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Driving rehabilitation
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On-road driving skills

‘[ STRATEGICAL ]

Getting lost
Travel route
Time of travel

Travel distance

“ TACTICAL ]‘

Speed adaptations

Visual scanning

Left turn maneuvers

Speed

Parking

Reversing

Pulling away

Changing lanes

Merging into traffic

Headway distance

Anticipation and response to traffic events

Negotiating intersections and roundabouts

‘[ OPERATIONAL |

Signaling

Lateral positioning
Pedaling

Steering wheel control

Demographic or disease characteristics

Age

Disease duration
Disease severity
PD subtype
Comorbidity

Driving performance

Total error count
Pass-fail decision
Total on-road score

== (ritical on-road or off-road determinants
Visual correlates
Cognitive correlates
Motor correlates

On-road determinants
Off-road performance measures
Demographic and disease characteristics

Performance
measures

VISUAL

Binocular acuity
Contrast sensitivity

COGNITIVE |

Speed of processing and attention
Set shifting and cognitive flexibility
Verbal memory

Visuomotor tracking
Visuoconstrctuve abilities

Visual scanning

MOTOR

Severity of motor symptoms
Diadochokinesis

Reaction time

Rapid pace walking

Fine motor movements

Devos et al.,, Neurorehabilitation, 2015



Risk of driving after stroke

« Motor vehicle collision after stroke or TIA
« 3 Case-control studies (OR: 1.9)
* Only 1T of 5 cohort: increased risk (RR: 2.71)

« 2 of 4 cross-sectional studies using driving simulator: 2-fold risk of
MVCs

Rapoport et al, Top stroke rehabil, 2019




Risk of driving: TBI, PD

* TBI: association with crash risk: inconclusive (Chee et al, 2018)

« Odds of being involved in a crash: higher for persons without TBI
« More self-regulating, less driving, shorter distance, difficulty avoidance

« Worse on on-road test assessment & more problem with vehicle control

 PD: not a/w crash risk (Lafont et al, 2008; Thompson et al., 2018)

« More cessation of driving or self-regulating




Risk of driving: dementia

Etiology MCI Mild Dementia Moderate Dementia Severe Dementia
ADD Slightly Increased Moderate

VaD

FTD Increased

DLB

PDD

Toepper et al,, JAGS, 2019




Components of fitness-to-drive

* Screening
« Which function deficits
 Who to be referred

« Any health care professionals
* Assessment

By driving specialist

» off-road

e on-road

* Training




Training



e 4 trials with 245

participants

(%) Cochrane
x/o? Library

Cochrane Database of Systematic Reviews

Rehabilitation for improving automobile driving after stroke

(Review)

George S, Crotty M, Gelinas I, Devos H




* Primary outcome:

* No clear evidence of improved on-road scores

« Secondary outcomes:

« Road sign recognition: training > control (mean difference 1.69 points on the Road

Sign Recognition Task, P value = 0.007, one study, 73 participants).

« Adverse effects: none

* No RCTs about on-road driving lessons




INntervention

Non-contextual intervention | |Contextual intervention

e Remedial approach « On-road

* Driving simulator

» Retraining of speed of visual

processing and visual motor skills

« Puzzle, paper & pencil test, UFOV,

dynavision




DI’iViﬂg simulator vs cognitive training
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126 stroke patients admitted

'

101 eligible for inclusion

J

¥

83 consented

I

:

42 randomly assigned to experimental
(simulator training) group

]
!

6 — 9 weeks post stroke

A

(v

41 randomly assigned to control
(cognitive training) group

Lost to training: 5 L

After five weeks of 15 hours training
N=37

11— 15 weeks post stroke }'-

A

| Lost to follow-up: 11

After five weeks of 15 hours training
N =36

Six-month predriving in
Belgian Road Safety Institute, Brussels:
N=26

{24 - 36 weeks post stroke

Lost to follow-up: 10

'

Six-month predriving assessment in
Belgian Road Safety Institute, Brussels:
N =26

Reasons for loss to training

[

r

Medical (n= 1)
Early discharge (n = 1)
Age(n=2)
Confidential (n= 1)

.

