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CHAPTER 7
Summary and discussion
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Recapturing the aims of this thesis
As outlined in chapter one, visual symptoms are important non-motor symptoms 
in PD as they may have a high prevalence, interfere with daily activities such as 
reading and driving, and can affect quality of life in PD patients.1-7 Moreover, 
PD patients need intact visual functions to visually compensate for their 
impaired motor function.8 Nonetheless, visual symptoms seem underreported 
by PD patients and are often overlooked by treating physicians.3 This could be 
explained by the lack of literature data on visual symptoms in PD. The range 
and frequency in which they occur, their clinical impact, their association 
with underlying PD-related and/or primary ocular disorders and the effect of 
treatment are all largely unknown. As a first step in expanding the knowledge 
on this topic, the first aim of this thesis was to determine the range, frequency 
and clinical impact of visual symptoms in PD (chapter 2). Furthermore, we 
explored the underlying pathophysiological mechanisms of two visual symptoms 
with a known negative impact on quality of life in PD patients, namely visual 
hallucinations and diplopia,4-6 focusing on retinal changes (chapter 3 and 4) and 
eye movement abnormalities (chapter 4 and 6), respectively.

Visual symptoms
In chapter 2, we systematically investigated the prevalence and clinical 
impact of visual symptoms in PD by means of a large international multicenter 
questionnaire study in 848 PD patients and 250 age-matched controls. This 
questionnaire, the ‘visual impairment in Parkinson’s disease questionnaire’ 
or VIPD-Q, was developed based on a consensus procedure involving three 
independent ophthalmologists from the three participating study centers. It 
comprises questions regarding visual symptoms categorized into four domains 
that were based upon ocular structure:

· Ocular surface: blurry vision, burning sensation, mucus in eyes or eyelids, 
watery eyes
· Intraocular structures including the retina: letters disappear when reading, 
straight lines appear wavy, insufficient night vision, glare
· Optic nerve: colors seem pale, inability to read text against a colored 
background, running into objects or visual field defects, difficulties with rapid 
changes of light intensity
· Oculomotor pathways: problems with rapid eye movements, double vision, 
reading better with one eye closed, impaired depth perception
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In addition, the VIPD-Q includes one question on visual hallucinations. In the PD 
group, one or more visual symptoms were reported by 82% [95% confidence 
interval (CI) 80-85] of patients, compared to 48% [95%CI 42-54] of controls (p < 
0.001). Moreover, each visual symptom was more prevalent in PD patients than 
in controls. The prevalence of visual symptoms in PD in our study was higher 
than in previous studies, in which the prevalence varied between 10 and 78%.2,7 
Potential explanations for this disparity include a slightly older age of patient 
and controls, the larger sample size and the more extensive range of visual 
symptoms included in our study, which is reflected by the higher prevalence of 
visual symptoms in controls in our study, compared to previous studies.

The higher prevalence of visual symptoms in PD than in controls suggests that 
the normal aging process cannot explain all of these symptoms. Disease-specific 
pathological changes and/or treatment effects must also be involved. Sixty-three 
percent of PD patients reported visual symptoms in the ocular surface domain. 
In this domain, symptoms indicating dry eye syndrome were the most prevalent 
in PD, generally believed to be caused by a reduced blink rate and lacrimal gland 
dysfunction. Although this has not been specifically investigated in subjects 
with PD, dry eye syndrome can be effectively treated with eye drops which 
have little to no side effects and which may improve vision and quality of life.9-11 
Another common ocular surface disorder in PD patients is blepharitis, which can 
be treated with eyelid hygiene, resulting in an improvement of visual acuity.12 
Ocular surface disorders are also associated with normal aging, as reflected by 
a prevalence of visual symptoms in this domain in 24% of controls.

