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Editor's Comment: This report of « single case study &
presented in unusugl detail because of the exceptional
promiise of the technigue described, und the importance of
furtber study. Complex: Regional Pein Syndreme chal-
lenges our mast informed and skillful interventions. The
field is replete with reports of promising “cures” that fail
to be replicated. We bope that this report will stimulate
Surther studies of this intervention in carefully con-
structed studies of & larger sevies, with rundomsization,
before conclusions can be drawn.

Introduction

Complex Regianal Pain Syndrome (CRPS) is 2 pain-
ful and debilitabng neuropathic pain disocder. CRPS
is classified into two types {1]. Both types appear ta
occur after a traumatic event. With type-I, which is
more common, no or only minor nerve damage
may be detectable (2]. With type-1II, however, cleary
detectable nerve damage is usually evident 2).
Patients with CRPS frequendy experience a dev-
astating degree of never-ending burning pain that
is life-aleering [3). The quality and intensity of the
pain experienced in CRPS, in addition to the func-
tional impairment that may ensne, often times
threawens the very existence and reason vo live for
many individuals with this disorder. Conventional
therapies are often only palliative; this is particu-
larly true with patieass who have suffered from
CRPS, or whose underlying pathology remains un-
detected or untreated, for prolonged periods of time.

Reprint requests to: RE. Harbut, MD, PhD, Page Hospital,
P.O. Box 1447, Page, AZ 86040-1447. E-mail: ron.harbut@
bengechealdh.com.

The early diagnosis snd weatment of CRPS is
essential to the amelioretion of this disorder [3).
Mulddisciplinary approaches to pain relief, now
strongly encouraged, include the concomitant admin-
istration of physical therapy, exercise, and behavior
modification. The mainstays of therapy include the
administration of anticonvulsants, antidepressants,
narcotics, sympathetic blocks, and topical anesthet-
ics, The early use of implantable spinal cord stimu-
lators has also been advocated [4]. Despite conven-
tional treatment strategies, many CRPS patients
condnue to suffer from 2 significant degree of chronic
ongoing pain, major disability, and adverse psycho- -

izl consequences.

Unconventional therapies have also been tried
for the treatment of CRPS and other neuropathic
pain syndromes [§]. Such treatments have included
the use of ketamine [6-8]. The basis for using ket-
amine to treac CRPS resides in ketamine’s strong
ability to block N-methyl-D-Aspartate (NMDA)
receptors. Experimental evidence suggests that the
symptoms of CRPS are mediated by 2 sufficiendy
intense or prolonged painful stimulus that causes
an exiraordinary release of glutamate from nod-
ceptive first-arder afferents onto second-order neu-
rons within the spinal cord. The glutamate released,
in turn, stimulates NMDA receptors on second-
order neurons that produce windup and central
sensitizaton phenamena [9-12). Thus, it might be
reasonable to condlude that by blocking NMDA re-
ceptors, one might also be able o block cellular
mechanisms supporting windup and central sensit-
zation phenomena (7].

With this in mind, Correll [13] eavisioned thst
prolonged infusions of sub-anesthetic doses of ket-
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amine might reverse abnormal cellular mechaniyms
that were maintsining CRPS. His early work over
the last several years has steongly suggestad this to
be the case. He has observed that sub-anesthetic
doses of ketamine can bring about, with minimal
risk, 2 complete remission of CRPS pain ia some
patients, while being safely and cfficiendy givea
fully consclous and fully ambulating inpatients on
the general medical ward [13,14].

Below, we repart the first successfully weated
case of CRPS pain using this technigue in North
America,

Case Report

Past History

The patient is a 44-year-old female who presentad
with a nine-year history of chronic right leg and
foot pain. Her medical histary included a diagnosis
of idiopathic thrombocytopenic purpura as a child
that was no longer problematic after a splenectomy
at 20 years of age. The patient had been on perma-
nent disability since 1994, required the use of walk-
ing cane, and tried. to have a productive and mesn-
ingful life at home rising her danghter and making
arts and crafts.

