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Abstract

Background and Objectives

Functional neurologic disorder (FND) represents genuine involuntary neurologic symptoms and
signs including seizures, weakness, and sensory disturbance, which have characteristic clinical fea-
tures, and represent a problem of voluntary control and perception despite normal basic structure of
the nervous system. The historical view of END as a diagnosis of exclusion can lead to unnecessary
health care resource utilization and high direct and indirect economic costs. A systematic review was
performed using Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines to
assess these economic costs and to assess for any cost-effective treatments.

Methods

We searched electronic databases (PubMed, PsycInfo, MEDLINE, EMBASE, and the National
Health Service Economic Evaluations Database of the University of York) for original, primary
research publications between inception of the databases and April 8, 2022. A hand search of
conference abstracts was also conducted. Key search terms included “functional neurologic
disorder,” “
and qualitative studies were excluded. We performed a descriptive and qualitative thematic
analysis of the resulting studies.

conversion disorder,” and “functional seizures.” Reviews, case reports, case series,

Results

The search resulted in a total of 3,244 studies. Sixteen studies were included after screening and
exclusion of duplicates. These included the following: cost-of-llness (COI) studies that were
conducted alongside cohort studies without intervention and those that included a comparator
group, for example, another neurologic disorder (n = 4); COI studies that were conducted alongside
cohort studies without intervention and those that did not include a comparator group (n = 4);
economic evaluations of interventions that were either pre-post cohort studies (n = 6) or ran-
domized controlled trials (n = 2). Of these, 5 studies assessed active interventions, and 3 studies
assessed costs before and after a definitive diagnosis of FND. Studies showed an excess annual cost
associated with FND (range $4,964—$86,722 2021 US dollars), which consisted of both direct and
large indirect costs. Studies showed promise that interventions, including provision of a definitive
diagnosis, could reduce this cost (range 9%-90.7%). No cost-effective treatments were identified.
Study comparison was limited by study design and location heterogeneity.

Discussion

FND is associated with a significant use of health care resources, resulting in economic costs to
both the patient and the taxpayer and intangible losses. Interventions, including accurate
diagnosis, seem to offer an avenue toward reducing these costs.
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Glossary

CBT = cognitive behavioral therapy; COI = cost of illness; FMD = functional movement disorder; FND = functional neurologic
disorder; FS = functional seizure; GDP = gross domestic product; ICD-9/10 = International Classification of Diseases, Ninth/
Tenth Revision; NICE = National Institute for Health and Care Excellence; PNES = psychogenic nonepileptic seizure; PPP =
purchasing power parity; QALY = quality-adjusted life year; QoL = quality of life; RCT = randomized controlled trial; SMC =

standard medical care; USD = US dollar; vEEG = video EEG.

Functional neurologic disorders (FNDs) represent genuine
involuntary neurologic symptoms and signs that have char-
acteristic clinical features and represent a problem of volun-
tary control and perception despite normal basic structure of
the nervous system. Manifestations of FND are varied and
include the following in isolation or combination: abnormal
movements; weakness or paralysis; sensory loss or abnormal
sensory symptoms; swallowing or speech symptoms; and
epileptic-like episodes (i.e., functional seizures [FSs])." FNDs
carry a significant impact on the patient’s quality of life
(QoL),>* and patients often present with comorbid psychi-
atric conditions, with both depression and anxiety occurring
in up to 40% of patients with FND.**

FND has a prevalence of up to 50/100,000 and an incidence of
up to 12/100,000 per year. Psychogenic nonepileptic seizure
(PNES) contributes a further 1.5-4.9 per 100,000 population
per year, with a prevalence of 2-33 per 100,000 population.®
Patients with FND make up 9% of neurology admissions,”®
16% of neurology clinic referrals,” and 10%-25% of patients
referred to epilepsy specialist centres.'® Patients with FND
often require multiple consultations over several years before
receiving a diagnosis of FND'" and then frequently re-present
to emergency departments after receiving such a diagnosis.">
Delayed diagnosis leads to worse outcomes for patients* and
preventable costs, such as missed work, general practitioner and
specialist appointments, and investigations. Diagnostic un-
certainty amid ongoing symptoms can also lead to intangible
costs, such as decreased QoL.

These costs carry a burden to patients, clinicians, and health care
systems and to the economy. Indeed, patients with FND have
been found to be more likely to not be working for health
reasons and more likely to be receiving disability-related state
financial benefits than people with other neurologic disorders."®

Various treatments such as physiotherapy14 or cognitive be-
havioral therapy (CBT)" can lead to improvement of these
symptoms and QoL. Of importance, an intervention of simply
providing the patient with an accurate diagnosis, and thus
explanation of their symptoms, can also improve mood and
QoL'® and decrease health care resource utilization."”

