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Abstract
Intraspinal drug infusion using fully implantable pump and catheter systems is a safe and
effective therapy for selected patients with chronic pain. The options for this approach are
increasing, as drugs that are commercially available for systemic administration are
adapted to this use and other drugs that are in development specifically for intraspinal
administration become available. In 2000 a Polyanalgesic Consensus Conference was
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organized to evaluate the existing literature and develop guidelines for drug selection. The
major outcome of this effort, an algorithm for drug selection, was based on the best
available evidence at the time. Rapid changes have occurred in the science and practice of
intraspinal infusion and a Polyanalgesic Consensus Conference 2003 was organized to
pursue the following goals: 1) to review the literature on intraspinal drug infusion since
1999, 2) to revise the 2000 drug-selection algorithm, 3) to develop guidelines for
optimizing drug dosage and concentration, 4) to create a process for documenting
minimum evidence supporting the use of a drug for intraspinal infusion, and 5) to clarify
issues pertaining to compounding of drugs. Based on the best available evidence and
expert opinion, consensus recommendations were developed in all these areas. The panel’s
conclusions may provide a foundation for clinical practice and a rational basis for new
research. J Pain Symptom Manage 2004;27:540–563. � 2004 U.S. Cancer Pain
Relief Committee. Published by Elsevier Inc. All rights reserved.
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Introduction
Intraspinal drug infusion is used for the treat-

ment of chronic pain that is unresponsive to
less invasive approaches. The safety and reliabil-
ity of implantable pumps has facilitated the
development of this approach and provided
incentives for the development of numerous
drugs for neuraxial (i.e., intraspinal – intrathe-
cal or epidural) delivery. Testing is essential,
both for drugs currently available for systemic
use and for new chemical entities developed
specifically for intrathecal administration. The
preclinical and clinical trial data should in-
clude evidence of safety, efficacy, stability and
compatibility with the drug delivery system
(pump and catheter), and in the case of drug
combinations, drug-drug stability.

Despite numerous studies of existing and
novel drugs, only limited data are available to
address these issues. In 2000 an expert panel,
gathered under the auspices of the Polyanal-
gesic Consensus Conference 2000, reviewed
these data, developed an algorithmic approach
to drug selection based on best evidence and
expert opinion, and highlighted the need for
additional studies.1–4 Since 2000, the practice
of intraspinal infusion has evolved with the
availability of new drugs, new preclinical and
clinical data, and advances in medical ap-
proaches to chronic pain. To respond to these
changes, an expert panel was convened for
the Polyanalgesic Consensus Conference 2003.
The tasks addressed by the panel included:
1. Review the medical literature since 1999
pertaining to intraspinally-administered
drugs;

2. Update the algorithm for intraspinal drug
selection;1

3. Propose guidelines for optimizing drug
concentration and dosage during therapy;

4. Develop consensus regarding the evi-
dence required to support use of a drug
for long-term intrathecal infusion; and

5. Clarify existing regulations and guidelines
pertaining to the use of compounded
drugs for intrathecal administration.

Intrathecal Drugs: Literature Update
1999–2003

Articles published between October 1999
(the cut-off date for earlier review1–4) and July
2003 that pertained to the stability, compatibil-
ity, toxicity, and analgesic efficacy of drugs in
intraspinal infusion, with a focus on intrathecal
agents, were identified through a search using
PubMED, Biosis, and EMBASE databases. In-
press publications describing recent ziconotide
studies were provided by the lead investigators.
This search was not intended to be exhaustive
and papers were not accepted or rejected on
the basis of some a priori minimal level of evi-
dence. The goal was to find all publications that
meaningfully updated the literature since the
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Polyanalgesic Consensus Conference 2000.
This “best evidence” approach, which, in the
case of the clinical literature, largely includes
the results of surveys and other uncontrolled
studies, yielded few definitive findings. Rather,
the clinical data provide mostly suggestive re-
sults concerning efficacy and a clearer depic-
tion of drug tolerability and dose. The results
of this review are described in the following text
and summarized in Table 1, which also lists the
number of references in the 2000 publication.
It should be mentioned that an excellent sys-
tematic review on the use of intraspinal drug
combinations for the treatment of acute postop-
erative pain as well as chronic pain was pub-
lished by Walker and colleagues in 2002.5

Opioids

Morphine
Preclinical Data. Perhaps the most significant
discovery since the Polyanalgesic Consensus
Conference 2000 is the causal relationship be-
tween intrathecal morphine sulfate infusion
and the formation of catheter-tip inflammatory
masses. Chronic (28-day) intrathecal infusion
of morphine sulfate (Infumorph) but not saline
in dog and sheep models produced catheter-
associated inflammatory masses.6–8 In each spe-
cies, the inflammatory masses became large
enough to compress the spinal cord and pro-
duce pronounced motor deficits within approx-
imately 1 week after infusion was initiated. The
incidence of inflammatory masses increased
with increasing dosage/concentration in each
species. In beagle dogs and sheep, dosages as
low as 1.5 and 12 mg/day, respectively, pro-
duced inflammatory masses. Because in both
models a constant infusion rate was used with
dosage adjusted by adjusting morphine concen-
tration, the effects of these two variables could
not be distinguished. Because each animal
model used different chronic infusion systems
(beagle, ambulatory syringe pump with a poly-
ethylene catheter; sheep, implantable pump
Table 1
Summary of Publications in Literature Update, 1999–2003

Drugs included in # References 2003 Preclinical Clinical
literature search (# References 2000)a (Ref #s)b (Ref #s)

Opioids
Morphine 14 (61) 6,7,8,18,41,43 9–16
Hydromorphone 6 (1) 19,21,22 23,24
Fentanyl 2 (28) — 25,26
Sufentanil 2 (10) — 27,28
Methadone 3 (0) — 29–31
Meperidine 1 (0) — 32

Local Anesthetics
Bupivacaine 7 (36) 33,34 32,33,35–38
Ropivacanine 1 (10) — 39
Tetracaine 0 (4) — —

Adrenergic Agonists
Clonidine 8 (26) 7,40–42 44–47
Tizanidine 1 (7) 48 —

NMDA Antagonists
Ketamine 6 (20) 49–51,78 52,53

Other Agents
Adenosine 1 (0) — 90
Aspirin 0 (12) — —
Baclofcn 7 (3) 54 55–60
Droperidol 0 (5) — —
Gabapentin 13 (0) 61–73 —
Ketorolac 1 (0) — 91
Midazolam 9 (5) 74–78 79–82
Neostigmine 2 (8) — 88,89
Octreotide 0 (2) — —
Ziconotide 5 (7) 83 84–87

aNumber of references (1999–2003) for the specific drug reviewed for the 2003 Polyanalgesic Consensus Conference (number of references for
the same drug reviewed for 2000 Polyanalgesic Consensus Conference).
bIncludes animal studies (neurotoxicity and efficacy/mechanism studies) and stability/compatibility laboratory studies.
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with silicone catheter), a contributing role of
the delivery system in producing inflammatory
masses was unlikely. This possibility is even more
remote given that both animal models have
been used to screen numerous other intra-
thecal agents without the occurrence of inflam-
matory mass.

Clinical Data. Recent studies concluded that
intrathecal opioids provided effective analgesia
for patients with refractory chronic pain.9,10 A
prospective, long-term survey (mean follow-up,
29 � 12 months) of 16 patients found that in-
traspinal morphine reduced pain scores for all
types of pain by an average of 57%. The greatest
efficacy was found in patients with neuropathic
pain and mixed pain (75% and 61% reductions,
respectively).11

The National Outcomes Registry for Low
Back Pain collected prospective data on 136
patients with chronic low back pain treated
using intraspinal infusion via implanted de-
vices, 81% of whom received morphine.12 Osw-
estry Low Back Pain Disability Scale ratings
after 12 months improved by 47% in patients
with back pain, and by 31% in patients with
leg pain.

A retrospective cohort analysis of 23 patients
with leg edema during long-term (�24 months)
intrathecal morphine administration found a
correlation between edema during morphine
infusion and pre-existing leg edema and
venostasis before morphine infusion began.13

The observations also suggested a dose-effect
relationship.

Abs et al. retrospectively examined hypothal-
amic-pituitary function in 93 patients with non-
cancer pain.14 Seventy-three patients received
intrathecal morphine (mean dosage, 4.8 mg/
day; mean duration, 26.6 months); a 20-patient
comparison group had comparable pain syn-
dromes but was not treated with opioids. A
majority of patients of both genders in the in-
trathecal morphine group developed hypogo-
nadotropic hypogonadism. Fifteen percent
also developed central hypocortisolism and/or
growth hormone deficiency, compared to 0%
among the control group. Decreased libido oc-
curred in 96% of men and 69% of women who
received intrathecal opioids, compared to 10%
and 20% of men and women, respectively, in
the control group. Hormone replacement ther-
apy ameliorated decreased libido in 10 of 14
males and 7 of 12 premenopausal females.
The authors suggested further investigations
to determine the need for systematic endocrine
evaluations and replacement therapy in pa-
tients treated with long-term intrathecal mor-
phine.