In the PD group, the prevalence of visual symptoms in the intraocular domain 
(54%) and in the optic nerve domain (44%) was higher than in the control group 
(26% and 18%, respectively). Based upon previous literature, visual symptoms 
associated with these two domains may result directly from PD-specific 
pathology. Abnormal alpha synuclein has been found in the lens and retina of 
PD patients.13 Abnormal alpha synuclein in the lens in PD may result in cataract 
formation, reflected by a higher prevalence of cataract in PD than in controls.14 
Retinal dysfunction and retinal degeneration in PD may be caused by abnormal 
alpha synuclein deposits and/or a dopamine deficiency.15-18

In our study, 44% of PD patients had symptoms in the oculomotor domain, 
compared to 10% of controls. Abnormalities of eye movements in PD may 
result from pathological involvement of oculomotor centers in the brainstem 
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and cerebral cortex. Impaired vergence movements, such as convergence 
insufficiency and strabismus, may lead to diplopia. Diplopia due to convergence 
insufficiency may improve with dopaminergic replacement therapy.19 In addition, 
diplopia can be treated with a prismatic correction.

We found a prevalence of visual hallucinations of 22% in the PD group, which 
is in line with another large questionnaire study on non-motor symptoms in 
PD,20, yet lower than the prevalence of 30 - 60% in longitudinal studies.21,22 This 
disparity may be explained by the inclusion in the longitudinal studies of visual 
illusions (i.e., misinterpreting objects such as mistaking a curtain or a shadow 
for a person), which were not explicitly surveyed in questionnaire studies such 
as ours.20 Visual hallucinations in PD have a complex underlying etiology, which 
is not fully unraveled yet. The leading theory in the field is that they result 
from a combination of impaired visual input and dysfunction of central visual 
processing. In addition, visual hallucinations can be induced or worsened by 
dopaminergic treatment or other psychotropic medication.23,24

Visual symptoms interfered with daily activities in 68% (95% CI 65-71) of PD 
patients, compared to 35% (95%CI 29-41) of controls. Affected daily activities 
included, but were not limited to, reading (in half of PD patients), driving a car 
(in one third of PD patients) and walking (in 13% of PD patients). Furthermore, 
the VIPD-Q total score correlated with frequency of falls in PD patients (after 
correction for age, disease duration, LED and sex).

As the VIPD-Q has not been validated yet, and the participants did not undergo 
an ophthalmologic examination, we could not determine the underlying causes 
of the visual symptoms nor specify the relative contributions of PD-related 
pathology and primary ocular pathology for each symptom. Neither can we 
define what the positive effect of treatment would be.

The high prevalence of visual symptoms in PD patients and the negative impact 
on their daily activities justifies increased scientific and clinical attention to this 
subject. The VIPD-Q may help with identifying visual symptoms in PD patients 
and all patients with visual symptoms should be referred to an ophthalmologist 
for evaluation and, if possible, treatment of visual symptoms. Whether the cause 
is mainly a PD-related disorder, such as dry eye syndrome, or mainly a primary 
ocular disorder, such as cataract, identification may enable timely treatment 
which could lead to a better quality of life.
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Visual hallucinations
In chapter 3, we explored a part of the pathophysiological mechanisms 
underlying visual hallucinations, focusing on the retina. We obtained data in 
40 PD patients of whom 14 had visual hallucinations, and who all underwent 
a comprehensive ophthalmologic examination, including optical coherence 
tomography (OCT) images of the GCL-IPL (i.e., combined ganglion cell layer 
and inter plexiform layer). The results showed that the presence of visual 
hallucinations was associated with thinning of the GCL-IPL, which persisted 
after correction for age, disease stage, levodopa equivalent daily dose (LED) and 
cognitive function (p < 0.01). This supports the alleged role of retinal pathology 
in the development of visual hallucinations, possibly through impaired visual 
input. In line with this theory, we also observed an association between the 
presence of visual hallucinations and reduced visual acuity. These findings in 
PD are supported by previous research showing an association between the 
presence of visual hallucinations and the degree of retinal atrophy in patients 
with primary ocular disorders, more specifically, patients with neovascular age-
related macular degeneration.25 The leading theory in the field is that visual 
hallucinations in PD result from a combination of ocular pathology causing 
impaired visual input and impairments of the central visual networks (e.g., 
impaired visual attention).23,24 As thinning of the GCL-IPL has also been associated 
with impaired visual attention, thinning of this layer may aggravate dysfunction 
of central visual networks. This is supported by the correlation we found 
between GCL-IPL thinning and impaired cognitive function. Taken together, 
GCL-IPL thinning may play a role in the development of visual hallucinations 
by contributing to both impaired visual input and dysfunction of central visual 
networks.

