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Introduction: Neuroleptic malignant syndrome (NMS), thought to arise through
dopamine antagonism, is life-threatening. While prompt diagnosis of NMS is
critical, it may be obscured by other diagnoses, such as malignant catatonia,
with overlapping, life-threatening symptoms. Initiation of dopamine-blocking
agents such as antipsychotics and abrupt cessation of dopaminergic medications
such as amantadine can precipitate NMS. Once NMS is suspected, deft medical
management should ensue. Multiple case reports detail electroconvulsive
therapy's (ECT's) effectiveness in the treatment of NMS. While this relationship is
well-documented, there is less literature regarding comparative efficacy of ECT
in the acute treatment of NMS-like states precipitated by withdrawal of dopamine
agonists, such as amantadine.

Case: We present a 52-year-old female with schizoaffective disorder bipolar
type, with a history of a lorazepam-resistant catatonic episode the prior year
that had responded to amantadine. She presented febrile with altered mental
status, lead pipe rigidity, mutism, grasp reflex, stereotypy, autonomic instability,
and a Bush-Francis Catatonia Rating Scale (BFCRS) of 24, suggesting malignant
catatonia versus NMS. There was concern over a potentially abrupt cessation of
her amantadine of which she had been prescribed for the past year.

Interventions: Organic etiologies were ruled out, and a presumptive diagnosis
of NMS was made with central dopaminergic depletion from abrupt dopamine
agonist (amantadine) withdrawal as the suspected underlying etiology. After
intravenous lorazepam and reinduction of amantadine failed to alleviate her
symptoms, urgent ECT was initiated. Our patient received an index series of ECT
of seven treatments. After ECT #1 she was no longer obtunded, after treatment #2
her symptoms of mutism, rigidity, stereotypy, and agitation showed improvement,
and by ECT #3, the NMS had rapidly dissipated as evidenced by stable vital signs,
lack of rigidity, and coherent conversation.

Conclusion: Brisk identification of potentially life-threatening NMS and NMS-like
states, including malignant catatonia, warrants a trial of ECT. ECT's theoretical
mechanisms of action coincide with the theoretical pathophysiology of the
conditions. It is a viable and safe treatment option for reducing mortality.
With prompt initiation of ECT, we obtained rapid control of a condition with a
potentially high mortality.
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Introduction

Neuroleptic malignant syndrome (NMS) is a life-threatening
condition characterized by fever, abnormal and widely fluctuating
vital signs, “lead-pipe” rigidity, and elevated creatinine kinase (CK)
(1). It is thought to arise through dopamine (DA) antagonism. The
mortality rate of NMS is reported to be between 5 and 20%, with the
rate increasing to up to 70% with complications such as aspiration
pneumonia such that prompt diagnosis is critical (2, 3). With high
symptom overlap, NMS is phenomenologically and physiologically
related to malignant catatonia. The distinction, however, is that NMS
is related to effective DA depletion such as antipsychotics (DA
antagonists) or the withdrawal or rapid cessation of a dopaminergic
agonist (4-6). Perhaps NMS lies on the most extreme continuum of
severity of an underlying, diverse condition known as catatonia with
its incompletely understood pathophysiological processes (7). Even
with rapid cessation of DA agonists, NMS is not always induced, yet
milder symptoms of NMS, mood symptoms, or motor abnormalities
may be noted. Symptom clusters such as dysphoria, anxiety, fatigue,
suicidal thoughts, orthostatic hypotension, and agitation are
sometimes  described as withdrawal
syndrome (DAWS).

In general, catatonia is often underdiagnosed, a result of its

dopamine  agonist

various presentations and variety of subtypes. The classic subtype,
stuporous catatonia, is marked by the hallmark features of mutism,
staring, immobility, withdrawal, posturing, and waxy flexibility (8).
Contrast this to the subtype, excited catatonia, where psychomotor
agitation, stereotypies, mannerisms, verbigeration, and echolalia
predominate (9). And even more bewildering is periodic catatonia,
involving fluctuations between excited and stuporous states; and
delirious mania that manifests as typical mania, with signs of delirium,
fever, and vital sign derangement (9). Most concerning, however, is
malignant catatonia, first described in 1934 by Stauder, that is
characterized by delirium, fever, stupor, and a mortality rate of over
50% (10).

