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Purpose:As theprevalence of age-related visual field disorders and the number of older
drivers are rising, clear criteria on visual field requirements for driving are important.
This article explores the predictive value of the Esterman visual field in relation to the
outcome of an on-road driving test.

Methods: A retrospective chart review was performed for driver’s license applicants
who, based on their visual field, performed an on-road driving test. Cases (N= 101) with
a failed on-road driving test were matched with 101 controls with a passed outcome.
The Esterman visual field was divided in regions, and the number of points missed per
region was counted. Logistic regression models and receiver operating characteristic
(ROC) curves were computed for each region.

Results: Most regions presented a significantly increased odds for failing the driving
test when more points were missed. The odds ratio for the whole visual field was 2.52
(95% confidence interval, 1.53–4.14, P < 0.001) for all the participants. However, ROC
curves failed to reveal distinct fail–pass criteria based on the number of points missed,
as revealed by a large amount of overlap between cases and controls.

Conclusions: These findings confirm the relation between visual field damage and
impaired driving performance. However, the Esterman visual field results were not
conclusive for predicting the driving performance of the individual driver with visual
field defects.

Translational Relevance: In our group of participants, the number of on-road driving
tests cannot be further reduced by amore detailed definition of fail–pass criteria, based
on the Esterman visual field test.

Introduction

A driver’s vision and visual field are vital for the
assessment of driving performance in order to ensure
public and road safety.1 Hence, in most countries,
visual field criteria apply for obtaining and retaining
a driver’s license. Research on this topic is becoming
increasingly important, as the prevalence of age-related
visual field disorders and the number of older drivers
are rising.2

Many studies report on the relation between visual
field defects and driving performance. Yet, the available
evidence remains inconclusive.3 Some studies find that

visual field impairment is associated with an increased
risk of being involved in a motor vehicle collision.4–7
Other studies do not show such a correlation.8–11

This discrepancy may be explained by the fact
that driving is a highly visual task involving visual
sensory functions, such as spatial resolution, contrast
sensitivity, and light sensitivity. Controlling a vehicle
takes place in a visually cluttered environment
with many distractions and involves the simultane-
ous use of central and peripheral vision, cognitive
functions that a conventional visual field test does
not measure.12 Another aspect that is not measured
by visual field tests is compensatory head and eye
movements.13,14 Some drivers may be better adapted
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to their visual field defect than others by better
scanning toward blind areas.15 Even some people with
complete hemianopia have demonstrated to be safe
drivers.16,17

Presently, formal visual field testing is still the first
step for acquiring a driver’s license when there are
suspected visual field abnormalities. In The Nether-
lands, the legislation mandates a minimum horizontal
visual field of 120 degrees and a minimum left/right
reach of 50 degrees. The vertical visual field must
extend to 20 degrees above and below. Within the
central 20 degrees (radius), no points on the Ester-
man may be missed (apart from the physiologic blind
spot in monocular drivers), since a single missed point
may indicate a relevant binocular paracentral scotoma.
However, fail–pass criteria for visual field defects are
not well established as it is not clear what extent
of visual field is necessary for safe driving. In order
to avoid unnecessary license denial, some countries,
including The Netherlands, offer an “exceptional case”
program, mandating an on-road driving test for those
candidates who do not quite fulfill the visual field crite-
ria asmentioned above, in which theymay demonstrate
that they are well adapted to their visual field defects in
natural driving conditions.18

Entry in this “exceptional case” program is based
on visual acuity and visual field testing, generally the
binocular Esterman visual field test.19 This test was
adopted by the American Medical Association for
assessment of impairment.20 It is a suprathreshold
binocular test and includes peripheral points. It is fast
and readily available on most commercial visual field
testing devices. As a result, it has become the test
of choice in The Netherlands and also in the United
Kingdom, Norway, Sweden, and Ireland.21 However,
the Esterman visual field test has several flaws, such
as that the distance between test points is not equal
and that stimuli are not presented by the principle of
the “hill of vision.” The Dutch Society of Ophthal-
mology (NOG) recommends the use of the Esterman
visual field in relation to driving until a tailor-made,
well-evaluated screening tool is developed.22

Unclear fail–pass criteria for visual field defects
might lead to more on-road driving tests than are
required on the grounds of the visual field. The on-
road driving tests, although providing high-quality
discrimination between capable and incapable drivers,
are costly and time-consuming. It would be desir-
able to reduce the number of cumbersome on-road
driving tests offered to persons with visual field
defects by redefining which “exceptional cases” would
benefit from performing an on-road driving test while
maintaining (or even improving) the quality of the
discrimination.