Although thinning of the retina is a well-established phenomenon in PD, 
it is unknown whether additional structural changes occur. In chapter 4 we 
describe the application of a newly developed method to detect morphological 
changes of the retinal nerve fiber layer (RNFL) in addition to RNFL thinning. We 
performed a pilot study in 20 PD patients and 20 controls matched for age, 
sex, and ethnicity, in whom we obtained images of the RNFL using a Spectralis 
OCT system. In addition to measuring RNFL thickness, we applied the RNFL 
attenuation coefficient (RNFL-AC), a novel measure derived from OCT.26,27 We 
found that thinning of the RNFL in PD was not accompanied by additional 
pathological changes. This may suggest that thinning of the RNFL reflects axonal 
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loss resulting from cell loss in the GCL, as the GCL contains the cell bodies of the 
neurons of which the axons form the RNFL.

Diplopia
In Chapter 5 we describe a study in 25 PD patients with diplopia and 16 PD 
patients without diplopia, as well as 23 age-matched controls. All participants 
underwent a neurological examination, as well as a thorough ophthalmological 
examination to detect oculomotor abnormalities (by means of orthoptic 
examinations) and impaired vision, which included reduced visual acuity, macular 
changes and cataract.14,28,29 The diplopia group consisted of nine patients with 
selective diplopia (i.e., diplopia of single objects), nine patients with complete 
diplopia (i.e., diplopia of the entire visual field), four patients with both types 
and three patients in whom the type of diplopia could not be determined. 
Patients with selective diplopia typically described seeing a person or object 
briefly double, during a few seconds at most, and often during twilight periods. 
By contrast, in compete diplopia, patients typically had diplopia of the entire 
visual field during reading or writing, which disappeared if they closed one eye 
or interrupted their activity.

The PD group with diplopia had a higher prevalence of oculomotor abnormalities 
(84%) than patients without diplopia (33%) and controls (23%, p < 0.01). 
Furthermore, the diplopia group had a high prevalence of impaired vision (44%), 
compared to the patient group without diplopia (6%) and controls (9%, p < 0.01). 
Visual hallucinations were present only in the diplopia group (in 44% of patients), 
not in both remaining groups.

Oculomotor abnormalities were highly prevalent among patients with either 
subtype of diplopia (selective and complete), whereas impaired vision was 
predominantly found in patients with selective diplopia. Moreover, visual 
hallucinations were present only in patients with selective diplopia. As selective 
diplopia is not likely to result from oculomotor abnormalities, its close relation 
to visual hallucinations may suggest that selective diplopia is actually a type of 
visual hallucination itself, as previously hypothesized by Nebe et al..30 If selective 
diplopia is indeed a visual hallucination, the higher prevalence of impaired 
vision in patients with selective diplopia may underline the previously discussed 
theory that ocular pathology causing impaired visual input contributes to the 
development of visual hallucinations (see also box 1).23,24

Binnenwerk Femke - Final.indd   120Binnenwerk Femke - Final.indd   120 12-11-20   09:5012-11-20   09:50



121

Summary and discussion

7

Box 1

Post-hoc analysis (χ2 test) of the data from the diplopia study described in 
chapter 5 shows that PD pati ents with visual hallucinati ons have a higher 
prevalence of impaired vision than PD pati ents without visual hallucinati ons 
(64% versus 17% respecti vely, p < 0.01). This further supports the alleged 
role of ocular pathology in the development of visual hallucinati ons. Also 
in support of this theory are the results of a post-hoc analysis of the data 
obtained in the questi onnaire study described in chapter 2 (χ2 test for 
prevalence, Mann-Whitney U test for VIPD-Q total score), showing a higher 
prevalence of ophthalmologic symptoms in pati ents with visual hallucinati ons 
(95%) than in pati ents without visual hallucinati ons (77%, p < 0.001), see 
also fi gure below. Furthermore, an additi onal post-hoc analysis (χ2 test) 
of the data of the questi onnaire study demonstrated a higher prevalence 
of diplopia in pati ents with visual hallucinati ons than in pati ents without 
visual hallucinati ons (60% versus 16% respecti vely, p < 0.01), supporti ng the 
fi ndings of the diplopia study described in chapter 5.

