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Abstract

Visual field (VF) test results are often unreliable in visually impaired patients, but continue to be a
cornerstone of clinical trials and play a vital role in clinical decision making since they are the
primary method to determine patients’ functional vision loss or progression. Currently, patients
are typically asked to perform VF tasks with minimal instruction or consideration of their
psychological experience during the test. The gradual loss of vision due to retinal diseases, such as
retinitis pigmentosa (RP), age-related macular degeneration (AMD), or glaucoma can contribute to
the experience of negative psychosocial states, such as anxiety, stress, and depression, as well as
diminished quality of life. We hypothesize that VF testing elicits test performance anxiety and
perception of functional losses of vision, which induces distracting negative thoughts that result in
increased VF test variability. Resources for processing and responding to vision-related
information may be diverted from task-relevant VF stimuli to task-irrelevant ones, such as internal
worry and test anxiety, thereby resulting in VF test performance decrements. We present a
theoretical model to support the hypothesis that VVF variability is linked to patients’ negative
thoughts during VF testing. This conceptual framework provides a basis for the development of
coping strategies and mindfulness-based interventions to be evaluated in future research aimed at
improving psychosocial states and VF reliability in visually-impaired patients. It would be highly
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significant to intervene by modifying negative thoughts during VF testing to reduce test variability
in glaucoma patients who are progressively losing vision to a blinding eye disease, but whose
vision loss has not been accurately identified and treated early enough due to variable VF results.
In clinical trials of potential interventions for RP and non-neovascular AMD, reducing VF
variability would effectively increase the precision for detecting treatment effects and allow a
reduction in the number of VVF tests needed to estimate the treatment responses, thus reducing
burden on investigators and patients, as well as saving time and money.

Introduction

VF Variability in Glaucoma

Visual field (VF) testing using static automated perimetry (SAP) is the cornerstone of
clinical care and trials in glaucoma. SAP presents individual point stimuli of varying
intensities to patients throughout their central visual field up to 24° (54 points) or 30° (76
points) radius. The threshold intensity for which patients are able to see the stimuli is then
compared against a database of normally-sighted individuals of similar age. The score for
each individual location is then calculated as a deviation from the value in normally-sighted
individuals. An average of the deviation for all points produces a mean deviation (MD)
value, which is negative for individuals with worse sight than normal and positive for those
with better sight than normal. A MD of —30 dB corresponds to complete vision loss.

SAP is a useful tool in assessing vision loss in glaucoma, but it is plagued by lack of
reliability in many individuals with vision loss. Frequently, VF retests fail to confirm defects
found on previous exams. In the Ocular Hypertension Treatment Study, VF defects were not
confirmed upon retest for 604 (86%) of the 703 originally reliable VFs that showed some
potential loss of vision.1 Another study indicated that two-thirds of glaucoma patients had at
least one unreliable VVF out of 3-4 V/F tests over several years.2 Other research has indicated
that up to 22% of early glaucoma patients had >20% fixation losses, which was the most
common source of unreliable results.3 Approximately 22% of glaucoma patients exhibited
high variability >1.5 dB for the mean deviation in a large, longitudinal study.*

VF test variability greatly diminishes physicians’ ability to determine progression of vision
loss or treatment efficacy. Assessment of the glaucoma progression rate should help predict
blindness occurring during the patient’s lifetime and provide information on the need for
treatment and its intensity. In glaucoma patients with moderate progression rates of vision
loss (—0.5 dB/year) and highly variable VF test results (SD of MD=2 dB), it would take 19
years to determine their vision loss if vision tests were performed once a year.* Even if tests
were performed twice a year, it would still take 8.5 years to determine the same rate of
vision loss.? If, however, the same population exhibited low VF variability (SD of MD=0.5
dB), it would take 9 or 4.5 years, respectively, to determine the rate of vision loss if testing
was completed once or twice a year. The VF progression rate cannot be definitively
established with a reasonable number of tests (i.e., twice a year) within a 4 year period in
patients with moderate to high test variability (SD of MD=1-2 dB) and low to moderate
progression rates (—0.25 to —0.5 dB/year). It is therefore critical to reduce VF variability in
order to more quickly diagnose and treat patients earlier before permanent vision loss
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occurs. Greater VF variability increases the burden on providers, researchers, patients, and
society; therefore it is important to identify potentially modifiable factors.

