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General introduction

Patients with brain damage may encounter social, emotional and (neuro)-

psychological problems in daily life. Examples of neuropsychological consequences 

after brain damage include language or memory problems.1 These language or 

memory problems are relatively distinct and readily recognized by patients and 

their families. It is obvious that a person who is suddenly, after an incident, unable 

to express him or herself verbally is suffering from a serious deficit. In addition, 

patients may have deficits in other neuropsychological domains, which may not 

so easily be noticed. Examples of these ‘invisible’ consequences include deficits 

in visual functions (such as the perception of shape or motion) or deficits in the 

ability to perceive facial emotional expressions. Despite their apparent ‘invisibility’ 

for the outside world, these deficits can have adverse behavioral consequences2,3 

and they are related to a reduced quality of life.3 The current dissertation was set 

out to investigate these various visual functions and their interrelationships in brain-

damaged patients. The studies in this dissertation are part of a large multi-center 

cohort study, aimed at assessing the Functional Architecture of the Brain for Vision 

(FAB4V).

Visual perception
The investigation of the visual brain originated with electrophysiological and tracing 

examinations of animals4,5 and was refined with the emergence of functional 

neuroimaging techniques, such as functional Magnetic Resonance Imaging (fMRI). 

These neuroimaging techniques allowed the examination of visual functions in 

healthy human subjects.6 The available evidence has shown that roughly a quarter 

of the brain is dedicated to the perception and understanding of the visual world. In 

addition, the physiological studies have shown the presence of over forty retinotopic 

maps in the posterior brain.6–8 The neurons in these maps are tuned to various 

aspects of the visual world, such as shape, orientation and motion.5 However, 

despite the large number of studies on the visual brain, there is still debate about 

the functional organization of the different visual primitives. Overall, there are two 

conflicting views. 

The first view argues that the different retinotopic maps are hierarchically 

organized into a limited number of pathways. An example is the two-visual pathway 

model, which claims that there are two major pathways: a ventral pathway and a 

dorsal pathway, both starting in the primary visual cortex.9 The ventral pathway runs 
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towards the mesial temporal lobe and is used for the recognition of, for instance, 

text or faces. The dorsal pathway runs towards the frontal lobe and is related to 

the spatial aspects of the outside world and is used for action planning. This model 

furthermore assumes that the complexity of visual information within each pathway 

increases in a systematic manner. Therefore, according to this model, lower-order 

visual functions (e.g. brightness perception) or mid-range visual functions (e.g. 

shape or texture perception) are expected to precede higher-order visual cognitive 

functions, such as object recognition and facial emotion recognition. 

The second view assumes a more parallel organization of the different 

visual functions with many interconnections between the different routes.10,11 This 

view has been summarized in the ‘patchwork model’, proposed by De Haan and 

Cowey (2011).12 This patchwork model of the visual brain assumes the existence 

of many overlapping networks with different nodes for the different visual features. 

The investigation whether the visual system is better described in terms of the two-

pathway model or the patchwork model is a central question in de FAB4V-study.

Still, it is clear that a large amount of the brain is dedicated to visual 

perceptual functions. Therefore, it is not surprising that deficits in visual perception 

have been found in up to sixty percent of the patients who suffered brain damage.13,14 

Examples of these visual deficits include visual field problems, blurred vision, color 

perception problems and visuo-constructional and visuospatial problems.13,14 

Deficits in these visual perceptual functions can negatively influence driving behavior 

and have been found to be predictive of the chronic functional outcome after brain 

damage.15  

Visual emotion perception 
The perception of emotional facial expressions can be seen as a higher-order 

cognitive function comprising advanced processing of visual information. Emotion 

perception is a key component of social cognition, which involves the functions 

that enable us to behave adequately in social situations.16 Other aspects of social 

cognition include the understanding of behavior and intentions of others and 

empathic behavior.17 With regard to the perception of emotions, six basic emotions 

can be discerned: anger, disgust, fear, happiness, surprise and sadness.18 

With respect to the neural underpinnings of facial emotion recognition, the 

fronto-temporal brain networks are known to play an important role.19 However, 

with regard to the specific neural correlates of emotion recognition, previous studies 

have presented conflicting information. For example, it is still unclear whether 
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there is a lateralization effect. Some studies indicated that particularly the right 

hemisphere is important in guiding emotion recognition,20–22 while others did not 

show evidence for emotion recognition to be lateralized.23 In addition, there is still 

debate about whether there are separable networks responsible for the recognition 

of the six basic emotions (anger, disgust, happiness, fear, sadness and surprise) 

or whether there is a general ‘emotion perception network’. The existence of a 

common emotion perception network was suggested by a meta-analysis,24 while 

in contrast, two other meta-analyses argued that there are distinct networks for the 

six basic emotions.19,25

In the last decades, an increasing amount of research has investigated 

deficits in emotion recognition and its behavioral consequences in patients with 

various neurological diseases. For instance, Yuvaraj et al. (2013) found that emotion 

recognition deficits in stroke patients were related to deficits in interpersonal 

behavior.22 Furthermore, in patients with a subarachnoid hemorrhage, deficits in 

emotion recognition were found to be related to apathy and to an impaired self-

awareness.26 In addition, in patients with TBI, it was found that a worse ability 

to recognize emotions was related to a lower amount of independent activities27 

and to increased risk-taking behavior.28 Lastly, in patients with neurodegenerative 

diseases, deficits in emotion recognition were found to be related to apathy29 and to 

impaired decision-making behavior.30 In sum, studies in various neurological patient 

groups have indicated that deficits in emotion recognition occur frequently and that 

these deficits can underlie disturbances on a behavioral level.  