The costs of FND (and other medical conditions) can be
believed of as direct and indirect costs. Direct costs represent
resources used for health care (e.g., cost of investigations or
the time spent on assessment by a doctor), while indirect costs
represent productivity losses arising from morbidity-related
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sickness absence (e.g, loss of employment, benefits, or the cost
of childcare while hospitalized). Direct and indirect costs to-
gether constitute the economic burden of FND, which can be
quantified through cost-of-illness (COI) studies. A COI study
can use a top-down or a bottom-up approach. Bottom-up
methods estimate costs based on data from records (or ob-
served usage) at the service provider level, whereas top-down
approaches use administrative registers of costs."®

Other studies of health care utilization focus on economic eval-
uation (EE). There are different types of EEs: cost-minimization
analyses address the question of whether an intervention would
result in lower health care costs. Cost-effectiveness analyses
combine costs and clinical parameters, such as gained life years or
recovered cases, to assess whether the intervention is cost-effec-
tive."” Cost-utility analyses use quality-adjusted life years
(QALYs) as their measure of effectiveness. QALYs attempt to
quantify the impact of the patient’s condition on the quality and
quantity of life lived. Typically, cost-effectiveness analyses use the
incremental cost-effectiveness ratio, which is a measure of the
additional cost per unit of health gained. Whereas COI presents
information only on the economic burden of a disease, EE can
assist decision makers to decide toward which interventions to
prioritize resources.

Given the reportedly high burden FND places on patients and
society, we aimed to systematically review the health eco-
nomic literature on FND. Our objectives were as follows:

1. to investigate the direct and indirect costs of FNDs and
2. to investigate whether any interventions to treat FNDs
are cost-effective.

Methods

Criteria for Considering Studies for the Review
This study followed the methodology and guidelines set out
by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses checklist for systematic reviews™ (eAppendix I,
links.Iww.com/WNL/C833). Studies were included if they
reported original cost or cost-effectiveness data for FN Ds. The
references of any studies whose text was read in full were
screened to identify further studies. Reviews, qualitative studies,
studies reporting results of other studies, qualitative studies,
and any studies that were not available in English were ex-
cluded. Case reports and series were also excluded. Article were
screened for inclusion by B.O.M. and M.Y,, and all data were
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Figure PRISMA Flowchart of Study Identification

T
S Records identified from*
= databases (N = 5,031): Excluded before screenin,
8| | -PubMed(1,500) i e
i * Psycinfo (510) > . Duplicate records (1,787
£ « EMBAGSE (1,783) e (1:767)
g + Medline (843)
- * NHSEED (305)
—
() L Excluded (n =3,181):
Recc’t';tdlzlzcgsggsg by | * Abstract did not indicate
_ relevance to cost of FND (3,181)
(n =3,244)
o0 Reports sought for retrieval Excluded (n = 5):
= (n=63) | + Not retrieved (5)
o
(9]
b ]
wn Excluded (n = 42):
Reports assessed for eligibility | * No/insufficient cost data (31)
(n=58) * Not related to patients with
FND (7)
* Publication type (4)
—
— v
°
'g Studies included in review
v (n= 16)
=

FND = functional neurologic disorder; NHSEED = National Health
Service Economic Evaluation Database; PRISMA = Preferred
Reporting Items for Systematic Reviews and Meta-Analyses.

extracted by B.O.M. When a single study was published in
several articles, the article reporting the largest group was
used. No restrictions on age, sex, or treatment level were

applied.

Outcome Measures
The primary outcome measures were the monetary and
nonmonetary costs of FND to patients and the economy.

Search Methods for Identification of Studies
Searches were made in April 2022 from inception of the da-
tabases to April 8, 2022, in the following electronic databases:
PubMed, EMBASE, MEDLINE, PsycINFO, and the National
Health Service Economic Evaluations Database of the Uni-
versity of York and in the reference lists of identified studies.
These databases contain a comprehensive list of medical lit-
erature and reports.

The following search string was used (in titles and abstracts):
(“conversion disorder” OR “conversion reaction” OR psy-
chogen® OR nonepileptic OR nonepileptic OR hysteri* OR
“functional neurologic” OR “functional movement” OR
“functional motor” OR “functional tremor” OR “functional
sensory” OR nonorgan* OR nonorgan® OR Astasia-Abasia OR
“Astasia Abasia”) AND (QALY OR “quality adjusted life year$”
OR “disability adjusted life year$” OR DALY OR cost OR
expense OR expenditure OR out-of-pocket OR economic OR
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budget OR monetary OR resource® OR consumption OR in-
formal care).

The subject heading of conversion disorder was exploded on the
Ovid platforms (Psycinfo, MEDLINE, and EMBASE). The
following conference proceedings during the past S years were
hand searched: Society of Biological Psychiatry, American
Psychiatric Association, The British Neuropsychiatry Associa-
tion, Royal College of Psychiatrists, Association of British
Neurology, and American Academy of Neurology. Abstracts
that were identified as meeting the inclusion criteria for the
review had their full texts sought for assessment. B.O.M. con-
tacted the lead author of any papers found through this method.

Data Collection and Analysis

A record of included and excluded studies (and reasons for
exclusion) was kept. Data were extracted using the DistillerSR
software’” by B.O.M. and included study characteristics, de-
mographics, and as economic costs such as direct health care and
nonhealthcare costs, indirect costs, and QALY measurements.

A meta-analysis was not deemed appropriate, given the sig-
nificant heterogeneity in the studies’ cohorts, location (dif-
fering health care systems), costs included, and cost-data
sources. To compare results for the noncomparator studies,
costs per patient were transformed using purchasing power
parities (PPPs) for gross domestic product (GDP) to US
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dollars (USD).>* The cost data of studies using year of price
level before 2021 were inflated by 1% annually to calculate a
common end value for the year 2021. If mean values and/or
standard deviations were not reported, freely available soft-
ware was used (Window Ruler) to calculate these measures
from the provided graphs.

