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IMPORTANCE—Functional neurological disorders (FND) are common sources of disability in
medicine. Patients have often been misdiagnosed, correctly diagnosed after lengthy delays, and/or
subjected to poorly delivered diagnoses that prevent diagnostic understanding and lead to
inappropriate treatments, iatrogenic harm, unnecessary and costly evaluations, and poor outcomes.

Author Manuscript

OBSERVATIONS—Functional Neurological Symptom Disorder/Conversion Disorder was
adopted by the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, replacing the
term psychogenic with functional and removing the criterion of psychological stress as a
prerequisite for FND. A diagnosis can now be made in an inclusionary manner by identifying
neurological signs that are specific to FNDs without reliance on presence or absence of
psychological stressors or suggestive historical clues. The new model highlights a wider range of
past sensitizing events, such as physical trauma, medical illness, or physiological/
psychophysiological events. In this model, strong ideas and expectations about these events
correlate with abnormal predictions of sensory data and body-focused attention. Neurobiological
abnormalities include hypoactivation of the supplementary motor area and relative disconnection
with areas that select or inhibit movements and are associated with a sense of agency. Promising
evidence has accumulated for the benefit of specific physical rehabilitation and psychological
interventions alone or in combination, but clinical trial evidence remains limited.
CONCLUSIONS AND RELEVANCE—Functional neurological disorders are a neglected but
potentially reversible source of disability. Further research is needed to determine the dose and
duration of various interventions, the value of combination treatments and multidisciplinary
therapy, and the therapeutic modality best suited for each patient.

Author Manuscript

Functional neurological disorders (FND) are among the most common causes of
neurological disability.1 These conditions have had a long and difficult history of mind-body
dualism and have now reached better-defined pathophysiological and neurobiological bases
that challenge old assumptions of psychological abnormalities as their sole cause (in other
words, their status as a psychogenic illness). The term functional, adopted by the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) as the primary descriptor
in the term functional neurological symptom disorder, provides causative neutrality and may
also increase patient understanding and acceptance.2,3 The term conversion disorder has
been retained in the DSM-5 from previous DSM iterations as an alternative expression that
acknowledges unconscious processes in patients (but is used less often in neurology because
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of its implicit inference of causative psychological stressors, which are not always present or
may not be readily identifiable).4

Author Manuscript

The term dissociative, which is used in the International Classification of Diseases, Tenth
Revision, implies compartmentalization or detachment of neurological functioning from
normal awareness. Seizures in the context of FNDs are termed psychogenic and/or
nonepileptic seizures (and often abbreviated to PNES or NES) or, less commonly,
nonepileptic attack disorder or dissociative seizures. These terms have replaced the term
pseudoseizures, which could imply feigned symptoms. Functional neurological disorders are
distinct from symptoms that are intentionally produced, as in malingering and factitious
disorder. Although there are no tests currently capable of demonstrating whether symptoms
are willfully produced, and there may not be a clear categorical difference between
voluntary and involuntary symptoms, intentionally produced symptoms are relatively rare
and will not be considered further here.

Epidemiology of FND

Author Manuscript

Functional neurological disorders have an incidence of 4 to 12 per 100 000 population per
year (4 to 5 per 100 000 population per year for motor FND; 1.5 to 4.9 per 100 000 per year
for video electroencephalography–confirmed cases of PNES)5–7 and a prevalence of 50 per
100 000 population based on a community registry.1 In a well-designed consecutive series of
3781 outpatients of neurology clinics, 5.4% had a primary diagnosis of FND, and 30% had
symptoms that were described as only somewhat or not at all explained by disease.7 Women
are more frequently affected and are estimated to be 60% to 75% of the patient population,
although specific presentations such as functional myoclonus or Parkinsonism appear to
have similar or greater frequency in men.8 A crucial concern has been fear of misdiagnosis.
However, in a review of 27 studies of FND (with a total study population of 1466), the
frequency of misdiagnosis was consistently low (4%) after a mean of 5 years of follow-up.9
In a subsequent large, prospective cohort study of patients referred from primary care to
specialized neurology clinics with diagnoses that were not at all or only somewhat explained
by what the authors termed organic disease, only 4 of 1030 patients (0.4%) had been revised
to (or acquired) a recognized neurological diagnosis at 18 months of follow-up.10 Thus,
FNDs are common and can be accurately diagnosed by neurologists.
Phenomenology and Diagnosis