Among patients seen on inpatient consultation-liaison
psychiatry services, up to 6% may have catatonia (11). Due to the
high mortality rates of NMS and malignant catatonia, it is essential
to establish the diagnosis early. The variable presentations of
catatonia and altered mental status are confounding and require a
broad differential diagnosis. Moreover, serotonin syndrome has
overlapping features with both catatonia and NMS, including
abnormal vital signs and elevated CK (12). Linked to serotonergic
activity (rather than DA), it manifests with hyperreflexia rather
than muscle rigidity (12). Catatonia can be either primary, arising
from an underlying psychiatric etiology such as a mood disorder
or schizophrenia. Or it may be secondary to a toxic, metabolic, or
neurological process. A useful, validated instrument aiding in the
assessment is the Bush-Francis Catatonia Rating Scale (BFCRS)
which assists in making the clinical diagnosis. The presence of 2 of
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14 screening items is needed for diagnosis (8, 13). And a list of 23
items is provided to scale symptom severity. The DSM-5-TR
provides an alternative metric and requires 3 of 12 diagnostic
criteria (14). Given only 2 items are needed for a diagnosis of
catatonia, BFCRS will be positive in patients with NMS, due to
symptom overlap.

Malignant catatonia and NMS are similar conditions. The key
differentiator is that NMS is precipitated by dopamine antagonism or
by withdrawal of a dopaminergic agent (15). This contrasts with
malignant catatonia arising from a primary underlying condition. In
this sense, NMS might be considered as having a more iatrogenic
origin—such as the addition of a DA antagonist or the removal of a
DA agonist. Regardless of whether NMS is considered an iatrogenic
malignant catatonia or merely the periphery on a continuum of
catatonia, once either is suspected, deft medical management should
ensue. ECT affords one of the fastest treatment responses within
psychiatry for catatonia and a similarly rapid response is detailed in
multiple case reports for the treatment of NMS due to antipsychotic
use (15, 16). While its effectiveness is well-documented, there is less
literature regarding efficacy or the speed of response to ECT for the
acute treatment of NMS when it arises from DA agonist withdrawal,
such as amantadine withdrawal.

Case description

We present a 52-year-old female with schizoaffective disorder
bipolar type, cutaneous lupus erythematous, rheumatoid arthritis,
chronic kidney disease stage III, and seizure history requiring no
antiepileptic medication. She presented to the emergency room
febrile, with altered mental status, lead pipe rigidity, mutism, grasp
reflex, stereotypies, autonomic dysfunction, tachycardia (110 beats
per minute), hypertension (systolic blood pressure of 180 mm Hg).
Creatine kinase and white blood cell counts were within normal
limits. Within 48 h of admission, she experienced acute hypoxic
respiratory failure and unspecific seizure activity requiring
intubation. She received 2 mg intravenous lorazepam and a 30 mg/
kg loading dose of levetiracetam with 500 mg every 12 h. This was
complicated by aspiration, presumed to be from either rigidity or
seizure, that led to MRSA pneumonia being treated with
intravenous antibiotics. However, motor rigidity and autonomic
abnormalities remained unchanged despite resolution of
her pneumonia.

EEG monitoring revealed multiple head and arm shaking
events; however, the recording did not have an electrographic
correlate, wherein non-convulsive seizures were ruled out. Brain
MRI was unrevealing. Lupus cerebritis and meningitis were ruled
out through serologic testing, urosepsis was ruled out with
urinalysis. The patient was subsequently extubated after being
deemed able to protect her airway.
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Her BFCRS was 24. Her current home medications included
hydroxychloroquine 200 mg daily, prednisone 5 mg three times daily,
amantadine 100 mg daily, venlafaxine extended release 75 mg daily,
and lamotrigine 100 mg nightly. Of concern was her previous catatonic
episode 1year prior that had failed to respond to a four-week course
of lorazepam that had been titrated to divided doses of 9 mg daily.
However, that previous episode of catatonia remitted rapidly after
initiation of amantadine. Unfortunately, further details regarding the
treatment course of that episode are unknown.

