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Background: Encouragement of stroke patients to resume driving is important to promote
their reintegration into the community. Limited rehabilitation has been performed in this regard,
owing to lack of specific knowledge on the part of medical staff. To establish an effective support
program for stroke patients who wish to resume driving, we propose comprehensive training
by medical staff using a driving simulator.

Methods: A survey of stroke patients admitted to the Tokyo Metropolitan Rehabilitation
Hospital was first performed. A questionnaire was sent to 525 patients. Of 218 responses, the
answers of 118 patients who had been driving before their stroke were analyzed. More than 80%
of stroke patients did not obtain enough information about resuming driving during their hospital
stay, and 38.1% of patients would have liked to have had driving training with a simulator.
From these results, we set out to determine the effect of driving training using a realistic and
technically advanced driving simulator. Twenty-four stroke patients and 20 healthy controls
were included in the study.

Results: Repeat training with the simulator resulted in an increased ability to perform braking
and an improvement in driving ability. The majority of stroke patients who had the mental and
physical ability to drive a car were likely to be assessed as being able to resume driving as a
result of the training program.

Conclusion: This study indicates that comprehensive support by medical staff and provision
of adequate information about resumption of driving and the opportunity for training on a
driving simulator are likely to aid resumption of driving by stroke patients, thus enhancing their
rehabilitation and social reintegration.
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Introduction

Patients recovering from stroke often want to return to driving in order to resume
activities of everyday life. Although the ability to drive may be reduced in many
patients, medical staff should support patients in this regard because it is an important
element of their ability of participation in society.!* However, driving a vehicle is a
complex task that requires a combination of motor, perceptual, visual, sensory, and
cognitive skills.?

Under Japanese law, permission to drive a vehicle is decided after an audit of the
results of simple perspective and reaction tests and the findings of reports by physicians
by the Public Safety Commission. Furthermore, this process is initiated voluntarily by
the stroke patient. Thus, in Japan, there are no clear objective guidelines for deciding
whether a stroke patient can drive a vehicle, nor is there a comprehensive support
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program to increase the opportunity of stroke patients to
resume driving. Also, there is a lack of specific knowledge
in the part of staff and a lack of specific equipment in
rehabilitation facilities, resulting in little encouragement
of resumption of driving.* Therefore, although physical
and/or neurophysiological impairment does not necessarily
preclude driving, many patients with stroke have difficulty
in resuming driving.

To establish an effective support program for stroke
patients who wish to drive again, we first investigated the
rate of driving resumption and the severity of physical and
cognitive impairment in a cohort of stroke patients. A driving
resumption support program using a driving simulator and
comprehensive support by medical staff was then assessed.

Methods and materials

Survey of stroke patients

We initially undertook a survey of stroke patients admitted
to Tokyo Metropolitan Rehabilitation Hospital between
April 2006 and February 2008. Their driving habits before
and after the stroke were determined. In addition, we asked
whether the patients received information about resumption
of driving during their hospital stay and what kind of support
they felt would be useful.

We recruited participants for the driving training pro-
gram from inpatients admitted to the Tokyo Metropolitan
Rehabilitation Hospital between November 2008 and
January 2010. The inclusion criteria for this program were
a diagnosis of stroke, having been an active driver before
suffering the stroke, and a wish to resume driving. Twenty-four
patients met these criteria and were included in the study after
giving their written informed consent. In addition, 20 healthy
volunteers participated in the training program as controls.
The study was approved by the Ethical Committee of the
Tokyo Metropolitan Rehabilitation Hospital.

Physicians and physical therapists evaluated the physical
and mental states of all participants using the Mini-Mental
State Examination (MMSE) and Brunnstrom stage. The type
and site of the stroke, as well as the time interval between
stroke onset and participation in the program were recorded.