Author Manuscript

Diagnosis by DSM-5 no longer requires identifying precipitating stressors, because these are
not always found despite recent and historical stressors being more common in patients with
FNDs than in healthy and clinical control participants.11 Positive signs are essential in
supporting a phenotype-based diagnosis that does not depend on excluding other disorders
(Box 1 and Figure). However, it should be acknowledged that the specificity and sensitivity
of these maneuvers may be biased by several factors, including lack of gold standards
against which to compare them and unblinded assessments in most studies.12
Motor FND—Suggestive clinical features include sudden onset, disappearance with
distraction, increase with attention, and excessive fatigue or demonstration of effort. The
diagnosis is based on ascertaining specific elements of the neurological examination
JAMA Neurol. Author manuscript; available in PMC 2020 June 14.
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demonstrating inconsistency (ie, changing patterns over time with susceptibility to
distraction) and/or incongruence (ie, a clinical picture incompatible with known organically
determined patterns).13 Within this context, the examination can establish a positive rather
than exclusionary diagnosis for disorders of movement (Box 1) and epileptiform disorders
(Table 1).
Functional weakness is recognized by variability in severity over time and discordant
performance between assessments, especially during the same examination. Functional
weakness may be global or limited to one side of the body, mimicking a stroke. A pattern of
giveway weakness may involve inability to rotate the head toward the paralyzed limb (with
the atypical sternocleidomastoid muscle affected),14 Hoover sign of the weak leg (Figure A),
15 and drift without pronation of the weak arm (Figure B).16

Author Manuscript

Functional tremor is characterized by variable frequency and a characteristic response to
externally cued rhythmic movements (known as entrainment test). Functional parkinsonism
manifests as excessive slowness without decrement and fatigue as well as variable resistance
to passive manipulation (inconsistent rigidity), with normal speed for spontaneous
movements.17 Concurrent functional tremor may encourage the misdiagnosis of Parkinson
disease. Functional dystonia manifests either in paroxysms or with fixed plantar flexion and
inversion of the feet. Sudden onset and the presence of pain are common in functional
(fixed) dystonia13 and rare in organic dystonia with the exception of cervical dystonia.18
Functional dystonia of the cranial region includes tonic contraction of the mouth pulled to
one side, unilateral or bilateral platysma contraction, jaw and tongue deviation (Figure C),
and, when involving eye closure, elevation of the contralateral rather than ipsilateral
eyebrow.19,20

Author Manuscript

FND With Sensory Manifestations—Positive but less reliable diagnostic features of
functional somatosensory impairments include precise midline splitting of vibration sense
across the single bones of the forehead or sternum and sharply demarcated sensory loss at
the groin or shoulder.21 Visual field testing may show a tubular (Figure D) or missing half
defect (a complete hemianopia on testing with both eyes open, contrasted with a normal
visual field in the unaffected eye).22

Author Manuscript

Persistent perceptual postural dizziness (PPPD) is a new consensus term for functional
dizziness, which emerged from previous concepts including phobic postural vertigo, visual
vertigo, and chronic subjective dizziness. This condition is defined as persistent
disequilibrium or nonspinning dizziness provoked by upright posture, active or passive
motion, and exposure to moving visual stimuli or complex visual patterns. It is usually
triggered by an episode of acute dizziness, such as vestibular neuronitis or panic attack.
Symptoms persist because of failure of vestibular and brain readaptation. Secondary anxiety
and functional gait disorder are common accompaniments.23
While pain is not part of DSM-5–defined FND, it is a common co-morbidity, especially in
the form of associated fibromyalgia, chronic spinal pain, complex regional pain syndrome,
or migraine. As with sudden onset, pain is common in fixed dystonia but rare in organic
dystonias apart from cervical dystonia.
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Axial FND—Functional axial disturbances include disorders of gait and posture.24,25 Some
gait patterns are frequently represented in patients with FNDs, such as excessive gait
slowness, astasia-abasia, and knee buckling.24 Excessive demonstration of effort during
ambulation (also referred to as huffing and puffing sign) is poorly sensitive but highly
specific for functional gait disorders.26 Functional trunk postural abnormalities may
manifest as myoclonic jerks affecting the trunk (often diagnosed as propriospinal
myoclonus)27 and more rarely as fixed forward–flexion of the thoracolumbar spine, which is
also known as camptocormia.25

Author Manuscript

Speech FND—Common functional speech disorders include dysfluency similar to
stuttering, articulation deficits, visible demonstration of excessive effort, and prosodic
abnormalities (including foreign accent), often with overlapping features.28 Functional voice
disorders include aphonia or dysphonia in which vocal cord or neurological pathology is
absent or insufficient to account for the nature and severity of the voice disorder.

