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Overview
• Individuals with SMI often have soft neurological signs,
and a subgroup display catatonic features
• Soft neurological signs and catatonic features may signal
increased risk for EPSE during treatment with dopamineblocking antipsychotic medications
• Un-addressed EPSE may increase risk for the
appearance of tardive dyskinesias (TD) that persist
• New approaches to persistent TD are in development

Movement Abnormalities Associated with Severe
Mental illnesses
• Neurological soft signs:
– Awkwardness, poor coordination, inability to perform rapid
alternating movements in a smooth, fluent, rhythmic fashion

• Catatonic syndromes:
– Hypomotility/negativism, inappropriate cooperation, or striking
excitation

• Spontaneous dyskinesia:
– Appearing in the late stages of illness

Neurological Soft Signs
in Schizophrenia
Neurological soft signs:
• Occur in the majority of patients with schizophrenia
• Are strongly associated with negative symptoms and
cognitive impairments
• Represent a persistent feature of schizophrenia

Bombin I, et al. Schizophrenia Bulletin. 2005; 31 (4): 962-977.

Neurological Soft Signs
in High-Risk Populations
• Gross motor skills are abnormal in 75% of the offspring
of parents with schizophrenia
• Familial high-risk studies have established multiple
biological markers, the most reproducible of which relate
to neuromotor development and cognition
• Compared to healthy controls, individuals with recent
onset psychosis exhibit significantly more total
neurological soft signs

Keshavan M, et al. World Psychiatry. 2004; 3(3): 163–168
Hirjak D, et al. Frontiers in Psychiatry. 2014; 5(91).
Cunningham-Owens, et al. Psychological Medicine. 2006; 11: 1501-1514.

Catatonic Syndromes
• Hypo-motility:
– Immobility that may be associated with rigidity and/or negativism,
mutism/withdrawal, posturing

• Abnormal activity:
– Excessive cooperation, waxy flexibility, echolalia/echopraxia,
stereotypies

• Catatonic excitement:
– Relentless motor activity that may be destructive and lead to
exhaustion/collapse

Brasic JR, et al. Medscape. July 9, 2015. http://emedicine.medscape.com/article/1154851.

Catatonic Immobility Leads to Death
• Pulmonary:
– Aspiration, pneumonia, venous thrombo-embolism

• Gastro-intestinal:
– Malnutrition, dehydration, constipation

• Musculo-skeletal:
– Muscle breakdown, contractures

• Urinary tract:
– Retention, infection leading to sepsis, myoglobinuria

Levenson JL. Primary Psychiatry. 2009; 16(3): 23-26..

Treatment of Catatonic Syndromes
• Benzodiazepines (initially IM or IV, followed by PO),
given at sufficient doses, relieve immobility in at least
80% of cases
• ECT is effective in all forms of catatonia, even after
pharmacotherapy with benzodiazepines has failed
– Response rates range from 80% to 100%

• Treat the underlying SMI
• Catatonia signals increased risk for Neuroleptic
Malignant Syndrome (NMS)

Luchini V. World J Psychiatr. 2015; 5(2): 182-192.

Movement Abnormalities Associated with
Pharmacotherapy for Severe Mental Illnesses
• Acute dystonias: Spasms
• Akathisia: Restlessness
• Parkinsonism: Brady-kinesia/rigidity, tremor
• Neuroleptic malignant syndrome: Gross rigidity
• Tardive Dyskinesia: Chorea

Acute Dystonic Reactions
• Dystonic reactions are characterized by intermittent
spasmodic or sustained involuntary contractions of
muscles in the face, neck, trunk, pelvis, extremities, and
even the larynx
• Although dystonic reactions are readily reversible and
rarely life threatening, they often cause distress for
patients and families
– Forewarn, and debrief
• Young males undergoing “rapid tranquilization” at high
risk
• Risk declines with age
Kowalski JM. Medscape. March 9, 2015. http://emedicine.medscape.com/article/814632.

Acute Dystonic Reactions
• With treatment, acute dystonic reactions resolve within
minutes, but they can re-occur over subsequent days
unless prevented
• The most commonly used treatment agents are injected
benztropine or diphenhydramine
– Benzodiazepines can also be effective

Kowalski JM. Medscape. March 9, 2015. http://emedicine.medscape.com/article/814632.

Akathisia
“Cannot Sit”
• This syndrome consists of subjective (feeling of inner
restlessness and the urge to move) as well as objective
components (rocking while standing or sitting, lifting feet
as if marching on the spot and crossing and uncrossing
the legs while sitting)
• Reported prevalence rates vary widely between 5 and
40%
• Some antipsychotic medication are more likely to cause
akathisia
• Some individuals are more likely to manifest akathisia

Miller CH, Fleischhacker WW. Drug Saf. 2000 Jan;22(1):73-81.

