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Introduction
Chronic pain is defined as pain that persists beyond the usual time 
of healing, usually lasting or recurs for more than 3 to 6 months 
[1]. It is the leading cause of disability worldwide and is associated 
with the highest economic cost among all psychiatric and 
neurologic disorders, given its impact on patients’ function which 
results in reduced productivity, lost wages, and fewer work hours 
in former productive adults, as well as the associated cost of care 
in the elderly [2]. It is estimated that 1 in 10 adults is diagnosed 
with chronic pain each year globally [3]. Common causes of 
chronic pain include cancer, osteoarthritis and rheumatoid arthritis, 
operations and injuries, and spinal column problems [4]. It is a 
debilitating condition that can impair daily functioning, sleep 
and quality of life [5,6]. In the United States alone, the economic 
cost of pain to society, which comprises health care costs and lost 
productivity value, was estimated to be at least 560 billion dollars 
in 2010 [7]. To date, the available pharmacological treatments 
are accompanied by undesirable side effects and do not provide 
adequate pain relief for many patients [8] Particularly, the use 
of prescribed opioids has been controversial due to their long-
term ineffectiveness, side effects including addiction, tolerance, 
immune modulation, and abnormal pain sensitivity, and the opioid 
overdose epidemic [9,10].

Neuropathic pain is a type of chronic pain that arises from a 
lesion or disease of the somatosensory nervous system, such as 
diabetic neuropathy, trigeminal neuralgia, post-herpetic neuralgia 
and spinal cord injury [11]. It is estimated that the prevalence of 
pain with neuropathic characteristics lies between 6.9% and 10% 
[12]. Neuropathic pain is a difficult condition to manage due to its 
severity, chronicity and resistance to simple analgesics [13]. Thus, 

as for other chronic pain conditions, there is always a demand for 
alternative therapeutic approaches.

The pathogenesis of neuropathic pain attributes to a number 
of different central and peripheral mechanisms [13]. Thus, a 
multimodal approach where different pharmacological treatments 
target different pathways may be best suited for neuropathic 
pain [14,15]. Not surprisingly, this is a common approach to 
treating chronic pain that low doses of medications are combined 
to increase analgesia with their additive or synergistic effects 
meanwhile reducing the associated side effects [16].

The increased expression of the voltage-gated sodium channels 
in neuropathic state is a well-established peripheral mechanism 
involved in neuropathic pain [17]. This increase would lead to 
generation of inappropriate signals and uncontrolled neuronal 
firing in response to normal trivial inputs [17]. Lidocaine, a 
sodium channel blocker, exerts its effects by attenuating peripheral 
nociceptors sensitization and central hyperexcitability [17].

Increased N-Methyl-D-Aspartate (NMDA) receptor activity is 
another mechanism that is shown to play a role in neuropathic pain 
by contributing to central sensitization. These receptors, especially 
those localized in the dorsal horn of the spinal cord, are involved 
in nociceptive transmission and synaptic plasticity. Thus, NMDA 
antagonists such as ketamine have long been considered a treatment 
option for neuropathic pain patients [18]. NMDA antagonists, 
which are known to have a narrow therapeutic window, have been 
suggested to be administered in combination with other analgesics 
such as those with anticonvulsant activities (i.e. lidocaine) [18].

As lidocaine and ketamine provide analgesia by acting on different 
molecular pathways, administering them together may produce 
synergistic effects, which can allow for using a lower dose of each 
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medication and thereby reducing the corresponding side effects. 
The present study aims to evaluate the effectiveness of the current 
routine practice of lidocaine-ketamine infusions conducted at 
Allevio Pain Management Clinic, a large outpatient community 
based chronic pain management facility. Lidocaine-ketamine 
infusions are prescribed to patients that have pain that is considered 
to be neuropathic for which standard anti-neuropathic medications 
have been ineffective or poorly tolerated by patients.

Objective
The primary objective of this five year retrospective study is to 
assess the effectiveness of serial lidocaine and ketamine infusions 
on the severity of chronic neuropathic pain.