Driving simulation

The Honda driving simulator (Honda, Tokyo), an interactive,
realistic, and technically advanced simulator, was used in this
program (Figure 1). This machine was sited in the Tokyo
Metropolitan Rehabilitation Hospital to observe the driving
performance of the participants. The simulator consisted of an
actual front body of an automatic sedan car and was equipped

Figure | Modified driving simulator enabling patients with right or left hemiplegia
to drive.

with three large screens with a field-of-view of 138 degrees.
The simulator was modified for this program to allow use by
patients with right hemiplegia. Adaptive aids, and a left-sided
accelerator pedal, left-sided indicator stick, and steering
spinner were incorporated into the simulator.

First, to become acquainted with the simulator, partici-
pants drove on a simulated seaside road at a speed of 30 km/h
or less. The route consisted of straight and curved roads with
low traffic density and no unpredictable events. Next, the par-
ticipants drove on a simulated straight road and were exposed
to a hazard whereby they had to avoid a collision, ie, when
driving at a constant speed of 40 km/h, a truck suddenly
crossed the road 21.6 m in front of them; the participant was
required to remove their foot from the accelerator and quickly
step on the brake pedal to avoid a collision. We examined
whether the participant performed the braking task, and
measured their reaction speed and braking time. Reaction
time was defined as the time between appearance of the truck
and 10% of full-braking action. Braking time was defined as
the duration between 10% of full-braking action and vehicle
velocity reducing to less than 0.1 km/h. The participants
could attempt the task up to three times.

Statistical analysis

The Chi-square test was used to compare the rates of successful
braking to avoid collision between patient and control groups.
The Mann—Whitney U test was used to compare the reaction
and braking times between the two groups. The Wilcoxon test
was used to compare the reaction time of the person between
the first and second, and the second and third attempts at the
task. Differences with a P value less than 0.05 were considered
to be statistically significant. The statistical analyses were
conducted with Excel and Stacel.
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Results

Survey of stroke patients

The questionnaire was sent to 525 patients and, of the
216 responses, 118 patients (107 male, 11 female, mean
age (£ standard deviation) 59.1 + 10.4 years, had been
driving a vehicle before their stroke. Of the 118 patients,
only 42 (35.6%) resumed driving after the stroke. Although
some of the 118 patients did not wish to drive again, another
40 (33.9%) patients still wished to be able to drive a vehicle
again (Figure 2). Seventy-four of the 118 patients (62.7%)
answered “no” to the question: “Did you receive information
about driving a vehicle during your hospital-stay”. Fifteen
of the patients (12.7%) received adequate information and
22 patients (18.6%) did not receive enough information
during their hospital stay. Nearly half of the patients wanted
guidance or a response to questions about driving resumption,
and 45 (38.1%) patients expressed a wish for car driving
training using a simulator.

Driving simulator training program
Twenty-four stroke patients (20 male, four female; mean age
55.2 £ 12.9 years, range 37-76 years) and 20 healthy volun-
teers (11 male, nine female; mean age 28.3 & 7.6 years, range
21-49 years) were included in this part of the study. No patient
dropped out of the training program. Fourteen patients had
suffered a cerebral infarction, nine a cerebral hemorrhage,
and one a subarachnoid hemorrhage. Thirteen patients had
right hemiplegia, seven had left hemiplegia, two had aphasia,
one had ataxia, and one had an orientation disorder. The mean
Brunnstrom stages were 5.3 £ 1.1 (range, 3—6) in the upper
extremities; 5.3 = 1.2 (range, 3—6) in the hand; and 5.2 + 1.1
(range, 3-6) in the lower extremities. Mean MMSE was
27.9 + 2.3 (range, 20-30). No patient had unilateral spatial
neglect or abnormalities of visual depth perception. Throughout
the training, we were able to communicate with the patients.

The patients with left hemiplegia could operate the
simulator with their right limbs. Ten of 13 patients with
right hemiplegia and Brunnstrom stage 5 or 6 could operate
the simulator with their right limbs. The remaining three
patients with right hemiplegia and Brunnstrom stage 3 for
the upper and lower right limbs operated the simulator with
their left limbs.

