REVIEWS
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Drug-induced parkinsonism (DIP) is the most common drug-induced movement disorder and is most commonly associated with antipsychotic
drugs, monoamine reuptake inhibitors, and calcium channel blockers. DIP manifests as a typical movement disorder, which makes it practi-
cally indistinguishable from idiopathic Parkinson's disease (PD) and requires differential diagnosis. DIP symptoms develop fairly quickly (hours
to weeks) after the antipsychotic is started or after the dose is increased. Therefore, DIP is predominantly a clinical diagnosis that must be kept
in mind when a patient develops typical symptoms during treatment onset or increasing the dose of drugs that most often lead to such an adverse
reaction (ADR). DIP evaluation includes using the Naranjo algorithm, which helps assess a causal relationship between drug intake and the
development of parkinsonism symptoms. The primary DIP treatment is the reduction of the dose of the inducer drug, or its cancellation, or
replacement with another drug. In patients with schizophrenia and antipsychotic-induced DIP, dose reduction, replacement with another med-
ication, or prescription of a drug with anticholinergic activity may be possible. The awareness of the doctor and the patient about the possibili-
ty of developing this ADR is crucial in the prevention of DIP. Therefore, choosing a drug with the lowest risk of developing DIP is necessary for
pharmacotherapy.
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Extrapyramidal (movement) disorders caused by the side
effects of certain medications include drug-induced parkinsonism
(DIP), tardive dyskinesia and dystonia, akathisia, myoclonus, and
tremor |1, 2]. DIP is the most common drug-induced movement
disorder among them and is most often associated with drugs that
affect dopamine receptors [2]. However, the risk of DIP related to
other drug classes is not well known to both neurologists and psy-
chiatrists, and doctors of different specialties.

Many drugs from different groups are associated with DIP
(table) [1, 3—48]. DIP frequently develops in patients receiving
antipsychotics, monoamine reuptake inhibitors, and calcium
channel blockers (CCBs).

Epidemiology

Currently, there is a lack of data on the prevalence of DIP
due to the variety of drugs that can lead to its development. In
patients with schizophrenia receiving antipsychotics, its preva-
lence is 25—35% and increases with age [49, 50]. In cross-sec-
tional studies, the prevalence of DIP is lower — 10—20% [51]. On
the other hand, according to the analysis of the pharmacovigi-
lance database of the World Health Organization (WHO) [52],
the frequency of DIP is only 0.05%.

Pathophysiology
The pathophysiology of DIP is based on the interruption
of dopaminergic transmission. The most common mechanism
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is structural or functional blockade of D2-like dopamine
receptors in the striatum due to drugs affecting dopamine
receptors [2]. When D2-like dopamine receptors are blocked,
neurons containing GABA and enkephalin are activated in the
striatum, which affects the indirect pathway of the basal gan-
glia and ultimately leads to a relative decrease in the activity of
the thalamocortical pathways [50]. In addition, violation of
dopamine release can also occur when tetrabenazine is admin-
istered, as it inhibits the monoamine reuptake in the presynap-
tic neurons [14]. Drugs whose primary mechanism does not
directly affect dopamine concentration (for example, valproic
acid, CCBs) can cause DIP through other means — modula-
tion of GABA activity or mitochondrial dysfunction [50].
Probably, there are additional pathophysiological mechanisms
of DIP that have not yet been studied since the spectrum of
medications associated with DIP is quite broad. In contrast,
these drugs have no pronounced effect on dopamine receptors.
The mechanisms of DIP in various medications are presented
in the table.

Risk factors

Several predisposing factors increase DIP risk. These
include older age, female sex, long-term use of antipsychotics
and / or their administration in high doses, HIV infection, trau-
matic brain injury, stroke, history of movement disorders [1, 3,
4, 50].
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Clinical presentation, evaluation

and differential diagnosis

Clinical presentation. DIP manifests as parkinsonism
syndrome, which makes it, in some cases, clinically similar to
PD and other diseases that cause parkinsonism. DIP symp-