The paticnt’s history of pain began in 1992, when
without any appareat triggering event, she devel-
oped the onser of intermittent episodes of “cramp-
ing” and “numbness” in her right disal lower ex-
tremity. The patient recalled that when 8 cramping
sensation would begin, first her foot would turn
white (starting at the toes), then her anlde, and fi-
n2lly, her leg. Subsequendy her whole foot would
go numb and develop s burning sensation. Relief of
her pain 20d numbness, and s return of normal leg
color, would occur after a few minotes of rest. These
Symptoms usml?r developed while walking but
were also noticed even at rest or sitdng. The pa-
tdent also recalled that her right foot color was con-
siderably *lighter” than the left. The patient’s ini-
dtal right lower extremity vascular studies were
negadve. The patient was given s diagnasis of Ray-
ngud’s disease and right-sided sciatica. Axial mrac-
tion and analgesics were prescribed.

From 1992-1994, the padent’s above intermit-
tent symptoms continued, Lambar trigger point in-
jections were tied, but proved to be of no beaefic.

the pzin worsened, the patient sought sddi-
tional medical attention. In 1994, an MRI of the
lumbar spine was negative; however, repeat vascu-
lar scudies revealed a 16 em thrombous in the right
femoral artery. Four balloon angioplasty attempts
failed to restore blood fAow to the femoral dartery.
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The patient was taken to surgery and s saphenous
vein bypass was introduced. Afterwards, permanent
anticoagulation therapy was begun with warfarin,
Although the bypass relieved the cramping pain
and restored some blood flow to the patent’s leg,
the burning pain persisted. Because of the severity
of the patient’s continuing pain and vascular com-
promise (at that time), she was unable to work and
quslified for permaneat social security disability.
Although the patient was initially wheelchair de-
pendent, she progressively improved to a walker
and eventually 3 cane. The patient continued to use
a cane when she walked to take some of the “pain”
pressure off her right foot.

In 1994, the patient sought additional relief of her
persisting pain from 2 rheumatologist and a local
community pain center. A diagnosis of Reflex Sympa-
thetic Dystrophy was given. Her subsequent treat-
ment plan from 1994 through 1997 inchided: chiro-
practc care, physical and pool therapy, massage and
healing rouch, TENS unit therapy, scupressuce, nar-
catic analgesics, lumbar sympathetic blocks (3 injec-
dons), amitriptyline 50 mg daily (several months),
gabapentin 900 mg three times dally (several months),
seraline 100 mg daily (several months), doxepin 50
mg daily (several months), and temazepam 15 mg at
bedtime (several months). None of these reatments
provided any dugable relief of the patient’s persisting
pain. Methadone 10-50 mg daily was found to be use-
ful on an intermittent basis. Sustained-release mar-
phine up w 60 mg twice daily was also found to be
useful by the patient initially, but its effectiveness
waned after several months of use and the patient did
not wish to continue with higher doses.

In 1997, the patient's symptoms were worsened by
2 return of her previous deep cramping pain. It was
discovered that the patient’s femoral artery bypass
graft had ocdnded. Dissolution of the thrombus
was successfully achieved with urokinase. , al-
though the cramping pain was relieved, the urning
pain remained.

From 1997-2000, the patient’s burning pain was
treated with another trial of anitriptyline 150 mg
daily (several months), gabapentin 900 mg three
tmes daily (several months), lumbar sympathetic
blocks (2 injections), methadone 10-70 mg daily
(on/off), fentanyl patches 25-100 meg every 72
hours (although the patches were effective, the pa-
tent developed a skin rash to the adhesive backing),
and three “emergency” outpatient epidura| block
injections consisting of local anesthetic which of-
fered the patient at least & temporary relief of her
symptoms for several hours at a time when her pain
became excruciating (i.c., 10/10).
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In 2000, the paticnt'y right fower extremity eramp-
ing pain returned. Her femoral artery bypass graft
was again noted o have clowed. With the use of
TPA, her occluded saphencus graft and previously
thrombosed femoral artery were both successfully
revascularized. For the first time since 1992, the
patent corumented that her right foot had *im-
proved color,® “pinked up,” “was warmer,” and had
“much improved pulses.” Unfortunately, even thongh
her cramping pain resolved, her burning pain per-
sisted,

¥From 2000 through 2001, the patient’s burning
pain persisted and she decided to return 1o a differ-
ent local commanity pain center. The medications
wried during this period included: venlafaxine 75 mg
daily, methadone, nortriptyline, prednisone, felodi-
pine, axycodone, and carbamazepine. The only drug
that consistently helped relieve her pain during this
period was sustained-release oxycodone at 3 dosa
of 80-120 mg daily, i.c., 40 mg 2-3 times daily. She
continued to require the use of 8 cane.

