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Review Article

Lithium-associated movement
disorder: A literature review

Jamir Pitton Rissardo’, Ana Leticia Fornari Caprara’, icaro Durante?, Ariane Rauber®

Abstract:

In 1949, Cade described “sedative effects” after injecting guinea pigs intraperitoneally with
lithium (LTM) carbonate. Based on his experiments, he began treating psychiatric patients with
LTM. This literature review aims to evaluate the clinical epidemiological profile, pathological
mechanisms, and management of LTM-associated movement disorder (MD). Relevant reports in
six databases (Excerpta Medica, Google Scholar, Latin American and Caribbean Health Sciences
Literature, Medline, Scientific Electronic Library Online, and ScienceDirect) were identified and
assessed by two reviewers without language restriction from 1949 to 2021. A total of 250 reports
containing 1100 individuals who developed MD associated with LTM were identified. The MDs
encountered 148 parkinsonism (PKN), 114 dyskinesia (DKN), 97 myoclonus, 22 dystonia (DTN), 20
Creutzfeldt—Jakob-like syndrome, 11 akathisia, 10 restless legs syndrome (RLS) symptoms, 6 tics,
5 cerebellar syndromes, and 3 stuttering. In the subgroup of cases not clearly defined, there were
320 individuals with extrapyramidal symptoms, 135 with DTN, 37 with DKN, 24 with PKN, and 7 with
RLS. Other 141 individuals were only described as presenting an abnormal involuntary movement
without further explanation. The mean age was 53.06 years (standard deviation [SD]: 15.64) and
the predominant sex was female, i.e., 56.20% (154/274). The mean LTM dose was 963.03 mg/
day (SD: 392.03). The mean serum LTM level was 1.53 mEq/L (SD: 1.08). The median onset time
was 3 months (1 day to 40 years). The mean recovery time was 0.94 months (SD: 0.87). 45.94%
had a full recovery. LTM-induced MD was extensively reported in the literature. Only general terms
were used in the majority of the reports. LTM polytherapy probably affected the identification of the
MD cause.
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greases for aircraft engines because this
metal has the highest specific heat of any
solid element."

Introduction

ithium (LTM) is an alkali metal and the
lightest solid element (atomic number 3).

There are many LTM salts, such as citrate, ~ In medicine, LTM was used since 200 AD,

carbonate, and sulfate. Therapeutically,
the most commonly used form is LTM
carbonate. LTM does not occur freely
in nature but can be found in pegmatite
minerals. It is also present in springs and
ocean waters because of its solubility as an
ion and is frequently obtained from brines.!"

The first major application of LTM was
in the World War II, where it was used in
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when Greek physicians recommended
alkaline water for psychiatric conditions.
The use of LTM became a subject of
study during the 19" century when James
Parkinson created a pathogenic hypothesis
based on “uric acid diathesis,” which stated
that an excess of uric acid in the urine was
responsible for many diseases, including
depression and mania, also known as “brain
gout.” Scientists performed experimental
studies with LTM urate and demonstrated
that it could dissolve uric acid deposits in
the urinary tract and around the joints.”?!
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Garrod published a study on gout in 1876 where he
described “gouty mania,” which was characterized by
psychiatric manifestations. He also recommended the
use of LTM to treat this condition.!

In 1949, Cade described “sedative effects” after injecting
guinea pigs intraperitoneally with LTM carbonate. Based
on his experiments, he began treating 10 psychiatric
patients with LTM. Years later, researchers thought that
his initial experimental conclusions about LTM were
accidental and that he probably noticed toxic instead
of therapeutic effects in the guinea pigs. Even so, in
his clinical observations with psychiatric patients, he
documented significant improvement of mania.™

In 1954, the Danish psychiatrist Schou published the first
randomized clinical trial with LTM treating 38 manic
patients. Schou highlighted in his study the beneficial
effects of LTM in manic-depressive psychosis. He also
pointed out that the LTM mood-stabilizing properties
differed from simple sedation. Patients experienced
return to their previous level of functioning without
the severe adverse effects they experienced when using
barbiturates in high dosages, which was the standard
treatment for psychosis at the time. Schou et al. also
reported symptoms of LTM intoxication; “the most
frequent toxic symptoms were nausea and vomiting,
diarrhea, tremor of the hands, a feeling of general fatigue,
and slight drowsiness. Occasionally, we observed
blurred vision, vertigo, uncertain gait, slight confusion,
and dryness of the mouth.”?

The study by Schou opened the venue for many
subsequent clinical trials with LTM, and the drug started
being studied extensively in psychiatry. Further studies
showed that LTM has a narrow therapeutic index, with
a therapeutic dose close to the toxic dose. Thus, patients
require regular monitoring of LTM levels.?!

