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Although the use of opioids for intrathecal
anesthesia was first reported in 1901 by Brill and

colleagues [1], it was not until 25 years ago that
the first report of selective blockade of pain by
spinal opioids was described by Behar and col-

leagues [1]. Since its beginning, the promise of
selective analgesics derived from intraspinal ad-
ministration has generated much development in
the field of pain management. In fact, many

anesthesiologists who had previously relegated
themselves to the confines of the operating room
discovered that their needles and catheters could

reach even beyond the inpatient wards, affording
patients outside the hospital the opportunity to
receive neuraxial drugs.

The advent of intraspinal analgesia coincided
with the increasing demand for pain management,
improved quality of life, and palliative care
concerns that have directed large sums of health

care dollars over the last quarter century.
President Ronald Reagan inadvertently pro-

moted an increase in intrathecal awareness when

he received an epidural opioid analgesia for his
colectomy in 1985, elevating spinally active med-
ications from merely a curiosity within pain

management all the way up to the forefront of
accepted pain practice [2].

As with many new discoveries in science, the

much sought-after ‘‘promise of cure’’ was not
delivered. However, this understandable ‘‘quick
fix’’ aspiration of suffering patients sparked a new
research frontier in the rapidly evolving field of

pain management. The continuous dedication of
basic science research has increasingly broadened
our thinking and knowledge about the neurophys-
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iology of pain. Sophisticated understanding of the

types of receptors and medications that might have
an effect at the dorsal horn of the spinal cord have
inspired new uses for old drugs and have promoted

new drug development. The Neurosurgery Clinics
of North America have provided a continuing series
of empirical trials of different drugs with a re-

curring theme of help and hope that is combined
with undesirable, limiting effects. The goal of this
article is to report on the current state of spinal

analgesic chemotherapy as it is now known [3].

The scientific basis for spinal analgesic therapy

Small quantities of opiate injected intrathecally
produce segmental analgesia [4]. It was this

observation that led to the clinical use of spinal
opiates during surgical procedures and the relief
of postoperative and chronic pain [5]. As with

local anesthesia, analgesia begins in the sensory
nerves that enter the spinal cord dorsal horn near
the area of injection. Presynaptic opioid receptors
inhibit the release of substance P and other

neurotransmitters from primary afferents, while
postsynaptic opioid receptors decrease the activity
of certain dorsal horn neurons in the spinothala-

mic tracts. Opioids will not affect conduction in
sensory, motor, and autonomic nerves, so blood
pressure, motor function, and nonnociceptive

sensory perception are not affected by the spinal
opiates.

Published experience of spinal analgesia

For years the discussion of chronic pain acute

pain and a pain continuum has been considered as
a dichotomy. The recognition that acute post-
operative and posttraumatic pain was generally

safe to palliate given that the underlying pathology
ghts reserved.
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was going to undergo a natural healing process
was well accepted. This awareness was one of the
principle determinants of recent changes within

hospitals and health care systems to adopt pain as
the ‘‘fifth vital sign,’’ recently introduced by the
Joint Commission on the Accreditation of Health-
care Organizations. Cancer pain is also widely

accepted as a primary target for palliative analge-
sic use. Following acute pain, cancer pain man-
agement has received much of the focus of

medication use and development in recent years.
Although acute pain and cancer pain management
differ considerably in terms of the underlying

pathophysiologic process, the moral imperatives
to deliver pain relief and the relatively short
duration of therapy align the two. Consequently,
much of the work that has been done on analgesic

drug development in acute pain is directly trans-
lated to cancer pain and vice versa.

The use of analgesics in chronic noncancer

pain, however, has been subject to much more
rigorous debate. Chronic pain does not share the
same time course, and the cultural and social

factors that envelop chronic pain sufferers seem to
suggest a much more complicated moral dilemma
when applying the concepts of palliation to

potentially productive members of society. For
this reason, the authors do not promote the
adoption of acute and cancer pain data to the
use of analgesic agents in chronic noncancer pain.

Although the moral imperative is clearly great to
treat the suffering of these patients, the clinical
date would suggest that the best outcome is

actually achieved with interdisciplinary ap-
proaches to chronic pain rather than spinal
analgesic therapies. Nevertheless, within the con-

struct of an interdisciplinary treatment program,
we do advocate the consideration of analgesic
therapy and specifically intraspinal analgesics.