The results of a prospective, multicenter, in-
ternational, open-label study of an investiga-
tional, patient-activated, intraspinal morphine
delivery system in patients with cancer pain
revealed superior analgesia and fewer opioid-
related side effects compared to systemic
opioid therapy after 1–13 months of follow-
up.15

Cherry and colleagues reported on a seven-
patient case series describing a novel use of
intraspinal (n � 2 epidural, 5 intrathecal)
opioid therapy to manage pain associated with
intractable angina.16 Patients who had failed
multiple cardiovascular interventional and sys-
temic medical therapies were successfully
treated with self-administered bolus delivery of
morphine (n � 5) or fentanyl (n � 2) using an
implantable pump for durations of 2 to 7 years.
Starting intrathecal morphine doses were 0.5
to 1.0 mg (delivered in a volume of 1 mL),
which were administered at a frequency of 2 to
6 times per day. Side effects reported while on
intraspinal opioid therapy for angina inclu-
ded nausea, drowsiness, urinary retention,
and diaphoresis.

Coffey and Burchiel17 analyzed reports of
catheter-tip inflammatory masses (granulomas)
in 39 patients who received intrathecal mor-
phine or hydromorphone, either alone or
mixed with other drugs. The authors noted that
patients whose mass was diagnosed during the
administration of drugs other than intrathecal
morphine had probably been exposed to mor-
phine earlier in their clinical course. Based on
this and preclinical studies, another consensus
panel has recommended positioning of the
catheter tip in the lumbar thecal sac, minimiz-
ing opioid dosage and concentration to the
extent possible, and providing attentive follow-
up of patients to encourage early diagnosis and
to reduce the risk of neurological injury.18

Hydromorphone
Preclinical Data. A recent study in sheep re-
vealed that 28-day intrathecal infusion of hydro-
morphone was not associated with catheter-tip
inflammatory masses.19 This study was designed
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specifically to mimic a similar study that had
been conducted previously using intrathecal
morphine.6 Unlike morphine, which produced
inflammatory masses and rear leg lameness in
two out of three sheep at dosages �12 mg/
day, hydromorphone was not associated with
significant gait deficits or histological changes at
any dosage tested (1.5 to 12 mg/day). This
finding contrasted with the results of a 1994
study that demonstrated that chronic epidural
infusion of either morphine or hydromorphone
in sheep was associated with the formation
of granulomas.20

Hydromorphone was stable when contained
in an infusion system (SynchroMed) and held at
37 �C for 4 months, as analyzed by high perfor-
mance liquid chromatography (HPLC).21 The
potency of the 10 mg/mL hydromorphone so-
lution was �95% of initial potency and it was
compatible with the materials of the infusion
system. Hydromorphone stability indicated 96%
recovery of the intact molecule in a study where
the drug was contained in plastic syringes at
concentrations of 1.5 mg/mL and 80 mg/mL
for 60 days at 4�C and 23�C, and for 2 days at
�20�C and 37�C.22

Clinical Data. In a retrospective study of 37
patients, intrathecal hydromorphone was ad-
ministered after either inadequate analgesia or
unmanageable side effects occurred during
treatment with intrathecal morphine sulfate.23

Pain scores improved during the 10-month
(mean) follow-up period. Drowsiness and
nausea lessened after patients were switched
from morphine to hydromorphone, and leg
edema subsided temporarily but eventually re-
curred after extended hydromorphone expo-
sure.

In another retrospective study, 22 of 24 pa-
tients who received intrathecal hydromorphone
monotherapy for an average of 1.3 years (range,
10 days to 3.1 years) experienced sustained
reduction in pain scores.24

As noted previously, the formation of inflam-
matory masses at the catheter tip was reported
in 9 patients who received hydromorphone,
either alone or mixed with other drugs.17 A
subsequent review of the same database plus
additional case reports identified an additional
6 cases (total � 15), although the intraspinal
analgesic history of most of these patients was
not clear (e.g., previous exposure to intrathe-
cal morphine).8

Fentanyl
Clinical Data. In a retrospective analysis of 29
patients who received intrathecal drug therapy
for pain, 8 patients received fentanyl 10.5–115
µg/day for a mean duration of 31 months.25

These patients experienced an average of 68%
reduction in pain and an average overall satis-
faction of 3.25 on a scale of 1 (poor) to 4 (excel-
lent). Another retrospective study (n � 122)
that examined the complications associated
with implantable drug delivery systems in-
cluded two patients with the combination of
fentanyl and bupivacaine;26 neither of these pa-
tients experienced serious adverse events.

Sufentanil
Clinical Data. The effects of long-term su-
fentanil exposure in humans are not known.
Although the long-term intrathecal use of su-
fentanil in two patients (one receiving the com-
bination of sufentanil and bupivacaine) was
reported in a study of 88 patients with chronic
non-cancer pain, no efficacy/safety results were
described.27 As a highly lipophilic drug, sufen-
tanil has a relatively fast onset of effect after
epidural administration and a relatively limited
rostral spread;28 the latter effect might be associ-
ated with a lower incidence of side effects, but
this has not been established in comparative
clinical trials.

Methadone
Clinical Data. Three studies, two prospective
(n � 2429 and n � 70,30 respectively) and one
retrospective (n � 4731), were performed to
evaluate the use of methadone in intrathecal
infusion. The studies involved both cancer and
non-cancer patients. Methadone was adminis-
tered at total daily dosages of 5–60 mg and the
duration of treatment ranged from 3 days to 37
months. Overall effectiveness, based on greater
than 50% reduction in pain only,30,31 or pain
reduction combined with improved scores
on a quality-of-life questionnaire,29 ranged from
37.5–80%.

Meperidine
Clinical Data. The use of meperidine was de-
scribed in a single case report. The patient had
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neuropathic pain, received intrathecal meperi-
dine 30–60 mg/day for 6 months, and expe-
rienced pain relief (immediate improvement in
pain score, with adequate analgesia once 60
mg/day was reached) and no side effects.32

Local Anesthetics

Bupivacaine
Preclinical Data. The stability of a commer-
cially available, intrathecal formulation of bupi-
vacaine HCl (7.5 mg/mL), and compatibility
with the SynchroMed (Medtronic Inc., Minne-
apolis, MN) infusion system have been demon-
strated.33 Bupivacaine concentration remained
greater than 96% of initial concentration after
chronic exposure to the intact pump-catheter
systems or device materials maintained at 37�C
for 12 weeks. Moreover, the mechanical in-
tegrity and functional properties of the device
materials in contact with bupivacaine were
maintained.

In a stability study, combinations of mor-
phine sulfate 5 mg/mL plus bupivacaine 2.5
mg/mL, or morphine sulfate 50 mg/mL plus
bupivacaine 25 mg/mL, were packaged in 20-
mL aliquots in plastic syringes.34 These aliquots
were maintained at 4�C or 23�C for 60 days or
�20�C or 37�C for 2 days. The potency of
morphine in all samples was �97% and the
potency of bupivacaine in all samples was
�95%. Frozen samples exhibited microparticu-
lates upon thawing, suggesting that freezing of
morphine/bupivacaine combinations should
be avoided. The combination of morphine 50
mg/mL and bupivacaine 25 mg/mL turned
slightly yellow after 7 days at 23�C. This was
considered a normal, acceptable color change
associated with minimal oxidation of mor-
phine in solution.

Clinical Data. In a randomized, double-blind,
multiple-phase crossover trial of 24 patients
with chronic nonmalignant pain, the addition
of bupivacaine to morphine or hydromor-
phone produced a statistically significant im-
provement in quality-of-life scores.35 However,
neither a dose-response nor a significant effect
on pain scores was observed. For 4 months,
patients received intrathecal infusion of four
different drug combinations (opioid alone or
consecutively with three different bupivacaine
concentrations). Every month, pumps were
refilled with either the same opioid they
received pre-study, or its mixture with bupiva-
caine. In random order, patients thus received
placebo or bupivacaine (4, 6, or 8 mg/day) plus
morphine sulfate (4–22 mg/day) or hydromor-
phone (7–22 mg/day). Only bupivacaine 6 mg/
day produced improvements in quality-of-life
scores. One patient reported mild adverse ef-
fects from intrathecal bupivacaine (mild numb-
ness in the lower extremities without weakness).

In a prospective cohort study, van Dongen et
al. reported that five of 20 cancer patients who
had inadequate analgesia with intrathecal mor-
phine alone reported improved pain relief
when bupivacaine 5–21.6 mg/day was added to
the infusate.36 Intrathecal morphine dosages
ranged from 1.2–7.2 mg/day, with a mean treat-
ment duration of 85 and 58 days for the groups
receiving morphine alone and morphine/bupi-
vacaine, respectively. The combination of mor-
phine and bupivacaine resulted in a diminished
progression of the intrathecal morphine dose
during the phase of stable analgesia in compari-
son with the morphine only group. The inves-
tigators reported subjective weakness in the
legs and arms of two of the five patients who
received a morphine/bupivacaine combina-
tion. However, no serious adverse effects were
reported and patients were followed until
death.