Figure Presence of ophthalmologic symptoms, as refl ected by the ques-
ti onnaire (VIPD-Q) score, in pati ents with and without visual hallucinati ons

VIPD-Q = visual impairment in Parkinson’s disease questi onnaire
*** p < 0.001
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While selective diplopia may belong to the spectrum of visual hallucinations, 
complete diplopia seems to result from oculomotor abnormalities, such 
as convergence insufficiency, a reduced fusion range, and decompensated 
exophoria. These three types of fusional disorders were the most frequently 
observed potential causes of intermittent diplopia. Fusional disorders may arise 
from excessive inhibition of the superior colliculus as a result of basal ganglia 
dysfunction in PD.31 Through this pathway basal ganglia dysfunction may cause 
reduced amplitudes (hypometria) of vergence movements.32,33 This assumption 
is supported by the improvement of convergence movements in PD patients 
after improving basal ganglia function with dopamine replacement therapy.19

Treatment of diplopia starts with defining the type of diplopia. In the case 
of selective diplopia, the neurologist should consider the presence of visual 
hallucinations, which may require stopping any psychotropic medication, 
excluding causes of delirium, and if necessary and possible, lowering the dose of 
dopaminergic medication. The latter option stands in contrast with the approach 
to complete diplopia, where increasing dopaminergic medication may have a 
positive effect. Most importantly, all patients with diplopia should be referred 
to an ophthalmologist and orthoptist for a thorough evaluation and, if possible, 
treatment of any underlying ocular disorders or correction of oculomotor 
disorders. Ocular and oculomotor disorders are both highly prevalent in PD 
patients with diplopia and when remaining untreated may cause unnecessary 
disability. Ocular disorders, also in PD patients, can often be treated well. 
For instance, dry eye syndrome can be treated with eye drops and cataract 
is operable.9-11,34,35 Furthermore, oculomotor disorders may be treated with 
prismatic correction, if increasing dopaminergic medication dose is insufficient 
or contra-indicated (e.g., in the presence of visual hallucinations).19,36

Eye movement abnormalities
Basal ganglia dysfunction in PD may not only affect vergence movements but 
also saccades and smooth pursuit movements.31 In Chapter 6 we analyzed eye 
movements in 21 patients with tremor dominant PD (PD-T) and 23 patients with 
ET, as well as 19 age- and sex matched controls as a reference group. We analyzed 
visually guided saccades: following a ‘jumping’ target, antisaccades: away from a 
visual target (volitional saccades), and smooth pursuit eye movements (SPEM): 
following a moving target. 
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We found that the PD-T group had hypometria of saccades and SPEM. In 
addition, latency of antisaccades was prolonged more than the latency of 
visually guided saccades (tardiness), which reflects basal ganglia dysfunction. 
Although basal ganglia dysfunction may affect all eye movements, it has the 
greatest effect on volitional saccades.31 In contrast, ET patients had normal 
saccades and antisaccades. However, the ET group did have a reduced SPEM 
gain, which, taken together, may reflect cerebellar dysfunction.37 Notably, a 
low SPEM gain was both seen in PD-T and ET and this can be added to the list 
of overlapping symptoms of PD-T and ET. On the contrary, saccades differed 
significantly between PD-T and ET, which persisted after correction for age. 
This may encourage future studies, preferable in medication naïve PD-T and ET 
patients, investigating different types of saccades (i.e., reflexive, visually guided, 
volitional) including large amplitude saccades and measurement of hypo- and 
hypermetria, to determine whether analysis of eye movements could be useful 
in the differentiation between PD-T and ET at an early stage.

Methodological considerations
Design
In order to determine the prevalence of visual symptoms in PD, we conducted 
an international cross-sectional observational study by means of a survey, 
including a large sample of patients. Subsequently, we explored the underlying 
mechanisms of visual hallucinations and diplopia in cross-sectional observational 
pilot studies. The small sample sizes in these pilot studies precluded extensive 
statistical testing. Moreover, the nature of the study designs also prevented 
us from drawing conclusions about causal relationships. Instead, these studies 
enabled us to explore possible associations between variables, of which the 
causality can be established in future longitudinal studies.

