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Summary

Although its exact mode of action is not known, gabapentin appears to have a unique effect on
voltage-dependent calcium ion channels at the postsynaptic dorsal horns and may, therefore,
interrupt the series of events that possibly leads to the experience of a neuropathic pain sensation.
Gabapentin is especially effective at relieving allodynia and hyperalgesia in animal models. It has
been shown to be efficacious in numerous small clinical studies and case reports in a wide variety of
pain syndromes. Gabapentin has been clearly demonstrated to be effective for the treatment of
neuropathic pain in diabetic neuropathy and postherpetic neuralgia. This evidence, combined with
its favourable side-effect profile in various patient groups (including the elderly) and lack of drug
interactions, makes it an attractive agent. Therefore, gabapentin should be considered an important

drug in the management of neuropathic pain syndromes.
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Gabapentin [1-(aminomethyl)cyclohexane acetic acid]
is a novel anti-epileptic agent, originally developed as a
gamma-aminobutyric acid (GABA)-mimetic compound
to treat spasticity, and has been shown to have potent
anticonvulsive effects [1, 2]. Initially approved only for
use in partial seizures, it soon showed promise in the
treatment of chronic pain syndromes, especially neuro-
pathic pain.

The aims of this article are to review the pharmacology
of gabapentin and its use in pain management.

Chemistry

Gabapentin, a structural analogue of GABA, is a water-
soluble, bitter-tasting, white crystalline substance with a
structure resembling GABA with a cyclohexane ring
incorporated (Fig. 1).

Its molecular weight is 171.34, and at physiological pH
it is highly charged, existing as a zwitterion with two pK,
values of 3.68 and 10.70 [3]. It is assayed in plasma and
urine using gas chromatography [4] and high-performance
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liquid chromatography [5]. Although it is stable at room
temperature, a small amount of lactam formation occurs in
aqueous solutions, and this is minimised at a pH of 6.0.

Pharmacokinetics

Gabapentin, available only as oral preparations, is
absorbed in the small intestine by a combination of
diffusion and facilitated transport. Its transport from the
gut following oral administration is facilitated by its
binding to an, as yet unidentified, receptor linked to a
saturable T-amino acid transport mechanism [6]. As this
carrier-dependent transport is saturable, the bioavailability
of gabapentin varies inversely with dose. The bioavail-
ability of a 300-mg dose is = 60% [7], whereas that of a
600-mg dose is ~40% [8], and this decreases to ~35%
at steady state with doses of 1600 mg three times daily
[9]. Peak plasma levels (C,..) of gabapentin of 2.7—
2.99 mgl™" are achieved 3-3.2 h after ingestion of a
single 300-mg capsule [7, 10]. As a result of the dose-
dependent saturable absorption of gabapentin, C,.
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Figure 1 Structure of gabapentin.

increases less than threefold when the dose is tripled from
300 to 900 mg [9].

Its extensive distribution is reflected in a volume of
distribution of & 0.6-0.8 1.kg ™" [7, 9]. Cerebrospinal fluid
(CSF) concentrations are 20% of plasma concentrations
[11] and have been estimated at between 0.09 and
0.14 pg.ml™' [12]. Brain tissue concentrations are /2 80%
the plasma level [13]. In rats, the pancreatic and renal
tissue concentrations were found to be eight and four
times, respectively, higher than serum concentrations [11].
Pancreatic accumulation of the drug does not occur in
humans as it exists in a highly ionised state at physiological
pH and concentrations in adipose tissue are low [11].

Gabapentin is not metabolised in humans and is
eliminated unchanged in the urine [9, 11]. It undergoes
first-order kinetic elimination and renal impairment will
consequently decrease gabapentin elimination in a linear
fashion with a good correlation with creatinine clearance
[3, 11, 14]. The elimination half-life of gabapentin is
between 4.8 and 8.7 h [3, 7, 10, 14-17]. Gabapentin is
removed by haemodialysis, so patients in renal failure
should receive their maintenance dose of gabapentin after
each treatment [18]. Unlike other anticonvulsant drugs, it
does not induce or inhibit hepatic microsomal enzymes.

Interactions

Gabapentin is conspicuous among anticonvulsant drugs
for its lack of clinically relevant drug interactions, because
of the lack of hepatic metabolism and ability to induce
or inhibit hepatic microsomal enzymes, and low protein
binding. No pharmacokinetic interaction has been
demonstrated with other anticonvulsant drugs. Cimeti-
dine, however, decreases the clearance of gabapentin by
12% because cimetidine decreases glomerular filtration
rate [9]. Busch ef al. reported that antacids reduce the
bioavailability of gabapentin by ~20% when given
concomitantly with, or up to 2 h post, gabapentin
administration [19].

Mechanism of action

Gabapentin has no direct GABAergic action and does not
block GABA uptake or metabolism. Gabapentin blocks
the tonic phase of nociception induced by formalin and
carrageenan, and exerts a potent inhibitory effect in
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neuropathic pain models of mechanical hyperalgesia and
mechanical/thermal allodynia.

Gabapentin binds preferentially to neurons in the outer
layer of the rat cortex at sites that are distinct from other
anticonvulsants [20]. It is likely that gabapentin acts at an
intracellular site as the maximal anticonvulsant effect is
achieved 2 h after an intravenous injection of gabapentin
in rats. This occurs after the plasma and interstitial fluid
concentrations have peaked and reflects the additional
time required for intraneural transport [21].

Several theories have been proposed to explain the
cellular mechanism of its anticonvulsant eftect. The most
favoured theory involves an interaction with an as yet
undescribed receptor linked with the L-system amino acid
transporter protein. Suman Chauhan ef al. [22] demon-
strated that L-amino acids potently inhibited binding of
an active enantiomer of gabapentin ([°H]gabapentin).
This was further supported by Taylor ef al. [23] who
showed that the potent anticonvulsant, 3-isobutyl GABA
(an analogue of gabapentin) potently and stereoselectively
bound to the same receptor. These findings renewed
interest in the isolation of the receptor protein that may
responsible for this anticonvulsant effect.

Other proposed biochemical events in the central
nervous system (CNS) that may explain its anti-epileptic
effect include the increased extracellular GABA concen-
trations in some regions of the brain caused by an increase
in activity of glutamic acid decarboxylase that produces
GABA, and a decreased breakdown by GABA decar-
boxylase [3, 24]. Although a study [25], using magnetic
resonance imaging (MRI) spectroscopy showed a global
increase in GABA in the brain after the administration of
gabapentin, there is no evidence that gabapentin increases
intraneuronal GABA concentrations, binds GABA, or
GABAg receptors, or exerts any GABA-mimetic action
[3, 23].

Other effects of gabapentin have been described but are
not considered to play a significant pharmacodynamic
role. These include small decreases in the release of
monoamine neurotransmitters (dopamine, noradrenaline
and serotonin) [26, 27] and the attenuation of sodium-
dependent action potentials (suggesting sodium channel
blockade) after prolonged exposure to gabapentin [28].

The mode of action of gabapentin in the treatment of
neuropathic pain has not been fully elucidated. Although
early studies [29] indicated that gabapentin had only a
central anti-allodynic effect, gabapentin has been shown
to inhibit ectopic discharge activity from injured
peripheral nerves [30]. The mechanisms of the anti-
allodynic eftects of gabapentin proposed include: CNS
effects (potentially at spinal cord or brain level) due to
either enhanced inhibitory input of GABA-mediated
pathways (and thus reducing excitatory input levels);
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antagonism of NMDA receptors; and antagonism of
calcium channels in the CNS and inhibition of peripheral
nerves [29—46]. Of these, antagonism of the NMDA
receptor and calcium channel blockade have the most
supporting evidence. Field ef al. [31] discounted an
antihyperalgesic action via opioid receptor binding after
demonstrating that morphine tolerance does not alter the
efficacy of gabapentin and naloxone does not reduce its
antihyperalgesic effect.