Deer et al. recently determined the effect
of bupivacaine in a retrospective study of 109
patients (25 with cancer pain, 84 with nonmalig-
nant pain) who received intrathecal opioid in-
fusions.37 All patients had received intrathecal
opioids alone (morphine, average dosage of 8
mg/day, or hydromorphone, average dosage
1.5 mg/day) before being switched to an
opioid-bupivacaine (average 10 mg/day, range
2–25 mg) combination. Bupivacaine was ad-
ded to the infusate of those treated with the
opioid alone because of inadequate analgesia.
Patients who had a poor response to the opioid
alone and were then switched to opioid-bupiva-
caine combinations reported significantly lower
pain scores and experienced a mean opioid
dosage reduction of 23%. No major adverse
effects and no changes in neurologic exams
were reported in patients exposed to opioid-
bupivacaine combinations.

In a retrospective study, Mironer and Grum-
man reported that seven of 12 patients expe-
rienced numbness in the lower extremities
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with intrathecal bupivacaine 4.2–14 mg/day
combined with morphine sulfate 1.5–12.5
mg/day.32 One experienced severe urinary re-
tention, and another experienced orthostatic
hypotension. The 12 patients (plus four addi-
tional) subsequently received intrathecal hy-
dromorphone alone at 1.5–12.5 mg/day and
side effects were reported in one patient. In
this hydromorphone-treated subgroup, 13 of 16
patients achieved significant improvement in
pain relief.

In a case series of three patients, high dosages
of bupivacaine were effective in alleviating pain
associated with complex regional pain syndrome
(CRPS).38 Patients received bupivacaine at an
average dosage of 54 mg/day (maximum 90
mg/day) and were followed for an average of
374 days during infusion and an average of
1,900 days after infusion. Mean pain intensity
decreased from 7 (�/�1) to 2 (�/�1) on a
numeric scale, but there was no regression of
allodynia, edema, or trophic changes.38

Ropivacaine
Clinical Data. Dahm and colleagues compared
bupivacaine at a mean (SD) dosage of 48 (�/�
45) mg/day with ropivacaine at a mean (SD)
dosage of 62 (�/� 20) mg/day in 12 patients
(nine with cancer pain and three with nonmalig-
nant pain) using a double-blind, randomized,
crossover methodology.39 The 12 assessable pa-
tients were treated for seven days and all re-
ported improved pain scores during local
anesthetic infusion. There were no differences
in the efficacy or side effects associated with
the two anesthetics, but the required dosage of
ropivacaine was 23% higher than the dosages
of bupivacaine needed to achieve the same
effect (along with a corresponding three-fold
increase in average daily cost).

Adrenergic Agonists

Clonidine
Preclinical Data. Clonidine has undergone
extensive neurotoxicity testing in animals. For
example, Yaksh et al. evaluated 28-day continu-
ous intrathecal infusions of clonidine alone (2
mg/mL) and clonidine combined with mor-
phine in dogs.7 Clonidine alone was associated
with no evidence of spinal pathology, and was
reported to diminish the magnitude of inflam-
mation that was associated with intraspinal
morphine.

Studies have shown that clonidine is stable
(i.e., maintained 94% potency) when contained
in an infusion pump (SynchroMed) at con-
centrations of 0.05 mg/mL and 1.84 mg/mL
in combination with morphine sulfate at
20 mg/mL and 2.0 mg/mL, respectively, at
37�C for 90 days.40 Moreover, all device mate-
rials exposed to clonidine (2 mg/mL) for 64
weeks maintained acceptable mechanical per-
formance (e.g., elastomeric properties). In an-
other stability study, combinations of morphine
5 mg/mL or 50 mg/mL and clonidine 0.25
mg/mL or 4 mg/mL were contained in plastic
syringes and held at 4�C and 23�C for 60 days,
and at �20�C and 37�C for 2 days.41 Morphine
and clonidine retained 98% and 97% of their
original potency, respectively, under all storage
conditions, with one exception. The combina-
tion of morphine 50 mg/mL and clonidine 4
mg/mL held at 4�C, exhibited precipitation
within 2 to 4 days. These results suggest that
morphine-clonidine combinations should not
be refrigerated.

When an admixture of morphine sulfate,
bupivacaine hydrochloride and clonidine hy-
drochloride was incubated in SynchroMed EL
pumps at 37�C for 90 days or stored in glass
vials at 4�C and at 37�C as controls, the concen-
trations remained greater than 96% of the
original concentrations.42 A color change from
colorless to light yellow between the 30- and
60-day time points (a change observed also in
injectable solutions of morphine sulfate and
identified as pseudomorphine43) did not affect
the solution’s stability. No particulate matter
and no clinically significant changes in osmol-
ality were observed during the 90-day study.

Clinical Data. Hassenbusch et al. reported a
20-month prospective phase I/II cohort study
of 31 patients (six with cancer pain, 25 with
nonmalignant pain) who received intrathecal
clonidine alone at a total daily dosage of 144–
1,200 µg (mean 872 µg).44 Twenty-two patients
progressed through the dosage-escalation stage
and achieved �50% pain/symptom reduction
without intolerable side effects. At 6 months,
77.3% (17/22) of this cohort achieved contin-
ued good pain relief, and 59% of the cohort
were considered long-term successes (mean
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follow-up 16.7 months). Clonidine dosage did
not change significantly over time in this group.
Moreover, there was no change in patients’ Kar-
nofsky performance status. Poor long-term out-
come was related to inadequate pain relief
(n � 4) and intolerable side effects (hypoten-
sion [n � 2]; impotence, lethargy, and malaise
[n � 1 each]).

A retrospective study observed that only two
of the 10 patients treated with long-term in-
trathecal infusion of clonidine alone (75–950
µg/day) had good pain relief after 7–11 months
of therapy.45 The addition of either morphine
(0.15–15 mg/day, five patients) or hydromor-
phone (0.2–8.0 mg/day, three patients) simi-
larly yielded very limited effect; only three of
these patients achieved long-term pain relief.
Side effects included hypotension (five pa-
tients) and sedation (three patients).

In a prospective cohort study, Uhle et al. re-
ported data from 10 patients with neuropathic
pain syndromes (two of whom had cancer pain)
who received clonidine (average, 44 µg /day) in
combination with morphine sulfate or bu-
prenorphine.46 These patients realized a 70–
100% reduction in pain after the addition of
clonidine. Four of eight patients with non-neu-
ropathic pain also appeared to benefit from
the addition of clonidine. The most frequent
adverse effects were hypotension (10 patients),
fatigue (4), dry mouth (3), and impaired bowel
function (1).46

Siddall et al. compared the efficacy of in-
trathecal administration of saline, morphine
(0.2–1 mg), clonidine (50–100 µg), and the
combination of clonidine and morphine.47 In
the first phase of the study, each patient re-
ceived saline, clonidine, and morphine in a
random sequence. One dose per day of each
drug was titrated over 3 days until analgesia
(defined as a �50% reduction from baseline
pain score) or the occurrence of side effects.
The starting dosages of intrathecal morphine
and clonidine were estimated based on previous
clinical experience with these drugs. During the
second phase of the study, each patient received
a combination consisting of 50% of the final
dosage of morphine combined with 50% of the
final dosage of clonidine. The authors com-
pared the proportion of those patients who had
a positive response at any time during the assess-
ment. Of the 15 patients tested, five responded
positively to saline, three to the largest dosage
of clonidine alone, four to the largest dosage of
morphine alone, and seven to the combination
of one-half the largest dosage of clonidine plus
one-half the largest dosage of morphine. These
data suggest that morphine and clonidine are a
worthwhile combination but do not permit a
distinction between additivity and synergy in
their analgesic effect.47

Tizanidine
Preclinical Data. In a dog model, Kroin et al.
reported that tizanidine and clonidine at dos-
ages of 3.0–18.0 mg/day yielded equivalent an-
algesia on a thermal withdrawal test, but that
clonidine was associated with greater side ef-
fects (hypotension, bradycardia, and bradyar-
rhythmias).48 In the same article, they report
on the toxicity of 28-day intrathecal tizanidine
infusion administered at dosages of 0 (saline
control), 3 and 6 mg/day (n � 3 per group)
at a constant infusion rate of 40 mcL/hr. No
significant side effects (body weight, tempera-
ture, respiratory rate, heart rate, sedation, or
motor coordination) or histopathologic effects
(spinal cord gray and white matter) were ob-
served in animals treated with saline or 3 mg/
day tizanidine. One animal of three treated
with 6 mg/day tizanidine exhibited more sub-
arachnoid inflammatory cells as compared to
the control and 3 mg/day-treated animals.

NMDA Agonists

Ketamine
Preclinical Data. Subarachnoid administra-
tion of ketamine has been demonstrated to be
analgesic in several rodent models.49,50 One of
these studies also demonstrated synergism
with morphine and attenuation of morphine-
induced tolerance.50 Preclinical studies also
have found severe histologic and gross spinal
cord toxicity with the intrathecal infusion of
other N-methyl-D-aspartate (NMDA) antago-
nists such as dextrorphan, dextromethorphan,
memantine,49 and MK-801 and ketamine (T.
Yaksh, personal communication).