It is either impossible or at least impractical to modify the Humphrey SAP test-related
factors that contribute to increased VF variability, such as small stimuli that are widely
spaced and increased eccentricity, which correlates with increased reaction time.> Such
changes would necessitate the adoption and validation of new instrumentation and test
protocols (e.g. with blurry, larger stimuli), which would be challenging to implement given
the widespread and long established use of Humphrey SAP. Some factors contributing to VF
variability in glaucoma patients are inherent with disease severity, such as diminished VF
sensitivity due to reduced functional ganglion cell density, in which remaining cells may not
respond optimally and consistently.6 Unfortunately, these factors cannot be altered, and
determination of VVF change is most difficult for important regions that are losing sensitivity
at the edges of vision loss and are prone to further progressive loss. Patient-related factors,
such as negative thoughts during testing, have hardly been considered, much less measured,
as contributors to substantial VF variability.

Variability of Vision in Retinitis Pigmentosa (RP)

Retinitis Pigmentosa (RP) is a retinal degenerative disease that primarily affects night vision
and peripheral vision, and thus VF tests are often used as the primary outcomes measure to
determine disease severity and progression; therefore, reliable VF estimates are needed to
estimate changes in peripheral vision between clinical visits and during future treatment
clinical trials for RP. We previously determined that test-retest variability in VF area can be
limited to <20% for most patients by using a single experienced VF operator to administer
the test,’ but others have found VF variability in RP up to 50%8. Examination of the study’s
published data indicates that as the VVF area decreased, some subjects’ eyes demonstrated
increased variability between sessions, whereas others maintained low variability, but
potential sources or factors contributing to increased variability were not elucidated. Our
research group has examined the relationship between severity of vision loss and variability
in vision among patients with RP. We recently reported that the severity of RP patients’
vision loss was a major factor in determining how reliable or consistent their visual acuity
(VA) and VF tests were on a day-to-day basis.® We also found that patients in later stages of
RP with more vision loss experienced more frequent significant fluctuations in their VF size
or area on a day-to-day basis, 1 similar to the findings of previous research. RP patients with
more severe VF losses will likely be among those enrolled in early-stage clinical trials of
potential therapeutic interventions, and thus it is critical to identify and reduce any
modifiable factors related to increased VF variability.

Variability in fixation stability and macular sensitivity during microperimetry in age-related
macular degeneration (AMD)

In early stages, many macular diseases do not affect VA. An alternative approach to assess
visual function in age-related macular degeneration (AMD)is to measure paracentral retinal
sensitivity with microperimetry, which is a type of VF testing. A previous study found no
significant increase in test-retest variability of MP1 microperimetry thresholds with
decreasing macular sensitivity, among macular disease subjects with relatively good
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acuity.1! Unlike glaucoma and RP, factors other than loss of retinal sensitivity appear to
influence the reliability of microperimetry in AMD subjects. For example, the authors of this
study commented that during the examination, some patients complained that the trigger
failed to register their responses. This may have occurred if the patients were distracted or
had slow reaction times, since the current software only recognizes responses within 1.5
seconds after the stimulus presentation. Decreased fixation stability, measured by bivariate
contour ellipse area(BCEA) in AMD has been associated with poor visual performance (e.g.
reading’213, VA variability). However, large intersubject variability exists for fixation
stability (BCEA) despite similar levels of reduced VA.14 Therefore, a likely scenario is that
patient-related factors such as cognitive status, attention and reaction time may influence the
variability of retinal sensitivity measures in AMD. However, these factors have not yet been
systematically studied in AMD patients undergoing microperimetry testing.

Psychosocial Consequences of Vision Loss

Our interest in the influence of psychological factors on the variability of vision
measurement derives in part from the known impact vision loss has on patients, including
the experience of stress in response to loss of function and activity restrictions, as well as the
uncertainty of future independence. Vision loss in RP, AMD and glaucoma can be
unpredictable and inexorable, thus forming a continuous threat to patients’ independence. As
vision loss gradually progresses, patients may lose their ability to perform valued activities,
as well as their sense of independence and self-confidence, causing them to view themselves
and their future negatively and experience negative psychosocial states.