Over the years, LTM demonstrated remarkable
effectiveness in the maintenance treatment of bipolar
disorders, preventing recurrent manic and depressive
episodes, being considered by many psychiatrists as
the mood stabilizer of choice.l’! Moreover, LTM has
independent antisuicidal properties, which is essential
considering the increased risk of suicide in psychiatric
disorders.”!

LTM’s exact mechanisms of action in psychiatry
are unknown. Unfortunately, LTM is significantly
underpublicized, probably due to its low cost and the fact
that it was never patented. According to international
surveys, the percentage of LTM use in bipolar disorder
in the USA is 17%, while it is 50% in other countries.®!
Nevertheless, preliminary studies suggested that inositol
monophosphatase and magnesium-dependent
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phosphomonoesterases are direct LTM targets. It is
also hypothesized that LTM inhibits glycogen synthase
kinase-3 (GSK-3) directly and indirectly, while the
latter occurs by inhibitory Ser21/9 phosphorylation.
Valproic acid and ketamine also inhibit GSK-3 indirectly
through Ser21/9 phosphorylation, suggesting a common
mechanism involving GSK-3 [Figure 1].87]

In this context, movement disorders (MDs) secondary
to LTM are not always easily diagnosed and treated.
Psychiatric patients and their caregivers may have
difficulties reporting symptoms. In this way;, this literature
review aims to evaluate the clinical epidemiological
profile, pathological mechanisms, and management of
LTM-associated MDs.

Methods

Search strategy

We performed a search on six databases to locate all the
existing reports on MDs secondary to LTM published
from 1949 to 2021 in electronic form. Excerpta Medica,
Google Scholar, Latin American and Caribbean Health
Sciences Literature, Medline, Scientific Electronic
Library Online, and ScienceDirect were searched.
Search terms were “parkinsonism, tics, dyskinesia,
dystonia, stuttering, myoclonus, restless legs syndrome,
akathisia, tremor, chorea, restlessness, ataxia, ballism,
hyperkinetic, hypokinetic, bradykinesia, movement
disorders.” These terms were combined with “lithium”
[Supplemental Table 1].

Inclusion and exclusion criteria

Casereports, case series, original articles, letters to the editor,
bulletins, and poster presentations published from 1949 to
2021, without language restriction to ensure a thorough
review, were included. In the cases where the non-English
literature was beyond the authors’ proficiency (English,
Portuguese, French, Spanish, and German) or when the
English abstract did not provide enough data, such as
articles in Polish, Dutch, Finnish, Japanese, Turkish, and
Irish, Google Translate services were used.!”!

The authors independently screened the titles and
abstracts of all articles found in the initial search.
Disagreements between authors were solved through
discussion. Cases where the cause of MD was already
known and the motor symptoms were not worsened
or were not related to LTM were excluded. Further,
cases that were not accessible by electronic methods
including after a formal request e-mailed to the authors
were excluded. Cases that had more than one factor
contributing to the MD were evaluated based on the
probability of the event occurrence based on the Naranjo
algorithm. Only adverse drug reactions classified as
probable and definitive were included.
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Figure 1: Lithium mechanism of action and Lithium-induced movement disorders. 5-HT: 5-hydroxytryptamine (serotonin), BDNF: Brain-derived neurotrophic factor,

DA: Dopamine, DAG: Diacylglycerol, G: G protein, GSK-3: Glycogen synthase kinase 3, ImPase: Inositol monophosphatase, IP: Inositol phosphate, IPPase: Inositol

polyphosphate phosphatase, GABA: Gamma-aminobutyric acid, Glu: Glutamate, MARCKS: Myristoylated alanine-rich C kinase substrate, NE: Norepinephrine, NT:
Neurotransmitter, PI: Phosphatidylinositol, PKC: Protein kinase C, PLC: Phospholipase C, SMIT: Sodium-myo-inositol co-transporter, SN: substantia nigra

Data extraction

A total of 9,687 articles were found; 6,276 were
inappropriate, and 3,161 were unrelated to the
subject, duplicate, and inaccessible electronically, or
provided insufficient data [Figure 2]. Data abstraction
was performed. When provided, we extracted
author, department, year of publication, country
of occurrence, number of patients affected, LTM
indication including off-label uses, time from first
LTM dose till MD onset, time from LTM withdrawal
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to symptoms improvement, patient’s status at
follow-up, and important findings of clinical history
and management. The data were extracted by two
independent authors and double-checked to ensure
matching.

Statistical analysis

Categorical variables were represented as proportions;
continuous variables were represented as mean, standard
deviation (SD), median, and range.