Assessment of Paper Quality

Assessment of the overall methodological quality of EEs was
informed by application of the Scottish Intercollegiate Guide-
lines Network Methodology checklist*® (eAppendix 2, links.
Iww.com/WNL/C834) and a checklist of methods (eAppendix
3, links.Iww.com/WNL/C835). Distiller SR was used to pro-
duce quality figures based on our assessment as low, acceptable,

or high quality.

Standard Protocol Approvals, Registrations,
and Patient Consents

The study protocol was registered on PROSPERO on April 8,
2022, registration number CRD42022322142. Ethics was not
sought because any data collected was obtained from publicly
accessible documents.

Data Availability
Individual researchers may request collected data from the
corresponding author.

Results

Search results are shown in the Figure. Fifty-eight studies
were reviewed in full text, of which 16 studies were in-
cluded. Four conference abstracts were identified, and their
data requested from their respective authors, of which 1
responded. Forty-two studies were excluded for reasons
detailed in the Figure.

Study Quality

Of the included studies, 4 (Stephen et al,”* Goldstein et al,*®
Jennum et al,”® and Luthy et al.””) were deemed to be of high
quality, 10 were deemed to be of acceptable quality (Deleuran
et al,”® Nelson-Sice et al.,* Tinazzi et al,>° Seneviratne et al.,*!
Martin et al,** Ahmedani et al.,>* Russell et al.>* Magee et al,*
Nielsen et al,>® Reuber et al.*>”), and 2 were deemed to be of
low quality (Chemmanam et al,*® Goyal et al.*®).

Study Characteristics

General study characteristics are summarized in Tables 1-3.
The earliest study was published in 1998, the most recent in
2021. Of the included studies on COI of FND, 81% (n = 13)
were published in the year 2013 or later, which perhaps in-
dicates that the COI of FND is a topic of recent and increasing
interest. Sample sizes varied from 11 to 64,138. Five studies
were conducted in the United States, 4 in Great Britain, 2 in
Denmark, and 1 in each of Italy, Ireland, Australia, Canada,
and India. Ten studies focused on ES, 4 studies focused on
FND/conversion disorder, and 2 studies focused on func-
tional movement disorder (FMD).
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Studies were also heterogenous for diagnostic criteria. Of the 6
studies of FND/FMD, 1 used International Classification of Dis-
eases, Ninth/Tenth Revision (ICD-9/10) (Stephen et al.**), 1 used
Gupta and Lang Criteria (Tinazzi et al.*°), 1 used Fahn Williams
criteria (Nielsen et al.**), and 3 used consensus diagnosis (Nelson-
Sice et al,” Goyal et al,*® Reuber et al.*”). Of the studies of FS, 6
used the gold standard of video EEG (VEEG) (Goldstein et al,**
Deleuran et al,*® Russell et al,** Chemmanam et al,*® Seneviratne
et al,*’ Martin et al*?), 2 used ICD-9/10 (Jennum et al,?®
Luthy27), 1 used both ICD-10 and vEEG (Ahmedani et al.**), and
diagnostic criteria of 1 study were unclear (Magee et al®).

Study designs were made up of 3 types:

1. COI studies that were conducted alongside cohort studies
without intervention, which included a comparator group,
that is, another neurologic disorder (n = 4) 24262739

2. COI studies that were conducted alongside cohort
studies without intervention, which did not include a
comparator group (n = 4) 2931033

3. EEs of interventions that were either pre-post cohort
studies (n = 6)****2*¥3% or randomized controlled
trials (RCTs, n = 2).2%°¢ Of these, 5 studies assessed
active interventions, and 3 studies assessed costs before
and after a definitive diagnosis of FND.

eAppendix 4 (linksww.com/WNL/C836) displays the cost cat-
egories considered. Studies varied regarding the detail of their
breakdown of costs. Eight studies assessed only hospital costs
(inpatient and specialist outpatient services), with 7 of these studies
focused only on hospital in-patient costs. Only 4 studies assessed
medication costs outside of hospital. Three studies assessed pro-
ductivity losses to the patient and informal carers resulting from
their FND, while Jennum et al.*® assessed productivity loss re-
garding cost to the state. Studies also varied regarding their
reporting of cost data. Although authors reported including dif-
ferent types of costs in their analysis, some did not give exact
figures for these individual costs. eAppendix S (linksIww.com/
WNL/C837) details what costs were explicitly reported, by paper.
Two articles gave only the total overall cost per patient.

Population Demographics

Thirteen studies investigated the costs of adults only, and 2
studies (Stephen et al.”* and Jennum et al.*®) included both
adults and minors with FND. Luthy et al.*” investigated the
costs at a pediatric hospital. Adult patients’ mean/median age
in studies ranged between 35°>*" and 45.48 years,”* and every
study that noted sex ratio reported mostly female patients,
ranging from 57%* to 86%.>*

Economic Costs
Findings are summarized in Tables 1-3. Several summary
results can be derived from the economic data presented in
the selected studies.