In a drug stability evaluation, hydromor-
phone (1.0–47.5 mg/mL) and ketamine hydro-
chloride (0.5–49 mg/mL) mixtures were stored
in glass tubes at room temperature for 24 days.51

At the end of the test period, the decrease
of morphine sulfate or ketamine hydrochlo-
ride concentrations were clinically negligible
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(decreased by less than 5%); pH and visual ap-
pearance were unchanged.

Clinical Data. Intrathecal ketamine at a
dosage of 47.2 mg/day yielded enhanced anal-
gesia when added to morphine 13.3 mg/day
during treatment of a patient with severe neuro-
pathic pain.52 Another case report 53 described
a 72-year-old woman with abdominal pain due to
cancer who received morphine, bupivacaine,
clonidine and ketamine, and attained satis-
factory pain relief at Day 7. She also devel-
oped weakness in the muscles of the abdomen
and upper extremities, and acute psychotic
changes. Post-mortem histologic analysis of the
tissues showed lymphocytic vasculitis close to
the infusion site, with lesions predominantly
found in the leptomeninges—a previously un-
reported finding.

Other Agents

Baclofen
Preclinical Data. Using HPLC, Godwin et al.
examined the chemical stability of intrathecal
baclofen (1,000 µg/mL) and clonidine (200
µg/mL) alone or as an admixture for 10 weeks at
body temperature (37�C).54 Both of the drugs
and the mixture retained greater than 99% of
their initial concentrations (baclofen, 99.7%;
clonidine, 100.7%; baclofen/clonidine 99.7/
101.1%). The authors concluded that baclo-
fen and clonidine alone and as an admixture
were sufficiently stable for long-term intrathecal
administration.

Clinical Data. Baclofen was evaluated in a ran-
domized, controlled trial that included seven
patients who experienced pain and dystonic
movements associated with complex regional
pain syndrome (CRPS).55 During the 0.5- to 3-
year (mean 1.7 years) follow-up period, three
regained normal hand function and two of
three regained the ability to walk. Adverse
effects included somnolence (n � 1), slight
drowsiness (2), muscle weakness related to hy-
potonia (2), and urinary retention (1).

A retrospective description of 23 patients with
either central pain or spasticity-related pain de-
scribed benefit in 19.56 Baclofen was adminis-
tered as a continuous intrathecal infusion at
150–180 µg/day over a period of 20 to 24
months. Four of the 23 patients also required
morphine, and one patient also received cloni-
dine in addition to baclofen.

In a case report, two patients with CRPS expe-
rienced good control of pain, allodynia, and au-
tonomic symptoms with intrathecal baclofen.
One patient was treated with baclofen 125–250
µg/day and clonidine 12.5 µg/day (19-month
follow-up), and the other was treated with in-
trathecal baclofen alone (85–250 µg/day; 22-
month follow-up).57 A similar report of five
patients, four of whom received intrathecal
baclofen alone (50–460 µg/day) for varied neu-
ropathic or mixed pain syndromes, also de-
scribed substantial benefit.58 No side effects
were reported. Finally, a patient with multiple
sclerosis and central pain but no spasticity or ri-
gidity reported improvement while receiving
baclofen 110–150 µg/day for 20 months.59

A potentially life-threatening withdrawal syn-
drome has been described in spasticity patients
when intrathecal baclofen was abruptly discon-
tinued.60 The syndrome, which included fever,
altered mental status, and profound muscular
rigidity, was aborted by the restoration of in-
trathecal baclofen followed by gradual dose
reduction.

Gabapentin
Preclinical Data. The analgesic efficacy of in-
trathecal gabapentin has been evaluated in
rodent models. Administered by bolus intra-
thecal injection (100–1,000 µg), gabapentin
reduced mechanical allodynia and thermal hy-
peralgesia associated with central sensitization,61

tissue injury,62,63 inflammation,64–66 and nerve
injury.64–71 Gabapentin had no effect on acute
nociceptive pain as assessed using the Phase I
formalin test in rats65,72,73 or the hot-plate test
in mice.71 In these rodent studies, the potency
of gabapentin was more than 10-fold greater
when the drug was administered intrathecally
than subcutaneously or intraperitoneally.72 In-
trathecal administration yielded no effect on
heart rate or blood pressure65 but produced
mild weakness in the hind limbs at doses greater
than 300 µg.61,70

Intrathecal gabapentin and clonidine acted
synergistically in a rat model of post-operative
allodynia, with an ED50 of 51 µg for gabapentin
alone, an ED50 of 31 µg for clonidine alone, and
an ED50 of 9 µg for the combination.62 The
combination of gabapentin and 6-cyano-7-nitro-
quinoxaline-2,3-dione (CNQX), when adminis-
tered intrathecally, had a potent synergistic
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anti-allodynic effect on neuropathic pain in
spinal-nerve ligated rats.67 The combination of
intrathecal gabapentin and ibuprofen also had
a potent synergistic anti-hyperalgesic effect in
the formalin model in rats.66

Midazolam
Preclinical Data. In studies in cats,74 rats,75

sheep, and pigs,76 there has been no toxicity
associated with neuraxial infusion of midazolam.
For example, continuous intrathecal infusion of
midazolam in sheep (5–15 mg/day vs. saline 125
µL/hr) or pigs (15 mg/day vs. saline 125 µL/
hr) had no effect on behavior or neurologic
function.76 All animals, including saline-treated
animals, had mild inflammation surrounding
the catheter tract in the spinal tissue; the find-
ing in saline-treated animals suggests that the
effect was probably related to the indwelling
catheter and not midazolam. All midazolam-
treated sheep showed greater pain thresholds
than at baseline.

In contrast to these studies, histologic/vascu-
lar lesions on light/fluorescence microscopy
were found in spinal cord specimens from rab-
bits that received either midazolam or preserva-
tive-free midazolam (n � 6 each).77 Malinovsky
et al. also reported neurotoxicity in a rabbit
study of intrathecal midazolam.78 They adminis-
tered midazolam (1 mg/mL) via a single percu-
taneous intracisternal injection and compared
it to lidocaine and saline, neither of which
caused neurotoxicity. Yaksh and Allen recently
presented a detailed review of the preclinical
safety issues pertinent to midazolam.79

Clinical Data. In a prospective cohort study of
26 patients, four patients received midazolam
0.4 mg/day plus morphine sulfate 0.5 mg/day,
clonidine 0.03 mg/day, and bupivacaine 1.0
mg/day, four patients received morphine/bup-
ivacaine/midazolam, and two patients received
morphine/midazolam.80 Overall, 19 of the 26
patients (73%) achieved good to excellent pain
relief, six patients (23%) achieved sufficient
pain relief, and one patient reported poor pain
relief. No information was provided regarding
outcomes according to drug combination re-
ceived on-study.

Additional information on the efficacy and
safety of midazolam was provided by two stud-
ies in the acute pain setting.81,82 One study
(n � 1,100) administered intrathecal midazo-
lam (2 mg of isotonic, preservative-free solu-
tion, pH 3.5) to 547 patients, and used a control
group of 553 patients who did not receive
midazolam.81 In both groups, patients had in-
traoperative spinal anesthesia, then either re-
ceived midazolam (or not) for postoperative
pain. Eighteen risk factors for adverse neuro-
logic sequelae were studied with respect to the
two groups, and the authors reported that in-
trathecal midazolam was not associated with
an increased risk of neurologic symptoms in
the midazolam group when compared with
controls.

Tucker et al. reported a second study of in-
trathecal midazolam.82 In this randomized trial
evaluating relief of labor-related pain (n � 30),
patients received one of the following regimens:
single-agent midazolam 2 mg, versus fentanyl
10 µg, or a combination of midazolam and fen-
tanyl. Intrathecal midazolam enhanced the
analgesic efficacy of fentanyl in a statistically and
clinically significant manner, without increasing
observed maternal or fetal adverse events.

Ziconotide
Preclinical Data. Ziconotide, previously known
as SNX-111, is a neuronal-specific calcium-
channel blocker that acts by blocking N-type,
voltage-sensitive calcium channels. In a preclini-
cal study performed in rats, acute intraspinal
administration of ziconotide and morphine
produced additive or synergistic effects.83 Chro-
nic intrathecal ziconotide administration pro-
duced neither tolerance nor cross-tolerance
to morphine analgesia; conversely, intrathecal
ziconotide did not prevent or reverse mor-
phine tolerance.

Clinical Data. A double-blind, placebo-con-
trolled short-term trial of ziconotide in 257
patients with non-cancer pain (78% had neuro-
pathic pain) assessed analgesia for 5 or 6 days
in a blinded fashion, followed by an additional
5- to 6-day maintenance period.84 Significantly
lower pain scores were reported by 31% of the
ziconotide-treated patients, compared to 6% of
the placebo-treated patients. Moderate to com-
plete pain relief was achieved in 43% of patients
in the ziconotide arm versus 18% in the place-
bo arm. Patients who received ziconotide also
decreased their systemic opioid intake and
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reported improved quality of life compared to
patients who received placebo.