Patients with visual impairments such as RP have been reported to have increased distress
associated with severity of the impairment.15 RP patients with higher Beck Depression
Inventory scores had worse subjective visual function measured by the National Eye
Institute Visual Functioning Questionnaire - 25(NEI-VFQ-25), as compared to RP patients
with lower depression scores.1® Depression occurs in a third of AMD patients!’ and can be
predicted by an inability to perform valued activities such as face recognition, reading, and
crafts requiring fine manipulations.1819 Patients with AMD are prone to both depression
and anxiety possibly because vision loss may inhibit individuals from being able to perform
valued leisure activities?? and driving.2:22 Glaucoma patients are more likely to have
emotional instability,23-24 nervousness,2> anxiety or depression when compared to normally-
sighted controls.28 For glaucoma patients, younger age was a risk factor for anxiety, whereas
older patients were at greater risk for depression.2 Self-reported visual ability has also been
reported as a significant risk factor for depression in glaucoma.28 Depression is positively
correlated with glaucoma severity and with difficulty performing everyday vision-related
tasks,29 and this relationship is not explained by (VA).16

RP, AMD and glaucoma patients are at an increased risk for negative psychosocial
states.17:18.19.20.28.29 Cyrrently, most research relates visual function to psychosocial factors,
finding in some cases that increased disease severity is associated with increased negative
psychosocial factors,1529 but not all studies have found evidence of this relationship. AMD
patients with monocular severe vision loss report increased emotional distress (i.e. anxiety,
anger, fatigue, confusion)30 despite having good visual function in their better seeing eye.
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Negative moods are common in early stages of glaucoma, with roughly a third of newly
diagnosed glaucoma patients reporting nervousness, anxiety, stress, or restless sleep,3! or
being afraid of going blind,32 even though most reported excellent or good vision and half
had no vision loss.33 In a study involving participants with RP, those with more severe
vision loss were not significantly more likely to have increased mean perceived stress,
negative moods or depressive symptoms.?

Hypothesis / Theoretical Framework

We hypothesize that VF testing provokes negative thoughts about vision loss and/or
perceived performance during testing, which results in: (1) mental processing resources
being diverted from responding to VVF stimuli to internal worry and test anxiety3#; and (2)
decreased efficiency with which vision-related information is processed and acted upon,
resulting in poor VF performance and reliability. This hypothesis is supported by a strong
theoretical framework from the behavioral science literature, which includes two theories.
Attentional control theory stipulates that anxiety or negative thoughts impair processing
efficiency more than performance effectiveness.3° Thus, there is an increased probability
that mental processing resources will be diverted from task-relevant stimuli to task-
irrelevant ones, such as negative thoughts. Processing efficiency theory indicates that when
confronted by anxiety-inducing circumstances (state, not trait anxiety), the efficiency with
which information is processed and acted upon decreases,® potentially resulting in
performance decrements. It assumes that worry is the component of state anxiety responsible
for the changes in performance.

Figure 1 depicts how patients’ negative thoughts, worry, anxiety and/or stress may affect
their responses to VF stimuli and thus test reliability indices. In figure 1, decision criterion
refers to the person’s willingness or reluctance to say that a stimulus is present, such that if a
person expects a stimulus to be present, then his or her decision criterion will be lowered.
Our conceptual model showing the proposed relationships between psychosocial factors, VF
variability, clinical outcomes and quality of life is presented in Figure 2. For the conceptual
model in figure 2, examples of negative moods that may affect VVF test reliability are feeling
irritable, downhearted, weak, or sluggish. Examples of negative thoughts that may influence
VF test reliability are being worried about failing or doing poorly on the VVF test, or thinking
about whether something serious may happen because of the reduced VF results.

