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Clinical examination -  Multiple Sclerosis (Sven 

Schippling) 

INTRODUCTION  

Goals of the course 

Obtain an overview and basic understanding of the most 
important neurological (and psychiatric) diseases: symptoms, 
diagnosis, therapies, pathophysiology and disease 

mechanisms.  

Create links of basic science knowledge in biology, chemistry, 
engineering to diseases and their often lacking or unclear 

mechanistic understanding. Show perspectives toward new 
and better therapies.   

FROM SYMPTOMS TO DISEASE  

• Symptoms (weakness, blurred vision, vertigo, memory failure, 

headache, …)  

– diagnostic procedure, differential diagnosis  

• Syndrome (=characteristic group of symptoms), specific, 

named disease  

• Several different diagnostic tools (imaging, physiological 
alterations, biochemical parameters…)  

• - challenge for disease classification  

  - challenge for the appropriate modelling of the disease  

PROBLEMS IN CLINICAL NEUROSCIENCE 

• Many diseases show a spectrum of manifestations: One or 
several different diseases? (e.g. schizophrenia, autism, 

multiple sclerosis…)  

• Multifactorial background of age, sex, environmental 
conditions, life style…  

(search for causative factors!)  
• Genetic vs. environmental factors  

• Frequent mismatch between clinical importance of a disease 
or syndrome and its visibility in the scientific community (e.g. 
high visibility for genetic neurodegeneration, poor recognition 

of chronic pain, headache, sleep disturbances)  

ANIMAL MODELS  

• Model must match (as many as possible, ideally all!) the 

central characteristics of the disease -> face, construct and 

predictive validity  

• Model must be accessible for experimental manipulations 

and analytical dissection (fish/fly -> rodents -> higher 

mammals)  

• Goal is the formulation of hypotheses on the 
pathophysiological mechanism, of a specific disease or 
disease condition  

• Derived from these mechanistic insights: Novel experimental 
therapies to stop and reverse the disease, repair damage, 

compensate lost functions  

 

 

 

 

 

From animal models to clinical application 

• Preclinical evaluation: Proof of concept in >1 animal species 

with relevance to man, efficacy, mechanistic insights, -
absence of negative effects or toxicity.  Patenting. 

• Development: Large scale production under GMP conditions 

of clinical grade substances; formulation and route of 
application; devices for easy use.  

• Clinical trial Phase 1: Dosage and way of application, 

tolerability and safety: absence of side effects and toxicity; 
open-label (no controls), observation of effects in comparison 
with historical controls.  

• Clinical trial Phase 2: Efficacy, proof of concept in man. 
Double-blind, randomized, with controls. Limited numbers of 

test subjects, few sites.  

• Clinical trial Phase 3: Multicentric, multinational, large 
numbers of patients and clinical sites (very high costs: hospital 
days, follow-ups, insurance; administrative costs for patents, 

regulatory authorities).  

• If successful: Drug or device admitted, recommended use.  

CLINICAL EXAMINATIONS – MULTIPLE SCLEROSIS  

Many syndromes in neuroscience named after people who 
described it first  

 descriptive pathologies  syndromatic diagnosis, then you 

start investigating (e.g. Parkinson’s disease: akinetic tremor 
syndrome, then you start looking for substantia nigra 
degeneration in MRI images)  

 

Syndrome: constellation of symptoms & clinical signs that occur 
together because of the same origin of malfunction in the brain 

(e.g. substantia nigra in Parkinson’s) 
 

Investigation: history taking important! -> exposure to toxins, 

travels, family history, when & how did it start?  

(sidenote: brain feels no pain, only meningis)  
  

NEUROLOGICAL EXAMINATION  

 already starts when patient enters room (walking) & says 
“Hello” (speech)  
 Mental Status, Cranial Nerves, Motor, Sensory, Cerebellar, 

Gait 
1) Mental status  

• Level of awareness & alertness  

- coma looks like sleep but you can’t wake them up  

- qualitative disorders of awareness: e.g.:  

-> encephalopathy: patient seems silly, only watches, 
maybe aphasic, hallucinations 

-> drugs/intoxications: LSD, mushrooms 

• degree of interaction 

• orientation 

• following commands 

• older children: naming objects, simple calculations, 
extinction, neglect, fund of knowledge 

• difference from baseline  
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Language and Speech  

Language: comprehension, spontaneous, fluent, appropriate 
content, other things: repetition, naming objects, reading, 
writing  

Speech: prosody (Satzrhythmus), volume, rate, dysarthria 
(motoric problem vs. aphasia, where patient can’t find words)  

2) Cranial nerves  

 
NAME NUMB

ER 

FUNCTION ACTIVITY 

Olfactory I Sensory Sense of smell 

Optic II Sensory vision 

Oculomotor III Motor Pupillary reflex, extrinsic 

muscle movement of eye 

Trochlear IV Motor Eye-muscle movement 

Extraocular eye 

movements (superior 

oblique) 

Trigeminal V Mixed Ophthalmic branch: 

sensory impulses from 

scalp, upper eyelid, nose, 

cornea and lacrimal gland 

Maxillary branch: sensory 

impulses from lower 

eyelid, nasal cavity, upper 

teeth, skin of chin, and 

lower lip 

Motor action includes 

teeth clenching, 

movement of mandible 

Abducens VI Mixed Extrinsic muscle 

movement of eye 

Extraocular eye 

movements (lateral 

rectus) 

Facial VII Mixed Taste (anterior 2/3 of 

tongue) 

Facial movements such as 

smiling, closing of eyes, 

frowning 

Production of tears and 

salivary stimulation 

Vestibulococ

hlear 

VIII Sensory Vestibular branch: sense 

of balance or equilibrium 

Cochlear branch: sense of 

hearing 

Glossophary

ngeal 

IX Mixed Produces the gag and 

swallowing reflexes 

Taste (posterior 1/3 of 

tongue) 

Uvula 

Vagus X Mixed Innervates muscles of 

throat and mouth for 

swallowing and talking  

-> phonation 

Other branches 

responsible for 

pressoreceptors and 

chemoreceptor activity 

-> palate elevation 

Accessory XI Motor Movement of trapezius 

and sternocleidomastoid 

muscle. Some movement 

of larynx, pharynx and 

soft palate 

-> head turn, shoulder 

shrug 

Hypoglossal XII Motor Movement of tongue for 

swallowing, movement of 

food during chewing and 

speech 

-> tongue protrusion 

 

Olfactory Nerve CN1  

• Probes (patient needs to have learned the smell) 

• not experiencing a difference (water as reference), 

• if someone pretends: take probe with strong smell that 
causes physiological reaction (running nose & eyes), person 
pretending will insist on not smelling anything whereas 

someone who really doesn’t smell anything would avoid it 
because of the uncomfortable physiological reaction.  
  

Optic Nerve CN2  

• Visual acuity -> central vision / Snellen charts 

• Visual fields 

• pupillary reflex / light reaction 

• fundus  

 

• Nasal fibers: contralateral  

• Temporal fibers: ipsilateral  

• Photoreceptors (cones & rods), bipolar cells, retinal ganglial 
cells   3 sets of neurons   

• High and low contrast: different level of redundancy in cells in 

retina  

• Optic nerve: axons of retinal ganglia cells, part of the CNS  

Test Response Score 
Eye opening Never 

To pain 

To verbal stimuli 
spontaneously 

1 

2 

3 
4 

Best verbal 
response 

No response 
Incomprehensible words 

Inappropriate words 

Disoriented and converses 

Oriented and converses 

1 
2 

3 

4 

5 

Best motor 
response 

No response 

Extension abnormal 
(decerebrate rigidity) 

Flexion abnormal 
(decorticate rigidity) 

Flexion withdrawal 

Localized pain 

Obeys commands 

1 

2 

 

3 

 

4 

5 

6 

 Total Score 3-15 

When used initially, the scale provides an estimate of 
severity of brain injury. Coma scores of 3 to 5 indicates 
potentially fatal damage, especially if accompanied by fixed 
pupils or absent oculovestibular responses. Admission 
scores of ≥ 8 correlates with likelihood of good recovery. 
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(sidenote: alpha-motor neurons on ventral horn are functional 
peripheral nerves, even though they belong to the “anatomical” 

CNS (spinal cord))  

  

Cranial Nerves III, IV, VI  extraocular eye movement 

 

 

 

 

 

CN IV (Trochlear) 
• Looking down and to the side => superior oblique  

CN VI (Abducens) 
• Looking to the side => lateral rectus  

CN III (Oculomotor)  
• other movements => superior, medial and inferior 
rectus; inferior oblique 
 

Trigeminal Nerve CN5  
Anesthetized by dentist, superficial sensations, chewing  
-> Facial sensation (V1, 2, 3 divisions) 
 
Facial Nerve CN7  
Pons, tears, tongue, facial muscle  

 

• Branchial motor 

• Visceral motor 

• Special sensory 

• General sensory 

 

 

Human and mouse retina 

• ILM: Inner limiting membrane 

• RNFL 

• GCL: Ganglion cell layer 

• IPL: Inner plexiform layer 

• INL: Inner nuclear layer 

• ONL: outer nuclear layer 

• BM: Bruch’s membrane 

• CGG (human):  RNFL + GCL + IPL 

Mouse Retina Human retina 

From inner to outer retina: 

ILM, RNFL, GCL, IPL, INL, 

ONL, Choroid 

From inner to outer retina: 

ILM, RNFL, GCL, IPL, INL, 

ONL, BM 

 

OCT (Optical coherence tomography) 

3) Motor functions 

 Tone, muscle bulk, strength: check agonist/antagonist pairs, 
abnormal movements, pronator drifts (if positive indicates 
spasticity)  

 
Grading system 
0: no movement  

1: can see muscle contraction but no movement  
2: can move with gravity eliminated  
3: can move against gravity  

4: can resist opposition to some extent, but not full (+,- also)  
5: full strength  
 

Muscle(s) Function Primary Nerve Origin 

DELTOID Shoulder 
abduction 

Axillary C5-C6 

BICEPS Elbow 
flexion 

musculocutaneous C5, C6 

TRICEPS Elbow 

extension 

Radial C6, C7, 

C8 

WRIST 
EXTENSORS 

 Radial C6, C7, 
C8 

WIRST 

FLEXION 

 Median C6, C7 

HAND GRIP Grasp 
fingers 

Median C7, C8, 
T1 

FINGER 
ADDUCTION 

 Median Cz-T1 

FINGER 

ABDUCTION 

 Ulnar C8, T1 

THUMB 
OPPOSITION 

 Median C8, T1 

HIP FLEXION  Iliopsoas L2, L3, 

L4 

HIP 
EXTENSION 

 Gluteus maximus S1 
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Motor 

Function 

Muscles Primary 

nerve 

Origin 

KNEE 
EXTENSION 

Quadriceps  L2, L3, L4 

KNEE FLEXION Hamstrings  L4, L5, S1, 
S2 

FOOT 
DORSIFLEXION 

Tibialis Anterior Deep 
peroneal 

L4, L5 

ANKLE 
PLANTAR 
FLEXION 

Gastrocnemius  Mainly S1 

EXTENSION OF 
GREAT TOE 

Extensor 
hallicus longus 

 L5 

 