Author Manuscript

Paroxysmal FND Including Seizures/Attacks—While most FNDs fluctuate in
severity over time, some are strictly episodic. At one end of the spectrum, there are patients
with paroxysmal akinesia, typically evaluated for cardiogenic syncope by cardiologists.
Typical positive features include long-duration attacks with closed eyes.29 At the other end
of paroxysmal FNDs are a variety of paroxysmal hyperkinesias (eg, tremor, dystonia, and
jerks) with no apparent alteration in awareness or convulsive events with falls and variable
or complete impairment of consciousness (ie, PNES).30,31 Helpful clinical clues
distinguishing PNES from epileptic seizures are the long duration of shaking episodes (>3
minutes, placing patients at risk of being mismanaged for status epilepticus), fluctuating
course of seizures, asynchronous limb movements, pelvic thrusting, side-to-side head
movements, closed eyes, ictal crying, and recall of ictal events (Table 1).32,33 The cooccurrence of interictal functional symptoms (eg, functional tremor) is also supportive of the
interpretation of the paroxysmal movements as a manifestation of an FND. Simultaneous
recording of video and physiological parameters (eg, cortical, muscle, and cardiac electrical
activity, or blood pressure and oxygenation) helps exclude recognized neurological or
medical conditions (such as epilepsy or syncope) to reach a documented or laboratorysupported level of diagnostic certainty for PNES.34
Diagnostic Criteria

Author Manuscript

Diagnostic clinical criteria have been developed for PNES34and have high interrater
reliability when using video electroencephalography,32 serving to provide a laboratorysupported definite diagnosis for PNES. In contrast, diagnostic criteria for functional
movement disorders13,35 may have poor interrater reliability when applied to clinically
uncertain movement disorders.36 The Gupta-Lang criteria for functional movement disorders
introduced a laboratory-supported, definite diagnostic category based on
electrophysiological findings in functional myoclonus (which uses electromyography
[EMG] and electro-encephalography back-averaging for assessment of premovement
potential, or Bereitschaftspotential) and functional tremor (surface EMG to document,
among other features, entrainment, which is also termed coherence, and coactivation signs).
35 Probable and possible diagnostic categories for functional movement disorders are
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unhelpful, because they force clinicians to apply an exclusionary approach to the diagnosis
by requiring investigations to exclude other disorders; a definite category permits an
inclusionary examination–based diagnosis, with separate investigations only in selected
cases for laboratory-supported confirmation.

Pathophysiology
Psychological Perspectives

Author Manuscript

The traditional model has been that of conversion, where psychological distress is converted
into a physical symptom. The idea has existed for centuries, and Briquet provided
experimental evidence37 that prior experiences of abuse increased the risk of l’hysterie.
Freud changed the focus from events to thoughts and suggested that unacceptable, usually
sexual, drives were repressed from conscious awareness with the resulting psychic energy
converted into physical symptoms.38 Contemporary psychodynamic models emphasize that
a symptom may either suppress an emotion or serve to resolve dilemmas, support important
interpersonal relationships, or escape interpersonal conflicts.39

Author Manuscript

While aversive experiences may increase the risk of FNDs, these cannot fully account for
their development given several limitations: (1) the current lack of an explanation of the
neurophysiologic mechanism of conversion, (2) the fact that similar exposures create
different symptoms in different patients, (3) the long latency between exposure and FND
onset in some patients (termed the why now? dilemma), and (4) absence of aversive events
in many patients, although this may be a factor of how carefully the history is taken40 or
how comfortable the patient is about disclosing sensitive information in brief or limited
medical encounters. Suggested answers to the why now? question include the sensitizing
effect of recent events, such as trauma, medical illness, or physiological or
psychophysiological events, which can form robust somatosensory experiences embedded
into strong ideas and expectations about these events.41