Research into a peripheral site of action for gabapentin
has produced contradictory results [29, 30]. Intrathecal
administration of gabapentin blocks thermal and mechan-
ical hyperalgesia without affecting sympathetic outflow or
acute nociception, and this suggests a spinal site of action
[32-34]. Patel et al. [35] demonstrated a presynaptic site
of action for gabapentin in the rat spinal cord.

Although gabapentin does not bind to GABAA or
GABAg receptors, increased synthesis and reduced break-
down of GABA have been described [3, 24]. Potentiation
of inhibitory GABA-ergic pathways seems unlikely to be
responsible for its anti-allodynic effect because GABA
receptor antagonists do not reduce this effect [8, 36].

The NMDA receptor complex is a ligand-gated ion
channel that mediates an influx of calcium ions when
activated. The NMDA receptor complex has a number of
binding sites for various ligands that regulate its activity,
including the strychnine-insensitive glycine binding site,
phencyclidine binding site, polyamine binding site, redox
modulatory site and a proton-sensitive site. Partial
depolarisation of the neuron after glutamine activation
will release a magnesium plug and allow calcium influx
into the neuron. These receptors are known to be found
in high concentrations in the hippocampus and have been
attributed a key role in the process of central sensitisation
of painful stimuli, commonly known as the ‘wind-up’
phenomenon, leading to hyperalgesia. Evidence linking
gabapentin to the NMDA receptor follows research
demonstrating the reversal of the antihyperalgesic effect of
gabapentin by D-serine, an agonist at the NMDA-glycine
binding site [33, 34, 36, 37]. However, receptor binding
studies have failed to demonstrate a direct binding site for
gabapentin at the NMDA receptor [38—40].

The 0,0 subunit of the voltage-dependent calcium
channel is a binding site for gabapentin and the S-isomer
of pregabolin (S-(+)-3-isobutylgaba) [4, 33, 37, 41].
Because only gabapentin and the S-isomer of pregabolin
produce antihyperalgesic effects, it is postulated that the
antihyperalgesic action for gabapentin is mediated by its
binding to this site on the voltage-dependent calcium
channel. Fink et al. [45] showed that, in the rat neocortex,
gabapentin inhibits neuronal calcium influx in a con-
centration-dependent manner by inhibiting P/Q-type
calcium channels. The decreased calcium influx reduces
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excitatory amino acid (e.g. glutamate) release leading to
decreased AMPA receptor activation, and noradrenaline
release in the brain. These findings support the hypothesis
that calcium channel inhibition mediates the analgesic
effects of gabapentin in chronic neuropathic pain. A
decrease in potassium ion-evoked glutamate release from
rat neocortical and hipppocampal slices by gabapentin has
been demonstrated [46].

Adverse effects

Gabapentin is well tolerated with few serious adverse
effects. Reviewing data from controlled clinical trials
conducted prior to 1995, Ramsay [47] reported that
somnolence (20%), dizziness (18%), ataxia (13%) and
fatigue (11%) were the most common side-effects.
McLean et al. [48] in a large open-label multicentre study
involving 2216 patients to examine the safety and
tolerability of gabapentin as an adjunctive therapy in
seizure control, showed that the most common adverse
effects were somnolence (15.2%), dizziness (10.9%) and
asthenia (6.0%). The most serious adverse effect was
convulsions (0.9%).

The relative safety of gabapentin is supported by case
reports of massive overdoses of the drug in which serious
toxicity was absent. Fisher et al. [49] reported a patient
who ingested 48.9 g of gabapentin from which a full
recovery was achieved after symptoms of lethargy and
dizziness. Verma et al. [50] reported a case of sustained
massive overdose of gabapentin in a patient on haemo-
dialysis three times a week taking 1800 mg of gabapentin
per day. A serum assay revealed a level of 85 ugl™
(therapeutic level 2-15 ugl™). The gabapentin was
decreased to 600 mg post dialysis and the patient suffered
no clinically significant toxicity.

Recent case reports have suggested that gabapentin
may cause reversible acute renal allograft dystunction [51]
and Stevens—Johnson syndrome [52]. Following the
exacerbation of myasthenia gravis in a patient after a
that im-
proved with the cessation of gabapentin, Boneva ef al.

3-month course of gabapentin 400 mg.day '

[53] treated rats with experimental autoimmune myasthe-
nia gravis with high doses of gabapentin (150 mg.kg ')
and observed a transient decrease in amplitude of muscle
contraction with repetitive nerve stimulation. The
authors suggested that gabapentin can possibly unmask
myasthenia gravis, and therefore should be used with
caution in patients with this disease.

Recent trials have been conducted to determine the
safety and efficacy of gabapentin in the paediatric
population. A prospective open label trial reported that
gabapentin was safe at doses of 26—78 mgkg '.day” " in
52 children and adolescents (mean age 11.1 years) [54].
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Teratogenicity and use in pregnancy/lactation

Studies in mice and rats revealed no evidence of
teratogenicity. As no well-controlled studies involving
pregnant women are available, it is recommended that the
drug should only be used in pregnancy if clearly needed.
As gabapentin is excreted in human milk, the drug is not

recommended for mothers who are breast feeding.

General indications

Seizures
Gabapentin has proved to be efficacious as an adjunct to
other anticonvulsants in the treatment of partial seizures
and generalised tonic-clonic seizures in patients over
12 years of age. Leiderman [55] conducted a meta-
analysis of five placebo-controlled clinical trials and
confirmed its effectiveness in partial epilepsy, using doses
between 900 and 1800 mg.day '. Three large multi-
centre, double-blind, randomised dose, controlled trials
involving 649 patients demonstrated the efficacy and
safety of gabapentin as a monotherapy in partial seizures
[56]. Gabapentin is not effective in absence seizures.
Several studies have shown the psychotropic effects of
gabapentin [8, 57]. In a double-blind study of 201 patients
with uncontrolled partial seizures who were converted
from one to two anti-epileptic drugs to gabapentin
monotherapy, improvements in emotional and interper-
sonal adjustment were observed after administration of
gabapentin [57].

Neuropathic pain

Gabapentin has proved to be efficacious in the treatment
of neuropathic pain and is now approved for this
indication in patients over 18 years of age. Evidence for
its efficacy is discussed below.

Dosage and administration

Oral doses of gabapentin are administered three times a
day (tds) because of its short half-life. Dosages up to
2400 mg.day~" are recommended for epilepsy in adults
and children > 12 years. Rapid titration may be achieved
with doses of 300 mg once daily (often at bedtime to
minimise sedation) on the first day followed by 300 mg
twice daily on the second day and 300 mg tds on the third
day. Dosage may be further increased if efficacy is not
achieved at this dose.

In children aged 3-12 years, 25-35 mg.kg '.day”" in
three divided doses is recommended. Rapid titration is
achieved with daily doses of 10 mg.kg™' on the first day,
20 mg.kg™ " on the second and 30 mg.kg ™' on the third.
Doses of 40-50 mg.kg™'.day ™" appear to be well tolerated
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and up to 60 mg.kg '.day”' have been administered to a
small number of children [59].

The recommended starting dose in the treatment of
neuropathic pain is 300 mg three times a day with
titration if necessary to a maximum of 3600 mg.day ™" but
doses up to 4200 mg, have been reported [59].

Uses in pain management

Evidence from both animal and human studies supports
the use of gabapentin in neuropathic pain and in a
number of specific chronic pain syndromes. Tricyclic
antidepressants, opioids and other anticonvulsants have
been used in the treatment of chronic pain but are
associated with numerous adverse effects. Gabapentin
may become an attractive therapeutic option because of
its relative lack of interactions and serious adverse eftects if
its efficacy can be established in neuropathic pain and
other types of chronic pain.