Neuroleptic malignant syndrome vs. malignant catatonia were
both high on the differential diagnoses. The emergency room had
given a report of a rapid reduction in her amantadine, suggesting the
potential of disruption in central dopaminergic activity, such that a
presumptive diagnosis of NMS was made. The patient’s home
amantadine was restarted. However, she showed only minimal, partial
improvement in rigidity following amantadine resumption, and
continued to exhibit severe catatonic symptoms.

After failing to improve with both intravenous lorazepam 4 mg
four times per day and re-initiation of amantadine, an urgent index
series of ECT was initiated once legal consent obligations were
met. On the morning of her first ECT (now hospital day 12), she
remained obtunded and continued to exhibit lead pipe rigidity,
mutism, stereotypies, a grasp reflex, tachycardia, and hypertension.
Bitemporal electrode placement was selected to afford potentially
the fastest response rate (17). ECT stimulus parameters prioritized
low frequency over stimulation train duration which offer the most
efficient means for seizure induction. The initial total charge dose
was 379mC (0.9A, 0.5ms, 7.0s, 60 Hz). Although only theoretical
as quality indicators, device seizure quality data is listed for
reference: time to peak coherence (6s) and to peak power (8s),
with the maximum power at 6406 uV (2). Maximum sustained
coherence was 91.8%. The seizure abruptly stopped at 31s with
notable post-ictal suppression. All the remaining ECT-induced
seizures ranged between 26 and 31s, and all were deemed
efficacious in quality based on seizure morphology.

By 12h post ECT #1 she was no longer obtunded, becoming
alert for the first time since her admission 12days prior. Her
rigidity had also lessened. After ECT #2, her agitation and mutism
ceased. She was able to follow commands, state her name, and
engage in brief conversation. Her bilateral rigidity was notably
improved. The following day post- ECT #2, she reported feeling
“much better” have some recollection of her feelings of agitation
on the previous days. The remainder of the ECT series (totaling #7)
was without complication and well-tolerated. During mid- ECT
series, her seizure threshold was suspected to rise based on seizure
EEG morphology and duration. This led to subsequent total charge
dose titrations with a final charge dose of 454 mC.

After the resolution of the presumptive NMS, our patient
manifested symptoms consistent with her long-standing diagnosis
of schizoaffective disorder. Despite improved orientation,
symptoms included looseness of associations, response to internal
stimuli, and auditory hallucinations such that she was transferred
to a free-standing community psychiatric hospital for ongoing
treatment. It was strongly recommended that she enter a
continuation ECT taper, especially given her ongoing psychosis
with potential need for an antipsychotic which was concerning
given the recent episode of NMS.
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1year Patient started on amantadine for lorazepam-resistant episode of
prior malignant catatonia

Patient admitted with altered mental status, rigidity, and
autonomic abnormalities. Lorazepam initiated

Ativan tapered due to lack of effect and concern for sedation.
Restarted on home amantadine

Lumbar puncture performed. Respiratory distress led to
intubation.

MRI performed
Patient extubated
ECT approval
ECT #1 bitemporal (BT) 75%, 0.5ms
ECT #2 BT, 75%, 0.5ms. Significant improvement in NMS symptoms.
ECT #3 BT, 80%, 0.5ms
ECT #4 BT, 85%, 0.5ms

ECT #5 BT, 90%, 0.5ms

ECT #6 BT, 90%, 0.5ms. With clinical picture resembling patient’s baseline,
transferred to inpatient psychiatric facility for further management.

ECT #7 BT, 90%, 0.5ms

ECT discontinued

CLLLTELELL L

Discharged from psychiatric facility

Discussion

The pathophysiology of both catatonia and NMS are yet to be fully
elucidated; however, it is thought to be related to a state of gamma-
aminobutyric acid (GABA)-dependent dopamine (DA) depletion in
various corticostriatal neural circuits (18). These networks include the
motor circuit, anterior cingulate, orbitofrontal circuit, lateral
hypothalamic connections, and lateral orbitofrontal circuit (18).
Dopamine signaling in the striatum and paralimbic cortex is thought to
be diminished as a result of reduced GABA-A inhibition of GABA-B
(which decreases DA activity) (1). And benzodiazepines, such as
lorazepam, a GABA-A agonist, are thought to improve catatonia by
acting on this pathway (19). Conversely, reduced GABA-A inhibition of
frontal corticostriatal tracts is associated with increased N-methyl-D-
aspartate (NDMA) receptor activity, which is also thought to play a role
in the pathogenesis of catatonia (20). Finally, amantadine and
memantine, which antagonize such NMDA receptors, are sometimes
used as adjunctive or alternative treatments for catatonia (21).