Medical (n = 2)
Early discharge (n= 1)
Age(n=1)
Confidential (n=1)

Reasons for loss to follow-up

I

—

Medical (n =4)
Refusal (n=4)
Qut of time frame (n = 3)

+

Medical (n=2)
Refusal (n = 3)
Out of time frame (n = 5)

Akinwutan et al., 2005 Neurology




Variable Experimental, n = 37 Control, n = 36 Test statistic p Value

Binocular acuity, median (IQR)

Pretraining 10 (8-10) 10 (7-10) W = —-0.16 0.87

Post-training 10 (8-10) 9(8-10) W = —-1.47 0.14

Pre— post-training difference 0(0-0) 0(0-0) W= -0.22 0.82
Kinetic vigion, median (IQR)

Pretraining 60 (4-T7) 5.5 (4-T) W = —0.54 0.59

Post-training 7.0 (b-8) 7.0 (56-8) W = —-0.32 0.75

Pre—post-training difference 1.0 (0-2)F 1.0 (0-2)} W = 0.17 0.86
Useful field of view, mean (SD)

Pretraining 21.48 (24.36) 27.92 (25.27) t=1.11 0.27

Post-training 15.14 (15.556) 18.82 (20.83) t = 0.86 0.39

Pre—post-training difference 6.35 (14.72)% 9.10 (16.00)% t =0.76 0.45
Dot cancellation time, mean (SD)

Pretraining 546.65 (222.13) 596.60 (214.07) t =097 0.34

Post-training 516.05(213.75) 568.26 (190.54) t =1.09 0.28

Pre—post-training difference 30.60 (167.36) 27.56 (192.65) t = —-0.07 0.94
Dot cancellation error, mean (SD)

Pretraining 32.47 (41.00) 26.83 (31.00) t = —0.65 0.52

Post-training 16.05 (28.48) 16.43 (30.17) t = 0.05 0.96

Pre—post-training difference 15.54 (31.37)% 10.11 (20.63)% t=-0.88 0.38



Dot cancellation false positives, median (IQR)

Pretraining
Post-training
Pre—post difference
Sguare matrix (direction), mean (SD)
Pretraining
Post-training
Pre—post-training difference
Sguare matrix (compass), mean (SD)
Pretraining
Post-training
Pre—post-training difference
Road sign recognition, mean (SD)
Pretraining
Post-training
Pre—post-training difference
On-road test, median (IRQ)
Pretraining
Post-training
Pre—post-training difference

0 (0-0)
0 (0-0)
0 (0-0)

23.69 (10.53)
27.08 (8.38)
4.03 (8.30)%

14.75(10.02)
19.62 (9.90)
2.27 (7.69)%

4.61 (3.17)
6.89 (2.89)
2.41 (2.66)%

116.0 (74-172)
181.0 (121-196)
34.0 (2-59)*

0(0-1)
0 (0-0)
0 (0-0)

21.11(11.90)
24.51(10.48)
3.31(6.28)%

12.77 (7.95)
17.11 (8.38)
4,22 (7.69)%

4.74 (2.91)
5.49 (2.94)
0.72 (2.49)

122.5 (50-172)
167.0 (96-191)
11.0 (0-53)*

W =071
W = 0.65
W =023
t = —-0.97
t=-1.15
t = —-0.42
t = —0.92
t=-1.16
t = —-0.58
t=10.18
t = -2.05
t=-2.79
W = —0.57
W= -177
W= -0.74

0.48
0.52
0.82

0.34
0.25
0.68

0.36
0.25
0.56

0.86
0.04
0.007%

0.57
0.08
0.46




Table 4 Frequencies and comparison of pass/fail classifications
derived from three-class decisions of fitness to drive at follow-up
between experimental and control groups

Test P
Classification Experimental Control statistic  Value
Pass (fit to drive) 19 (19) 11 (11) x> =5.04 0.03
Fail (temporarily T4+ 3) 15(9 + 6)

unfit to drive +
unfit to drive)

Table 5 Median and interquartile range of performance in pre- and post-training assessment in simulator for 37 subjects in

experimental group

Pretraining Post-training
Variable Median IQR Median IQR Test statistic p Value
Collisions, n 1 0-5 0 00 W=311 0.0005
Pedestrians hit, n 2 1-2 0 0-1 W = 8.05 0.0001
Excessive speed, n 0 0-0 0 0-1 W= -041 0.84
Traffic light faults, n 0 0-1 0 0-0 W =197 0.15
Total faults, n 7 6-9 0 0-3 W =787 0.0001
Run time, s 1,302 1,122-1,463 1,180 1,074-1,254 W = 3.60 0.0001

IQR = interquartile range; W = Wilcoxon signed rank test.