First, 8 studies assessed costs before/after an intervention,
where intervention was defined as psychological-based
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Table 1 Economic Characteristics: Studies That Assessed Costs Before and After an Intervention (Including Diagnosis)

Cost per Cost per
Costing method/ patient patient % Change from
Author/year/ FND source of cost data/ before after preintervention to
country Population Condition No. of patients defined by currency Costs included Intervention intervention intervention postintervention?®
Goldstein Adults with dissociative FS 368 total VEEG and/or Bottom-up CSRI Community services CBT + SMC 6 mo before: 6 mo after: 6 mo: 1%
et al.® seizures in the previous 8 wk SMC alone, clinical questionnaire Medication costs £29,066 £29,320 12 mo: -9%
2021 and no epileptic seizures in the n=182; consensus  NHS records Hospital-based services 12 mo after:
United previous year CBT + SMC, Average wage rates for  Informal care £52,933
Kingdom n=186 value lost work and care Productivity loss
provided by family/
friends
Medication costs: British
National Formulary
QALYs: EQ-5D-5L, SFQ-6 SMC 6 mo before: 6 mo after: 6 mo: -31.4%
2017/18 £33,261 £22,828 12 mo: -16.6%
Great British pound 12 mo after:
sterling £55,503
Deleuran Patients with PNES offered FS 242 Neurologist Bottom-up ED visits, outpatient CBT-based or Months Months after 1y before/after -69.6%
et al.® psychotherapy by the 39included in  diagnosis Diagnosis-related group  visits, and hospital ACT-based before Tx: Tx: Mean (SD)
2019 specialized MDT at the Epilepsy final analysis +/- VEEG tariffs from the Danish ~ admissions interventions Mean (SD) 0-12: €1,763
Denmark Clinic, Rigshosptalet-Glostrup in Ministry of Health 24-13: (4,285)
Denmark, from 2010 to 2016 (provides data on €2,324 13-24:
average costs of health (4,214) €1,264
care services) 12-0: €5,807 (3,393),
Danish Krones, (6,401) (median €64
converted to Euro [highly
skewed])
Russell et al.3* Health Canada and the Public ~ FS 28 Neurologist Top-down Hospital and physician  ISTDP $22,939.10 Year 1: Year 1: -85.3%
2016 Health Agency of Canada diagnosis Population Health cost and utilization data $3,380.6 Year 2: -90.7%
Canada databases and VEEG Research Unit database 1y before andupto3y Year 2: Year 3: -80.5%
Physician cost estimates: after ISTDP treatment $2,136
Calculated using $125 Year 3:
per hour for psychiatrist $4,462.6
and family physicians
$50 per hour for
psychiatry residents,
other students and
health professionals
Canadian dollars
Ahmedani Patients with a diagnosis of FS, FS 103. ICD-9 Top-down Inpatient stays included Diagnosis with  Mean (SD): Mean (SD): -39.10%
et al.®® who received services in the 24 members of Southeastern Michigan  psychiatric hospital VEEG $4,567.01 $2,783.77
2013 EMU, at Henry Ford Hospital HMO: allowed HMO admissions. Outpatient (4,329.02) in  (3,404.86) in
USA from January 2006 to December full collection of US dollars visits included 12 mo before 12 mo after
2008 medical care neurology, BHSs, and diagnosis diagnosis

costs—included
in analysis

other services (primary
care or other specialty
care)

Continued
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Table 1 Economic Characteristics: Studies That Assessed Costs Before and After an Intervention (Including Diagnosis) (continued)

Cost per Cost per
Costing method/ patient patient % Change from
Author/year/ FND source of cost data/ before after preintervention to
country Population Condition No. of patients defined by currency Costs included Intervention intervention intervention postintervention®
Chemmanam Patients who underwent FS 11 with Consensus  Bottom-up Direct medical costs: Diagnosis with  INR 6,985.70  INR 964.3 -86.20%
et al.® inpatient VEEG during a 10-mo comorbid diagnosis Medication: Local prices  cost of AED therapy, VEEG ($174.60)in  ($2.43)in 12
2009 period from September 2004 to epilepsy/FS and VEEG in INR diagnostic investigation, 12 mo before mo after
India July 2005 at Sree Chitra Tirunal 8 with only FS Direct nonmedical costs: physician and hospital diagnosis diagnosis
Institute for Medical Sciences Patient interview visits, and
and Technology Other data: unclear hospitalizations
INR Direct nonmedical
costs: transportation
charges to attend
medical facilities for the
patient and 1 caregiver
Martin et al.3? Patients diagnosed by the FS 20 Unclear Bottom-up Medication usage, Diagnosis with ~ $8,156in 6 $1,306in 6 -84%
1998 attending epileptologist on the Medication: Average outpatient clinic visits, ~ VEEG (cost of mo before mo after
USA UAB seizure monitoring unit at price from pharmacy standard diagnostic 6,832 per diagnosis diagnosis
University of Alabama at Outpatient clinic: testing (EEG, MRI, CT), patient)
Birmingham Epilepsy Centre Outpatient clinic laboratory testing
administrative office (blood serum levels,
Diagnostic testingand ER  AED levels), and
visits: Hospital business  emergency department
administrative office visits
US dollars
Nielsen New patients attending an FMD 29in Fahn- Bottom-up QALY (EQ-5D-5L utility ~ Physiotherapy  0.55 0.64 Mean QALYs 0.34 (95%
et al.>® outpatient neurology clinic intervention Williams EQ-5D-5L score) €10.31-0.37)° (cost per
2017 specializing in movement 25 in control criteria QALY = GBP £12,087)
United disorders and FMS
Kingdom
Symptoms >6 mo causing Great British pound SMC 0.4 0.44 Mean QALYs 0.26 (95%
impairment sterling C10.22-0.30)°
Reuberetal®” New patients referred to FND 63 Consultant  Bottom-up QALY (SF-6D score) Brief 0.53 0.57 Mean QALYs 0.04°
2007 outpatient psychotherapy with diagnosis SF-6D psychodynamic (cost per QALY = GBP
United a specialized service within the Great British pound interpersonal £5,328)°
Kingdom neurology departments of the sterling therapy
Royal Hallamshire Hospital and adapted for
the Barnsley District General functional
Hospital between October 2003 symptoms