On the first attempt at the braking task, eight of 24 patients
(33.3%) and 13 of 20 controls (65.0%) were able to avoid a col-
lision with the truck (Figure 3). The difference was statistically
significant (Chi-square test, P = 0.03). However, on the second
or third attempt, the rates increased significantly to 72.7% and
86.4%, respectively (Chi-square test, P < 0.001 compared
with that in the first trial). On the first attempt, the mean reac-
tion time of the patients was 0.8 (range 0.5-1.2) seconds,
which was significantly longer than that of healthy volunteers
(0.7, range 0.5-1.3 seconds, Mann—Whitney U test, P = 0.02,
Figure 4). However, mean reaction times were significantly
shorter in all patients on the second and third attempts (0.7,
range 0.5-0.9 seconds and 0.6, range 0.4—0.7 seconds, respec-
tively, Wilcoxon test, P < 0.001). For the patients who were
able to avoid a collision, braking time was compared with that
of the controls. On the first attempt, the mean braking time of
patients and controls was 1.5 (1.5-1.6) seconds and 1.5 (1.5-1.5)
seconds, respectively. The braking time of the patients remained
the same on the second and third attempts (Figure 5).

Discussion

An important goal of this research was to increase the oppor-
tunity for stroke patients to resume driving. We first identified
that medical staff did not provide sufficient information to
stroke patients about resumption of driving. A recent report
suggested that more than half of occupational therapists failed
to discuss driving with their patients.’ Therefore, not only
physicians, but also other staff (including nurses, occupational

Driving a vehicle before the onset of disease 100 | * 1
118
| **
*
[ At discharge, hoping to drive a vehicle ]
X
Yes, absolutely 24 No, absolutely 16 8 5
3]
Yes 58 No 20 14
Now driving a vehicle Now not driving a 0
42 vehicle Volunteer First attempt Second attempt Third attempt
76 (patient) (patient) (patient)
Figure 2 Number of patients driving before and after stroke. Figure 3 Rate of success in the braking task.
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Figure 4 Reaction times in the braking task (symbol: mean value, error
bar: * standard deviation).

therapists, physical therapists) should understand the process
by which stroke patients start driving a vehicle again and
provide useful information to their patients. Generally, for
patients with stroke, frequent and regular contact initiated
around the time of discharge after a stroke is desirable to
prevent depression, reduction in quality of life, decreased
functional recovery, and increased social isolation.® There-
fore, adequate information needs to be provided to the patient
both before and after hospital discharge.

To maintain safety, the driving ability of a stroke patient
needs to be estimated accurately. Complex cognitive, decision-
making, and physical abilities are necessary for safe driving.
Therefore, training and evaluation in the driving environment are
needed. More than one third of our patients who had been driving
a vehicle wished to have driving training with a simulator.
A driving simulator can serve as a dynamic assessment and
training tool that can be modified to improve specific physical,
cognitive, and perceptual performance skills within the broader
context of driving and mobility within the community.”

A simulator can improve driving skills by allowing patients
to practice compensatory driving strategies in a less costly and
risk-free environment. Simulator systems vary in their ability

15 ¢ $ z

Time (s)

Volunteer First attempt

(patient)

Second attempt Third attempt
(patient) (patient)

Figure 5 Braking times of subjects who carried out the braking task (symbol: mean
value, error bar: £ standard deviation).

to simulate reality. The simulator used in this study had a wide
screen with images that changed in response to the driver’s input
and had the same front body as a sedan-type car. Therefore, this
simulator was able to provide a realistic driving environment.
In addition, the driving simulator was modified so that patients
with right or left hemiplegia could drive it. Because the driving
simulator also offered a no-risk experience, it enabled patients
who were anxious about any driving issue to test their driving
ability in a safe environment that could help to reinforce that
driving was a viable and worthwhile goal for that individual.
Although driving a simulator does not replace an onroad driving
evaluation, it is more useful than the traditional clinical evalu-
ation performed in daily rehabilitation practice.”®