M4000-OT

OT/Clinical Advanced Console Driving Simulator

Features

Features

More than 90 pre-designed driving scenarios
High speed graphics and sound processing
ADS steering controller and advanced pedal set
Patient database

Scenarios designed for assessment and/or rehabilitation.

Detailed help files, documentation, user resources

Scenario playback

O0000000

Ergonomically correct driving position

https://stisimdrive.com/products/m4000-



M2000-DT System

Features

Features

More than 40 scenarios representing over 3.5 hours of simulated driving
Easy to use GUI (graphical user interface)

Distracted and texting while driving scenarios

DUI scenarios

Novice introductory scenario drives with audio and visual guidance feedback
Urban, residential, metro, and rural driving scenarios

Include the most common event challenges to novice drivers

Custom scenarios specifically designed for driver training and assessment

Customized reports showing performance metrics for the drive just completed

Q000000000

Print results for filing, or create an electronic (.pdf file) of the driving results

https://stisimdrive.com/products/m2000-dt/



Neurorehabilitation and

Effect of Simulator Training on Fitness- 00 18
- ©The Author(s) 2010
to-Drive After Stroke: A 5-Year Follow-up Reprsand permision e,
of a Randomized Controlled Trial e T s ens onesee?
®SAGE

Hannes Devos, MSc', Abiodun Emmanuel Akinwuntan, PhD?,
Alice Nieuwboer, PhD', Isabelle Ringoot, MSc!,

Karen Van Berghen, MSc!, Mark Tant, PhD?,

Carlotte Kiekens, MD* and Willy De Weerdt, PhD'

Table 2. Frequencies and Comparison of the Fitness-to-Drive Decision at Pretraining, Posttraining, and the 6-Month and 5-Year Follow-ups

Pretraining (n = 83) Posttraining (n = 73) 6-Month Follow-up (n = 52) 5-Year Follow-up (n = 61) PValue?
Simulator  Cognitive All Simulator Cognitive All Simulator Cognitive Al Simulator Cognitive Al Time® Interaction
Classes of decision
Pass,n (%) 4 (10) 4 (10) 8 (10) 16 (43) 7(19) 23(32) 19(73) I1(42) 30(58) 18 (60) I5(48) 33 (54) <.000I 45
Fail,n (%) 38 (90) 37(90) 75(90) 21 (57) 29 (81) 50 (68) 7 (27) I5(58) 22(42) 12 (40) 16 (52) 28 (46)
Power NA 0.91 0.99 0.27
Odds ratio NA 3.16 (1.10-9.12) 3.70 (1.17-11.82) 1.60 (0.58-4.44)
(95% Cl)
NNT NA 455 3.23 8.33

Abbreviations: Cl, confidence interval; NA, not applicable; NNT, number needed to treat.

P values are the results of the generalized estimating equation.
®The main effect of time calculated the probability of passing the driving assessment within both groups over time.
“The interaction effect of Group » Time calculated the differential effect of the 2 treatment groups over time.




Table 3. Comparisons of Characteristics Between Participants Who Were Still Driving and Those Who Stopped Driving
at 5 Years Poststroke

Variable Actively Driving (n = 34) Stopped Driving (n = 27) PValue
Age, years (mean + SD) 55+ 13 62+ 10 .04 (1)

Sex, n (m/f) 2717 22/5 84 (1)
Education, n (primary/high school/college) 2/9/23 4/12/11 .10 (Fisher)
Side of lesion, n (left/right/bilateral) 16/17/1 8/17/2 .12 (Fisher)
Type of stroke, n (ischemic/hemorrhagic) 25/9 19/8 78 (%2)
Barthel index, median (IQR) 100 (92.5-100) 90 (65-100) .008 (W)
Comorbidity, n (nolyes) 2717 13/14 Ol (%)
HADS (anxiety), median (IQR) 4 (2-8) 5(1.5-7.5) 1.00 (W)
HADS (depression), median (IQR) 3 (2-6) 7 (4-9) .02 (W)

Abbreviations: SD, standard deviation; Fisher, Fisher’s exact test; IQR, interquartile range (Q1-Q3); t,t test for independent samples;
W, Wilcoxon rank sum test; 2, y* test; HADS, Hospital Anxiety and Depression Scale.



