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Differential Effect of Ketamine and Lidocaine on
Spontaneous and Mechanical Evoked Pain in Patients with
Nerve Injury Pain
Hanne Gottrup, M.D., Ph.D.,* Flemming W. Bach, M.D., Ph.D.,† Gitte Juhl, M.D.,* Troels S. Jensen, M.D., Ph.D.‡

Background: The mechanisms underlying neuropathic pain
are incompletely understood. Targeting specific molecular
mechanisms in the pain signaling system may assist in under-
standing key features in neuropathic pains such as allodynia.
This study examined the effect of systemically administered
ketamine, an N-methyl-D-aspartate receptor antagonist and li-
docaine, a sodium channel blocker, on spontaneous pain,
brush-evoked pain, and pinprick-evoked pain in patients with
nerve injury pain.

Methods: Twenty patients participated in two randomized,
double-blinded, placebo-controlled, crossover experiments in
which they, on four different days, received a 30-minute intra-
venous infusion of ketamine (0.24 mg/kg), lidocaine (5 mg/kg),
or saline. Ongoing pain, pain evoked by brush and repetitive
pinprick stimuli, and acetone was measured before, during, and
after infusion.

Results: Ketamine significantly reduced ongoing pain and
evoked pain to brush and pinprick, whereas lidocaine only
reduced evoked pain to repetitive pinprick stimuli. In individ-
ual patients, there was no correlation between the pain-reliev-
ing effect of lidocaine and ketamine on ongoing or mechani-
cally evoked pains.

Conclusions: N-methyl-D-aspartate receptor-linked systems
and sodium channels are involved in generation and mainte-
nance of pain in patients with peripheral nerve injury. It is
likely that ongoing pain as well as mechanical hyperalgesia in
individual patients is dependent on several separate molecular
mechanisms.

PERIPHERAL nerve injury may give rise to severe and
long-lasting types of pain termed neuropathic pains,
which are often resistant to treatment. Currently, the
best available treatments produce moderate to good pain
relief in fewer than one third of the patients. A prereq-
uisite for a better treatment is an increased knowledge of
the mechanisms underlying neuropathic pain. A mecha-
nism-based approach for classifying and analyzing pa-
tients has been proposed as a mode to link treatment
strategies to pathophysiological mechanisms responsible
for initiation and maintenance of neuropathic pain.1–3

One way to study such a potential link is to use analge-
sics with different methods of action targeting a specific

mechanism or phenomenon in the same patient or to
examine the effect of one analgesic on different types of
mechanical hyperalgesia, thermal sensation, and so
forth. We recently demonstrated a different effect of
gabapentin on brush and pinprick evoked pain in the
capsaicin model.4 Allodynia, that is, pain evoked by a
normal nonpainful stimulus, is a classic feature in several
peripheral and central neuropathic pain conditions.5–8

Although the exact mechanisms underlying allodynia are
still unclear, an abundant literature indicates that abnor-
mal and increased activity from damaged nerve endings
may play a role in generating an increased barrage to
second-order neurons located in the dorsal horn of the
spinal cord.9,10 The increased activity from the periph-
ery causes a central sensitization with an array of mani-
festations, including lowered threshold for exaggerated
responses to suprathreshold stimuli, spread of pain be-
yond the injured site, wind-up–like phenomena, and
aftersensations.3,7,11,12 Experimentally, evidence indi-
cates that increased and abnormal sodium channels in
the periphery as well as N-methyl-D-aspartate (NMDA)
receptor-linked systems are involved in the sensitization
processes.13–17 In experimentally induced sensitization
by capsaicin, we previously showed that brush and
punctate evoked pain respond differentially to ketamine
and lidocaine, indicating that the two types of hyperal-
gesia do not share a common mechanism.16 A series of
clinical studies have shown that both systemically admin-
istered ketamine and lidocaine can reduce ongoing me-
chanical evoked types of pain in postherpetic neuralgia,
diabetic neuropathy, postamputation pain, and nerve
injuries.18–26 However, in individual neuropathic pain
patients, it is unknown if a particular phenomenon such
as brush evoked pain, pinprick hyperalgesia, or even
ongoing pain is mediated by the same or different mo-
lecular mechanisms. To address this issue, we selected
patients with well-defined peripheral nerve injury and
mechanical allodynia and hyperalgesia in the innervation
territory of the damaged nerve and exposed them to an
intravenous treatment with a sodium channel blocker
(lidocaine), a NMDA receptor antagonist (ketamine), or
saline and recorded their ongoing and evoked pain be-
fore, during, and after each treatment period.

Materials and Methods

Patients
Patients with verified nerve injury pain and mechanical

allodynia (pain to light touch) and pinprick hyperalgesia
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(increased pain to painful pinprick stimuli) lasting more
than 3 months and attending the neuropathic pain clinic
at the Department of Neurology, Aarhus University Hos-
pital, were eligible to enter the study. Severe psychiatric
disease, polyneuropathy, diabetes mellitus, symptoms
reported to originate from the contralateral side, a his-
tory of previous cardiac arrhythmia, or abnormal 12-lead
electrocardiograph were exclusion criteria. The patients
were allowed to continue present analgesic treatment
provided that this was kept stable and unchanged for not
less than 1 week before study entry and during the entire
study period. Informed written consent was obtained
from all participants in the study, which was carried out
according to the Helsinki Declaration and approved by
the local ethics committee and the Danish National
Board of Health, Copenhagen, Denmark.

Psychophysical Measurements
All patients were seen at a screening session at least

1week before the first treatment session. A medical his-
tory was obtained and quantitative sensory testing as
described below was carried out. Each patient under-
went a 12-lead electrocardiograph, and blood pressure
was measured. The psychophysical measures were ob-
tained from the most painful allodynic area and in the
contralateral mirror image area. Patients unfamiliar with
the test procedure were trained in a nonaffected skin
area before formal testing was carried out.