Brain Circulation - Volume 8, Issue 2, April-June 2022
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9687 reports identified
through database search

6276 excluded irrelevant

\ 4

studies and duplicates

A

y

3411 reports screened

3161 excluded records
unrelated to complication,

\ 4

duplicate, insufficient data,
inaccessible electronically

\

y

250 reports (1100 cases)

Y

664 not clearly defined
cases

Y

436 clearly defined cases

Figure 2: Flowchart of the screening process

Definitions

The clinical characteristics and definitions of the MDs
such as parkinsonism (PKN), tics, dyskinesia (DKN),
dystonia, stuttering, myoclonus (MCL), restless legs
syndrome (RLS), akathisia (AKT), tremor, chorea, ataxia,
and ballism were obtained from Jankovic and Tolosa.["!
The clinical diagnosis for the psychiatric conditions was
obtained from the Diagnostic and Statistical Manual
of Mental Disorders (Fifth Edition).” The Naranjo
algorithm was used for determining the likelihood of
whether an adverse drug reaction was actually due to
the drug rather than the result of other factors.!"’!

Results

Between 1949 (December) and 2021 (June), a total of
250 reports of 1100 individuals who developed an MD
associated with LTM were identified from 36 different
countries [Supplemental Table 2]. 830 subjects were from
North American countries, 189 European, 67 Asian, 10
Australian, 3 South American, and 1 African. Figure 3 shows
the number of articles published about MDs and LTM over
time. The MDs cases associated with LTM encountered

Brain Circulation - Volume 8, Issue 2, April-dune 2022

were 148 PKN, 114 DKN, 97 MCL, 22 dystonia (DTN),
20 Creutzfeldt-Jakob-like syndrome (CJLS), 11 AKT, 10
RLS symptoms, 6 tics, 5 cerebellar syndrome (CS), and 3
stuttering. In the subgroup of cases not clearly defined, there
were 320 individuals with extrapyramidal symptoms, 135
DTN, 37 DKN, 24 PKN, and 7 RLS. Other 141 individuals
were only described as presenting an abnormal involuntary
movement without further explanation.

The summary data about LTM-associated MDs are
provided in Table 1. Herein, we describe the general
data of all clearly defined cases.

The mean age and median age were 53.06 (SD: 15.64) and
54.5 years (age range: 3.5-89), respectively. Subjects were
predominant female, corresponding to 56.20% (154 /274)
of the cases. The most common indication of LTM
was bipolar disorder. Some of the other LTM uses
were unipolar disorder (major depression), agitated
senile confusion, schizoaffective disorder, irritability,
amyotrophic lateral sclerosis, to reduce hyperkinetic
and hypokinetic symptoms. The mean and median
doses of LTM, when the MD occurred, were 963.03 (SD:
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Figure 3: Line graph showing the cumulative number of publications regarding

movement disorders and lithium throughout the decades. AKT: Akathisia, CJLS:
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392.03) and 900 mg/daily (LTM dose range: 250-2100),
respectively. No significant relationship was found
between LTM dose and age (r = —0.36) [Figure 4].

Serum lithium concentration was reported in 279 cases,
ranging from 0.1 to 7.4 mEq/L (median: 1.1 mEq/L;
mean: 1.53 mEq/L). The majority of the patients were
treated with LTM chronically (from months to years). No
significant relationship was found between LTM serum
concentration and dose (r = —0.07) [Figure 4].

The mean and median time of LTM onset and
LTM-associated MD were 26.34 (SD: 22.46) and
3 months (MD onset range: 1 day to 40 years). The mean
and median recovery time after MD treatment were
0.94 (SD: 0.87) and 0.33 months (MD recovery range:
1 day to 9 months), in cases who achieved complete
remission of the symptoms.

The MD management involved LTM discontinuation
and intravenous fluid solutions according to serum
electrolytes values in an attempt to decrease the
toxicity of the drug. Some authors described LTM
rechallenges, and they demonstrated the reoccurrence
of MD.["l Hemodialysis and peritoneal dialysis were
reported. In MCL, some authors describe the use
of benzodiazepines.I"”! For PKN in the acute phase,
benztropine was attempted.!"®!

After treatment, 45.94% of the individuals had a
full recovery. Three patients died at the follow-up.
Lecamwasam et al. reported an individual who developed
PKN symptoms and probably died from complications
related to abnormal movement.!"”? Campbell et al. described
a suicide attempt, in which the patient developed orofacial
DKN."I Isikay et al. showed a case of CJLS where the
systemic symptoms led to poor outcomes.!"’!