Akathisia – Management
• Propranolol or other lipophilic beta-blockers seem to be
the most consistently effective treatments for akathisia
• Addition of benzodiazepines is a sensible next choice,
especially if subjective distress persists
– Gabapentin may be an alternative in individuals at risk for
substance abuse

• Two small studies support the use of mirtazapine for the
treatment of akathisia

Miller CH, Fleischhacker WW. Drug Saf. 2000 Jan;22(1):73-81.
Praharaj SK, et al. Ther Adv Psychopharmacol. 2015 Oct;5(5):307-13.

Parkinsonism: Bradykinesia/Rigidity and Tremor

• Observe posture and spontaneous movements at rest
– E.g., blinking, leg-crossing

• Observe the individual rising from a chair
• Observe gait, including arm swing and turning
• Flex and extend the elbow and wrist joints while the
patient attempts to relax
• Look for resting tremor that goes away with purposeful
movement

Parkinsonism with Low-Dose Haloperidol
in a Highly Susceptible First-Episode Population
• High potency first-generation antipsychotic medications
(e.g. haloperidol) have greater potential for producing
Parkinsonism if dosed excessively
• After one month of treatment in the EUFEST trial, the
increase of parkinsonism was highest in patients
receiving haloperidol (+13%), and 24% of the haloperidol
group received concomitant anticholinergic medications
• On the other hand, 76% of these individuals with FEP
tolerated low dose haloperidol

Rybakowski JK, et al. Eur Neuropsychopharmacol. 2014;24(9):1500-5.

Anticholinergic Medications Are an Unsatisfactory
Response to EPSE
• In a small trial, 18 of 20 patients successfully
discontinued their anticholinergic medication
– 2 could not – akathisia

• Significant improvement was found on the Brief
Assessment of Cognition in Schizophrenia
• Anticholinergic medications also produce important
peripheral side effects, including blurred vision, dry
mouth, and constipation

Desmarais AE, et al. Ther Adv Psychopharmacol. 2014;4(6):257-67.

Neuroleptic Malignant Syndrome (NMS)
• Rare but potentially life-threatening (Immobility is death)
• Hyperpyrexia, muscle rigidity, autonomic dysfunction and
altered mental status
• Rigidity is fundamental; everything else is secondary
• Leading theories about the etiopathology of NMS include
dopamine receptor blockade/shut-down of dopamine
release, and musculoskeletal fiber toxicity

Tse L, et al. Curr Neuropharmacol. 2015;13(3):395-406.

Neuroleptic Malignant Syndrome
Treatment
• Treatment of NMS is mainly supportive, directed toward
controlling the rigidity and hyperthermia and preventing
complications
– E.g., respiratory failure, rhabdomyolysis, renal failure

• The most important intervention is to discontinue all
dopamine blocking agents
• In most cases, symptoms will resolve in 1-2 weeks
• Amantadine and benzodiazepines may help
• Electro-convulsive therapy in desperate cases

Benzer TI. Medscape. Feb 12, 2015. http://emedicine.medscape.com/article/816018.

Tardive Dyskinesias
• Tardive dyskinesias (TDs) are involuntary movements of
the tongue, lips, face, trunk, and extremities that occur in
patients treated long-term with dopamine antagonist
medications
• Similar movement disorders were described before
dopamine antagonist medications existed
• The use of dopamine antagonist medications increased
the incidence of TD (by approximately 15% over
background levels)

Lerner V, Miodownik C. Curr Psychiatry Rep. 2011;13(4):295-304.
Brasic JR. Medscape. Aug 8, 2015. http://emedicine.medscape.com/article/1151826.

Abnormal Involuntary Movement Scale (AIMS)
Instructions for Performing the Exam
• Observe the patient unobtrusively at rest (e.g., in waiting
room) either before or after completing the examination
• Use a hard, firm chair without arms for the exam

Abnormal Involuntary Movement Scale (AIMS)
Instructions for Performing the Exam
1. Ask the patient whether there is anything in his/her mouth
(e.g., gum, candy, etc.) and if there is, to remove it
2. Ask patient about the current condition of his/her teeth
– Ask the patient if he/she wears dentures
– Do teeth or dentures bother patient now?
3. Ask the patient whether he/she notices any movements in
mouth, face, hands, or feet
– If yes, ask to describe and to what extent they currently
bother patient or interfere with his/her activities
4. Have the patient sit in a hard chair with hands on her/his
knees, legs slightly apart, and feet flat on the floor
– Look at entire body for movements while in this position

