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Abstract
Purpose of Review Loss of the ability to drive is highly associated with depressive symptoms in older persons. There are many
reasons why an individual may give up driving, poor vision being an important one. Given the high prevalence of glaucoma in
this population and the critical role that vision plays in the ability to drive, it is therefore important to consider how glaucomatous
vision loss plays into the ability to drive safely.
Recent Findings In this review article, we will summarize the literature on the topic of glaucoma and driving and the studies that
have been done to evaluate this topic. Studies of both the self-perceived impact of glaucomatous visual field loss on driving as
well as studies that include on-road and simulated driving experiments will be reviewed.
Summary We will discuss how patients with glaucoma may be assessed for their driving safety and review how we treat and
evaluate these patients in our own practices.
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Introduction

Among older adults, the ability to drive is strongly correlated
with an improved quality of life [1]. Even after controlling for
other demographic and health variables, driving cessation is
often synonymous with an adult’s loss of independence and
has been associated with an increase in both depressive symp-
toms and in the risk of requiring admittance into a long-term
care facility [2, 3]. People with glaucoma consistently rank the
ability to travel outside the home among their most important
visual priorities [4].

According to data from the Centers for Disease Control
(CDC), motor vehicle crashes (MVCs) rank second among
the most common causes of unintentional injury-related
deaths among all adults over the age of 65 years [5]. As the

baby boomer generation continues to age, it has been estimat-
ed that one-fifth of all drivers will be 65 and older by the year
2030 [6]. More than any other adult age group in the USA,
drivers aged 70 and older show a sharp increase in MVC rates
and a higher risk of MVC-related fatal injuries than other age
groups [7]. Understanding the factors that are significantly
associated with increased vehicle crashes in older drivers is
thus critically important.

Clear vision is one major component of safe driving and
many studies have looked at the link between visual impair-
ment and driving [8, 9]. Glaucoma is a leading cause of
irreversible vision loss in adults in the USA and the most
common cause of irreversible vision loss worldwide.
Glaucoma patients thus represent a potentially large number
of drivers. Many studies conducted over the past several
decades have suggested that individuals with glaucoma
have a higher rate of MVCs than individuals without glau-
coma, though other studies have not shown this clear asso-
ciation. In this review article, we will summarize the current
literature looking at the association between glaucoma and
driving. We will look at studies of both the self-perceived
impact of glaucomatous visual field loss on driving as well
as studies that include on-road and simulated driving exper-
iments. We will discuss how patients with glaucomamay be
assessed for their driving safety and review how we treat
and evaluate these patients in our offices.
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Background

Glaucoma is the most common cause of irreversible blindness
worldwide. It has been estimated that 80 million people will
be affected by glaucoma in 2020 [10]. In the USA alone, more
than two million people are estimated to be affected by open-
angle glaucoma (OAG). Due to the rapidly aging population,
this number has been expected to increase to more than three
million by 2020 [11]. Patients with OAG suffer progressive
deterioration of the optic nerve that results in characteristic,
and most commonly, peripheral and eventually potential cen-
tral visual field loss [12]. This loss of vision may result in a
significant change in a patient’s quality of life and affect many
activities of daily living, such as driving ability.

Information regarding the effect of glaucoma on a patient’s
ability to drive originates from multiple sources. Studies of
self-report from glaucoma patients, databases of MVCs, on-
road driving assessments, and driving simulators all provide
information on this important topic. This article will review
studies from each of these categories in order to provide more
information regarding the association between glaucoma and
driving ability.

Database Studies and Studies of Self-Report

In one retrospective population-based study of 2000 licensed
drivers aged 70 years and older who reside in north-central
Alabama, after adjusting for mental status, age, and gender,
drivers with glaucoma had a 1.65 (95% confidence interval
1.20–2.28, p = 0.002) times higher MVC rate than drivers
without glaucoma. Among individuals with glaucoma in this
study, the MVC rates were highest among those drivers with
severe visual field loss. Impairment in the left, upper, or lower
field was associated with higher rates of MVCs, with the
highest relative risk being an impaired left visual field
(RR = 3.16, p = 0.01). Interestingly, there was no association
found between impaired visual acuity or contrast sensitivity
and MVC rate [13••]. In a second retrospective study of 438
drivers with glaucoma, drivers with severe binocular visual
field defects as determined by pattern standard deviation (de-
fined as a PD < − 3.97 in this study) were twice as likely to
have an at-fault MVC compared with drivers with glaucoma
of less severity [14]. These studies show that there appears to
be an increased risk of MVCs in individuals with glaucoma,
and the risk is higher in those persons with severe visual field
loss.