Discussion

General
The literature provides a large number of publications of
LTM-associated MDs. In 2019, LTM was the 205" most
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commonly prescribed medication in the United States,
with almost three million prescriptions. Furthermore,
LTM is considered an essential medicine by the World
Health Organization due to its efficacy, safety, and
comparative cost-effectiveness.” Even though LTM
effectiveness is well demonstrated, abnormal movements
related to this drug were not thoroughly described. In
the pioneer clinical trials that evaluated the side effects of
LTM, only general terms were used. Table 2 summarizes
the percentage of some abnormal movements secondary
to LTM found in clinical trials and population-based
studies.[16-32]

In our study, about 75% of the individuals affected
by LTM-induced MDs are North American, which
is interesting taking into account that newer mood
stabilizers are much more publicized than LTM in
the United States, and this country was one of the last
to approve the drug to treat psychiatric disorders.!
Moreover, LTM stands alone as a common therapy for
the treatment of bipolar disorder in the rest of the world.
Nardi et al. suggested that probably due to commercial
interests rather than efficacy, LTM was left out of the
treatment of many psychiatry patients, but it endured in
the history of mood stabilizers due to the “test of time.”1*]

The present review demystified some of the initial
beliefs around MDs secondary to LTM. First, older
individuals may not be the most commonly affected by
these side effects.***! No correlation was found in our

Brain Circulation - Volume 8, Issue 2, April-June 2022



Rissardo, et al.: LTM-associated MD

a|qeolidde jousa|qe|ieAe 10N WN ‘Wniyy ;AL “A1enooel
a19|dwo) YD ‘UoneIASP pIEpUB)S (S ‘BWOoIpUAS SBa| ssapisey 1STY (Wnwixew—wnwiuiw) sbuey 6y ‘wsiuosupied INMd ‘UBSIA U ‘UBIPSIA (PN JOPIOSIP JUSWSAO ‘AN ‘SNUOD0A DN ‘eluoysAg :N.Ld
‘eIsaunsAQ :NMQ ‘OWOoIPUAS Jejj8galad SO ‘SWOIPUAS 8)I|-qoNer—Ip|aiZinaid SO ‘BISIYIENY (LMY ‘SwoldwAs |epiwelfdelixe Se Yons JopIOSIp JuswaAowW ay) inoge paiioads jou saseo ‘dnoibans ,sisyiQ, 8y Ul

(suodau jo Jaquinu)

(LLL/LS) ¥6'SY 0 (1/0) 0 (e/€) 001 (e/2) 99 (9¢r/81) 05 (8z/eL) ey (92/8) 0€ "0 % - dn-mojjo4
(syyuow SEEIY sAep syuow syjluow
€€°0 :PIN :28°0 :AS) syuow +6°0 skep g syuow G'g shep 9 89'C g8l vl v8'L ues|y
syeam g syjuow SYEENY SYEETNY syjuow syjuow syjuow
syjuow @-sAep | -sAep gz g-syuow ¢ Z-Aep | p-shep g c-Rep | o-Aep | 6-shep g abuey
Aanooal g\
(syjuow syjuow ISEELN sieak SEEN syjuow syjuow
€ ‘PN ‘9¥°22 :AS) suluow &9z Yuow | 9G6°¢ ¥9'¢ ¥8'9 z8'c G012 £¥'Se ues|\
syjuow SyoaM 9 sieah gz sieak sieak sieak
sieah op-Aep | yjuow | g-yeem | -shkepg p-shepg -shepg oy-Aep |  yz-shep g g-Aep | abuey
Josuo g
(1L
PPN ‘¥ 27170 1B ‘80°) :aS) €G°) L'l 990 60 zee 12z €Tl 171 (/b3w) 1eASI-NLT
(006 :PW
‘0012-062 6 ‘€0°'26¢€ :as) £0°€96 006Gl GZyl 000} 059 19'2v6 €1'968 69690} (Bw u) @sop-NI LT
(¥9°'S1 :as) 90°€S 8y 9zy S.°0v 1229 90°eS 0695 8G'¥S un
(S'¥S :PIN) 68-G€ 98-01 96-2¢ 1G-81L 8/-2S 98-0Z 18-91 68-v¢ By
(s1eak) aby
Z91 0 0 (09) s (o) 9 (19°02) 0z (e2¥p) LS (202S) 2L umouxun
ozl (99°99)z (09 ¥ (02) ¢ (s ¢ (22'52) sz (z862) ve (LZ9L) be Sl
¥GlL (ecee)L (021 (0¢) ¢ (59) 11 (09°es) zs (ev'sz) 62 (SL1E) LY ajewa4
(%) xo8
(2z0) ¢ 0 0 0 0 0 (28°0) L (se'1)z eousWY 'S
(s¥'52) 0e8 (1g'06) LO9 (00L) € 0 (02) ¢ (o e (r1'8e) 2& (¥9°65) 89 (68°99) 66 eouswy ‘N
(81°21) 681 0 (02) 1 (09) s (s9) g1 (9e'sy) vv (0822) 9z (20°22) OF adoing
(60°9) 29 0 (09) ¥ (0¢) ¢ (s2) s (ogor)or (L6vL) 2L (S0H) 9 eisy
(06°0) OL 0 0 0 0 (8L'9)9 (2801 (29°0) 1 eljessny
(60°0) L 0 0 0 0 0 (28°0) L 0 eoly
(%) usupuo)
(0o01) 0oLL (9€°09) ¥99 (z00)e (Y00 S (6'0) 0L (18'1) 0z (18'8) 26 (9g0L) vLL (Gt'El) 8pL (%) sesen
ejep [esdusyn Janms ) SsTd sro oI NMa NXd an