Abnormal Involuntary Movement Scale (AIMS)
Instructions for Performing the Exam
5. Ask the patient to sit with hands hanging unsupported
–
–

If male, between his legs, if female and wearing a dress, hanging over
knees
Observe hands and other body areas

6. Ask the patient to open her/his mouth
–
–

Observe tongue at rest within mouth
Do this twice

7. Ask the patient to protrude her/his tongue
–
–

Observe abnormalities of tongue in movement
Do this twice

*8. Ask the patient to tap her/his thumb, with each finger, as

rapidly as possible for 10-15 seconds; separately with right
hand, then with left hand
–

Observe facial and leg movements

*Activated movements

Abnormal Involuntary Movement Scale (AIMS)
Instructions for Performing the Exam
9. Flex and extend the patient’s left and right arms (one at a time)
– Note any rigidity and rate on separate scale if applicable
10. Ask the patient to stand up
– Observe in profile
– Observe all body areas again, hips included
*11. Ask the patient to extend both arms outstretched in front with
palms down
– Observe trunk, legs, and mouth
*12. Have the patient walk a few paces, turn, and walk back to chair
– Observe hands and gait
– Do this twice

*Activated movements

Abnormal Involuntary Movement Scale (AIMS)
Facial and Oral Movements
1. Muscles of Facial Expression:
–

Movements of forehead, eyebrows, periorbital area, cheeks;
include frowning, blinking, smiling, grimacing

2. Lips and Perioral Area:
–

Puckering, pouting, smacking

3. Jaw:
–

Biting, clenching, chewing, mouth opening, lateral movement

4. Tongue:
–

Rate only increases in movement both in and out of mouth,
NOT inability to sustain movement

Abnormal Involuntary Movement Scale (AIMS)
Extremity Movements
5. Upper (arms, wrists, hands, fingers):
–

–

Include choreic movements (i.e., rapid, objectively purposeless,
irregular, spontaneous); athetoid movements (i.e., slow,
irregular, complex, serpentine)
DO NOT include tremor (i.e., repetitive, regular, rhythmic).

6. Lower (legs, knees, ankles, toes):
–

E.g., lateral knee movement, foot tapping, heel dropping, foot
squirming, inversion and eversion of foot

Abnormal Involuntary Movement Scale (AIMS)
Trunk Movements
7. Neck, shoulders, hips:
–

E.g., rocking, twisting, squirming, pelvic gyrations

Abnormal Involuntary Movement Scale
Scoring
• Score the highest amplitude or frequency in a movement
on the 0-4 scale, not the average
• Score Activated Movements the same way; do not lower
those numbers as was proposed at one time
• A POSITIVE AIMS EXAMINATION IS A SCORE OF 2 IN
TWO OR MORE MOVEMENTS or a SCORE OF 3 OR 4
IN A SINGLE MOVEMENT

Abnormal Involuntary Movement Scale
Overall Severity
8. Severity of abnormal movements
9. Incapacitation due to abnormal movements

Abnormal Involuntary Movement Scale (AIMS)
Patient’s Awareness of Abnormal Movements
10. Patient's awareness of abnormal movements
(rate only patient's report)
– No awareness
– Aware, no distress
– Aware, mild distress
– Aware, moderate distress
– Aware, severe distress

Macpherson R, Collis R. Br J Psychiatry. 1992;160:110-2.

Tardive Dyskinesias
Awareness
• Six hundred seven patients in a state mental hospital in
Singapore were assessed using the Abnormal
Involuntary Movement Scale (AIMS)
• Of the 607 patients, 242 (39.9%) met criteria for TD
• 163 of those 242 patients with TD (67.4%) were not
aware of the presence of TD
• The majority of patients with SMI who have TD will not
seek treatment themselves – relatives will ask for help
with them, or clinicians will intervene

Chong SA, et al. J Clin Psychopharmacol. 2001 Apr;21(2):235-7.

Abnormal Involuntary Movement Scale (AIMS)
Dental Status
11. Current problems with teeth and/or dentures?
12. Does patient usually wear dentures?

Y
Y

N
N

Schooler-Kane Criteria
1. At least 3 months of cumulative antipsychotic drug
exposure
2. Abnormal Involuntary Movement Scale:
–

At least 3=moderate in ≥1 area, or at least mild=2 in ≥2 areas

3. Absence of other causal conditions

Schooler NR, Kane JM. Arch Gen Psychiatry. 1982;39(4):486-487.