Author Manuscript

Attentional dysregulation is a major feature in FNDs. General hierarchical information flow
in the nervous system is based on the integration between bottom-up sensory information
and top-down predictions about the nature of the expected sensory information. Differential
weighting of the 2 streams of information leads to abnormal predictions about sensory data
with abnormal body-focused attention driving abnormal perceptions or movements.42
Electrophysiological and psychophysical studies have provided additional support for the
predictions of this model.42,43 The role of attention is also underscored by the suppression of
symptoms with distraction, a core diagnostic feature in FNDs.44 Used in reverse, the practice
of deflecting attention away from the affected area has provided a basis for novel
physiotherapies.45,46
More recent psychological theories have focused more on how FND symptoms are produced
rather than why they may develop. These theories have been elaborated for FNDs in general,
as well as for PNES.42,47 The integrative cognitive model for PNES proposes that factors
such as inherent responses to emotions, ideas about illness, and illness models contribute to
the formation of a symptom scaffold which, especially in the context of deficient inhibition,
may be activated by arousal or internal or external stimuli perceived as threatening.47 These
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models explain why the manifestations of FNDs conform to factually incorrect beliefs of
what symptoms should look like and how the nervous system might go wrong.48 One
example is a tubular visual field, which is incompatible with the laws of optics. This also
explains why functional symptoms may be internally inconsistent, such as the walking on
ice gait, where the patient’s expression of imbalance is manifested by a lurching, oscillating
axial deviation on a narrow base, inconsistent with truly impaired balance function. These
symptoms may be further facilitated by illness awareness, health anxiety, and excessive
threat vigilance (a recognized sequelae of abusive experiences).49 Regardless of the
initiating mechanism, once the functional symptoms are formed, phobic avoidance, affective
disorders, and, in time, brain plasticity may be perpetuating features.50
Neurobiological Perspectives

Author Manuscript
Author Manuscript

Functional neuroimaging has elucidated dysfunction in FNDs at the level of brain network
activity, connectivity, and specific anatomic areas of altered metabolic demand during tasks.
Early research found differences between feigned and functional weakness.51 In feigned
weakness, no activation was seen when participants were given the command to move. In the
functional variant, normal activation within areas associated with movement preparation was
accompanied by activation within the prefrontal cortex that would be unexpected during
voluntary movement activation. In patients with functional tremor, dystonia, or gait
abnormalities, there was hypoactivation of the supplementary motor area, a key structure
involved in action selection and movement preparation, and abnormal connectivity between
the supplementary motor area and limbic areas.52 These abnormalities, activated via
negative emotional stimuli, may be associated with abnormally increased activation in areas
involved in emotion recognition and self-awareness (primarily the amygdalae and cingulate
gyrus53) and in networks related to emotion processing and theory of mind (ability to
represent mental states to understand others’ intentions and predict future intentional social
interaction).54 In patients with PNES, resting-state functional magnetic resonance imaging
has shown strong functional connectivity between areas involved in emotion (insula),
executive control (inferior frontal gyrus and parietal cortex), and movement (precentral
sulcus).55

Author Manuscript

A deficit in the sense of agency for movements is an appealing explanation for how
movements that appear voluntary in nature (because they are altered by distraction) are
experienced as involuntary. Because of the relative disconnection between supplementary
motor area and areas that would usually select or inhibit movement (eg, prefrontal cortex),
movements occur without a normal feeling of sense of agency. Further supporting the role of
impaired agency, a study of patients with functional tremor who acted as their own control
participant by also voluntarily mimicking their tremor, there was hypoactivation of the
temporoparietal junction, an area associated with the sense of agency for movements.56
An Integrated Perspective
Ultimately, we need a model that integrates these neurobiological and psychological
perspectives into a biopsychosocial framework. This framework should include
predisposing, precipitating, and perpetuating factors involving genetics, neural networks,
temperament, cognition, emotion, and environmental influences.57
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Treatment
Treatment of FNDs is a process that starts with explaining the diagnosis in a way that helps
the patient understand and gain confidence in it. This in turn enhances the odds of adherence
to and success from therapeutic strategies. Although randomized clinical trial evidence is
limited, promising data are emerging from cohort and pilot randomized studies to support
specific treatments (Table 2). How best to select patients for specific treatments and
predictors of response are important knowledge gaps, but certain general principles are
known to apply (Box 2).
Delivery of Diagnosis

