NWO Graduate Program master Neuroscience & Cognition
 

1 
General information 

1.1 Details of applicant 
· Title(s), initial(s), last name: BSc, J, Haarsma


· Male/female: Male
· E-mail: j.haarsma@students.uu.nl
1.2 Details of intended supervisor(s)

Main supervisor
· Title(s), initial(s), last name: Prof. Dr., I.E.C., Sommer

· Phone: +31-887556365 
· E-mail: i.sommer@umcutrecht.nl 
· Department: Psychiatry Department
If applicable indicate here the name of the second PI involved
· Title(s), initial(s), last name: Dr., M.P., van den Heuvel

· Phone: +31 88 755 8244
E-mail: m.p.vandenheuvel@umcutrecht.nl
· Department: Psychiatry Department

2 Research proposal 

On the synchronisation of neural oscillations during gestalt perception, it's relation to visual hallucinations in psychiatric and neurological diseases and what is causing them

[image: image1.png]



Author:
Joost Haarsma, Bsc
2.1 Summary
Visual hallucinations are a cause of great distress in several psychiatric and neurological diseases. Sadly, still little is known about the aetiology of visual hallucinations. An interesting hypothesis suggests that hallucinations are the result of perception being dominated by top-down processes, for which ample evidence is provided with respect to schizophrenia. However, studies with respect to other diseases such as Parkinsons disease and Lewy-body dementia are scarce. Furthermore, what causes top-down processes to dominate perception requires more investigation as well.

We aim to elucidate the role of top-down and bottom-up processes in causing hallucinations by investigating neural synchronisation during gestalt processing in schizophrenia, Parkinsons disease and Lewy-body dementia. In addition we will assess the effects of ketanserin on neural synchronisation. Also, we will investigate the role of functional and anatomical thalamocortical connectivity in the occurrence of deviant neural synchronisation and visual hallucinations. Finally we will also assess the role of thalamic GABA and glutamate levels in neural synchronisation and visual hallucinations.

The results of this study provides us with a better understanding of what causes top-down processes to dominate the perceptual domain, paving the way for the development of better treatments. 
2.2 Brief description of research proposal (max 2000 words)
2.2.1 Background 
Hallucinations are prevalent in a wide range of healthy individuals and patients, including those with Parkinson's disease (PD), Alzheimer's disease, dementia with Lewy bodies (LBD), epilepsy, multiple sclerosis, delirium, intoxication or withdrawal, schizophrenia-spectrum disorders, posttraumatic stress disorder, dissociative disorder, borderline personality disorder, bipolar disorder, psychotic depression, and hearing or vision loss. Hallucinations are often, but not invariably, associated with delusional ideation and delusions. The combination of hallucinations and delusions is common and often frightening, sometimes associated with aggression or self-harm. In the elderly, psychotic symptoms are an indication of poor prognosis, as they are associated with faster cognitive decline, depression and transfer from home dwelling to nursing home accommodations (Peters et al. 2013). Even though hallucinations constitute a major burden for patients with a range of disorders in terms of functioning well-being and prognosis, the pathophysiological mechanisms of hallucinations are poorly understood, despite many years of research. As a result, treatment for hallucinations is far from optimal and has seen few breakthroughs over the last 50 years. New insight into hallucinations may open new avenues for better treatment for this invalidating symptom.
An interesting paradigm explains the occurrence of visual hallucinations as a deviant interaction between top-down and bottom-up processes. Top-down processes might be unconstrained by sensory-driven bottom-up processes, making attentional/memory driven processes hyperexcitable, causing them to dominate the perceptual domain (i.e. causing hallucinations). An example of expectation dominating perception in schizophrenia comes from Hoffman (et al., 2007). Hoffman found that if youngsters in the prodromal phase of schizophrenia interpreted non-sense 'babble' words as a meaningful strings of words, they were more prone to develop a psychosis on a later age. Other evidence that points to a deficit in bottom-up triggered top-down processes are the findings of Dakin (et al., 2005) and Dima (et al., 2009). They found that schizophrenia patients seem insensitive to visual illusions. Gestalt-stimuli are of a particular interest, since gestalt perception relies on an interaction between top-down and bottom-up processes. During the processing of gestalt stimuli, schizophrenia patients display deviant synchronisation of neural oscillations, which is related to the occurrence of visual hallucinations (Spencer at al., 2003, 2004; Uhlhaas et al., 2006). But what are neural oscillations?
Brain oscillations are the results of populations of neurons firing in synchrony in different frequencies ranging from slow oscillations around 4 Hz up to oscillations up to 200 Hz. Different bandwidths of oscillations serve different functions in cortical processing (Uhlhaas & Singer, 2010). Oscillations can be divided into both evoked (sensory-driven bottom-up) oscillations and induced (top-down) oscillations. During visual processing predictive top-down oscillations have the ability to modulate incoming sensory information. It has been suggested that this can be achieved by either the amplification of sensory signal due synchronisation of the top-down and bottom-up oscillations or a desynchronisation resulting in the cancellation of the sensory information when out of phase (Engel et al., 2001). The method used within this paradigm, namely electroencephalography (EEG) has the advantage of directly measuring brain activity, in contrast to for example fMRI. 