toms can develop both relatively quickly
(hours — days — weeks) after the
antipsychotic initiation or after increas-
ing its dose [50], and during the first six
months after the treatment onset; the
time of symptoms onset depends on the
specific inducer drug [4]. It is consid-
ered that DIP manifests with symmetri-
cal symptoms [3, 4], which may help in
the differential diagnosis of DIP and
PD, but in two recent studies, asymmet-
ric symptoms were detected in 20% of
patients with DIP [53, 54]. DIP is also
characterized by acute or subacute
onset with a relatively rapid increase in
symptoms severity, the presence of pro-
nounced postural or postural-kinetic
tremor (involving the extremities and
the lower jaw, lips, and tongue), comor-
bidity with other movement disorders.
In addition, the severity of the DIP
symptoms can be different depending
on the causative agent. Thus, R.P.
Munhoz et al. [55] analyzed the motor
symptoms of DIP in patients receiving
typical and atypical antipsychotics, as
well as CCBs. Akinetic-rigid syndrome
was observed in a larger number of
patients with DIP treated with antipsy-
chotics compared with participants
treated with CCBs. In addition, resting
tremor was significantly more common
in typical antipsychotics users, com-
pared to CCBs, while in patients receiv-
ing CCBs and atypical antipsychotics,
its frequency did not differ significantly.
Two cohort studies [56, 57] also report-
ed an increased risk of PD in patients
with DIP caused by antipsychotics and
CCBs.

The mechanism of PD develop-
ment in the above cases hasn’t been
fully studied. Antipsychotics may
increase the risk of PD due to their
potentially toxic effect on dopaminer-
gic neurons, inhibition of the mito-
chondrial respiratory chain, increased
dopamine turnover (the ratio between
dopamine metabolites and dopamine
itself) and increased production of free
radicals [58]. It is assumed that in peo-
ple with a genetic predisposition to
parkinsonism, the neurotoxic effects of
prolonged use of antipsychotics may be
irreversible. However, this genetic pre-
disposition is currently not proven. It is
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Drug/drug class

also logical to assume that these drugs may contribute to the
onset of clinical symptoms at the preclinical stage of PD [56,

57].

Evaluation and differential diagnosis. DIP is primarily a

clinical diagnosis that should be kept in mind when a patient

Incidence, %

First generation (typical)

Chlorpromazine 21,1
Haloperidol 22,6
Second generation (atypical)
Clozapine 3,7
Quetiapine 8,8
Olanzapine 8,1
Risperidone 12,1
Asenapine 2,4
Levosulpiride 29,3
Amisulpride 10,3
Aripiprazole 7,2
Sulpiride 29,3
Ziprasidone 10,0
Paliperidone No data
Tetrabenazine 2,5-28.5
Flunarizine

Cinnarizine 2,8-2,9
Verapamil

Diltiazem Nodk

Selective serotonin reuptake inhibitors

Citalopram
Escitalopram

Paroxetine
Fluoxetine
Sertraline

Other antidepressants

Duloxetine

Mirtazapine

Amitriptyline
Clomipramine
Trazodone

Venlafaxine

No data

No data

Drugs associated with DIP [1, 3—48]

Mechanism

Antipsychotics (neuroleptics)

Dopamine D2-like receptors blockade

Dopamine D2-like receptors blockade

Monoamine reuptake inhibitors

Inhibition of monoamines reuptake
in the presynaptic neurons within central
nervous system, which leads to a decrease

in the amount of monoamines, including dopamine

Calcium channel blockers

Blockade of postsynaptic D2-like receptors
due to inhibition of voltage-gated calcium
channels, which leads to a slowdown
in vesicular dopamine transport

Antidepressants

Small ability to bind
to dopamine D1-like
and D2-like receptors
Not fully known. The serotonergic system

is involved in the modulation of basal ganglia
activity and in the pathogenesis of PD, which
may be associated with the development of DIP

The potential inhibitory effect
of 5-HT receptor blockers
and the inhibitory effect of norepinephrine
on dopaminergic neurons of the ventral
region of the tegmentum are discussed
The potential inhibitory effect
of 5-HT receptor blockers
on dopaminergic neurons is discussed
Unknown
Unknown
Antagonism of 5-HT2A receptors
with increasing dose may potentially
lead to inhibition of dopaminergic
neurotransmission
Unknown

Level
of
evidence

[@ RIS

aOx ™

B
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different classes, careful collection of
pharmacological history is crucial; spe-