Detection and Pain Thresholds. Tactile detection
threshold and tactile pain threshold was measured by
von Frey hair (Semmes-Weinstein monofilaments, Stoelt-
ing, IL; graded from 0.039–4386.40 mN). Pressure pain
threshold was determined using a hand-held electronic
pressure algometer (Somedic AB, Hörby, Sweden). We
used a circular probe with an area of 1 cm2 with a
pressure application of 30 kPa·s–1. The threshold was
calculated as an average of three measurements. Thermal
detection (heat detection threshold, cold detection
threshold) and pain threshold (heat pain threshold, cold
pain threshold) were measured using the Somedic Ther-
motest (Somedic AB, Hörby, Sweden). A Peltier ther-
mode with an area of 12.5 cm2 was applied to the skin.
Baseline temperature was set at 30°C, with a thermal
change rate of 1°C·s–1 and an interstimulus interval ran-
domized between 4 and 6 s. The cut-off limit for warmth
was 52°C and that for cold was 10°C. Testing was carried
out as described previously as the average of five
measurements.6

Pain Assessment. Spontaneous pain was measured
using a visual analog scale (VAS) ranging from 0 to
100 mm (0 � no pain, 100 � unbearable pain). At the
screening session, patients were asked about their
present pain score and their average pain score during
the last week.

Brush-evoked Pain. Brush-evoked pain was elicited
by a hand-held painter’s brush (foam rubber, 7.0 � 2.5 �

1.5 cm) kept at an angel of 60° when touching the skin.
The brush was dragged across the skin 10 times at
2.0 Hz. Stimulation time was 20 s. Evoked pain was
scored on an electronic VAS for 60 s before, during, and
100 s after (total, 180 seconds) and data were stored on
a computer. The maximal pain VAS score (0 � no pain,
100 � unbearable pain) was calculated. Brush-evoked
pain was measured at the screening session before, dur-
ing (20 min), and after each treatment.

Pinprick-evoked Pain. Evoked pain to repetitive pin-
prick stimuli was created by an electronic home-built
microprocessor-controlled solenoid with an attached ny-
lon filament (bending force, 1234 mN). Repetitive stim-
ulation was carried out with a frequency of 2.0 Hz for
60 s or less if pain became intolerable. Pinprick-evoked
pain was scored in a similar fashion as brush-evoked
pain. Repetitive pinprick stimulation was carried out
2 min after the brush-evoked pain assessment.

Cold Allodynia. An acetone drop was placed on the
allodynic skin at the screening session before, during
(18 min), and after the treatment. Patients scored pain
evoked by the acetone drop on a VAS.

Reaction Time. Reaction time was measured by self-
constructed electronic equipment. The investigator and
patient pressed a button at the same time. The patient
was not able to watch the investigators push the button.
When the investigator released the push button (ran-
domly at 5–10 s between each), a sound was heard and
light was seen at a display. The patient was asked to release
the push button as soon as the sound was heard or the light
was seen on a display. Reaction time was calculated as the
average of three consecutive measurements.

Study Design and Drug Infusion. Each patient par-
ticipated in two randomized, double-blinded, placebo-
controlled, crossover experiments. The randomization
was such that half of the patients started with experi-
ment 1 and the other half with experiment 2, again in a
randomized fashion, thus participating in four treatment
sessions. Each treatment session was separated by at
least 2 days.

Experiment 1: On two separate examination days, pa-
tients received, in random order, an intravenous infu-
sion of lidocaine (20 mg/ml lidocaine, Danish Hospital
Pharmacies) or saline (9 mg·ml–1 NaCl, Danish Hospi-
tal Pharmacies) via an infusion pump (Ivac 598; Kivex
A/S, Hørsholm, Denmark). Lidocaine was diluted in
two bags (100 ml) of isotonic saline, and the total dose
was 5 mg·kg�1 over the course of 30 min. To ensure
blinding between the experiment 1 and 2, lidocaine
was infused as a continuous infusion of 1.67 mg·kg�1

over the course of 10 min followed by one infusion of
3.33 mg·kg�1 over the course of 20 min.

Experiment 2: On two separate examination days, pa-
tients received, in random order, an intravenous infu-
sion of ketamine hydrochloride (50 mg·ml�1; Keta-
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lar®, Parke-Davis, Scandinavia AB, Solna, Sweden) or
isotonic saline. Ketamine was diluted in two bags of
isotonic saline and infused as a bolus infusion of
0.1 mg·kg�1 over the course of 10 minutes followed
by an infusion of 0.007 mg·kg�1·min�1 over the
course of 20 min using an infusion pump. A doctor not
involved in the study prepared the bags used for
infusion.

During both experiment 1 and 2, electrocardiograph
and blood pressure was monitored before infusion and
during the entire infusion period. Before the infusion, 20
min after the infusion started, and 20 min after the
infusion stopped, evoked pain to acetone drop, pain
evoked by brush, and that evoked by repetitive pinprick
stimuli were measured. Spontaneous pain was measured
at time 0, 10, 20, 30, and 40 (t � 0: start of infusion).

A blood sample was obtained 5 min after the infusion
stopped to measure the plasma level of lidocaine and
ketamine. To determine whether ketamine or lidocaine
impaired sensory perception, reaction time was mea-
sured before, during, and at the end of infusion.

Assessment of the Plasma Concentration of
Lidocaine and Ketamine
Analysis of ketamine and lidocaine content in plasma

samples were performed using gas chromatography
mass spectrometry provided by Dr. Ulf Bondesson, De-
partment of Chemistry, National Veterinary Institute,
Uppsala, Sweden. The quality control samples for Ket-
amine analyses at 2.3 ng·ml�1 and 156 ng·ml�1 (n � 5)
varied between 2.5% and 8.7%, respectively, with a
lower limit of quantification of 1.1 ng·ml�1. Lidocaine at
1057 ng·0.5 ml�1 (n � 5) varied 6.8%, and the lower
limit of quantification was 1.0 ng·ml�1.