This view depicted above deviates from the classical view of the brain as a passive stimulus device and instead views neural processes as a constant interaction between bottom-up and top-down processes (Engel et al., 2001).

As mentioned above, there is evidence that phase locking between induced and evoked oscillations during gestalt perception is reduced in patients schizophrenia (Spencer et al., 2003, 2004; Uhlhaas et al., 2006). Importantly, these effects are correlated to the presence of visual hallucinations. Additionally, psilocybin, a psychotomimetic drug known to induce visual hallucinations, has been shown to modulate the perception of gestalt stimuli as well via modulation of the 5HT2a receptor (Kometer et al., 2011 & 2013). Since psilocybin affects thalamocortical coupling (Marek et al., 2001), and thalamocortical coupling deficits are found in schizophrenia patients (Klinger et al., 2013), its possible that these deviants in oscillations are related to thalamocortical coupling. Furthermore, blocking the 5HT2a receptor with ketanserin eliminates psilocybins effect on gestalt processing. This begs the question whether blocking this receptor in schizophrenia might reduce deviant synchronisation and visual hallucinations.

As mentioned, patients with PD sometimes suffer from visual hallucinations as well.  On a neural level, PD is hallmarked by a loss of dopaminergic neurons in the substantia nigra. However, recently there has been an increasing interest in the relation between the cholinergic neurons in the pendunculopontine nucleus and the occurrence of visual hallucinations in PD (Benke, 2006; Manganelli et al., 2009; Janzen et al., 2012). Interestingly, 5HT2a receptor availability has also been related to the occurrence of visual hallucinations in PD (Ballanger et al., 2010). This is the same receptor that is related to the visual effects of psychedelics (Kometer, 2011, 2013). Another neurological disease associated with the occurrence of visual hallucinations is Lewy-body dementia (Collerton et al. ,2012). Interestingly, polymorphisms in a gene coding for serotonin transporters have been related to the occurrence of visual hallucinations in this disease (Creese et al., 2013). Therefore; could blocking the 5HT2a receptor with ketanserin influence the occurrence of visual hallucinations in these diseases?

Coherent gamma oscillations in thalamocortical networks are important for sensory perception (Beherendt et al., 2006). The reticular thalamus plays an important role in maintaining coherent thalamocortical gamma oscillations. It has been suggested that a neurochemical imbalance within the reticular thalamus results in these networks to synchronize in abnormal ways, such that perception is predominated by top-down processes i.e. hallucinations (see for example; Pinault, 2011; Behrendt, 2006). GABA, the main inhibitory neurotransmitter, plays a very important role in this particular function of the reticular thalamus. GABAergic afferents from the reticular thalamus project onto other thalamic nuclei, thereby modulating thalamocortical oscillations. It’s therefore possible that abnormal GABA levels in the thalamus can explain abnormal synchronisation in schizophrenia, LBD and PD patients who suffer from visual hallucinations.
2.2.2 Aim, objectives and research question(s)
As mentioned, visual hallucinations can be a cause of great despair within several psychiatric groups, including PD, LBD and schizophrenia. However, despite decades of research little is still known about what causes visual hallucinations across psychiatric diseases. It is therefore necessary to understand more about the cause of these symptoms in order to develop better treatments. 

Deviant neural synchronisation during gestalt perception has been associated with the occurrence of visual hallucinations in schizophrenia. However, studies investigating the role of these oscillations in other psychiatric diseases associated with visual hallucinations are virtually absent. We therefore aim to investigate the role of deviant synchronisation in PD and LBD, next to schizophrenia. Also, little is known about the neurotransmitters that modulate these effects. We therefore aim to elucidate the role of the 5HT2a (serotonin) receptor in the deviant neural synchronisations during gestalt perception. We chose this receptor for several reasons. First, clozapine, a combined dopamine and serotonin antagonist, has been shown to be effective in reducing hallucinations. Second, serotonin agonists like psilocybin affect gestalt perception and induce visual hallucinations, which are blocked by a 5HT2a antagonist called ketanserin. Third, studies have shown a relation between serotonin receptor availability and visual hallucinations in PD (Ballanger et al., 2010) and LBD (Creese et al., 2013).