Author Manuscript

A critical first step in increasing favorable outcomes is the discussion of the diagnosis with
the patient, encompassing these critical points: (1) there is an established diagnosis; (2) in
most cases, the diagnosis can be made definitively with a neurological examination, rather
than as a diagnosis of exclusion; and (3) the disorder is potentially reversible with treatment.
The effectiveness of the diagnostic delivery can be helped by disclosing to patients how the
diagnosis was made, including the specific features on examination that make it clinically
definite, when such level of certainty can be achieved (eg, demonstration of the Hoover sign
or tremor entrainment).67 Success in this step ensures that the patient leaves with (1) a
validation of the neurological symptoms and/or disability, (2) confidence in the diagnosis,
preventing the need to seek alternative medical opinions, (3) a sense of partnership with the
neurologist, and (4) an understanding of the rationale for tailored multidisciplinary
management, which may include psychological interventions.

Author Manuscript

Functional Overlay—It is important to note the possibility of other concurrent or future
medical comorbidities (eg, comorbid epilepsy or Parkinson disease).68,69 A properly
explained diagnosis should not alienate patients from requesting a reevaluation if they
develop new symptoms. This also mandates a mature response from health care
professionals, who should not be dismissive (ie, not all manifestations are solely because of
a patient’s FND). Treatment options for FNDs need to reflect the diversity of symptom
phenotypes as well as the heterogeneity and comorbidity within the patient population; there
is no one-size-fits-all approach.
Psychological Treatments of FND

Author Manuscript

Psychological interventions have traditionally been considered the treatment of choice.
Studies of psychological therapies have been undertaken in subpopulations with FNDs, with
particularly promising results for disorder-adapted cognitive behavioral therapy for PNES
and functional movement disorders, and for multimodal cognitive behavioral–informed
psychotherapy for PNES, as well as cognitive behavioral therapy–oriented self-management
and interdisciplinary psychodynamic interpersonal therapy for a wider range of FNDs (Table
2).58,59,62–66 Cognitive behavioral therapy is a structured, time-limited therapy that helps
patients identify how thinking affects emotional states or specific behaviors. Cognitive
behavioral therapy and other psychotherapies (designed for PNES) include components such
as education, skills in gaining control of seizures, recognizing triggers, changing cognitions
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and behaviors associated with seizures, and widening therapy to other aspects of
interpersonal functioning.
Physical Treatment of FND
Recently, a greater role for physical therapy has been recognized when motor symptoms
predominate (Table 2).45,61,70,71 However, while many such studies focus on the physical
treatment of FNDs, most successful programs incorporate psychotherapeutic modalities (eg,
cognitive behavioral, psychoeducation, stress reduction techniques), underscoring the
importance of addressing the brain and behavioral elements. Motor rehabilitation strategies
aim to help the patient to establish normal control of movement through physiotherapy,
occupational therapy or speech therapy, informed by an understanding of FNDs (Box).
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Motor retraining begins with establishing basic movement patterns (eg, weight-shifting), and
the complexity of movement is sequentially increased toward normal movement patterns.
The focus lies on function and automatic movement (eg, walking) rather than specific
impairments (eg, weakness) and controlled movement, such as strengthening exercises.
Reduced symptom severity with distraction can be used as part of motor retraining by
redirecting the patient’s focus of attention toward the goal of the movement (eg, transferring
from bed to chair) and away from the individual components of the movement (eg, knee
extension). Encouraging movements that are initiated more automatically, such as
rhythmical weight-shifting, or novel movement, such as walking backward, can trigger
normal movement patterns. Unhelpful cognitions (eg, thinking “my nerves are damaged”)
and behaviors (eg, acting as though moving could cause more damage) should be addressed
as part of the treatment to integrate important aspects of psychological treatment.60 Chronic
pain and fatigue are common comorbidities in FNDs and, when these are present, patients
may benefit from specific interventions to address these issues, and treatment approach may
need to be adapted (eg, lower intensity or domiciliary treatment). Outpatient interventions
with a physical or neurorehabilitation focus may be beneficial for patients with less severe
symptoms, and treatment success can sometimes be achieved in short periods.45,61,70
Other Treatments
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Comorbid depression and anxiety as well as pain may be treated pharmacologically.
However, treatments directed at symptoms (eg, antitremor medications) are not appropriate.
Furthermore, favorable responses to any pharmacological treatment can occur because of
positive effects on mood, coexisting disease, or placebo response. Multidisciplinary
treatment for severely affected patients has shown promise in single-center studies. Many
nonpharmacological interventions have been used in single cases or small case-series, as
ancillary treatments for FNDs. These include transcutaneous electrical stimulation,
transcranial magnetic stimulation, and therapeutic sedation with propofol.72 The mechanism
of action of central and peripheral neuromodulation treatments is uncertain, although this is
likely to be mediated by a cognitive-behavioral effect rather than by a modification of
cortical excitability.73
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Prognosis
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Partly because of underrecognition or poorly delivered FND diagnoses and a lack of
availability of knowledgeable therapists, the prognosis of FND remains collectively poor,
with disability persisting or even worsening over time. Many patients with good
understanding and acceptance of the diagnosis continue to have severe symptoms despite
treatment. Ongoing or anticipated litigation or disability proceedings may act as conflicts of
interest, affecting the likelihood of success in some patients. Consistent negative predictors
include long duration of symptoms (with accrual of severe disability and secondary gain)
before diagnosis and personality disorders, whereas good outcomes are associated with
young age and early diagnosis.72,74 Even in unfavorable scenarios, treatment of
comorbidities and limitation of iatrogenic harm are important management strategies, which
can be accomplished if the diagnosis is accurately conveyed to the referring physician and
the patient’s other health care clinicians. There are currently no established clinical factors
or ancillary testing to guide which patients may benefit from which treatment modalities and
over what period.