Concurrently, it is important to give every poten-
tial driver the chance to obtain a license and to
reduce the number of unjust license withdrawals for
individuals with visual field defects. For elderly people,
driving a motor vehicle may be the only option
for autonomous mobility. Driving cessation in older
drivers is related to poorer mental health, such as
depression, declines in cognitive abilities, and dimin-
ished physical and social functioning.23 Individuals
who have their driving license withdrawn due to
visual field loss also experience welfare loss on several
domains, such as work, income, housing, and health.24
Additionally, if withdrawals are experienced as unfair
by those affected, it might lead to a decreased trust
of the authorities, especially if withdrawals are based
on vision tests that do not predict individual driving
performance very well.25

Previous research on the predictive value of the
visual field on driving performance was not conclusive.
In the study by Silveira et al.,26 the Esterman visual
field 120-degree criterion could not predict the result of
an on-road driving test.26 However, the nonsignificant
results could have been due to the small proportion of
people who failed the on-road driving test and the small
number of participants with visual field loss (8/94).
Dow27 found that failure to meet the formal visual field
standards, based on the Esterman visual field, does not
impede passing the on-road driving test, and no single
factor or combination of factors could predict failure
of the road test.27 Their study was not balanced: the
number of failed candidates was much smaller than the
number of passes, and there was no formal assessment
between the extent of the visual field defects and the
outcome of the on-road driving test. Another study
found that the extent and location of visual field loss
did not have significant impact on driving performance.
However, the extent of the visual field was obtained
by confrontation testing, which can be considered less
reliable than automated visual field testing.28

For this article, the aim is to explore the predic-
tive value of the Esterman visual field in relation to
the outcome of the on-road driving test by perform-
ing a matched case-control study containing balanced
groups for pass and fail outcomes of the on-road
driving test. Given the limited value of visual field
testing, the question is if any prediction can be made
about the results of the on-road driving test (or, for
that matter, driving performance in general) based on
the outcome of the visual field test. It may be possi-
ble to predict in which cases an individual Esterman
visual field alone can warrant license renewal and avoid
the on-road driving test. Some candidates could have
severe visual field defects that predict a failed on-road
driving test or, on the other hand, suchmild defects that
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a passed result is expected. The location of the visual
field defects could also have a relevant relation to the
outcome of the on-road driving test. Possibly, the role
of visual field testing, as a tool for preselection into
the “exceptional case” program, could be optimized to
limit the number of on-road driving tests.

Methods

Participants

A retrospective case-control study was performed.
Participants were selected from a database provided by
the CBR (Dutch driving test organization), the central
office for driver’s license administration in The Nether-
lands. The included participants applied for a renewal
of their group 1 driving license (categories A, motor;
B, passenger car; BE, trailer for passenger car; and T,
tractor) and performed an on-road driving test, based
on their visual field defects, between May 2010 and
June 2015. When an on-road driving test is mandated
based on an insufficient visual field, then the binocular
(distance) visual acuity must be at least 0.30 (logarithm
of theminimumangle of resolution [logMAR]) and the
binocular visual field must extend at least 90 degrees
horizontally. Candidates with visual field defects with
a binocular visual acuity above 0.30 (logMAR), a
severely affected central visual field, and/or a minimal
horizontal visual field extension below 90 degrees are
not considered for an on-road driving test and not
granted a license. See Supplementary Material S1 for
more information about the driver’s license application
process in The Netherlands.