We will also assess the role of thalamocortical functional connectivity in the occurrence of visual hallucinations and related deviant neural oscillations for several reasons. First, thalamocortical networks are important in constraining perception. Second, abnormal thalamocortical connectivity is found in schizophrenia patients. Third, psychedelics, both NMDA antagonists and serotonin agonists have been shown to affect thalamocortical coupling, possibly causing the hallucinations associated with their use. And fourth, thalamocortical connectivity is affected in PD due to a loss of cholinergic brainstem projections, thereby causing hallucinations.

We will also measure thalamic GABA and glutamate levels to test the hypothesis that a neurochemical imbalance within the thalamus contributes to thalamocortical functional connectivity and the resulting visual hallucinations (Beherendt et al., 2006). To our knowledge, we will be the first to assess this relation between thalamic neurotransmitter availability and visual hallucinations using MR Spectroscopy.

The following hypothesises are central to this proposal:

- The occurrence of visual hallucinations is inversely correlated with the amount of neural synchronisation during gestalt perception across all psychiatric diseases. These deficiencies are reflected by decreased 28–35Hz range phase-locking over parieto-occipital electrodes of evoked oscillations. Additionally decreased 20–50Hz range phase-locking and a decrease in peak phase-locking frequency over occipital and parietal electrodes in response-locked analysis is expected during invoked oscillations, thereby replicating the findings in the study of Spencer et al., (2003, 2004) and Uhlhaas et al., (2006).

- Ketanserin normalizes neural synchronisation and the presence of visual hallucinations. 

- Synchronisation deficiencies are related to the lack of negative correlations in thalamo-sensory-cortical functional connectivity as measured with resting-state fMRI at 7-tesla, and anatomical connectivity as measured with DTI at 7-tesla.

- Thalamic GABA levels are related to the degree of functional dis-connectivity and the deviations in neural synchronisation during gestalt perception and the presence of visual hallucinations.
2.2.3 Methods and approaches
2.3.3.1 Subjects
The current study investigates four different groups. We will include a group of healthy participants (N=30) to act as a control group, which will be as closely matched as possible to the other three groups. Second, we will include a group of PD patients, schizophrenia patients and LBD patients. The schizophrenia patients are diagnosed according to DSM-IV diagnostic criteria. The participants will be recruited via the psychiatry department of the UMCU, which has access to the to be investigated patient groups. All participants will be scored on a PANSS scale and will perform cognitive tasks (WAIS-III).
2.3.3.2 Measurements and Analyses
Hypothesis tested in A: 
1: Deviant neural synchronisation is related to the occurrence of visual hallucinations




2: Ketanserin normalizes these deviant synchronisations in the visual hallucinations groups.

A. EEG, Placebo and Ketanserin 


(2 x 0,75 hours in total)
Hypothesis tested in B:
1: Thalamocortical functional connectivity explains the occurrence of deviant neural 



synchronisation and the presence of visual hallucinations.




2: Thalamic GABA and glutamate levels are correlated to the presence of visual Hallucination and 


the occurrence of deviant neural oscillations. 

B. fMRI, DTI & MRS (1hour)



Figure1: Overview of the design.
A: EEG
Using a 64-electrode set-up, we will use EEG to assess neural oscillations during visual processing of gestalt stimuli. Each block will consist of around 45 Mooney faces (see cover of research proposal for an example), which are either intact or inverted and slightly altered so faces will not be perceived any more. The task will contain four blocks. During the task the participants will need to make a decision on whether a face is present or not. The tasks will be performed once while having been administered a placebo and once while having been administered 50mg of ketanserin orally. Ketanserin is not on the opium list and therefore relatively easy and cheap to obtain. To estimate the degree of phase-locking of evoked and induced oscillations we will analyse oscillations in the 70-120 post stimulus time window and 200-400 ms post stimulus time window respectively. Since we will use wavelet transformations, the phase-locking index will provide us with an estimation of neural synchronisation irrespective of amplitudes (Tan et al., 2013).
B: fMRI, DTI & MRS
fMRI: A recent study reported a lack of negative correlations between the thalamus and several sensory cortical regions in schizophrenia (Klinger et al., 2013). Therefore we will do a resting-state fMRI scan at 7-tesla to replicate these findings and to see whether they're related to visual hallucinations. Within the current study we will use a graph analysis approach to determine functional connectivity between both the left and right thalamus and cortical sensory areas by computing Pearson correlations between these brain areas for each participant. We will also compute Pearson correlations between several other cortical areas, to assess whether abnormal functional connectivity in these networks are related to neural oscillation abnormalities. Nonetheless, the main focus will be on the thalamocortical network. 
DTI: DTI at 7-tesla will be used to measure white-matter tracks in the participants. Fractional anisotropy values will be computed between thalamocortical brain areas to determine the integrity of the white-matter tracts in these networks for each individual. 
MRS: Voxel-based MR Spectroscopy at 7-tesla will be used to measure GABA and glutamate levels in thalamus and temporal lobe. The latter acts as a control region. Advanced editing pulses will be used to make GABA visible in the metabolite spectrum. Glutamate levels can be determined in the unedited metabolite spectrum. Ratios with the water peak will be computed in order to control for signal intensity differences due to voxel location, skull thickness etc. 

