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MuLTI-DAY Low DOSE KETAMINE INFUSION FOR THE TREATMENT OF
COMPLEX REGIONAL PAIN SYNDROME
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Background: Complex regional pain
syndrome (CRPS) is characterized by pain
that is out of proportion to the injury and is
regional in distribution. A large body of litera-
ture supports a dynamic change in the physi-
ology and structure of central pain projecting
neurons mediated through the N-methyl-D-
aspartate (NMDA) receptor. A critical factor
in central sensitization seems to be the re-
lease of the magnesium block on the NMDA
receptor with influx of calcium and initia-
tion of intracellular cascades. Current litera-
ture supports the effectiveness of ketamine
in blocking central sensitization through its
effects on the NMDA receptor. Recent treat-
ment with anesthetic doses of ketamine in
severely ill patients with generalized CRPS
prompted our interest in a lower dose ther-
apy.

Objective: To report on the efficacy of
low dose outpatient ketamine infusion for

the treatment of CRPS diagnosed by Interna-
tional Association for the Study of Pain (IASP)
criteria in patients who have failed conserva-
tive treatment.

Design: Open label, prospective, pain
journal evaluation of a 10-day infusion of in-
travenous ketamine in the CRPS patient.

Methods: Patients diagnosed with
CRPS by a single neurologist were assigned
to receive a 10-day outpatient infusion of ket-
amine supervised by an Anesthesiologist/
Pain Management Specialist. The infusion
was administered in a short procedure unit
after each patient had been instructed on
how to complete a pain questionnaire. Moni-
toring consisted of continuous ECG, pulse ox-
imetry, and non-invasive blood pressure ev-
ery 15 minutes. Patients made journal entries
each day prior to the infusion of 40-80 mg of
ketamine. The subjects were also asked to
rate their pain intensity using a verbal ana-

log pain scale of o-10 and the affective com-
ponent using a verbal scale of 0-4.

Results: There was a significant reduc-
tion in pain intensity from initiation of infu-
sion (Day 1) to the 10" day, with a significant
reduction in the percentage of patients expe-
riencing pain by Day 10 as well as a reduction
in the level of their “worst” pain. The nadirs
of pain were lower by Day 10 with a signifi-
cant reduction in the incidence of “punishing
pain.” Moreover, there was a significant im-
provement in the ability to initiate movement
by the 10t day.

Conclusion: A four-hour ketamine infu-
sion escalated from 40-80 mg over a 10-day
period can result in a significant reduction of
pain with increased mobility and a tendency
to decreased autonomic dysregulation.

Keywords: Complex regional pain syn-
drome (CRPS), ketamine, neuropathic pain

Complex regional pain syndrome
(CRPS) is characterized by pain that is
out of proportion to the injury and is re-
gional in distribution (1). It is primari-
ly caused by peripheral trauma although
approximately 10% occurs from lesions
in central pain pathways. A large body
of literature now exists both from animal
models and clinical experience (2-7) sup-
porting a dynamic change in the physiolo-
gy and structure of central pain projecting
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neurons mediated through the N-methyl-
D-aspartate (NMDA) receptor. The clini-
cal elements include autonomic dysregu-
lation, spontaneous pain, evoked pain and
movement disorder, and in severe cases,
trophic changes. The incidence has not
been determined although it occurs more
frequently in females (2).

Present evidence suggests that a per-
sistent nociceptive barrage maintains a
state of central sensitization in central
pain projecting neurons (3, 4). The con-
sequences of central and peripheral sen-
sitization are a lower threshold to fire C
and A delta nociceptors, a spread of cu-
taneous receptive fields of central project-
ing neurons, a change in spinal cord and
cortical pain maps, and spontaneous pain
(5). There are clear changes in the central,
autonomic, and motor systems that evolve
concomitantly with changes in pain path-
ways in CRPS (1). Central in this process
is the NMDA receptor. The release of the
magnesium block at the NMDA receptor

with consequent influx of calcium and
consequent initiation of intercellular cas-
cades, appears to be a critical factor in ini-
tiation of central sensitization (6, 7). Ex-
perimental and clinical literature supports
the effectiveness of ketamine in blocking
central sensitization by its effects on the
NMDA receptor (8). Ketamine is a drug
that is rapidly distributed into the brain
and other highly perfused tissues, with
about 10% of the drug bound to plasma.
The bioavailability of ketamine is depen-
dent on the route of administration, being
as high as 93% for an intramuscular dose,
20-50% for an intranasal dose, and ap-
proximately 20% for an oral dose.