and May 2006

Abbreviations: ACT = acceptance and commitment therapy; AED = antiepileptic drug; BHS = behavioral health service; CBT = cognitive behavioral therapy; CSRI = Client Service Receipt Inventory; ED = emergency department;
EMU = epilepsy monitoring unit; EQ-5D-5L = European Quality of Life 5 Dimensions 5-Level version; FMD = functional movement disorder; FMS = functional movement screen; FND = functional neurologic disorder;
FS = functional seizure; HMO = Health Maintenance Organization; /CD-9 = International Classification of Diseases, Ninth Revision; INR = Indian rupee; ISTDP = intensive short-term dynamic psychotherapy; MDT = multidisciplinary
team; PNES = psychogenic nonepileptic seizure; NHS = National Health Service; QALY = quality-adjusted life year; SF-6D = Short-Form 6-Dimension; SFQ-6 = 6-item Short-Form Questionnaire; SMC = standard medical care;

Tx = treatment; UAB = University of Alabama at Birmingham; vEEG = video EEG.

@ Percentage change refers to the increase/decrease in costs from the period before the intervention to the period after the intervention.
b Figures refer to the mean quality-of-life measures before and after intervention and derived QALYs per patient added by the intervention (change preintervention to postintervention).
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Table 2 Economic Characteristics: Studies That Compared Costs With a Control Group

Author/ Costing method/ Cost of FND:
year/ No. of source of cost data/ Overall cost comparator Comparator
country  Population Condition patients FND defined by currency Costs included Comparator Overall cost per patient per patient  cost ratio
Stephen  Adults: 2008 to 2017 FND Admissions:  /CD-10 and /CD-9 Top-down Billed services but not ~ AHCD, DD, 1,200,000,000 Adult inpatient  Adult Per patient
etal.?* discharge data from the 22,895 adult NIS professional (physician) RE annually (2017) inpatient ratio:
2020 National Inpatient fees Adult inpatient ~ Mean (SD): (2017) AHCD: 0.823
USA Sample Expense of the ED or (2017) $1,066 $61,700 (800)  AHCD: DD: 1.12
admission presentation million (95% ClI, $75,000 RE: 0.896
to the hospital but not $971-$1,160 DD: $55,100
actual societal health million) RE: $68,900
care spending by payers
or patients
Children: 2003, 2016 Admissions: KID Paediatric Paediatric Paediatric Per patient
discharge data from the 1,264 inpatient (2012) inpatient inpatient ratio:
KID paediatric $75 million; 95% (2012) Mean (2012) AHCD: 0.308
Cl $57-$92 (SD): $28,400  AHCD: DD: 0.0.39
million (2,100) $92,200 RE: 0.43
DD: $73,100
RE: $66,100
ED: 2008-2017 ED visits ED visits: NEDS ED (2017) $163  Could not ED (2017) Total cost
from NEDS 36,359 US dollars million; 95% CI,  calculate AHCD: $84 ratio: AHCD:
adult, 3,800 $144-$182 million 1.94
pediatric million DD: $1,310 DD: 0.124
million RE: 1.21
RE: $134.9:
million
Luthy Patients identified using  FS 399 FS ICD-9 Top-down Diagnostic studies: Epilepsy N/A $4,724 (95% Cl  $5326 0.887
et al.”” PHIS, an administrative 13,241 Multiplied hospital Lumbar puncture, brain, $4,413-$5,057)
2018 database of 49 North Epilepsy charge, adjusted for spine, and chest
USA American children’s hospital location, by the imaging, and laboratory
hospitals relevant cost-to-charge  tests,
ratio ECG, and
2016 US dollars echocardiogram
Attending physicians,
social work,
therapists
Goyal IV-rtPA treated patients ~ Conversion 538 total Diagnostic Bottom-up Direct costs: TIA N/A $7,117 $6714 1.06
etal.®® who presented to 1 of 4 disorder 17 with FND  consensus among  Hospital billing medications, food,
2015 primary stroke centres 3 physicians, department consultations,
USA including 2 US dollars treatments, devices,
vascular supplies, and
neurologists clinical studies
Indirect costs: utilities
and labor
Continued
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Comparator

cost ratio

FN

comparator
per patient

Cost of

Overall cost
per patient

Comparator Overall cost

Costs included

source of cost data/

Costing method/
currency

FND defined by

No. of
patients

Condition

Population

Table 2 Economic Characteristics: Studies That Compared Costs With a Control Group (continued)

Author/

year/
country
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patients: 4.16
Partners of

Adult

Adults:
€9,879 p/a
Costs to

Adults:
€41,114 p/a
Costs to

N/A

Age and
location

Direct costs:

Danish National Patient medications, food,

Top-down

873 FS ICD-10
1,746

FS

People who received a
first diagnosis of PNES

et al.2®

Jennum
2019

matched
controls

consultations,

Registry, Danish

controls

between 2011 and 2016

FND patients:

2.67

pa rtners:
€7,495 p/a

partners:

treatments, devices,

Ministry of Health,

Denmark

€20,042 p/a

National Health Security supplies, and clinical

database

studies

Indirect costs: utilities

and labor

Danish Medicine

Agency databases
Danish Income

Statistics

2016 Danish Krone:

Converted to euro

International Classification of Diseases, Ninth/
National (Nationwide) Inpatient Sample; p/a

functional seizure; ICD-9/10 =

Nationwide Emergency Department Sample; NIS

functional neurologic disorder; FS

anterior horn cell disease; DD = demyelinating disease; ED = emergency department; FND =

Abbreviations: AHCD

not available; NEDS

psychogenic nonepileptic seizure; RE = refractory epilepsy; TIA

Kids' Inpatient Database; N/A

IV recombinant tissue plasminogen activator; KID =

Tenth Revision; IV-rtPA

transient ischemic attack.

Pediatric Health Information System; PNES =

per annum; PHIS

treatments or making and communicating a robust diagnosis.
Each of these 8 studies showed cost reduction, or improved
QALYs, in the period after the intervention. The only study®®
which conducted a full cost-benefit analysis was calculated the
incremental cost of CBT and standard medical care (SMC) as
£120,658 per QALY compared with SMC alone. This fell above
the threshold for cost-effectiveness required by the National
Institute for Health and Care Excellence (NICE) of under
£20,000-£30,000 per QALY.*° Nielsen et al.'s*® pilot RCT of a
physiotherapy intervention for patients with FMD reported a
mean incremental cost per QALY gained of £12,087,%¢ while
Reuber et al’s*>” uncontrolled pilot study reported a mean in-
cremental cost per QALY gained of £5,328 (if QoL improve-
ments lasted 1 year) for a brief psychodynamic intervention in
patients with mixed functional neurologic symptoms.”’

Second, in those studies that compared FND costs with those for
other chronic neurologic diseases, costs were similar. Both Luthy
et al*” and Stephen et al.** showed a lesser cost burden of PNES
compared with epilepsy, although the latter study showed greater
cost in emergency settings, despite the fact that Stephen et al.**
included only refractory epilepsy as a comparator. The only study
that compared the economic costs of patients with FND with
those of healthy controls (Jennum et al*®) showed a marked
increase in costs to both patients with FND and their carers.

Third, in those studies that gave estimates of total costs to
the taxpayer, Stephen et al.,** Tinazzi et al.,>* and Magee
et al*® gave estimates of the total COI to their countries of
$1,200,000,000 USD (hospital charge costs for all FND
subtypes and all ages), €34,500,000 (direct health costs for
functional motor symptoms in people older than 16 years),
and €19,525,629 and €48,289,190 (direct and indirect costs
for FSs in adults per annum, respectively).

Finally, overall costs varied significantly because of the studies’
methodological and geographical heterogeneity; after costs
were adjusted to PPPs for GDP, mean annual costs per patient
of PNES ranged from $4,964 2021 USD (Luthy et al.)*’ to
$83,884 2021 USD (Goldstein et al.),** while those of FN Ds
ranged from $21,433 2021 USD (Tinazzi et al.)* to $86,722
2021 USD (Nelson-Sice et al.).”

Discussion

This systematic review of health economic studies for FND in-
dicates the significant cost of the disorder, and the possibility to
mitigate this cost. Our findings indicate 2 trends: first, that FND
causes costs per patient, comparable with, or in excess of, other
chronic neurologic disorders with similar symptoms (e.g., FS vs
epilepsy). Second, that interventions (including making and de-
livering a robust diagnosis) have the potential to improve pa-
tients” health status (measured in both QALYs and symptom
relief) and reliance on health care resources, with a subsequent
reduction of costs. However, the heterogeneity of studies pro-
vides challenges in interpreting and comparing results.
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Table 3 Economic Characteristics: Studies That Did Not Use a Comparator

Z J9QUINN ‘101 BUIN|OA

€zoz 'LLANM |

N/340'A30j04naN

Estimated Estimated

Author/ Costing method/ costinUS costin
year/ Number of FND source of cost data/ Overall cost per  dollars 2021 US
country Population Condition patients defined by currency Costs included Overall cost patient (PPP) dollars
Magee Patients diagnosed FS Unclear Unclear Bottom-up Medical costs: Annual recurring direct €19,525,629 to €48,289,190  €20,995.30 $22,845 $24,115
et al.® with NEAD at Department of medical costs, Single-incident direct ~ per annum
2014 Beaumont Hospital Finance in Beaumont medical costs, and costs associated
Ireland Hospital with diagnosis and treatment

Euro Indirect costs: loss of income tax and

PRSI, and the costs of social welfare
Tinazzi Patients with a definite FMD 40 Gupta and Bottom up Costs for specialist visits, diagnostic ~ Annual direct health care cost €2,302 per patient $21,433 $21,433
et al.?® diagnosis of FMD, Laing Italian Ministry of tests, emergency department visits, for undiagnosed patients per year (€1,524
2021 referred to the Health for inpatients hospital admissions, and with FMDs of the Italian covered by the
Italy Parkinson Disease and services rehabilitation services in a period ofup population is €34.5 million NHS)
Movement Disorders Veneto Region Tariff to 5y before diagnosis (22.5 covered by NHS and €13,812 per
Unit of Verona Nomenclator for 11.5 by patients) patient (€9,144