Internal validity
In all of our studies, the diagnosis of PD was clinical, hence carrying a risk of 
misdiagnosis. We tried to minimize this risk by only including patients diagnosed 
with PD by a neurologist specialized in movement disorders using the UK PDS 
Brain Bank criteria.38

In addition, the questionnaires used in chapter 2 are sensitive to selection bias 
(patients with visual symptoms may be more likely to respond). However, this 
risk may have been relatively low in a large subgroup in this study, who had a 
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high response rate and were interviewed in person, and who had a only slightly 
lower prevalence than the total study group.

Furthermore, all information obtained by questionnaire or interview is subjective 
to recall bias. This so-called recall bias may have contributed to the distribution 
of symptoms in the diplopia study described in chapter 5, where only patients 
who recalled having diplopia also recalled having visual hallucinations. However, 
the association of diplopia with visual hallucinations in PD may also be caused 
by shared pathophysiological mechanisms underlying both symptoms.24 
Conversely, patients may have forgotten symptoms they were asked for, 
especially patients with cognitive deficits who are most at risk for having visual 
hallucinations. Therefore, to prevent an underestimation of the prevalence of 
visual hallucinations, we included patients’ medical records to reduce the risk 
of recall bias.

In none of the studies described in chapter 3 through 6 were the investigators 
blinded to the diagnosis of the patients (due to the specific symptomatology of 
PD), which could have introduced a confirmation bias. We tried to reduce this risk 
as much as possible by using automated detection of outcome variables, i.e. OCT 
measurements and eye movement measurements, and by strictly predefining 
the study parameters and outcome measures before the start of the studies.

Furthermore, as the study design prohibited us from extensive statistical testing, 
we could not preclude confounding. In all of our studies, PD patients were 
investigated while on dopaminergic treatment, which may have influenced our 
findings. Dopamine replacement therapy may have been a causal factor in the 
occurrence of visual symptoms, especially visual hallucinations. However, the 
association between the presence of visual hallucinations and retinal thinning 
(chapter 3) was corrected for LED, and since levodopa may have a protective 
effect on the retina, it is unlikely that dopaminergic treatment was a causative 
factor in the retinal thinning we found (in the studies described in chapter 3 
and 4). Levodopa use may also have influenced our findings regarding impaired 
oculomotor functions (i.e., eye movements). On the other hand, levodopa is 
generally used to treat slow initiation and low amplitude of eye movements.39 
Nonetheless, the precise effect of levodopa on eye movements remains 
controversial and has not been definitively established yet.40
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External validation
The study population in the questionnaire study (Chapter 2) consisted of a large 
group of patients from general hospitals as well as from university hospitals 
in two different countries, which has a positive effect on the generalizability 
of the observed prevalence of visual symptoms in PD. However, the VIPD-Q 
needs further validation before it is widely applicable. The external validity of 
the findings of the other studies included in this thesis (Chapter 3 through 6) is 
limited by the study design and hence needs confirmation in future longitudinal 
studies.

Clinical implications and future perspectives
The high prevalence of a wide range of visual symptoms and the profound clinical 
impact of disturbances of visual function on daily activities in PD patients, make 
it worthwhile to actively ask PD patients for the presence of visual symptoms. 
Based on our study results, the VIPD-Q, which is easy to administer and can be 
completed in 3 to 5 minutes, may help in detecting visual symptoms in PD in 
clinical practice. Alternatively, treating physicians could use open questions to 
inquire about the presence of visual symptoms in their PD patients, followed by 
specific questions on dry eye syndrome (i.e., blurry vision, burning sensation or 
gritty feeling in the eyes, the presence of mucus/slime particles in the eyes or 
eyelids and watery eyes), diplopia and visual hallucinations. The high prevalence 
of dry eye syndrome in PD (in up to 70% of patients) and an available effective 
treatment, make it worthwhile to specifically ask for symptoms of this ocular 
disorder. Questions aimed at diplopia and visual hallucinations are justified by 
the high prevalence of both ocular and oculomotor disturbances in PD patients 
with diplopia and/or visual hallucinations, the negative impact on quality of life, 
and the treatment options, including medication adjustments.