Recent treatment with anesthetic
doses of ketamine for severely ill, gener-
alized CRPS patients has shown some ef-
ficacy and prompted its use in less severe-
ly ill patients by low dose infusion (9). The
results of this therapy are reported for 40
patients with moderate to severe long-
standing CRPS.
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Table 1. Patient treatments prior to ketamine protocol
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Patients reported initial and long-term quality of analgesia for their various therapies prior to entry into the intravenous Ketamine protocol.
B -Before indicates pain relief achieved for up to 8 weeks while on any one of the above therapies
A: After indicates chronic pain relief >8 weeks in duration. Three patients’ clinical records could not be located which explains n=37.

MEeTHODS

After approval from the local Institu-
tional Review Board, 40 American Society
of Anesthesiologists, Physical Status Clas-
sification I or II patients with a primary
diagnosis of CRPS I or II gave written in-
formed consent to participate in this pro-
spective study.

The patients had a history of long-
standing or rapidly spreading CRPS, re-
fractory to conventional therapy which
included: a) Physical therapy; b) drug
combinations of NSAIDS, tricyclic anti-
depressants, anticonvulsants, and opioids;
¢) sympatholysis either by intermittent
superior cervical or paravertebral block,
or five days intrapleural or epidural block.
Four patients had failed a therapeutic tri-
al of dorsal column stimulation. The pa-
tients referred for therapy were diagnosed
to have persistent and/or progressive se-
vere disease, and no known contraindica-
tions to ketamine, clonidine, or midazol-
am. Prior to entering the ketamine proto-
col, these patients had been treated for a
period of three months to three years.

The ketamine infusion was adminis-
tered on an outpatient basis under the su-
pervision of an Anesthesiologist/Pain Spe-
cialist. The same neurologist (RJS) made
the diagnosis of CRPS based on the Inter-
national Association for the Study of Pain
(IASP) criteria. Patients were maintained
on their usual medications/treatments
and those were not altered during the
infusion period (Table 1). The baseline
physical exam also included a general as-
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sessment of the patient’s ability to initiate
movement of the effected extremity using
a 10-point scale.

Prior to ketamine infusion, subjects
were admitted to a short procedure unit
and instructed on proper completion of
a pain questionnaire. They were moni-
tored with continuous ECG, pulse oxim-
etry, and non-invasive blood pressure ev-
ery 15 minutes. Forty-80 mg of ketamine
was mixed in 500 cc of a normal saline so-
lution. All of the patients were started on a
40 mg infusion lasting four hours, and the
infusion was increased over a ten-day pe-
riod to a maximum of 80 mg. Each patient
also received clonidine 0.1 mg orally prior
to the infusion to prevent a hypertensive
response and possible muscle pain, as well
as midazolam (2-4 mg) to relieve anxiety.
Throughout the treatment period, pa-
tients were monitored for side effects in-
cluding: hypertension, tachycardia, dys-
phoria, hallucinations, dreams, and head-
aches. The infusion was spread over a two-
week period excluding weekends. Patient
journal entries were made each day pri-
or to infusion. The subjects were asked to
rate the intensity of their pain using a ver-
bal analog pain scale of 0-10 (0 = no pain,
10 = worst pain possible) and the affec-
tive component of their pain using a ver-
bal scale of 0-4 (0 = none, 1 = mild, 2 =
moderate, 3 = severe).

Pain data were analyzed using the
Kruskall-Wallis test with p<0.05 consid-
ered statistically significant. Data are pre-
sented as mean + standard deviation.

ResuLts

Thirty-six female and four male pa-
tients participated in the study. Mean de-
mographic data for age, weight, and height
were 42 + 10 years, 156 + 45 Ibs., and 65 +
3.5 inches respectively. Compared to base-
line there were significant (p=0.001) re-
ductions in pain intensity (7.54 + 1.93 vs.
5.44 + 2.87) (Fig. 1) and in percentage of
overall pain relief by the 10™ day (43.61
27.79) (Fig. 2). Analysis of each patient’s
journal for levels of “worst daily pain” ex-
perienced revealed a significant reduction
(p<0.001) in this measure by the 10™ day
of infusion (8.77 + 1.33 vs. 6.63 + 2.72)
(Fig. 1).

Compared to the first day of treat-
ment, patients also had a lower “least dai-
ly pain” score (p=0.006) by the 10* infu-
sion day (5.91 + 2.19 vs. 4.24 +2.75) (Fig.
1). In this population where pain was also
described as burning, aching, and punish-
ing, we found that a significant reduction
(p=0.007) in the incidence of “punishing
pain” was achieved by the 10% day of infu-
sion (1.61 + 1.22 to 0.82 + 1.13) (Fig. 3).