Another placebo-controlled, randomized,
short-term trial in 111 patients with cancer- or
AIDS-related pain observed a mean pain reduc-
tion of 53% in the ziconotide group and 18%
in the placebo group during the 5-day mainte-
nance phase.85 Pain relief was moderate to com-
plete in 53% of subjects in the ziconotide
arm versus 17% in the placebo arm.

Other uncontrolled studies revealed similar
results. In groups of patients with varied painful
disorders, 32–62% reported pain relief of vary-
ing degrees during follow-up periods that lasted
from several days to 3.5 years.86,87

Adverse events associated with intrathecal zi-
conotide have included abnormal gait, nausea,
vomiting, urinary retention, dizziness, nystag-
mus, blurred vision, diplopia, memory impair-
ment, and orthostatic hypotension.84,86,87 Side
effects usually improved when the ziconotide
dosage was decreased.86,87 A high incidence of
adverse effects was associated with rapid titra-
tion of drug.85 A retrospective cohort analysis
of data from 231 patients treated with long-
term ziconotide reported that the prevalence
of adverse effects was lower at 6 months than
during the first month of treatment for 10
common adverse effects. However, many pa-
tients who experienced adverse effects early
in their clinical course dropped out of the
studies, and were not exposed to ziconotide for
6 months.

Neostigmine
Clinical Data. In a randomized trial con-
ducted in a sample of patients undergoing peri-
anal surgery under spinal anesthesia, Yegin et al.
compared intrathecal hyperbaric bupivacaine
10 mg, hyperbaric bupivacaine 10 mg plus neo-
stigmine 25 µg, and hyperbaric bupivacaine 10
mg plus neostigmine 50 µg.88 Compared to
those who received bupivacaine alone, patients
who also received neostigmine experienced a
significantly quicker onset of sensory block and
a longer time to recover motor and sensory
function. Patients who received the higher dose
of neostigmine also had a longer period
before an analgesic was required in the postop-
erative period. The frequency of nausea and
vomiting was significantly higher in the neostig-
mine groups.
In a dose-finding study, neostigmine 75 µg,
150 µg, and 300 µg were compared in a group
of 80 women who received epidural anesthe-
sia using hyperbaric bupivacaine 8 mg plus
fentanyl 10 µg during elective cesarean
surgery.89 A dose-dependent decline in global
pain scores was observed during the first post-
operative day. Intraoperative shivering and post-
operative sedation increased in the neostigmine
groups. There were no differences in nausea and
morphine consumption.

Adenosine
Clinical Data. Eisenach et al. compared in-
trathecal adenosine 2 mg and intravenous
adenosine 2 mg in seven patients with chronic
neuropathic pain and stable areas of me-
chanical hyperalgesia and allodynia.90 The
methodology incorporated the use of a sin-
gle dose, “double-dummy” approach in a ran-
domized crossover design. Ongoing pain was
not affected, but intrathecal adenosine signi-
ficantly reduced the area of allodynia and me-
chanical hyperalgesia. Adverse effects included
back pain in five patients receiving intra-
spinal adenosine.

Ketorolac
Clinical Data. Because spinal prostaglandin
(PG) synthesis has been hypothesized to play a
role in acute pain processes and the generation
and maintenance of central sensitization, Eise-
nach et al. conducted an open-label, Phase I,
single dose escalation study (n � 20) of intra-
spinal ketorolac.91 Study groups received in-
trathecal injections of ketorolac 0.25, 0.5, 1,
or 2 mg (n � 5/group). No adverse effects on
sensory or motor function, or deep tendon re-
flexes were observed. Ketorolac did not
reduce pain report to heat stimuli on the lateral
calf. With the exception of a mild headache
reported by one patient 24 hours after the
study, there were no side effects during a 6-
month follow-up.

Algorithm: Selection of Drugs
for Long-Term Intraspinal Infusion

Although the literature review revealed the
limitations in the number and quality of studies
pertaining to most of the drugs undergoing
consideration for intrathecal infusion, these
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new data reflect the current best evidence. This
and the later discussed concept of minimum
evidence required to support clinical use were
the basis for revision of the algorithm for in-
trathecal drug selection first proposed in 2000.1

The updated algorithm was developed as an
approach to optimizing drug selection and is
relevant both for screening trials12 to determine
whether a patient is a candidate for pump im-
plantation and for treatment changes during
chronic long-term infusion.

The algorithm (Fig. 1) arranges drugs in a
hierarchy according to evidence of safety, effi-
cacy, and broad clinical experience and this
is an update of that published from the previous
conference. The drugs on the first line of the
algorithm are supported by extensive clinical
experience and published preclinical and
clinical data. Intrathecal therapy most often
commences with a Line 1 drug (morphine
or hydromorphone) and only progresses to
lower line drugs if intolerable side effects occur,
or if the initial agent is no longer effective at a
dosage and concentration that is safe or conve-
nient (e.g., refill intervals too short) in clinical
practice. The drugs listed below Line 1 are
supported by fewer published preclinical data,
clinical experience, or both. Decisions to use
a specific drug or drug combination on any
level, to use other drugs on the same level, or
to use drugs on a lower level are based on the
clinical judgment and experience of the indi-
vidual practitioner, as well as on the patient’s
response to therapy.

Line 1 Approach
Line 1 contains morphine, the only analge-

sic drug currently approved by the U.S. Food
and Drug Administration (FDA) for long-
term intrathecal administration, and hydro-
morphone, a drug for which usage is supported
by the medical literature and broad clinical
experience.18,23,24 The apparent dosage- or
concentration-dependent risk of catheter-tip
inflammatory masses suggests that, in the in-
terest of patient safety, physicians respect an a
priori upper limit when titrating the dosage of
morphine or hydromorphone. If side effects
become problematic with either morphine or
Fig. 1. Update of clinical guidelines for the use of intraspinal drug infusion in pain management.
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hydromorphone, or the dosage must be in-
creased to the maximum recommended with-
out adequate analgesia, a reasonable step would
be either a switch to the alternative Line 1
opioid (i.e., morphine to hydromorphone or
hydromorphone to morphine) or a change to
a Line 2 regimen. The latter course may be
more appropriate if the pain is neuropathic or
the response to either morphine or hydro-
morphone was characterized by poor analgesia.
Indeed, some members on the panel endorsed
the view that Line 1 can be omitted altogether
by the treating physician if a patient has severe
neuropathic pain that has not responded to a
systemically delivered opioid.

Line 2 Approach
Line 2 includes morphine or hydromor-

phone combined with either bupivacaine or
clonidine. Few data are available to compare
the relative risks or benefits of these combina-
tions. A majority of the panel had concerns
regarding the hypotensive side effects of cloni-
dine and, therefore, support the use of bupiva-
caine as the first drug for addition to a Line 1
agent. Because the safety of intraspinal cloni-
dine has been characterized in preclinical stud-
ies to a greater extent than bupivacaine, some
panel members were more comfortable adding
clonidine before bupivacaine.

As noted, some physicians begin therapy with
a combination of an opioid plus bupivacaine
or clonidine in the hope of achieving better
efficacy for mixed and neuropathic pain states.
There are no specific data to support this ap-
proach. Whether the addition of clonidine or
bupivacaine has opioid-sparing effects, which
may reduce the risk of opioid-related side ef-
fects or granuloma formation, also is still
speculative.

Some physicians administer bupivacaine mo-
notherapy to patients with neuropathic pain
that does not respond to a systemically adminis-
tered opioid. Again, however, no published
data support this approach. Intrathecal cloni-
dine monotherapy has been studied, but the
case material suggests that relatively few pa-
tients maintain long-lasting relief.44,45,47 Given
these limited data, the panel did not recom-
mend the use of intrathecal clonidine or bupi-
vacaine alone.

Line 3 Approach
If a Line 2 drug combination results in inade-

quate analgesia or intolerable side effects, the
clinician may change to an alternative Line 2
combination, or add a third drug as a Line 3
strategy. Thus, on Line 3, both bupivacaine and
clonidine may be added to either morphine or
hydromorphone. If results with the initial Line
3 drug combination are unsatisfactory, another
Line 3 drug combination maybe considered
(i.e., switch to the alternative opioid) before
progressing to Line 4.

Line 4 Approach
Few data are available to guide clinical deci-

sion making if Line 3 drug combinations are
ineffective or tolerated poorly. Line 4 includes
the lipophilic opioids fentanyl and sufentanil,
and the gamma-amino-butyric acid (GABA)
agonists midazolam (GABAA) and baclofen
(GABAB). The initial strategy for the use of
Line 4 agents usually involves a switch from
morphine or hydromorphone (Lines 1–3) to
fentanyl or sufentanil.

Baclofen is a safe, effective, and approved
drug for long-term intraspinal (or oral) admin-
istration to treat spasticity. However, analgesic
data are limited. The evidence in support of
intrathecal baclofen is most clear in those with
pain caused by spasticity, rigidity, or muscle
cramping. The use of intrathecal baclofen as
a primary analgesic in other situations is less
well supported.

Intrathecal fentanyl, sufentanil and midazo-
lam are used in clinical practice despite the lack
of long-term safety and efficacy data. Sufentanil
and fentanyl are potent opioids with an un-
known long-term intrathecal safety and efficacy
profile. Hypothetically, infusion of a highly lipo-
philic drug such as sufentanil could result in
fewer side effects than a hydrophilic agent like
morphine because less drug diffuses to rostral
brain centers. The limited clinical experience
with sufentanil relegates it to occasionaluseafter
fentanyl has been tried without success.