19pJOSIP JUBWAAOW PaleId0SSE-WNIYY| JO awnsay :| a|qel

81

Brain Circulation - Volume 8, Issue 2, April-dune 2022



Rissardo, et al.: LTM-associated MD

Table 2: Incidence of some abnormal movements associated with lithium in the literature

Reference MD Incidence (%) NR n LTM indication
Shopsin et al. (1975) Cogwheel rigidity alone 59.25 16 27 BD, unipolar, schizoaffective
Branchey et al. (1976) Cogwheel rigidity + tremor 8.33 3 36 BD, schizoaffective
Action tremor alone 41.66 15 36 BD, schizoaffective
Asnis et al. (1979) Cogwheel rigidity alone 39.17 38 97 BD
Tremor alone 35.05 34 97 BD
Himmelhoch et al. (1980) DKN/PKN + dementia/confusion 18.51 15 81 BD
Lieberman et al. (1982) Worse on—off phenomena of PKN 8.33 1 12 On—-off phenomena
Perényi et al. (1983) Tremor + rigidity 20.83 5 24 BD, unipolar, schizoaffective
Rao et al. (1983) Tremor 26.66 32 120 BD, unipolar
Tardive DKN 3.33 4 120 BD, unipolar
Gait disturbance 0.83 1 120 BD, unipolar
Dyson et al. (1987) Tremor + rigidity + bradykinesia 3.57 1 28 Intoxication
Tremor 64.28 18 28 Intoxication
ATX 50.00 14 28 Intoxication
Dysarthria 35.71 10 28 Intoxication
MCL 25.00 7 28 Intoxication
Nagaraja et al. (1987) DKN 0.61 3 488 BD
Kerbeshian et al. (1988) Worsening tics 50.00 5 10 Tourette disorder
Nasrallah et al. (1988) DTN reaction 26.08 12 46 BD
Bender et al. (2004) Oral DKN 6.81 3 44 Affective/aggressive symptoms
High-frequency hand tremor 4.54 2 44 Affective/aggressive symptoms
MCL 4.54 2 44 Affective/aggressive symptoms
Ohlund et al. (2018) Tremor 6.98 61 873 BD
Restless legs 0.57 5 873 BD

ATX: Ataxia, BD: Bipolar disorder, DKN: Dyskinesia, DTN: Dystonia, LTM: Lithium, MCL: Myoclonus, MD: Movement disorder, n: Number of individuals in the
study using LTM, NR: Number of reports with the movement disorder, PKN: Parkinsonism

study between age and LTM-induced MDs. In fact, the
reported cases were most frequently of middle-aged
adults. Second, bipolar disorder probably is not directly
associated with a higher percentage of adverse effects
as reported in other studies.” This could be explained
by the fact that bipolar disorder is the most common
indication for LTM, which in the present study counted
for more than 80% of the prescriptions. Nevertheless,
the assumption of chronic use as a risk factor is probably
true.**) In our review, the majority of the individuals
who developed an abnormal movement secondary to
LTM used this drug for more than 2 years.

Based on the studies described in Table 1, we can
present a hypothetical case report to illustrate our
findings. A North American middle-aged female
presented with tremor, bradykinesia, and rigidity.
She was diagnosed with bipolar disorder and started
on LTM (900 mg/day) 3 months ago. The psychiatrist
recommended LTM withdrawal, and valproic acid was
started. At the follow-up 1 month later, the patient
presented amelioration of bradykinesia, but the tremor
persisted.

Figure 5 illustrates the pathways possibly associated
with the pathophysiological mechanisms related to the
LTM-induced MDs.P*#1 Herein, we discuss some of the
MDs in subtopics to give a better overview of the data.

82

Parkinsonism — The most common

Dalén et al. studied the efficacy of LTM in the management
of hyperkinetic symptoms related to Parkinson'’s
disease (PD). They observed that some of the individuals
treated with LTM showed worsening cogwheel
rigidity "I In the literature, PKN was the most commonly
reported LTM-associated MD.

The mean age of the affected individuals was almost
55 years, which is important since it is more likely that the
PKN was truly LTM-induced rather than PD. Another
remarkable finding is the fact that the majority of the
PKN subjects used high LTM doses. This is interesting
because a similar association between high medication
doses and PKN symptoms was already reported with
other medications such as valproic acid.*!