Evaluation of the Hypothesis

A few previous research studies in non-visually impaired individuals support the hypothesis
that apparent VF narrowing is associated with negative thoughts, such as stress and anxiety.
Normally-sighted individuals with higher life-event stress experienced greater vision
reduction and variability in peripheral VVF during a laboratory induced stress condition than
those with lower life-event stress (mean change of 14° vs. 2°),38 and have been shown to
experience attentional narrowing with external distraction.3” Real-life stressful situations
produce even greater peripheral VF defects than lab-induced situations, possibly due to
increased anxiety.38 Previous research has suggested that positive mood states are associated
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with a broadening of attentional processes, and we expect that these factors are essential for
reliable VVF measures since they control information processing, thought and behavior.3°

Vision scientists have historically paid limited attention to patient-related sources of VF
variability that may be accounted for or modified. There is currently little published research
relating negative psychosocial factors to vision test variability in visually impaired patients.
For the past few years, our research group has been examining the relationship between a
range of psychosocial factors and variability in vision among patients with RP. We found
that negative psychological symptoms of depression and negative moods (i.e., increased
irritability or anger due to uncontrollable situations, as well as reductions in positive
emotions such as feeling less “active, strong and proud”) were related to significantly more
variability in the VF area from one test to the next, after accounting for the severity of VF
loss.? Our group also investigated the effects of RP patients’ day-to-day changes in their
general health on their measured level of vision.19 We found that patients who reported
reductions in general health at a test session (e.g. not feeling as well as usual due to
headache, temporary illness, fatigue, etc.) were significantly more likely to have reductions
in their VF size.19 However, day-to-day changes in the tests of central vision (i.e. visual
acuity and contrast sensitivity) were not significantly related to general health status or
psychological state.10

Studies have also reported that RP patients experience potentially vision-hindering
photopsias or spontaneous light phenomena.*0 A common type is the phosphene, i.e., dots or
shapes slowly moving across the VF. Other types reported by RP patients include a pattern
of quick flashes of light, static noise (i.e. similar to the static or “snow” on a television with
no reception) or a background glow or fluorescence. These photopsias can interfere with VF
testing and are an added complication with which RP patients must deal. They have also
been shown to be correlated with psychological factors: decreased positive mood and
increased perceived stress have been associated with these phenomena.#! As with the rest of
RP symptoms, there is no current proven treatment option for photopsias, another aspect of
the disease which may cause patients to tend towards negative thoughts.

If our proposed hypothesis is supported by further evidence, one should be able to: (1)
predict which patients will have unreliable VVF results based on the extent and/or type of
negative thoughts they report having while completing a VF test, and (2) intervene to reduce
negative thoughts and thus improve the reliability of VF testing in at risk individuals.
Prediction could be valuable in helping to identify reliable candidates to participate in
clinical trials, as well as to help explain potential causes for large deviations in VFs obtained
in the clinic, which would require retesting prior to indicating to patients with negative
thoughts that they had a major, devastating decline in vision. Effective intervention to
reduce VF variability could help reduce the number of tests needed to determine significant
changes. The first step in testing our hypothesis will require the validation of a questionnaire
to determine which negative thoughts are associated with increased VF variability. One
possible approach would be to identify one or more powerful constructs from the behavioral
science literature that have been repeatedly correlated to several other health-related
outcomes, and apply them to the experience of visually-impaired patients during VVF testing
by adapting existing instruments.
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Potential Strategies and Interventions to Help Alleviate Negative Psychosocial States

Some studies have investigated whether patients’ coping strategies influence their
adjustment to vision loss. Previously reported coping strategies used by AMD patients’
include accepting what they can and cannot do, cherishing independence, creating novel
methods to complete a goal, acknowledging the progression of their visual impairment,
confronting the uncertainty of their future, and maintaining optimism.#2 In another study of
AMD patients, researchers found three factors related to how well patients were adapting to
vision loss: (1) acceptance of vision loss, (2) the effect of vision loss on interpersonal
relationships, and (3) attitudes towards compensating for their vision loss.43 In a previously
published review paper of vision loss due to various diseases including glaucoma and AMD,
researchers found that loss of independence and the fear of future vision loss were also
important considerations of patients with low-vision.2! They also found that some factors
indicating psychological well-being were the acceptance of vision loss and positive attitudes
employing humor and laughter.22

During focus group interviews with RP patients, we found that they developed different
strategies to cope with their RP, ranging from a “kicking and screaming” mentality as they
fight to maintain independence to an attitude that “it could be worse”.#4 Such varying
perspectives show that some patients with RP are in need of support, while others are highly
resilient when faced with the uncertainties of variable and slowly deteriorating vision. RP
patients have also reported the use of humor and laughter, social support from other people
with RP, “letting go” of things beyond their control, and appreciating the vision and function
they still have as some positive strategies to help them cope with their disease.*4