Continuing of table

Level p . p
iy et 03 Mechanism of cial algorithms are used for this purpose
evidence [1, 62].
In the absolute majority of cases,
Anticonvulsants differential diagnosis between DIP and
Valproic acid 1,37-75 Inhibition of dopamine transport PD lsf requolred. Dflfggrle;lces én ; ]gnlcal
in the basal ganglia by GABA is discussed manl. estations o an . a.re
Pregabalin No dat Potentially reduce the release of dopamine described above. Recently, the possibil-
Gabapentin 0 data when binding to L-type calcium channels. B ities of single-photon emission com-
Complex interactions with dopaminergic puted tomography to assess the amount
pathways cannot be excluded due fd ine t ter in th ti
to the well-known abuse 0 opa.mlne ransporter in the synaptic
and misuse of these drugs. cleft with '*I-FP-CIT (DaTscan) have
Carbamazepine Unknown c been actively studied as a method to
Oxcarbazepine differentiate DIP with PD, especially in
Prokineti cases when the drug cannot be discon-
rokinetics .
tinued or when the symptoms of
Metoclopramide 3.5 Blockade of the striatum A parkinsonism persist several months
Domperidone No data postsynaptic D2 receptors B after drug discontinuation. 18F-fluo-
Other drugs _rodopa positron emission tomography
is also used [63]. In 2020, the European
Amiodarone 0,2 Association of Nuclear Medicine
IC-aCTthm“.S (EANM) published clinical guidelines
yclosporine . .
Atrieteisi B No data Unknown o [64], which emphasize that thfzse met.h—
Captopril ods can also be used for differential
Lithium diagnosis between DIP and PD. In PD,

Notes. PD — Parkinson's disease; 5-HT - 5-hydroxytryptamine; GABA — gamma-aminobutyric acid. Yposens
dokazamenvrocmu: A — one or more randomized, controlled clinical trials; B — nonrandomized clinical trials,
prospective observational studies, cohort studies, retrospective studies, case-control studies, meta-analyses

and/or postmarketing surveillance studies; C — case-reports or case series [1].

develops typical symptoms during the treatment initiation or
the increase of the dose of drugs commonly associated with
such adverse reaction (AR). American Psychiatric Association
recommends monitoring acute extrapyramidal ARs in patients
with schizophrenia receiving antipsychotics at the start of the
therapy and during each follow-up; however, it is also empha-
sized that the exact time of onset of DIP in each patient is indi-
vidual [59].

Since DIP can be clinically indistinguishable from PD, it is
essential to assess concomitant drug-induced movement disor-
ders, such as akathisia and orofacial dyskinesia. They are more
likely to develop in patients with DIP than in PD [4]. Thorough
neurological examination is also necessary to exclude the subclin-
ical stage of PD [2, 4]. The presence of the earliest non-motor
symptoms is typical for such patients. Hyposmia [60], constipa-
tion, impotence, urination disorders, attention, sleep, and wake-
fulness disorders (daytime drowsiness, restless legs syndrome)
[51] are much more common in PD than in DIP. The most spe-
cific non-motor phenomenon of PD (and other synucle-
inopathies) is parasomnia — rapid eye movement sleep behavior
disorder.

As in any other drug-induced disorder, DIP evaluation
should include the identification of a causal relationship
between the drug and parkinsonism onset; the Naranjo algo-
rithm is used for this purpose [61]. However, in some cases,
symptoms may persist for many months after the withdrawal of
a possible inducer drug [1, 2, 4], which necessitates the use of
complex imaging techniques to exclude PD. In addition, since
DIP is associated with a sufficiently large number of drugs of
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there is a reduced absorption of the
radiopharmaceutical agent in the basal
ganglia, while in patients with DIP it
remains within the normal range [63,
64]. 2021 meta-analysis [65] showed
that the use of DaTscan led to a change
in the clinical diagnosis in 34% of patients with parkinsonism,
and management tactics were changed in slightly more than
one-half of the patients.

Z[-metaiodbenzylguanidine (mIBG) scintigraphy, which
allows assessing preganglionic cardiac parasympathetic inner-
vation, is also studied in clinical trials. In a small study [66],
ZI-mIBG uptake was significantly reduced in PD and
remained normal in patients with DIP. Another study [67]
using DaTscan and '*I-mIBG scintigraphy demonstrated the
potential of combining these methods in evaluating the earliest
PD stage, the symptoms of which may increase when antipsy-
chotics are administered.

However, it should be emphasized that the possibilities of
the above methods in the differential diagnosis of parkinsonism
require further investigation, and it is not yet possible to conclude
their sensitivity and specificity.

Also, in some cases, it may be necessary to differenti-
ate DIP from other diseases (Lewy body dementia, corti-
cobasal degeneration, multisystem atrophy, progressive
supranuclear palsy, etc.) and to exclude other conditions
that cause secondary parkinsonism (vascular, toxic parkin-
sonism, etc.) [3, 68].

Treatment

The primary treatment strategy in DIP and other drug-
induced diseases includes reducing the dose of the causative drug
or its discontinuation/replacement with another agent [1].
However, if it is impossible to stop the antipsychotic completely,
it is preferable to choose medications with minimal DIP risk, for
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example, clozapine and quetiapine, which the International
Movement Disorder Society recommends for the treatment of
psychosis in patients with PD [57].

In patients with schizophrenia and DIP caused by
antipsychotics, American Psychiatric Association [59] sug-
gests reducing their dose, replacing them with another drug,
or prescribing medications with anticholinergic activity (level
of evidence 2C). In particular, it is recommended to prescribe
trihexyphenidyl and benztropine (not registered in Russia at
the time of the article preparation), diphenhydramine (H1-
receptor blocker), and amantadine (N-methyl-D-aspartate
receptor blocker). At the same time, it is preferable to use a
minimal dose of drugs and administer them for a short period
[49, 59]. The effectiveness of these drugs in treating DIP,
including in patients who do not have schizophrenia, is rela-
tively low. Thus, anticholinergics administration was analyzed
only in a few small trials. At the same time, anticholinergics
can cause numerous AR, including urinary retention, angle-
closure glaucoma, cognitive impairment, tachycardia, consti-
pation, and an increased delirium risk [51]. The efficacy of
drugs from other groups (dopamine, exogenous melatonin,
dopamine and melatonin receptor agonists, etc.) in the man-
agement of DIP associated with antipsychotics is also being
studied. However, not all of these drugs are registered in
Russia, most of them do not yet have direct indications for use
in patients with DIP caused by antipsychotics, and the
obtained results are inconclusive and/or contradictory.
Therefore, this problem needs further investigation. Levodopa
and dopamine receptor agonists do not have such indications
as DIP in their instructions, and studies on their effectiveness
were conducted more than 20 years ago in small cohorts of
patients with schizophrenia.
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Symptoms of DIP usually resolve within a few weeks or
months after dose reduction or withdrawal of drugs [2], but in
some patients, they may regress for a year or even longer [4]. In
such cases, the patient is most likely to have a subclinical stage of
PD or Lewy body dementia, which dictates the need for a thor-
ough examination and monitoring [4, 57].

Prevention

The main method of preventing DIP is to increase the
awareness of medical practitioners about this AR in many drugs.
Before prescribing medications with extrapyramidal AR, it is
necessary to assess the DIP risks (for example, elderly age) and
avoid prescribing medications associated with DIP, especially in
cases where it is not obligatory or when they can be replaced with
drugs with a better safety profile. It should also be kept in mind
that depression and anxiety in middle and older age can be early
non-motor symptoms of PD, and psychotic disorders could indi-
cate the presence of Lewy body dementia. Antipsychotic admin-
istration can cause severe movement disorders, which can be life-
threatening in Lewy body dementia.

Conclusion

An increase in life expectancy, in the number of elderly and
senile patients with a large number of comorbid diseases, the
problems of polypharmacy, drug-drug interactions, and the active
development of the pharmaceutical market cause an increase in
the risk of drug-induced diseases, including DIP. Therefore, rais-
ing awareness of medical practitioners, primarily neurologists,
psychiatrists, and general practitioners, about drugs that can
cause DIP will help reduce the risk of AR, which could decrease
morbidity, improve patients' quality of life, and reduce healthcare
costs for the treatment of drug-induced diseases.
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