All included participants performed an on-road
driving test, based on their visual field defects. Included
cases were participants who did not pass the on-road
driving test. For each case, a control participant was
selected who did pass the driving test, matched on
age (month of birth versus month of testing), gender,
and the diagnosis code for their disorder in the CBR
database. The codes referred to “visual field defect”
(inclusion criterion for all participants in the database),
“progressive eye disease” (e.g., glaucoma), and “central
nervous system disorder” (e.g., occipital stroke).

Only participants were included in whom a visual
field defect was the main (if not only) reason
to mandate the on-road driving test. Furthermore,
for inclusion, a binocular Esterman visual field (as
provided by the referring ophthalmologist) had to be
available. All Esterman visual fields were tested with
the custom program available on a Humphrey Visual
Field Analyzer (HFA; Carl Zeiss Meditec AG, Jena,
Germany).

The On-Road Driving Test

All participants in this study underwent an on-road
driving test on the public road, according to usual
clinical practice in The Netherlands, where right-hand
traffic and left-hand drive are common practice. The
test has a duration of 60 minutes, with a minimal
driving time of 30 minutes, and is administered by
a practical fitness-to-drive expert of the CBR. There
is not an obligatory fixed route for the test, but a
specific protocol is in place in the presence of visual
field defects (see SupplementaryMaterials S2). The on-
road driving test always leads to a dichotomous pass
or fail outcome. However, a passed driving test can be
coupled with imposing restrictions, such as mandatory
vehicle adaptations, and occasionally additional advice
is given on a limited duration of license renewal.

Data Extraction

For each participant, the 120 points of the binoc-
ular Esterman visual field were scored if the point
was “seen” (1) or “not seen” (0). The month and
year of birth, month and year of the driving test,
(best-corrected) visual acuity of right and left eye,
and relevant ocular comorbidity were listed (glaucoma,
macular disease, cataract, stroke/brain tumor, diabetes
mellitus, ocular vascular occlusion). Furthermore, data
reported by the ophthalmologist, such as if the partici-
pant wore glasses or contact lenses, if the visual field
condition was progressive or stable, and presence of
diplopia or affected dark adaptation, were included in
the database.

Analysis of Visual Field Data

The Esterman visual field was divided in regions
for the statistical analysis. These regions were “all” (all
points), “center” (points within a 20-degree radius),
“European Union (EU) region” (a rectangle extending
20 degrees up and down and 50 degrees left and right,
as mandated in the EU regulations29), “paracentral”
(all 18 points adjacent to the center), and “periphery”
(the points outside the EU region) (Fig. 1). Addition-
ally, the visual field was divided by the midlines in
“left,” “right,” “up,” and “down” and the quadrants
“left-up,” “right-up,” “left-down,” and “right-down.”

Statistical Analysis

Descriptive statistics were reported for the partic-
ipant characteristics in the database. In addition, t-
tests for continuous variables and χ2 tests for categor-
ical variables were performed to verify if the matching
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Figure1. Visual field regions used for analysis. “All”: all 120points; “center”: all pointswithin 20degrees (radius) from the center; “EU region”:
all points within a rectangle, extending 20 degrees up and down and 50 degrees left and right and “periphery” (the points outside the EU
region). The black dots represent the paracentral region.

was performed properly and if the groups did not vary
significantly on the reported characteristics.

The relation between the factor (number of points
seen) and the dichotomous outcome (fail or pass of the
on-road driving test) was tested with a logistic regres-
sion model for each of the regions in Figure 1. The
assumptions for logistic regression were checked. For
skewed distributions, a ln-transformation was used. If
this did not normalize the distribution, the variable was
divided in tertiles. In case of tied values, the lowest rank
was used. Besides conducting an uncorrected model,
a corrected model was also performed, including best-
corrected visual acuity (visual acuity of the best eye, in
logMAR), age, and gender, to each visual field region
to accommodate (minor) differences between cases and
controls. Each model was also tested for the group of
patients with glaucoma—since glaucoma is the main
reason for driver’s license issues at a higher age, from
an ophthalmologic point of view—to investigate if the
regions can predict the outcome of the on-road driving
test for this group of patients. We decided to use the
same tertiles in the group of patients with glaucoma as
were used in the models for the total population. Other
variables, such as presence of ocular comorbidities and
progressive nature, were added to the univariate model
of the whole field for the total population as these were
potential confounders.