Patients with a history of malignant catatonia, such as our patient,
are predisposed to higher rates of both a recurrence of catatonia and an
incidence of NMS (22). Due to the high mortality risks associated with
both malignant catatonia and NMS, consideration of ECT is warranted
regardless of any ability to distinguish between these two conditions. For
our patient, whose symptoms were presumed to be sequelae of
dopamine agonist withdrawal (and whose symptoms persisted despite
both re-initiation of amantadine and a trial of lorazepam), it was
deemed critical to begin ECT for urgent symptom control (23, 24).

For our patient, a DA agonist withdrawal would have created a
relative dopamine depletion. The symptoms arising from this
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depletion would be expected to respond to ECT (25, 26). It is theorized
that ECT is efficacious for the treatment of NMS by increasing
dopamine sensitivity and increasing dopamine release, in addition to
increasing GABAergic, serotonergic, and noradrenergic transmission
(25, 27-31). Limitations of this case report partially lie in the
unverifiability in reports regarding her medication compliance, the
timing of amantadine cessation, and the degree of her compliance
prior to this reported abrupt cessation. However, even had this
information been known, it would have mostly aided in diagnostic
certainty rather than affording information on the potential efficacy
of ECT. It is also unclear how much time was needed after amantadine
re-initiation before a response is expected. After 12days of having
resumed amantadine, our patient had shown only an equivocal
clinical improvement.

Although it is unknown if ECT was singularly causal in her rapid
response, her NMS resolved only after initiation of ECT. It is
theoretical that her meager response from amantadine was present
with a potentially greater response emerging. Her severe
symptomatology had continued despite amantadine re-introduction,
yet she had at least not required intubation after the aspiration event.
If any positive effects of amantadine were underway or were
synergistic with the effects of ECT it was overshadowed by the
robustness of her response and would have coincided with precisely
the time of the first ECT treatment. It is also possible the effects were
solely due to the ECT itself despite only one ECT treatment. Rapid
changes occur within the brain during and after only one
ECT. Same-day ECT responses are seen when treating catatonia (32);
in depression, ECT can rapidly induce a mood change where polarity
switches from depression to hypomania have been noted within
1-3 days of ECT of initiation of ECT 33-36.

However, the robustness of response does not aid in clarifying the
issue as to whether this may be malignant catatonia instead, or that
malignant catatonia and NMS are variations of the same phenomenon.
One might even speculate that NMS arising from neuroleptic’s DA
antagonism is different from NMS arising from DA agonist
withdrawal—i.e., various NMS-like states. This is consistent with the
idea that catatonia is a continuum. Moreover, case reports have
suggested that rapid cessation of amantadine led to neuroleptic
induced catatonia (NIC), again suggesting that catatonia and NMS are
syndromes along a dopamine blockade continuum (26).

Even though our patient’s dose of amantadine was not particularly
high (100 mg per day), its abrupt cessation is theoretically high enough
to explain her presentation. There are reports of dose reductions of
100mg every 2days as unproblematic; however, the authors here
suggest that dose reductions of 50 mg every second or third day (or
slower), as being more prudent (37). Other reports have cited that
even during a 2-3-day amantadine taper, such as with 200mg or
300 mg, NMS cases have emerged (38, 39). These case reports also
mention patients experiencing dopamine agonist withdrawal who
have an array of unpleasant mood or motor symptoms yet do meet the
full severity of an NMS—again suggesting a continuum.