Our recommendations are that intraspinal

analgesics should be used when a specific goal of
analgesic treatment has not been achieved
through the application of usual oral medications

and the intraspinal drug has been proven in a trial
period to provide unique efficacy to the patient in
achieving the goals set by both the treating

physician and the patient. For this reason, we
present some information that is derived from
acute and cancer pain applications of intraspinal

medication use, because it may be applicable to
the use of these agents in the chronic setting. We
must add, however, that we do not recommend
the use of intraspinal medications in chronic

noncancer pain outside of a multidisciplinary pain
program. Although the unique efficacy of intra-
spinal chemotherapy makes it tempting to direct
as a sole therapy, evidence of benefit in chronic

pain falls well short of that demonstrated for
multidisciplinary treatment. For the remainder of
this article, the term chronic pain will specifically
refer to chronic noncancer pain.

Transition in goals

When considering any analgesic drug for use in

chronic pain, we promote the consideration of
three primary points: (1) desired drug effects, (2)
undesired drug effects, and (3) medication-related

toxicity.
Desired medication effects can be easily de-

scribed as analgesic endpoints. However, more
careful review of that goal would render this

description incomplete. The possibility of achiev-
ing desired pain relief but with associated un-
desired effects is the rule rather than the

exception. We heave also noted that the measure-
ment of pain or pain relief does not provide
a consistent change as these therapies are em-

ployed over time. We therefore have advocated
the use of an activity-based paradigm that allows
the incorporation of desired and undesired defects

to produce a single measure that can be individ-
ually determined and then followed for each
patient or medication trial.

This paradigm relies on the awareness that the

problem of chronic pain is not strictly the pain but
also its impact on a patient’s quality of life. The
cumulative effects of pain on an individual’s

function, productivity, and performance provide
most of the tangible loss. The use of therapy to
help a patient recoup this loss appears to be a very

predictive measure. Therefore, we have developed
a trial methodology incorporating the use of
intraspinal drugs in which patients identify func-
tional end points and activities that are important

to improve their quality of life, and goals are set
for achieving these improvements as a basis for
determining efficacy of a given medication or

dose. We have developed a goal-setting form for
our patients that identifies activity changes in
vocational, social, or recreational areas of a pa-

tient’s life that can be monitored and associated
with various medication use.

We recommend that all intraspinal drug trials

use such an activity-based paradigm to allow clear
objective benefits to be determined and docu-
mented to support the therapy and justify the
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continued use. If a patient does not yet have an
implanted device in place, we recommend that
a temporary intraspinal catheter be used with
individual or combination intraspinal chemother-

apy to determine the optimal combination and
dose for the patient. We use goal achievement as
demonstrated on the activity-monitoring form to

make a final determination for permanent pump
implantation. We recommend this trial method-
ology as creating a much more predictable re-

sponse to permanent pump implantation. We
have achieved much greater levels of patient
satisfaction and reproducible benefit from evalu-

ating our implantable therapies in this way.

Available drugs

A wide range of opioids have been studied
intraspinally. Fentanyl, sufentanil, and meperi-

dine have been studied intraspinally and are
routinely used. Other opioids that have been
studied are buprenorphine, diamorphine, sufenta-

nil, alfentanil, lofentanil, butophanol, hydormor-
phone, nalbuphine, methadone, nicomorphine,
pentazocine, phenoperidine, meptazinol, and tra-
madol. At this time, there is a general lack of

comparative data for these drugs. The major
difference between the various opioids intraspi-
nally is latency of onset, duration of analgesia,

and adverse effects. The quality of analgesia
appears to be similar for all drugs [6].

Pharmacokinetic pharmacodynamic

considerations

As with systemic analgesic therapies, the iden-
tification of the site of action, drug delivery to that

site, and the consequences of the drug activity at
the site are determined by pharmacokinetics and
pharmacodynamics of the drugs within the body.
Early investigation of kinetic contributions with

varying opioid analgesics has suggested that
a drug’s lipid solubility might influence the
distribution. However, further investigation of

this novel delivery system has suggested that there
is quite rapid distribution of drugs regardless of
water/lipid solubility. Although the optimal site of

catheter placement relative to opioid effect is still
unclear, experience with intraspinally adminis-
tered local anesthetics suggests that placing the

catheter tip in the proximity of the predictably
involved dorsal horn segments of the spinal cord
is a desirable technique [7].
Single agent therapy

Opioids

Desired effects
Morphine is generally considered by the re-

search community and most pain specialists as the
gold standard by which other opioids are com-
pared. Although doses of morphine used have
varied widely, the recommended beginning dose is

approximately 0.02 to 0.05 mg/h of intraspinal
morphine in opioid naıı̈ve patients to assess
efficacy. If a bolus is to be used, we recommend

that the bolus be limited to 0.5 mg to avoid
limiting undesired effects.