The pathophysiological mechanism of LTM-induced
PKN is probably related to four main pathways. First,
this salt showed to reduce the release of dopamine in the
synaptic cleft of the striatum and limbic system in rat
models.*!! Second, LTM has anticholinesterase activity,
increasing the bioavailability of acetylcholine and causing
a disbalance between dopamine-acetylcholine (DA-ACh)
ratio in the basal ganglia region.[*'#?) Some autopsy
studies showed damage in the brain probably related
to LTM, so another hypothesis could be the direct
neuronal damage in dopaminergic neurons.”? At last,

Brain Circulation - Volume 8, Issue 2, April-June 2022
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Figure 5: Schematic diagram showing the neurotransmitter hypothesis of lithium-associated movement disorder. 5HT: 5-Hydroxytryptamine (serotonin), Ach: Acetylcholine,
AKT: Akathisia, DA: Dopamine, DKN: Dyskinesia, DTN: Dystonia, GABA: Gamma-aminobutyric acid, GLUT: Glutamate, MCL: Myoclonus, PKN: Parkinsonism, RLS: Restless
legs syndrome

the fact that the majority of the reports came from a
similar population should highlight the association with
a genetic predisposition.

Yomtoob et al. studied the use of dopamine
transporter single-photon emission computed
tomography (DAT-SPECT) imaging for distinguishing PD
from drug-induced PKN. The targeted treatment according
to neuroimaging features leads to beneficial outcomes.
Furthermore, only one of every nine patients with
LTM-induced PKN will have an abnormal DAT-SPECT,
which would be a specificity of almost 90%."* Therefore,
the neuroimage, when available, should be used to assist
in establishing the most appropriate treatment.

LTM was discontinued in the majority of the patients; some
subjects showed a dose-dependent side effect. In others,
the PKN symptoms were related to the relapsing manic
episode, which was described by the authors as not being
a functional movement disorder."¥! Acute episodes of PKN
were treated with benztropine showing good outcomes.!!
Nevertheless, PKN was the MD with the worst prognosis,
in which only one of every three individuals achieved full
recovery after clinical management. The majority of the
patients remained with a fine tremor of low frequency.
It is worth mentioning that individuals can present
LTM-induced PKN even in the presence of normal serum
LTM levels.® Thus, in the suspicion of this association,
LTM should be promptly withdrawn without the awaiting
biochemical results of its concentration.

Dyskinesia — The first
In 1949, Peters probably reported the first case of an
MD secondary to LTM in the Wisconsin Medical Journal.
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They described a patient presenting with choreoathetosis
during LTM therapy that showed a full recovery after
the drug discontinuation.® In the literature, the clinical
manifestations of DKN were chorea, choreoathetosis,
orofacial DKN, Meige-like syndrome, rabbit syndrome,
worsening PD dyskinetic symptoms, and tardive DKN.

DKN was reported to affect about 20% of individuals
with bipolar disorder, in which aging and LTM therapy
were related risk factors.”®! However, this finding
occurred in patients who already used antipsychotics.
Others believe that the dose of the neuroleptic drugs
coadministered with LTM is the main predictor of MD
rather than serum LTM level or LTM dose.P'' However,
the fact that high-dose LTM showed excitotoxicity,
leading to neuronal damage in the striatum and cortex,
could explain the occurrence of MD even with mean
serum LTM levels of 1.23 mEq/L encountered in this
subgroup of patients.!

Myoclonus — The giant

MCL was the third most common MD reported. PKN,
DKN, and MCL together represent 82.3% (359/436) of
the LTM-associated MDs. The MCL was focal, multifocal,
generalized, asterixis, and action. The source of MCL
was cortical and subcortical. Electrodiagnostic studies
revealed normal brain electrical activity and cortical
activity without epileptic activity. Only some studies
described electromyographic findings, which can affect
our evaluation of the main MCL source.

Based on the electrodiagnostic studies, we can
hypothesize that MCL could occur due to dysfunctional
cerebellar output, leading to cortical hyperexcitability.
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Autopsy reports showed lesions in the cerebellum of
individuals who presented MCL.* Moreover, the giant
somatosensory evoked potentials are commonly reported
as a remarkable MCL feature occurring with LTM
monotherapy or in combination with antidepressants.®”]
It is worth mentioning that this finding can occur even
in the absence of any stimulus-sensitive MCL.

Another possible hypothesis besides the cerebellar
output is serotonin augmentation. LTM, when added
to antidepressants, showed to significantly raise the
bioavailability of serotonin throughout the brain
cortex.[?l Therefore, these increased serotonin levels
could indirectly contribute to cortical hyperexcitability
in some predisposed individuals due to chronic LTM
exposure and other comedications.

The most common management reported included
discontinuation of the offending medication, intravenous
fluid, and benzodiazepines.

Dystonia — The youngest

The individuals who developed DTN secondary to LTM
were significantly younger than the subjects presenting
other abnormal movements. Further, the recovery time
after the management was the shortest, taking place
within 1 week. These clinical findings were already
reported with other medications such as bupropion,*?
cinnarizine, and flunarizine.®!