However, not all studies show this same correlation. In one
study, after adjusting for demographics, medical data, and
visual acuity, individuals with glaucoma were 40–50% less
likely than those without glaucoma to be involved in MVCs.
Glaucoma individuals were more likely than individuals with-
out glaucoma to avoid night and highway driving, as well as

driving in the rain or fog, suggesting that perhaps drivers with
glaucoma are self-limiting their on-road exposures and thus
have decreased chances for MVCs [15]. Similarly, in India,
though patients with glaucoma report greater driving difficulty
than patients without glaucoma, patients without glaucoma
had higher numbers of self-reported accidents, which again,
implies that patients with glaucoma may be restricting their
own driving [16]. In a study of 247 POAG patients in Japan,
there was no correlation between MVCs and binocular visual
field damage, suggesting a less than straightforward relation-
ship between driving and visual function [17]. It is also pos-
sible that individuals may not be accurately reporting MVC
data. One study showed that individuals’ self-reported motor
vehicle collision data did not actually reflect police records of
the same car crash data [18] so it is important to take into
account the limitations inherent in studies based upon self-
reported data.

Multiple studies have also looked at the association be-
tween glaucomatous visual field loss and driving cessation.
In one study of 99 patients with glaucoma, 19% reported
stopping driving completely. There was a significantly higher
percentage of individuals with moderate or severe glaucoma
that reported a cessation in driving (33%) compared with in-
dividuals with mild-stage disease (8%). Those with moderate-
severe disease also were more likely to self-report difficulty
with glare and dark adaptation than those with less severe
disease [19•]. In another cross-sectional study comparing the
driving patterns of 81 glaucoma subjects with 58 glaucoma
suspect controls between the ages of 60 and 80, 23% of glau-
coma subjects had ceased driving compared with 6.9% of
controls. Glaucoma subjects were more likely to report driv-
ing limitations (such as not driving more than 1 hour away
from home or not driving at night) than controls [20].
Similarly, among 211 Japanese subjects with POAG,
moderate- and severe-stage disease in the better eye was as-
sociated with driving cessation [21]. While visual field loss is
certainly the reason that some individuals with glaucoma stop
driving, visual acuity has also been found to be an important
parameter [22].

Most studies looking at the association between glaucoma
and driving look at individuals with POAG. This data howev-
er may not be representative of individuals with other types of
glaucoma, as the pattern of visual field loss, rate of progres-
sion, and age at diagnosis may differ greatly. One cross-
sectional study of 1988 consecutive patients with different
types of glaucoma compared the stage of visual field loss
among different types of glaucoma in regard to driving ability.
In this study, patients with advanced binocular or severe visual
field loss were classified by the authors as unable to drive,
patients with no visual field loss in one eye and any degree
of loss in the other eye as able to drive and all others ques-
tionably able to drive. Interestingly, based solely on binocular
visual field data, the percentage of patients unable to drive/
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questionably able to drive was, respectively, found to be:
11.5%/29.2% for POAG patients, 19.6%/43.1% for normal-
tension glaucoma (NTG), 14.6%/30% for primary angle-
closure glaucoma, 16%/22% for pigmentary glaucoma, and
9.1%/16.7% for pseudoexfoliation glaucoma [23••]. These
numbers are likely highest for NTG patients since they are
most likely to have visual field loss near fixation, and thus,
the type of glaucoma that a patient has seems to be very im-
portant when assessing one’s ability to drive safely. To this
point, very few studies of driving in the context of glaucoma
have classified patients by the type of glaucoma that they have
and thus should be interpreted cautiously.

On-Road Driving Assessments

On-road driving evaluations have been used to study how
glaucomatous visual field loss may impact a patient’s ability
to drive safely. The real-life driving environment used in these
studies provides an obvious advantage over studies of self-
report and simulated driving experiments. However, these
studies are also limited. They take place in one sitting with
the presence of a driving instructor in cars with double brake
mechanisms and thus are not completely representative of
“normal” driving.