Undesired effects

Intraspinal morphine has been reported to
cause nausea, vomiting, sedation, pruritis, and
urinary retention, as well as dose-related respira-

tory depression. These undesirable consequences
of medication use can be effectively measured as
an integrated part of therapy by using a goal-
setting paradigm such as that introduced above. If

the undesired effects limit the performance of
a pre-established goal, we recommend changing
to a different opioid to determine if the undesired

effect may be more specific to morphine than
spinal opioids per se. Our recommended drug
rotation trials for intraspinal use would include

morphine, hydromorphone, and fentanyl.

Toxicity
Intraspinal morphine therapy appears to be

safe to the neuraxis when delivered in doses of up
to 15 mg/d. Doses of morphine above this level
have been associated with ventral root responses.
These responses uniformly limit the therapy due

to tonic muscle movement that occur unpredict-
ably and uncontrollably [7].

Combination agent therapy

A recent review of intraspinally administered
medications by Walker and colleagues provided

a review of the evidence to support various
analgesic combinations. The summary that fol-
lows draws on that evidence.

Opioid and clonidine

Desired effects
Clonidine is an alpha-2-adrenergic agonist that

has been used in the treatment of neuropathic

cancer pain. In addition, intrathecal opioids and
clonidine have also been used successfully in the
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management of intractable spasticity [8,9]. It
releases acetylcholine intrathecally, and this may
be its mechanism of action. When used in

combination with an opioid, clonidine allows for
an additive decrease in the opioid requirements.
The intrathecal dose is commonly 50 to 300 lg/d.
Clonidine dosing should be gradually escalated

and titrated for each patient to avoid the side
effects of hypotension and, more commonly,
sedation.

Undesired effects
Clonidine’s undesired effects include hypoten-

sion and bradycardia. For this reason, we recom-

mend gradual introduction of the medication in
patients who are supervised in a hospital setting.
With the initial introduction of 1 to 2 lg/h by

infusion using an externalized pump or indepen-
dently adjustable delivery mechanism.

Toxicity

Toxicity presents as indirectly related to hypo-
tension.

Opioid and baclofen

Desired effects
Intrathecal baclofen is now a recognized and

well-accepted treatment for the management of
severe spasticity, often in association with trau-

matic spinal cord lesions, cerebral palsy, and
multiple sclerosis. Baclofen is a specific c-amino-
butyric acid B receptor agonist. It opens potas-

sium channels and restricts calcium influx into
the presynaptic nerve terminal, thereby reducing
the release of presynaptic transmitters. This is how

it suppresses the release of excitatory neurotrans-
mitters involved in monosynaptic and polysynap-
tic reflexes. In addition, it inhibits synaptic

transmission by blocking presynaptic release of
neurotransmitters [10,11]. Thus, it hyperpolarizes
neurons and mimics the inhibitory effect of c-
aminobutyric acid on the spinal interneurons.

Baclofen is thought to have a possible analgesic
effect in addition to its antispasmodic effect.
Baclofen can be administered orally, but the side

effects are often prohibitive; therefore, we often
use it intrathecally. Penn and Kroin [12] first
proposed direct intrathecal administration of

baclofen to avoid some of the pitfalls associated
with oral dosing. Since that time, several studies
have confirmed baclofen’s relative safety and

efficacy intrathecally [13,14]. Dosing is usually 30
to 400 lg/d. Maintenance dosage for long-term
continuous infusion of baclofen has ranged from
22 to 1400 lg/d with most patients adequately
maintained on 90 to 703 lg/d.

Undesired effects

Some undesired effects include pruritus with-
out rash, hypotension, paresthesias, fever, and
altered mental state. Often some of these effects

can be symptoms of underdose. Withdrawal can
be a life-threatening situation [15].

Toxicity

With the increase in intrathecal baclofen use,
several instances of overdose have been reported
[16–19]. Symptoms of baclofen overdose include

drowsiness, lightheadedness, dizziness, somno-
lence, respiratory depression, seizures, rostral
progression of hypotonia, and loss of conscious-
ness progressing to coma. In most cases reported,

coma was reversible without adverse sequelae
after the drug was discontinued. There is no
specific antagonist, and treatment is initially

supportive. Physostigmine may be helpful in re-
versing respiratory depresssion. The action of
physostigmine is unknown. One technique for

overdose management involves aspiration of ce-
rebrospinal fluid to decrease the intrathecal ba-
clofen dose [20].