Neuropathic pain

The development of neuropathic pain involves several
mechanisms including primary and secondary hyperal-
gesia, peripheral and central sensitisation and wind-up
phenomena. Neurotransmitters play a critical role in the
process [59, 60]. Glutaminergic subtypes such as AMPA
and neurokinin prime the NMDA receptor by triggering
the release of intracellular calcium ions that unblock the
magnesium ion plug in the NMDA receptor resulting in
the influx of calcium ions into the cell. These calcium
ions act as secondary messengers that initiate protein
kinase C activation, proto-oncogene expression (c-fos,
c-jun) and nitric oxide production. NMDA receptor
activation therefore increases the excitability of the
nociceptive system. The rationale for the wuse of
anticonvulsant drugs for the treatment of neuropathic
pain is based on the similarities in the pathophysiological
events observed in epilepsy and neuropathic pain
models.

Animal studies

Numerous studies in rats have shown the efficacy of
gabapentin on allodynia and hyperalgesia. Intraperitoneal
gabapentin attenuated mechanical hyperalgesia induced
by thermal injury in rats [43]. Partridge ef al. demon-
strated 1its efficacy in the treatment of secondary
hyperalgesia induced by substance P [33]. Gabapentin
was effective against abnormal sensory processing in
diabetic rats using the formalin test, and it was suggested
that it may be effective in diabetic neuropathy in humans
[61]. In a study on facilitated pain in rats following the
formalin test, Yoon & Yaksh [62] found that gabapentin
and ibuprofen were both independently effective against
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the hyperalgesia with an additive interaction when the
drugs were administered concurrently.

Gabapentin was superior to morphine and amitriptyline
in blocking both static and dynamic components of
allodynia in rats when administered orally or intrathecally,
but not when injected locally into the site of allodynia
[44]. Chen et al. [63] found that intrathecal administration
of gabapentin to rats produced a dose-dependent increase
in the withdrawal threshold to a painful stimulus. In
addition, there was a strong synergistic effect when
gabapentin was administered intrathecally with 6-cyano-
7-nitroquinoxaline-2,3dione (CNQX). This confirmed
other rat studies demonstrating the analgesic effects of
intrathecal gabapentin [4, 32].

Human studies

Case reports and pilot studies

In a study of 122 chronic pain patients [97 with
neuropathic pain (postherpetic neuralgia, diabetic neuro-
pathy, sympathetically maintained pain and phantom
pain)] treated with gabapentin for at least 30 days,
Rosenberg et al. [64] showed a statistically significant
(p <0.0001) reduction in pain scores on a median dose of
1200 mg.day~' in patients with neuropathic pain. The
mean visual analogue pain score decreased from 7.3 to
5.4.

Attal ef al. [65], in a pilot study on the effects of
gabapentin on central and peripheral neuropathic pain
involving 18 patients who had pain from either peripheral
or central nerve lesions, showed that gabapentin produced
moderate and statistically significant relief of ongoing
pain, especially paroxysmal pain. Gabapentin significantly
reduced brush-induced and cold allodynia with no effects
on detection and pain thresholds to static mechanical and
hot stimuli, suggesting a preferential antihyperalgesic
and/or anti-allodynic eftect of gabapentin.

The efficacy of gabapentin in the treatment of 10
patients with refractory neuropathic pain in the head
and neck region was reported by Sist ef al. [66]. Using
doses of gabapentin up to 2400 mg.day ' as necessary,
8/10 patients had no neuropathic pain, whereas the other
two had only partial relief at 5-10 months follow-up.
Ness ef al. [67] reported the efficacy of gabapentin in 350
patients with chronic pain of varying aetiologies. After a
14% dropout rate, due to initial side-eftects, 73% of the
remaining patients experienced a reduction in pain scores,
with 54% reporting a reduction of at least 3 points on a
pain scale of 1-10. Other case reports have also shown the
efficacy of gabapentin in the treatment of neuropathic
pain with gabapentin [9, 68].

Hays & Woodrofte [70] concluded that gabapentin
could be an effective agent for many neuropathic pain
states after a review of 20 citations between 1995 and
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1998. Similarly, Laird & Gidal [60] reviewed the clinical
literature between 1990 and 1999 and concluded that
gabapentin was eftective in the treatment of neuropathic
pain disorders.

Randomised controlled studies

Randomised controlled clinical trials have been con-
ducted to determine the efficacy of gabapentin in the
treatment of diabetic neuropathy and postherpetic

neuralgia [8, 71].

Diabetic neuropathy. A double-blind, placebo-controlled,
parallel group multicentre study of 165 diabetic patients
with a 1-5-year history of painful peripheral diabetic
neuropathy reported a beneficial effect with gabapentin
[71]. Eighty-four patients were allocated to the gabapentin
group and 81 to the placebo group. Gabapentin was
titrated to a maximum of 3600 mg daily. Gabapentin was
generally well tolerated and 67% of the gabapentin group
reached 3600 mg.day'. A
(p < 0.0001) reduction in mean daily pain score (using
an 11-point Likert scale) in the gabapentin group

statistically ~ significant

(baseline 6.4, endpoint 3.9), compared with placebo
(baseline 6.5, endpoint 5.1), was achieved. The number-
needed-to-treat (NNT, defined as the number of patients
needed to be treated for one patient to receive at least
50% pain relief) for the analgesic effects in neuropathic
pain with gabapentin in this study was 3.8 [72]. This
compares with a NNT of 2.3 for carbemazepine and 2.1
for phenytoin in other randomised controlled trials [72].
Another double-blind, placebo-controlled trial of gaba-
pentin in 32 diabetic patients with neuropathic pain
showed a statistically significant analgesic effect during the
first month of treatment [73].

Morello ef al. [74] conducted a randomised, double-
blind cross-over study comparing the efficacy of gaba-
pentin with that of amitriptyline in diabetic peripheral
neuropathy and found both drugs provided equal pain
relief.

In an open-label pilot study over 12 weeks involving
25 randomised patients (13 received gabapentin, 12
received amitriptyline), gabapentin significantly reduced
pain scores (p = 0.026) and paraesthesia (p = 0.004)
compared with amitriptyline [75]. Adverse effects were
also less frequent in the gabapentin group (p = 0.003).
Further trials are required to confirm these preliminary
results indicating that gabapentin is more efticacious than
amitriptyline in diabetic peripheral neuropathy.
Postherpetic  neuralgia. Gabapentin is reported to be
efficacious in the treatment of neuropathic pain associated
with postherpetic neuralgia. In a multicentre, randomised,
double-blind, placebo-controlled, parallel design, 8-week
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study involving 229 subjects with postherpetic neuralgia,
Rowbotham ef al. [76] demonstrated the efficacy of
gabapentin in the treatment of postherpetic neuralgia.
Patients were received gabapentin to a maximum of
3600 mg.day~" of gabapentin or matching placebo. The
(p < 0.001)
decrease in pain scores (using an 11-point Likert scale)

study showed a statistically significant
from 6.3 to 4.2 for the gabapentin group, compared with
6.5-6.0 in the placebo group. Secondary measures of
pain, as well as sleep interference, were improved with
gabapentin (p < 0.001). The NNT for gabapentin was
3.2, compared with a combined analysis of three
randomised controlled trials on carbemazepine in post-

herpetic neuralgia in which the NNT was 2.5 [72].

Other types of neuropathic pain

Neuropathic pain in malignancy

Caraceni et al. [77] reported that gabapentin was effective
in treating pain in 22 cancer patients when used as an
adjunctive medication. One to two weeks after gaba-
pentin was added to their regimen, global pain scores as
well as burning pain, shooting pain episodes and allodynia
were all significantly reduced.