Each part of the MR protocol will take approximately 15 minutes, resulting in a total scantime of an hour. 
C: Hypothesis testing
We will compute the degree of phase-locking in the 28-35 Hz range over parieto-occipital electrodes of evoked oscillations in the patient and control groups. Additionally, phase-locking in the 20-50 Hz range and peak-phase-locking frequency over occipital and parietal electrodes in response-locked analysis during invoked oscillations will be computed in the patient en control groups. Using a regression analysis we compute the correlation between the degree of phase-locking and the occurrence of visual hallucinations as measured using the PANSS. Furthermore, we expect neural synchronisation to be modulated by 50mg orally administered ketanserin. We will test this using a paired-sampled t-test.

Second, we hypothesize that the degree of phase-locking is correlated with functional and anatomical connectivity between thalamic and cortical sensory areas. But possibly also cortical-cortical areas, especially parietal-occipital areas, due to their importance in visual processing. We also expect that thalamocortical functional connectivity is correlated with the occurrence of visual hallucinations as measured using the PANSS. This will again be addressed using linear regression.

Third, we hypothesize that the quantified thalamic GABA and glutamate levels are correlated with functional connectivity and oscillation deficiencies in the schizophrenia. Also we expect them to be correlated with the occurrence of visual hallucinations as measured by PANSS scale. This will be tested using regression analyses. 

2.2.4 Work plan 
Briefly indicate for each calender year which activities are planned
	Year 
	Research activities 

	2014
	Writing protocol for the study. Get EMTC approval.

	2015
	Conducting primarily EEG and MR experiments with schizophrenia patients.

	2016
	Conducting primarily EEG and MR experiments with healthy controls and PD patients.

	2017
	Conducting primarily EEG and MR experiments with PD patients and Lewy-body patients.

	2018
	Finish Lewy-body study and PhD.


2.2.5 Innovation (and valorization if applicable)
Indicate the total number of words of your proposal: 

Around 2200 excluding references, including summary.
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3 Cost estimates
Budget

	
	2014
	2015
	2016
	2017
	2018
	Total (in €)

	PhD student
	33.866
	47.481
	50.277
	53.294
	9.016
	193.933

	Consumables*
	Ketanserin:500
	
	
	
	
	1000

	Other*
	
	MR scans: 30 *300 = 9000
	MR scans: 30 *300 = 9000
	MR scans: 30 *300 = 9000
	MR scans: 30 *300 = 9000
	36.000

	Total
	34.366
	56.481
	59.277
	62.294
	18.016
	230.433


3.1 Justification of budget for consumables and other costs (if applicable)


In order to address the questions in this research proposal regarding the networks involved in creating deviant neural synchronisation and the role of thalamic neurotransmitter availability, we have to use MR-scans. Cheaper options such as EEG do not give us the ability to localize potential sub-cortical causes of these deviant synchronisations. Second, in order to develop better treatments to counter the occurrence of visual hallucinations, we need to learn more about the neurotransmitters involved. We therefore need to administer ketanserin orally to see whether blocking the 5HT2a receptor normalizes deviant neural synchronisations. 

3.2 Costs exceeding the grant
The maximum amount of the grant is 200 k€. Costs exceeding this amount must be covered by the department / PI. 

This grant has been seen and approved by the departmental head:

Name of departmental head:

Date:

Signature of departmental head:

In case of funding, the PI will accommodate and supervise the applicant.

Name of PI:

Date:

Signature of PI:
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4.4 Motivation for application (max. 250 words)
Generally when someone pursuits a career within the neurosciences, one has to be adopted into an existing study. It thereby naturally limits the freedom of the to-be PhD student to pursuit a field of personal interest. Personally, ever since reading Plato I've been fascinated by the notion of perception being merely a shadow of reality. Subsequently the paradigm of cognitive neuroscience provided me the handles to understand a gist of how the human mind in principle always creates it's own reality. During my bachelors I took the opportunity to design my own experiment to investigate the phenomenon of synaesthesia, a subject so telling of the fact that perception can be completely detached from external reality. Subsequent studies and contemplations sparked an interest in how psychedelics change perception, induce hallucinations and alter consciousness. This eventually brought me to the question of how this relates to what various psychiatric patients might experience during a psychosis. Since I decided for myself that I wanted to pursue a scientific career, and the opportunity of writing your own research proposal was granted by my masters programme, I decided to bring my ideas to paper to see whether I can address my questions using the scientific method. This research proposal is therefore the result of a genuine personal interest in how the brain creates hallucinations in several psychiatric and neurological diseases. The answers that this study will provide, will hopefully pave the way for the development of better treatments. 
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