ha
ng

e 
(6

0 
m

in
 

m
in

us
 p

re
 in

fu
si

on
)

D
if

fe
re

nc
e

95
%

 C
I

P
 v

al
ue

N
eu

ro
pa

th
ic

 P
ai

n 
Sy

m
pt

om
 

In
ve

nt
or

y 
su

bs
co

re
s

B
ur

ni
ng

 p
ai

n,
 m

ea
n 

(S
D

)
2.

90
 (

2.
64

)
1.

65
 (

2.
75

)
−

1.
26

 (
2.

44
)

3.
00

 (
2.

78
)

1.
00

 (
1.

79
)

−
2.

00
 (

2.
25

)
−

0.
74

 (
3.

11
)

−
1.

88
 to

 0
.4

0
0.

19

Pa
ro

xy
sm

al
 p

ai
n,

 m
ea

n 
(S

D
)

1.
15

 (
1.

69
)

0.
84

 (
1.

70
)

−
0.

31
 (

1.
15

)
2.

00
 (

2.
44

)
0.

85
 (

2.
14

)
−

1.
15

 (
1.

92
)

−
0.

84
 (

2.
13

)
−

1.
62

 to
 −

0.
56

0.
04

Pa
re

st
he

si
a/

dy
se

st
he

si
a,

 m
ea

n 
(S

D
)

3.
02

 (
2.

66
)

2.
13

 (
2.

61
)

−
0.

89
 (

1.
60

)
3.

94
 (

2.
76

)
1.

76
 (

2.
25

)
−

2.
18

 (
2.

07
)

−
1.

29
 (

2.
01

)
−

2.
03

 to
 −

0.
55

0.
00

1

E
vo

ke
d 

m
ec

ha
ni

ca
l a

nd
 t

he
rm

al
 

se
ns

at
io

n

C
ol

d 
in

te
ns

ity
, m

ea
n 

(S
D

)
2.

74
 (

2.
16

)
3.

45
 (

1.
96

)
0.

71
 (

1.
59

)
3.

00
 (

2.
20

)
2.

87
 (

2.
31

)
−

0.
13

 (
1.

26
)

−
0.

84
 (

2.
16

)
−

1.
63

 to
 −

0.
05

0.
04

H
ea

t i
nt

en
si

ty
, m

ea
n 

(S
D

)
1.

87
 (

1.
82

)
1.

97
 (

1.
83

)
0.

10
 (

1.
37

)
1.

87
 (

1.
82

)
1.

77
 (

1.
69

)
−

0.
10

 (
1.

19
)

−
0.

19
 (

1.
70

)
−

0.
82

 to
 0

.4
3

0.
53

B
ru

sh
 in

te
ns

ity
, m

ea
n 

(S
D

)
3.

83
 (

1.
73

)
3.

48
 (

1.
98

)
−

0.
35

 (
1.

97
)

3.
55

 (
1.

84
)

3.
42

 (
1.

88
)

−
0.

13
 (

1.
45

)
0.

23
 (

2.
31

)
−

0.
62

 to
 1

.0
7

0.
59

Pi
np

ri
ck

 in
te

ns
ity

, m
ea

n 
(S

D
)

3.
16

 (
2.

48
)

3.
35

 (
2.

51
)

0.
19

 (
2.

14
)

3.
84

 (
2.

53
)

3.
19

 (
2.

68
)

−
0.

65
 (

1.
96

)
−

0.
84

 (
2.

57
)

−
1.

78
 to

 0
.1

0
0.

08

Clin J Pain. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Todorovic et al. Page 30

Ta
b

le
 3

:

A
dv

er
se

 e
ve

nt
s

L
id

oc
ai

ne
P

la
ce

bo

A
ff

ec
te

d/
at

 R
is

k 
(%

)
Sy

m
pt

om
 d

ur
at

io
n 

in
 m

in
ut

es
, m

ed
ia

n 
(r

an
ge

)
A

ff
ec

te
d/

at
 R

is
k 

(%
)

Sy
m

pt
om

 d
ur

at
io

n 
in

 m
in

ut
es

, m
ed

ia
n 

(r
an

ge
)

D
ry

 m
ou

th
13

/3
4 

(4
0)

60
 (

20
 to

 8
5)

8/
33

 (
24

)
50

 (
39

 to
 2

37
)

D
ro

w
si

ne
ss

9/
34

 (
26

)
94

 (
50

 to
 5

29
)

4/
33

 (
12

)
11

5 
(5

2 
to

 6
75

)

Pe
ri

or
al

 n
um

bn
es

s
8/

34
 (

24
)

34
 (

1 
to

 7
5)

2/
33

 (
6)

30
 (

18
 to

 4
3)

D
ys

es
th

es
ia

7/
34

 (
21

)
16

 (
2 

to
 7

2)
1/

33
 (

3)
10

D
iz

zi
ne

ss
6/

34
 (

18
)

52
 (

31
 to

 4
75

)
1/

33
 (

3)
50

N
au

se
a

2/
34

 (
6)

46
 (

22
 to

 7
1)

0/
33

 (
0)

-

Sl
ur

re
d 

sp
ee

ch
2/

34
 (

6)
25

 (
7 

to
 4

3)
0/

33
 (

0)
-

B
lu

rr
ed

 v
is

io
n

1/
34

 (
3)

59
0/

33
 (

0)
-

H
ea

da
ch

e
1/

34
 (

3)
32

5
1/

33
 (

3)
48

6

A
rr

hy
th

m
ia

0/
34

 (
0)

-
1/

33
 (

3)
33

D
ea

th
0/

34
 (

0)
-

0/
34

 (
0)

-

Clin J Pain. Author manuscript; available in PMC 2022 November 01.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Trial design
	Participants
	Randomization
	Blinding
	Interventions
	Outcomes
	Primary outcome
	Secondary outcomes

	Sample size
	Pharmacokinetic analysis
	Statistical methods

	RESULTS
	Recruitment
	Baseline Data
	Primary Outcome – Percent pain reduction after 60 to 120 minutes of infusion
	Secondary Outcome – Percent pain reduction at 60-120 minutes as a function of mechanical and heat pain thresholds
	Secondary Outcome - Change in evoked mechanical and thermal sensation prior to infusion and 60 minutes after infusion initiation
	Secondary Outcome – Change in NPSI Descriptors prior to infusion and 60 minutes after infusion initiation
	Exploratory Analysis – Percent pain reduction at 60-120 minutes as a function of multiple QST parameters
	Exploratory Analysis – Responder versus non-responder analysis
	Adverse Events
	Lidocaine Pharmacokinetics

	DISCUSSION
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Figure 5:
	Figure 6:
	Figure 7:
	Table 1:
	Table 2:
	Table 3:

