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Abstract

The significance of social networks in medical education, particularly in the field of movement disorders, is immeasurable.
The current trend revolves around the emergence of new-onset pandemics, such as the COVID-19 virus or the rising use of
consumer opioids. This phenomenon is evident across social networks, where non-professional videos depicting individuals
experiencing abnormal movement disorders, such as upright postures and gait issues, are widely shared. These videos often
feature people living on the streets in various locations throughout the United States and other major cities worldwide. The
phenomenology of movement disorders involves closely observing patients in the examination room to identify the clinical
phenotype and distinguish between hyperkinetic and hypokinetic disorders. This initial step is crucial in the assessment of
any movement disorder. Given the limited availability of literature discussing the clinical features of opioid users, our research
strategy involved exploring articles in the PubMed database that met the PRISMA criteria for 2020. Specifically, we sought
articles addressing the clinical phenomenology and pathophysiology related to movement disorders from 1980 to the present.
Our objective was to investigate cases, propose potential theories regarding implicated mechanisms, and explore the role of
opioids in the movement circuits within the basal ganglia.
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Trastornos del movimiento en consumidores de opioides observados en las redes
sociales: una revision sistematica

Resumen

La importancia de las redes sociales para el aprendizaje en medicina, especialmente en el campo de los trastornos del
movimiento, es incalculable. La tendencia actual es el desarrollo de pandemias de inicio reciente (por ejemplo, el virus
COVID-19 o el aumento de opioides entre consumidores) que se observa a través de las redes sociales, donde se suben
videos sobre personas que viven en las calles de Estados Unidos y otras ciudades importantes en el mundo, y que mues-
tran trastornos anormales del movimiento, como posturas erguidas y trastornos de la marcha. La fenomenologia en trastornos
del movimiento se centra en observar al paciente en la sala de examen para determinar el fenotipo clinico (trastornos hi-
perquinéticos o hipocinéticos) como primer paso en la evaluacion de cualquier trastorno del movimiento. Por lo tanto, debi-
do a la escasez de documentos escritos en la literatura médica sobre las caracteristicas clinicas de los usuarios de opioides,

*Correspondence: Date of reception: 10-11-2023 Available online: 10-05-2024
Daniel Rebolledo-Garcia Date of acceptance: 01-02-2024 Rev Mex Neuroci. 2024;25(4):115-121
E-mail: daniel.rebolledo @innn.edu.mx DOI: 10.24875/RMN.23000072 Wwww.revmexneurociencia.com

2604-6180 / © 2024 Academia Mexicana de Neurologia A.C. Published by Permanyer. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

115


mailto:daniel.rebolledo%40innn.edu.mx?subject=
http://dx.doi.org/10.24875/RMN.23000072

http://crossmark.crossref.org/dialog/?doi=10.24875/RMN.23000072&domain=pdf

116

Rev Mex Neuroci. 2024;25(4)

decidimos investigar en la base de datos PubMed articulos seleccionados bajo los criterios PRISMA 2020 sobre la feno-
menologia clinica y la fisiopatologia relacionada con los trastornos del movimiento desde 1980 hasta la actualidad, abor-
dando los casos y la teoria posible sobre el mecanismo implicado y el papel de los opioides en los circuitos del movimien-
to en los ganglios basales. Nuestro objetivo fue investigar casos, proponer teorias potenciales sobre los mecanismos
involucrados y explorar el papel de los opioides en los circuitos de movimiento dentro de los ganglios basales.

Palabras clave: Redes sociales. Espectro fenomenoldgico. Trastornos del movimiento. Fisiologia de los ganglios basales.

Usuarios de opidceos.

Introduction

During the fentanyl crisis in the United States and
globally, there has been a notable rise in videos circu-
lating on social platforms such as X®* or TikTok®5-,
These videos depict individuals exhibiting abnormal
postures while standing and walking, characterized by
a flexion of the thoracic over the lumbar column. This
posture bears a resemblance to the camptocormia phe-
nomenon observed in other etiologies, including pa-
tients with Parkinson’s disease.

Social networks on the internet have become signif-
icant as they provide a platform for observing amateur
videos that showcase a rich phenomenology in move-
ment disorders, contributing to the continuous learning
of neurologists®. Ultimately, this avenue enables us to
document the clinical findings associated with well-es-
tablished, reemerging, and newly identified neurologi-
cal diseases on a day-to-day basis.

The notion of illegal substances affecting the basal
ganglia is not a novel concept. At present, our under-
standing characterizes these substances as capable of
inducing movement disorders, particularly in opioid us-
ers. Medical databases contain case reports and ex-
perimental models in mice aimed at elucidating the
pathophysiology that impacts the circuits connecting
the motor cortex, basal ganglia, cerebellum, and thal-
amus, leading to spasms in motor patterns during gen-
eral movement. It is essential to clarify that, in this
context, “spam” refers to the current understanding of
abnormal movement disorders, encompassing bizarre
involuntary and voluntary motor patterns that interfere
with both general and voluntary movement'?. Additional
reports from hospital centers with expertise in manag-
ing these patients have noted that, beyond cognitive
and behavioral changes associated with opioid with-
drawal, many patients may also develop hypokinetic
and hyperkinetic movement disorders'"'?. Consequent-
ly, we conducted a comprehensive review of the med-
ical literature to characterize the opioid user population
and delineate both typical and novel phenotypes in
movement disorders.

Material and methods

We performed research from medical literature be-
tween three independent investigators in the PubMed
database; the primary objective was to find articles
related to the pathophysiology and clinical phenome-
nology of movement disorders in opioid users. Key-
words used were “opioids,” “parkinsonism,” “ataxia,”
“chorea,” “dystonia,” “myoclonus,” “movement disor-
ders,” and “fentanyl” between 1980 and present. Syn-
onyms and related terms were used interchangeably.
The article review was based on the findings of these
terms in article titles and abstracts. The inclusion cri-
teria were original articles, imaging studies, case
reports, and letters to editors related to movement dis-
orders in opioid users. There was no geographical re-
striction on the origin of the reviews. Exclusion criteria
were duplicate articles, lack of imaging data, clinical
phenomenology, and pathophysiology. Finally, papers
were eliminated due to a poor description of the
primary objective. The approach was supported by
PRISMA 2020 guidelines for standardizing the informa-
tion (Fig. 1).

”

Results

Demographics findings

The distribution of the papers selected was from
North America (n =), South America (n =), Asia (n =),
Europe (n =), and Oceania (n =). Regions across the
world that reported these conditions were North-Amer-
ica n = 12 (United States n = 10, Canada n = 2), Europe
n = 6 (France n = 2, Austria n = 1, United Kingdom
n=1, Denmark n = 1, Germany n = 1), Asia n = 4 (India
n =, Arabia Saudita n = 1, Japan n = 1, Korea n = 2),
Africa n = 1 (South-Africa n = 1), and Oceania n = 1
(Australia n = 1). The average age was 20-60 years,
and the male-female ratio was 2:1. Other demographic
features were omitted because the whole cases were
individual reports'®-'”.
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PubMed Search: 89
Original articles: 21
Case reports: 40
Imaging studies: 20
Letters: 4

Duplicate

Original articles: 5
Case reports: 10
Imaging studies: 10
4 Letters: 2

Original articles: 16
Case reports: 30
Imaging studies: 10
Letters: 2

Lack of clinical phenomenology
Original articles: 4

Case reports: 5

Letters: 0

A
Original articles: 12
Case reports: 25

Imaging studies: 10

Lack of pathophysiology

Letters: 2 Original articles: 0
Case reports: 5
>| Imaging studies: 2
V Letters: 1

Original articles: 12
Case reports: 20
Imaging studies: 8
Letters: 1

Lack of imaging data
Original articles: 3
Case reports: 5
Imaging studies: 2

v Letters: 0

Original articles: 10
Case reports: 13
Imaging studies: 5
Letters: 1

Figure 1. Selection of eligible for the present study.

Clinical features of movement disorders
related to opioid use

The clinical presentations that were reviewed in the
articles selected were heterogeneous. Many patients de-
veloped hyperkinetic and hypokinetic movement disor-
ders (Table 1). On the other hand, other neurological
symptoms have been described as headache, cognitive
impairment (ideomotor apraxia), language disorders,
confusion, delirium, psychotic flares, and diverse degrees
of consciousness as minimal consciousness states or
degrees in vegetative states. The myoclonus and chorea
were the most common movement disorders described
in case reports. Interestingly, many cases were seen in
the surgical sceneries (transoperative and post-operative
states) and the time of inpatient care'®-23,

Locations of neuroimaging abnormalities

The brain regions that were most affected in the cas-
es revisited were the white matter substance (22.9%),

Table 1. Phenomenology in movement disorders
described in legal and illegal opioids-users

Hyperkinetic movement Hypokinetic movement
disorders (n = 26) disorders (n = 13)

Myoclonus (7, 26.9%) Parkinsonism (5, 38.4%)
Dystonia (5, 19.2%) Catatonia (5, 38.4%)

Chorea (6, 23%) Postural instability (3, 18.75%)
Dyskinesia (2, 7.6%)

Akathisia (2, 7.6%)

Ataxia (4, 17.39%)

caudate nucleus (12.5%), putamen (18.7%), thalamus
(6.25%), cerebellar hemispheres (16.6%), dentate nu-
cleus (6.25%), and cortex (14.5%) (Table 2). There was
less affectation in the thalamic nucleus, corpus callo-
sum, and watershed artery territories (middle cerebral
artery with anterior and posterior artery branches),
which suggests a role of a concomitant hypoxemic and
unstable hemodynamic state that explains the distribu-
tion of the injury (similar to anoxic-ischemic states) in
these regions (Fig. 2)24-30.

While the findings may not entirely fulfill all criteria,
the neuroimaging pattern observed in the studies bears
resemblance to the cerebellar hippocampal and basal
nuclei transient edema with restricted diffusion (CHANT-
ER) syndrome®. This is a rare radiographic pattern
observed in acute intoxication by other substances,
such as cocaine. However, patients with CHANTER
syndrome typically experience unconscious states, in-
cluding coma, drowsiness, encephalopathy, or varying
degrees of vegetative states, with a generally fatal
prognosis in the short term.

In contrast, opioid users exhibit a broad spectrum of
sequelae, encompassing cognitive, motor, gait, and be-
havioral long-term changes, with different functional
outcomes on the Rankin-modified scale. This is evident
in the case series by Alambyan et al.%', where scores
ranged between 2 and 5. It is important to note that, in
this study, the prevalence of mortality was higher com-
pared to other series.

Theories propose about the
pathophysiology related to neuronal
damage induced by opioid use

In the classical model, the dopaminergic system was
believed to regulate all the input and output pathways
within the movement system, originating from basal
ganglia circuits. However, moving beyond this tra-
ditional perspective, there is recognition of a complex
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Figure 2. Images from T2 to T2-weighted magnetic resonance imaging show different patterns of injury on subcortical
structures (white matter, basal ganglia, cerebellum, and watershed arterial territories. These images are not
pathognomonic for opioid use intoxication, which will be seen in other toxic-metabolic states from many etiologies, but
suggest the possible role of opioids in brain damage?%0. Modified with Biorender.com.

Table 2. Summary of locations of brain regions
abnormalities

Location/Imaging modality MRI scan
(n=33)
Supra-ganglionic white matter 3 8
Caudate nucleus 2 4
Putamen 4 5
Thalamus 1 2
Cortex (frontal and/or parietal) 3 4
Cerebellar hemispheres 1 7
Dentate nucleus 1 2

CT: computed tomography; MRI: magnetic resonance imaging.

interaction involving various neuronal groups, including
GABAergic, cholinergic, noradrenergic, glutamatergic,
serotoninergic, and opioid neurons. These groups func-
tion as interneurons, serving as afferent or efferent
relays within the motor system. This intricate network
is distributed along the cortexistriatum-pallidal pathway,
interconnected with the substantia nigra, subthalamic
nucleus (STN), and ventral motor nucleus of the thala-
mus. This thalamic nucleus serves as a major efferent
motor modulator pathway, influencing the firing rate to
either inhibit or stimulate the motor cortex, thereby reg-
ulating normal voluntary movement®2,

On the other hand, infratentorial stimulation from the
red nucleus and the cerebellar deep nucleus (dentate

nucleus) also projects input fibers onto the thalamus.
This input increases the GABAergic tone while sup-
pressing the cholinergic and glutamatergic excitatory
tone within the thalamocortical network. This modula-
tion serves to dampen aberrant patterns in movement
influenced by both the hyperdirect and indirect path-
ways. Dysregulation in these pathways could result in
abnormal firing rate patterns, leading to hypo-or hyper-
activation of the thalamus. Consequently, such abnor-
malities in thalamic activity can manifest as hyperkinet-
ic and hypokinetic movement disorders, illustrating the
various ways in which these disturbances interfere with
normal movement3?,

Furthermore, the efferent final way through the pe-
dunculopontine nucleus (ppn) that manipulates the
motor interactions inside the way of the reticulospinal
nucleus, red nucleus, and the system interactions from
the corticospinal tract motor neurons, and lower motor
neurons perhaps supports the theory that an increasing
in the GABAergic input over the ppn3* (if we remember
the relays, the GPi are in overactivity with the global
GABAergic tone that inhibits the ventral motor in thal-
amus) could affect the gait (increment in the muscle
tone, slow the agonism and antagonism activities in
muscle contraction leading the freezing of gait (FOG)
phenomenon that it is described in the parkinsonism
states) and the postural stability (anti-gravidity muscles
controlled by the red nucleus), although the pathophys-
iology of FOG should be explained by a decrease in
the noradrenergic tone and a lack in the directly con-
nections between the thalamus and the ppn®®.
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The physiology outlined earlier may not fully eluci-
date the underlying reasons for the spectrum of move-
ment disorders associated with opioid use or overuse.
However, the various reports reviewed demonstrate a
significant focus on the role of mu receptors in different
neuron centers within the movement system.

In classic experiments involving monkeys (and inci-
dentally in humans) exposed to the compound 1-meth-
yl-4-phenyl-1,2,3,6-tetrahydropyridine, it was initially
hypothesized that only the striatum and substantia nig-
ra pars reticulata could be affected. Contrary to this
hypothesis, clinical results from patients undergoing
deep brain stimulation procedures revealed bidirection-
al relays within these pathways and circuits. Sometimes,
the observed effects were opposite to expectations; for
instance, paradoxical dyskinesias were obtained when
the STN was electrically stimulated during micro-regis-
tration through surgery, despite successful electrode tip
placement.

These diverse cases underscore the notion that the
dopaminergic system does not operate in isolation. In-
stead, there exists a complex interaction between the
neurotransmitter panel and the neuron cores®.

For example, if the mu receptor in the striatum is over-
stimulating in opioid users (there are many biases related
to what opioids are used, concentration, other added
substances, and time in exposition), the hyper-direct and
indirect pathways will lead to a hypoactivation in the GPi
plus the STN hyperstimulation firing rate over the thala-
mus project over the cortex stimulates the begin of hy-
perkinetic abnormal movements as dystonia or chorea;
in an inverse scenario, the way inhibits in excess the SNT
firing rates and leads to hypokinetic disorders as Parkin-
sonism; and if there is an influence between the cortical
motor supplementary area and the ventral Anterior Cin-
gulate Cortex-striatum-thalamic circuit, this could induce
the development of catatonia state by a phenomenon of
clogging into this specific circuit because the patients
cannot decide what motors or executive functions directs
the sequence (absence of cognitive or motor continuing
tasks) and execute process, feature found in these cases
(Fig. 3). These examples illustrate that the dysregulation
of mu receptors in a particular region may exert either
positive or negative effects on firing rates, with inhibitory
or excitatory outcomes. This dysregulation can modulate
the depolarization of the GABAergic neuronal team
throughout the system®”. While observing the spectrum
of clinical phenomenology may aid in recognizing the
affected part of the basal ganglia system, it is not a fool-
proof method. In movement disorders, the general con-
sensus is that each case is unique and differs from

others, even if both individuals have the same affected
areas. For instance, in cases of spongiform leukoenceph-
alopathy associated with heroin derivatives, there is no
consistent pattern in clinical phenomenology, despite a
notable similarity in neuroimaging findings.

Discussion

During our leisure time on an ordinary day, my team
and | browsed through the X® social network (formerly
Twitter) and TikTok®, where we came across various
videos showcasing abnormal postures and gait disor-
ders in individuals living on the streets of US cities who
are fentanyl users. Upon initial observation, the phe-
nomenology seemed to predominantly feature a hypo-
kinetic phenotype, but in other videos, we noticed a
peculiar hyperkinetic movement disorder. The gait of
fentanyl users appeared slow, characterized by a re-
duced swing in both arms. In addition, they tended to
maintain a fixed posture for extended periods, reminis-
cent of patients with catatonia. It is noteworthy, however,
that the phenomenon of FOG has not been observed
in these instances.

On the flip side, the spectrum of neuroleptic malig-
nant syndrome associated with opioid medical use,
which represents an acute facet of catatonia, has been
recently documented by Ketigian®. However, there
have been no reports of isolated catatonia in individuals
with chronic fentanyl use. Similarly, our literature review
did not reveal any reports of camptocormia associated
with chronic fentanyl use.

We posit that the clinical phenomenology observed
in the videos may signify a novel phenotype of mani-
festations associated with opioid toxicity affecting the
pathways and relays within the functional circuit of the
basal ganglia. This circuit is known to play a crucial role
in standing posture, gait, and the FOG phenomenon.
The alterations in normal physiology observed could
potentially be attributed to the toxic effects of chronic
exposure to neuronal fentanyl. An open question re-
mains regarding whether these findings will have an
impact on the development of neurodegenerative dis-
eases in this population in the years to come.

We hypothesize that the neuroimaging findings in
these patients may exhibit similarities in structural inju-
ries comparable to those observed in individuals who
engage in “chasing the Dragon,” for instance. However,
we were unable to locate case reports in the re-
cent medical literature that specifically addressed the
patients depicted in the amateur videos from X® or
TikTok®.
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Figure 3. New emerged concepts related to opioid receptors across the distinct compounds of movement “machine”
integrated by supratentorial and infratentorial structures. The influence of the Mu receptors in all the pathways over
the rest of the neurotransmitter’s relays in a excitatory or inhibitory outputs and inputs regional circuits explains the
spectrum of movement disorders developed by opioid users. Modified with Biorender.com.

Conclusions

The movement disorders associated with opioid users
constitute a captivating field that could enhance our under-
standing of the physiology and pathophysiology underlying
the motor system within the circuits and pathways governed
by the basal ganglia. Additionally, it contributes to a more
comprehensive understanding of the clinical spectrum and
extensive phenomenology resulting from strategic injuries
in this system. Moving forward, longitudinal observational
studies will be crucial to assessing the long-term neurolog-
ical disorders stemming from the abuse of this drug and its
impact on the gait of affected individuals.

Funding

The authors declare that this work was carried out
with the authors’ own resources.
Conflicts of interest

The authors declare that they have no conflicts of
interest.

Ethical disclosures

Protection of human and animal subjects. The
authors declare that no experiments were performed
on humans or animals for this study.

Confidentiality of data. The authors declare that no
patient data appear in this article. Furthermore, they
have acknowledged and followed the recommenda-
tions as per the SAGER guidelines, depending on the
type and nature of the study.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Use of artificial intelligence for generating text.
The authors declare that they have not used any type
of generative artificial intelligence for the writing of this
manuscript or for the creation of images, graphics, ta-
bles, or their corresponding captions.

References

1. Twitter.com. A Pundict Critic. Available from: https://x.com/morara_f/sta-
tus/1680933865852944384?7s=48 [Last accessed on 2023 Nov 10].

2. Twitter.com. Brandon Farley (Today in Portland). Available from: https://x.
com/therealfarley/status/16369334336866467857s=48 [Last accessed
on 2023 Nov 10].



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A. Dominguez-Garcia et al. Movement disorders in opioid users

. Twitter.com. pAUDELKRISHNA. Available from: https://x.com/hikishan/

status/17104490736550669997s=48 [Last accessed on 2023 Nov 10].

. Twitter.com. NeuroLohman. Available from: https://x.com/krizlohman/

status/17093182953319999957s=48 [Last accessed on 2023 Nov 10].

. Tiktok.com. A Meia Noite Oficial. Available from: https://vm.tiktok.com/

ZMjvMakYr [Last accessed on 2023 Nov 10].

. Tiktok.com. JAMI. Available from: https://vm.tiktok.com/ZMjvMOwGL [Last

accessed on 2023 Nov 10].

. Tiktok.com. Jorge Metz. Available from: https://vm.tiktok.com/ZMjvMyndb

[Last accessed on 2023 Nov 10].

. Tiktok.com. GM190190. Available from: https://vm.tiktok.com/ZMjvM-

ghEG [Last accessed on 2023 Nov 10].

. Graessner H, Albanese A, Schols L. Networks in movement disorders.

To move or not to move. Front Neurol. 2021;12:758246.

Vasconcelos LP, Gandini J, Teixeira AL, Manto M. Movement disorders
associated with stimulants and other drugs of abuse. In: Teixeira A,
Stimming EF, Ondo WG, editors. Movement Disorders in Psychiatry.
New York: Oxford Academic; 2022.

Duma SR, Fung VS. Drug-induced movement disorders. Aust Prescr.
2019;42:56-61.

Brust CM. Substance abuse and movement disorders. Mov Disord.
2010;25:2010-20.

Deik A, Saunders-Pulman R, Luciano MS. Substance of abuse and
movement disorders: complex interactions and comorbidities. Curr Drug
Abuse Rev. 2012;5:243-53.

Almedallah DK, Alshamlan DY, Shariff EM. Acute opioid-induced myo-
clonic reaction after use of fentanyl as an anesthetic drug for an emer-
gency cesarean section. Case Rep Neurol. 2018;10:130-4.

Kim DD, Procyshyn RM, Jones AA, Lee LH, Panenka WJ, Stubbs JL,
et al. Movement disorders associated with substance use in adults living
in precarious housing or homelessness. Prog Neuropsychopharmacol
Biol Psychiatry. 2023;126:110795.

Wasserman S, Yahr MD. Choreic movements induced by the use of
methadone. Arch Neurol. 1980;37:727-8.

Lussier D, Cruciani RA. Choreiform movements after a single dose of
methadone. J Pain Symptom Manage. 2003;26:688-91.

Paur R, Wallner C, Hermann P, Stéllberger C, Finsterer J. Neurological
abnormalities in opiate addicts with and without substitution therapy. Am
J Drug Alcohol Abuse. 2012;38:239-45.

Mets B. Acute dystonia after alfentanil in untreated Parkinson’s disease.
Anesth Analg. 1991;72:557-8.

Wasey W, Aziz |, Saleh S, Manahil N, Wasey N. Tramadol induced jerks.
Cureus. 2021;13:e17547.

Henriksen M, Alkjeer T, Raffalt PC, Jorgensen L, Bartholdy C, Hansen SH,
et al. Opioid-induced reductions in gait variability in healthy volunteers
and individuals with knee osteoarthritis. Pain Med. 2019;20:2106-14.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kim J, Hyung SW, Seo J, Lee H, Yu HJ, Sunwoo MK. Delayed post-
hypoxic leukoencephalopathy caused by fentanyl intoxication in a healthy
woman. Dement Neurocogn Disord. 2020;19:170-2.

Ketigian LA, Kidambi SS. Postoperative catatonia after fentanyl, hydro-
morphone, and ketamine administration in a patient taking sertraline: a
case report. A A Pract. 2023;18;17:e01695.

Shrot S, Poretti A, Tucker EW, Soares BP, Huisman TA. Acute brain
injury following illicit drug abuse in adolescent and young adult patients:
spectrum of neuroimaging findings. Neuroradiol J. 2017;30:144-50.
Kriegstein AR, Shungu DC, Millar WS, Armitage BA, Brust JC, Chillrud S,
et al. Leukoencephalopathy and raised brain lactate from heroin vapor
inhalation (“chasing the dragon”). Neurology. 1999;10;53:1765-73.

In Sub Y, Sang Hank L, Sehun-Hank S. A case of fentanyl intoxication
and delayed hypoxic leukoencephalopathy caused by incidental use of
fentanyl patch in a healthy elderly man. J Neurocrit Care. 2015;8:35-8.
Matzler W, Nagele T, Gasser T, Krlger R. Acute parkinsonism with co-
rresponding lesions in the basal ganglia after heroin abuse. Neurology.
2007;68:414.

Jones E, Umasankar U, Mallu H, Hampton T, Kulendran A, Patel M.
Lesson of the month: oxycodone-induced leukoencephalopathy: a rare
diagnosis. Clin Med (Lond). 2020;20:600-2.

Knudsen GH, Kermanian N, Kock-Jensen CH, Antulov R. Opioid-induced
leukoencephalopathies: a report of two cases. Case Rep Neurol.
2022;14:25-30.

Alves BR, Rubin D. Teaching neuroimage: CHANTER syndrome. Neu-
rology. 2023;10:1212.

Alambyan V, Pace J, Miller B, Cohen ML, Gokhale S, Singh G, et al. The
Emerging role of inhaled heroin in the opioid epidemic: a review. JAMA
Neurol. 2018;75:1423-34.

Eisinger RS, Cernera S, Gittis A, Gunduz A, Okun MS. A review of basal
ganglia circuits and physiology: application to deep brain stimulation.
Parkinsonism Relat Disord. 2019;59:9-20.

Benarroch EE. Pedunculopontine nucleus: functional organization and
clinical implications. Neurology. 2013;80:1148-55.

McKay JL, Nye J, Goldstein FC, Sommerfeld B, Smith Y, Weinshenker D,
et al. Levodopa responsive freezing of gait is associated with reduced
norepinephrine transporter binding in Parkinson’s disease. Neurobiol Dis.
2023;179:106048.

Bezard E, Li Q, Hulme H, Fridjonsdottir E, Nilsson A, Pioli E, et al. u
Opioid receptor agonism for L-DOPA-induced dyskinesia in Parkinson’s
disease. J Neurosci. 2020;40:6812-9.

Fricchione G, Beach S. Cingulate-basal ganglia-thalamo-cortical aspects
of catatonia and implications for treatment. Handb Clin Neurol.
2019;166:223-52.

Walters A, Hening W, Chokroverty S, Fahn S. Opioid responsiveness in
patients with neuroleptic-induced akathisia. Mov Disord. 1986;1:119-27.

121