DI’iViﬂg Simu\ator VS no intervention

Research Paper

British Journal of

Occupational
Therapy

A randomized clinical trial to determine
effectiveness of driving simulator retraining
on the driving performance of clients with
neurological impairment

6

Barbara Mazer'?, Isabelle Gélinas®*, Josee Duquette®, Marie Vanier®,

Constant Rainville” and Gevorg Chilingaryan®

British Journal of Occupational Therapy
2015, Vol. 78(6) 369-376

DOI: 10.1177/0308022614562401
bjo.sagepub.com

§SAGE

* Non-degenerative brain injury
« RCT

e 16 sessions of simulator vs no
Intervention

« Outcome: On-Road driving
evaluation




Table 3. Comparison of DriveAble on-road evaluation results according to treatment group

(n=45).

Treatment group

DriveAble on-road Simulator Control
evaluation N (%) N (%) Chi-square p Effect size
On-road outcome

pass 10 (43.5) 7 (31.8) 0.65 0.42 0.12

fail 13 (56.5) 15 (68.2)
Driver rating scale

very poor 5(22.7) 4 (18.2) 0.39 0.86 0.09

poor 9 (40.9) 8 (36.4)

average/above average 8 (36.4) 10 (45.5)

Mean (SD) Mean (SD) t p Effect size

Accident rating scale 4.3 (2.4) 5.0 (2.2) —0.96 0.34 0.30

(1 (high risk)-10 (low risk))

Table &. Comparison of DriveAble on-road evaluation results for
diagnosis, gender, and severity of driving impairment subgroups
according to treatment group (n=45).

Treatment group

DriveAble on-road Simulator Control Chi- Effect
outcome N (%) N (%) square p  size
Diagnosis
CVA
pass 9 (45.0) 6 (31.6) 0.74 0.39 0.14
fail 11 (55.0) 13 (68.4)
Traumatic brain injury
pass 1(33.3) 1 (33.3) 0.00 1.00 0.00
fail 2 (66.7) 2 (66.7)
Gender
Male
pass 6 (37.5) 5(33.3) 0.06 0.81 0.04
fail 10 (62.5) 10 (66.7)
Female
pass 4 (57.1) 2 (28.6) 1.17 0.59 0.29
fail 3 (42.9) 5 (71.4)
Severity of driving impairment
Moderate
pass 6 (85.7) 1(16.7) 6.20 0.03 0.69
fail 1(14.3) 5 (83.3)
Severe
pass 4 (25.0) 6 (37.5) 0.58 0.45 0.14

fail 12 (75.0) 10 (62.5)




Australion Occupational Therapy Joumal (2016) daod: 1001111 /140-16830.1 226

Research Article

Use of a driving simulator to improve on-road driving
performance and cognition in persons with Parkinson’s
disease: A pilot study

Hannes Devos,'” John C. 1!'1.-1-m'g,..irg.Eq Arinze Dn}reanmech.i,' Craig A. Eng]e,'
Katie Holton,' Jonathon Kruse,' Sierra Sasser' and Abiodun E. Akinwuntan®?

Deperfrments of 1|'-*.|:5|.r:=|r.|:|:] Therapy, Ih'mdr.q.:u; George Regents Unmerstdy, and Wharde Norwood Vefenems Affoms
Medioel Center, Augushe, GA, USA




—|  Consultation —| Ofi-road lests
Prysician
ves TS e 1 e Feavetiend —| Driving simulator
Sodal worksar
Legislation ~ [-Pem e e l . On-road
Screening Assessment |
Driving
Uncontrolled medical status. P "o Intervention
Uncontrolled epilepsy. e 4
Severe neglect. s
Hemianopia that patients cannot
compensate for. e Fase? ME ———— Remadiabie?
Marked cognitive or behavior ‘ o
anosognosia and severe dementia apmmant 2 Im,mﬁ?_l
Y
Regular follow-up _ . Fit to drive without | | Fit to drive with
Uniit t‘: Drive restrictions restrictions