Reflexes 

Grading system:  

0: absent  
1+: hyporeflexic  
2+: normal  

3+: brisk, without clonus  
4+: brisk, with clonus  
More pathologic descriptors: crossed, spreading, clonus 

(sustained, unsustained), pathological reflexes, plantar 
response  
Babinsky sign: sensory stimulus on outer part of lower foot  

 stretch big toe and spread small toes (normal: plantarflexion 

of toes), newborns have it (basal ganglia not yet developed) 

 

4) Sensory functions 

• Epicritic: superficial sensation (gentle touch), light vibration 
 cross in brainstem (medulla)  

• Protopathic: pain & temperature  cross in spinal cord  

• Semi-transection: Brown-Séquard-Syndrome  

• Ipsilateral: vibration (touch) sensation impaired  
• Contralateral: pain, temperature and pressure 
sensation impaired  

• How and what part of the nervous system are we checking?  
- Light touch  

- Pinprick 

- Temperature  
- Vibration  

- Joint position sense  

• Checking a level  

• Romberg-correct positioning! -> test of neurological function 
for balance 

 

 

 

5) Cerebellar 

• Ataxia -> lack of voluntary coordination of muscle 

- Axial -> disability 
- Appendicular -> decrease in coordination in extremities 

• Finger-nose-finger -> measures upper-extremity movement 
• Heel-knee-shin -> measure of coordination 

• Rapid alternating movements -> maybe have Dysdiadochokinesis 
 

6) Gait 

• Casual  
• Toe  test early foot plantarflexion (foot goes down) weakness 
• Heel  test for foot dorsiflexion (foot goes up) weakness 
• Tandem  diagnose ataxia (because of unsteady gait -> not 
definitive -> can also be another disease like vision difficulties, 
problems with the motor neurons or associative cortex,…) 
 

MS – a heterogeneous disease 

Visual System 

Common “start” of MS manifestation: optic neuritis 
(pain in eye movement, blurred vision, colors)  
Can cause severe damage in retina architecture in MS  

Inflammation behind eye -> damage to axons from optic nerve 

-> continues to ganglion 
cells: retrograde 
degeneration (against 
synaptic signaling direction) 
(ganglion cell dies when 
axon is cut)  
 

 Even without inflammation (neuritis) damage 
• Acute active lesions lead to secondary axonal damage and 
microglia activation  
• Axonal damage starts early and primarily not necessarily 
associated with overt clinical disability (e.g. motor impairment)  
• Irreversible neuro-axonal degeneration is the correlate of 
sustained disability progression in MS 
• 20% of patients with MS experience an inflammatory episode 
of the optic nerve as primary manifestation  
• 70-80% suffer from visual disability at some stage of their 
disease   
• Often a functional deficit in low contrast visual acuity remains 
• Axons are transected during inflammatory demyelination  
 Structural abnormalities on T1 weighted MRI reflects axonal 
damage 
 

Retinal pathology in MS patients 

~80% MS-patients with atrophy of RNFL and GCL 
~40% MS-patients with atrophy of INL 
 retina changes even in patients without optic neuritis  
 retinal layers become thinner 
 
Epidemiology of MS 
• Autoimmune inflammatory, demyelinating and degenerative 
disease of the CNS  
• 4.000.000 people affected worldwide  
• Approx. 12.000-14.000 patients in CH; 130.000 in DE 
• Prototypic autoimmune disease:     
 Environment carries out of latency (not really genetic, only 
risk factors)  

Disorder of… Upper Motor 
Neuron 

Lower Motor 
Neuron 

Strength ↓ ↓ 

Tone ↑ Spasticity 
(Tonuserhöhung) 

↓ Hypotonia 

DTR’s (= deep 
tendon reflex) 

↑ Brisk DTR’s ↓ Diminished or 
Absent DTR’s 

Plantar 

Responses 

↑ Upgoing Toes 
(dorsiflexion) 

↓ Downgoing 

Toes (plantarflexion) 

Atrophy / 
Fasciculation 

None + / - 
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• More likely on northern hemisphere, risk acquired until 

puberty  

• Hormonal factor:  female 2-3 : 1 male   

• Age of onset: 25-30 -> young adults 

• On & off symptoms: relapses  

Inflammatory episode: symptoms  

Primary: inflammation auto-immune     

CIS (clinically isolated syndrome)  

Secondary:  transection of axons    

2nd phase progressive    

at the end problems walking 

 

Etiology of MS 

Aberrant immunology of MS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Multifactorial etiology of MS 

• Genetic factors:  

• HLA-DRB1*1501: OR 2.7 -> 2,7 x higher risk 

of developing MS when having mutation in 
this gene 

   • IL-2 receptor: OR 1.2 

   • IL-7 receptor: OR 1.2 

   • CD58, RPL5, TFNR, ALK, … 

   • ….. and many other genes (>120, OR < 1.2) 

• Environment • EBV? 

   • HHV6?? 

   • Vitamin D?? 

 

Interplay between environment and genetic factors 

• Environmental factors: Viral factors, Vitamin D/ Sun exposure, 
diet, geography 

• Genes: genome allelic variations, risk genes / HLA 

• Post genomic modifications: gene rearrangements, somatic 

mutations, retroviral 

 

 

 

 

 

 

 

 

Common presentations  

• Visual   

- Optic neuritis   

- INO (internuclear ophthalmoplegia) / diplopia  

• Motor (weakness; fatigability)   

- Progressive neuropathy   

- Incomplete transverse myelitis  

• Sensory (numbness; paraesthesia; pain)  
(Eine Parästhesie ist eine nicht-schmerzhafte Empfindung im Versorgungsgebiet 

eines Hautnervs ohne erkennbare adäquate physikalische Reize. Sie wird von 

den Betroffenen meist als Kribbeln, „Ameisenlaufen“, Pelzigkeit, Prickeln, 
Jucken, Schwellungsgefühl und Kälte- oder Wärmeempfindung beschrieben.) 

 - Lhermitte’s (electrical sensation that runs down the 

back and into the limbs, elicited by bending the head 

forward) 

 - Incomplete transverse myelitis  

• Coordination   

- Ataxia  

• Gait  

 

 Relapsing Remitting 
MS (RRMS) 

Secondary 
Progressive MS 
(SPMS) 

Brain volume 

Atrophy 
measures 

EDSS 

Lesion load T2 

T1 Gad 

 

 

 

 

Pathology 

 

 

 

 

MRI  

 Inflammation Demyelination / 
Axonal loss 

Therapies Anti-inflammatory / 

Immunomodulatory 

Myelin / Neural 

repair 

 

Typical MRI finding in MS 
- Gd enhancing  - Juxtacortical 

- T2 hyperintense  - Periventricular 

- Infratentorial lesion - Spinal cord 

 
- T1 hypointense lesions (black or grey holes) 
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Structural abnormalities on T1 weighted MRI reflects axonal 

damage – T1 hypointensities 

PD-w MRI                                  T1w MRI  

 

Slightly 

hypointense 

 

Intermediate 
hypointense 

 

 

Strongly 
hypointense 

 

 
• Inflammation locally disrupts blood-brain-barrier  Gd leaks 
out  

• Arrow shows gadolinium enhancement  inflammation  

• Black holes: axon transection  tissue distraction sustained 
disabilities (when plasticity exhausted)  

• Nuclei of lymphocytes at site of inflammation  

• Medication needs to overcome blood-brain-barrier 

 

Components of MS pathology 

• Lesions of the grey matter  

• Focal lesions of the white matter 

• Diffuse abnormal white matter 

 

Relapse  

• Focal neurological deficit (demyelination)  

• >24 h  

• Absence of fever (Uhthoff: phenomenon when body 

temperature rises, sauna etc.)  

 

“a focal disturbance of function, affecting a white matter tract, 
lasting for more than 24 hours. Typically, tends to progress over 

a period of a few days, reaching a maximum in less than 1 
week and then slowly resolving.” – Schumacher et al. 

 
“occurrence of a symptom or symptoms of neurological 

dysfunction, in the absence of fever, with or without objective 
confirmation, lasting more than 24 hours.” - Clinical trials 

 

Defining the clinical course of MS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• 1996: MS clinical description  Subtypes 

  -> RRMS  

-> with full recovery from relapses or with 
sequelae/residual deficit after incomplete recovery 

• 2013: MS disease modifiers  Phenotypes 

  -> CIS -> not active or active 

  -> RRMS -> not active or active 

 

Diagnosis  

Dissemination in space (DIS) and time (DIT) 

Space: ≥ 2 objective lesions in CNS   

Time: chronicity 

  

Until 2001  

MS = clinical diagnosis 

(Optic neuritis, 1. 

Clinical event, Myelitis, 
2. Clinical event  

-> relapse) 

 

McDonald 2001 

(1. MRI: Dissemination 
in space 

2. MRI: new T2 lesion) 

  

 

MS diagnostic criteria – 2010 revision 
Dissemination in space (DIS) and time (DIT) demonstrated by MRI 

For demonstration 

of DIS 

DIS can be demonstrated by ≥ 1 T2a 

lesion in at least 2 of 4 areas of CNS: 

- Periventricular 

- Juxtacortical 

- Infratentorial 

- Spinal cordb 

a Gadolinium enhancement of 
lesions is not required for DIS 
b If a subject has a brainstem or 

spinal cord syndrome, the 
symptomatic lesions are excluded 
from the criteria and do not 

contribute to lesion count 

For demonstration 
of DIT 

1. A new T2 and / or gadolinium-
enhancing lesion(s) on follow-up 

MRI, with reference to a baseline 
scan, irrespective of the timing of 
the baseline MRI 

2. Simultaneous presence of 

asymptomatic gadolinium-
enhancing and non-enhancing 
lesions at any time 

Of MS in disease 
with progression 
from onset 

PPMS may be diagnosed in subjects 
with: 

1. One year of disease progression 

(retrospectively or prospectively 
determined) 

2. Plus 2 of the 3 following criteriaa: 

a) evidence for DIS in the brain 

based on ≥ 1 T2b lesions in at least 1 
area characteristic for MS 
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(periventricular, juxacortical, or 

infratentorial) 

b) evidence for DIS in the spinal cord 
based on ≥ 2 T2b lesions in the cord 

c) Positive CSF (isoelectric focusing 
evidence of oligoclonal bands and / 
or elevated IgG index) 
a If a subject has a brainstem or 

spinal cord syndrome, all 
symptomatic lesions are excluded 
from the criteria 
b Gadolinium enhancement of 
lesions is not required 

 

Concept of “no better explanation”   2017 considerations 

•  The possibility of NMOSD should be considered in all patients 
being evaluated for MS  
•  Serologic testing for AqP4 and, when available, MOG should 

be performed in all patients with features suggesting NMOSD 
 NMOSD = neuromyelitis-optica-spectrum disorder 
MOG = myelin oligodendrocyte glycoprotein 

AqP4 = aquaporin-4 
 

Considerations to avoid misdiagnosis 

• Recognize that the McDonald criteria were developed and 
validated to identify MS or high likelihood of MS in patients 
with a typical CIS, not to differentiate MS from other 

conditions  
• Integration of the history, examination, imaging, and 
laboratory evidence by a clinician with MS-related expertise 

remains fundamental in making a reliable diagnosis of MS or an 
alternative diagnosis  
 

2017 Revisions to the McDonald Criteria 
 1. In a patient with a typical CIS (ON, myelitis, brain stem 
syndrome) and fulfillment of clinical or MRI criteria for DIS and 

no better explanation for the clinical presentation, 
demonstration of CSF-specific OCBs allows an MS diagnosis to 
be made. 

Addition to the 2010 McDonald criteria. 
 
2. Symptomatic and asymptomatic MRI lesions can be 

considered in the determination of DIS or DIT. 
In the 2010 McDonald criteria, a symptomatic lesion in a 
patient presenting with a brainstem or spinal cord CIS could not 

be included as MRI evidence of DIS or DIT.   
 
3. Cortical and juxtacortical lesions can be used in fulfilling MRI 

criteria for DIS.  
In the 2010 McDonald criteria, cortical lesions could not be 

used in fulfilling MRI criteria for DIS. 
 
4. The diagnostic criteria for primary progressive MS are the 

same in the 2017 as in the 2010 criteria. 
Aside from/expect the removal of the distinction between 
symptomatic and asymptomatic lesions and that cortical lesions 

can be used. 

 

2017 McDonald Criteria 

Clinical presentation Additional data needed for 
MS diagnosis 

≥2 clinical attacks and 

objective evidence of ≥2 
lesions  

≥2 clinical attacks and 

objective evidence of 1 
lesion   

1 clinical attack and 

objective evidence of ≥2 
lesions   

1 clinical attack and 

objective evidence of 1 
lesion 

None  

 

DIS: an additional clinical 
attack implicating a different 

CNS site  
OR by MRI  

DIT: an additional clinical 

attack OR by MRI OR CSF-
specific OCBs  

DIS and DIT: both of the 

above 

 

DIS ≥ 1 lesion in ≥ 2 locations 

 

Changes from the 2010 McDonald criteria: 

• No distinction between symptomatic and asymptomatic 

lesions  
• Both cortical and juxtacortical lesions can be utilized 

 

DIT can be demonstrated by:  

 • Simultaneous presence of gadolinium-enhancing and non-

enhancing lesions at any time  

OR   

 • A new T2 or gadolinium enhancing lesion on a follow-up MRI 
with reference to a baseline scan, irrespective of the timing 

between scans 

 CSF-specific oligoclonal bands (OCBs) (≥2) can substitute 
MRI criteria for DIT! 
 

MRI in MS: Concomitant presence of Gd-enhancing and Non-

enhancing lesions indicates dissemination in time (DIT) 

• T1w without Gd 

• Gd-Enahnced T1w 

• T2w 

 MRI is predictive of future disability progression 
 

Issues that were discussed but could not be resolved  

1. How to incorporate the involvement of the anterior visual 
pathway (optic nerve not recognized as a site to prove DIS)?  

2. How to handle non-classical presentations such as so-called 

radiologically isolated syndromes (RIS) (= typical MRI findings in 
the absence of a clinical index event)?  

3. Increase in the number of periventricular lesions (n=3 instead 

of 1) to qualify for DIS? 
 

CSF (Cerebrospinal fluid) findings in MS 

• Diagnostic procedure 

• Relevance of 
oligoclonal bands: 
Conversion from CIS to 

clinically definite MS 
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High, medium, low impact factors on progression  

Effect of baseline clinical, biological and MRI characteristics on 
the risk of attaining an EDSS score of 3.0  

EDSS 3.0 multivariate 
analysis  

• Blue: indicates low 
impact prognostic 
factor  

• Green: indicates 

medium impact  

prognostic factor  

• Red: indicates high-

impact prognostic 
factor 

 

Case 1 

• 46-y.o. female with subacute numbness of both legs, walking 

problems (unstable gait)  

• 2005: Visual problems on her right eye (Optic neuritis?)  

 

additional investigations (Zusatzuntersuchungen) 

• CSF: 68/3 cells, OCB negative  

• VEP: conduction slowing on both eyes (indicative of 
demyelination of the optic nerve)  

• MRI …  

 

Ist NMO Teil des Multiple Sklerose Spektrums?  

 NMO is not a variant of MS 
NMO = neuromyelitis optica = Devic Syndrom 

 

 Multiple sclerosis 

(MS) 

Neuromyelitis 

optica (NMO) 
Definition CNS symptoms and 

signs that indicate the 
involvement of the 
white-matter tracts.  

Evidence of 
dissemination in space 

and time (DIS and DIT) 
on the basis of clinical 
or MRI findings. 

No better explanation 

Transverse myelitis 
and optic neuritis 

At least two of the 
following: brain 
MRI, non-

diagnostic for MS; 
spinal cord lesion 
extending over 
three or more 
vertebral 
segments; or 
seropositive for 
NMO-IgG 

Clinical onset 
and course 

85% remitting-
relapsing (RRMS) 

15% primary-
progression (PPMS) 

Not monophasic 

Onset always with 
relapse 

80-90% relapsing 
course 

10-20% 
monophasic course 

Median age of 
onset (years) 

29 39 

Sex (F:M) 2:1 9:1 

Secondary 
progressive 

course 

Common 

 

 

 

Rare 

MRI: brain Periventricular white-
matter lesion 

Usually normal or 
non-specific white-
matter lesions; 
10% unique 
hypothalamic, 
corpus callosal, 
periventricular, or 

brainstem lesions 

MRI: spinal 
cord 

Short-segment 
peripheral lesions 

Longitudinally 
extensive (≥ 3 
vertebral 
segments) central 
lesions 

CSF white-

blood-cell 
number and 
differential 
count 

Mild pleocytosis 

Mononuclear cells 

Occasional 

prominent 
pleocytosis 

Polymorpho-
nuclear cells and 
mononuclear cells 

CSF oligoclonal 
bands 

85% 15-30% 

 

The spectrum of neuromyelitis optica (NMO) 

• Limited forms of neuromyelitis optica 

 • Idiopathic single or recurrent events of longitudinally 

extensive myelitis (≥ 3 vertebral segments spinal cord 

lesions seen on MRI) 

• Optic neuritis: recurrent or simultaneous bilateral 

• Asian optic-spinal multiple sclerosis 

• Optic neuritis or longitudinally extensive myelitis associated 
with systemic autoimmune disease 

• Optic neuritis or myelitis associated with brain lesions typical 

of neuromyelitis optica (hypothalamic, corpus callosal, 
periventricular, or brainstem) 

 

NMO Diagnostic criteria 

Definite NMO 

• Optic neuritis 

• Acute myelitis 

• At least two of the tree supportive criteria 

 1. Contiguous spinal cord MRI lesions extending over 

≥3 vertebral segments 

2. Brain MRI not meeting diagnostic criteria for MS 

3. NMO-IgG seropositive status 

 

EDSS = Expanded disability status scale 

0-2: no subjective 

malfunction, but 
neurological 
findings  

2-4: mild disability  

4+: motor function 
impaired  

7+: assistance 

needed  

10: death by MS 
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The prognostic value of MRI 

Initial lesion load and long-term disability 

Baseline T2 lesion load and long-term disability 

 

 

 

 

 

 

 

 

Increase in T2 lesion load and disease evolution 

 

 

 

 

 

 

 

 

 

• SPMS = Secondary progressive multiple sclerosis 
• RRMS = Relapsing-Remitting multiple sclerosis 

• CIS = Clinically isolated Syndrome 
 

MRI is predictive of future disability progression 

 

Therapeutic options in MS 

• relapse therapy (= Schubtherapie) 

 • 1st choice: Methylprednisolonpuls 

 • 2nd choice: Plasmaseparation  

• progression-modified therapy (= verlaufsmodifizierte 
Therapie) 

 • mild / moderate progression 

 • (high-) active progression 

  those two are again separated into CIS, RRMS and 

SPMS 

Evidence of B cell pathology in Multiple Sclerosis (MS) 

• Oligoclonal IgG 
• Pathological heterogeneity  

  heterogeneity of MS lesions: Implications for the 

pathogenesis of demyelination 

B cells can contribute to the pathophysiology of MS 
• Antigen presentation by T-cell 

• Cytokine production: CD20+ B-cells 
 interact with each other 
• Ectopic lymphoid follicle-like aggregates 

 
Targeting CD20+ B cells and long-term immune memory 

 

 
 
 

 
 

 Ocrelizumab is a humanized monoclonal antibody that 

selectively depletes CD20+ B cells 
 

OPERA I and II: Two identical studies evaluating the efficacy 
and safety of ocrelizumab in RMS 
Study objectives and endpoints  

 
 
 

 
 
 

Objectives  
• To evaluate the efficacy and safety of ocrelizumab compared 

with IFN β-1a in patients with RMS  
 
Primary endpoint  

• Annualized relapse rate (ARR) at 96 weeks  
 
Key secondary endpoints  

• 12- and 24- week confirmed disability progression (CDP)   
• Number of T1 Gd-enhancing lesions (weeks 24, 48 and 96)  
• Number of new and/or enlarging T2 lesions (weeks 24, 48 and 

96) 



Clinical Neuroscience FS20 – Chantal Widmer 

10 
 

 Over 85% of patients in the ocrelizumab arms completed the 

OPERA I and OPERA II studies 
 
 

 
 
 

 
 

 
 
 

 
Primary endpoint: Significant reduction in ARR compared with 
IFN β-1a  

-> ~46% ARR reduction vs IFN β-1a 
 
 

 
 
 

 
 
 

 
Secondary endpoints: Significant reduction in CDP in the pre-
specified pooled analysis of OPERA I and OPERA II 

  -> risk reduction: 40% 
 
 

 
 
 

Exploratory analysis by study:  Consistent reduction in 12- and 

24-week CDP 
  -> risk reduction: OPERA I: 43% and OPERA II: 37% 
 

 
 
 

 
 

 
 
 

 
 
Secondary endpoint: Significant reduction in number of T1 Gd+ 

lesions compared with IFN β-1a 
  -> ~94% reduction vs IFN β-1a 
 

 
 
 

 

 

 
 
 

 
 
 

 
 

Clinical event rates in MS Phase III trials  
 
Relapse rates are decreasing in 

placebo cohorts of MS Phase III 
clinical trials over time 
 

 
 

Some background on brain atrophy in MS 

• In MS, brain atrophy occurs at ~ 5–10 times the rate observed 
by ageing (0.1–0.3% per year); begins early and persists 
throughout 

• Brain volume loss used to assess neuro-axonal degeneration 
(potential measure of neuroprotection in clinical trials?) 
• Brain/spinal cord atrophy correlates significantly with 

physical disability and cognitive dysfunction in MS 
• Brain atrophy that is predictive of future disability; may be a 
stronger predictor of disability than T2/T1 lesion-load measures 

 
Neuroaxonal loss are substrates of MRI measured cortical 
pathology 

 
 
 

 
 

 
 
 

 
 
 

Brain atrophy starts early in the disease and persists 
throughout 
Relevance of brain atrophy – Group level evidence 

Relationship between degree 

of brain atrophy in MS, 
expressed change in brain 
parenchymal fraction (BPF) 

and the proportion of 
patients reaching an 

Expanded Disability Status 

             Scale (EDSS) score 6 or more. 

EDSS = Expanded disability status scale; MSFC = MS functional 

composite; BPF = brain parenchymal fraction 
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Epilepsy and sleep (Lukas Imbach) 

HISTORICAL ASPECTS 

 

 

 

 

 

 

In February 1912, Alfred Hauptmann, then a young clinical 

assistant in Freiburg, slept above the ward of patients with 

epilepsy. Annoyed by being kept awake by the noise of 

seizures at night, he gave them phenobarbital as a hypnotic 

and then observed that their seizures were also suppressed. 

• 1st accurate description by Jackson (Jacksonian seizure)  

• Phenobarbital as 1st treatment discovered  

• EEG developed by Hans Berger 1929 

WHAT IS EPILEPSY? 

= Epilepsy is defined as a brain disorder characterized by an 

enduring predisposition to generate epileptic seizures and by 

the neurobiologic, cognitive, psychological and social 

consequences of this condition (ILAE). 

= Epilepsy is a chronic condition of repeated seizures. 

Diagnosis of Epilepsy 

• 2 seizures 

• 1 seizure and a high risk of recurrence 

• genetic epilepsy syndrome 

What is a seizure? 

= temporary disruptions of normal brain function resulting 

from abnormal, excessive neuronal activity. 

 

ILAE Classification 2017 

Main classification is between focal and generalized epilepsy 

• Seizure types: focal, 

generalized, unknown 

• Epilepsy types: focal, 

generalized, combined, 

unknown 

• Etiology: structural, genetic, 

infectious, metabolic, 

immune, unknown 

 

Criteria Focal seizure Generalized seizure 
Onset Part of brain Whole brain 

Conscious

ness 

Simple 

focal: 

Normal 

Complex 

focal: 

Impaired 

Always impaired 

Temporal 

Evolution 

None 

(stays 

focal) 

With 

secondary 

generaliza

tion 

Primary 

generalized 

Secondary 

generalized  

  focal seizure: begins at one site, then generalization 

(defined by onset)  

  generalized (primary) seizure: whole brain instantly 

affected (usually results in unconsciousness) 

 

 

 

Focal and secondary generalized 

seizures share the concept of a local 

seizure focus with possible spreading to 

the whole brain.  

 

 

 

 

Primary generalized seizures are driven 

by pathological cortical 

hyperexcitability and thalamocortical 

afferents. 

 

 

Causes & Semiology’s  
Provoked (can affect anybody):  

• Drugs/medication   • Flashing lights 

• healthy brain   • Fever 

• Electrolyte disturbances 

• Sleep restriction e.g. glutamate ↑ and sleep deprivation 

Symptomatic:   

• Brain tumor (lesions, electrolytes around neurons)   

• Stroke   

• Intracranial bleeding   

• TBI – traumatic brain injury   

• Inflammation (meningitis, auto-immune infections, CNS) 

Genetic:   

• Flash light (~10-15 Hz, the faster the more distinct)   

• Channelopathy  • Metabolic genetic disease 

• Na-Channels  • Neuroreceptors 

 

EEG  

Source: Synaptic potentials of synchronized neurons (averaged 

potentials) 

Spatial resolution: 5-9 cm (volume conduction mixture) 

(distance between skin & brain site)  

Temporal resolution: dependent on the sampling rate (1/200 – 

1/10’000s)  

 really fast  

Filtering: soft tissue and bones are equivalent to low pass filters 

( no action potentials are visible in EEG) 

If many neurons are 

synchronically activated:  

𝐷 = ∑𝑑i 

Excessive signals  

 Hypersynchronization 

(usually stay locally focused) 

Too much synchronization  

 pathology/seizure 
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Pathophysiology 

Focal seizure 

Source: Focal seizures originate from enhanced excitability in a 

small group of neurons (epileptic focus).  

Basis mechanism: Pathological (hyper)synchronization is 

caused by a breakdown of surrounding inhibition between 

neurons (inhibition of inhibition  higher excitation).  

Different states of epileptic focus:   

• Interictal (between seizures)   

• Ictal (seizure)   

• Status (ongoing seizure) 

Activating (AMPA, 

NMDA, gca) and 

inhibitory (GABA, 

gk) channels 

involved in seizure 

generation. 

 

Epileptic form activity in the EEG: 

 

 

 

 

 

 

 

Treatment and management 

• Pharmacotherapy:  

• Anticonvulsive drugs act on cellular level (e.g. Na 

channel blocker, GABA agonists)  

• Surgical treatment:   

• ‘Mechanical solution’ by removal of epileptic activity   

• Vagal nerve stimulation (inhibitory signaling?)   

• Deep brain stimulation (seizure propagation?)  

• Disease specific treatment:   

• E.g. immune-suppressive therapy in limbic 

encephalitis 

• Ketogenic diet  

  

 usually a combination of them 

 

Mechanism 

 

 

 

 

• the most: ion 

channels  

 Na, Ca, GABA, GLUT 

• 2nd: vesicles 

 SV2A, HVA 

• 3rd: postsyn. 

 AMPA/NMDA 

 

 

 

Indication 

• focal epilepsy, primary generalized, … 

 

Efficacy of anticonvulsive drugs 

 

Ca 60% are seizure free on 1-2 

drugs 

… but what about the other 

36%? 

 

 

• 1 drug: 47%; 2 drugs: 13%; 3 drugs: 4% 

 

Surgical Treatment 

1. Removal of epileptogenic zone might lead to seizure 

freedom 

General requirements: 

• Pharamokoresistant epilepsy 

• Single epileptic focus 

• No or only minimal deficits to be expected post-operatively 

 

Procedure (Verfahren) Indication 

Selective 

Amygdala-

Hippocampectomie 

 Amonshornsclerosis 

(AHS) or other 

pathological 

changes in the 

mesial temporal 

lobe 

Adjusted temporal 

lobe resection 

temporal lesion or 

cryptogenic 

temporal lobe 

epilepsy 

topectomy 

(lesionectomy) 

Extratemporal 

lesion 

hemispherectomy, 

hemispherotomy 

Hemisphere lesion 

or -inflammation 

 

Patient H.M. 

Henry Gustav Molaison 

• lost 2/3 of the hippocampus, the gyrus parahippocampalis 

and the amygdala 

• his hippocampus seemed to have no function anymore 

• he suffered from severe anterograde amnesia 
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• his working memory and his procedural memory (the know-

how memory) were functional -> Molaison could no longer 

store new events in his long-term declarative memory 

 

1.1 Selective Amygdala Hippocampectomie 

Indication: 

   • Drug resistant epilepsy 

   • Uni-lateral epileptogenic focus 

   • non-dominant hemisphere better regarding  

NPS (= neuropeptide S) outcome 

Minimal work-up: 

   • LT(=Long-term)-Video EEG monitoring with 

seizure documentation 

   • MRI with macrostructural post-processing 

   • neuropsychological testing (language and 

memory function) 

Additional (case-dependent): 

   • invasive monitoring (depth electrodes, ECOG) 

   • WADA test 

   • fMRI, ictal SPECT,…. 

 

2. Vagal nerve stimulation (VNS) 

• Reduction of seizure 

frequency at 30-50%  

• Anti-depressive ‘side  

effect’ 

 

 

3. Callosotomy 

• Particularly of interest in GTCS (generalized tonic-clonic 

seizures, grand mal seizure) and drop attacks  

• Seizure-freedom is rare  

• Significant potential side effects:  

• Paralysis  

• Aphasia  

• Depression 

 

 

  

4. Deep Brain Stimulation (DBS) 

• Rationale: Local inhibition of epileptic networks 

• Target: Anterior nucleus thalami (STN? Hippocampus?)  

• Outcome: Seizure reduction of 40-50%  long term: at 70% 

 

SUMMARY – Epilepsy 

• Seizure activity results from pathological 

hypersynchronization of neural activity  

• Different factors can reduce feedback inhibition between 

neurons leading to the origin of an epileptic focus  

• Epileptic form activity can be detected in the EEG  

• The EEG can be used to diagnose epilepsy  

• Secondary generalized seizures and primary generalized 

seizures differ in pathophysiology, causes and treatment  

• Treatment options are on pharmacological, surgical or 

metabolic levels (usually in combination) 

 

SLEEP 

4 criteria:  

• reduced motor activity  

• decreased response to activity  

• stereotypic postures  

• reversibility (e.g. can’t sleep 20 days in a row) 

Two major processes regulate sleep:  

 circadian and homeostatic  

Sleep is organized in stages and cycles  

 

Normal Sleep 

 

Homeostatic process (time 

dependent):  

The longer we stay awake, the 

bigger the sleep need  

  

Circadian process (internal 

clock):  

• Hormonal w/in brain  

• Time of day: light (melatonin)  

• Period length: ~24h 

                 • Center is located in SCN 

 

Interaction between the two processes 

 

Important structures in sleep-wake regulation: 

 

 

 

 

 

 

 

 

 

 

 

• Thalamus: Cortical activation, sleep spindle, EEG 

synchronization -> has executive function 

• Pons: REM sleep activation and control 

• Medulla: Ascending reticular activation system (ARAS) 

• SCN: Circadian clock 
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Function of sleep 

• Explicit (remembering) and procedural (motor skills) tasks 

better performed after sufficient hours of sleep  

• Natural sleep or anesthesia are associated with enhanced 

removal of potentially neurotoxic waste products that 

accumulate in the awake central nervous system. ( less prone 

for neurodegenerative diseases)  

• learning  new synapses, at some point brain would grow  

 limitations 

• During sleep  removal of unused synapses         

 strengthen more important things         

 forget unimportant stuff  
     synaptic downscaling 

Synaptic homeostatic hypothesis 

 

 

 

 

 

 

 

 

 

 

 

 

• Slow wave ↑ during day (wakefulness) and ↓ at night (sleep) 

 

Sleep profile and need changes with age 

• Young children need a lot of sleep  much to learn  

• REM-sleep: probably motor learning  

• Non-REM sleep: higher cognitive functions, more % around 

age of 5  

• Loss of all REM-sleep also affects memory  

• REM sleep ↓ during first years (then stabilizes) 

• polyphasic sleep pattern (newborn) to monophasic sleep 

pattern  inter-individual differences ↓ in adulthood 

• getting older  number of sleep phases ↓  duration of one 

phase ↑  total sleep time ↓ 

• SWA: increases slightly -> peak around 5-10 years 

 

Recording sleep  

Polysomnography measures:  

• brain activity (EEG)   • heart activity (EKG) 

• muscle activity (on the brain)  • leg movements 

• eye movements (EOG)  • snoring sensor 

• breathing    • oxygenation  

• video-for behavioral peculiarities   

 

 

 

 

 

 

 

 

 

 

 

• Top  bottom : frontal  occipital  

• alpha-wave disappears during sleep NREM1   

• NREM2: Slow, large amplitude K-complexes in EEG 

• NREM3: large amplitude slow waves (1-4 Hz) 

• NREM2/3: absence of eye movement (electrodes sometimes 

register brain waves -> that’s why line isn’t zero) 

• REM similar to awake alpha  fast frequency and low 

amplitude  physiologically paralyzed  absence of muscle 

activity, except eyes 

• (4-5) Sleep cycles : non-REM↓, REM ↑ 

• Gradual EEG changes with vigilance states  

• Number of slow wave & sleep depth ↓ across sleep period 

 

Dimensionality reduction approach in sleep EEG 
time domain EEG (5s epoch)  Frequency domain, EEG 

spectrum  Ratios of frequency bands  Create EEG state 
space  
=> R = A/B (A: high PSD & low Frequency, B: low PSD & high 

frequency)  
• PSD = Power-spectral-density 
 

Signal Processing 
 
-> EEG, FFT 
(Fast Fourier 

transform), 
SSA 
(Singular 
spectrum 
analysis) 

 
 

State Space analysis across vigilance states 
• Consolidated sleep states  clusters 

 
Effects of sleep on epilepsy 

• Aristoteles observed epileptic seizures in sleep  
• 2/3 of seizures occur between 8pm & 8am (within 20min 

after waking up)  
• Of 850 institutionalized patients with seizures   

• 21% only at night   

• 42% only during the day   
• 37% either during the night or day  

• Peaks of seizures occur in response to falling asleep and 

awakening  
• In sleep-related epilepsy, diurnal seizures, if present, in the 
first 2 years (usually stays like this  allowed to drive a car) 
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a. Temporal association between sleep and epilepsy 

Sleep epilepsies 
• Benign childhood epilepsy with centro-temporal spikes 
(BECTS) 

• Early-onset benign childhood occipital epilepsy (EOCOE) 
• Frontal lobe epilepsy (FLE) 
• Autosomal dominant nocturnal frontal lobe epilepsy (ADFLE) 

• electrical status epilepticus during sleep (ESES) 
• Landau-Kleffner syndrome (LKS) 

 
Awakening epilepsies 
• Juvenile myoclonic epilepsy 

• Absence epilepsy 
• Epilepsy with grand mal seizures on awakening 
 

Definition and diagnostic criteria of sleep-related hypermotor 
epilepsy (SHE) 
Clinical features 

• Brief (<2mins) seizures with stereotyped motor patterns 
within individuals and abrupt onset and offset  

• The most common clinical expression consists of 

“hypermotor” events  

• Seizures of SHE occur predominantly during sleep; however, 
seizures during wakefulness may also occur  

 

Electroclinical features:  

•  Interictal and ictal EEG may be normal  

•  Prolonged video-EEG recording is the best diagnostic test, 
but, if negative, does not rule out the diagnosis as seizures 

may not be recorded and interictal EEG may be normal  

•  Sleep-related hypermotor seizures may arise from various 
frontal as well as from extrafrontal areas  

 
Diagnostic certainty:  

•  Diagnosis primarily based on clinical history. Absence of clear 

interictal and ictal EEG correlates, both during wakefulness 
and sleep, does not exclude the diagnosis of SHE  

•  Certainty of diagnosis can be categorized into 3 levels: 

•  witnessed (possible) SHE  

•  video documented (clinical) SHE  

•  video-EEG documented (confirmed) SHE  
  

•  Sleep stage and epileptic seizures 

•  Sleep promotes initiation and propagation in partial seizures  

•  Partial seizures, occurring during sleep:  

•  61-68% in N2  

•  20-23% in N1  

•  9-14% in N3  

•  0-5% in REM (seems to protect from seizures, often 
parasomnias)  

• Stage N2 promotes secondary generalization in temporal and 

occipitoparietal but not frontal lobe seizures.  
  

 

 

 

 

 

Effect of sleep stage on interictal and ictal epileptiform 

discharges  

NREM Sleep 

Seizure Promotion 

REM Sleep 

Seizure Inhibition 

- Synchronization of EEG 

- more frequent interictal 
discharges 

- wider spread of interictal 
discharges 

- increased likelihood of 
seizures 

- greatest potential for 

epileptogenesis 

- desynchronization of EEG 

- Less frequent interictal 
discharges 

- greater localization of 
interictal discharges 

- Infrequent seizures 

- greater REM sleep time 

results in fewer seizures 

- least potential for 
epileptogenesis 

  

b. Effects of sleep deprivation on epilepsy  

• Sleep deprivation as a seizure precipitant (Auslöser), 
especially in awakening epilepsy  

• 71 patients with partial epilepsy: seizure probability <-> 

hours asleep  

• 14 patients with temporal lobe epilepsy and sleep diary for 2 

years: Night sleep duration correlated with seizure frequency  

 
Effects of sleep deprivation on interictal epileptiform 

discharges:  

• Sleep vs. sleep deprivation  

• Longer recording  

• Repeated recording  

• Increased cortical excitability  
  

Sleep deprivation  epileptic seizures 

Sleep  epileptic discharges   

 

Sleep-Wake disorders in epilepsy patients 

Epilepsy <-> Sleep-wake disturbances  

• Sleep disturbances more common in epilepsy  

• Excessive daytime sleepiness in 11-50%  

• Obstructive sleep apnea in 10-65% (does treating improve 

seizure control?)  

• Restless legs syndrome in 10-33%  

• Parasomnias with variable frequency  

• Sleep-wake disorders affect quality of life in epilepsy patients  

 

Effects of epilepsy on sleep 

a. Effects of epilepsy on sleep architecture 

↑ Sleep latency, REM latency, WASO (= Wake after sleep 
onset), arousals / awakenings / stage shifts, NREM1  

↓ Sleep efficiency, REM sleep duration, SWS duration (Slow 

wave sleep) 
  

• Found also in the absence of seizures  

• In partial and idiopathic generalized epilepsies (in the latter 
group inconsistent results)  

• More often in TLE (= temporal lobe epilepsy) than in FLE  

(= frontal lobe epilepsy) 

• Treating epilepsy improves sleep architecture 
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b. Effects of antiepileptic drugs on sleep architecture 

 

 

 

 

 

 
 

 Phenobarbal, Phenytoin, Carbamazepine, Valproate, 
Ethosuximide, Gabapentin, Lamotrigine, Topiramate, Tiagabine, 
Levetiracetam, Pregabalin 
 
c. Effects of antiepileptic drugs on sleep disturbances / sleep 
disorders 

 

OSA = 
Obstruktives 

Schlafapnoe-
Syndrome 

 

RLS = restless leg 

syndrome 
 

 

 

Differential diagnosis of nocturnal paroxysmal events 

Paroxysmal behavior events in sleep 

•  Sleep-related epileptic seizures  

•  NREM parasomnia (confusional arousal, sleep terror, sleep 
waking)  

•  REM parasomnia (REM-sleep behavior disorder)  

•  Paroxysmal hypogenic dystonia  

•  Nightmare disorder  

•  Sleep-related dissociative disorder  

•  Sleep-related panic disorder  

•  Gastroesophageal reflux  

•  Sleep-related rhythmic movement disorder (restless legs)  

•  Catathrenia (prolonged expiration, similar to moaning)  

  

Parasomnias  

• Undesirable physical events or experiences, that occur during 

entry into sleep, within sleep or during arousals from sleep  

• They can be: abnormal sleep related movements, behaviors, 

emotions, perceptions, dreaming and autonomic nervous 

system functions  

• Their diagnosis is important because of the consecutive sleep 

fragmentation and risk of injuries  

• The patient and his/her bed partner can be affected  

  

Parasomnia types  

• NREM parasomnia: confusional arousal, pavor nocturnus, 

sleepwalking  

• REM parasomnia: REM sleep behavior disorder (= RBD)  

• Overlap parasomnia  

  

 

 

Sleepwalking (NREM parasomnia) 

• Complex sleep-associated behaviors with locomotion, mental 

confusion and amnesia for the episode, injuries are common  

  

Epidemiology:   

• in children up to 10%   

• in adults 2-4%   

• yet “de novo” in adults only 0.6%  

Etiology:   

• genetic predisposition  

• association with HLA-DQB1*04 & 05 

Triggers:   

• medication: Zolpidem, Lithium, Bupropion, 

Mirtazapin   

• sleep deprivation   

• sleep disorders with arousals, e.g. sleep apnea   

• pregnancy (because of hormone changes) 

• stress  

Clinical symptoms:   

• occurs in the first half of the night   

• sitting up, standing up or walking  

• disorientation   

• often eyes open   

• aggressive behavior is possible   

• possible injuries   

• amnesia for the episode  

Diagnosis:   

• History    

• typically since childhood    

• positive family history    

• typical clinical symptoms   

• Polysomnography    

• out of an arousal from deep sleep    

• sometimes synchronous delta-activity 

before episode   

• often delta-theta during episode despite 

open eyes   

Therapy:   

• Secure environment   

• Cognitive behavioral therapy *   

• Low dose benzodiazepines *   

• Sedating antidepressants *  

* evidence weak 

 

REM sleep behavior disorder (RBD) (REM parasomnia) 

• Characterized by the loss of muscle atonia, normally observed 

in REM sleep, that can lead to dream enactment behavior  

• Rare in healthy adults, 0.5%  

• Very common in Parkinson’s disease (PD), up to 50%  

• Can precede the motor symptoms in Parkinson’s disease  

• Risk for a neurodegenerative disease in idiopathic RBD   

• 5-year risk: 17.7%   

• 10-year risk: 40.6%   

• 12-year risk: 52.4%  
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Clinical characteristics (RBD) 

• Animated, threatening dreams, leading to aggressive 

behavior: hitting, kicking, grumbling, but also gesticulating, 

laughing, crying  

• Often serious injuries (self- or bedpartner)  

• Occurs usually in the last third of the night  

• Can be associated with hallucinations, cognitive impairment,     

vegetative symptoms  

• Trigger factors: antidepressants, alcohol or alcohol 

withdrawal 

 

Polysomnography 

 

 

 

 

 

Therapy (RBD) 

• First choice:  

• Clonazepam 0.5-1mg/d (CAVE: exacerbation of sleep 

apnea)   

• Second choice:    

• Melatonin 3 mg/d    

• L-Dopa 200 mg/d    

• Carbamazepin 200-400 mg/d    

• Secure environment 

 

SUMMARY - SLEEP AND EPILEPSY 

• Sleep and epilepsy are mutually interrelated  

• Sleep, arousals from sleep and sleep deprivation can be 

epileptogenic  

• Sleep disorders are common in epilepsy patients  

• Sleep fragmentation due to sleep disorders can worsen 

seizure frequency  

• Epilepsy can worsen sleep architecture/cause sleep 

complaints  

• Epilepsy treatment can both worsen and improve/relieve 

them  

• Differential diagnosis of nocturnal paroxysmal events is 

difficult  

• Differentiating on clinical features unreliable  

• Gold standard for the diagnosis: 10/20 polysomnography or 

long-term (=LT) video-EEG recording 
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Parkinson (PD) and Sleep (Angelina Maric) 
Parkinson’s disease: a multi-system disease   

 

 
 
Parkinsonism: 

Substantia Nigra 
 
 

 
 
 

 

SLEEP-WAKE DISTURBANCES IN PARKINSON’S DISEASE 

(PD) 

 
 

 
 
 

 
 
 

• Insomnia (Schlaflosigkeit, Schlafstörung) 
~ 80-90% of patients 

   mostly sleep maintenance insomnia 

• Limited treatment options with insufficient evidence for 
efficacy 
• Excessive daytime sleepiness 

~50% of patients  
↑ risk to fall 
↓ functionality/mobility 

• Sodium Oxybate for excessive daytime sleepiness and sleep 
disturbance in PD 

• Left picture: Objective excessive daytime sleepiness measured by changes of 
mean sleep latency in the Multiple Sleep Latency Test (MSLT) (baseline vs 
treatment) 
• middle picture: Subjective excessive daytime sleepiness (EDS) measured by 
changes in the Epworth Sleepiness Scale (ESS) 
• right picture: Correlation of MSLT and PSG (Polysomnography): Correlation 
between change of slow-wave sleep duration and change of objective excessive 
daytime sleepiness (measured by mean sleep latency) during sodium oxybate 
treatment. Orange circles indicate 2 patients who developed a sleep apnea 
syndrome during sodium oxybate treatment and were excluded from the per-
protocol analysis 

 In the efficacy analysis as intention-to-treat, sodium oxybate 
improved EDS both objectively and subjectively, which was even 
more pronounced in the per-protocol analysis 
 In the per-protocol analysis, improvements in objective EDS and 
nocturnal slow-wave sleep correlated significantly 
(• Sodium oxybate enhanced subjective sleep quality and slow-wave sleep duration  
 mainly at the expense of superficial stage N1 sleep 
• Accordingly, slow-wave energy, a marker of deep sleep accumulation, increased 
significantly with 2 major increments in time-locked response to the intake of the first and 
second doses of sodium oxybate. Otherwise, no significant changes were found regarding 
other variables of nighttime sleep, fatigue, motor symptoms, or quality of life) 

 

 

 

 

 

 

 

 

 

 

The restorative function of sleep 

•  Deep sleep/ slow wave sleep  

•  Slow waves: 0.75-4.5 Hz in the EEG 
•  Acoustic stimulation can be used to enhance slow waves in 

healthy elderly 
•  SWA (= slow wave activity):  

- On and off spikes (on same time) 

- disturbance in PD  
- the more SW-Energy, the slower the progression of 
the motor symptoms 

 

THE INFLUENCE OF SLEEP ON NEURODEGENERATION: 

ALZHEIMER’S DISEASE (AD) 

• Sleep decelerates, and sleep deprivation accelerates beta-

amyloid deposition 

• Faster protein clearance during slow wave sleep than 
wakefulness 
• Glymphatic flow for protein clearance during anesthesia 

correlates with EEG power in slow wave frequency range 
• In healthy humans: Changes in overnight cerebrospinal fluid 
amyloid-β kinetics by sleep deprivation 

• In humans with obstructive sleep apnea: Treatment effects on 
slow wave activity and amyloid-β 
• Poor sleep as a risk factor for neurodegenerative diseases?  

 -> prospective study with n=737, sleep fragmentation 
assessed with 10-d actigraphy, follow-up 3.3 years 

  97 developed Alzheimer’s disease 
 

THE INFLUENCE OF SLEEP ON PARKINSON (PD) 

• Is sleep predicting disease progression in Parkinson? 
 -> Retrospective study, n=129, follow-up 4.6 +/-2.3 years 

 Deeper sleep, slower progression 

• Deep sleep decreases, fragmented sleep increases α-
Synuclein deposition 
• Sleep deprivation in healthy humans also increases CSF α-

Synuclein 
• Can we modulate disease progression in PD by chronically 
enhancing waves? 
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Parkinson’s Disease and movement disorders 

(Christian Baumann) 

ALLGEMEINES  

HYPERKINETIC  

• Chorea:   rapid, chaotic, different body parts, 

“dancing”, most frequent form Huntington  

 • Dystonia:   persistent movement, e.g.    

Blepharospasm: Augenschluss   

Torticollis: Schiefhals  

 • Tremor:   repetitive, oscillatory    

• cerebellar (intentional ↑)    

• midbrain (Holmes)    

• essential (postural/action)    

• Parkinson (rest, re-emerging)  

  

HYPOKINETIC  

PARKINSON DISEASE  

  

PARKINSON DISEASE (Neurodegenerative disease) 

• CH: ~15’000  

• 1817 Parkinson, James 

• Risk factors: age, genetics, toxins (Pb, Mg), inflammation?  

 idiopathic (“a disease of its own kind”) 

  

Pathophysiology  

alpha-synuclein (intrazellulär) 

Motor:  akinesia (Amplitude and velocity goes down  decrement) 

+ 1 of 2:   

• rest tremor   

• rigidity (increased muscle tone) 
(• postural instability  patient with PD might fall) 

=> asymmetric  

=> respond to Levodopa (L-DOPA) 

 

NMS (= Non-motor Symptoms): 

• incontinence   • depression, anxiety 

• pain    • sleep disorders 

• erectile dysfunction • dementia 

• autonomic symptoms (• hyposomia -> problems 

smell) 

-> orthostatic dysregulation (blood pressure not good 

regulated)  

Diagnosis 

• clinical!  

• functional brain imaging: PET, SPECT: presynaptic 

dopaminergic integrity  

• Levodopa challenge test  

• structural transcranial ultrasound 

 

Treatment 

• Levodopa / L-DOPA  

 metabolized to Dopamine, can cross blood-brain-barrier  

  + efficiency ↑ 

  + tolerability ↑ 

  + cheap 

  

  - short half-life  

  -> take several times a day 

 - motor fluctuations 

 

Lines = Therapeutic window 

1. honeymoon phase 

2. Dyskinesia, akinesia, hyperkinesia’s 

3. exact motor fluctuations  

 

• Dopamine agonists: DR1-5  

  + motor fluctuations (Veränderungen)↓↓↓ 

   + 1x/day formulations  

 

  - impulse control disorder -> e.g. hypersexuality, 

pathological shopping, gambling, excessive eating, … 

- sleepiness   

- psychosis 

- negative side effects 

- expensive 

 

• Deep-Brain-Stimulation (DBS) 

 wants to reduce hyperactivity of STN (Subthalamic nucleus) 

or sometimes Gpi (Globus pallidus internus) 

• Unfortunately, it's not a cure  Over time, the symptoms will 

increase again  But it would take years for the symptoms to 

get worse 

• place electrode  if you miss something choose another 

contact  test if the electrode were really placed correctly  

• Afterwards do a macro-mapping to see the side effects  

 patient is awake  Can also see if the tremor disappears or 

not when the electrode is activated  
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SNpc (Substantia nigra pars compacta) 

  • direct is excitatory and indirect is inhibitory 

  • Parkinson’s Disease (PD):  

• less Dopamine 

   • more tonic inhibition of the direct pathway 

   -> less active -> decreased excitation of  

motor neurons  

   • indirect pathway really active  

   => movement gets difficult 

 

Side effects: 

1. electrode too lateral in basal ganglia  

-> internal capsule hit  

-> patient has cramps and impaired speech (dysarthria) 

2. electrode too deep  

-> limbic system affected  

-> e.g. singing, inappropriate behavior 

 

SUMMARY  

Parkinson:  

• idiopathic   

• genetic   

• symptomatic (e.g. strokes)   

• atypical Parkinson syndrome  LD response ↓    

e.g. progressive supranuclear palsy (PSP)  

corticobasal degeneration 
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Amyotrophic lateral sclerosis (ALS) & 

Frontotemporal Dementia (FTD) (Magdalini 

Polymenidou) 

INTRODUCTION TO ALS AND FTD – PATHOLOGY AND 

GENETICS 

Amyotrophic lateral sclerosis (ALS) 

= Charcot’s or Lou Gehrig’s disease or Ice bucket disease 
• > 1/100’000 get ALS each year  
• no available treatment  
• progressive adult-onset disease  
• upper and lower motor neuron degeneration (muscle 
weakness & paralysis, often die from respiratory failure)  
-> voluntary movement 
=> sensitive to many types of infection (e.g. COVID-19) 
• muscle weakness progressing to paralysis and death typically 
within 1-5 years from onset -> disease starts before diagnosis, 
needs some time to recognize it 
• ubiquitin protein inclusions in the spinal cord  
• ubiquitin marks proteins, that need to be degraded and 
normally this are misfolded proteins -> characteristic of ALS 
• Motor neuron loss in spinal cord 
• Takes some time to recognize the disease 
• progressive paralysis 

 

 

 

 

 

 

 

Ubiquitin (brown spots) aggregates, usually marks proteins for 
degradation  
 should therefore never aggregate 
 
Most ALS cases are sporadic (90%, unknown etiology, no family 
history) and only 10% are inherited (familial) 

Known genetic 
causes 
-> most are 
dominant 
-> several RNA-
binding proteins 
are mutated in 
ALS (e.g. 
TARDBP, FUS, 
TAF15, MRTR3) 

 ~10% of all sporadic cases can be explained by genetic 
causes  
-> recognize genetic mutations -> next generation sequencing 
-> these 10% can be de novo mutations 
 
Most common genes with mutations in (familial) ALS:  
C9ORF72 (40%)   SOD1 (20%)   FUS (5%)   TARDBP (5%)  
 
YouTube-Film (ALS) 
• Human endogenous retrovirus protein (HERV-K RT) found in 
cortical brain tissue of patients with ALS 
• ALS patients are often really athletic people (correlation to 
disease?) 

 De novo mutations or incomplete family history may 
account for the apparent sporadic ALS cases with genetic 
causes  
• De novo mutations = new mutation (both parents don't carry 
the mutation, but the child does) 
• The vast majority of ALS cases are of unknown etiology 
• Some are mischaracterized as sporadic (but are in fact 
familial -> just weren't detected -> probably died because of 
another disease, before the mutations were detected) 
 
Frontotemporal Dementia (FTD) 

• most common cause of dementia under 60 years  
• 2nd most common disease of dementia after Alzheimer 
• ~5-15/100’000 get FTD each year  
• progressive adult-onset disease  
• frontotemporal lobar degeneration  atrophy 
• behavior changes including language dysfunction, emotional 
coldness and apathy and death within 2-10 years  
 personality changes 
• typically no memory loss – different from Alzheimer’s  
• ubiquitin protein inclusions in the frontal lobe / frontal 
cortex  misfolded proteins accumulate in parts of brain, that 
are affected by FTD 
• behavioral dysfunction 
 
YouTube-Film (FTD) 

• socially withdrawn, acting weird (often mistaken as 
depression) 
• familial neurodegenerative disease 
• sometimes have personality changes, often looks like a 
psychiatric disease -> but patient is getting worse, despite 
treatment 
• accumulation of proteins -> no longer metabolized normally 
-> clogging up the brain cells -> atrophy -> brain cells die 
• tau -> key player  
 
Clinical overlap FTD and ALS 

• took long to recognize personality changes in FTD-ALS 
patients because they often show impairments in muscles 
involved in speech 
• Pure ALS and FTD, but also combined phenotypes 
• Mistake: many doctors diagnosed depression and not FTD! 
• Similarities: • progressive adult-onset disease 
   • ubiquitin protein inclusion  
    -> ALS: in spinal cord 
    -> FTD: in frontal lobe 
   • 15% of FTD develop motor neuron disease 
   • 20% of ALS develop frontotemporal 

dementia 



Clinical Neuroscience FS20 – Chantal Widmer 

22 
 

MOLECULAR SUBTYPES OF ALS / FTD AND PATHOGENIC 

MECHANISMS 

SOD1 – Superoxide dismutase 1 

• Mutations in SOD1 cause 20% of familial ALS  
• (almost) no sporadic mutations of SOD1 in ALS 
• Misfolded SOD1 is not main protein component of 
ubiquitinated inclusions in sporadic ALS patients 
• SOD1-mediated ALS represents only a small fraction of 
patients  
• Not associated with FTD -> pure ALS 
• More than 170 different SOD1 (point) mutations cause ALS  
• ALS-linked mutations disrupt the stable dimeric form of 
wild-type SOD1 -> usually: very stable dimer -> necessary for 
the enzymatic activity 
• Ubiquitin inclusions contain SOD1 in fALS cases with SOD1 
mutations  
• antioxidant enzyme, short protein 
 
Hypothesis 1:  

• Loss of function => e.g. make a knock-out mice -> didn't have 
ALS 
• Enzymatic activity impaired  no anti-oxidant effect  ROS 
KO-mouse  does not develop disease  
  
Hypothesis 2: Toxic aggregates   gain of toxicity 
(overexpression) 
• Transgenic mice and rats overexpressing human SOD1 with 
ALS-linked mutations faithfully recapitulate human disease 
(very similar phenotype) 
• Late-onset progressive paralysis 
• Reduced lifespan 
• Ubiquitinated SOD1 inclusions  
 
 
 
 
Misfolded SOD1 toxicity triggers ALS in a non-cell autonomous 

manner 

• Expression in microglial cells and astrocyte also part of what is 

going wrong -> control how the disease progresses 

• Most proteins are expressed in many other cells!  
-> expression in glia cells does matter as well -> create a toxic 
environment for neurons or because they get sick having this 
mutated (?) protein -> are no longer able to support the 
function of neurons and this is making the disease worse 
 
 
 
 
 
 
 
Cytotoxic pathways triggered by mutants SOD1 
• motor neuron is getting "sick" -> many different 
pathways 
• Find out what the trigger is 

 
 

 

TDP-43 - TAR-DNA-binding-protein-43kDa - TARDBP 

(no SOD1 mutations in sporadic ALS  rather TDP-43)  
  TAR-DNA-binding Protein-43kDa (TDP-43) is an RNA/DNA-
binding protein with high aggregation propensity 
 
Pathological protein accumulations in motor neurons  
(= ubiquitinated cytoplasmic inclusions) of sporadic ALS 
patients contain TDP-43   
  
TDP-43 is an RNA/DNA-binding protein with high aggregation 
propensity 
• RRM: RNA-recognition motive  

• Low complexity domains (= intrinsically disordered) (prion-
like): common in RNA binding proteins  
-> intrinsically disordered: don’t take a specific fold, not structural domains  
-> low complexity domains: don’t use all the potential amino acids 

• highly aggregation prone 
• have special biophysical properties  

• ubiquitination   
• phosphorylation sign of pathology 
• C-terminal fragmentation  
 
• Mutations in TDP-43 cause ~5% of familial ALS   pathogenic 
mechanism of sporadic and familial ALS with mutations in TDP-
43 is likely the same 
• Autosomal dominant missense  
• >35 mutations known to cause ALS -> underestimated number 

• Cluster in the glycine-rich region  
 
TDP-43 is the major protein component of ubiquitinated 
inclusions in most ALS (~97%) and ~half of FTD (~45%) cases  
• Loss of nuclear staining in neurons with TDP-43 aggregates 
• FUS aggregation and mislocalization in ALS (<1%) and FTD 
(9%) -> rare cases, but usually really aggressive types 

 
Affected cells: brown 
outside of nucleus 
(healthy would be in 
nucleus)  
 captures & blocks 
proteins from nucleus  
 nothing remains 
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FUS – Fused in sarcoma  

TLS – Translocated in liposarcoma 

 another RNA/DNA-binding protein  
  
 
 
 
 
 

Reverse -> low complexity domain in the beginning 
 
• Autosomal dominant and recessive  
• Mutations disrupt the Nuclear Localization Signal (NLS)  
-> many mutations in C-Terminal part of protein 
-> can't no longer go to the nucleus, when mutated -> brings 
toxictiy 
• Juvenile onset ALS associated with FUS mutations  
  
L-domain: NLS 
 
TDP-43 and FUS/TLS  

 toxicity may be due to loss of function (nuclear clearance), 
gain of toxic function (protein aggregates) or both  

 
 
 
 
 
 
 

• Probably both mechanisms contribute to disease  
• TDP-43 and FUS essential proteins.  
• TDP-43 knockout mice are embryonically lethal (die at E3-E8 
day)  
 no animal model possible  
• FUS knockout mice die few days after birth due to errors in  
B-cells 
 not disease related death  
• Transgenic TDP-43 and FUS mice do not recapitulate the 
phenotype or pathological findings of human patients (do NOT 
develop aggregates).  
 
TDP-43 and FUS are essential RNA-binding proteins with 
multiple roles in RNA processing 

  
 
 
 
 
 
 
 
 

• alternative splicing regulation 
• mRNA stability and transport 
• regulation of long intron containing pre mRNA 
 
E-domain: NES (nuclear export signal) 
 

 

ALS-linked mutations impair TDP-43-mediated axonal 
transport without aggregation 
• Don't really understand the transport 
• Mutant forms (in low complexity region): aren't mobile 
anymore  
 
Stathmin 2 
= mediator of motor neuron growth and repair 
-> TDP-43 suppresses a cryptic exon of stathmin2 
-> Loss of stathmin 2 function is probably key to disease 
 

Ataxin-2 

Inhibition of ataxin-2 synthesis as a therapeutic strategy for 
ALS and SCA (spinocerebellar ataxias) type 2 
• Loss of the stress granule component ataxin-2 rescues TDP-43 
toxicity in yeast 
• Ataxin-2 knockout or ASO-mediated reduction of ataxin-2 
improves survival of TDP-43 overexpression mice  
• Potential for ataxin-2 ASO-mediated therapy under 
investigation  
• Long poly-Q expansions in ataxin-2 cause spinocerebellar 
ataxia (SCA) type 2  
• Intermediate poly-Q expansions in ataxin-2 are a risk factor 
of ALS 

 
 
 
 

 

 

Stress granules (SGs)  

= non-membranous cytoplasmic foci composed of non-
translating messenger ribonucleoproteins (mRNPs) that rapidly 
aggregate in cells exposed to stress (e.g. heat shock) 
• keep RNAs & block translation during stress (vital RNAs 
excluded) -> RNA contained and not degraded (keep RNA and 
are not translating) 
• are dynamic: are erased, when stress goes away 
• Depends on way the proteins act -> liquid in liquid 
(compartment is formed)  
-> but remain liquid (like if try to mix vinegar and oil) 
=> separate the function, but is still very dynamic! 
 
TDP-43 and FUS are components of stress granules   

 
 
 
 
 
 

 
• Low complexity domains of TDP-43 and FUS are important 
for stress granule formation 
• Stress granule formation may be the first step of the 
cytoplasmic aggregation 
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Cytotoxic pathways triggered by mutant or aggregated TDP-43 
 
 
 
 
 
 
 
 
 
 

• Toxic properties in the cytoplasm: TDP-43 aggregates in the 
cytoplasm; sequester RNAs and RNA-binding proteins 
• Loss of nuclear function: Transcription and splicing defects 
• Loss of axonal transport function: RNA granule transport 
defects 
 Loss of stathmin 2 function is probably key to disease 
 ALS-linked TDP-43 mutations disrupt this function prior to 
aggregation 
 
C9ORF72  

Hexanucleotide expansions of C9ORF72 is the most common 
genetic cause of ALS and FTD (~40% fALS, ~7% sALS)  
  
• Normal repeat length: 2-26 G4C2  
• Pathological repeat length: 700-4400 G4C2 
• ~40% of fALS, ~29% of FTLD and >90% of FTLD-ALS families 
have C9ORF72 expansions  
 
 very different from the other genes (which we discussed in 
this lecture -> no point mutations -> in patients repeat is 
expanded multiple times -> in intron) 
• Huntington’s disease: similarity -> have repeat expansion, 
but repetitions are in coding region 
=> C9ORF72: within the intron 
• RNA nuclear foci: in nucleus -> create an RNA that aggregates  
-> accumulate in nucleus of the cell 
 
Pathological findings in C9ORF72 ALS patients 
• Typical TDP-43 inclusions (Spinal cord) 
• Atypical TDP-43-negative ubiquitin inclusions (Cerebellum) 
• Repeated RNA nuclear foci (Spinal cord) -> expanded repeat 
 The cerebellum is unaffected in ALS  Cerebellar TDP-43-
negative inclusions and RNA foci are unique in C9ORF72 
patients  

  
 
 
 
 
 

Proposed pathogenic mechanisms of hexanucleotide 
expansions in C9ORF72 

 
 
 
 
 
 
 
 
 
 
 
 
 

A: Haploinsufficiency   
• Reduced levels of C9ORF72 transcripts in patients with repeat 
expansions 
• Probably not enough to trigger disease  C9ORF72 KO mice 
do not get ALS/FTD 
 BUT loss of C9ORF72 function may contribute to disease 
 
B: repeated RNA-mediated toxicity  
-> repeat RNA foci 
• Hypothesized mechanism: sequestration of RNA-binding 
protein(s) to RNA foci 
=> Myotonic dystrophy (DM)-> works exactly like that 
• So far, no RNA-binding protein has been found sequestered 
by RNA foci in C9ORF72 ALS/FTD.  
 
C: Dipeptide protein toxicity 
-> Repeat-Associated-Non-ATG (RAN) translation 
• Non-canonical translation resulting from ribosome stalling 
due to repeat RNA structures 
• First discovered in 2011 in spinocerebellar atrophy 8 and 
muscular dystrophy. 
• Results in abnormal proteins that form aggregates, which may 
be toxic.  
• Both sense and antisense repeat RNA gets translated. 

-> accumulates in cerebellum (but cerebellum is not affected) 

-> Dipeptide protein inclusion in ALS patients with C9ORF72 expansion 

 
-> here we would have 
5 (and 1 overlapping) 
dipeptide repeat 
proteins (DPRs) 
 



Clinical Neuroscience FS20 – Chantal Widmer 

25 
 

Dipeptide Repeat Proteins (DPRs) accumulate in C9ORF72 
patient brains and confer differential toxicity 

• Poly-GP and poly-PA: nontoxic  
• Poly-GR and poly-PR: extremely toxic -> because they are 
charged, seem to mimic nuclear localization signals 
-> were shown to interfere with important cellular functions, 
such as nucleocytoplasmic transport and stress granule 
formation (seem to destabilize the liquid-liquid phase 
separation) 
=> might linger (verweilen) there, because they co-aggregate 
with poly-AGA (??) 
• Poly-GA: moderately toxic 
-> is the most aggregation-prone DPR and the most commonly 
found accumulated in human brains 
 potentially targets for creating therapy 
 
OVERVIEW  

 
Open scientific questions in ALS/FTD:  
• What causes sporadic disease? What is the toxic 
mechanism? Which proteins and RNAs are sequestered in 
TDP-43 aggregates?  
• To what extent does the loss of TDP-43 and FUS function 
contribute to pathogenesis?  
• What is the molecular mechanism of disease progression?  
• What determines disease phenotype (ALS vs. FTD)? What 
determines the selective vulnerability of neurons in each case?  
• Are dipeptide repeat proteins the main toxic entities in 
C9ORF72 disease?  What triggers TDP-43 aggregation in this 
case?  
  