Bhorade et al. completed a case-control pilot study com-
paring the on-road driving performance of 21 patients with
moderate or advanced glaucoma (mean deviation 6 dB or less
in the better eye) to 38 community-dwelling controls without
glaucoma. After completing a comprehensive clinical evalua-
tion by an occupational therapist, all participants in this study
underwent a 50–60 minute, 13-mile on-road driving evalua-
tion with a rehabilitation specialist. The specialist graded the
overall driving performance as pass versus marginal/fail and
recorded the number of wheel or brake interventions required
during the test. The authors found that compared with 21% of
controls, 52% of glaucoma patients scored a marginal/fail on
the driving evaluation and that glaucoma patients had a higher
rate of wheel interventions. When glaucoma participants who
passed were compared with those who failed the driving test,
there were no significant differences found between groups
for binocular distance or near visual acuity, contrast sensitivity
or glare. The authors concluded that in order to accurately
assess the driving safety of individuals with glaucoma, both
a complete clinical assessment and on-road driving evaluation
should be done [24]. In a second study by Wood et al., 75
drivers with glaucoma and mild-moderate visual field loss and
70 age-matched controls performed an on-road assessment.
Types and locations of driving errors as well as overall driving
safety were compared between the two groups. Compared
with the age-matched controls, glaucoma drivers made more
driving errors in categories of maintaining lane position,
changing lanes, planning ahead, and accurate observation of

the road. In addition, drivers with glaucoma made twice the
number of critical driving errors, defined as those that required
the driving instructor to intervene either by applying the
brakes or taking control of the steering wheel, and were de-
termined to be overall less safe on the road [25•].

Finally, Kasneci et al. assessed both the on-road driving
performance of patients with binocular visual field loss using
a driving instructor (10 patients of which had glaucoma) and
the compensatory mechanisms used by drivers in the study.
They found that only four of the 10 glaucoma patients in the
study were rated as fit to drive by the driving instructor. Of the
drivers with visual field defects that passed the test, many
compensated for their field defects by an increased number
of glances towards the side of their field loss [26]. In a second
study that looked at visual scanning behavior in 13 older
drivers with glaucoma compared with 10 normal controls on
a closed-road driving circuit, individuals with glaucoma dem-
onstrated larger saccades than the controls, though head
movements did not differ between the two groups. Though
the individuals with glaucoma had significantly worse driving
scores than the controls, the larger saccades were associated
with better driving scores. The authors of this study concluded
that altering visual scanning behavior may improve driving
safety in individuals with glaucoma [27].

Driving Simulation

Simulated driving studies have also been done in individuals
with glaucoma. Kunimatsu-Sanuki et al. used a driving simu-
lator to assess driving fitness in individuals with advanced
glaucoma (defined as a mean deviation in both eyes of worse
than − 12 dB) and compared these results with those in normal
age-matched controls. Among individuals with glaucoma, a
value for binocular integrated visual field (IVF) was calculat-
ed from an individual’s merged monocular HVF 24-2 test
results. They analyzed the number of collisions with simulated
hazards and the braking response time in both groups and
found that patients with advanced glaucoma were involved
in a significantly higher number of collisions. When the sim-
ulated hazard was located within or near an area of the IVF
deficit, a collision was more likely [28]. The authors posited
that a simulated driving experience may be useful to help
educate patients about their own driving safety. This same
group also assessed the role of the location of the visual field
defect in individuals with advanced glaucoma and its impact
of collision with oncoming cars in a simulated driving exper-
iment. In this study, the inferior hemifield was associated with
more collisions in these patients with advanced glaucomatous
disease [29].

Vega et al. used a simulated driving experiment to look at
the differences in the ability of glaucoma patients and normal
controls to maintain a car in the right lane of a two-lane
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highway when speed was automatically maintained at
100 km/h. Glaucoma patients were able to maintain lane po-
sition and avoid obstacles without any statistical difference
compared with the controls, and both groups had similar eye
scanning behaviors as well. However, patients with glaucoma
demonstrated more steering input and missed more peripher-
ally projected stimuli than controls [30]. In a simulated driving
experiment under fog conditions, glaucoma individuals had a
steeper increase in driving risk than controls. This was espe-
cially true for patients with a MD below − 9 dB in the better
eye [31]. Finally, in a simulated driving test with and without
mobile telephone use, though glaucoma patients reported
using mobile telephones as often as healthy controls, the glau-
coma group demonstrated statistically longer reaction times to
peripheral stimuli than control patients when using mobile
telephones [32].

Interestingly, different results have been found when
assessing for simulated visual field defects in normal individ-
uals. Glen et al. looked at the impact of the location of a
simulated visual field defect on hazard detection in a
computer-based driving test in normal individuals. In this
study, superior defects were found to have a greater impact
on driving performance than identical inferior defects [33].
The reason for these differences between normal and glauco-
ma individuals is not known and thus, it is important to assess
each patient individually rather than make generalized recom-
mendations. Ungewiss et al. looked at the agreement between
on-road driving performance and driving simulator testing in
patients with binocular visual field loss (glaucomatous or
retrochiasmal lesion–induced) and found that the pass/fail
rates were comparable between groups [34]. Thus, a driving
simulation may be an acceptable way to evaluate patients’
driving safety.