To investigate the predictive value of the Esterman
visual field outcome for the outcome of the on-road
driving test, receiver operating characteristic (ROC)
curves were computed for each of the visual field
regions, investigating the relation between the number
of points seen and the outcome of the driving test.
Pearson correlations for pairs of continuous variables
were computed to explore the dependency of neighbor-
ing regions.

All analyses were performed with IBM SPSS Statis-
tics for Windows, Version 26.0 (SPSS, Armonk, NY,
USA).

This research followed the tenets of the Declaration
of Helsinki. Formal approval of an ethical committee
was not necessary, because anonymized data were used
for this retrospective analysis. A waiver was obtained
from the Medical Ethical Committee of Amsterdam
University Medical Centers—location VU University
Medical Center.

Results

Demographic Description of Participants

In total, 101 cases and an equal number of controls
were included. The participant characteristics are
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Table 1. Participant Characteristics

Characteristic Fail (n = 101) Pass (n = 101) P Value

Age, mean ± SD, y 76.8 ± 12.7 77.9 ± 12.6 0.522
Number of female participants 21 21 1
Corrected visual acuity (logMAR), mean± SD 0.120 ± 0.114 0.109 ± 0.110 0.503
Visual field defect, n 101 101 1
Progressive eye disease, n 100 99 0.561
Central nervous system disorder, n 16 16 1
Presence of diseases,a n
Glaucoma 60 54 0.395
Macular disease 9 12 0.489
Cataract 26 23 0.622
Stroke/brain tumor 18 13 0.329
Diabetes mellitus 19 18 0.856
Ocular vascular occlusion 5 5 1

Progressive disease, n 49 46 0.672
Prescription eyeglasses, n 78 76 0.837
Contact lenses, n 2 2 1
Affected dark adaptation, n 0 0 —
Diplopia, n 0 1 0.314
Time between field test and on-road driving test, mean ± SD, mo 3.97 ± 2.45 2.42 ± 1.59 <0.001

“Fail” and “pass” reflect the outcome of the on-road driving test. P values are outcomes of independent-samples t-tests for
continuous variables and χ2 tests for categorical variables. Bold value highlights a significant value (P < 0.05).

aMultiple comorbidities could be present in one participant.

shown in Table 1, which reveals that the matching
process based on age, gender, and diagnosis code was
effective. Also, visual acuity, progressive nature, use of
prescription glasses/contact lenses, and the presence of
disease were not statistically different between fail and
pass groups. Multiple comorbidities could be present
in one participant. Forty-nine participants had cataract
as reported by the referring ophthalmologist; this was

in all cases accompanied by another diagnosis that
explained the visual field loss. The average period
between the Esterman visual field and the on-road
driving test was 3.26 ± 2.87 months. This value did
differ significantly, with a longer period for cases than
for controls. The study population contained mainly
elderly participants with a median age of 80.0 years
(minimum, 18.4 years; maximum, 93.7 years). Of the

Figure 2. Distributions of the number of points missed for those who passed and failed the on-road driving test. The normal curve is also
displayed.
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Figure 3. ROC curves for the relation between number of points seen per visual field region and outcome of on-road driving test for the
total population (a, b) and the glaucoma population (c, d). (a) The area under the curve was 0.664 (whole field), 0.655 (central 20 degrees),
0.674 (EU region), 0.655 (paracentral points), and 0.601 (periphery). (b) The area under the curve varied between 0.585 (right-down) and
0.648 (down). (c) The area under the curve was 0.659 (whole field), 0.655 (central 20 degrees), 0.676 (EU region), 0.675 (paracentral points),
and 0.598 (periphery). (d) The area under the curve varied between 0.560 (left-down) and 0.665 (right-up).

101 candidates who passed the driving test, 14 were
given a license for 1 year, 31 for 3 years, 53 for 5 years,
2 for 10 years, and 1 unlimited.

Relation between Visual Field Defects and
Outcome of Driving Test

Figure 2 presents the distributions of the number of
points missed for the persons with a failed and a passed
outcome of the on-road driving test. A wide range of
overlap can be seen between the two groups, with the
failed group showing a wider and lower normal curve.