Side Effects
Patients were informed about possible side effects of

lidocaine and ketamine before inclusion in the study.
During and after the infusion, patients were asked if they
felt any side effects. The character and duration of any
side effects were recorded. Reported side effects were
graded on a three-point scale as weak, moderate, or
severe.

Statistical Analysis
The present study was carried out in two separate

two-way crossover studies. Normal distribution of data
was analyzed by the Kolmogorov-Smirnov normality test.
Results are presented as either median with ranges, 25%,
and 75% percentiles, or as mean � standard deviation.
Side-to-side differences in psychophysical measurements
were analyzed by two-tailed t test (parametric data) or
Wilcoxon signed rank test (nonparametric data).

A mean, ongoing VAS score was calculated during the
infusion period, and the difference was analyzed by

two-tailed t test (parametric data). Treatment efficacy on
evoked pain between lidocaine and saline and between
ketamine and saline were analyzed by two-tailed paired t
test.

To examine if response to one analgesic could predict
the outcome of the other analgesic, linear regression
analysis between spontaneous pain response to ket-
amine and lidocaine was performed, and a similar anal-
ysis was performed for mechanically evoked pain. The
relationship between plasma concentrations of active
drug and treatment effect was examined by linear regres-
sion analysis.

To try to predict the treatment response from baseline
psychophysical measures, linear regression analysis was
used to examine possible relationships between side-to-
side differences in quantitative sensory testing and spon-
taneous pain response and side-to-side differences in
quantitative sensory testing and evoked pain to repeti-
tive stimuli (brush or pinprick stimuli).

P values less than 0.05 were considered to be statisti-
cally significant.

Results

A total of 20 patients (7 female, 13 male; mean age, 49
yr; range, 29–73 yr) were included in the study. Table 1
shows the characteristics of the patients. All patients had
signs of specific nerve injury as indicated in table 1.
Figure 1 shows the distribution of pinprick hyperalgesia
and allodynia in each patient. Mean spontaneous pain at
the screening session was 50 � 19 (standard deviation).
One patient was excluded during the first treatment
session because of side effects described as aggressive
behavior and hallucinations during the first infusion pe-
riod. The remaining 19 patients completed the screening
session and all four treatment sessions.

Psychophysical Threshold at Screening Session
All patients had allodynia to light touch and pinprick

hyperalgesia in the affected skin area. Confirming the
presence of neuropathic pain, patients had decreased
sensory threshold to tactile and cold stimuli together
with hypersensitivity to painful pressure, cold, and heat
in the affected skin (table 2).

Effects of Lidocaine and Ketamine
The mean dose of ketamine (� standard deviation)

administered was 18.4 � 3.8 mg (range, 13.2–27.4 mg),
and the mean dose of lidocaine was 377 � 78 mg (range,
275–570 mg).

Spontaneous Pain Relief
There was no difference in mean spontaneous pain

score (� standard deviation) before the beginning of
each treatment session: ketamine, 50 � 27; placebo-
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ketamine: 46 � 24; lidocaine, 50 � 25; placebo-lido-
caine, 52 � 24 (not significant).

Mean spontaneous VAS pain score during the infusion
period was significantly reduced by ketamine (41 � 31)
compared with saline (51 � 24; P � 0.01, paired t test).
Mean spontaneous pain decreased 30% in the ketamine
group compared with a mean increase in pain in the
placebo group of 1% (fig. 2). A treatment responder was
defined as an individual whose mean pain rating de-
creased by at least 33% during the infusion period com-
pared with baseline.27 In the ketamine group, 8 of 19
patients (42%) were responders, whereas only 1 patient
(5%) in the placebo group had such an effect.

There was no difference between mean spontaneous
pain VAS score by lidocaine infusion (45 � 29) com-
pared with mean spontaneous pain during saline treat-
ment (49 � 25; not significant). In the lidocaine group,
4 of 19 patients (21%) were responders, whereas there
were no responders in the placebo group. Mean spon-
taneous pain decrease in the lidocaine group was 13%,

whereas pain increased with 8% in the placebo group
(fig. 2).

To determine whether lidocaine and ketamine re-
sponses were linked to a sensitization of peripheral no-
ciceptors, we examined possible relationships between
side-to-side differences in warmth, heat, cold sensation;
cold pain, pressure pain, and tactile stimuli; and sponta-
neous pain or evoked pain to mechanical stimuli. There
was no relationship between any of the side-to-side dif-
ferences of psychophysical measures at the screening
session (heat detection threshold, heat pain threshold,
cold detection threshold, cold pain threshold, tactile
detection threshold, tactile pain threshold, and pressure
pain threshold) and the effect of lidocaine or ketamine
on spontaneous pain, evoked pain to brush, and evoked
pain to repetitive pinprick stimuli (data not shown).

Brush-evoked Pain
Maximum evoked pain score (� standard deviation) by

repetitive brush was reduced significantly by ketamine

Table 1. Summary of Clinical Characteristics of Patients with Nerve Injury Pain

Patient
No.