Experience with midazolam is limited to pa-
tients with pain associated with advanced can-
cer. In Europe, midazolam is available as the
preservative-free hydrochloride salt, the formu-
lation that also has been studied preclinically.
A preservative-containing midazolam solution,
such as the formulation that is commercially
available in the United States, should not be
used without rigorous animal toxicity testing
data.
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Line 5 and Line 6 Approaches
Few data and only limited experience support

the long-term intrathecal infusion of drugs
listed on Line 5 (neostigmine, adenosine, and
ketorolac) and Line 6 (ropivacaine, meperi-
dine, gabapentin, buprenorphine, octreotide,
and others). Line 5 agents have been studied
to some degree in preclinical models, including
significant toxicity evaluation; Line 6 drugs have
had little or no preclinical investigation and
minimal to no clinical experience.

Some formulations of meperidine have dem-
onstrated pump compatibility concerns. These
remain to be resolved. The use of other drugs,
such as oxymorphone, methadone and the
NMDA receptor antagonists, has been reported
in small surveys. The use of intraspinal metha-
done raises concerns about toxicity because the
commonly available formulation is a racemic
mixture that contains the non-opioid d-isomer,
which is an NMDA receptor antagonist. Other
NMDA antagonists are clearly neurotoxic in
animal models.49 Given the lack of data, the
use of any drug on Line 5 or Line 6 should be
considered only when severe and disabling pain
is refractory to more conventional treatments.

Ziconotide
Controlled randomized trials have confirmed

the analgesic efficacy of ziconotide. This drug
is undergoing review by the U.S. FDA. If it be-
comes available in the United States and
elsewhere, its position within the algorithm is
likely to evolve as experience in the clinical
setting accumulates. The panel noted that the
extensive preclinical and clinical data obtained
as part of a formal drug development program
exceeds the data available for other drugs used
for intrathecal infusion and will probably lead to
placement of ziconotide on an upper line of
the algorithm, unless accumulating experience
suggests a narrow therapeutic index in practice.

Rationale for Selection of Drug
Dosage and Concentration

Efficacy and toxicity of chronically infused
intrathecal drugs depend upon dosage, concen-
tration, and thus infusion rate. The daily dosage
may account for side effects related to systemic
redistribution, such as sedation, hormone sup-
pression or constipation. Infusion rate and drug
concentration may determine the extent of dis-
tribution within the poorly mixed subarachnoid
space and thus may influence toxicity and effi-
cacy. Preclinical evidence, for example, sug-
gests that local cerebrospinal fluid (CSF)
concentration of opioids at the catheter tip may
be related to changes in the meninges, such as
mast cell degranulation, and the development
of inflammatory masses.6,7

At the Polyanalgesic Consensus Conference
2003, the results of an internet survey of clini-
cians with experience in intrathecal infusion
(see Appendix) was used as reference for
dosing and concentration rationale. The poten-
tial for varied effects from differences in dosage,
infusion rate and concentration has important
implications for the trialing of drugs for in-
trathecal infusion. The panel noted that the
time-consuming strategy of conducting trials
systematically by varying only one parameter at
a time might be best for judging drug effects,
but is impractical in most clinical settings. Stud-
ies could try to establish dose/concentration
guidelines that pertain to all patients, but this
will also be very difficult, particularly given the
number of drugs now in use. It is more likely
that future studies may be able to categorize a
set of “optimal” delivery parameters (e.g., high/
low infusion rate vs. high/low concentration)
associated with different levels of potential risk.

Limited data notwithstanding, the panel per-
ceived a need to develop guidelines for the se-
lection of dosage and drug concentration.
These guidelines, which are detailed below, ad-
vance the use of relatively high flow rates and
relatively low drug concentrations, if possible
and practical (Table 2), because this approach
is likely to minimize the risk of opioid-induced
inflammatory mass formation. To minimize risk
overall, an approach that attempts to identify

Table 2
Recommended Maximum Intrathecal

Dosages and Concentrationsa

Dosage Concentration
Drug (mg/day) (mg/mL)

Morphine 15 30
Hydromorphone 10 30
Bupivacaine 30 38
Clonidine 1.0 2.0
aThese values represent general recommendations and are depen-
dent upon the specific patient and the clinical experience of the
physician; thus, maximum dosage and/or concentration may vary
from these values.
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the minimally effective dose, rate and concen-
tration by gradual titration from low starting
points is preferred.

Morphine
Because the risk of catheter-tip inflamma-

tory mass formation appears to increase with
concentration and dose,6,7,18 the panel recom-
mended that morphine be infused at a maxi-
mum concentration of 30 mg/mL and a
maximum dosage of 15 mg/day whenever possi-
ble. Morphine-induced hyperalgesia, another
dose-dependent effect, also may be reduced
or eliminated if this approach is used.6,7,92 Sur-
veillance for adverse effects should be especially
vigilant at dosages and concentrations above
these limits. Hassenbusch et al. recently pub-
lished consensus recommendations on testing
and surveillance, based on a panel review of
preclinical evidence and human data.8,18

Hydromorphone
Notwithstanding limited animal data that

suggest a lower risk of granuloma formation
from hydromorphone than morphine,8,18 the
panel recommended that hydromorphone be
administered at or below a concentration of 30
mg/mL and a total daily dosage of 10 mg, in
most cases. This maximal dosage of hydromor-
phone is greater than the equianalgesic maxi-
mal dosage for morphine, but is believed to
be safe based on extensive clinical experience.
Indeed, it was noted that some experienced
practitioners deliver as much as 15 mg/day. At
these higher dosages, increased surveillance for
adverse effects is prudent.

Bupivacaine
There have been no preclinical studies de-

signed to assess the maximum safe dose and
concentration of bupivacaine. Several preclini-
cal studies in rats and rabbits have demon-
strated local neurotoxicity,93–95 but another
study in rabbits, and a dog study, have not.96,97

Given the lack of certainty regarding safety, the
panel recommended that the concentration
and dose of bupivacaine be kept as low as possi-
ble to maintain adequate analgesia. Based on
clinical observations, the panel further sug-
gested that the occurrence of hyperalgesia be
considered a potential early sign of neurotoxic-
ity. The recommended dosage range for bupiva-
caine is 2 to 30 mg/day and the maximum
recommended concentration is 38 mg/mL
(3.8%) based on the aqueous solubility limit of
40 mg/mL. This total daily dosage is likely to
preserve lower extremity and bladder function
in most patients. In elderly patients and some
patients with impaired CSF flow due to scar or
other factors, very low doses of bupivacaine
may produce sympathetic blockade, somatic
sensory blockade, and/or motor blockade.
Lower doses may be effective if this occurs. If
function is not a concern, such as may occur
in the setting of advanced illness, higher bupiva-
caine doses may be appropriate.

Clonidine
Based on extensive clinical experience and

the lack of observed neurotoxicity,7 the panel
concluded that the previously recommended1

dosage range for intrathecal clonidine was too
low and that a dosage range of 10 µg to 1,000
µg/day is appropriate, although the risk for
significant side effects is higher in the upper part
of this range. The highest, commercially avail-
able concentration of clonidine is 500 µg/mL,
but it could be used up to 2,000 µg/mL. The
panel further recommended that clonidine
treatment be initiated at relatively low dosages
(most patients at 100 µg/day, and older and
medically frail patients at 10 µg/day) to reduce
the risk of side effects, including hypotension,
sedation, peripheral edema, and cardiac ar-
rhythmias.44,45 The panel noted the potential
for a withdrawal syndrome, with rebound hy-
pertension,44 and recommended that doses
either be tapered prior to discontinuation, or
that systemic clonidine be provided if intrathe-
cal therapy is suddenly discontinued. Moreover,
some noted from their clinical experiences that
the hypotensive side effects of clonidine appear
to be dose-related in an unusual way. Hypoten-
sion is unusual in dosages up to 200 µg/day
and at dosages above 600 µg/day, and is most
pronounced in the range of 200–600 µg/day.

Minimal Evidence Requirements for
the Use of Intrathecal Analgesic Agents

Intrathecal infusion is evolving and it is likely
that efforts will continue to find new agents that
are safe and effective via this route. Most of the
drugs now used are commercially available for
systemic administration and are applied “off
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label” for intraspinal use. In contrast to the
rigorous testing for safety and efficacy required
of new chemical entities, such as ziconotide,
developed specifically for intrathecal adminis-
tration, drugs that are already commercially
available potentially could be administered by
the spinal route with little or no prior eval-
uation. The risks associated with this practice,
including unanticipated neurotoxicity, are sub-
stantial. To reduce this risk, guidelines are
needed that define the minimal evidence of
safety and efficacy that should be required for
a drug to be deemed acceptable for use as an
intraspinal analgesic.