Trigeminal neuralgia

Trigeminal neuralgia is a painful condition for which
traditional anticonvulsants (carbemazepine, phenytoin
and lamotrigine) are used as the first-line treatment.
These are sometimes discontinued because of side-effects.
An open-label trial [78] and case reports [79, 80] have
shown the efficacy of gabapentin for trigeminal neuralgia.
In an open-label trial investigating the efficacy of
gabapentin on 13 patients with idiopathic trigeminal
neuralgia, 6 patients had not been treated with carbema-
zepine, and 7 were already established on carbemazepine
400-800 mg daily without adequate analgesia achieved.
The mean daily dose of gabapentin was 1107.7 mg (range
600-2000 mg.day™"). Overall,
carbemazepine and 4/7 patients on carbemazepine

5/6 patients not on

experienced significant pain relief with gabapentin over
a mean follow-up period of 6 months.

Multiple sclerosis

Patients with multiple sclerosis (MS) suffer a variety of
types of acute and chronic pain such as facial neuralgic
pain (e.g. trigeminal neuralgia), retro-orbital pain from
optic neuritis, shock-like paroxysmal limb pain, dyaes-
thetic extremity pain, low back pain and painful tonic
spasms of the extremities [81]. Various pain syndromes are
present in 53—-57% of patients at some time during their
disease. Pain in MS is commonly a difficult problem to
treat and it is often treated with antidepressants or
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traditional anticonvulsants. Khan [79] and Solaro ef al.
[80] reported the beneficial effects of gabapentin in 7 and
11 patients, respectively, suffering from trigeminal
neuralgia associated with MS that was refractory to
previous therapies, or whose treatment was interrupted by
side-effects. Further randomised, controlled trials com-
paring the use of gabapentin, carbemazepine, phenytoin
and lamotrigine in trigeminal neuralgia are required to
establish the value of gabapentin for this condition.

Cutter ef al. [82] conducted a prospective double-
blind, placebo-controlled, crossover study on 21 patients
using a 6-day dose titration up to 900 mg of gabapentin
tid or placebo, with a 14-day washout period. A reduc-
tion in spasticity compared with placebo, without adverse
effects, was shown. This reinforced the earlier findings
by Mueller ef al. [83], who showed statistically significant
improvements in spasticity and disability in MS patients
on gabapentin doses of only 400 mg tds.

In an open-label study, Houtchens et al. [84] evaluated
the effectiveness of gabapentin in 25 MS patients who had
pain that was resistant to conventional therapies, using a
range of doses of 300—2400 mg.day™". It was found that
31.8% of patients experienced excellent pain relief, and
another 36.3% reported moderate relief from throbbing
pains, pins and needles and cramping pains, dull aching
pains were the least responsive. In another open label trial
of gabapentin in MS patients, 14/18 patients who
completed the trial experienced complete resolution of
symptoms, whereas the other 4 experienced partial
improvement [85].

In an open label trial Solaro ef al. [86] successfully
treated nocturnal spasms in 20/22 MS patients with low
dose (up to 600 mg per day) gabapentin. A larger,
double-blinded, placebo-controlled trial is required to
study the value of gabapentin in MS.

Complex regional pain syndrome

Complex regional pain syndromes (CRPS) follow injury
to bone, soft tissue and nerve tissue, characterised by
severe burning pain, hyperpathia, allodynia, vasomotor
and sudomotor changes, oedema, stiffness and discolora-
tion, and may progress to fixed trophic changes if
untreated [87, 88]. Further, the burning pain that may
follow within minutes or hours of the injury is often out
of proportion to the original injury, and many other
symptoms can develop to involve areas beyond the area of
original injury — sometimes even to the opposite
extremity.

Mellick & Mellick [89] reported the use of gabapentin
in nine patients with refractory CRPS who had previously
undergone a variety of procedures (including stellate
ganglion and lumbar sympathetic blocks) as well as other
drug therapy. Patients (who received 900-2400 mg.day ™'
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of gabapentin over 2-6 months) reported good to
excellent pain relief. Further evaluation with a blinded,
randomised, controlled study is required. Wheeler ef al.
[90] reported the successful use of gabapentin for the
treatment of CRPS in the paediatric population.

Headache syndromes
Di Trapani efal. [91] conducted a double-blind,
randomised, placebo-controlled study on the prophylactic
effect of gabapentin in migraine involving 63 patients
over 3 months. Thirty-five patients received gabapentin,
28 received placebo, with no significant difference in
gender distribution or frequency or intensity of attacks.
The study demonstrated a statistically significant reduc-
tion in the frequency of attacks (5.08-3.13 in patients
without aura, 5.14-2.47 in patients with aura) and
intensity of migraine (2.33—1.59 in patients with aura,
2.38-1.16 without aura) in patients receiving gabapentin.
The efficacy of gabapentin in reducing left ocular,
temple and facial pain associated with tearing and
conjunctival injection, which occurred 25 times daily in
a syndrome of severe unilateral neuralgiform headache
with conjunctival injection and tearing, rhinorrhea and
subclinical sweating (SUNCT syndrome) has been shown
in a case report [92]. The successful use of gabapentin in
chronic cluster headache has also been reported [93].

Spinal injury

Following partial or complete spinal cord lesion, pain is
commonly present. Central dysaesthetic pain following
spinal cord injury is often refractory to conventional
pharmacological therapy [94]. Gabapentin has been
reported to reduce central pain [7, 95] and spasms
associated with spinal cord injury [9, 98].

HIV neuropathy

Following the efficacy of gabapentin in treating other
types of painful neuropathy, Gatti et al. [100] reported
significant reduction in pain in eight patients with
confirmed diagnoses of distal symmetric axonopathy
treated with gabapentin (2000 and 2400 mg.day ™).
Newshan [101] reported the efficacy of gabapentin in
three patients with HIV suffering from distal sensory
polyneuropathy. More investigation is required in this area.

Erythromelalgia

This is a rare disorder characterised by episodic burning
pain, erythema and elevated temperature of the feet,
hands, or both [102]. The pain is episodic, and attacks
may last from minutes to days. McGraw & Kosek [103]
described two cases of erythromelalgia in which the pain
resolved after the introduction of gabapentin 900 and
1200 mg.day ™', respectively.
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Postpoliomyelitis pain

Gabapentin has been reported to be efficacious in treating
pain following poliomyelitis that results from a combina-
tion of neuropathic and mechanical origin [104].

Other painful conditions

Case reports and/or open-label trials have described the
efficacy of gabapentin in interstitial cystitis [105], muscle
cramps [106], taxane-induced myalgias [107], hemifacial
spasm [108], vulvodynia [109], anaesthesia dolorosa [110]
and dysaesthetic pain after reconstructive surgery [111].

Non pain-related uses

Gabapentin is also used in a diverse group of other
conditions. Gabapentin may be beneficial in the treat-
ment of alcohol withdrawal [112, 113]. Gabapentin has
been used successfully for a number of psychiatric
conditions such as bipolar disorder [9, 114], schizoaffec-
tive disorder [115] and posttraumatic stress disorder [120].
Gabapentin can reduce agitation and behavioural dis-
turbances associated with dementia [3, 121], Lesch—
Nyhan syndrome [124], essential tremor [125], ‘restless
legs syndrome’ [126], brachioradial pruritis [127] and
hemichorea/hemiballismus [128].

The role of gabapentin in pain management

Opioids, non-steroidal drugs

(NSAID:s), antidepressants, and anticonvulsants are used

anti-inflammatory

as pharmacological agents to treat pain. However, no
single class of drugs has been found to be effective in all
types of pain, presumably because pain syndromes involve
different mechanisms. In addition, each of the currently
available drugs is associated with adverse effects, some of
which are potentially serious or life-threatening such as
idiosyncratic or toxic reactions.