Sex/
Age (yr) Cause of Pain Injured Nerves

Pain
Duration

(mo)

VAS
Ongoing

Pain
(0–100)

VAS
Allodynia

Pain
(0–100)

VAS
Pinprick

Hyperalgesia
(0–100)

Analgesic Treatment
before Study

1 M/57 Traumatic nerve
injury

Median and ulnar nerves 7 32 68 60 None

2 M/54 Traumatic nerve
injury

Sural nerve �3 73 100 100 Tramadol

3 F/26 After surgery Spinal dorsal nerve Th6–L2 22 48 72 89 Tramadol, ibuprofen
4 M/52 After surgery Supraclavicular nerve, axillary

nerve, median brachial
cutaneous and
intercostobrachial nerve

144 52 67 82 Amitriptyline, Gabapentine,
acetaminophen, morphine

5 M/53 Traumatic nerve
injury

Radial and median nerves 12 27 90 95 None

6 M/64 After surgery Intercostal nerves T3–T7 �3 50 25 56 None
7 F/29 After surgery Supraclavicular nerve,

intercostal nerves Th2–Th8
�3 62 22 100 Codeine, acetaminophen,

Carisoprodole
8 F/44 After surgery Peroneal nerve �3 58 80 100 Clonazepam, carbamazepine
9 F/48 After surgery Peroneal and saphenous

nerves
55 72 86 92 Codeine, acetaminophen

10 M/59 Traumatic nerve
injury

Peroneal and saphenous
nerves

�3 42 42 37 None

11 M/41 Traumatic nerve
injury

Median, ulnar, and radial
nerve

24 61 96 100 Acetaminophen, ibuprofen

12 M/54 After surgery Brachial plexus 16 8 51 68 Acetaminophen, codeine,
tramadol

13 M/55 Traumatic nerve
injury

Ulnar nerve 62 64 71 76 None

14 M/66 After surgery Femoral nerve 26 45 56 67 None
15 F/73 After surgery Peroneal nerve 300 15 69 70 Morphine
16 F/44 After surgery Intercostal nerves Th6–Th10 36 48 31 32 Gabapentin, tramadol
17 M/2 Traumatic nerve

injury
Peroneal nerve �3 40 56 80 Codeine, acetaminophen

18 M/32 Traumatic nerve
injury

Ulnar nerve �3 73 92 100 None

19 M/58 Traumatic nerve
injury

Median, ulnar, and radial
nerve

�3 53 74 68 Nitrazepam

20 F/39 After surgery Radial nerve �3 73 91 Nd Codeine, acetaminophen

Nd � not done; VAS � visual analog scale.
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(50 � 32) compared with saline (64 � 26; P � 0.05,
paired t test; n � 19). In contrast, there was no effect of
lidocaine infusion on evoked pain score (56 � 30) com-
pared with saline infusion (63 � 26; fig. 3).

Pain Evoked by Repetitive Pinprick Stimuli
Pain was evoked in 17 of 19 of patients who fulfilled

the experiments. Two of the 19 patients declined to

have pain evoked by repetitive pinprick stimuli during
treatment sessions because pain evoked by repetitive
pinprick stimuli at the screening session was unbearable.
The maximum pain score (� standard deviation) evoked

Fig. 1. Sensory characteristics in each individual show the distribution of brush allodynia and pinprick hyperalgesia.

Table 2. Side-to-side Difference of Thermal, Pressure, and
Tactile Sensation

Affected Nonaffected P Value

HDT (°C) 36.6 � 5.2 34.4 � 2.2 NS
HPT (°C) 42.3 � 4.4* 44.8 � 4.0 �0.01
CDT (°C) 27.5 � 2.4* 28.6 � 0.5 �0.05
CPT (°C) 19.6 � 7.0* 12.3 � 4.0 �0.01
PPT (kPa) 109 � 92* 322 � 144 �0.01
TDT (mN) 4.03 (0.69; 8.07) 1.66 (0.69; 9.43) NS
TPT (mN) 54.01 (20.04; 140.35)* 1,236.24 (744.95; 2,384.81) �0.01

* P � 0.05.

CDT � cold detection threshold; CPT � cold pain threshold; HDT � heat
detection threshold; HPT � heat pain threshold; NS � not significant; PPT �
pressure pain threshold; TDT � tactile detection threshold; TPT � tactile pain
threshold.

Fig. 2. Vertical bar chart showing mean pain reduction (per-
cent) after treatment with placebo, ketamine, and lidocaine.
Standard errors are given as standard deviation. Ketamine sig-
nificantly reduced mean pain compared with placebo, whereas
lidocaine had no effect (*P < 0.05, paired t test; n � 19).
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by repetitive pinprick stimuli at 2.0 Hz was significantly
reduced by ketamine (60 � 31) compared with saline
(76 � 22; P � 0.001, paired t test; n � 17). Lidocaine
infusion also reduced maximum evoked pain score
(66 � 28) produced by repetitive pinprick stimuli com-
pared with saline (75 � 20; P � 0.03, paired t test; n �
17; see fig. 4).

Spontaneous Pain and Brush- and Pinprick-evoked
Pain Related to Treatment
There was no correlation between mean spontaneous

pain relief (1 – (mean pain 0–40 min/baseline pain))
obtained with one treatment versus that obtained with
the other (lidocaine and ketamine; P � 0.09, r � 0.37,
linear regression analysis; fig. 5A). In addition, no corre-
lation was found between brush-evoked pain relief (P �
0.78, r � 0.07, linear regression analysis) or repetitive

pinprick-evoked pain relief (P � 0.14, r � 0.37, linear
regression analysis) related to treatment with lidocaine
and ketamine (fig. 5, B and C).

Cold Allodynia
Seven of 19 patients (37%) experienced pain evoked

by acetone drop indicating cold allodynia at the screen-
ing session. Neither ketamine nor lidocaine attenuated
cold allodynia during or after the infusion has stopped.

Reaction Time
Reaction time during and at the end of infusion was

measured to exclude a sedative effect of lidocaine and
ketamine as an explanation of our results. Reaction time
was measured in 18 patients in the lidocaine group,
ketamine group, and placebo-ketamine group and in 19
patients in the placebo-lidocaine group. Reaction time
measured 15 min after onset of infusion and at the end of
infusion did not change (paired t test; table 3).

Plasma Concentrations of Lidocaine and Ketamine
A blood sample was obtained at the end of infusion.