Conclusions

Author Manuscript

Functional neurological disorders are common and disabling but potentially reversible. A
positive or inclusionary diagnosis can be made with a high level of certainty. Treatment
includes psychological interventions, such as cognitive-behavioral therapy, behavioral
therapy, or psychodynamic therapy and, for functional motor disorder, rehabilitation
strategies. While the level of evidence has increased for some of these interventions, further
research is needed to determine the dose and duration of various approaches, the value of
combination and multidisciplinary therapy, and the appropriate therapeutic modality for each
patient. Therapeutic success hinges on diagnostic delivery that validates the patient’s
symptoms and disability and allows full understanding and acceptance of the diagnosis by
the patient.
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Box 1.
Positive Signs in Categories of Functional Movement Disorders
Functional Poverty of Movement (Weakness and Slowness)
General Features
Extreme slowness and fatigue
Giveway weakness
Inconsistency in performance
Leg Weakness
Hoover sign

Author Manuscript

Hip abductor signa
Able to stand on toes or ankles despite weak plantarflexion or dorsiflexion on bed
Arm Weakness
Drift without pronation
Finger abduction signb
Able to remove objects from bag or put on clothes inconsistent with upper limb
examination
Parkinsonism
Lack of speed or amplitude decrement on repetitive tapping (sequence effect)

Author Manuscript

Variable resistance during passive manipulation (Gegenhalten)
Functional Excess of Movement
Tremor
Variability in frequency
Entrainment or full suppressibilityc
Tonic coactivation of antagonistic muscles at tremor onset
Pause during contralateral ballistic movements
Whack-a-mole signd

Author Manuscript

Myoclonus
Entrainment or full suppressibility

aHip abductor sign is weakness of hip abduction in a paretic leg that resolves with contralateral hip abduction against resistance in
the normal leg.
bFinger abduction sign is weakness of fingers abduction that resolves with contralateral finger abduction against resistance.
cEntrainment or ceasing of tremor to externally cued rhythmic movement or an inability to copy movement.
dWhack-a-mole sign is the emergence or worsening of an involuntary movement in a separate body part when the initially affected
body part is suppressed by someone holding it down.
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Variability in duration and or distribution of jerks or of their latency (if stimulus
sensitive)
Predominance of axial or facial jerks
Dystonia
Fixed dystonia at onset
Variable resistance to passive manipulation
Lack of sensory trick
Lack of overflow
Face: tonic pulling of the lips or jaw to 1 side; closed eyelids resist retraction by examiner
Tics