Methods
Study design 
This is a single center, retrospective cohort study with inclusion 
of all consecutive patients of the lead author who were treated at 
Allevio Pain Management Clinic , during the period March,2013 to 
May 2017, with lidocaine plus ketamine infusions for a neuropathic 
pain condition. Most common diagnoses were s fibromyalgia, 
diabetic neuropathy, post-herpetic neuralgia, and complex regional 
pain syndrome (CRPS). In the same period of time, several other 
consultants were practicing at Allevio Pain Management; however, 
this investigation has reviewed only Dr. Ramin Safakish’s patients’ 
charts. At Allevio Pain Management, all the medical records are 
electronic, and we have used the same EMR application, to access 
the demographic and clinical information of the patients, as well 
as the infusion order sheet.

Study outcomes and data collection
The primary outcome was to find out the proportion of patients 
who achieved at least ≥30% reduction in their pain score. The 
secondary outcomes were the change in raw score and percentage 
change.

Change of ≥ 30% in pain score was determined following the 
IMMPACT (Initiative on Methods, Measurement, and Pain 
Assessment in Clinical Studies) recommendations. Reduction 
of more than or equal 30% (or 2 points on 0-10 pain scale) is 
considered as an accepted threshold for clinically meaningful 
improvement (MCID: minimal clinically important difference) in 
pain studies [19].

The study has used VAS-pain scale ranging from 0 to 10 to measure 
pain intensity, where higher scores indicate greater pain intensity 
[20]. Pain scores were collected as part of standard procedures at 
Allevio clinic.

First, the raw change in the reported scores was calculated, 
as a difference in pain scores between before and after drug 
administration for each patient. The negative scores reflect a 
decrease in pain intensity. The percentage change was calculated 
by dividing the raw change score by the baseline scores (i.e. pain 
scores before the infusion). Next, the proportion of patients with 
greater than or equal to 30% was determined.

Statistical Analysis
The statistical analyses were conducted using R version 3.5.0 [2]. 
Descriptive statistics was presented as counts and frequencies 
for categorical data and means (with standard error) and medians 
(with interquartile range) for continuous data.

The analysis of the primary efficacy variable was performed using 
a Generalized Estimating Equations (GEE). We fitted generalized 
linear models with binomial distribution and logit link function. 
Each individual subject was considered as a cluster. The correlation 
within subject measurements was modeled using exchangeable 
correlation matrix. Dependent variable was the percentage change 
in pain score, which was grouped into binary variable with 
<30% improvement as a reference category and ≥30% (clinically 
meaningful improvement) as a category of interest. Independent 
variable was lidocaine dosage, defined as continuous variable, 
and covariates included age, sex, weight, clinical diagnosis and 
ketamine dosages. Univariate regression was performed with all 
the defined variables. We used step-wise backward elimination 
procedure for the model selection. First, all the variables with p< 
0.25 (defined in the univariable analysis) were included in the 
model, and then removed one by one. The final model were selected 
using quasi-likelihood information criterion (QIC). The odds 
ratios (OR) and 95% confidence intervals (CIs) are presented for 
the models. All statistical tests were two sided and were performed 
at 0.05 significance level. Missing data for the pain scores both 
before and after intervention were not imputed and all calculations 
were restricted to completed observations. For the secondary 
endpoints (i.e. change in raw score and percentage change) we used 
linear mixed models with exchangeable correlation structure. Only 
univariable analysis is conducted for the secondary endpoints.

We understand that as an observational study, there is a lot of 
missing data points. We asked a medical statistical analyst helping 
us to handle the missing data.

Ethical considerations
All patients were contacted in person in the clinic, or on the phone 
to obtain informed consent for using data in their charts.

Results 
From March 2013 to May 2017, a total of 670 subjects (508 
females, 162 males) under the care of Dr Ramin Safakish received 
infusion of lidocaine and ketamine.

The mean age was 53.2 (13.4) years, mean weight was 80.7 (20.3) 
kg. Half of the patients had peripheral neuropathic pain (51.8%), 
followed by Chronic widespread pain syndrome (fibromyalgia) 
(40.9%), Complex regional pain syndrome (CRPS) (6.2%), and 
a small group of had a concurrent chronic headache, as well as 
neuropathic pain (1.0%) (Table 1). The median number of infusions 
were 3 (IQR:1-8) for each patient and 38% of patients received 
more than 5 infusions (Figure 1, Table 1). As a general rule in our 
clinic, patients have a choice to call and schedule one infusion 
every 2 months (8-9 weeks), based on the general coverage of this 
service in Ontario. Therefore we did not choose which patients had 
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how many infusions. In total we analyzed 670 patients and 3741 
visits/infusions.