One patient declined to have a blood test at the end of
each infusion and in another patient, the blood test
was abandoned because of very small veins. The mean
plasma concentration of lidocaine at the end of infu-
sion was 3.96 � 2.42 �g·ml–1 (range, 1.24 –9.17
�g·ml–1). The mean plasma concentration at the end
of infusion of ketamine was 61.03 � 37.08 ng·ml–1

(range, 15.7–177.5 ng·ml–1). We found no relationship
between plasma concentration of ketamine or lido-
caine and effect on spontaneous pain or evoked pain
relief (table 4).

Side Effects
No serious side effects were observed. One patient

(patient 6) was excluded from the study during the first
treatment session because of hallucination and aggres-
sive behavior. When the code was broken, it was re-
vealed that he had received ketamine. Sixteen of 19
patients (84%) experienced side effects from lidocaine,
compared with 2 of 19 (11%) in the placebo group.
Sixteen of 19 patients (84%) experienced side effects
from ketamine infusion compared with 3 of 19 patients
(16%) in the placebo group. All side effects were graded
as mild to moderate. Table 5 shows the side effects.

Discussion

This study of a well-defined group of patients with
peripheral nerve injury associated with spontaneous and
evoked mechanical pain showed that both the NMDA-
receptor antagonist ketamine and the sodium channel
blocker lidocaine modulated not only spontaneous
pain25 but also evoked pain when administered acute

Fig. 3. Vertical bar graph showing maximum brush-evoked pain
score with a foam brush. Ketamine significantly reduced pain
score compared with placebo (*P < 0.05, paired t test; n � 19;
error bars � standard deviation).

Fig. 4. Vertical bar graph showing maximum evoked pain score
by repetitive pinprick stimuli at 2.0 Hz. Both ketamine and
lidocaine significantly reduced evoked pain score compared
with placebo (*P < 0.05, paired t test; n � 17; error bars �
standard deviation).
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and systemically. The fact that both ketamine and lido-
caine had an effect indicates that both sodium channels
and NMDA receptor-linked systems can be involved in
pain-generating mechanisms in patients with peripheral
nerve injury pain. The differential effect of ketamine and
lidocaine on both spontaneous and evoked pain in a
given patient suggests that the underlying pain mecha-
nisms are pharmacologically separable and that similar
symptoms may have different mechanisms and can not
be used for a mechanism-based treatment based on sen-
sory symptoms. However, our results support a mecha-
nism-based diagnosis based on drug effect and also point
to the possibility of using specific drugs as a diagnostic
test to guide therapy. The present findings are in accor-
dance with previous observations in capsaicin-induced
secondary hyperalgesia demonstrating the ability of ket-
amine to reduce areas of pinprick- and brush-evoked
hyperalgesia, whereas only the area of pinprick hyperal-
gesia was reduced by systemic lidocaine.16

Methodological Issues
The doses of ketamine and lidocaine used are rather

high, raising the question of whether the observed ef-
fects of these drugs are nonspecific. We consider this
possibility to be unlikely. The doses used in the present
study are similar to doses used by others. We measured
both side effects and reaction time. The side effects from
ketamine and lidocaine used were similar, and there was
no difference of reaction time in any treatment session,
suggesting that the adverse effects do not affect study
outcome. The plasma concentration of ketamine was
much below the plasma concentration that previously
was shown to be associated with hallucinations, seda-
tions, and light-headedness.28 A nonspecific action can
not be excluded, but the fact that the pharmacology of
brush-evoked and pinprick-evoked hyperalgesia can be
distinguished argues against a nonspecific action.

The existing drug treatments for neuropathic pain that
these patients had before and during the trial may affect

Fig. 5. (A) Regression plot of mean spon-
taneous pain reduction after ketamine
and lidocaine treatment. There was no
correlation between the two parameters
(r � 0.40, P � 0.09; n � 19). (B) Regres-
sion plot of mean pain reduction to
brush stimuli after ketamine and lido-
caine treatment. There was no correla-
tion between the two parameters (r �
0.78, P � 0.07; n � 19). (C) Regression
plot of mean pain reduction to repetitive
pinprick stimuli at 2.0 Hz after ketamine
and lidocaine treatment. There was no
correlation between the two parameters
(r � 0.37, P � 0.14; n � 17).

Table 3. Reaction Time Measured 15 Minutes after Infusion Started and at the End of Infusion

Lidocaine Placebo P Value Ketamine Placebo P Value

15 min 259 � 36 ms 250 � 38 ms NS 278 � 66 ms 246 � 30 ms NS
31 min 266 � 64 ms 239 � 26 ms NS 253 � 63 ms 240 � 27 ms NS

NS � not significant.
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outcome and may confound results. The existing drug
treatment was unchanged for 1 week before inclusion
and during the entire study period. Only 3 of 20 patients
received drugs with sodium channel properties. If the
given oral drug treatments had an influence on results of
the intravenous treatments, they would tend to under-
estimate the significant findings obtained. In the present
study, one of the patients who received drugs with
sodium channel properties was a responder to lidocaine
treatment, whereas two were responders to ketamine.
Taken together, it is unlikely that the given oral treat-
ments influenced the results obtained.