Author Manuscript

Not fully stereotypical
Interference with speech or voluntary actions
Lack of premonitory urge
Inability to voluntarily suppress tics
Functional Axial Manifestations
Gait
Knee buckling
Dragging gait with forefoot in contact with ground

Author Manuscript

Excessive slowness or a gait similar to walking on ice
Posture
Variability of positions over time
Inconsistent, uneconomic postures
Balance
No or controlled falls despite excessive swaying when walking
Swaying and imbalance lessened with dual tasks
Speech
Effortful speech

Author Manuscript

Sudden onset of dysphonia, stuttering, or dysprosody
Foreign accent
aHip abductor sign is weakness of hip abduction in a paretic leg that resolves with
contralateral hip abduction against resistance in the normal leg.
bFinger abduction sign is weakness of fingers abduction that resolves with contralateral
finger abduction against resistance.
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cEntrainment or ceasing of tremor to externally cued rhythmic movement or an inability

Author Manuscript

to copy movement.
dWhack-a-mole sign is the emergence or worsening of an involuntary movement in a
separate body part when the initially affected body part is suppressed by someone
holding it down.
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Author Manuscript
Author Manuscript
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Box 2.
General Treatment Principles of Therapy for Functional Neurological
Disorders
General Principles
Diagnosis should be established prior to starting therapy and clearly communicated to the
patient within a biopsychosocial framework.
Encourage transparency, especially regarding positive diagnostic features.
Explore and address unhelpful illness beliefs and behaviors.
Ensure that the patient understands potential for reversibility and is motivated to change.

Author Manuscript

Foster independence and self-management during treatment.
Involve the family and caregivers in treatment.
Functional Movement Disorder–Specific Principles
Establish the treatment goal of relearning normal motor control.
Motor retraining begins by establishing elementarymovements (eg, weight-shifting) and
consecutively adding more complex movements.
Visual feedback during motor relearning from mirrors and video can be helpful.
Emphasis is placed on the quality ofmovement instead of the quantity.
Avoid excessive attention to abnormal movements.

Author Manuscript

Treatment adjuncts may enhance movement relearning: treadmill training, electrical
stimulation, electromyography biofeedback, and transcranial magnetic stimulation.
Nonepileptic Seizure–Specific Principles
Learn techniques to avert episodes, if there are warning symptoms.
Foster cognitive awareness of triggers when these are present.
Develop a self-management and relapse plan.
Learn to challenge safety or avoidance behaviors around episodes.

Author Manuscript
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Figure.

Author Manuscript

Clinical Signs in Selected Functional Neurological Disorders
A, Hoover sign in functional leg weakness is present if a weak hip extension is corrected
when the patient flexes the contralateral hip against resistance. B, Drift without pronation
sign in functional weakness is present when the affected outstretched arm, held in supination
at the outset, fails to pronate when drifting. C, Fixed dystonia phenotypes expressed as fixed
posturing of the jaw (unilateral deviation, often with ipsilateral platysma activation, resistant
to passive manipulation), hand (with preservation of pincer function), and foot (ankle
inversion with plantar flexion). D, Tubular vision in functional blindness is positive when the
area of visual field defect remains unchanged despite moving away from the visual target
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Ictal Semiology in Nonepileptic vs Epileptic Seizures
Common in PNES,
Rare in ES

Common in ES, Rare
in PNES

May Be Present in
Either

Closed

Yes

No

No

Open

No

Yes

No

Fluttering

No

No

Yes

Resistance to eyelid opening

Yes

No

No

Absent light reflex

No

Yes

No

Preserved pupil reflex

No

No

Yes

Eyes rolled up

No

No

Yes

Duration longer than 2 min

Yes

No

No

Opisthotonus

Yes

No

No

Asynchronous limb movements

Yes

No

No

Side-to-side head shaking

Yes

No

No

Yes

No

No

Guttural cry at onset

No

Yes

No

Visible tongue bite

No

Yes

No

Synchronous limb movements

No

Yes

No

Clonic jerking

No

Yes

No

No

Yes

No

Self-injury

No

No

Yes

Urinary incontinence

No

No

Yes

Report of tongue biting

No

No

Yes

Nocturnal seizures

No

No

Yes

Yes

No

No

Rapid reorientation

Yes

No

No

Prolonged atonia

Yes

No

No

Whispering

Yes

No

No

Crying

Yes

No

No

Slow reorientation

No

Yes

No

Stertorous breathing

No

Yes

No

Impaired communication

No

No

Yes

Examination Features
Eyelids and pupils

General phenotype

Author Manuscript

Prolonged event with falling down and lying still with eyes
closed

a

Highly stereotyped movements

Author Manuscript

Postictal behaviors

Abbreviations: ES, epileptic seizures; PNES, psychogenic nonepileptic seizures.