DTN individuals presented with the subtypes:
blepharospasm, worsening Pisa syndrome, bruxism,
oromandibular, distal segmental, cervical, axial, lingual,
and even status dystonics. Interestingly, the genetic
factor appears to strongly contribute to the development
of DTN. One of every two individuals was from Asia.

A possible mechanism explaining DTN could be related
to the DA-ACh balance. Pharmacological studies
showed that LTM increases acetylcholine concentrations
by the inhibition of acetylcholinesterase, similar to
LTM-induced PKN, and decreases the dopamine release
in the presynaptic terminal.*!! Furthermore, other
researchers revealed that chronic LTM use interferes
with postsynaptic dopamine via protein kinase B and
glycogen kinase-3.' Moreover, the fact that individuals
using comedications with stronger cholinergic action had
worse symptoms can support this finding.!*"!

We would like to highlight the possible association of
the y-aminobutyric acid (GABA) in the pathogenesis of
this abnormal movement, even though the gabaergic
effect has not been reported by any of the authors.” In
rat models, LTM significantly increases the GABA levels,
mainly facilitating the release of GABA and upregulating
the GABA-beta receptors.’ In this way, we postulate
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that the inhibitory effects of this neurotransmitter
interrupted both the direct and indirect pathways.
However, the indirect pathway subactivity predominates
leading to a disruption in the thalamocortical drive
causing sustained muscle contractions. This mechanism
was already reported in association with anticonvulsants
such as topiramate.’”!

Creutzfeldt-Jakob-like syndrome — The diverse
CJLS and LTM association was not uncommonly
reported in the literature. This could be explained by
the fact that LTM can be neurotoxic, causing dementia
and MDs.®! The abnormal movements reported were
diverse: tremor, PKN, MCL (most common), CS, and
choreoathetosis. The majority of the patients had more
than 60 years, which could have misled the diagnosis of
LTM-induced dementia. Statistically, CJLS had the best
prognosis, but this could not be assumed because we
only have the report of recovery in approximately 10%
of the cases. Moreover, it was already noted that patients
who develop neuronal damage related to LTM have the
worst prognosis.

Akathisia, restless legs syndrome, tics, cerebellar
syndrome, stuttering — The rarest

AKT was not commonly reported in the literature.
The fact that the majority of patients used polytherapy
probably affected the identification of the AKT cause.
Demir et al. and Scorr et al. revealed that their diagnoses
were only assumed due to the use of LTM monotherapy
in their study.*" It is noteworthy that AKT secondary to
LTM usually occurs days after the onset of LTM therapy.
Yet, the recovery period after the MD management
generally takes months. The pathophysiology of AKT
may be related to the several interactions that LTM
has different receptors, which explain the challenge
to diagnose and differentiate AKT from RLS.P! This
overlapping is also known as AKT/RLS complex, and
it was already proposed in patients who developed
mirtazapine-associated MDs.[*!

Ohlund et al. studied the reasons for LTM therapy
discontinuation in a retrospective cohort study.??
They observed that about 1% of patients answered RLS
symptoms as the cause. This is intriguing considering
that, in the literature, there is only one reported case
of LTM monotherapy causing RLS, two cases of RLS
symptoms worsened by LTM, and two cases of LTM
polytherapy causing RLS symptoms. The majority of
the patients appear to have a good prognosis with an
important percentage achieving full recovery.

The development of tics secondary to LTM was only
described in the pediatric population. Kerbeshian and
Burd documented a slight increase in tics frequency
when LTM was introduced.! Potter et al. did not clearly
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describe the movement, but it occurred in a child on
complex polytherapy.l®?) Another interesting fact is that
all the individuals had a diagnosis of attention-deficit
hyperactivity disorder. A possible mechanism for tics can
be postulated based on glutamate. LTM is demonstrated
to increase glutamate levels, which is related to the
development of tics. The same pathophysiologic
mechanism was already proposed for anticonvulsant
drugs such as carbamazepine and lamotrigine.**!

Five cases of CS were found. These individuals only had
cerebellar symptoms at presentation including cerebellar
ataxia, dysarthria, and nystagmus.”*”! All of them were
reported in the same year, which could be related to
a biased observation. Further, Tesio et al. reported
an Italian individual presenting with CS who further
developed coma. They ingested a large amount of LTM
in a suicide attempt.[*

Stuttering secondary to LTM was observed in three
cases. The description of stuttering and DTN is important
for the development of hypothetical mechanisms.
This is because they have almost contradictory
pathophysiological mechanisms."*"! Therefore, we can
postulate that the LTM-induced abnormal movements
can occur differently depending on specific factors
related to the individual per se.’>!