By mid-2001, she recarned to her local pain cen-
ter in the hope that a newpain relief might have be-
come available. She was told that she had tried ev-
erything that was available to her at that fadility and
was referred to 2 large reglonal university pain cen-
ter for possible further assistance. After the re-
gional center reviewed the patient’s history, she was
told that further weatment was too risky and fur-
ther treatment options were declined.

On December 26, 2001, the patient presented w
Page Hospital (Pege, Arizons) after learning from
farnily living in the community that a restment for
CRPS using ketamine might be available to her. At
the time of her admission, the patient had ex-
hausted all conventional aeatment options at ather
facilities. Since her symptoms of burning pain were
intolerable and seriously impaired her quality of
life, she wished to consider our alternate therapy.

History on Admission
On admission, the patient weighed 306 pounds and
stood at a height of 5' 11.5". Her medications in-
cluded: sustained-release axycodone 40 mg 2-3 tmes
daily; warfarin 7.5 my alternating with 10 mg daily;
aspirin 81 mg daily; and levothyroxine 0.2 mg daily.
The patient described a constant burning pain in
her right leg and foot that ranged in intensity from
4-8/10. She stated that the pain was prominent o
the anterior surface of her ankle and lower leg, and
the dorsal and plantar surfaces of her right foot and
toes. Walldug any distance was stated to be difficult
because, “the percussion” of her foot to the floor
“was extremely painful.” While riding in a car, the
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patient needed to cushion her leg to ease the vibra-
ton. Her car was sltered to have the accelerator
pedal moved o the left side, even though dhe pa-
dent did not drive very often. She described 2
“deep bone-crushing pain” in her affected ares.
The patient also reported that the following experi-
ences were very painful for her: “a dog licking her
leg,” “a child wouching her skin,” “shaving her leg,”
and “a gende wind blowing on her skin.® She also
noted that clothes rubbing againet her skin were
very painful and that she preferred to have her
blanker supported above her leg while she was
sleeping. She also preferred to roll up her right
pant leg so it was not wouching her skic. She also
commented that loud noises made her pain worse,
and that she was unable to wear closed-in shoes.

Exam

The patient was found to be & pleasant, coapera-
tive, very tall, and over-nourished 44-vear-old fe-
male who appeared her stated age. Her vinal si
on admission included: BP = 169/92, HR = 81,
RR = 22, Temp = 99.3, SpO2 = 96% (room air),
Ht = 5'-11.5%, Wt = 306 lbs. The patient was alert
and t;r;entod cti.;s person, place, and time. Patient was
in moderate distress regarding nse of her righe le
and foot and used 2 walking cane. Her puptnﬁug
equally round. Extraocular movements were intact.
Neck ROM was noemal with regard to flexion, ex-
tension, and rotaton. Her heart was with

rate and thythm, normal S, and S, heart sounds,
and negative auscultory findings for an S5 S, or
murmur. The patient’s lungs were dear bilateralty,
with breath sounds notably diminished in the pos-
tecior bases. There were some upper airway adven-
dtious sounds that appeared to represent bronchits
secandary to the recent onset of an allergic reaction
1) ette and wood smoke.

c patient walked with an antalgic (efiward il
preferring to usc a canc in her keft hand and to bear
weight on her left leg. She preferred 1o walk only
on the heel of her right foor, trying not to allow
d:d: toes ofl her rightmfgot to touch the floor. She
otherwise demonstrated a te bal
otberw] ' dequate balance when she
The padent was assercively clear in mention;
thst her right lower extremity was verysensirjvet;g
light touch, and did not readily wish to have her leg
exarnined. Only one brief examitgtion Wa$ permit-
ted. On inspection, the patent’s right ankde was no-
tably swollen and about 20% larger than her lefe
a.n?c. The patient stated this swelling wus common
and was redaced in the early morning wheq she
awoke after having had her feet up in bed.
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The ancerior surface of her right ankle and lower
leg demonstrated a mild reddish skin discoloration.
Although the skin curface in this area had been
shaved, the patient stated that the hair in this pain-
" ful area was of 2 very fine texture when compared
to the more coarse hair in the surrounding skin.