Opioid and local anesthestic

Desired effects
Morphine is often used in combination with

bupivacaine because these two agents can act

synergistically through different spinal mecha-
nisms. In addition, local anesthetics can be added
to morphine when pain is refractory to the single-

agent narcotic [10]. When one adds bupivacaine to
the intrathecal mixture, the morphine dose can be
lowered. Additionally, the treatment efficacy of

the refractory cancer pain is increased. This was
shown in a study by Sjoberg and colleagues [21].
In this same study, they demonstrated that
bupivacaine has a predilection for unmyelinated

axons, which help control neuropathic pain that
cannot be relieved by morphine alone. Acceptable
pain relief was achieved with doses of intrathecal

bupivacaine of less than 30 mg/d.
Bupivacaine inhibits sodium, calcium, and

potassium channels. Bupivacaine is more effective

at the cell bodies than at the axons. It can inhibit
sympathetic, sensory, and motor neurons. Local
anesthetics are neurotoxic and myotoxic, so it is

important to dilute the cerebrospinal fluid when
using local anesthetics. Bupivacaine can be used up
to 4%. We recommend starting at approximately
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3 mg/d; if the patient is elderly, start at 1 mg/d.
The accepted limits are 10 mg/d [22].

Undesired effects
Adverse effects of bupivicaine include pares-

thesias, motor and impairment secondary to loss

of sensation, and loss of proprioception, in
addition to autonomic effects from the blockade
of sympathetic and parasympathetic activity. All

of these effects were found to occur with doses of
more than 60 mg/d [22].

Toxicity
See Drasner for toxicity of local anesthetics.

See Cousins and Bridengaugh [5] for information

on bupivcaine-induced cardiotoxicity.

Opioid and N-methyl-D-aspartate antagonists

Desired effects
Ketamine is a phencyclidine derivative with

analgesic properties that are believed to be medi-

ated by different mechanisms. Postulated mecha-
nisms by which ketamine analgesia might be
mediated include both central and peripheral sites

of action. Ketamine binds to opioid receptors, but
a significant contribution to its analgesic efficacy
may come from interaction with cholinergic,
adrenergic, and serotonin systems.

Evidence from animal and human studies in-
dicates that ketamine produces sensory and motor
block when injected intrathecally [23,24]. As noted

in animal models of protracted inflammatory pain,
the initial pain is not attenuated by intrathecal N-
methyl-D-aspartate (NMDA) antagonists like ket-

amine, but delayed pain is substantially reduced
when an NMDA antagonist such as ketamine is
administered before the initial pain stimulus.

Numerous studies performed at the level of the
spinal cord have shown that NMDA receptor
activation plays a role in the transmission of
nociceptive information. Consequently, blockade

of the NMDA receptor elicits antiniciception in
various models of persistent pain.

There are some reports on the interactions of

NMDA antagonists with opioids or with cloni-
dine at the spinal level. Few articles have been
published on how the interactions of ketamine

and morphine after intrathecal administration
affect analgesic properties.

Some present work shows that NMDA re-

ceptor antagonists do not produce a behaviorally
defined analgesia until doses are used that result in
evident motor dysfunction, typically flaccidity.
Toxicity
Large doses of intrathecal ketamine may have

neurotoxic potential in humans. Use of this agent
alone or in combination is best accomplished in

the course of clinical research.

Opioid and neostigmine

Desired effects

Intrathecal neostigmine, a cholinesterase in-
hibitor, produces antinociception in humans [25].
The combination of intrathecal neostigmine and
morphine is believed to produce better analgesia

with fewer side effects than the equianalgesic
doses of each drug given separately. Neostigmine
at 0.3, 0.6, and 5 lg all reduced pain behaviors

[26]. Controlled trials of intrathecal clonidine
administration over extended periods have not
yet been conducted [27].

Local anesthetic and neostigmine

Desired effects. Intrathecal neostigmine can di-
rectly stimulate preganglionic sympathetic neu-

rons in the spinal cord and can counteract the
hypotension induced by the intrathecal local
anesthetic [28]. A combination of neostigmine

and local anesthestics may prove to be a combi-
nation that provides good hemodynamic stability
compared with other combinations [29]. Still, a lot

is unknown at this time about the role of spinal
neostigmine in pain management.

Undesired effects
In one study, one of the major side effects of

intrathecal neostigmine included nausea [27].