Traditionally, the treatment of neuropathic pain has
involved anticonvulsants, such as carbemazepine, valproic
acid and phenytoin, and tricyclic antidepressants, such as
amitriptyline and nortriptyline and doxepin. The main
disadvantages of the anticonvulsants are their potential for
drug interactions via the induction of hepatic enzymes, or
resulting from inhibition of hepatic enzymes by other
drugs. Minor side-effects such as sedation, ataxia, vertigo
and diplopia are associated with carbemazepine and
phenytoin, whereas, anorexia, nausea, vomiting and
tremor are associated with valproic acid. Chronic pheny-
toin use may cause peripheral neuropathy (30%) and
gingival hyperplasia (20%), and fetal hydantoin syndrome if
administered during pregnancy. Carbemazepine can cause
chronic diarrhoea or the syndrome of inappropriate ADH
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secretion, and rarely aplastic anaemia, thrombocytopaenia,
hepatocellular jaundice and cardiac arrhythmias.

Tricyclic antidepressants also cause side-eftects that can
be troublesome or potentially dangerous, such as anti-
cholinergic effects (dry mouth, blurred vision, urinary
retention, ileus), sedation, orthostatic hypotension, tachy-
cardia and atrio-ventricular conduction disturbances.
Such adverse eftects are likely to reduce the tolerance of
this group of drugs in elderly or unwell patients. Some
subgroups of patients with painful neuropathy such as
diabetes may also have autonomic neuropathy and may
not tolerate the orthostatic hypotension associated with
tricyclic antidepressants.

With increasing evidence of the efticacy of gabapentin
in a wide variety of pain syndromes, especially neuro-
pathic pain, gabapentin may be potentially useful because
of its relative freedom from serious adverse effects, its lack
of interactions with other drugs and its lack of potential
for causing drug dependence.

A comparison of the evidence available of efficacy and
toxicity for anticonvulsants (gabapentin, phenytoin and
carbemazepine) and antidepressants (tricyclic antidepres-
sants and SSRIs) in patients with diabetic neuropathy and
postherpetic neuralgia has recently been made by Collins
et al. [129] These two neuropathic pain conditions were
chosen according to strict diagnostic criteria. Although
two previous systematic reviews of anticonvulsants and
antidepressants in diabetic neuropathy showed no sig-
nificant difference in efticacy or adverse eftects between
the two drug classes [130, 131], Collins ef al. found that
when data from randomised controlled trials for both
diabetic neuropathy and postherpetic neuralgia were
pooled, the NNT for at least 50% pain relief was identical
for both classes of drugs. When gabapentin was compared
with other anticonvulsants, there was no significant
difference in efticacy. The NNT for gabapentin was 3.4
compared with 2.2 for phenytoin/carbemazepine. The
number needed to harm (NNH, defined as the number
needed to harm one patient from the therapy) for minor
adverse effects was 2.7 for both antidepressants and
anticonvulsants. Collins ef al. used two trials to provide
data on minor adverse effects for gabapentin and two trials
for phenytoin. The NNNH (minor adverse effects) was 2.6
similar to that of gabapentin and 3.2 for phenytoin. The
NNH (major adverse eftects) for the tricyclic antidepres-
sants was 17, and no significant difference in the
incidence of major adverse effects was found between
anticonvulsants and placebo. Collins ef al. suggested that
the difference in the incidence of major adverse eftects
can be compared by using the ratio between treatment
specific benefit and treatment specific harm (defined as
the number of patients needed to experience at least 50%
benefit for one to experience a major adverse eftect that
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warranted discontinuation of treatment). The ratio for
gabapentin was 6 compared with an average of 8 for all
anticonvulsants, and 6 for all antidepressants. As adverse
data were pooled from both diabetic and postherpetic
neuralgia studies, methodological factors and heterogeni-
city in these data may limit the validity and robustness of
these ratios. The spectrum of the pain and short study
duration tend to underestimate the treatment effect,
whereas the small sample size of the studies overestimate
the treatment effect.

The above evidence suggests that gabapentin is as
efficacious at treating neuropathic pain with no significant
difference in minor adverse effects and a low propensity
for serious adverse effects compared with other anti-
convulsants and antidepressants. Therefore, gabapentin is
a useful agent in the multimodal approach in the manage-
ment of neuropathic pain.

References

1 Taylor CP. Mechanisms of action of new antiepileptic
drugs. In: Chadwick, D, ed. New Tiends in Epilepsy
Management: The Role of Gabapentin. London: Royal
Society of Medicine, 1993; 13—40.

2 Satzinger G. Antiepileptics from gamma-aminobutyric
acid. Arzneimittelforchung 1994; 44: 261-6.

3 Bartoszyk GD, Meyerson N, Reimann W, Satzinger G,
von Hodenberg G. Gabapentin In: Meldrum, BS, Porter,
BJ, eds. New Anticonvulsant Drugs. London: John Libbey,
1986; 147-63.

4 Hooper WD, Kavanagh MC, Dickinson RB.
Determination of gabapentin in plasma and urine by
capillary column gas chromatography. Journal of
Chromatography 1990; 529: 167-74.

5 Hengy H, Kolle EU. Determination of gabapentin in
plasma and urine by high-performance liquid chromato-
graphy and precolumn labeling for ultraviolet detection.
Journal of Chromatography 1985; 341: 473-8.

6 Stewart BH, Kugler AR, Thompson PR, Bockbrader HN.
A saturable transport mechanism in the intestinal absorp-
tion of gabapentin is the underlying cause of the lack of
proportionality between increasing dose and drug levels in
plasma. Pharmaceutical Research 1993; 10: 276-81.

7 Vollmer KO, Anhut H, Thomann P, Wagner F, Jahncken
D. Pharmacokinetic model and absolute bioavailability of
the new anticonvulsant gabapentin. Advances in Epileptology
1989; 17: 209-11.

8 Tiirck D, Vollmer KO, Bockbrader H, Sedman A.
Dose-linearity of the new anticonvulsant gabapentin after
multiple oral doses. European Journal of Clinical Pharmacology
1989; 36 (Suppl.): A310.

9 Richens A. Clinical pharmacokinetics of gabapentin. In:
Chadwick, D, ed. New Tiends in Epilepsy Management: The
Role of Gabapentin. London: Royal Society of Medicine,
1993; 41-6.

© 2002 Blackwell Science Ltd



Anaesthesia, 2002, 57, pages 451-462

11

12

15

16

18

19

20

21

22

23

24

Hooper WD, Kavanagh MC, Dickinson RB, Herkes GK,
Eadie MJ. Lack of a pharmacokinetic interaction between
phenobarbitone and gabapentin. British_Journal of Clinical
Pharmacology 1991; 31: 171-4.

Vollmer KO, van Hodenberg AV, Kélle EU. Pharmaco-
kinetics and metabolism of gabapentin in rat, dog and man.
Arzneimittel-Forschung/ Drug Research 1986; 36: 830-9.
Ben-Menachem E, Persson LI, Hedner T. Selected CSF
biochemistry and gabapentin concentrations in the CSF
and plasma in patients with partial seizures after a single oral
dose of gabapentin. Epilepsy Research 1992; 11: 45-9.
Ojemann LM, Friel PN, Ojemann GA. Gabapentin con-
centrations in human brain. Abstract. Epilepsia 1988; 29:
694.

Comstock T]J, Sica DA, Bockbrader HN, Underwood BA,
Sedman AJ. Gabapentin pharmacokinetics in patients with
various degrees of renal function. Journal of Clinical Phar-
macology 1990; 30: 862.

Schmidt B. Potential antiepileptic drugs: gabapentin. In:
Levy, R, Mattson, R, Meldrum, B, Penry, JK, Dreifuss,
FE, eds. Antiepileptic Drug, 3rd edn. New York: Raven
Press, 1989; 925-35.

Anhut H, Leppik I, Schmidt B, Thomann P. Drug inter-
action study of the new anticonvulsant gabapentin with
phenytoin in epileptic patients. Abstract Naunyn-Schmiede-
berg’s Archives of Pharmacology 1988; 337 (Suppl.): R127.
Graves NM, Holmes GB, Leppik IE, Rask C, Slavin M,
Anhut H. Pharmacokinetics of gabapentin in patients
treated with phenytoin. Pharmacotherapy 1989; 9: 196.
Wong MO, Eldon MA, Keane WF, et al. Disposition of
gabapentin in anuric subjects on hemodialysis. Journal of
Clinical Pharmacology 1995; 35: 622—6.