Another consideration is that our patient’s home medication,
lamotrigine, played a role in her symptoms. Early animal studies note
that chronic treatment with lamotrigine regulates the expression of the
inhibitory neurotransmitter GABA-A receptor (40). Moreover,
lamotrigine also inhibits voltage-sensitive sodium channels,
suppressing the release of glutamate (41). Only a few case reports have
implicated lamotrigine as a contributor to NMS (although the
underlying pathophysiology was unclear); and we noted only two that
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reported on its being implicated in isolation from any concurrent
atypical antipsychotic use (42-44). These reports describe the
occurrence of an NMS-like phenomena that occurred during a
lamotrigine titration (or at least during the early weeks of its use),
often in augmentation with an antipsychotic. However, our patient
had been on lamotrigine for over a year. And, as with the amantadine,
the actual medication compliance was unknown such that any
contributory effects from lamotrigine for our case are also unknown.
Regardless, should lamotrigine have been contributory to an NMS-like
clinical picture, it would not have changed our decision to pursue
ECT, which notably, increases GABAergic transmission.

Treatment refractory mood disorders typically respond to twice
or thrice weekly ECT over a few weeks. The most optimal frequency
for treating NMS is less well-established. Yet, given the potentially
high mortality rate from NMS, daily ECT might even be justified
when available. Our ECT treatments were delivered biweekly using
bitemporal ECT electrode placement. It is unclear if more frequent
ECT would have hastened her response but given the abrupt
dissipation of her symptoms this seems moot.

This case also highlights the utility of ECT in patients who
develop NMS secondary to withdrawal of dopaminergic agents,
such as levodopa (in Parkinson’s Disease) and amantadine. The use
of ECT should not be considered exclusive to psychiatric patients
should symptoms arise suggesting an NMS-like state for such
non-psychiatric patients. Moreover, BECRS is an excellent tool for
catatonia, but an underlying NMS should always be considered in
the differential diagnosis given the large symptom overlaps. Given
that malignant catatonia and NMS are both conditions with high
mortality rates, it is critical to rapidly distinguish them from the
problematic, but less pernicious, typical catatonia. This case further
reinforces the notion that ECT is a safe and rapidly effective
treatment for NMS. Here, ECT was effective in amantadine
withdrawal-precipitated NMS, just as it has been shown to be for
other NMS-like conditions. For antipsychotic induced NMS cases
arising in patients with first order psychotic illnesses, it is likely
they will continue to need dopamine antagonist medications.
Given the well-documented benefits of a continuation taper of
ECT for relapse prevention in mood disorders, it would be prudent
to consider this for NMS patients as well. However, such guidelines
are not well established.

In 200 words, describe the contribution of your manuscript to the
research field. You should frame the research question(s) addressed in
your work in the context of current knowledge, highlighting how the
findings contribute to progress in your research discipline.

This case highlights the utility of ECT in treatment of NMS
precipitated by amantadine withdrawal. ECT afforded rapid symptom
reduction. This paper also importantly details the distinction between
various forms of catatonia and the necessity of early recognition of
malignant catatonia and the related condition, NMS. This case is
applicable to physicians in multiple specialties, as many fields may
encounter patients at risk for malignant catatonia and NMS, and
awareness is paramount to swift intervention.

Data availability statement
The original contributions presented in the study are included in

the article/supplementary material, further inquiries can be directed
to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1143407
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Katzell et al.

Ethics statement

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

BC, RV, and LK wrote the first draft of the manuscript. BC and LK
wrote the final draft. All authors contributed to manuscript writing,
editing, revision, and approval of the submitted version.

References

1. Carroll BT. The universal field hypothesis of catatonia and neuroleptic malignant
syndrome. CNS Spectr. (2000) 5:26-33. doi: 10.1017/s1092852900013365

2. Sahin A, Cicek M, Gonenc Cekic O, Gunaydin M, Aykut DS, Tatli O, et al. A
retrospective analysis of cases with neuroleptic malignant syndrome and an evaluation
of risk factors for mortality. Turk ] Emerg Med. (2017) 17:141-5. doi: 10.1016/j.
tjem.2017.10.001

3. Tural U, Onder E. Clinical and pharmacologic risk factors for neuroleptic malignant
syndrome and their association with death. Psychiatry Clin Neurosci. (2010) 64:79-87.
doi: 10.1111/§.1440-1819.2009.02042.x

4. Osman AA, Khurasani MH. Lethal catatonia and neuroleptic malignant syndrome.
A dopamine receptor shut-down hypothesis. Br ] Psychiatry. (1994) 165:548-50. doi:
10.1192/bjp.165.4.548

5. Hardy K, Evans R. Multiple episodes of NMS: overlap with malignant catatonia.
Prog Neurol Psychiatry. (2016) 20:19-21. doi: 10.1002/pnp.412