Clonidine and neostigmine

Desired effects. Studies have shown that intrathe-
cal administration of neostigmine alone has no
analgesic action but reduces the effective dose of
intrathecal sufentanil when used in combination

[27].

Undesired effects
Common reactions to neostigmine include

hypersalivation, fasciculation, abdominal bloating
and cramps, diarrhea, flatulence, dypepsia, head-
ache, and dizziness [30].

Toxicity
Overdosage of neostigmine can cause cholin-

ergic crisis, which is characterized by increasing
muscle weakness, and can lead to involvement of

the muscles of respiration. Atropine may be used
to abolish or minimize gastrointestinal side effects
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or other muscarinic reactions; care should be
taken not to mask signs of overdosage, which
could lead to cholinergic crisis.

Midazolam

Desired effects. Benzodiazepines were first intro-

duced for the treatment of anxiety. In addition,
they are used for their antianxiety and muscle
relaxant properties. Intrathecal injections of the

benzodiazepine midazolam have been reported to
cause antinociception and potentiate the effects of
opioid analgesia. It has been concluded that 2 mg

of midazolam intrathecally improves the quality
and duration of postoperative pain relief provided
by the intrathecal route [31].

Undesired effects
Agitation, involuntary movements, combative-

ness, and hyperactivity are some of the undesired

effects of midazolam.

Toxicity

Respiratory depression and arrest can occur,
especially when used in uncontrolled settings.
Intrathecally administered midazolam at doses

larger than 100 lg/d for 20 days could cause
damage to the spinal cord [32].

Droperidol

Desired effects. Evidence from randomized clini-
cal trials shows that adding droperidol to in-

trathecal morphine allows for a reduced incidence
of nausea and vomiting. There was also decreased
pruritus and hypotension compared with the

administration of intrathecal morphine alone.

Undesired effects

Undesired effects include drowsiness, tachycar-
dia, hypotension, dizziness, chills, and dystonic
reactions. Akathisias, hallucinations, and anxiety

are also possible [30].

Toxicity

Serious reactions include arrhythmias, tardive
dyskinesia, severe hypotension, bronchospasm,
laryngospasm, oculogyric crisis, QT prolongation,

and delirium. Torsades de Pointes and neuroleptic
malignant syndrome are also potential undesired
effects [30].
Experimental drugs

Ziconotide

Desired effects
Ziconotide is a selective N-type calcium chan-

nel blocker that has been shown to produce
analgesia for pain secondary to cancer or AIDS
[33]. Ziconotide has also been shown to be
efficacious in the treatment of spasticity following

spinal cord injury [34]. Some initial reports have
shown analgesic efficacy of ziconotide when used
intrathecally for cancer and AIDS patients [35].

Ziconotide may be effective in patients who have
pain refractory to opioid therapy or for patients
who cannot tolerate the side effects of opioids [33].

In case report studies, it appears that doses of 0.4
lg/h should be the starting infusion rate. This
dose can be titrated upward according to side
effects. Most recently, Staats and colleagues [33]

conducted a randomized controlled trial with
intrathecal ziconotide that showed clinically sig-
nificant analgesia in patients who had pain

secondary to cancer or AIDS.

Undesired effects
Calcium channels are distributed widely

throughout the body, and diverse effects are

expected when calcium channel blockers are
administered. Adverse effects have been reported
with ziconotide, but these tend to be easily

managed through dose reduction or symptomatic
treatment. Many symptoms were cerebellar in
origin, including dysmetria and nystagmus. Other
side effects included sedation, confusion, visual

and auditory hallucinations, nausea, and diarrhea
[35].

Neurotrophin-3 antisense oligonucleotide

When introduced intrathecally, neurotrophin-3

antisense oligonucleotide attenuates nerve injury–
induced allodynia [27]. Intrathecal administration
of 50 lM of neurotrophin-3 significantly attenu-

ates allodynia [27]. Use of this agent alone or in
combination is best accomplished in the course of
clinical research.

GDNF

Glial-derived neurotrophic factor (GDNF) has

receptors that are expressed by one subtype of
dorsal root ganglion cells. Intrathecal administra-
tion of GDNF is capable of reducing ectopic

discharges within sensory neurons. It has also
been shown to reduce mechanical and thermal
hyperalgesia following ligation of the sciatic
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nerve. Although GDNF needs further investiga-
tion, it holds promise for future combination
intraspinal therapy [10,36]. Use of this agent alone
or in combination is best accomplished in the

course of clinical research.
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