Ketamine Effect on Spontaneous and Evoked Pain
Ketamine is assumed to produce its effect by blocking

NMDA-receptor ion channels in a noncompetitive fash-
ion. Previous studies have shown that ketamine at doses
similar to the ones used in the present study can antag-
onize evoked pain produced either by brush or repeti-
tive pinprick stimuli in experimental skin sensitization
produced by burn injury,17,29 by capsaicin,16,30 and in
patients with different types of nerve injury pain.20,22 In
the present study, the effect of ketamine reduced both
spontaneous and evoked pain to brush and pinprick at a
mean plasma concentration of 61 ng·ml–1. Others have
shown a reduction in stroking pain score in a dose-
dependent manner with the use of ketamine in neuro-
pathic pain patients at plasma concentrations levels sim-
ilar to those in the present study,31 and in human
experimental capsaicin induced hyperalgesia, ketamine
at doses between 50 and 150 ng·ml–1 reduced mechan-

ical hyperalgesia.28 Both spontaneous and evoked pain
may depend on peripheral and central mechanisms,32–38

and because NMDA receptor sites have been demon-
strated peripherally and centrally, we can not determine
where the drugs exerted their effects. Consistent evi-
dence exists to indicate that ketamine antagonizes
experimental hyperalgesia in both animals and hu-
mans by exerting its effect centrally. However, it is
more unclear if ketamine also has a peripheral action.
Warncke et al. 39 demonstrated an effect of peripheral
administered ketamine on burn-injured secondary hy-
peralgesia, whereas we have been unable to see an
effect of peripheral ketamine on evoked pain pro-
duced by intradermal capsaicin.40

Lidocaine Effect on Spontaneous and Evoked Pain
Lidocaine is an unspecific sodium channel blocker

acting both peripherally and centrally.41–43 At doses sim-
ilar to the one used here, the sodium channel blocker
has shown efficacy in experimental models of nerve
injury pain in rats and in humans.13,14,16,44,45 Consistent
with the present study, lidocaine also has been able to
antagonize pain produced by nerve injuries such as in
amputation and postherpetic neuralgia.23,26,46 In the
present study, lidocaine had an effect only on pinprick-
evoked pain, but failed to reduce spontaneous pain. This
finding is in contrast to other studies. One possible
explanation is that the evoked pain elicited 20 min after
onset of infusion produced aftersensations47 that could
obscure a potential effect and precluded us from seeing
it. This notion is supported by the relatively small pain-
relieving effect observed with ketamine and, in fact, the
increase of spontaneous pain produced by saline in both
experiments. As for ketamine, we are not able to distin-
guish a peripheral action from a central action. We
attempted to separate patients into two groups depend-
ing on whether they were sensitized peripherally. We
used a principle previously used by others6,48 in which
peripheral sensitization was defined as a reduced detec-
tion threshold on the affected painful side versus the
nonaffected side. We failed to see any difference in
responder rate between the two groups, indicating that
lidocaine was equally effective in patients with and with-
out peripheral sensitization. These findings suggest that
lidocaine may have exerted its effects peripherally or
centrally. Based on the relatively small effect observed
with lidocaine in the present study, we can not exclude
that the dose used was too small to produce an effect.

Table 4. Relationship between Treatment Plasma Concentrations and Spontaneous Pain and Evoked Pain Relief

Lidocaine Ketamine

Spontaneous Pain Brush-evoked Pain Pinprick-evoked Pain Spontaneous Pain Brush-evoked Pain Pinprick-evoked Pain

r 0.23 0.25 0.24 0.20 0.16 0.01
P Value 0.37 0.32 0.31 0.45 0.52 0.96

Table 5. Number of Patients Who Experienced Side Effects
from Each Treatment

Side Effect Lidocaine
Placebo

(Lidocaine) Ketamine
Placebo

(Ketamine)

Tiredness 7 5 1
Nausea 4 1 1
Feeling drunk 3 2
Paresthesia 3 4 1
Blurred vision 3 2
Dizziness 2 4 1
Changed taste 3 2
Dysarthria 3 1
Headache 2 1 1
Dry mouth 2 1 3
Fear 1 1
Euphoria 1
Tinnitus 1
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However, based on plasma levels of lidocaine, we con-
sider this possibility less likely because the concentra-
tion was at a level where effects have been observed in
another trial.23

Sodium Channels and NMDA Mechanisms in Nerve
Injury
In the present study, we compared in individual pa-

tients the action of lidocaine and ketamine. The fact that
there was no correlation between pain relief obtained
with the sodium channel blocker and the NMDA recep-
tor antagonist in individual patients suggests that the
pain-generating mechanisms are pharmacologically dis-
tinguishable in the individual patient. This is similar to
findings observed in postherpetic neuralgia patients,
where the effect of one analgesic (opioids) could not be
separated from the effects obtained with other analge-
sics (tricyclic antidepressants) in individual patients.27

In a recently published study, it was suggested that
symptoms at least in part can predict the outcome of a
specific treatment.26 In nerve injury pain, including pos-
therpetic neuralgia with associated mechanical allo-
dynia, a pain-relieving effect of systemic lidocaine was
found, suggesting that mechanical allodynia may be pre-
dictive for a positive outcome with a sodium channel
blocker.26 We failed to see such an effect. The reason for
this difference is not clear. One possibility is that the
patients were different in terms of underlying mecha-
nisms. In the present study, patients experienced pain
and sensory disturbances after a peripheral nerve injury
caused by either a trauma or surgery. Despite differences
in underlying mechanisms at the axon level, we believe
that the present series of patients represent a clinically
homogeneous group. They all had allodynia and pinprick
hyperalgesia consistent with central sensitization and
decreased thermal and tactile sensation, indicating pe-
ripheral nerve injury. The heterogeneity of patients of-
ten seen in controlled clinical trials may be one of the
reasons for different findings to similar treatment in
controlled clinical trials. Our results are in accordance
with the finding that neither allodynia nor hyperalgesia
could predict efficacy of oral imipramine or gabapen-
tin.49 Side effects were observed in both experiments.
The side effects were more common to lidocaine and
ketamine than saline, but the number of individuals with
psychotropic side effects (tiredness, dizziness, euphoria,
and drunkenness) was almost similar in those receiving
ketamine and lidocaine (table 5). This notion, together
with the facts that the two experiments were performed
in a randomized order and that the treatment in each
experiment was randomized, argues against an insuffi-
ciently blinding procedure. As pointed out by others,
disturbing side effects may limit the usefulness of these
agents.25

In conclusion, spontaneous pain was modulated in a
different way by lidocaine and ketamine. The differential

effect of ketamine and lidocaine on evoked pain seen in
individual patients in the present study suggests that
mechanical hyperalgesia is mediated by different mech-
anisms. Furthermore, it is not possible to predict the
outcome of different treatment from quantitative sen-
sory testing before treatment even in a homogeneous
group of patients with nerve injury and mechanical
hyperalgesia.