6. Chaplin R. Catatonia and neuroleptic malignant syndrome. Psychiatr Bull. (2002)
26:197-7. doi: 10.1192/pb.26.5.197-a

7. Walther S, Stegmayer K, Wilson JE, Heckers S. Structure and neural mechanisms
of catatonia. Lancet Psychiatry. (2019) 6:610-9. doi: 10.1016/52215-0366(18)30474-7

8. Bush G, Fink M, Petrides G, Dowling E, Francis A, Catatonia I. Rating scale and
standardized examination. Acta Psychiatr Scand. (1996) 93:129-36. doi:
10.111 1/j.1600—0447.1996.tb09814.x

9. Caroff SN, Hurford I, Bleier HR, Gorton GE, Campbell EC. Recurrent idiopathic
Catatonia: implications beyond the diagnostic and statistical manual of mental disorders
5th edition. Clin Psychopharmacol Neurosci. (2015) 13:218-21. doi: 10.9758/
cpn.2015.13.2.218

10. Lotstra F, Linkowski P, Mendlewicz J. General anesthesia after neuroleptic
malignant syndrome. Biol Psychiatry. (1983) 18:243-7.

11. Jaimes-Albornoz W, Serra-Mestres ]. Prevalence and clinical correlations of
catatonia in older adults referred to a liaison psychiatry service in a general hospital. Gen
Hosp Psychiatry. (2013) 35:512-6. doi: 10.1016/j.genhosppsych.2013.04.009

12. Azzam PN, Gopalan P. Catatonia, neuroleptic malignant syndrome, and serotonin
syndrome In: KD Ackerman and AF Dimartini, editors. Psychosomatic medicine: Oxford
University Press (2015). 275-94.

13. Sienaert P, Rooseleer J, De Fruyt J. Measuring catatonia: a systematic review of
rating scales. J Affect Disord. (2011) 135:1-9. doi: 10.1016/j.jad.2011.02.012

14. Tandon R, Heckers S, Bustillo ], Barch DM, Gaebel W, Gur RE, et al. Catatonia in
DSM-5. Schizophr Res. (2013) 150:26-30. doi: 10.1016/j.schres.2013.04.034

15. Berman BD. Neuroleptic malignant syndrome: a review for neurohospitalists.
Neurohospitalist. (2011) 1:41-7. doi: 10.1177/1941875210386491

16. Luchini F, Medda P, Mariani MG, Mauri M, Toni C, Perugi G. Electroconvulsive
therapy in catatonic patients: efficacy and predictors of response. World ] Psychiatry.
(2015) 5:182-92. doi: 10.5498/wjp.v5.i2.182

17. Morcos N, Rosinski A, Maixner DE. Electroconvulsive therapy for neuroleptic
malignant syndrome: a case series. J ECT. (2019) 35:225-30. doi: 10.1097/
YCT.0000000000000600

18. Rasmussen SA, Mazurek MF, Rosebush PI. Catatonia: our current understanding
of its diagnosis, treatment and pathophysiology. World J Psychiatry. (2016) 6:391-8. doi:
10.5498/wjp.v6.i4.391

19. Pelzer AC, van der Heijden FM, den Boer E. Systematic review of catatonia
treatment. Neuropsychiatr Dis Treat. (2018) 14:317-26. doi: 10.2147/NDT.S147897

20. Ariza-Salamanca DF, Corrales-Hernandez MG, Pach6n-Londofio MJ, Hernandez-
Duarte I. Molecular and cellular mechanisms leading to catatonia: an integrative

Frontiers in Psychiatry

10.3389/fpsyt.2023.1143407

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

approach from clinical and preclinical evidence. Front Mol Neurosci. (2022) 15:993671.
doi: 10.3389/fnmol.2022.993671

21.0h J, Amber-Monta K, Sahota PC, Pradhan BK, Koola MM. COVID-19-
Associated Benzodiazepine-Resistant Catatonia Responds to Amantadine. Prim Care
Companion CNS Disord. (2022) 24:22cr03394. doi: 10.4088/PCC.22cr03394