Legal Driving Requirements

Legal driving requirements differ depending on the state in
which a patient lives and thus, it is important to know the state
requirements where one practices in order to appropriately
counsel patients. All states have visual acuity requirements,
but these requirements are not the same in each state.
Currently, there are 16 states in the USA that do not have
any horizontal visual field requirements for drivers. In the 34
states that do have horizontal visual field requirements, they
differ depending on the state [35].

In Pennsylvania, where the authors practice, the horizontal
visual field between both eyes must be at least 120 degrees in
the horizontal meridian, excepting the normal blind spots. The
binocular Humphrey Esterman visual field test and the binoc-
ular kinetic Goldmann IV4e target visual field test are current-
ly used by many providers, including us, to assess a patient’s
peripheral vision in the driving setting. The Humphrey

Esterman visual field test uses a 10-dB stimulus, which may
be suprathreshold in the area of a visual field defect, and there
are more points tested in the lower field than in the superior
field.

We know that there may be differences in visual field as-
sessments depending on the type of visual field test taken. In
one study in Sweden comparing threshold testing with the
SITA-FAST 24-2 monocular Humphrey visual field (HVF)
with the binocular Humphrey Esterman visual field (HEVF)
test for driver licensing in subjects with glaucoma, the HEVF
was less efficient in finding visual field defects [36•]. Given
that monocular testing algorithms utilize threshold testing
whereas the binocular testing algorithms use a 10-dB stimulus
which may be suprathreshold in many areas of the field, mon-
ocular testing may be better able to delineate a visual field
defect. Similarly, in a study comparing Humphrey and binoc-
ular Goldmann visual fields with regard to driving in
Australia, patients with severe field defects on conventional
automated perimetry may still meet the Goldmann standard
visual field test for driving [37]. With binocular testing, over-
lap from an intact field in one eye may compensate for a visual
field defect in the fellow eye. The authors have similarly found
that some patients perform quite differently on binocular
Esterman visual field testing compared with those on monoc-
ular Humphrey visual field testing (see Fig. 1). Thus, it may be
important to do this additional testing to determine a patient’s
ability prior to counseling them otherwise.

Counseling Patients

In addition to monitoring a patient’s visual field and ensuring
it meets driving requirements, it is also important to optimize
other components of vision. Patients should be given the cor-
rect eyeglass prescription with or without anti-reflective coat-
ing if needed, can consider amber-tinted lenses to decrease
glare and improve contrast, and can consider cataract surgery
to improve their visual acuity when indicated and appropriate.
Driver training courses at rehabilitation centers can be consid-
ered in order to evaluate driving ability and teach techniques
to improve a patient’s driving skills.

Importantly, no test done in an ophthalmology clinic
should supersede a patient that does not feel that they are
safely able to drive. Ultimately, a patient and his or her family
members must use common sense about whether he or she
feels comfortable and safe to drive. Vision is only one param-
eter of safe driving and there are many other factors such as

�Fig. 1 a Patient 1: Humphrey Monocular Visual Field. b Patient 1:
Humphrey Binocular Esterman Visual Field. c Patient 2: Humphrey
Monocular Visual Field. d Patient 2: Humphrey Binocular Esterman
Visual Field
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a. Pa�ent 1: Humphrey Monocular Visual

b. Pa�ent 1: Humphrey Binocular Esterman Visual Field

c. Pa�ent 2: Humphrey Monocular Visual Fields

d. Pa�ent 2: Humphrey Binocular Esterman Visual Fields
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overall health, cognition, and response time that go into this
determination. If after undergoing the appropriate testing, an
ophthalmologist feels strongly that a patient lacks the visual
requirements to drive safely; this should be communicated to
the patient. If the patient does not follow these recommenda-
tions, it may be necessary to report these concerns to the state.
As physicians, it is our responsibility to protect both our pa-
tients and other drivers on the road as well.

Conclusion

In this review article, we have attempted to summarize some
of the major studies that have looked at the association be-
tween glaucoma and driving. Though most of the studies pre-
sented do show an association between worsening glaucoma
severity and less safe driving, other studies show that some
glaucoma patients are able to compensate for their limitations
with more frequent eye tracking and head-turning behavior
and still maintain safety on the road. As previous authors have
also suggested, until a standard set of tests can be developed
that clearly measure a driver’s ability to drive safely, it is
important to use individualized assessments when counseling
patients [38].
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