Busch JA, Radulovic LL, Bockbrader HN, Underwood
BA, Sedman AJ, Chang T. Effect of Maalox TC on single-
dose pharmacokinetics of gabapentin capsules in healthy
subjects. Pharmaceutical Research 1992; 9 (Suppl.): S=315.
Hill DR, Suman-Chauhan N, Woodruff GN. Localisation
of [PH]gabapentin to a novel site in rat brain: autoradio-
graphic studies. European Journal of Pharmacology — Molecular
Pharmacology Section 1993; 244: 303-9.

Welty DF, Schielke GP, Vartanian MG, Taylor CP.
Gabapentin anticonvulsant action in rats: disequilibrium
with peak drug concentrations in serum and brain micro-
dialysate. Epilepsy Research 1993; 16: 175-81.
Suman-Chauhan N, Webdale N, Hill DR, Woodruff GN.
Characterisation of [?H]-gabapentin binding to a novel site
in rat brain: homogenate binding studies. European Journal
of Pharmacology 1993; 244: 293-301.

Taylor CP, Vartanian MG, Yuen P, Bigge C, Suman-
Chauhan N, Hill DR. Potent and stereospecific antic-
onvulsant activity of 3-isobutyl GABA relates to in vitro
binding at a novel site labelled by tritiated gabapentin.
Epilepsy Research 1993; 14: 11-15.

Loscher W, Honack D, Taylor CP. Gabapentin increases
aminooxyacetic acid induced GABA accumulation in
several regions of rat brain. Neuroscience Letters 1991; 128:
150—4.

© 2002 Blackwell Science Ltd

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

M. A. Rose and P. C. A. Kam e Gabapentin

Petioft OA, Rothnan DL, Behan KL. The effect of
gabapentin on brain gamma-aminobutyric acid in patients
with epilepsy. Annals of Neurology 1996; 39: 95-9.
Reimann W. Inhibition by GABA, baclofen and gaba-
pentin of dopamine release from rabbit caudate nucleus.
Are there common or different sites of action? European
Journal of Pharmacology 1986; 94: 341—44.

Schlicker E, Reimann W, Géthert M. Gabapentin
decreases monoamine release without affecting acetylcho-
line release in the brain. Arzneimittel-Forschung 1985; 35:
1347.

Wamil AW, McLean MJ. Limitation by gabapentin of high
frequency action potential firing by mouse central neurons
in cell culture. Epilepsy Research 1994; 17: 1-11.

Abdi S, Lee DH, Chung JM. The anti-allodynic effects of
amitryptyline, gabapentin and lidocaine in a rat model of
neuropathic pain. Anesthesia and Analgesia 1998; 87: 1360—
6.

Pan HL, Eisenach JC, Chen SR. Gabapentin suppresses
ectopic nerve discharges and reverses allodynia in neuro-
pathic rats. Journal of Pharmacology and Experimental Ther-
apeutics 1999; 288: 1026-30.

Field MJ, Oles OJ, Lewis AS, McCleary S, Hughes J, Singh
L. Gabapentin (neurontin) and S-(+)-3-isobutyl GABA
represent a novel class of selective antihyperalgesic agents.
British Journal of Pharmacology 1997; 121: 1513-22.
Hwang JH, Yaksh TL. Effect of subarachnoid gabapentin
on tactile-evoked allodynia in a surgically-induced neu-
ropathic pain model in the rat. Regional Anesthesia 1997,
22: 249-56.

Partridge BJ, Chaplan SR, Sakamoto E, Yaksh TL.
Characterization of the effects of gabapentin and 3-iso-
butyl-(-aminobutyric acid) on substance-P induced ther-
mal hyperalgesia. Anesthesiology 1998; 88: 196-205.

Yoon MH, Yaksh TL. The effect of intrathecal gabapentin
on pain behaviour and hemodynamics on the formalin test
in the rat. Anesthesia and Analgesia 1999; 89: 434-9.

Patel MK, Gonzalez MI, Bramwell S, Pinnock RD, Lee K.
Gabapentin inhibits excitatory synaptic transmission in the
hyperalgesic spinal cord. British Journal of Pharmacology
2000; 130: 1731-4.

Jun JH, Yaksh TL. The eftect of intrathecal gabapentin a
3-isobutyl gamma-aminobutyric acid on the hyperalgesia
observed after thermal injury in the rat. Anesthesia and
Analgesia 1998; 86: 348-54.

Calton SM, Zhou S. Attenuation of formalin-induced
nociceptive behaviours following local peripheral injection
of gabapentin. Pain 1998; 76: 201-7.

Taylor CP, Gee NS, Su TZ, et al. A summary of
mechanistic hypotheses of gabapentin. Epilepsy Research
1998; 29: 233-49.

Rock DM, Kelly KM, Macdonald RL. Gabapentin actions
on ligand- and voltage-gated responses in cultures rodent
neurons. Epilepsy Research 1993; 16: 89-98.

Dingledine R, McBain CJ, McNamara JO. Excitatory
amino acid receptors in epilepsy. Trends in Pharmacological
Science 1990; 11: 334-8.

459



M. A. Rose and P. C. A. Kam e Gabapentin

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

460

Malmberg AB, Yaksh TL. Voltage-sensitive calcium
channels in spinal nociceptive processing. Blockade of N
and P type channels inhibits formalin-induced nociception.
Journal of Neuroscience 1994; 14: 4882-90.

Field M], Holloman EF, McCleary S, Hughes J, Singh L.
Evaluation of gabapentin and S-(+)-3-isobutylgaba in a rat
model of postoperative pain. Journal of Pharmacology and
Experimental Therapeutics 1997; 282: 1242—6.

Jones DL, Sorkin LS. Systemic gabapentin and S(+)-3-
isobutyl-gamma-aminobutyric acid block secondary
hyperalgesia. Brain Research 1998; 810: 93-9.

Field MJ, McCleary S, Hughes J, Singh L. Gabapentin and
pregabolin, but not morphine and amitryptyline, block
both static and dynamic components of mechanical allo-
dynia induced by streptozocin in the rat. Pain 1999; 80:
391-8.

Fink K, Meder W, Dooley DJ, Gothert M. inhibition of
neuronal Ca(2+) influx by gabapentin and subsequent
reduction of neurotransmitter release from rat neocortical
slices. British Journal of Pharmacology 2000; 130: 900—-6.
Dooley DJ, Mieske CA, Borosky SA. Inhibition of K(+)-
evoked glutamate release from rat neocortical and hippo-
campal slices by gabapentin. Neuroscience Letters 2000; 280:
107-10.

Ramsay RE. Gabapentin toxicity. In: Levy, RH, Mattson,
RH, Meldrum, BS, eds. Antiepileptic Drugs, 4th edn. New
York: Raven Press, 1995; 857—60.

McLean M], Morrell MJ, Willmore LJ, et al. Safety and
tolerability of gabapentin as adjunctive therapy in a large,
multicenter study. Epilepsia 1999; 40: 965-72.

Fischer JH, Barr AN, Rogers SL, Fischer PA, Trudeau VL.
Lack of serious toxicity following gabapentin overdose.
Neurology 1994; 44: 982-3.

Verma A, St Clair EW, Radtke RA. A case of sustained
massive gabapentin overdose without serious side effects.
Therapeutic Drug Monitoring 1999; 21: 615-17.

Gallay BJ, de Mattos AM, Norman DJ. Reversible acute
renal allograft dysfunction due to gabapentin. Transplanta-
tion 2000; 70: 208-9.

Gonzalez-Sicilia L, Cano A, Serrano M, Hernandez J.
Stevens—Johnson syndrome associated with gabapentin.
American Journal of Medicine 1998; 105: 455.