Tardive Dyskinesia
Continued Concern
• Thousands of patients are left with TD as a legacy of
past treatment
• The pathophysiology of TD is not well understood
• TD, once established, has proved to be irreversible in
most cases
• The “indications” for dopamine antagonist antipsychotic
medications have expanded, and large numbers are
receiving these medications

Caroff SN, et al. Current Psychiatry. 2011;10(10). www.currentpsychiatry.com/article_pages.asp?aid=9947.

Prevention of Tardive Dyskinesia
It is important to minimize the risk of TD
Preventive principles include:
• Confirm and document the indication for dopamine
antagonist antipsychotic medications
• Use conservative maintenance doses
• Consider the use of second generation antipsychotic
medications, especially in those at high risk for EPSE
• Inform patients and care-givers of the risk
• Assess for incipient signs of TD regularly (every 3
months) using the AIMS

Caroff SN, et al. Current Psychiatry. 2011;10(10). www.currentpsychiatry.com/article_pages.asp?aid=9947.

Tardive Dyskinesias – Risk Factors
• The occurrence of acute EPSE on initial exposure to
dopamine antagonist medications is associated with
increased risk; reducing the dose of the dopamine
antagonist medication greatly reduces risk
• Masking acute EPSE with anticholinergic medications
does not reduce risk!!!
• Older individuals are more susceptible to acute EPSE at
equivalent doses of dopamine antagonist medications
and at 4-5 times increased risk for TD (5% versus 20%
per year)
• Prolonged use of dopamine antagonist medications
increases risk
Brasic JR. Medscape. Aug 8, 2015. http://emedicine.medscape.com/article/1151826.

Tardive Dyskinesias –
Risks Aripiprazole vs. Haloperidol
• Data from 2 controlled, long-term trials of subjects with
schizophrenia treated with aripiprazole (N = 861, 20-30
mg/day) or haloperidol (N = 433, 5-10 mg/day) were
analyzed
• The primary outcome measure was the rate of newonset tardive dyskinesia
• A significantly lower percentage of aripiprazole-treated
patients developed new-onset tardive dyskinesia
compared with haloperidol-treated patients (p < .0001)

Miller DD, et al. J Clin Psychiatry. 2007 Dec;68(12):1901-6.

Tardive Dyskinesias – Pathophysiology
• Chronic high levels of dopamine antagonist may starve,
and subsequently up-regulate, dopamine receptor
number and responsiveness; randomly available
dopamine molecules may initiate abnormal involuntary
movements in a hyper-sensitive system
• Neuro-degeneration secondary to lipid peroxidation or
excito-toxic mechanisms may be involved

Brasic JR. Medscape. Aug 8, 2015. http://emedicine.medscape.com/article/1151826.

Tardive Dyskinesias
Brain-Derived Neurotropic Factor (BDNF)
• 80 schizophrenia patients with TD were compared with
45 schizophrenia patients without TD, as well as with 45
age- and sex-matched normal controls
• The patients with TD had lower plasma BDNF levels
than patients without TD, and lower BDNF levels than
normal controls
• In the patients with TD, plasma BDNF levels were
inversely correlated with AIMS total score, and with
PANSS negative subscore

Tan YL. Schizophr Res. 2005 May 1;74(2-3):263-70.
Barcelos RC, et al. Neurotox Res. 2010 Apr;17(3):228-37.

Tardive Dyskinesia Treatments
•
•
•
•

Amantadine
Pyridoxine
Omega-3 fatty acids
These may be most useful if applied at the first evidence
of TD, at which point it may not be irreversible

Angus S, et al. J Clin Psychopharmacol. 1997;17:88–91.
Pappa S, et al. Clin Neuropharmacol. 2010;33:271–275

Tetrabenazine
• Tetrabenazine was approved in 2008 as an orphan drug
for the treatment of choreiform movements associated
with Huntington’s Disease
• Tetrabenazine is an inhibitor of vesicular monoamine
transporter-2 (VMAT-2), a transporter that packages
neurotransmitters (preferentially dopamine) into vesicles
for release into the synapse
• Tetrabenazine is the current treatment of choice for
moderate-to-severe forms of TD
• Use is limited due to significant side effects, short halflife, and drug-drug interactions
Cloud LJ, et al. Neurotherapeutics. 2014;11:166-176.
Zacks Small-Cap Research. June 27, 2014.

Vesicular Monoamine Transporter – Type 2

Efficacy of Tetrabenazine
• Huntington’s Disease
• Tardive Dyskinesia
• Tourette’s (tic) Disorder

Tetrabenazine – Pharmacokinetic Limitations
• Short serum half-life leads to frequent dosing with peaks
and valleys
• Metabolized in part through cytochrome CYP2D6
– High inter-individual variability in CYP2D6 expression leads to
high variability in serum levels of drug resulting from any given
dose

• Common antidepressants strongly inhibit CYP2D6

Zacks Small-Cap Research. June 27, 2014.