In the preliminary survey, only 35.6% of patients
achieved resumption of driving. This was in accordance with
a previous report that only 30% of stroke survivors are able
to resume driving.® However, because another 40 (33.9%)
patients wished to drive again, a rehabilitation program could
provide the opportunity for more patients to resume driving
and achieve better social reintegration. However, medical
staff must outline both the risks and potential benefits of
returning to driving. It is also important to caution those
unable to drive safely. Patients who perform poorly on a
driving simulator may be more likely to accept that they are
not ready for onroad driving. Because an understanding by
patients of their current strengths and limitations generally
improves their willingness to accept therapeutic decisions,
driving a simulator may also be useful for patients who need
to abandon the idea of resuming driving.’

In this study, only the braking task was selected to evalu-
ate driving ability. To carry out the task successfully, patients
had to recognize the appearance of a truck and stop the vehi-
cle immediately. Previously, a report assessing driving ability
in stroke patients suggested that “awareness” and “reaction
time” were the most important factors determining the ability
to drive again.!’ Therefore, we believe that the braking task
was the most appropriate means of evaluation.

The results showed that patients increased their rate of
successful performance of the braking task with a reduction
in reaction time because of an improvement in their driving
ability after repeat training with the simulator, which provided
an opportunity to assess and improve driving skills.

There were gender and age differences between our stroke
patients and healthy volunteers. In spite of the older age of
the stroke patients, the results showed that skills improved
in parallel with those in younger volunteers during training.
In addition, all participants (both male and female) in both
groups were experienced drivers. Thus, we believe that
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gender and age differences were not likely to have had a
major impact on the results of the study.

The average Brunnstrom stage in our patients was more
than 5. Although four patients had physical disabilities, with
a Brunnstrom stage of the lower extremities of 3, they could
walk on their own with or without a stick. Upper and lower
extremity motor impairment and disrupted coordination can
impact on the ability to drive safely. Because the patients had
an average braking time that did not differ significantly from
that of normal volunteers, they had sufficient motor ability to
control the vehicle. Generally, cognitive impairments, includ-
ing those affecting attention, memory, and speed of process-
ing, may influence the ability to drive safely by impairing the
ability to make quick and informed decisions.'"-'> However, in
this study, any mental disturbances in the patients were mild,
because the mean MMSE was 27.9. Furthermore, no patient
with unilateral spatial neglect, abnormalities of visual depth
perception, or impaired communication ability, was included
in this study. Therefore, most of the patients participating in
this program had adequate mental and physical abilities to
drive a car. We strongly suggest that if stroke patients with
disabilities similar to our patients hope to resume driving,
they can achieve their goal with adequate support and a
suitable training program. However, this study provided
results from a limited driving scenario. Therefore, because
there are many patients who suffer from visual and other
cognitive disabilities, further studies should examine other
environments and evaluate other abilities.

It is important to encourage patients who can potentially
resume driving to do so in order to promote community
reintegration.'® The support for resumption of driving after a
stroke should consist of two parts, ie, provision of adequate
information about how to manage the resumption of driv-
ing and vehicle driving training using a simulator. Support
for driving resumption should be continuously provided by
a multidisciplinary team consisting of physicians, nurses,
physical therapists, and occupational therapists, and is an
essential component of effective delivery of care.!* Further-
more, team members must have a thorough knowledge of the
legal and practical aspects of resuming driving, in addition
to specialized stroke rehabilitation. With regard to driving
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training, driving simulators, such as the one used in this
study, are unfortunately not available in most rehabilitation
units. However, an alternative to simulator driving could be
a structured driving evaluation in real traffic. The authors
propose that comprehensive support is needed for stroke
patients who wish to resume driving. The results of this study
may be useful for medical staff who care for stroke patients
and wish to enhance their social reintegration.
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