References

1. Woolf CJ, Bennett GJ, Doherty M, Dubner R, Kidd B, Koltzenburg M, Lipton
R, Loeser JD, Payne R, Torebjork E: Towards a mechanism-based classification of
pain? Pain 1998; 77:227–9

2. Woolf CJ, Max MB: Mechanism-based pain diagnosis: Issues for analgesic
drug development. ANESTHESIOLOGY 2001; 95:241–9

3. Jensen TS, Baron: Translation of symptoms and signs into mechanisms in
neuropathic pain. Pain 2003; 102:1–8

4. Gottrup H, Juhl G, Kristensen AD, Lai R, Chizh BA, Brown J, Bach FW,
Jensen TS: Chronic oral gabapentin reduces elements of central sensitization in
human experimental hyperalgesia. ANESTHESIOLOGY 2004; 6:1400–8.

5. Lindblom U: Analysis of abnormal touch, pain and temperature sensation in
patients, Touch, Temperature and Pain in Health and Disease: Mechanisms and
Assessment Progress in Pain Research and Management, Vol 3. Edited by Boivie
J, Hansson P, Lindblom U. Seattle: IASP Press, 1994, pp 63–84

6. Gottrup H, Nielsen J, Arendt-Nielsen L, Jensen TS: The relationship between
sensory thresholds and mechanical hyperalgesia in nerve injury. Pain 1998;
75:321–31

7. Jensen TS, Gottrup H, Sindrup SH, Bach FW: The clinical picture of neuro-
pathic pain. Eur J Pharmacol 2001; 429:1–11

8. Rasmussen PV, Sindrup SH, Jensen TS, Bach FW: Symptoms and signs in
patients with suspected neuropathic pain. Pain 2004; 110:461–9

9. Koltzenburg M, Scadding J: Neuropathic pain. Curr Opin Neurol 2001;
5:641–7

10. Woolf CJ: Dissecting out mechanisms responsible for peripheral neuro-
pathic pain: Implications for diagnosis and therapy. Life Sci 2004; 74:2605–10

11. Woolf CJ, Mannion RJ: Neuropathic pain: Aetiology, symptoms, mecha-
nisms, and management. Lancet 1999; 353:1959–64

12. Scholz J, Woolf CJ: Can we conquer pain? Nat Neurosci 2002; 5:1062–7
13. Chaplan SR, Bach FW, Shafer SL, Yaksh TL: Prolonged alleviation of tactile

allodynia by intravenous lidocaine in neuropathic rats. ANESTHESIOLOGY 1995;
83:775–85

14. Abram SE, Yaksh TL: Systemic lidocaine blocks nerve injury-induced hy-
peralgesia and nociceptor-driven spinal sensitisation in the rat. ANESTHESIOLOGY

1994; 80:383–91
15. Ilkjaer S, Petersen KL, Brennum J, Wernberg M, Dahl JB: Effect of systemic

N-methyl-D-aspartate receptor antagonist (ketamine) on primary and secondary
hyperalgesia in humans. Br J Anaesthesia 1996; 76:829–34

16. Gottrup H, Hansen PO, Arendt-Nielsen L, Jensen TS: Differential effects of
systemic administered ketamine and lidocaine on dynamic and static hyperalgesia
induced by intradermal capsaicin in humans. Br J Anaesthesia 2000; 84:155–63

17. Warncke T, Stubhaug A, Jørum E: Ketamine, an NMDA receptor antago-
nist, suppresses spatial and temporal properties of burn-injured secondary hy-
peralgesia in man: a double-blind, cross-over comparison with morphine and
placebo. Pain 1997; 72:99–106

18. Bach FW, Jensen TS, Kastrup J, Stigsby B, Dejgard A: The effect of
intravenous lidocaine on nociceptive processing in diabetic neuropathy. Pain
1990; 40:29–34

19. Eide PK, Jørum E, Stubhaug A, Bremnes J, Breivik: Relief of post-herpetic
neuralgia with the N-methyl-D-aspartic acid receptor antagonist ketamine: A
double-blind, cross-over comparison with morphine and placebo. Pain 1994;
58:347–54.

20. Felsby S, Nielsen J, Arendt-Nielsen L, Jensen TS: NMDA receptor blockade
in chronic neuropathic pain: A comparison of ketamine and magnesium chloride.
Pain 1995; 64:283–91

21. Max MB, Byas-Smith MG, Gracely RH, Bennett GJ: Intravenous infusion of
the NMDA antagonist, ketamine, in chronic posttraumatic pain with allodynia: A
double-blind comparison to alfentanil and placebo. Clin Neuropharmacol 1995;
18:360–8

22. Nikolajsen L, Hansen CL, Nielsen J, Keller J, Arendt-Nielsen L, Jensen TS:
The effect of ketamine on phantom pain: a neuropathic disorder maintained by
peripheral input. Pain 1996; 67:69–77.