Tetrabenazine – Other Limitations
• The FDA label for tetrabenazine carries a Black Box
warning for depression and suicide risk
– Suicide risk is already greatly elevated in patients with
Huntington s disease and schizophrenia, and this is exacerbated
by treatment with tetrabenazine

• Sedation limits upward titration of tetrabenazine in 28%
of patients.
• Drug induced parkinsonism has the potential to cause
more functional disability than untreated chorea for some
patients
• REMS

Zacks Small-Cap Research. June 27, 2014.

Potential Benefits of Improved Pharmacokinetics
• A study published in 2013 evaluated the rate of adverse
events in tetrabenazine-treated patients who were coadministered an anti-depressant
• The side effects of somnolence, depression, akathisia,
and insomnia were increased in those receiving
paroxetine or fluoxetine (CYP2D6 inhibitors) relative to
those receiving anti-depressants that are not CYP2D6
inhibitors, confirming the importance of previous findings

Shen V, et al. Tremor Other Hyperkinet Mov (N Y). 2013;22:3. pii: tre-03-191-4337-1.

Potential Benefits of Improved Pharmacokinetics
• The efficacy and side effects of tetrabenazine are greatly
affected in patients with low, medium, or high expression
of CYP2D6 (poor, intermediate, and extensive
metabolizers, respectively)
• Side effects such as somnolence, depression/suicidiality,
akathisia and insomnia are increased in poor
metabolizers relative to extensive metabolizers
• The observed level of efficacy for these groups was
similar

Mehanna R, et al. Mov Disord. 2013;28(2):210-5.

Deutetrabenazine
Improving Tetrabenazine Pharmacokinetics
• The incorporation of deuterium in place of hydrogen at
the sites of primary metabolism results in metabolic
clearance being slowed
• This will allow the use of less frequent dosing (BID vs.
TID) and reproduction of AUC values known to be
efficacious for tetrabenazine with lower doses (about
half)
• The Cmax values occurring after each dose will be
reduced (because a smaller dose will suffice to provide
continuous exposure), and the combination of lower
Cmax, less dramatically fluctuating serum levels, and
less rapid rise after a dose will provide better tolerability
Zacks Small-Cap Research. June 27, 2014.

Deutetrabenazine
• Auspex’s platform technology uses deuterium, a stable,
non-radioactive, non-toxic, and naturally occuring
isotope of hydrogen to design improved variations of
existing drugs
• It has the same size and shape as a hydrogen atom, and
differs only in forming very slightly stronger chemical
bonds
• The removal of a hydrogen atom attached to a carbon
atom is the first and rate-limiting step in the metabolism
of many drugs
– If the hydrogen that is removed in the first step of the metabolic
process is replaced by deuterium, the metabolic process is
slowed by a factor of up to 8-fold
Source: Auspex Pharma.

Valbenazine
• A novel, highly selective, vesicular monoamine
transporter 2 inhibitor
• Orally active compound with 2 active metabolites,
NBI-98782 and NBI-136110, all three have VMAT2
binding
• Designed to deliver the active metabolites in a controlled
fashion
• Designed to limit off-target receptor binding
• Half life of 20 hours allowing QD dosing

O’Brien CF et al. Movement Disorders 2015, 30: 1681 – 1687.

Valbenazine
• The drug has been specifically developed for slowed
cleavage, with low VMAT2 activity and attenuated Cmax
• The hypothesis is that dosing parent molecule with a
highly selective and potent active metabolite will result in
both reduced pharmacokinetic variability and improved
safety profile
• Additionally, because of the designed slow metabolism,
valbenazine can be dosed once daily

O’Brien CF et al. Movement Disorders 2015, 30: 1681 – 1687.

Valbenazine
Kinect 3 Study
• 240 patients with schizophrenia, schizoaffective disorder
or mood disorder with TD
• Valbenazine 40 mg, 80 mg and PBO double blind for 6
weeks with additional 42 weeks safety data
• Both 40 mg and 80 mg superior to PBO on AIMS and
CGI
• Very well tolerated with headache, fatigue and
somnolence common SE, no DDI
• Preliminary data in Tourette’s syndrome

Source: neuorcine.com

Tardive Dyskinesias
Summary
• Prevent if possible
• Screen with scheduled AIMS exams, especially in the
older population
• TD is still common
• Treat as quickly as possible after it appears
• Reliable, effective, and now well tolerated, treatments
are available for persistent TD
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