Conclusion

In sum, the MDs associated with LTM are, in order of
frequency, PKN, DKN, MCL, DTN, CJLS, AKT, RLS, tics,
CS, and stuttering. The mechanisms underlying these MDs
are probably related to the neurotransmitters involved
with the LTM complex mechanism of action. PKN may be
associated with DA-ACh disbalance; DTN with DA-ACh
disbalance and / or gabaergic effect; MCL with serotonin; and
DKN, AKT-RLS, and tics with glutamate. In the literature,
frequently, only general terms were used to describe
abnormal movements. LTM polytherapy probably affected
theidentification of the MD cause, especially in AKT. Future
studies need to further describe the clinical picture and
the outcomes of each movement disorder to improve the
management of patients affected by these conditions.
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Supplemental Table 1: FreeText and MeSH search terms in the US National Library of Medicine

Category Search terms Results

PKN ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) AND 285
("parkinson disease"[MeSH Terms] OR ("parkinson"[All Fields] AND "disease"[All Fields]) OR "parkinson
disease"[All Fields] OR "parkinsons"[All Fields] OR "parkinson"[All Fields] OR "parkinson s"[All Fields]
OR "parkinsonian disorders"[MeSH Terms] OR ("parkinsonian"[All Fields] AND "disorders"[All Fields]) OR
"parkinsonian disorders"[All Fields] OR "parkinsonism"[All Fields] OR "parkinsonisms"[All Fields] OR "parkinsons
s"[All Fields])

Tics ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 15
AND ("tics"[MeSH Terms] OR "tics"[All Fields])

DKN ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) AND 675
("dyskinesiae"[All Fields] OR "dyskinesias"[MeSH Terms] OR "dyskinesias"[All Fields] OR "dyskinesia"[All Fields])

DTN ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 57
AND ("dystonia"[MeSH Terms] OR "dystonia"[All Fields] OR "dystonias"[All Fields] OR "dystonic disorders"[MeSH
Terms] OR ("dystonic"[All Fields] AND "disorders"[All Fields]) OR "dystonic disorders"[All Fields])

Stuttering ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 8
AND ("stammerers"[All Fields] OR "stammers"[All Fields] OR "stutterer"[All Fields] OR "stutterer s"[All Fields]
OR "stutterers"[All Fields] OR "stuttering"[MeSH Terms] OR "stuttering"[All Fields] OR "stammer"[All Fields]
OR "stammering"[All Fields] OR "stutter"[All Fields] OR "stuttered"[All Fields] OR "stutters"[All Fields] OR
"stutterings"[All Fields])

MCL ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 43
AND ("myoclonus"[MeSH Terms] OR "myoclonus"[All Fields])

Restless legs  ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) AND ("restless 8

syndrome legs syndrome"[MeSH Terms] OR ("restless"[All Fields] AND "legs"[All Fields] AND "syndrome"[All Fields]) OR
"restless legs syndrome"[All Fields])

AKT ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 153
AND ("akathisias"[All Fields] OR "psychomotor agitation"[MeSH Terms] OR ("psychomotor"[All Fields] AND
"agitation"[All Fields]) OR "psychomotor agitation"[All Fields] OR "akathisia"[All Fields])

Tremor ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 313
AND ("tremor"[MeSH Terms] OR "tremor"[All Fields] OR "tremors"[All Fields] OR "tremoring"[All Fields] OR
"tremorous"[All Fields])

Chorea ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 93
AND ("chorea"[MeSH Terms] OR "chorea"[All Fields] OR "choreas"[All Fields])

Restlessness  ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 137
AND ("psychomotor agitation"[MeSH Terms] OR ("psychomotor"[All Fields] AND "agitation"[All Fields]) OR
"psychomotor agitation"[All Fields] OR "restlessness"[All Fields] OR "restless"[All Fields])

ATX ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 118
AND ("ataxia"[MeSH Terms] OR "ataxia"[All Fields] OR "ataxias"[All Fields])

Ballism ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 626
AND ("dyskinesias"[MeSH Terms] OR "dyskinesias"[All Fields] OR "ballism"[All Fields])

Hyperkinetic ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 12
AND ("hyperkinetic"[All Fields] OR "hyperkinetics"[All Fields])

Hypokinetic ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 13
AND ("hypokinesia"[MeSH Terms] OR "hypokinesia"[All Fields] OR "hypokinetic"[All Fields])

Bradykinesia  ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) 13
AND ("hypokinesia"[MeSH Terms] OR "hypokinesia"[All Fields] OR "bradykinesia"[All Fields])

Movement ("lithium"[MeSH Terms] OR "lithium"[All Fields] OR "lithium s"[All Fields] OR "lithiums"[All Fields]) AND 544

disorder ("movement disorders"[MeSH Terms] OR ("movement"[All Fields] AND "disorders"[All Fields]) OR "movement
disorders"[All Fields] OR ("movement"[All Fields] AND "disorder"[All Fields]) OR "movement disorder"[All Fields])

Total 3113

ATX: Ataxia, DKN: Dyskinesia, DTN: Dystonia, MCL: Myoclonus, PKN: Parkinsonism, AKT: Akathisia
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