To create these “minimal evidence guide-
lines,” the panel developed specific criteria rel-
evant to safety and efficacy (Table 3). The
ultimate goal of this consensus process was

Table 3
Minimum Evidence Required to Support the
Use of Drugs for Intrathecal Pain Therapy

Weight of
each

Criteria criteriona

I. Preclinical Studies
A. Physicochemical studies

1. Solubility E
2. pH E
3a. Stability at room temperature

1) in solution E
2) in device E

3b. Stabilitiy at body temperature
1) in solution E
2) in device E

4. Compatibility with delivery device E
B. Animal studies

1. Mechanism/site of action D
2. Pharmacokinetics D
3. Toxicity E

a. Side effects
b. Neurotoxicity

4. Efficacy D

II. Clinical Studies (Human)
A. Pharmacokinetics D
B. Side effects E
C. Safety E
D. Existence of FDA labeling (U.S. only) D

1. For intrathecal use
2. For other route of administration

or indication
3. No approval (no FDA labeling)

E. Efficacy studies D
1. Case report
2. Case series
3. Historical case-control
4. Randomized controlled trial

F. Database (registry of patients D
receiving drug, safety)

aE � Essential, D � Desirable.
the creation of a tool that would facilitate the
rating of drugs that are commercially avail-
able for systemic use and are being considered
for neuraxial administration. This tool would
serve as a useful measurement device to both
determine the appropriateness of the agent for
use and clarify its placement within the current
tiers of the drug-selection algorithm.

Criteria for Minimal Evidence Guidelines
The criteria that should be addressed to clar-

ify whether a drug is appropriate for intrathecal
infusion can be divided into preclinical (physi-
cochemical and animal studies) and clinical
(Table 3). These criteria mirror the require-
ments applied to new chemical entities by the
U.S. FDA. The panel endorsed the impor-
tance of all these criteria but also acknowledged
that many of the drugs now included in the
drug selection algorithm have not undergone a
full evaluation. The relatively recent discovery
of the relationship between intrathecal mor-
phine sulfate infusion and catheter-tip inflam-
matory masses demonstrates the risks associated
with taking shortcuts. The panel also noted that
the risk/benefit ratio for off-label use in the
clinical setting varies with the characteristics of
the patient. For example, it may be appropriate
to consider a trial of a drug with insufficient
evidence relevant to some of the major criteria
if a patient has advanced cancer and pain that
has been refractory to all reasonable conserva-
tive measures.

Preclinical Studies
The preclinical evaluation of compounds,

varied concentrations, and different formula-
tions intended for intrathecal delivery is essen-
tial because of the risk of neurotoxicity. As
noted in an editorial by Eisenach and Yaksh,98 a
trial of a drug that has not undergone preclini-
cal testing is unethical unless there is a compel-
ling clinical exigency that shifts the risk/benefit
ratio. Preclinical safety modeling has become
increasingly sophisticated, and is now able to
deliver spinal agents continuously for intervals
of 1–3 months.79 Intraspinal granuloma for-
mation associated with administration of high
concentrations of morphine is an important ex-
ample of cross-species validation that has been
demonstrated in preclinical studies.6,7

The physicochemical properties that should
be assessed include solubility, pH, stability at
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both room temperature and body temperature
(both in solution and in the delivery system),
drug-drug stability, and drug-device compatibil-
ity.40,99 The drug must be obtained from a
source that can confirm its synthesis and formu-
lation using Good Manufacturing Process
(GMP).

Animal studies should provide information
on mechanism of action, site of action, pharma-
cokinetics, toxicity, and efficacy. Animal trials
should be predicated on a strong scientific ra-
tionale, such as the presence of receptors, chan-
nels, or enzymes. When conducting analgesic
efficacy and mechanism-focused studies, vali-
dated preclinical models of pain processing
should be utilized.100 In animal studies, a con-
current spinal pharmacokinetic assessment also
is useful to demonstrate the actual drug ex-
posure experienced in the test spinal cord.101

The animal toxicology studies should include
at least one large animal study using dosages that
mimic those likely to be used in humans, as
well as a maximum dosage and concentration.
The latter study should involve at least three
animals per dosage group and duration of ad-
ministration of at least 30 days.

Ideally, some of the preclinical work would
determine whether safety and efficacy are af-
fected by drug concentration, drug delivery
rate, or even the location of the catheter. The
pharmacology of the drug effect should be con-
firmed with demonstration of dose dependency
and, if possible, with the use of pharmacological
antagonists. This applies to both analgesic and
important non-analgesic effects. The physio-
logic effects produced by intrathecal delivery
in preclinical models should be consistent with
the current understanding of the drug’s mecha-
nisms of action, including the lack of persistent
behavioral or physiological effects that could
suggest the potential for neurotoxicity.

Clinical Studies
Clinical studies are needed to evaluate the

pharmacokinetics of neuraxial delivery, and
both safety and efficacy. Clinical trials vary in
quality and the credibility of the findings is re-
lated to the extent a trial is controlled. In
the absence of blinding and random as-
signment to study and control groups, data re-
lated to subjective effects like analgesia are, at
best, tentative. Other factors that strongly influ-
ence the reliability, validity, and generalizability
of the results include sample size, number of
study centers, inclusion criteria, use of compa-
rator drugs (including the use of active placebos
and controls), tested dose ranges, use of break-
through medications, duration of study, dura-
tion of follow-up, prospective assessment of side
effects, methods for the evaluation of neurotox-
icity, and use of validated measures to assess
outcomes other than pain.5 Approval of a drug
for intraspinal use by a regulatory agency, such
as the FDA, would provide evidence that ade-
quate clinical trials had been performed.

The panel suggested that drug combinations
and admixtures should be subject to the
same criteria for evaluation as single agents
because mixing two “safe” drugs could change
pharmacokinetics, safety, efficacy, drug stabil-
ity, and drug-device compatibility. Because it is
not practical to test every possible combination
or drug:drug ratio, the preferred approach
would be evaluation of combinations at the
maximum dosages/concentrations of each con-
stituent prior to clinical use. The use of a combi-
nation would be reasonable if this type of study
generated no negative data and all appropriate
stability and compatibility studies had been
performed.

The panel recognized that it might occasion-
ally be appropriate for physicians to clinically
use drug combinations that lack minimum evi-
dence criteria as long as three conditions were
satisfied: 1) each drug separately met suitable
minimum evidence criteria, 2) the drugs were
stable when combined in solution, and 3) a few
published case studies revealed the efficacy and
safety of the combination.

Proposed Rating System for Available Drugs
Ideally, each drug proposed for intrathecal

infusion would have detailed data pertaining to
each of the preclinical and clinical criteria. This
is not the case for most drugs now in use, how-
ever, and the panel discussed a process for
categorizing the existing data in a way that sum-
marizes the evidence. The panel endorsed an
approach in which the preclinical and clinical
criteria would be broadly rated based on the
availability and quality of supporting evi-
dence: no data, rating � 0; minimal quantity
or quality (marginal evidence to support drug
use), rating � 1; moderate quantity or quality
of data (the level at which the data are sufficient
to support the use of that agent), rating � 2;
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and excellent quality and quantity of data,
rating � 3. The rating would be based on a
review of the available evidence. One proposed
approach for use with the clinical criteria, for
example, linked the numeric rating with dis-
tinct categories of evidence, specifically multiple
randomized clinical trials, single randomized
trial or nonrandomized studies, or consensus
opinion of experts.

If this type of rating system were developed
and validated, it would allow more systematic
placement of drugs into the tiers of the drug
selection algorithm (Fig. 1). For example, Line
1 would be composed of drugs that are felt
to be safe and efficacious, and acceptable for
routine clinical use. These drugs would have
a rating of 2 or 3 in most categories listed in
Table 3. Line 2 would have drugs that probably
are safe and efficacious, but should be used
with caution. These drugs should have at least
a 1 or 2 rating in each category. Line 3 drugs
may be safe for clinical use but should be used
with significant caution and not as first- or
second-line agents. In this rating system, there
would be a rating of 1 or 2 for the majority of
categories but there may be a 0 rating for iso-
lated categories if the bulk of evidence other-
wise supports clinical use of the drug. Line
4 would list drugs whose safety and efficacy
have not been demonstrated satisfactorily and
should be used only in a research setting or
with caution in very limited clinical settings.
For these drugs, there would be a 0 or 1 rating
for the majority of categories.

The panel believes that this type of strategy
would represent a significant advance andwould
likely increase the overall safety of intrathecal
therapy. Further research will serve to refine
and verify this model.

Essential, Desirable, Helpful Qualities
In the absence of studies that would substanti-

ate a rating approach to minimal evidence
guidelines, the panel proposed a simpler classi-
fication of the criteria that could be applied
immediately. Specifically, some of the criteria
that should be addressed to clarify whether
a drug is appropriate for intrathecal infusion
should be classified as essential (E) or core,
others may be designated as desirable (D), and
several could be described as helpful but not
essential (N) (Table 3). The criteria considered
essential for a new agent include most of the
preclinical physicochemical studies and animal
studies involving toxicity, including neurotoxic-
ity and the potential for severe adverse effects
(e.g., those affecting the nervous, cardiac, or
pulmonary systems). All on the panel supported
the need for at least one toxicity study in large
animals. Other animal studies were considered
desirable, but not essential.