Boneva N, Brenner T, Argov Z. Gabapentin may be hazard-
ous in myasthenia gravis. Muscle Nerve 2000; 23: 1204-8.
Korn-Merker E, Borusiak P, Boenigk HE. Gabapentin in
childhood epilepsy. A prospective evaluation of efficacy
and safety. Epilepsy Research 1999; 38 (27-32): 57.
Leiderman DB. Gabapentin as add-on therapy for
refractory partial epilepsy: results of five placebo-controlled
trials. Epilepsia 1994; 35: S74-86.

Beydoun A. Monotherapy trials with gabapentin for partial
epilepsy. Epilepsia 1999; 40 (Suppl. 6): S13-16.

Dodrill CB, Arnett JL, Hayes AG, et al. Cognitive abilities
and adjustment with gabapentin: results of a multisite
study. Epilepsy Research 1999; 35: 109-21.

Saletu B, Griinberger J, Linzmeyer L. Evaluation of
encephalotropic and psychotropic properties of gabapentin

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

Anaesthesia, 2002, 57, pages 451-462

in man by pharmaco-EEG and psychometry. International
Journal of Clinical Pharmacology, Therapy and Toxicology 1986;
24: 362-73.

Bruni J. Gabapentin. Canadian_Journal of Neurological Science
1996; 23 (Suppl. 2): S10-12.

Laird MA, Gidal BE. Use of gabapentin in the treatment
of neuropathic pain. Annals of Pharmacotherapy 2000; 34:
802-7.

Cesena RM, Calcutt NA. Gabapentin prevents hyper-
algesia during the formalin test in diabetic rats. Neuroscience
Letters 1999; 262: 101—4.

Yoon MH, Yaksh TL. Evaluation of interaction between
gabapentin and ibuprofen on the formalin test in rats.
Anesthesiology 1999; 91: 1006—13.

Chen SR, Eisenach JC, McCaslin PP, Pan HL. Synergistic
effect between intrathecal non-NMDA antagonist and
gabapentin on allodynia induced by spinal nerve ligation in
rats. Anesthesiology 2000; 92: 500-6.

Rosenberg JM, Harrell C, Ristic H, Werner RA, de
Rosayro AM. The effect of gabapentin on neuropathic
pain. Clinical Journal of Pain 1997; 13: 251-5.

Attal N, Brasseur L, Parker F, Chauvin M, Bouhassira D.
Eftects of gabapentin on the different components of per-
ipheral and central neuropathic pain syndromes: a pilot
study. European Journal of Neurology 1998; 40: 191-200.
Sist TC, Filadora VA, Miner M, Lema M. Experience with
gabapentin for neuropathic pain in the head and neck.
Report of ten cases. Regional Anesthesia 1997; 22: 473-8.
Ness TJ, Crimaldi JC, McDanal JT. Case report on
gabapentin. (Letter). Regional Anesthesia and Pain Medicine
1998; 23: 110-11.

Vadivelu N, Berger J. Neuropathic pain after anti-HIV
gene therapy successfully treated with gabapentin. Journal of
Pain and Symptom Management 1999; 17: 155-6.

Schacter SC, Sauter MK. Treatment of central pain with
gabapentin: case reports. Journal of Epilepsy 1996; 9: 223—6.
Hays H, Woodroffe MA. Using gabapentin to treat
neuropathic pain. Canadian Family Physician 1999; 45:
2109-12.

Backonja M, Beydoun A, Edwards KR, et al. Gabapentin
for the symptomatic treatment of painful neuropathy in
patients with diabetes mellitus: a randomized controlled
trial. Journal of the American Medical Association 1998; 280:
1831-6.

Witten P, Collins S, McQuay H, Carrol D, Jadad A,
Moore A. Anticonvulsant drugs for acute and chronic pain.
Cochrane Database System Review 2000; 3: CD001133.
Perez HET & Sanchez GF. Gabapentin therapy for dia-
betic neuropathic pain. American Journal of Medicine 2000;
108: 689-90.

Morello CM, Leckband SG, Stoner CP, Moorhouse DF,
Sahagian GA. Randomised double-blind study comparing
the efficacy of gabapentin with amitryptyline on diabetic
peripheral neuropathy pain. Archives of Internal Medicine
1999; 159: 1931-7.

Dallochio C, Bufta C, Mazzarello P, Chiroli S. Gabapentin
vs. amitryptyline in painful diabetic neuropathy. An

© 2002 Blackwell Science Ltd



Anaesthesia, 2002, 57, pages 451-462

76

77

78

79

80

81

82

84

85

86

87

88

89

90

91

92

open-label pilot study. Journal of Pain and Symptom Man-
agement 2000; 20: 280-5.

Rowbotham M, Harden N, Stacey B, Podolnick P,
Magnus-Miller L. Gabapentin for the treatment of post-
herpetic neuralgia: a randomized controlled trial. Journal of
the American Medical Association 1998; 280: 1837—42.
Caraceni A, Zecca E, Martini C, DeConno F. Gabapentin
as an adjuvant to opioid analgesia for neuropathic cancer
pain. Journal of Pain and Symptom Management 1999; 17:
441.

Valzania F, Strafella AP, Nassetti SA, Tropeani A, Tassinari
CA. Gabapentin in trigeminal neuralgia. Abstract. Neurol-
ogy 1998; 50: A379.

Khan OA. Gabapentin relieves trigeminal neuralgia in
multiple sclerosis patients. Neurology 1998; 51: 611-14.
Solaro C, Messmer Uccelli M, Uccelli A, Leandri M,
Mancardi GL. Low-dose gabapentin combined with either
lamotrigine or carbemazepine can be useful therapies for
trigeminal neuralgia in multiple sclerosis. European Journal
of Neurology 2000; 44: 45-8.

Stenager E, Knudsen L, Jensen K. Acute and chronic pain
syndromes in multiple sclerosis. Acta Neurologica Scandina-
vica 1991; 84: 197-200.

Cutter NC, Scott DD, Johnson JC, Whiteneck G. Gaba-
pentin effect on spasticity in multiple sclerosis. Archives of
Physical Medicine and Rehabilitation 2000; 81: 164-9.
Mueller ME, Gruenthal M, Olson WL, Olson WH.
Gabapentin for relief of upper motor neuron symptoms in
multiple sclerosis. Archives of Physical Medicine and
Rehabilitation 1997; 78: 521—4.

Houtchens MK, Richert JR, Sami A, Rose JW. Open
label treatment for pain in multiple sclerosis. Multiple
Sclerosis 1997; 3: 250-3.

Solaro C, Lunardi GL, Capello E, ef al. An open label trial
of gabapentin treatment of paroxysmal symptoms in mul-
tiple sclerosis patients. Neurology 1998; 51: 609—-11.
Solaro C, Uccelli MM, Guglieri P, Uccelli A, Mancardi
GL. Gabapentin is effective in treating nocturnal painful
spasms in multiple sclerosis. Multiple Sclerosis 2000; 6:
192-3.

Mellick GA, Mellick LB. Reflex sympathetic dystrophy
treated with gabapentin. Archives of Physical Medicine and
Rehabilitation 1997; 78: 98—105.

Waldman SD, Waldman KA. Reflex sympathetic dystro-
phy. Internal Medicine Magazine 1990; 11: 62-8.

Mellick GA, Mellick LB. Gabapentin in the management
of reflex sympathetic dystrophy. Journal of Pain and Symp-
tom Management 1995; 10: 265—6.

Wheeler DS, Vaux KK, Tam DA. Use of gabapentin in the
treatment of childhood reflex sympathetic dystrophy.
Pediatric Neurology 2000; 22: 220-1.

Di Trapani G, Mei D, Marra C, Mazza S, Capuano A.
Gabapentin in the prophylaxis of migraine: a double-blind
randomized placebo-controlled study. La Clinica Ther-
apeutica 2000; 151: 145-8.