Table 2 shows the outcome of the logistic regres-
sion analysis for the visual field regions (Fig. 1). A
corrected model was also performed, adjusting for age,
gender, and visual acuity (visual acuity of the best eye,
in logMAR). However the difference with the uncor-
rected model was not noteworthy; hence, we decided to
report the uncorrected model. Most regions presented
a positive skew. To correct this, for the regions all, EU,
left, right, and down, a ln-transformation was used,
and for the other regions, the regression models were
conducted with tertiles.

The logistic regressions show that for most visual
field regions, there was a significant increased odds for
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Table 3. Intracorrelations for the Visual Field Regions

Above thediagonal: total population (n=202); below thediagonal: glaucomapopulation (n=114). Pearson correlations for
pairs of continuous variables. Shaded cells represent correlations between nonoverlapping regions. Cen, center; Par, paracen-
tral; Per, periphery; Le, left; Ri, right; Do, down; LU, left-up; RU, right-up; LD, left-down; RD, right-down.

*P < 0.05.
**P < 0.01.

not passing the driving test when more points were
missed. The relation was somewhat stronger for the
center of the visual field, and the left side had more
significant outcomes than the right side.

The logistic regression analysis for the group with
a glaucoma diagnosis similarly showed that for the
whole field, EU region, and center and paracentral
regions, a significant increased odds for not passing the
driving test was found when more points were missed.
The visual field regions, right, up, down, and right-
up quadrant, showed a significant relation, which were
regions in the center and the right side of the visual
field.

The analyses of additional variables showed that
only the time between the Esterman visual field based
on the whole field data and the on-road driving test was
a significant confounder and slightly increased the odds
of a failed outcome (2.61; 95% confidence interval [CI],
1.53–4.47; P < 0.001).

Predictive Value of the Visual Field Outcome
for the Outcome of the Driving Test

Figure 3 shows the ROC curves for the relation
between a failed outcome for the on-road driving test
and the number of points seen in the visual field
regions. For all the regions, the predictive value, as
measured by the AUC of the ROC curve, was below

0.7, which indicates no discriminative ability for the
outcome of the test.30 The EU region had the highest
predictive value for the total population (0.674) and
the glaucoma population (0.676). This implies that the
results of the Esterman visual field test are not suitable
for distinguishing between participants who will fail or
pass the on-road driving test in our population.

Table 3 shows the intracorrelations between the
visual field regions. It shows that the number of
points missed is independent of neighboring regions,
as the correlations between nonoverlapping visual field
regions were well below 0.7.

Discussion

In this research, we investigated the relation between
the Esterman visual field test and the outcome of the
on-road driving test. We found that, for most regions
of the visual field, there is a significantly increased odds
for failing the driving test whenmore points aremissed.
This underlines the importance of the visual field for
driving performance. We found that the center may
be more important than the periphery and that the
left side may be more important than the right side.
This could be attributed to the practice of right-hand
traffic and left-hand drive in The Netherlands. It is
also consistent with current opinions about the relative
importance of the various visual field regions.4
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We found that the period between the Esterman
visual field and the on-road driving test was approxi-
mately 1.5 months longer for cases than for controls,
with a wider standard deviation for cases. A proba-
ble explanation is that a failed on-road driving test
is often followed by a second on-road driving test,
after the candidate takes additional driving lessons. We
used data of the driving test that defined the candidate
as suitable or unsuitable; hence, the time between the
visual field test and the on-road driving test is longer
for cases than for controls. The wide standard devia-
tion can be explained by a variety in amount of driving
lessons between the two failed on-road driving tests.We
had no access to data about the number of failed on-
road driving tests and the number of driving lessons.

The predictive value of visual field defects for the
outcome of the driving test provided poor results.
There was a large overlap between the visual field
outcomes of failed and passed driving tests (see Fig. 2),
making it virtually impossible to predict the outcome
of the driving test, based on the visual field test alone.
The poor predictive value illustrates that laboratory
visual field testing and on-road driving tests measure
different entities/capacities of the visual (visual field)
and motor and cognitive (on-road driving test) system.