Specialist Outpatient incurred to the

Services NHS) until

Euro diagnosis
Nelson-Sice  Outpatients at St FND 71 Consensus  Bottom-up Direct costs: General Practitioner N/A Over 6-mo period  $42,080 $43,361
et al.?® George's Hospital diagnosis  CSRI, EQ5D, “Unit visits, hospital appointments, £2,564 direct
2019 Neurology and costs of Health and  investigations (MRI, CT, and EEG) and costs. £2,374.64
United Neuropsychiatry FND Social Care 2016 medications. Out-of-pocket costs to out-of-pocket.
Kingdom clinic Curtis L." the patient. Indirect costs to patient £23,108 lost

Loss of employment and family/carers income over 6-mo

based on national period. £28,110

average salaries. total

Informal care £18

per hour

Great British pound

sterling
Seneviratne Patients in Monash FS 39 Consensus  Bottom up Emergency department visits, N/A Median: 26,467.63 $18,004 $18,549
et al.® Medical Center, diagnosis  Finance department inpatientadmissions, outpatient visits, Australian dollars
2018 Victoria, Australia who +/- VEEG of the hospital interventions, MET calls for seizures, until diagnosis
Australia underwent inpatient Pharmaceuticals medications, and investigations (EEG,

VEM from May 2009 to
June 2014

Benefits Scheme of
the Department of
Health, Australia
Australian dollars

VEM, electrocardiogram, radiology,
and blood tests)

Abbreviations: CSRI = Client Service Receipt Inventory; EQ5D = European Quality of Life 5 Dimensions; FMD = functional movement disorder; FND = functional neurologic disorder; FS = functional seizure; MET = medical
emergency team; N/A = not available; NEAD = non epileptic attack disorder; NHS = National Health Service; PPP = purchasing power parity; PRSI = Pay-Related Social Insurance; VEEG = video EEG; VEM = vVEEG monitoring.
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There was significant variation in reported costs, possibly
resulting from heterogeneity in diagnostic practices, differ-
ences in types of costs included, cost data sources, and study
location. After costs were adjusted to PPPs for GDP, mean
annual costs ranged from $4,964 2021 2021 USD (Luthy
et al.)”” to $86,722 2021 USD (Nelson-Sice et al.).>’ This
heterogeneity of costs is also reflected in systematic reviews of
the economic costs of Medically Unexplained Symptoms
(mean annual costs ranging from $1,584 to $6,424 2006 USD
from 1986 to 2004),*" multiple sclerosis (mean annual costs
ranging from $13,721 to $82,080 2012 USD from 1995 to
2012),* Epilepsy (mean annual direct costs ranging from
£611 to €4,292 from 1992 to 2013),* and Treatment-
Resistant Depression (mean annual costs ranging from $3,800
to $49,000 2006 USD from 2004 to 2014).**

This heterogeneity limits not only comparisons of studies in-
cluded in this review but also the comparison of the economic
cost of FND with the economic costs of other chronic, neu-
rologic, and psychiatric disorders. However, 2 high-quality
studies included in this review (Stephen et al.** and Luthy
et al.”’”) reported FND and FS, respectively, as having a similar
mean direct cost per patient as epilepsy. Stephen et al.** also
reported a similar mean direct cost per adult patient admitted
with FND as with demyelinating disorders. Given that patients
with FND have levels of physical disability equivalent to
people with multiple sclerosis or epilepsy and higher frequen-
cies of psychological comorbidities than those 2 disorders,"
one might expect similar or greater indirect and intangible
costs. This provides powerful insight into the economic impact
of a disorder, which has relatively limited awareness in the
medical community.*>*

Given the high prevalence of comorbidities which occur in
patients with FND,*” it is possible that these comorbidities
might have contributed to the costs calculated by the articles
included in this review. This lack of adjustment would have led
to inflated costs being calculated for the FND cohort.*’” Luthy
et al. attempted to isolate the pure economic cost of FND
through the use of an extensive exclusion criterion (of both
medical and psychiatric comorbidities). The authors acknowl-
edged that study of such a cohort likely lessened the external
validity of their findings, given that the successful treatment of
many chronic neurologic disorders, and especially FND, re-
quires a holistic approach.

In those studies that assessed economic effectiveness of inter-
ventions using QALYs, there was significant variability. Part of
this is due to differences in the patient population and inter-
ventions. However, in 2 studies, the patient population and
intervention were similar, namely patients with FS undergoing
psychological-based treatments. Despite this, there were sig-
nificant differences in QALY costs. Goldstein et al.*® reported
an incremental cost of CBT and SMC as £120,658 per QALY
compared with SMC alone, while Reuber et al.*” reported the
mean incremental cost per QALY gained as £5,328. A number
of factors are likely to contribute to these widely differing

Neurology.org/N

figures. Reuber et al’” (n = 63) reported a unit cost of treat-
ment as £213.15, while Goldstein et al.>* (n = 293) reported a
unit cost of £1,064. Furthermore, Reuber et al.*” based their
analysis on clinical outcomes at 6 months, which they assumed
would be the same at 12 months. If Goldstein et al.** were to
use clinical outcomes at 6 instead of 12 months, the cost per
QALY gained would be lower because there was a greater QoL
difference at that time point and a significant difference in the
primary outcome measure of seizures. Finally, as Reuber et al.>’
acknowledge, the lack of a control group in their study means
that the cost-effectiveness of intervention cannot be regarded as
proven in view of confounders such as placebo or regression to
the mean effects. Moreover, the control arm in the study
conducted by Goldstein et al.>® was not treatment as usual, but
enhanced “standardized medical care,” a package of care greater
than what is typically provided for patients with FS, involving
education and counseling from neurologists and psychiatrists.
This in turn would have led to a smaller difference in QALY
effects in the group and therefore an underestimation of the
cost-effectiveness of the intervention.