Number Percentage

Age categories

20-39 y 107 16%

40-59 y 356 53.1%

>= 60y 207 30.9%

Gender
Female 508 75.8%

Male 162 24.2%

Diagnosis

Fibromyalgia 274 40.9%

Chronic widespread pain syndrome 347 51.8%

Headache-concurrent 7 1%

CRPS 42 6.3%

Number of 
infusions

 
(Median, IQR

3.00 [1.00, 
8.00])

1 184 27.6%

2 113 16.9%

3 75 11.2%

4 41 6.1%

>= 5 254 38.1%

Other 
procedures

Yes 397 59.3%

No 273 40.7%

Table 1: Patients’ baseline characteristics.

Figure 1: Number of infusions.

In general, the starting dose for lidocaine was 4.5 mg/kg (360 mg 
to 450 mg in total). Regardless of the patient’s weight, the starting 
dose of ketamine was 10 mg. At each subsequent appointment, 
based on the effectiveness of the treatment on the symptoms, the 
dose could have been increased. The maximum dose for lidocaine 
was defined  as 6 mg/kg or total of 650 mg, and for Ketamine was 40 
mg, as the maximum lidocaine dose that was administered over 45 
minutes, regardless of the weight of the patient. After the 3rd visit 
to the clinic, the dose of lidocaine in majority of the patients was 
at 6 mg/kg or 650 mg of lidocaine. The median lidocaine dosage 
was 450 mg (IQR: = 360-540) across all observations (Figure 2). 
After many years of practice, we decided that we would start lower 
dose of lidocaine and ketamine in everyone. The justification was 
the rout of effectiveness for lidocaine and ketamine and the fact 
that they work on two distinct receptors. Therefore, it made sense, 
from the pharmacology pain of view and from the experience of 
the patients, to start both medication at the same time.

Figure 2: Summary of lidocaine dosage during the first 20 injections. 
The black line throughout the plot indicates the median dose across all 
injections.

In 8.9% (n=60) of all patients, due to lack of acceptable effect for 
6-8 weeks, despite the maximum dose of lidocaine and ketamine, 
the clinical decision was to change the treatment to a higher dose 
of lidocaine and ketamine administered over 3-hour infusion. 
(versus 45 minutes). In this modality, a larger dose of lidocaine 
and ketamine could be given over 3 hours, up to 7.5 mg/Kg of 
lidocaine and 1.5 mg/kg of ketamine. In this model of infusion, 
an appropriate dose of lidocaine could be provided to overweight 
patients (up to 6 mg/kg); also, a higher dose of ketamine was 
administered. The issue in large patients, either high BMI or only 
high weight (in tall patients) would be the limit in total dose of 
lidocaine that we administer in 45 minutes. For example, in a 
patient who weights 150 kg, 4 mg/kg of lidocaine would translate 
to 600 mg of lidocaine.

The issue in large patients, either high BMI or only high weight 
(in tall and heavy patients) would be the limit in the total dose 
of lidocaine that we administer in 45 minutes. For example, in a 
patient who weighs 150 kg, 4 mg/kg of lidocaine would translate 
to 600 mg of lidocaine. Even though the limit for lidocaine has 
reached, the patient would not have a meaningful blood level of 
lidocaine, because of a higher blood volume in larger patients. 
Traditionally, the total amount of blood has been calculated by:

1- Conventional Total Blood Volume = actual BW × fixed 70 ml/kg

2- gender-based modified Total Blood Volume = ideal BW × 75 ml/
kg (male) or 65 ml/kg (female)

However, a recent study (Ryosuke Muraki Arudo Hiraoka 
Kazuyuki Nagata Kosuke Nakajima Tomoya Oshita Masahisa 
Arimichi Genta Chikazawa Hidenori Yoshitaka Taichi Sakaguchi, 
2018 Jun 04) suggested:

Total Blood Volume = ideal BW × 70 ml/kg (<65 years old) or 
60 ml/kg (≥65 years old)
No matter which formula we use for calculation, the total amount 
of blood volume is a product of weight.
Another deviation from general practice was using lidocaine 
alone. In 10 patients (1.5%), by discretion of treating physician, 
only lidocaine without adding ketamine was administered.
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Te median pain scores immediately before and after injections 
were 8 (IQR: 6-9) and 2 (IQR: 0-4) respectively, on a 1 to 10 
scale (Figure 3). The median pain relief score (computed as a raw 
difference in pain score before and after injections) was -5 (IQR -7 
to -3). Patients of both sexes, across all age groups and diagnoses 
experienced clinically meaningful pain reductions after injections. 
The reductions were comparable between indicated groups (Table 
2). The mean and median percentage change (i.e. raw difference 
divided by baseline score) were 69.6% and 75.0% respectively, in 
other words half of the patients experienced 75% improvement in 
their baseline pain score after injection. As with the raw scores, a 
change in percentage was very similar between gender, age groups 
or diagnoses (Table 2, Figure 4).

Figure 3: The raw pain scores before and after lidocaine infusion. The 
lower scores indicate less pain intensity.

Raw difference
Mean (sd)

Percentage change
mean (sd)

Age 
categories

20-39 -4.6 (0.2) 64.9 (2.3)

40-59 -4.6 (0.1)  65.1 (1.3)

≥60  -4.8 (0.1) 68.1 (1.7)

Gender
Male -4.4 (0.1)  65.8 (1.9)

Female -4.8 (0.1)  65.9 (1.1)

Diagnosis

Fibromyalgia -4.9 (0.1) 67.1 (1.4)

Neuropathic Pain -4.6 (0.1) 65.3 (1.3) 

Headache -3.8 (0.4) 58.3 (6.8)

-4.7 (0.3) 64.8 (4.0)

Other 
procedures

No -4.5 (0.1) 65.3 (1.4)

Yes  -4.8 (0.1)  66.4 (1.2)

Lidocaine -0.004 (0.001)  0.04 (0.01)

Ketonal  -0.047 (0.005) 0.54 (0.07)
Table 2: Pain relief: difference in raw score and percentage change.

Unadjusted analysis. Correlation within subjects were considered.
Per IMMPACT recommendations “Changes of approximately 2.0 points 
or 30% represent “much better” “much improved” or “meaningful” 
decreases in chronic pain, and a decrease of 4 points or 50% appears to 
represent a substantial (“very much improved”) change in pain”.
 
Both lidocaine and ketamine are associated with improvement in pain 
relief, it is statistically significant (but not clinically). For example, every 

100mg increase in lidocaine reduces pain score by 0.4 only (in the table 
the coefficient for Lidocaine is 0.004 which represents the reduction 
in pain score for every 1 mg increase in lidocaine dosage). Same with 
percentage change, every 100 mg increase in lidocaine dosage improves 
the relative change from baseline score by 4%.

Figure 4: Percentage of decrease in pain score by diagnosis.

As indicated earlier, patients were considered responsive to 
treatment, if they had at least 30% reduction in a pain score 
from the baseline (defined as a minimal clinically important 
difference (MCID). MCID was registered in 88% (n=3271/3741) 
of observations.

Table 3 represents the odds of having MCID (i.e. pain relief of 
30% and more) for the univariable and multivariable analyses. 
Univariable analysis showed that only the combination of lidocaine 
and ketamine  produced  statistically significant impact on pain 
improvement. Every 1mg increase in lidocaine increased the odds 
of MCID by 0.2% (hence 100 mg increase in lidocaine would lead 
to increase in odds of MCID by 18% (OR=1.18 (95%CI: 1.02 
to 1.37). Every 10 mg increase in ketamine dose was associated 
with an increase in odds of observing MCID by 21% (OR=1.21 
(95%CI: 1.09 to 1.36). 

Univariable analysis Adjusted multivariable 
analysis

OR 95% CI p-value OR 95%CI p-value

Age (years) 1.00 0.98 to 1.01 0.90 -

Weight (kg) 1.01 0.99 to 1.02 0.06 -

Lidocaine 1.003 1.001 to 1.004 <0.005 1.002 1.0002 
to 1.003 0.025

Sex 
(ref=Female) 0.99 0.71 to 1.46 0.94 -

Diagnosis -

Neuro 0.93 0.68 to 1.28 0.67

Fibro (ref) 0.90 0.45 to 1.76 0.45 to 
1.76

Ketonal 1.03 1.01 to 1.04 <0.005 1.025 1.015 to 
1.036 <0.005

Table 3: Univariable and multivariable analysis of the primary outcome. 
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The odds of having MCID.