Very faint pulses were palpable on the dorsal
surfaces of both feet (left > right). Both feet were
equally warm to touch. The right foot was exquis-
itely painful to light touch. The patient remarked
that her righr foat pain increased from 4/10 w 9/10
during an assessment of her faint anterior tibjal
pulse. Posterior tibial pulses were not palpable. The
patient’s legs, feet, and wes were otherwise equally
pink-to-raddy in coloration.

Labs

A preliminary reading of 2 PA aod lateral chest
X-ray performed on admission did not appear to
suggest any fluid in the fissures or costophrenic an-
gles. The heart appeared to be of normal size.

On admission the CBC demonstrated a slighdy
elevated WBC of 11.5 (normal high =11). Hemo-
globin = 16.1. Hematocrit = 49.7. Platelets = 330.
PT = 17.2.INR = 1.7 (target = 2.5). Comprehen-
sive metabolic profile was essentially normal.

{mpression

Impression on admission: (1) CRPS type-I of the
right distal lower extremity; ) s/p 1994 right
saphenous vein bypass of right femoral arrery
thrombus; (3) s/p 1997 revascularization of right
sapbenous veln bypass; (4) /p 2000 revasculariza-
tion of right saphenous vein bypass and right femo-
ral artery; (5) chronic warfarin anticoagulation
therapy (target INR = 2.5), (6} bordedine hyper-
tension; and, (7) over-nourished 306 |b female
(IBW = 160 Ib) at increased risk for development
of pulmonary atelectasis with prolonged bed rest.

Plan

Plan on admission: (1) internal medicine consult re-
garding patient’s warfarin therapy and INR moni-
toring, and rule-out of upper respiratory tract in-
fecton before commencing ketamine therapy; (2)
commence ketamine infusion therapy after inforined
consent; (3) incentive spirometry every 4 hours while
awake for prevention of pulmonary atelectsis; (4)
encourage ambulation as tolerated; (5) continue home
analgesics including oral sustuined-release oxycodane
40 mg 2-3 dmes daily; (6) taper sustined-release
oxycodone if or as pain symptoms subside; (7) treat
borderline hypertension as needed with oral meto-
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prolol or clonidine; and, (B) treat any signs/symp-
toms of narcotic withdrawsl with oral clonidine and
other adjuncts as needed.

Treatment Course of Ketamine

Day #1. An infusion of ketamine was started at
1000 hours at a rate of 10 mg/hr and increased by
10 mg/hr every 2 hours as tolerated up to a maxi-
mum infusion rate of 30 mg/hr. Further increases
were not pursucd as the patient wished o remain
“in congol” and was beginning to perceive a mild
feeling of inebriation. Every 2—4 hours while awake
(for the duration of her treatment) the patient was
asked to mark an “X* on 9 10 cm visual analogue
scale (VAS) indicating her current level of pain.
Oversll, the padent’s pain level remained unchanged
the first day with 2 VAS scare of 4.5-5/10. Padient’s
medications included susmined-release oxycodone
40 mg twice daily, and warfarin 10 mg daily. When
resting in bed, patieat preferred to have her right ieg
propped up and exposed with nothing touching it.

Day #2. Ketamine infosion continued at 30 mg/hr.
Pain level at 1000 hours was 4.5/10. VAS range for
the day was 4-5/10. Patient noted that she no |
felt “2 need” to take her regularly scheduled dose of
sustained-release axycodone 40 mg twice daily. Prior
to the ketamine infusion, patient stated she typi-
cally noticed “increading pain® s her “dosing time”
approached. However, she noted that the prior
evening’s dose seemed to have stronger-than-usual
effects. Because of this, the patent's doss of sus-
tained-release oxycodoge was reduced to 20 mg.
twice daily. Oxycodone/acetaminophen 5/325 was
made availeble every 46 hours if necded foc break-
through pain.

