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Catatonia is a common neuropsychiatric syn-
drome which may arise from GABA-A hypoactiv-
ity, dopamine (D2) hypoactivity,and possibly glu-
tamate NMDA hyperactivity. Amantadine and
memantine have been reported as effective treat-
ments for catatonia in selected cases, and probably
mediate the presence of catatonic signs and symp-
toms through complex pathways involving gluta-
mate antagonism. The authors identified 25 cases
of catatonia treated with either agent. This article
provides indirect evidence that glutamate antago-
nists may improve catatonic signs in some pa-
tients who fail to respond to established treatment,
including lorazepam or electroconvulsive therapy.
Further study of glutamate antagonists in the
treatment of catatonia is needed.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2007; 19:406–412)

Catatonia is a movement disorder defined primarily
by a cluster of symptoms, including immobility,

mutism, and withdrawal or refusal of food and water,1

and its presence can lead to rapid medical decompen-
sation necessitating rapid and effective treatment for
this condition. Catatonia may arise from low GABA-A
receptor binding, dopamine hypoactivity, and possibly
glutamate (NMDA receptor) hyperactivity.2 It is a com-
mon neuropsychiatric syndrome that can occur in
schizophrenia, bipolar disorder, major depression and
general medical illnesses.3 In a recent study, van der
Heijden et al.4 highlighted that catatonia was diag-
nosed clinically in only 1.3% of acute psychiatric in-
patients. However, closer scrutiny showed that 18% ex-
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hibited two or more catatonic signs, emphasizing the
frequent underdiagnosis of catatonia in routine clinical
settings.4

Northoff et al.5 noted marked similarities between
catatonia and the akinesia demonstrated by Parkin-
son’s disease patients, which often improves with the
addition of amantadine to the drug regimen. The res-
olution of catatonia with amantadine would imply glu-
tamatergic hyperactivity; however, this observation is
complicated by the fact that catatonia has been asso-
ciated with both schizophrenic and affective states, in
which glutamatergic hypofunction involving the pre-
frontal cortex and anterior cingulated region has been
noted.6–8

The treatment of catatonia has been well established
with trials of lorazepam and electroconvulsive therapy
(ECT),3 and recent treatment guidelines list these as ef-
fective in both acute and chronic catatonia.9,10 However,
if patients do not respond to these primary treatments,
clinicians have little evidence on which to base treat-
ment for benzodiazepine and ECT refractory catatonia.
Hawkins et al.11 identified only one case in which aman-
tadine was used, noting that it was ineffective. However,
this was followed by two cases of patients in whom
amantadine was markedly effective in improving febrile
catatonia, which spurred an interest in the role of the
glutamate system in addressing this disorder.5

Because of its NMDA antagonist properties, Northoff
et al.2 list amantadine as a therapeutic agent that poten-
tially leads to a down-regulation of glutamatergic-
mediated excitation that is therapeutically effective in
catatonia. Amantadine may indirectly compensate for
the lack of GABA-ergic mediated neuronal inhibition.
Specifically, amantadine has been shown to be beneficial
in lorazepam refractory catatonia.5,12 It has been rec-
ommended that amantadine be initiated prior to ECT in
refractory catatonia.5 Memantine, a derivative of aman-
tadine, has also been reported to be effective in catato-
nia.13 Though there is no satisfactory animal model for
catatonia, Loizzo et al.14 used amantadine to reverse bul-
bocapnine-induced catalepsy in animals.2

We felt that clinicians might benefit from a review of
catatonia patients treated with the glutamate antago-
nists amantadine and memantine. Such a review may be
especially helpful in cases where catatonia proves resis-
tant to treatment with lorazepam or ECT. We conclude
our review by offering a treatment paradigm for pa-
tients with catatonia who are resistant to treatment with
benzodiazepines or ECT.

METHOD

We completed a PubMed search using the following Medi-
cal Subject Headings (MESH) terms, without “exploding”
them further: “amantadine,” “N-Methylaspartate” “N-
Methyl-D-Aspartate” (and its variations suggested by
MESH search on PubMed), “amantadine-N-mustard,”
“MR 708,” “catatonia,” “schizophrenia, catatonic,” “cata-
lepsy,” “glutamate,” “topiramate” and “memantine,” and
limited the search results to human subjects. In addition,
we searched MEDLINE, EMBASE and PsycINFO using
the terms ”cataton*,” “amantadine,” “NMDA,” “gluta-
mat*,” “topiramate” and “memantine.” We also searched
other publications by lead authors in the field of catatonia
research, and included papers in which catatonia was well
documented as the focus of treatment and included a treat-
ment response. We attempted to contact authors by e-mail
to see if other unreported cases existed to be included in
the review. Cases were limited to English language de-
scriptions.