Graff-Radford SB. SUNCT syndrome responsive to
gabapentin. Cephalalgia 2000; 20: 515-17.

© 2002 Blackwell Science Ltd

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

M. A. Rose and P. C. A. Kam e Gabapentin

Ahmed F. Chronic cluster headache responding to gaba-
pentin: a case report. Cephalalgia 2000; 20: 252-3.
Davidoft G, Roth E, Guarracini M, Sliwa J, Yarkony G.
Function limiting dysesthetic pain syndrome among trau-
matic SCI patients: a cross sectional study. Pain 1987; 29:
39-48.

Mercadante S. Gabapentin in spinal cord injury pain. Pain
Clinics of America 1998; 10: 203—6.

Ness TJ, San Pedro EC, Richards JS, Kezar L, Liu HG,
Mountz JM. A case of spinal cord injury-related pain with
baseline rCBF brain SPECT imaging and beneficial
response to gabapentin. Pain 1998; 78: 139—43.

Kapadia NP, Harden N. Gabapentin for chronic pain in
spinal cord injury: a case report. Archives of Physical and
Medical Rehabilitation 2000; 81: 1439—41.

Priebe MM, Sherwood AM, Graves DE, Mueller M,
Olson WH. Effectiveness of gabapentin in controlling
spasticity: a quantitative study. Spinal Cord 1997; 35:
171-5.

Gruenthal M, Mueller M, Olson WL, Priebe MM, Sher-
wood AM, Olson WH. Gabapentin for treatment of
spasticity in patients with spinal cord injury. Spinal Cord
1997; 35: 686-9.

Gatti A, Jann S, Sandro E, Manuela B. Gabapentin in the
treatment of distal symmetric axonopathy in HIV infected
patients. Neurology 1998; 50: A216(Absract P04.053).
Newshan G. HIV neuropathy treated with gabapentin
(letter). AIDS 1998; 12: 219-21.

Smith LA, Allen EV. Erythermalgia (erythromelalgia) of
the extremities: a syndrome characterized by redness, heat
and pain. American Heart Journal 1938; 16: 175-88.
McGraw T, Kosek P. Erythromelalgia pain managed with
gabapentin. Anesthesiology 1997; 86: 988-90.

Zapp JJ. Postpoliomyelitis pain treated with gabapentin.
American Family Physician 1996; 53 (2442): 2445.

Hansen HC. Interstitial cystitis and the potential role of
gabapentin. Southern Medical Journal 2000; 93: 238—42.
Serrao M, Rossi P, Cardinali P, Valente G, Parisi L, Pierelli
F. Gabapentin treatment for muscle cramps: an open-label
trial. Clinical Neuropharmacology 2000; 23: 45-9.

van Deventer H, Bernard S. Use of gabapentin to treat
taxane-induced myalgias. Journal of Clinical Oncology 1999;
17: 434-5.

Bandini F, Mazzella L. Gabapentin as treatment for
hemifacial spasm. European Journal of Neurology 1999; 42:
49-51.

Ben-David B, Friedman M. Gabapentin therapy for vul-
vodynia. Anesthesia and Analgesia 1999; 89: 1459—-60.
Rozen TD. Relief of anesthesia dolorosa with gabapentin.
Headache 1999; 39: 761-2.

Otley CC, Siegel DM. Gabapentin for the treatment of
dysesthetic pain after reconstructive surgery. Dermatological
Surgery 1999; 25: 487-8.

Chatterjee CR, Ringold AL. A case report of reduction
in alcohol craving and protection against alcohol with-
drawal by gabapentin. Journal of Clinical Psychiatry 1999;
60: 617.

461



M. A. Rose and P. C. A. Kam e Gabapentin

113

114

115

116

117

118

119

120

121

122

462

Bonnet U, Banger M, Leweke FM, Maschke M, Kowalski
T, Gastpar M. Treatment of alcohol withdrawal syndrome
with gabapentin. Pharmacopsychiatry 1999; 32: 107-9.
Letterman L, Markowitz JS. Gabapentin: a review of
published experience in the treatment of bipolar disorder
and other psychiatric conditions. Pharmacotherapy 1999; 19:
565-72.

Cabras PL, Hardoy MJ, Hardoy MC, Carta MG. Clinical
experience with gabapentin in patients with bipolar of
schizoaftective disorder: results of an open-label study.
Journal of Clinical Psychiatry 1999; 60: 245-8.

Bolts SR, Raskind J. Gabapentin and lamotrigine in bi-
polar disorder. American Journal of Health-System Pharmacy
1999; 56: 1939—44.

Schaffer CB, Schaffer LC. Open maintenance treatment of
bipolar disorder spectrum patients who responded to ga-
bapentin augmentation in the acute phase of treatment.
Journal of Affective Disorders 1999; 55: 237—40.

Soloski KN, Green C, Maris DE, DeMet EM. Gabapentin
as adjunct to standard mood stabilizers in outpatients with
mixed bipolar symptomatology. Annals of Clinical Psychiatry
1999; 11: 217-22.

Perugi G, Toni C, Ruffolo G, Sartini S, Simonini E,
Akiskal H. Clinical experience using adjunctive gabapentin
in treatment-resistant bipolar mixed states. Pharmacopsy-
chiatry 1999; 32: 136—41.

Brannon N, Labbate L, Huber M. Gabapentin treatment
for post-traumatic stress disorder (letter). Canadian Journal
of Psychiatry 2000; 45: 84.

Herrmann N, Lanctot K, Myszak M. Effectiveness of
gabapentin for the treatment of behavioral disorders in
dementia. Journal of Clinical Psychopharmacology 2000; 20:
90-3.

Roane DM, Feinberg TE, Miner CR, Scicutella A,
Rosenthal RN. Treatment of dementia-associated agita-

123

124

125

126

127

128

129

130

131

Anaesthesia, 2002, 57, pages 451-462

tion with gabapentin. Journal of Neuropsychiatry and Clinical
Neurosciences 2000; 12: 40-3.

Dallocchio C, Buffa C, Mazzarello P. Combination of
doneperzil and gabapentin for behavioral disorders in
Alzheimer’s disease. Journal of Clinical Psychiatry 2000;

61: 64.

McManaman ], Tam DA. Gabapentin for self-injurious
behaviour in Lesch—Nyhan syndrome. Pediatric Neurology
1999; 20: 381-2.

Gironell A, Kulisevsky J, Barbanoj M, Lopez-Villegas D,
Hernandez G, Pascual-Sedano B. A randomized placebo
controlled comparative trial of gabapentin and propranolol
in essential tremor. Archives of Neurology 1999; 56: 475-80.
Novelli G, Mediati RD, Casali R, Palermo P. Treatment
of ‘restless legs syndrome’ with gabapentin. Pain Clinics of
America 2000; 12: 61-3.

Bueller HA, Bernhard JD, Dubroff LM. Gabapentin
treatment for brachioradial pruritis. Journal of European
Dermatology and Venereology 1999; 13: 227-8.

Kothare SV, Pollack P, Kulberg AG, Ravin PD. Gaba-
pentin treatment in a child with delayed-onset hemi-
chorea/hemiballismus. Pediatric Neurology 2000; 22: 68—71.
Collins SL, Moore RA, McQuay DM, Wiffen P. Anti-
depressants and anticonvulsants for diabetic neuropathy
and postherpetic neuralgia: a quantitative systematic
review. Journal of Pain and Symptom Management 2000; 20:
449-58.

McQuay H, Carroll D, Jadad AR, Witten P, Moore A.
Anticonvulsant drugs for management of chronic pain:

a systematic review. British Medical Journal 1995; 311:
1047-52.

McQuay HJ, Tramer M, Nye BA, Carrol D, Wiffen PJ,
Moore RA. A systematic review of antidepressants in
neuropathic pain. British Medical Journal 1996; 68:
217-27.

© 2002 Blackwell Science Ltd