In the case of diplopia, it is worthwhile to ask patients whether they experience 
selective diplopia or complete diplopia as these may result from different 
pathophysiological mechanisms. In patients with selective diplopia, treating 
physicians should be attentive to the presence of visual hallucinations and 
specifically ask patients whether they experience minor hallucinations, such as 
visual illusions, feeling of presence, passage hallucinations, or even full-blown 
visual hallucinations with loss of insight. In patients with complete diplopia 
increasing the dose of dopaminergic treatment should be considered.
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In patients experiencing visual hallucinations, it is important to consider the 
option of stopping any psychotropic medication and to treat the causes of a 
possible delirium such as a urinary tract infection. As a next step, lowering the 
dosage of dopaminergic medication should be considered, provided that motor 
function allows for this. Another option is to add an atypical antipsychotic agent. 
However, before, or in parallel to these therapeutic interventions, referral of 
these patients to an ophthalmologist should be considered in order to detect 
(and treat) any ocular disorders that cause impaired visual input and in this way 
contribute to the development of visual hallucinations. Furthermore, as the 
presence of visual hallucinations is also associated with cognitive impairments, 
evaluation of cognitive function is indicated to timely detect cognitive 
impairment, which may interfere with patients’ daily activities, including work-
related activities, and may require the start of cholinesterase inhibitors.24,41

Since many visual symptoms other than hallucinations in PD patients may result 
from treatable ocular disorders, some as simple as dry eye syndrome, treating 
physicians should have a low threshold for referring PD patients with visual 
symptoms to an ophthalmologist. In addition, patients should also be examined 
by an orthoptist, who can initiate treatment for oculomotor abnormalities such 
as convergence insufficiency.

In addition to asking PD patients for the presence of visual symptoms, treating 
physicians should assess the interference of the visual symptoms with daily 
activities such as reading, driving, performing work and hobby related activities 
and walking. This may not only reveal unreported visual symptoms, but also 
suggest additional treatment targets (e.g., by paramedic interventions). For the 
purpose of guarding the safety of patients themselves and of other people, 
treating physicians should at least pose questions about their patients’ driving 
skills at daylight, dusk and nighttime.

It is important to acknowledge here that the VIPD-Q has not yet been validated 
as a screening tool to detect visual symptoms in routine clinical practice. 
Furthermore, the correlation between the presence of visual symptoms and the 
frequency of underlying PD-related and primary ocular disorders has not been 
established. Therefore, validation of the VIPD-Q is the object of a future study. 
This study will include 102 randomly selected patients who completed the VIPD-
Q. These patients will subsequently undergo an ophthalmological examination, 
after which the VIPD-Q score in total and per domain will be correlated with 
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ophthalmological outcomes. This study will also provide more insight into the 
prevalence of PD-related and primary ocular disorders in PD.

In addition to the visual symptoms studied as part of this thesis work, there are 
numerous other visual symptoms in PD of which the underlying mechanisms are 
not yet unraveled, e.g., blurry vision, impaired depth perception, and visual field 
defects. Expanding our knowledge of the underlying pathophysiology of each of 
these symptoms would be valuable in the development of treatment options. 
For example, understanding the underlying mechanisms of visuo-perceptual 
impairments in PD might aid in developing treatment regimens and predicting 
the disease course (e.g., the development of dementia).27

Visual symptoms also occur in neurodegenerative atypical parkinsonian 
disorders, such as dementia with Lewy bodies, corticobasal degeneration, 
progressive supranuclear palsy and multiple system atrophy. They are associated 
with retinal changes, oculomotor abnormalities and eyelid dysfunction.42-48 
The VIPD-Q may also prove useful in the assessment of visual symptoms in 
such atypical parkinsonian disorders. In the absence of reliable data on the 
prevalence of visual symptoms in each of the atypical parkinsonisms and 
the potential benefits of treatment, a sensible approach may be to regularly 
question patients with neurodegenerative hypokinetic disorders, not just PD, 
for the presence of visual symptoms and, whenever present, readily refer them 
for an ophthalmologic and/or orthoptic consultation. In this way, opportunities 
to improve the quality of life of patients by treating common ocular disorders 
will not be missed.
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