In general, every patient who had returned over three times to be 
treated with intravenous lidocaine and ketamine infusion reported 
an improvement in the quality of life to the treating physician. 
Unfortunately, we did not have any standard tools to measure 
the increase in the quality of life in our EMR for all the patients. 
The observation mentioned above was based on the reports of the 
treating physician.

Every 100 mg increase in lidocaine increases the odds of having 
MCID by 18% (OR=1.18 (1.02 to 1.37); Every 10 mg increase in 
ketonal 1.21 (1.09 to 1.36).

Discussion
There is a weak association between the increase in lidocaine dose 
and the extent of pain reduction. However, the pain diagnoses 
in this group of patients were  heterogeneous,. It is possible that 
some of the chronic neuropathic pain syndromes respond better to 
intravenous lidocaine and ketamine infusion.

Because of the nature of retrospective studies, we only could 
report what was available to us. We acknowledge that one major 
limitation of this report has been lack of follow-up after discharge 
by the doctor due to lack of effect, or patient’s refusal of continual 
of the treatment. As well we did not have a regular measurement 
of the quality of life in all patients. As it was mentioned before, the 
diagnosis of neuropathic pain, sex and age of the patients were not 
assessed separately as a homogeneous group.

Another limitation was the fact that many people receive more that 
lidocaine and ketamine infusion. In 60% of the patients, other for 
modalities were provided. All modalities other than infusion therapy, 
were aimed to control a different form of the pain than original 
fibromyalgia or peripheral neuropathy. Most of the patients had 
been treated for facet joints arthritis or sacroiliac joint dysfunction 
by radiofrequency neurotomy, many had corticosteroid injection 
into the peripheral joints and a few patients had Botox injection 
for treatment of Migraine headache. We acknowledge that adding 
different forms of interventions would contaminate our study 
group, one must realise a long-term relationship of author with his 
patients. Over the years people develop different structural pain 
syndromes and would ask for potential pain management options.

Currently, we are running a prospective observational study, and 
hopefully, we will be able to address which chronic neuropathic 
pain conditions are most responsive to this modality. Moreover, 
we monitor for side effects of lidocaine and ketamine infusion. So 
far, we did not have any complain about long term side effects, like 
interstitial cystitis. We acknowledge that the lack of spontaneous 
recall of a complication does not equal to non-existence of that 
complication. Therefore, in our current study, we actively ask 
patients and prompt them regarding side effects. The only side 
effects that we have seen are immediate and temporary ones. The 
most common side effect is temporary sedation at the time of 
infusion. We never needed to treat this condition as it is very short 

lived and 5-10 minutes after termination of infusion, patients are 
wide awake. The most common side effect that needed treatment 
has been nausea. Vomiting has been extremely rare and in this 
group of patients, only one experiences very severe nausea and 
sometimes vomiting. 

As  shown in figure 4, overall there was reported about 50% pain 
reduction. Clinically, a 50% reduction in pain could change a 
chronic pain patient’s life significantly. In our current observational 
study, we are gathering information about the quality of life in 
different dimensions and not only pain level, and hopefully, we 
could address this question more conclusively and in more detail 
about which aspect of life quality has been increased. 

The distribution of Male to female in this report is very similar 
to what has been reported as gender ratio of Fibromyalgia. This  
means that the gender ratio within the group of patients who have 
fibromyalgia and the severity of pain is to the degree that they seek 
help is the same as the overall gender ratio of Fibromyalgia in the 
literature [21].

The authors believe that this paper is important considering the size 
of the sample and the immediate effect of lidocaine and ketamine 
on pain level. Perhaps this modality would be a very useful one to 
be used in operating room, where anesthesiologist is looking for an 
effective mean of pain control in a patient who needs operation on 
part of body that suffers from chronic neuropathic pain. (operation 
on limb that suffers from Complex Regional Pain Syndrome- 
CRPS).

Our current study is cohort and observational in nature. We believe 
the future studies should be Random and Controlled Trials with 
an active placebo group as control. Preferably the future studies 
should be focused on single neuropathic pain diagnosis ,incorporate 
measures of function, and follow patients over a longer period of 
time.
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Appendix

Figure A: Sex distribution between diagnoses (and headache are not shown).

Figure B: Age distribution between diagnoses.

Figure C:  Proportion of observations who had 0-30%; 30-50%; 50-70% and >70% reduction in VAS by gender.