22. Kohen D, Bristow M. Neuroleptic malignant syndrome. Adv Psychiatr Treat. (1996)
2:151-7. doi: 10.1192/apt.2.4.151

23. Strawn JR, Keck PE, Caroff SN. Neuroleptic malignant syndrome. Am J Psychiatry.
(2007) 164:870-6. doi: 10.1176/ajp.2007.164.6.870

24, Hawkins JM, Archer KJ, Strakowski SM, Keck PE. Somatic treatment of catatonia.
Int J Psychiatry Med. (1995) 25:345-69. doi: 10.2190/X0FF-VU7G-QQP7-L5V7

25. Trollor N, Sachdev PS. Electroconvulsive treatment of neuroleptic malignant
syndrome: a review and report of cases. Aust N Z ] Psychiatry. (1999) 33:650-9. doi:
10.1080/j.1440-1614.1999.00630.x

26. Brown CS, Wittkowsky AK, Bryant SG. Neuroleptic-induced catatonia after abrupt
withdrawal of amantadine during neuroleptic therapy. Pharmacotherapy. (1986)
6:193-5. doi: 10.1002/j.1875-9114.1986.tb03475.x

27.Ozer E, Meral H, Aydin B, Hanoglu L, Aydemir T, Oral T. Electroconvulsive
therapy in drug-induced psychiatric states and neuroleptic malignant syndrome. J ECT.
(2005) 21:125-7. doi: 10.1097/01.yct.0000159325.08303.45

28. Fitzsimmons SMDD, van der Werf YD, van Campen AD, Arns M, Sack AT,
Hoogendoorn AW, et al. Repetitive transcranial magnetic stimulation for obsessive-
compulsive disorder: a systematic review and pairwise/network meta-analysis. ] Affect
Disord. (2022) 302:302-12. doi: 10.1016/.jad.2022.01.048

29. Sackeim HA, Decina P, Prohovnik I, Malitz S, Resor SR. Anticonvulsant and
antidepressant properties of electroconvulsive therapy: a proposed mechanism of action.
Biol Psychiatry. (1983) 18:1301-10.

30. Espinoza RT, Kellner CH. Electroconvulsive therapy. N Engl ] Med. (2022)
386:667-72. doi: 10.1056/NEJMra2034954

31. Park SE, Grados M, Wachtel L, Kaji S. Use of electroconvulsive therapy in autism.
Psychiatr Clin North Am. (2021) 44:23-33. doi: 10.1016/j.psc.2020.11.003

32. Dar MA, Rather YH, Shah MS, Wani RA, Hussain A. Rapid response of long-
standing, treatment-resistant non-catatonic mutism in paranoid schizophrenia with
single ECT session. N Am ] Med Sci. (2014) 6:591-4. doi: 10.4103/1947-2714.145480

33. Angst ], Angst K, Baruffol I, Meinherz-Surbeck R. ECT-induced and drug-induced
hypomania. Convuls Ther. (1992) 8:179-85.

34. Andrade C, Gangadhar BN, Swaminath G, Channabasavanna SM. Mania as a side
effect of electroconvulsive therapy. Convuls Ther. (1988) 4:81-3.

35. Lee ], Arcand L, Narang P, Lippmann S. ECT-induced mania. Innov Clin Neurosci.
(2014) 11:27-9.

36.Bost-Baxter E. ECT in bipolar disorder: incidence of switch from depression to
hypomania or mania. ] Depress Anxiety. (2013) 01:123. doi:
10.4172/2167-1044.1000123

37. Koschel ], Ray Chaudhuri K, Tonges L, Thiel M, Raeder V, Jost WH. Implications
of dopaminergic medication withdrawal in Parkinson’s disease. ] Neural Transm. (2022)
129:1169-78. doi: 10.1007/s00702-021-02389-x

38. Brantley E, Cohn J, Babu K. Case files of the program in medical toxicology at
brown university: amantadine withdrawal and the neuroleptic malignant syndrome. J
Med Toxicol. (2009) 5:92-8. doi: 10.1007/BF03161096

39. Fryml LD, Williams KR, Pelic CG, Fox ], Sahlem G, Robert S, et al. The role of
amantadine withdrawal in 3 cases of treatment-refractory altered mental status. J
Psychiatr Pract. (2017) 23:191-9. doi: 10.1097/PRA.0000000000000237