For the clinical studies, the criteria consid-
ered essential related to safety and tolerability.
Both pharmacokinetics and efficacy were con-
sidered desirable but not essential. Valid effi-
cacy data was classified as desirable but not
essential to allow a patient with intractable pain
who had failed numerous drug trials to be
given a promising new agent that had been
shown to be safe in high-quality animal studies
and in human Phase I studies.

Widespread clinical use can obviate the need
for these essential criteria, but only within the
dosage and concentration parameters for which
the existing literature indicates safety. Regula-
tory agency approval for intrathecal use im-
plies that all of the essential data have been
collected, independently reviewed, and deter-
mined to be acceptable.

Issues in Compounding
Preservative-free morphine sulfate sterile so-

lution (Infumorph�, Baxter; Astramorph�, As-
traZeneca) is the only drug currently approved
in the United States for the intrathecal treat-
ment of pain. Therapy with morphine at con-
centrations above 25 mg/mL, other drugs and
combinations of drugs usually require com-
pounded formulations.

Compounding requires extremely clean facil-
ities with high air quality standards, specific
training and testing of personnel in aseptic
principles and practices, and sound knowledge
of sterilization and solution stability princi-
ples.102 Incorrectly prepared or contaminated
compounded sterile products are especially
dangerous when the product is to be ad-
ministered directly to the central nervous
system.103,104

The United States Pharmacopoeia (USP)
and the American Society of Health System
Pharmacists (ASHP) have issued standards on
compounded sterile products that have practi-
cal and legal significance.102,105 These standards
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apply to the compounding of solutions for neu-
raxial administration. For the purposes of
applying USP Chapter �797�, a compounded
sterile product includes preparations pre-
pared according to the manufacturer’s labeled
instructions and other manipulations when pre-
paring sterile products that expose the original
contents to potential contamination, as well as
preparations that contain non-sterile ingredi-
ents or employ non-sterile components and de-
vices that must be sterilized before use. For
the purposes of applying the ASHP guidelines,
compounding is defined as mixing of ingredi-
ents to prepare a medication for patient use,
including dilution, admixture, repackaging,
reconstitution, and other manipulations of ster-
ile products.

According to these standards, all com-
pounded sterile, preservative-free preparations
administered via an intrathecal delivery system
are classified as at least Level 2 (Medium
Risk), and many are classified as Level 3 (High
Risk) preparations. Preparation of a sterile solu-
tion from a non-sterile powder would be consid-
ered Level 3.102,105

USP �797� came into effect in January 2004,
and the impact on compounding practice is
not yet clear. State boards of pharmacy have
primary responsibility for enforcing the USP
standards, at their discretion. However, the FDA
may take enforcement action where they be-
lieve the compounding pharmacy is engaged
in drug manufacturing.

Considerations for Compounded Formulations
for Intraspinal Pumps

In addition to the USP and ASHP sterile
compounding recommendations, many consi-
derations relevant to use of commercial formu-
lations labeled for systemic (e.g., intravenous,
oral) delivery are also applicable to com-
pounded formulations intended for use in in-
traspinal pumps. These include the following:

(1) Avoiding preservatives, antioxidants and
solubility enhancers, as they may be neu-
rotoxic and/or may be incompatible
with the delivery system.

(2) Using buffers that are compatible with
the delivery system. Acetate buffers are
not compatible with the SynchroMed in-
fusion system.
(3) Using a pH that is physiologically appro-
priate and is consistent with the drug
solubility and delivery system, generally
in the range of pH 4–8. For example,
morphine and hydromorphone are most
stable at lower pH (4–5), but a pH lower
than 4 may degrade certain delivery
system components.

(4) Using solutions that are, ideally, isotonic
with normal CSF (approximately 300
mOsm/L). Because the relatively poor
mixing of the CSF compartment can
result in relatively prolonged exposure
of spinal tissues adjacent to the tip of
the catheter, solutions that are close to
isotonic are preferred. The osmotic
contribution of each analgesic and each
excipient, such as sodium chloride or
buffer ions, should be considered. Ste-
rile water for injection may be a better
diluent than sterile saline to achieve
appropriate tonicity for solutions that
contain multiple drug components or
drug(s) at high concentration.

(5) Preparing the solution in a manner that
does not alter the solubility of the con-
stituents. The solubility of one agent may
be affected by the presence of another.
The order in which powdered compo-
nents are dissolved, the choice of dilu-
ent, and the pH of the solution can all
affect solubility. Solubility enhancers
should be avoided, as they may be neuro-
toxic or incompatible with the delivery
system.106

(6) Verifying the chemical and physical sta-
bility of the preparation under relevant
conditions in accordance with the USP
and ASHP publications. Stability infor-
mation on the most common formula-
tions may be found in the published
literature.

(7) Verifying the sterility of the preparation
in accordance with the USP and ASHP
publications.

(8) Ensuring appropriate control of bacte-
rial endotoxins (pyrogens). Bacterial en-
dotoxins are a safety concern, even for
a product that is terminally sterilized,
because sterilization does not remove
endotoxins. Endotoxin-contaminated
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intrathecal preparations can induce
aseptic meningitis.106 Validated bacterial
endotoxin test methods for specific and
commonly compounded analgesic prep-
arations are reported in the literature.106

Conclusions
The goals of the expert panel participating at

the Polyanalgesic Consensus Conference 2003
included a review of recent literature, revision
of the algorithm for drug selection developed
in 2000, development of guidelines for optimiz-
ing drug concentration and dosage, creation
of a process for documenting the minimum
evidence needed to support the use of a drug
in neuraxial infusion, and clarification of the
issues pertaining to compounding of drugs.
The challenge in meeting these expansive
goals largely related to the combination of lim-
ited evidence and diversity in clinical experi-
ence. Nonetheless, a “best evidence” approach
led to consensus in each of these areas. This
material and the conclusions it generated
should be further refined as knowledge accu-
mulates and clinical experience with intraspinal
therapy grows. Although the data pertaining
to this therapy are still limited, the guidelines
developed by the expert panel are conservative
and likely to improve the safety of intrathecal
infusion if followed by clinicians. The issues
discussed underscore the compelling need for
further preclinical and clinical research.
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Appendix
Dosing and Concentration Survey Among
Experienced Physicians

An internet survey was conducted among a
small group of highly-experienced physicians
regarding dosing and concentrations of vari-
ous intrathecal drugs infused long-term to
control pain. The aim was to characterize the
practices of experienced clinicians.

Survey Methodology
Invitations to participate in the survey were

e-mailed to 345 physicians considered to be
leaders in the field of pain management. In
order to qualify for participation in the study,
physicians were required to have implanted in-
trathecal pumps for pain management for at
least 3 years, to have implanted at least six
pumps for pain medications during the 12
months preceding the survey, and to have been
treating at least 20 pain patients with implanted
pumps at the time of the survey. Only 40 physi-
cians (12%), nine of whom were co-authors of
this article, completed the survey. Because the
number of physicians answering questions
about a particular drug or drug combination
for a certain type of patient was even smaller
(often less than 10), the results are not statisti-
cally reliable, but the data do provide an initial
overview of current practice among experi-
enced clinicians.

Survey Findings
The 40 responding physicians had a mean

(median) number of years in practice of 11 (8).
The mean number of years of implanting in-
trathecal medication pumps was 9 (range, 4-
18; median, 8 years) and the mean (median)
number of pumps implanted in the past year
was 17 (12). At the time of the survey, the mean
(median) number of patients (managed by the
physician group) with implanted medication
pumps was 49 (47), and the mean percent of pa-
tients with implanted pumps who had cancer
pain was 19%. The distribution of specialties
was as follows: anesthesiology, 78%, neurosur-
gery, 10%, and other, 12%.

When questioned about the use of drugs and
drug combinations to treat pain, physicians in-
dicated that they used morphine most often,
alone and in combination with other drugs.
Hydromorphone was used by almost as many
physicians, alone and in combination, but on
fewer patients. Fentanyl was used much less
often, and sufentanil was rarely used. A con-
sistent trend was the wide variations in
concentrations and daily dosages administered
of morphine alone, hydromorphone alone,
and fentanyl alone. Physicians often adjusted
the dosages of drugs or drug combinations by
a fixed percentage at each adjustment, most
often between 10% and 20%, whether increas-
ing or decreasing the dosage. Physicians made
an average of five to eight adjustments to a
dosage before switching to a different drug
or drug combination. Physicians seemed willing
to try more dosage adjustments for morphine
and hydromorphone and combinations con-
taining these agents than for fentanyl or su-
fentanil or combinations containing these
agents, and they usually kept patients on a drug
or drug combination for 1 to 2 weeks for non-
cancer pain before making a dosage adjust-
ment. They allowed more time at a given dosage
for morphine and hydromorphone or combina-
tions containing these drugs than for fentanyl
or sufentanil or combinations containing these
drugs. Approximately one-half of their non-
cancer patients treated with each drug or drug
combination responded well to it and experi-
enced a sustained response for at least 6
months. Approximately one-half of the respon-
dents’ patients who began on single drug ther-
apy eventually received polytherapy.
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