Visual risk-assessment
Another social cognitive function is decision making in potentially risky situations, 

which is known to be guided by emotional processes.31 According to the somatic 

marker hypothesis, decisions are guided by emotion-related bodily sensations 

(‘markers’).31 These markers are based on previous experiences, where a particular 

event becomes associated with a particular emotion. Encountering this event a 

next time will unconsciously provoke this emotion, which will in turn influence the 

decision to be made.

Patients with damage in the frontal lobe frequently show problems in daily-

life decision-making behavior, leading to risky situations.32 Although many studies 

have indicated a specific role of the ventromedial prefrontal cortex in decision-

making behavior in hazardous situations,33 other studies have shown that other 

brain structures can be involved in this type of decision-making as well. These 
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structures include other frontal areas such as the dorsolateral prefrontal cortex, 

but also temporal34 and cerebellar areas.35 The presence of increased risk-taking 

behavior can have severe consequences for a safe daily-life functioning, especially 

in traffic situations. For instance, it has been found that impaired decision-making 

behavior in patients can be predictive of a decreased driving performance and that 

they are accident prone.36 

Stroke
Stroke is a common neurological condition. It is one of the major causes of acquired 

chronic disability and the third largest cause of death in the Netherlands.37–39 There 

are two types of strokes: hemorrhagic stroke and ischemic stroke. A hemorrhagic 

stroke occurs when a blood vessel ruptures. This puts pressure on the brain, which 

subsequently leads to a loss of blood to the adjacent brain areas. The majority of 

strokes (87%), however, involves ischemic strokes.40,41  During an ischemic stroke, 

the blood supply to a part of the brain is blocked by a thrombus or blood clot. 

This results in a lack of oxygen in the affected brain region of blood supply. This 

causes symptoms such as a paralyzed arm or confused speech, depending on 

the particular brain region. Brain regions supplied by the middle cerebral artery are 

the most commonly affected areas by a stroke.42 The most common risk factors 

for stroke include smoking, hypertension and diabetes.37,39 The recommended 

treatment options for patients with an acute ischemic stroke involve intravenous 

thrombolysis with alteplase or mechanical thrombectomy with the aim of breaking 

down or removing the clot that is blocking the blood flow.43–45 The application of 

these treatment options has significantly reduced the mortality rate after ischemic 

stroke.45,46 Nevertheless, because of the higher survival rate, there is also a larger 

number of patients with chronical, functional complaints. In particular, in addition 

to the physical consequences of a stroke, patients may face a number of social 

and (neuro)psychological problems in everyday life, including impairments in visual 

functions and emotion perception, as described earlier. These neuropsychological 

deficits can in turn have a great impact on the quality of life in brain damaged 

patients. 

Neurodegenerative diseases
A neurodegenerative disease (NDD) is the condition in which neurons in the central 

nervous system are progressively degenerating.47 NDD’s are an increasingly common 

cause of mortality and morbidity.48 Frequently encountered NDD’s include, amongst 
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others, Alzheimer’s Disease, Frontotemporal Dementia and Huntington’s Disease. 

Many NDD’s share several clinical features, such as disturbances in memory or 

executive functioning. In addition to cognitive decline, patients with an NDD may 

show behavioral or personality changes.49 In recent years, accumulating evidence 

has shown that deficits in social cognitive functions, such as deficits in facial emotion 

recognition, may underlie these behavioral changes in these patients.50 

General aim and outline of the thesis
The main objective of this dissertation is to investigate the prerequisites for and 

consequences of deficits in visual emotion recognition in brain damaged patients. 

The ability to adequately perceive facial emotional expressions could be seen as an 

intermediate stage in the entire process between the visual ‘input’ and the behavioral 

‘output’. Problems at the ‘input’ phase, such as deficits in mid-range visual functions 

(e.g. shape, motion or texture), could possibly influence the perception of emotional 

expressions. An impaired emotion perception could, in turn, interfere with adequate 

higher-order social cognitive behavior, such as risk-taking behavior, of which it is 

known to be guided by emotional processes.31 

In Chapter 1, a general introduction to the subject is given. Chapter 2 presents 

the results of a study in which a new diagnostic set-up is used to investigate the 

prevalence and co-occurrence of specific ‘mid-range’ visual functions, in a large 

cohort of stroke patients. Chapter 3 describes the possible knock-on effects of 

the different ‘mid-range’ visual functions on higher-order visual cognitive functions, 

including visual emotion perception, visuo-construction and visual memory in a 

group of stroke patients. In Chapter 4, an intriguing case of a patient with a visual-

perceptual disorder is described. This patient perceived the outside world at about 

seventy percent of the actual size, after a right occipito-parietal stroke. Chapter 5 

zooms in on emotion recognition in stroke patients and its neural underpinnings. 

Chapter 6 presents the results of a study on the consequences of cerebellar stroke 

for emotion recognition and risk-taking behavior, including the relationship between 

these constructs. In Chapter 7, the relationship between emotion recognition and 

risk-taking behavior is further investigated, in a patient group with neurodegenerative 

damage to frontal-subcortical circuits, which are known to be involved in emotion 

recognition. Chapter 8 provides a general discussion of the preceding chapters 

with overall conclusions and implications of the findings. 
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