The Esterman visual field test was adopted for the
assessment of impairment,20 for which the central part
of the field is consideredmore valuable than the periph-
ery, the lower hemisphere is more useful than the upper,
and the central 10 degrees is not measured. However,
this is not necessarily applicable for driving. Typically,
most traffic events occur within the central 25 degrees
of the visual field. The front windshield of a car usually
allows for visual field extension to the left of about 20
degrees and 50 degrees to the right. Side windows and
mirrors are located more into the periphery. Moreover,
the stimuli of the Esterman visual field do not follow
the “hill of vision” but have size III and an intensity of
10 dB. This is far above the suprathreshold in the center
of the visual field.22 A new traffic perimetry test has
recently been proposed,21 removing some of the limita-
tions of the Esterman visual field, such as emphasizing
all parts of the field equally, equidistant test points, and
following the hill of vision. The question remains if a
static test would be able to predict the outcome of the
on-road driving test. An alternative approach allowing
a free gaze, with dynamic stimuli and cognitive screen-
ing, could be useful in minimizing the cumbersome on-
road driving tests.

To the best of our knowledge, this is the first study
to examine the relationship of the Esterman visual
field with the outcome of an on-road driving test in a
systematic manner using balanced andmatched groups
for the fail and pass outcome. The use of various

subdivisions of the Esterman visual field and statisti-
cal analysis with odds ratios and ROC curves provides
a comprehensive exploration of the research question.

This study has several limitations. The number of
participants in this study (n = 202) was acceptable for
the statistical tests conducted. However, the group of
patients with glaucoma (n = 114) is a smaller sample
size, probably resulting in more nonsignificant results.

We assume the on-road driving test as the gold
standard for driving performance. Although this is
generally accepted, it may be debated.31 The expert
on practical fitness to drive who administered the on-
road driving test was not blinded to the candidate’s
diagnoses and visual field defects; otherwise, planning a
suitable on-road driving test is not possible. This could
have biased the outcome of the on-road driving test. It
has been found that driver status (active versus inactive
driver) was a predictor for on-road driving perfor-
mance.17 In our retrospective study, we had no data on
driver status or experience. Also, information on cogni-
tive function, former rehabilitation, and the time since
defect was missing in the provided data, which could
have influenced our data and been attributed to a better
predictive ability of our model.

Since evenly distributed missed points might have
a different impact on driving capacity than clustered
missed points, ideally, a cluster analysis should be
performed. In a preliminary analysis, we performed
a grouped point analysis. We demonstrated that the
“weight” of a missed point increased somewhat when
there was another missed point at (optimal) 0.3 radians
distance. However, the analysis was hampered by the
uneven distribution of distances between points in
the Esterman visual field. Moreover, the discriminative
ability of the test improved only minimally.

A retrospective case-control study was conducted,
consequently having no strict control over the inclu-
sion into the “exceptional case”program or insight into
the decision of the medical advisor of the CBR. We
had access only to candidates who were offered an on-
road driving test in the “exceptional case” program.
This excludes data on the candidates who were granted
a license without administering a driving test and the
candidates who were denied entry in the “exceptional
case”program and had their license withdrawnwithout
administering a driving test.

Conclusion

The results of this study confirm the relation
between visual field damage and impaired driving
performance. When more points are seen, the
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likelihood of passing the on-road driving test increases.
However, in our group, the Esterman visual field test
shows no discriminative ability to predict driving
performance on an individual level. This implies that,
in our group with moderate visual field defects, the
number of on-road driving tests cannot be further
reduced by a more detailed definition of fail–pass
criteria, based on the Esterman visual field test alone.
Hence, no adjustments to policy can be made to reduce
the number of tests based on our results. This study
underlines the need of an accessible and reliable test
that can better predict the outcome of the on-road
driving test in order to regulate entry in the “excep-
tional case” program. Such an alternative test may,
ideally, combine the advantages of the visual field
test (standardized, cheap) with those of the on-road
driving test (natural, dynamic stimuli, allow for free
gaze movements). Up until now, such a test is not
available.
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