In studies without comparators, total costs varied from
$18,549 to $43,661 2021 USD. Any conclusions reached from
these studies is limited by their lack of a comparison group,
and it is thus difficult to contextualize their reported findings.

A comprehensive COI study should include all direct and
indirect health care costs and intangible costs. Most of the
studies in this review included only hospital-related costs.
Such studies would underestimate the true economic cost of
FND. A direct comparison of inpatient admissions costs was
also limited by the difference in specific costs included in
the studies, for example, diagnostic imaging, medication, or
multidisciplinary team consultations.

Another complication of comparing costs from studies is their
setting in different countries and therefore different health
care systems. Different countries have varying degrees of
public health care systems, with patients carrying extra costs in
more private systems. Such differences alter resource alloca-
tion by clinicians, and differences in health care systems have
been shown to alter patients’ use of health care resources.*®

Countries with more extensive social supports might also affect
indirect costs. Jennum et al.*° identified that, compared with
controls, a greater proportion of people with FS and their
partners received social service benefits, such as sick pay or
disability pension and housing benefits. The authors reported
that because of these public services, early retirement may be
more common. Studies that assessed productivity loss>**>*%%*
reported that these costs dwarfed those of direct costs. Pro-
ductivity loss is likely to vary across countries and thus affect
differently on the overall economic cost of FND.

The studies in this review demonstrated the high cost of un-
diagnosed FND and the reduction of this cost with diagnosis.
This highlights the importance of establishing an early
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diagnosis of FND. The possible reasons for this are 2-fold;
minimization of excessive investigations and inappropriate
medications,” lessening the direct and indirect economic costs
associated with both, while also minimizing harm to the pa-
tient; improvement of their prognosis after careful communi-
cation of a clear and robust diagnosis.51 However, none of the
studies reviewed have been able to discriminate between these
2 possibilities. The studies identified in this study suggest that
this particularly applied to those patients with FS who receive a
gold standard diagnosis by way of vEEG. In those studies that
assessed treatment interventions, costs were significantly re-
duced after the treatment intervention, but the evidence for
the cost-effectiveness of those interventions is currently more
limited.

Future research in this area should ideally include a compre-
hensive list of direct and indirect costs to ascertain the full extent
of the economic burden of FND. More studies from middle-
income and low-income countries along with the inclusion of
appropriate comparison groups would enable a comprehensive
understanding of the global economic burden of FND.

To date, there has been no large study showing cost-effectiveness
of a treatment for FND, defined by NICE as a cost per QALY
below $35,000-$45,000 2009 USD across countries.” To our
knowledge, only Goldstein et al. have thus far performed a
comprehensive cost-effectiveness study, though costs were above
NICE thresholds. Thus, rigorous cost-effectiveness studies
should also be undertaken to investigate cost-effective treatments
for FND. Similarly, studies should seek to distinguish the relative
contributions to reduced costs after a diagnosis of FND, of the
robustness of diagnostic communication, reduced inappropriate
medical interventions, or improved prognosis.

As with other health economic systematic reviews, our review is
faced with the limitation that studies that use top-down cost
calculations would underestimate privately paid health care
goods, while those using hospital charge data would, on average,
overestimate the true economic cost of the disorder 2-fold.**

This review highlighted a relative paucity of research into this
topic. Four studies assessed indirect costs to the patient, and only
3 studies™***” included intangible costs. Productivity loss and
intangible costs, such as cost associated with stigma, have been
shown to make up a significant portion of the cost of epilepsy,”
and their exclusion from most of the studies in this review limits
any estimate of the true burden of FND. The tertiary location of
several studies meant that their population represented a severe
subset of patients with FND and thus may limit the external
validity of their findings. FND is a heterogeneous disorder, even
in patients with the same symptoms. Treatment approaches
based primarily on the presenting symptom without consider-
ation of other comorbid problems may therefore dilute or even
obscure treatment benefit for a subset of patients. This may in
turn increase the associated costs per QALY of the intervention.
Finally, most of the comparator studies in this review used control
groups with chronic neurologic diseases (e.g, motor neuron
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disease, multiple sclerosis). Only a minority of such studies
matched FND symptoms across groups, which should be an aim
of future studies to understand relative costs more robustly (e.g,
comparison of costs of FMDs with Parkinson disease).

FN Ds are associated with the significant use of health care
resources, resulting in economic costs to patient and the taxpayer
and intangible losses. Given that FN D is a medical condition
similar to any other, we do not suggest that there should be zero
cost associated with it. Rather, in this review, we have tried to
explore how these costs can be moderated effectively with timely
diagnosis and treatment. Interventions, including simply making
a robust diagnosis, seem to offer an avenue toward reducing
these costs. Significant heterogeneity exists between studies in
this area, and we found a relative lack of research on indirect and
intangible costs. Such costs seem to be high in FN Ds and offer a
focus for further research, as do longer-term studies.
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