Each case was examined for age, sex, diagnosis, med-
ications used, dose of glutamate antagonist, and route
of administration. Amantadine and memantine were
administered orally, except in the cases reported by Nor-
thoff et al.5,12 Time to response was determined as less
than 1 day, 1 to 7 days, or more than 7 days. Northoff
indicated that the time to response for amantadine was
delayed as compared to lorazepam.2 The pattern of re-
sponse was listed by the rating scale or clinical signs
used.

RESULTS

Twenty-five cases were identified of amantadine and
memantine use in the treatment of catatonia (Table 1).
The response time generally ranged from 1 to 7 days
after obtaining a therapeutic dose of any selected agent,
although there was no standardized assessment for fol-
low-up in most cases. The criteria for response were
based upon clinical reduction of catatonic signs as de-
scribed in the case reports or through the use of varied
clinical outcome scales including the Bush-Francis Cat-
atonia Rating Scale (BFCRS),15 Modified Rogers Scale,16

and the Clinical Global Impression (CGI).17 All de-
scribed cases in the literature and unpublished reports
submitted for this review were characterized by sub-
stantial improvement after addition of a glutamate an-
tagonist to the treatment regimen, which may reflect a
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bias of ascertainment in the literature, as negative cases
are less likely to be reported for publication.

DISCUSSION

The established treatments of catatonia with benzodi-
azepines (i.e., lorazepam) and ECT remain as the mo-
dalities with the strongest evidence base to date, and
the nature of treatments for catatonia make placebo-
controlled, double-blind trials difficult to design. Cata-
tonia is a neuropsychiatric illness that may respond to
one treatment, even after failure to other standard treat-
ments, if treated for a sufficient duration. This was dem-
onstrated best in a double-blind placebo trial of amo-
barbital in catatonia. Subjects’ responses to amobarbital
did not predict overall treatment response, as those who
failed to improve initially with amobarbital eventually
responded to other treatments, including ECT.18

The NMDA receptor is hypothesized to be dysfunc-
tional in catatonia in the striato-cortical pathway or the
cortico-cortical pathways, and NMDA hyperactivity ap-
pears to correspond to a loss of GABA-A and dopamine
activity in these regions, which may clinically present as
a lorazepam-resistant catatonic syndrome.2 Thus, use of
NMDA antagonism to attenuate glutamatergic hyper-
activity most likely acts to improve catatonia and cor-
respondingly may increase GABA-A and dopamine in
previously deficient areas.2,13,19 Similar findings of glu-
tamate hyperactivity have been noted in treatment re-
fractory mood disorders,20 and overlap between cata-
tonia and refractory mood disorders would be expected
in a portion of the cases where the catatonia was sec-
ondary to either depressive illness or bipolar disorder.
It is difficult to identify the precise mechanism of glu-
tamate hyperactivity in catatonia. It is possible that there
may be elevated extracellular glutamate in catatonia.
However, we prefer to focus on the NMDA receptor,
which may be allosterically open in catatonia, leading
to increased glutamate activity. Amantadine and me-
mantine are noncompetitive antagonists that would
down-regulate the NMDA receptor.

Amantadine was originally approved for antiviral use
in the 1960s, and was later noted to be effective in the
treatment of parkinsonism.21,22 It is approved only for
oral use in the United States, but other reports from Eu-
rope have included its intravenous administration.2 It is
well absorbed orally, and has an intermediate half-life
of 12 to 18 hours in healthy individuals. Amantadine

has mixed pharmacological effects and facilitates both
central dopamine release, as well as delays central
dopamine reuptake. It has also been speculated that
amantadine may exert a direct, postsynaptic effect by
increasing the number of or altering the configuration
of postsynaptic dopaminergic receptors. Importantly,
however, for the issue of treating refractory catatonia, it
also exhibits moderate, reversible NMDA glutamate re-
ceptor antagonism.23,24 Thus, its effect upon refractory
catatonia is likely a combination of both direct and in-
direct actions upon both the dopamine and glutaminer-
geric systems.

Alternatively, memantine is a low-to-moderate affin-
ity, voltage-dependent, noncompetitive, NMDA recep-
tor antagonist related structurally to amantadine and
approved for use in moderate to severe Alzheimer dis-
ease. It is similar to amantadine in that it is well ab-
sorbed orally, with peak serum levels achieved in ap-
proximately 6 hours. However, it has a markedly longer
half-life of approximately 60 to 80 hours in Phase I phar-
macokinetic studies (Namenda prescribing information,
2006). Memantine’s potential efficacy in catatonia is
likely secondary to its direct NMDA antagonism and
consequent reduction in glutamine excitotoxicity. Me-
mantine does not appear to affect dopamine transmis-
sion directly.