Author Manuscript

a

In patients with PNES, events can be stereotypical in up to one-third of patients, even if the collective range of events is wider in this population.
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PNES

Functional
motor disorder

Functional
motor disorder
Functional
motor disorder

Functional
motor disorder
Functional
motor disorder

Mixed FND
Functional
motor disorder
or PNES

LaFrance et al,59
2014

Nielsen et al,45
2017

Jordbru et al,61
2014

Moene et al,62
2002

Moene et al,63
2003

Dallocchio et al,64
2016

Sharpe et al,65
2011

Hubschmid et al,66
2015
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4–6 Sessions of interdisciplinary
psychotherapeutic intervention, plus
2 sessions with a neurologist and
psychiatrist

CBT-based guided self-help in 4 30min sessions, plus SMCb

CBT, plus adjunctive physical
activity; CBT alone

Outpatient manualized hypnosis (10
sessions over 3 mo)

Eight 1-h sessions of manualized
hypnosis, plus inpatient group
psychotherapy and other
multidisciplinary team input

Inpatient adapted physical therapy

Specialized physical therapy for
functional motor disorder (5-d
outpatient program)60

12 CBT-informed sessions of
psychotherapy alone; 12 CBTinformed sessions of psychotherapy
and flexible-dose sertraline;
Flexible-dose sertraline alone

12 Sessions of CBT modified for
PNES, plus SMC

Active Interventions

b
SMC

b

SMC

b

SMC

Waiting list

8 Nonspecific 1-h therapy
sessions, plus inpatient
group psychotherapy and
other multidisciplinary
team input

Delayed start design

Generic
neurophysiotherapy

b

SMC alone

b

SMC alone

Control Treatment

11

64

CBT and activity:
15; CBT alone: 14

20

24

30

30

Psychotherapy: 9;
Psychotherapy and
sertraline: 10;
Sertraline: 9

33

12

63

8

25

21

30

30

10

33

Control
Sample
Size

The active arm had greater improvement on SDQ-20,
CGI, mental health scores on SF-36, and depression at
12 mo than the control group.

The active arm had greater improvement on self-rated
5-point CGI at 3 mo than the control group.

In both active arms, there was significant Psychogenic
Movement Disorder Rating Scale improvement; no
differences were observed between active groups, and
no improvement in the control arm.

There was a greater improvement on Video Rating
Scale for Motor Conversion Symptoms in the active
arm.

The study found overall improvement in all outcome
measures in both groups. No additional effect on
outcome in the active arm.

The active arm had a mean difference on functional
independence measure 8.4 points greater than control
arm (scale 18–125; sustained at 1 y).

The active arm had 72% rated symptoms improvement
at 6 mo and SF-36 physical function adjusted mean
difference of 19.8 (vs the control group). In the control
arm, rated symptoms improved 18% at 6 mo.

The psychotherapy group had 51.4% lower PNES
frequency; the psychotherapy and sertraline group had
59.3% lower PNES frequency; those receiving
sertraline only had a nonsignificant finding of 26.5%
lower PNES; and the control group had a
nonsignificant finding of 33.8% lower PNES.

The active arm had lower PNES frequency at end of
treatment; differences were nonsignificant at 6 mo and
with respect to 3-mo seizure freedom.

Main Result

All included studies had total sample sizes of 20 or more participants.

a

Abbreviations: CBT, cognitive behavioral therapy; CGI, Clinical Global Impression Scale; FND, functional neurological disorders; PNES, psychogenic nonepileptic seizures; SDQ-20, 20-item somatoform
dissociation questionnaire; SF-36, 36-item short form health survey; SMC, standard psychiatric/medical care.
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Standard psychiatric/medical care differed between studies.

Espay et al.

Author Manuscript
Author Manuscript
Author Manuscript
JAMA Neurol. Author manuscript; available in PMC 2020 June 14.