Day #3. Ketamine infesion continued ac 30 mg/
hr. VAS scare at 1000 hours was 3/10. Patient did
well with the reduced sustained-release oxycodone
doeage, requiring only one axycodone/acetamino-
phen 5/325 during the night for breakthrough pain.
Paticat continued to feel a litde incbriated, but was
still “in control.” At day’s end, patient stated, “T've
got toes again!” She said thae she could sctually let
her toes touch the floor. Although her ankle and
leg pain continued, its severity improved.

Day #4. Ketamine infusion continued at 30 mg/
hr. VAS score at 1000 hours was 0.4/10. At 1400
hours, patient was resting in bed with a quilt pulled
over both of her legs (the first time any blanket has
been pulled over her right leg and foot in years).
Tocs, anlde, and leg were no longer in severe pain.
No symptoms of allodynia or hyperesthesia re-
mained. The patient was moved to tears of joy be-
ing happy about her improved condition. She also
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felt that the effect of the sustained-release oxy-
codone was excessive, so the dosage was decressed
further down 10 10 mg twice daily.

Day #5. Ketamine infusion continued at 30 mg/
hr. VAS score at 1610 hours reached 0/10 for the
first dme during treatment and thereafter remained
at 0/10. No leg/ankle/toe pain was appreciated.
Some slight ankde “sensitivity” noted, but not pain.
Padent experienced some narcotic withdrawal symip-
toms over the course of the night. Patient no longer
required the use of her cane. Clonidine 0.2 mg twice
daily was started for continuing narcotc with-
drawal. Sustained-release oxycodone regimen was
changed to 10 mg in AM and 20 mg in PM, with
oxycodone/acetaminophen 5/325 available for break-
through withdrawal. Decision was made to continue
ketamine for an additional 24 hours,

Day #6. Ketamine infusion continued at 30 mg/
hr until 1600 hours, when it was decreased to 20
mg/ht. Infusion rate decreased again at 1800 hours
to 10 mg/hr. Infusion decreased o OFF at 2000
hours. Patient had no pain. VAS scores remained at
0/10. Patient kept for ovesnight observation.

Day #7. VAS scores rerained steady at 0/10. Pa-

teot wished to be discharged home 2nd was dis-

missed in stable condition op a taper schedule of
sustained-release oxycodone and oxycodone/aceta-
minophen 5/325. Discharge medications included:
clonidine 0.2 mg rwice daily for controlling mild to
moderate withdrawal symptoms; and, warfarin 10 mg

daily for continued mainténance of her anticoagu-’
lation therapy. Patient remained in the eommunity

for 15 days before returning to her home in a neigh-
boring state.

Follow-up at 1 week. Patient rerpained pain frce
and continued her narcotc taper. Clonidine was
continued for withdrawal symptoms that included
insomnia, resdessness, and disrrhea. Daily whirl-
pool therapy, long walks, and the use of 3 stationary
exercise bike helped reduce her withdrawal restless-
ness. Loperamide was used daily to control her di-

arrhea. Insornnia occurred nightly and was calmed -

by additional whirlpoo! therapy. Padent was en-
couraged to channe! daytime restlessness intwo de-
manding daily sctivities. It took seversl weeks for
the patient’s withdrawal symptoms to completely
subside. The patient’s anticoagulation prophylaxs
remained well controlled on 10 mg warfarin daily.
Follow-up at 1 month: Padent remained pain
free. Narcotics and clonidine were discontinued.
Padient’s quality of life was greatly improved by her
new ability to pursue physical activities. She began
to renew friendships and engage in social activities
&rom which she had previously withdrawn. She vas

very pleased. “Everything is possible again.” “T have
my life back.”

Follow-up at § menths. Patient remains pain free,
No narcotics requited. Patient continucs to be very
pleased and appreciative thae she has been able to
return ¢o a normal painless life.