McDaniel et al.25 presented a case series of four sub-
jects with catatonia who failed treatment with com-
monly used modalities, such as lorazepam and dival-
proex, but who eventually responded when treated with
adjunctive topiramate. This lends further support to the
role of glutamate hyperactivity in treatment refractory
catatonia.

Topiramate is a novel anticonvulsant agent approved
for use in partial onset or generalized tonic-clonic epi-
lepsy and migraines; however, its exact mechanism of
action in vivo is ill understood. Three different effects
upon cultured neurons have been identified and include
blockade of state-dependent sodium channels, as well
as a GABA-ergic mechanism that appears to increase the
frequency at which GABA activates GABA-A channels,
and increases the ability of GABA to induce an influx of
Cl ions into the neuron. This increased GABA activity is
not blocked by the administration of flumazenil and ap-
pears distinct from the effect of barbiturates. Third, to-
piramate antagonizes the ability of kainate to activate
AMPA receptors, which are a distinct, nonNMDA glu-
tamate receptor without direct NMDA receptor effects;
however, given that AMPA/kainate receptors are often



J Neuropsychiatry Clin Neurosci 19:4, Fall 2007 http://neuro.psychiatryonline.org 411

CARROLL et al.

TABLE 2. Proposed Treatment Algorithm for Treatment of
Catatonia

Step 1 Trial of lorazepam for 1 to 3 days at dosages of up to 6 mg
daily (or maximal tolerated); begin work-up for ECT

Step 2 Trial of ECT (if not immediately available skip to Step 3)
Step 3 Trial of adjunctive amantadine beginning at 100 mg daily

and titrating dose by 100 mg every three or four days to
maximal dosage of 400 mg daily, given in two to three
divided doses

Step 4 Trial of adjunctive memantine 10 mg daily for 3 to 4 days,
and increasing to 10 twice daily if ineffective at lower dose

Step 5 Trial of adjunctive topiramate in doses of 200 to 400 mg
daily (or other anticonvulsants)

co-localized with NMDA receptors, one cannot rule out
indirect antagonism on NMDA receptors.26

Miyoaka et al.27 reported two patients with acute
schizophrenia with catatonic stupor that responded to
minocycline. Minocycline was used as an adjunctive
treatment to antipsychotics at a dose of 150 mg per day
in the absence of infection. The response noted with this
agent is pertinent in that minocycline may act as an
NMDA antagonist, as it has demonstrated protection
against NMDA excitotoxicity in some preclinical stud-
ies, however, its precise mechanism of action in the CNS
is not well understood.27,28

The two glutamate antagonists examined in this re-
view, amantadine and memantine, share similar mech-
anisms of action and the capacity to diminish glutama-
tergic hyperactivity. These clinical data suggest there
could be an emerging role for glutamate antagonists in
the treatment of patients with refractory catatonic syn-
dromes.

CONCLUSIONS

Catatonia remains a common neuropsychiatric illness
with increasing evidence of a glutamatergic component.
The glutamatergic role does not appear to be dependent
upon the primary psychiatric diagnosis producing cat-
atonia. Lorazepam and ECT have been clearly shown to
be first-line choices for the treatment of catatonia by
available evidence; however, these agents may be insuf-
ficient to clinically improve this movement disorder in
selected cases. Antiglutamate agents, such as amanta-
dine, memantine, and others, may offer effective treat-
ment by either direct glutamate antagonism or indirect
GABA and dopamine effects.

Though there are no studies comparing the efficacy
or effectiveness of amantadine versus memantine, it
should be noted that some patients may develop psy-
chosis from addition of amantadine,29 while others may
fail to respond to amantadine, or may suffer diminish-
ing response after a period of time. In these cases, me-
mantine may offer more selective and increased NMDA
antagonism with a lower risk of psychosis due to its
negligible effect upon the dopamine system.30 Similarly,

topiramate may offer effective glutamate antagonism
via AMPA receptors combined with GABA-ergic effects,
with a negligible risk of psychosis.

Based on this case series, we suggest a treatment al-
gorithm for patients presenting with a catatonic syn-
drome, regardless of the underlying etiology (Table 2).
We formulated this treatment algorithm based upon
multiple considerations, including the available data re-
garding efficacy, safety, and cost. We also included dos-
ages based on this review. We cannot comment on the
use of higher dosages, but recognize that clinicians may
select higher doses based upon clinical response and
judgment (Table 3). Further studies are required to bet-
ter delineate the role of the glutamate system in cata-
tonic presentations and to better understand the role of
glutamate antagonists in the treatment of catatonic pre-
sentations.
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TABLE 3. Dosing Ranges of Selected Glutamate Antagonist
Agents

Amantadine 100 to 400 mg total daily dose
Memantine 10 to 20 mg total daily dose
Topiramate 200 to 400 mg total daily dose
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