Devos et al., 2020



Licensing



State Licensing Requirements
Visual Acuity/Visual Field/Specific Medical Advisory Board Requirements

Does not meet all state licensing Meets all state licensing

requirements CoEEE

Consultation with physician
for cognitive and physical screening

"

Unfit-to-drive but may Fit-to-drive with Fit-to-drive without
benefit from training resiriction resfriction

Unfit-to drive

Devos et al., 2020




Table 7  Private licensing guidelines for drivers with CVA
Disorder Canada Australia UK USA NZ Sweden
CCMTA (2009) Austroads (2006) Drivers Medical Utah Driver License | Land Transport Safety | Swedish Road
Group, Swansea Division (2006) Authority (2002) Administration (1999)
(2008)

Stroke Desist from driving An unconditional Desist from driving An unrestricted Desist from driving for | Fitness to drive is assessed
for | month licence may not be for | month. licence may be issued [ 1 month minimum. using the same criteria as
minimum. held if the person has if the person is able that set down for CVA

had a stroke. Driving may resume | to control equipment disease i.e. licence denial
Driving may resume if there is a & has no, minimal or for any CV A disease that

if:

1. Person has
functional ability to
drive a vehicle (no
clinically significant
motor, cognitive,
perceptual or visual
deficits);

2. No risk of
recurrence found in
neurological
assessment and post
stroke seizure has not
occurred in interim;
3. Any underlying
cause has been
treated.

Person may be
required to undergo a
road test if there is
any “residual loss of
motor power” (p43).

Any changes in
personality, alertness
or decision-making

A conditional licence
may be issued upon
medical advice taking
into consideration
completeness of
recovery, visual field
impairments, risk of
recurrence & subject
to a driving
assessment.

Periodic review
required.

satisfactory recovery.

DVLA notification
required if residual
neurological
impairment remains |
month after the
stroke, especially
visual field &
cognitive defects &
limb disabilities.

Car modifications
may be required for
severe physical
impairments.

A driver experiencing
multiple TIAs may
require at least a
period of 3 months
without attacks
before driving.

Epileptic seizures
that occur within 24
hours of a stroke are

slight neurological
impairment.

A medical report and
regular review is
required for minimal
to slightimpairment.

If the person has
moderate impairment
of dexterity, a road
and driving skills test
must first be passed
before licensing can
occur. Annual review
1s required.

Greater restrictions
(speed/area/time of
day/must be
accompanied by
licensed driver) are
imposed if there is
temporary significant
neurological
impairment.

Licence denial for any
of the following
sequelae of stroke:

Homonymous
hemianopia, ataxia,
vertigo, diplopia,
epilepsy, recurrent
ischaemic attacks &
significant CVA
disorders.

Resume driving only
when recovery is
complete & there is no
significant disability
that will impair safe
driving.

Car modifications for
any residual limb
disability may be

results in acute impairment
of the cerebral functions
involved in safe driving.

Stroke assessment is also
to make particular note of
any transient ischaemic
attacks or other risk factors
eg high blood pressure,
high cholesterol, atrial
fibrillation or vascular
deformity.

Other after effects of
stroke such as paralysis,
visual problems, or
cognitive & consciousness
disturbances are to be
assessed using the
standards set down under
the appropriate disorder.




L 194/10 Official Journal of the European Union 2.7.2014

DIRECTIVES

COMMISSION DIRECTIVE 2014/85/EU
of 1 July 2014

amending Directive 2006/126/EC of the European Parliament and of the Council on driving
licences

(Text with EEA relevance)

‘NEUROLOGICAL DISEASES AND OBSTRUCTIVE SLEEP APNOEA SYNDROME
NEUROLOGICAL DISEASES

11.1. Driving licences shall not be issued to, or renewed for, applicants or drivers suffering from a serious neurolo-
gical disease, unless the application is supported by authorised medical opinion.

Neurological disturbances associated with diseases or surgical intervention affecting the central or peripheral
nervous system, which lead to sensory or motor deficiencies and affect balance and coordination, must accord-
ingly be taken into account in relation to their functional effects and the risks of progression. In such cases,
the issue or renewal of the licence may be subject to periodic assessment in the event of risk of deterioration.
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