In addition, patients were asked to
summarize their pain level over the pre-
vious 24 hours as another measure over
time of treatment efficacy. By the 10" day
of infusion this pain measure had also
been reduced significantly (7.88 £ 2.02 vs.
5.5+ 2.75) (Fig. 1) (p<0.001).

Patients’ ability to initiate move-
ment showed significant improvement
(p=0.012) by the 10" day of infusion (6.4
+ 2.6 vs. 4.4 + 3.2) (Fig. 4). A trend to-
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Fig. 2. Percent pain relief from days 1 through 10 (mean = SD)

wards a reduction in skin color changes
was noted by the 10" day of infusion al-
though this observation did not reach sta-
tistical significance. Overall, side effects
were minimal with 4/40 and 5/40 patients
reporting headaches and restlessness re-
spectively with infusion. There were no
episodes of desaturation (Sp0O,<93%)
and 3/40 patients experienced a 20% in-
crease over their baseline heart rate dur-
ing the infusion of ketamine. None of
these side effects required intervention.
No patient reported hallucinations or
nightmares over the duration of exposure
to ketamine.

All of the patients expressed positive
feelings about the treatment, the quality
of their pain relief, and confirmed that
they would have no objection to repeating
this mode of therapy if necessary. Finally,
all of the changes recorded in the variables
measured appeared to be progressive over
the days of infusion (Figs. 1-4).

Discussion

01
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Day 1

* indicates significant difference from Day 1
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Fig 3. Mean pain intensity punishing type pain intensity

Complex regional pain syndrome
is often described by patients as burn-
ing, throbbing, or aching pain, as well as
mechano- and thermal allodynia (1). The
syndrome is often debilitating and can re-
sult in complete disability. Multiple treat-
ment modalities have been attempted in-
cluding physical therapy, psychotherapy,
behavior modification, surgery, interven-
tional pain therapies, and medications
(16, 17). All were reported to have some
degree of success, but with great variabil-
ity in the quality of the response. In the
most severe cases, the interventional treat-
ments are short lived and may not show
positive effects.

Multiple studies have suggested that

Pain Physician Vol. 8, No. 2, 2005
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Fig 4. Ability to initiate movement during the 10 days infusion

the use of N-methyl-D-aspartate receptor
antagonists can reduce the pain response
in patients with neuropathic pain (18-
21). These receptors are phosphorylated
and their channel properties are altered,
thereby changing the physiology of cen-
tral pain projecting neurons (22, 23).

The goal of our treatment modality
was to expand on the technique previous-
ly described by Kiefer et al (15). In that
study, patients with severe CRPS who had
been resistant to conservative therapies
successfully underwent high dose (coma
inducing) ketamine therapy in an ICU
setting (15). This procedure may have
significant risks and other difficulties re-
sulting from five days of immobilization,
risk of nosocomial infection, need for in-
vasive monitoring, parenteral nutrition,
endotracheal intubation, and mechanical
ventilation. Therefore, our rationale for
the treatment of these less severely affect-
ed patients was to use a technique of low
dose ketamine administration, and a lon-
ger infusion. The maximum dose used in
this study (20 mg/hr) was well below the
reported doses associated with psychomi-
metic effects (5, 24).

The results indicate that the use of
an escalated infusion, from 40 mg over
four hours to 80 mg over four hours/day
for 10 days, can result in significant re-
duction of pain with increased mobility
and a tendency to decreased autonom-
ic dysregulation. Our patients reported
a significant increase in pain relief and
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a decrease in their worst episodes of pain
that we believe to be clinically significant.
Furthermore, patients reported that the
pain, when reduced, was much more tol-
erable over a given 24-hour period. The
improvement was noted to be progres-
sive over the infusion period and suggests
that continued treatment (longer than 10
days) might produce a more significant
response. At the time of publication of
this manuscript we report that four pa-
tients (10%) had a return of “worst” and
“punishing” pain to pre-infusion levels
by two weeks post treatment. Twenty-five
patients (62%) had at least a 70% reduc-
tion of “worst” and “punishing” pain for
six weeks and were back to baseline pain
levels by nine weeks post treatment. Eight
patients (20%) had a >70% reduction
in those same pain measures for 11-12
weeks. Three patients remain CRPS free at
15 months following treatment.

CoNcLUSION

The results of this study demonstrat-
ed clinically significant benefits of the
technique in this specific patient popu-
lation. Although pain data showed some
variability, the results are encouraging
and point to the need for additional stud-
ies (i.e., oral medication, longer thera-
py, more specific therapies) with spe-
cific NMDA receptor antagonists in this
population. Further studies with specif-
ic NMDA receptor antagonists would be
beneficial in this population.
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