Results

The first sign of sn improvernent in VAS scores oc-
curred during the second day of Intravenous infi-
sion. Although the patient’s pain was pemsisting at
this time, she noted chat she did not feel “g need” to
ask for her usnally scheduled dose of sustained.
release oxycodone. Priot to this, she always “knew”
when 10-12 hours had elapsed from her last dosc.,
As her infusion therspy progressed, she started no-
ticing incrersed sedation after uking her sustained-
release oxycodone. Because of this, her dose of sus-
tained-release oxycodone was decreased by 50%
(i.e., 40 g to 20 mg twice a day) withour an appar-
ent aggravation of her baseline level of pain. Be-
cause of this reduction, her feelings of sedation de-
creased. Further decreases in narcotics were. required
as.tie ketamine treatment progressed inw it fourth
day of infusion. Oxpcodone/acetaminophen 5/325
was dvilable every 46 hours as needed for break-
through pain as the sustained-release oxycodone dos-
age was reduced.

An actua] decrease in the patient’s level of pain

. was first hoted after 48 hours of infusion therapy.

The first sign of relief occurred in her toes. As tirge

~progressed, the padent’s ankle and leg pain also
..Steadily decressed and cventually resolved by 102

Kours (Figure 1).
- The patient noted the onset of 2 feeling of ine-
briation after the rate of ketamine infusion reached

" 30 mg/hr. As the infusion continued st this rate,

this feeling eventually waned. During the patient’s
bospital stay, there were never any signs of unusuval
sedadon. The paticat visited with family and friends,
ambulated around the nursing floor, and watched
television a3 often as desired. All of the nursing staff
participated in monitoring her progress, offered her
cacouragement, and were impressed by her slow
but steady improvement. The padent never experi-
enced any halludnatons, nightmares, or dyspharia.
As the patient’s level of pain decrcased, and as
ber diily dosage of ‘sustained-release oxycodone
was correspondingly reduced, a mild-moderate in-
crease in restlessness was noted. This restlessness
only appearcd related to the progressive taper of
her sustaincd-release axycodone. This eppeared to
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Figure 1 Time caurse of VAS resporisa to u ketamine infusian over 6 days.

be the case since her withdrawal symproms re-
sponded to supplemental doses of sustained-release
oxycodone and/or oxycodone/acetaminophen and
did not otherwise appear t be related to her con-
tinuing infusion of ketamine.

On admission, the day prior to the start of her
ketamine infusion, the patient’s blood pressure was
mildly elevated and demonstrated notbie variabil-
ity. During her hospital stay, and during her infu-
sion therapy and withdrawal of susmined-release
oxycodane, her blood pressures condaued to vary
widely but also tended to be about 10-15% above
bascline values. Metoprolol and, then hter, cloni-
dine was used to treat this blood pressure increase.
Clonidine also served as a useful adjunct to teating
ber withdrawal symptoms from her decreased anal-
gesic requirement for sustained-release axycodane.

The padent required permanent warfarin anti-
coagulation prophylaxis prior to admission because

i viwd wsluny oupltcnous voiie Lypass

ing and hij of femoral artery thrombosis.
g:ftmg admission, ‘g;typadcnt’s INR was 1.7. She was
on glternating doses of 7.5 and 10 mg doses of war-
fatin. An internal medicine consult was obtained.
After a supplements) dose of warfarin § mg, the pa-

ticat was placed on a daily dose of 10 mg. After al-
V-t g fee beme Lolus wind luucand daily Ut ut

warfarin to take effect, her daily INR stabilized and
continued within her INR target range of 2-3 (cef-
ereace standard units), There was no notwble effect
of ketamine on the efficacy ar safetv of her rance.
rent warlanin andeoagulation therapy.

Although increases in liver fanction enrymes have
been observed 1o oceur with infusiony of ketamine
more prolonged than 7 days [15], no such abnormal-
ities occurred in this patient. Daily comprehensive
metabolic profiles remained within narmal limits,

Blood samples were taken during the treatment
period to determine the corresponding plasma lev-
¢ls of ketamine and norketamine (Figure 2), These
samples were sent to Nadonal Medical Services,
Willow Grove, PA for analysis.

DPlscussion

During the last quarter of the 20th century, an in-
cressing number, of investigators creatively envi-
sioned the use of noncompetiive NMDA ceceptor
antigonists for the purpose of treadng pain [16-
24]. Although many drugs have some degree of

A antagonist sctivity (i.¢., dextromethorphan,
amantadine, and methadone), ketamine is known to
be the most potent representative clinically gvail-
able. Even though keramine was introduced 2s an
intravenous anesthetic, it soon became ADparent
dea I had incense analgesic properties.