23. Wallace MS, Dyck JB, Yaksh TL: Computer-controlled lidocaine infusion
for the evaluation of neuropathic pain after peripheral nerve injury. Pain 1996;
66:69–77

24. Wallace MS, Ridgeway BM, Leung AY, Gerayli A, Yaksh TL: Concentration-
effect relationship of intravenous lidocaine on the allodynia of complex regional
pain syndrome types, I, and II. ANESTHESIOLOGY 2000; 92:75–83

535EFFECT OF KETAMINE AND LIDOCAINE ON EVOKED PAIN

Anesthesiology, V 104, No 3, Mar 2006

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/104/3/527/360716/0000542-200603000-00021.pdf by guest on 17 April 2024



25. Kvarnström A, Karlsten R, Quiding H, Emanuelsson BM, Gordh T: The
effectiveness of intravenous ketamine and lidocaine on peripheral neuropathic
pain. Acta Anaesthesiol Scand 2003; 7:868–77

26. Attal N, Rouaud J, Brasseur L, Chauvin M, Bouhassira D: Systemic lidocaine
in pain due to peripheral nerve injury and predictors of response. Neurology
2004; 62:218–25

27. Raja SN, Haythornthwaite JA, Pappagallo M, Clark MR, Travison TG,
Sabeen S, Royall RM, Max MB: Opioids versus antidepressants in postherpetic
neuralgia: A randomized, placebo-controlled trial. Neurology 2002; 59:1015–21

28. Wallace MS, Ridgeway B, Leung A, Schulties G, Yaksh T: Concentration-
effect relationships for intravenous alfentanil and ketamine infusions in human
volunteers: Effects on acute thresholds and capsaicin-evoked hyperpathia. Anal-
gesia 2002; 42:70–80

29. Pedersen JL, Galle TS, Kehlet H: Peripheral analgesic effect of ketamine in
acute inflammatory pain. ANESTHESIOLOGY 1998; 89:58–66

30. Park KM, Max MB, Robinovitz E, Gracely RH, Bennett GJ: Effects of
intravenous ketamine, alfentanil, or placebo on pain, pinprick hyperalgesia, and
allodynia produced by intradermal capsaicin in human subjects. Pain 1995;
63:163–72

31. Leung A, Wallace MS, Ridgeway B, Yaksh T: Concentration-effect relation-
ship of intravenous alfentanil and ketamine on peripheral neurosensory thresh-
olds, allodynia and hyperalgesia of neuropathic pain. Pain 2001; 91:177–87

32. Wall PD, Gutnick M: Ongoing activity in peripheral nerves: The physiology
and pharmacology of impulses originating from neuroma. Exp Neurol 1974;
43:580–93

33. Wall PD, Devor M: Sensory afferent impulses originate from dorsal root
ganglion as well as from the periphery in normal and injured rats. Pain 1983;
17:329–39

34. Nyström B, Hagbarth KE: Microelectrode recordings from transected
nerves in amputees with phantom limb pain. Neurosci Lett 1981; 27:211–6

35. Chapman V, Suzuki R, Dickenson AH: Electrophysiological characteriza-
tion of spinal neuronal response properties in anaesthetized rats after ligation of
spinal nerves L5-L6. J Physiol 1998; 507:881–94

36. Woolf CJ, Wall PD: The relative effectiveness of C primary afferent fibers
of different origins in evoking a prolonged facilitation of the flexor reflex in rat.
J Neurosci 1986; 6:1433–43

37. Simone DA, Baumann TK, Collins JG, LaMotte RH: Sensitisation of cat
dorsal horn neurons to innocuous mechanical stimulation after intradermal
capsaicin. Brain Res 1989; 486:185–9

38. Traub RJ: Spinal modulation of the induction of central sensitisation. Brain
Res 1997; 778:34–42

39. Warncke T, Jørum E, Stubhaug A: Local treatment with N-methyl-D-aspar-
tate receptor antagonist ketamine inhibit development of secondary hyperalgesia
in man by a peripheral action. Neurosci. Lett 1997; 227:1–4

40. Gottrup H, Bach FW, Arendt-Nielsen L, Jensen TS: Peripheral lidocaine,
but not ketamine inhibits capsaicin-induced hyperalgesia in humans. Br J Anaes-
thesia 2000; 85:520–9

41. Woolf CJ, Wiesenfeld-Hallin Z: The systemic administration of local anaes-
thetics produces a selective depression of C-afferent fibre evoked activity in the
spinal cord. Pain 1985; 23:361–74

42. Devor M, Wall PD, Catalan N: Systemic lidocaine silences ectopic neuroma
and DRG discharge without blocking nerve conduction. Pain 1992; 48:261–8

43. Matzner O, Devor M: Hyperexcitability at sites of nerve injury depends on
voltage-sensitive Na� channels. J Neurophysiol 1994; 72:349–59

44. Sotgui ML, Castagna A, Lacerenza M, Marchettini P: Pre-injury lidocaine
treatment prevents thermal hyperalgesia and cutaneous thermal abnormalities in
rat model of peripheral neuropathy. Pain 1995; 61:3–10

45. Wallace MS, Laitin S, Licht D, Yaksh TL: Concentration-effect relation for
intravenous lidocaine infusions in human volunteers. ANESTHESIOLOGY 1997; 86:
1262–72

46. Rowbotham MC, Reisner-Keller LA, Fields HL: Both intravenous lidocaine
and morphine reduce the pain of postherpetic neuralgia. Neurology 1991; 41:
1024–8

47. Gottrup H, Kristensen AD, Bach FW, Jensen TS: Aftersensations in exper-
imental and clinical hypersensitivity. Pain 2003; 103:57–64

48. Rowbotham MC, Fields HL: The relationship of pain, allodynia and thermal
sensation in post-herpetic neuralgia. Brain 1996; 119:347–54

49. Rasmussen PV, Sindrup SH, Jensen TS, Bach FW: Therapeutic outcome in
neuropathic pain: Relationship to evidence of nervous system lesion. Eur J Neu-
rol 2004; 8:545–53

536 GOTTRUP ET AL.

Anesthesiology, V 104, No 3, Mar 2006

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/104/3/527/360716/0000542-200603000-00021.pdf by guest on 17 April 2024