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1143407
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1017/s1092852900013365
https://doi.org/10.1016/j.tjem.2017.10.001
https://doi.org/10.1016/j.tjem.2017.10.001
https://doi.org/10.1111/j.1440-1819.2009.02042.x
https://doi.org/10.1192/bjp.165.4.548
https://doi.org/10.1002/pnp.412
https://doi.org/10.1192/pb.26.5.197-a
https://doi.org/10.1016/S2215-0366(18)30474-7
https://doi.org/10.1111/j.1600-0447.1996.tb09814.x
https://doi.org/10.9758/cpn.2015.13.2.218
https://doi.org/10.9758/cpn.2015.13.2.218
https://doi.org/10.1016/j.genhosppsych.2013.04.009
https://doi.org/10.1016/j.jad.2011.02.012
https://doi.org/10.1016/j.schres.2013.04.034
https://doi.org/10.1177/1941875210386491
https://doi.org/10.5498/wjp.v5.i2.182
https://doi.org/10.1097/YCT.0000000000000600
https://doi.org/10.1097/YCT.0000000000000600
https://doi.org/10.5498/wjp.v6.i4.391
https://doi.org/10.2147/NDT.S147897
https://doi.org/10.3389/fnmol.2022.993671
https://doi.org/10.4088/PCC.22cr03394
https://doi.org/10.1192/apt.2.4.151
https://doi.org/10.1176/ajp.2007.164.6.870
https://doi.org/10.2190/X0FF-VU7G-QQP7-L5V7
https://doi.org/10.1080/j.1440-1614.1999.00630.x
https://doi.org/10.1002/j.1875-9114.1986.tb03475.x
https://doi.org/10.1097/01.yct.0000159325.08303.45
https://doi.org/10.1016/j.jad.2022.01.048
https://doi.org/10.1056/NEJMra2034954
https://doi.org/10.1016/j.psc.2020.11.003
https://doi.org/10.4103/1947-2714.145480
https://doi.org/10.4172/2167-1044.1000123
https://doi.org/10.1007/s00702-021-02389-x
https://doi.org/10.1007/BF03161096
https://doi.org/10.1097/PRA.0000000000000237

Katzell et al.

40. Wang J-F, Sun X, Chen B. Lamotrigine increases gene expression of GABA-A
receptor B3 subunit in primary cultured rat hippocampus cells (2002) 26:415-21.

41. Muck-Seler D, Sagud M, Mustapic M, Nedic G, Babic A, Mihaljevic Peles A, et al.
The effect of lamotrigine on platelet monoamine oxidase type B activity in patients with
bipolar depression. Prog Neuro-Psychopharmacol Biol Psychiatry. (2008) 32:1195-8. doi:
10.1016/j.pnpbp.2008.03.004

42.Szota AM, Radajewska I, Grudzka P, Araszkiewicz A. Lamotrigine, quetiapine
and aripiprazole-induced neuroleptic malignant syndrome in a patient with renal

Frontiers in Psychiatry

06

10.3389/fpsyt.2023.1143407

failure caused by lithium: a case report. BMC Psychiatry. (2020) 20:179. doi: 10.1186/
512888-020-02597-x

43. Motomura E, Tanii H, Usami A, Ohoyama K, Nakagawa M, Okada M.
Lamotrigine-induced neuroleptic malignant syndrome under risperidone treatment: a
case report. JNP. (2012) 24:E38-9. doi: 10.1176/appi.neuropsych.11040093

44. Ishioka M, Yasui-Furukori N, Hashimoto K, Sugawara N. Neuroleptic malignant
syndrome induced by lamotrigine. Clin Neuropharmacol. (2013) 36:131-2. doi: 10.1097/
WNE0b013e318294799a

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1143407
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1016/j.pnpbp.2008.03.004
https://doi.org/10.1186/s12888-020-02597-x
https://doi.org/10.1186/s12888-020-02597-x
https://doi.org/10.1176/appi.neuropsych.11040093
https://doi.org/10.1097/WNF.0b013e318294799a
https://doi.org/10.1097/WNF.0b013e318294799a

	Rapid symptom control in neuroleptic malignant syndrome with electroconvulsive therapy: A case report
	Introduction
	Case description
	Timeline
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	﻿References