With this in mind, researchers worldwide have
explored the potental analgesic effects of NMDA
receptor antagonists on neuropathic pain disocders,
such 2s: CRPS [2,5,6], diabetic neuropsthy (25,26,
post herpetic neuralgia {27-32), and phanwom limb

in {33-35]. Altho algesic effects haye heen
gt)sur{lea m{n the usuegglai‘cumince.c equent ;thcsc

effects ere short-lived or associated with CNS side
effects including dysphoria, ballucinstions, night
terrors, or flash backs. The potential for causing
halbeinasiong bae bwun wuy uf i prediest ubve-
cles to using ketamine for the treatment of neuro-
pathic pain syndromes.

In this case report, hallucinations did not oceur.
The patient was carefully derated with slowly in-
creasing doses of ketamine up to that level which
fust began to make her feel mildly inebriated. In
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Figure 2 Time courss of plasma ketamine & norketamine to a ketamine infusion over 6 days.

fact, the onset of the feeling of mild inebriation was
our endpoint to cease any further increase in the in-
fusion rate. Based on earlier work [13,14), we knew
the effective infusion dosage would likely lie in the
range of 10~30 mg/hr. We also knew that the effec-
tive treatment period on average would take about
2-5 days. Using these low-dose guidelines, we did
not expect hallucinations to be likely.

In this case report, the patient never experienced
hallucinations, dysphoria, or sedation. The maxi-
mal level of plasma ketamine attained daring treat-
ment was 320 ng/ml. This level is well below that
seen when ketamine is used s 2 single-bolus anes-
thetic induction ageat, ic., following 3 2.2 mg/kg
bolus, blood levels are reportedly 30,000 ng/ml at
30 seconds, and 1000 ng/ml ac 10 minutes [36).
The patient did experience 2 period of mild inebri-
sdon that started several hours after her infusion
began, lasted for 2-3 days, but then resolved even
though her infusion continued. The patient other-
wise did well with no other observable side effects.
She remained ambulatery and conversant with the
hospiral sraff, and regularly visited friends and fam-
ily, and an especially attentive mother who regu-
farly brought her gourmet meals.

The precautions taken to protect the patient
during her hospital stay included daily comprehen-
sive metabolic profiles to assure that no abnormali-
ties in liver function developed. No changes were
noted. Liver function tests (LFTs) were performed
because Correll [15) previously noted occasional
sbnormalitics in patients treated at infusion rates of
ketamine = 30 mg/hr given for = 14 days. Correll
further noted that all LFT abnormalities resolved
when ketamine was discontinued.

Kctamine is not highly bound by plasma pro-
teing [37], and thus, even though the patient was tak-
ing warfarin, no significant change in INR was ex-

pected, Daily INRs were taken and verified no effect
of ketamine on this patient’s anticoagulation status.

Since the paticnt weighed 306 pounds, addi-
tional precautions taken included inceative spirom-
etry waining and exercises every 2-4 hours while
awake end continuous pulse orimetry monitoring
from midnight-0800 hours while asleep. Manda-
tory supplemental humidified nasal O, at no less
than 2 LPM was also provided between midnight-
0800 hours. The nursing staff noaed no ventilatory
problems or episodes of nocturaal dessturation dur-
ing the patient's hospital stay. Daily ambulation was

d

Overall, the adminiscradon of this technique to
treat CRPS was found t be: (1) reladvely casy to
conduct by hospital pursing staff with proper arien-
tation; (2) convenient for the patient, aside for the
inconvenience of inpatient hospitalization for proper
monitoring; () without any untoward side effects
with proper monitosing and precautions; and, 4)
effective in completely relieving this patient’s nine-
year history of CRPS and restoting this patient to a
notmal life without the use of chronic medications,
nerve blocks, or implantable devices.

In conclusion, we report the successful treat-
ment of a patient with s nine-year history of CRPS
type-I using s low-dose ketamine infusion tech-
nique. We believe the application of this technique

be useful in weatng patients with chronic
CRPS when more conventional treatments prove
to be consistendy ineffective, unaecessarily risky,
or contraindicated.
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