In a previous survey in 2006, RP patients have also reported receiving help to manage their
stress and anxiety from complementary and alternative medicine (CAM) interventions such
as yoga, meditation, and mind-body therapies.*® In a 1998 survey, only 1.8% of glaucoma
patients reported using meditation specifically for glaucoma;*® it is possible that this
proportion would be slightly greater today given the increasing popularity of alternative
medicine. A literature search of PubMed and similar sources revealed no publications
related to the prospective study of mindfulness-based therapies for low vision patients,
although the benefits of these interventions*’ are now being demonstrated for several other
chronic diseases.*8:49.50.51.52 Mindfulness is a form of meditation in which one intentionally
regulates attention to achieve a state of detached moment to moment awareness, which may
include at times proprioceptive input, sensory perceptions, cognitions, emotions and
situational factors.53

There is good evidence that psychological characteristics,!® distress,>* and test anxiety>®
may be altered by mindfulness-based interventions. Reported benefits of mindfulness
training in depressed and anxious patients include improved mood, sleep, relaxation, sense
of self-worth and self-awareness, and new ways of working with negative thoughts and
emotions.®® Normally-sighted meditation practitioners, on the other hand, have been shown
to be capable of detecting light flashes of shorter duration than non-meditators,® and do so
more quickly.8 These findings suggest that mindfulness training leads to better visual
perceptual sensitivity, potentially due to subjects’ decreased stress, improved attention and
relaxed state that allows them to be more responsive to the stimuli, and suggest a possible
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effect on central nervous system factors underlying perceptual and sensory processing.
Previous research has suggested that mindfulness is intimately linked to improvements of
attentional functions and cognitive flexibility.>9:60

According to our model, coping strategies and mindfulness techniques that focus on
patients’ acceptance of their vision loss and the uncertainty it casts on their future,*243 may
affect VVF variability by reducing the fear of losses in visual function. Another potential
strategy to reduce VF variability would be to teach patients to be mindful in the present
moment during VF testing, i.e. continually focus their attention to simply respond to the test
stimuli and dismiss any negative ruminating thoughts regarding their test performance or
perceived vision loss. Following the support of our hypothesis with additional studies to
correlate negative thoughts with VF variability, clinical trials will be needed to confirm the
effects these strategies would have on VF variability, and determine appropriate dosing and
timing of the intervention.

Consequences of the Hypothesis and Discussion

The high variability of VF tests in visually-impaired patients remains a major issue for
clinical trials and patient management®-61 since timely treatment decisions in patients who
may be progressively losing vision are dependent upon these tests.52:63 The current practice
standard is for patients to perform VF tasks with minimal instruction or consideration of
their psychological experience during the test; however, the end results can be unreliable
and therefore practically useless in the treatment and management process. Relatively weak
correlations between retinal structure and visual function similarly imply that our current
objective ocular imaging techniques cannot serve as adequate surrogate assessments of
patients’ visual function in many cases. Therefore, the time has come to adopt a conceptual
framework that yields testable hypotheses focused on reducing variability in VVF testing.
This framework can guide the design of studies, including clinical trials, to evaluate whether
modifying patient-level psychosocial factors enhances our ability to reliably determine
patients’ visual status. Evaluating the impact of psychological factors on VVF test reliability
has not been previously attempted due to its challenging nature. If it is possible to reduce VF
test anxiety and variability, we hypothesize that the results would translate to a reduction in
the number of test sessions and time needed to determine true changes in vision, which has
economic implications for both clinical practice and trials. In addition, we anticipate that
more accurate VF results will lead to improvements in physicians’ treatment decision
making and thus the prevention of further vision loss by delayed treatment, and similarly a
reduction in unnecessary treatments or surgeries.
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Conceptual framework of hypotheses for how patients’ negative thoughts, worry, anxiety

and/or stress may affect their responses to VF stimuli and thus test reliability indices.

Abbreviations: Neg.=negative; Inc.=increased; Pos.=positive; Assoc.=associated; BCEA=

bivariate contour ellipse area
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We hypothesize the following correlations between psychosocial factors and

associated psychophysical parameters:
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Conceptual model demonstrating the relationships between negative psychosocial factors,

VF reliability, clinical outcomes and quality of life.
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