Current challenges in clinical practice:  
• Recognition of disease heterogeneity and classification of 
patients according to molecular subtype  
• Early diagnosis in the absence of disease biomarkers  
• Lack of concrete prognostic markers  
• Lack of markers for monitoring disease progression  
• Lack of effective, mechanism-based therapies  

Therapies 

Antisense oligonucleotide therapy silences mutant genes  
(ALS-SOD1, ALS-C9) 
-> Ataxin-2 is going to clinical trial 

Immunotherapy against toxic protein aggregates shows 
promising results in neurodegenerative diseases  
(example: Alzheimer) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mononuclear phagocyte 
1.  Chronic inflammation  Repressed phagocytosis  
 Amyloid-beta accumulation  Neurotoxicity 
2.  Amyloid-beta immunotherapy  activated pro-phagocytic 
 amyloid-beta clearance  Neuroprotection 

 
 
 
 
 
 
 
 
 
 

• Aducanumab: Alzheimer’s disease (AD) 
• Cinpanemab: Parkinson’s disease (PD) 
• BIIB076: AD 
• NI004 / NSC001: Dementia with Lewy bodies / AD 
• NI005 / AP-101: Amyotrophic lateral sclerosis (ALS) 
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 Problem with Alzheimer: extracellular plaques, difficult to 
reach  

 
CONCLUSIONS 

• ALS is the most common motor neuron degeneration and it 
causes paralysis and death within few years from onset  
• ALS overlaps with FTD, the second most common dementia, 
characterized by personality and language dysfunction  
• 10% of all ALS is caused by gene mutations (fALS), but the 
majority of the cases are sporadic with unknown etiology  
• SOD1 is the first known gene, whose mutations cause ALS 
(20% of fALS)  
• Since 2008 many new ALS-linked genes were identified 
(better sequencing techniques) 
• Transgenic mice and rats overexpressing human SOD1 with 
ALS-linked mutations faithfully recapitulate human disease  
• Misfolded SOD1 triggers ALS through multiple cytotoxic 
pathways and in a non-cell autonomous manner  
• Misfolded SOD1 is not the main protein component of 
ubiquitinated inclusions in sporadic ALS patient 
• TDP-43, an RNA/DNA-binding protein is the main protein 
component of ubiquitinated cytoplasmic inclusions of all sALS  
• Mutations in TDP-43 and FUS cause ALS and the respective 
proteins miss accumulate in affected neurons in patients  
• The pathogenic mechanism of sporadic ALS and the familial 
ALS with mutations in TDP-43 is likely the same  
• TDP-43 and FUS toxicity may be due to loss of function, gain 
of function or both  
• TDP-43 and FUS play important roles in splicing and transport 
of neuronal RNAs  
• TDP-43 and FUS form RNA granules and stress granules ALS-
linked mutations impair TDP-43-mediated axonal transport  
• Stress granule formation may be the first step of the 
cytoplasmic aggregation seen in patients  
• Transgenic mice and rats overexpressing human TDP-43 or 
FUS with ALS linked mutations do not recapitulate human 
disease 
• Hexanucleotide expansions in a poorly characterized gene 
called C9ORF72 is the most common genetic cause of ALS and 
FTD.  
• Patients with C9ORF72 expansions show how complex 
pathology: TDP-43 inclusions, dipeptide aggregates and repeat 
RNA foci 
• C9ORF72 expansions may trigger ALS through 
haploinsufficiency, RNA toxicity or dipeptide protein 
aggregation.  
• C9ORF72 expansions trigger ALS and FTD through DPR and 
TDP-43 aggregation & related toxicity 

• C9ORF72 haploinsufficiency & repeat RNA toxicity may 
contribute to disease initiation and/or progression 
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Stroke (Andreas Luft) 

STROKE: m, 61 YEARS – CLINICAL CASE 

• 12.10.2006: 
• admission to stroke unit NIHSS 12 (moderate stroke)  
• Thrombolysis with r-tPA (is given intravenously to 

dissolve the clot) 
after 2h 10min:  

 MCA (Middle cerebral artery) recanalized  

 NIHSS improved to 7 (recovery can take 
place within hours or after days)  

• CT scan of the head: shows hemorrhage but not ischemia  

-> BUT the complete stroke shows up 24 hours later in CT  
• Still on the younger side for a stroke  
• 13.10.2006: MRI after 1 week  

• 23.05.2007: Reevaluation -> arm and leg weakness 
 

Additional info: 
• acute occurring weakness on the right side and problems with 
talking (begun ~3h before he arrived in the hospital) 

• first do a neurological exam (standardized scoring system) 
 -> NIHSS (= National institutes of health Stroke 
scale): from 0 to 42 

• then brain scan (has to be done immediately)  
-> to differentiate two different type of stroke 
(hemorrhage or ischemic) -> would show the internal 

bleeding 
• contrast media -> to show ischemia -> perfusion map can be 
calculated  

• recanalization: thrombolysis -> dissolve the blood clot 
 

DEFINITION STROKE 

 Every acute neurological symptom is a stroke unless proven 

otherwise 

 

Ischemia (80%)   

- Hemorrhagic transformation  

 

Hemorrhage (20%)  

- Intracerebral Hemorrhage (ICH, 15%)  

- Subarachnoid hemorrhage (SAH, 15%)  

Cardinal Symptoms:   

- Acute Hemiplegia / Hemiparesis (Arm 

doesn’t move anymore -> typical stroke 

symptom)  

- Acute Aphasia / Dysarthria  

- Acute Vertigo  

- Acute visual symptoms 

Symptoms (not localizable):  

- Acute onset headache  

- Loss of consciousness -> most common 

symptom for SAH 

Differential Diagnose (DD) 

- Seizure  

- Migraine 

An acute neurological event caused by pathology in brain‘s blood 

supply. 

• Impeded blood supply (80%) -> Ischemic 
 • 75-80%: CBF shutdown -> Vessel (artery) occlusion  

-> by blood clot coming from the heart, from more 
proximal vessels (carotid arteries) or local thrombosis 
=> Cardioembolic, Thromboembolic or Thrombotic  
• 5%: CBF decrease -> not as grave as a complete 
shutdown -> from stenosis (often precursor to thrombotic 
occlusion) & if have a severe blood pressure drop  
=> could be enough to decrease CBF (to produce a stroke) 

• Hemorrhage (20%) 
  • Hypertension 

 • Aneurysm -> bulging of vessel ball forming a little blob  
-> can rupture bleeding, typically into cerebral 
hemorrhage space 

 • Venous thrombosis -> occlude outflow of the brain   
-> increasing pressure -> leading to rupture 
• Arterio-venous malformation -> developed or inborn 
connection between arteries and veins -> can also 
bleed 

=> Loss of neuronal function 
=> Loss of neuronal viability 
• CBF (= cerebral blood flow)  

 

Epidemiology  

Incidence EU/EFTA 

• 2% increase / 5 years 

• stable incidence rates 

• 2% decrease / 5 years 

WHO Incidence Switzerland 

 
 

-> increase because of aging 
population 
-> very frequent problem 
-> men > women (age: 55+) 

WHO prevalence Switzerland 

 

 

 

 

 

 

Sites of spontaneous ICH (Intracerebral Hemorrhage)  

• Putaminal Hemorrhage (35%) 
• Lobar Subcortical Hemorrhage (25%) 
• Thalamic Hemorrhage (20%) 
• Cerebellar Hemorrhage (8%) 
• Pontine Hemorrhage (7%) 
 acute neurological symptoms, depending on the side of the 
lesion 
 most common affected by intracerebral hemorrhage are the 
basal ganglia 
 less frequently find hemorrhages in the lobes of the 
hemispheres -> often different etiologies than deep 
hemorrhages 
 deep hemorrhages are typically caused by longstanding 
hypertension 
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Common Etiologies of ICH (Intracerebral Hemorrhage) 

Vascular Malformations and Aneurysms 
• Arteriovenous malformations (AVM)  
• Cavernous malformations (CM)  

• Dural arteriovenous fistulas (AVFs) 
• Aneurysms  

– Berry (Saccular)  

– Infective  
– Traumatic 

 
Annual Incidence of first ICH (by Age, Sex, Race) 

 

BLOOD SUPPLY TO THE BRAIN 

Cerebral arteries 

 

 

 

 

 

 

 

• Anterior cerebral artery (ACA) 

• Middle cerebral artery (MCA) 

• Posterior cerebral artery (PCA) 

Middle cerebral artery (MCA) 

 braches in different parts 

Vascular Territories 

 

• blue: anterior cerebral artery territory 

• red: posterior cerebral artery territory 

• green: middle cerebral artery territory 

 

• yellow: Perforators 

• light green: Posterior 

cerebral artery  

• dark green: Perforators 

• orange: Anterior 

cerebral artery 

• dark orange: Perforators 

 

Impeded blood supply  

• Cerebral blood flow (CBF) 

• 45 – 50 ml / (100g * min)  

-  White matter ~ 20 ml / (100g * min)  

- Gray matter ~ 70 ml / (100g * min)  

• Membrane potential breakdown: < 20ml/(100g*min) 

-> cells stop firing 

• < 25% normal  stroke probability > 95%  

• 50% normal  stroke probability ~ 5% 

↓ 

• Substrate depletion within minutes  

• Accumulation of toxic metabolites 

& tissue dies 

CONCEPT OF THE PENUMBRA 

Recanalization can only save the penumbra but it has to be quick -> it 

depends on how the collateral blood supply is -> it is different from 

patient to patient. If you have blood supply, you have more time. For 

poor collateral supply: only 30min, good collateral blood supply: 

maybe 12 hours.  

  Overlap 

between the 

areas which are 

supplied from 

different vessels 

-> this overlap is 

called 

penumbra.  

 

 AIM: safe the penumbra tissue 

• Infarct core  

• Massive reduction of CBF (<20 ml/100g/min) 

• Early breakdown of  

• cellular metabolism  

• energy supply  

• ion homeostasis  

• membrane disintegration  

   NECROSIS -> not viable anymore 

 

• Penumbra  

• Moderate reduction of CBF (12-20 ml/100g/min)  

• Compensation by collateral supply  

• Reduction in cellular metabolism  

• Reduction in energy supply  

• Inflammatory processes -> secondary cell death  

-> can still try to save this area 

   APOPTOSIS -> cells stop firing, produce symptoms 

 

• Oligemia  

• Slight reduction of CBF (20-50 ml/100g/min) 

• Mostly intact electrical function  

• Cells remain viable 

 RECOVERY -> almost not affected 
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Mechanisms of cellular injury  

• Excitotoxicity -> cells hyperactive 

• Reactive free radicals (ROS) 

• Tissue acidosis  

• Periinfarct depolarization  

• Inflammation  

• Blood brain barrier damage -> influx of leukocytes of blood 

flow 

• Apoptosis 

 

Phases of stroke treatment and efficiency 

 

 

 

 

 

 

• Preacute  

• Acute 

• subacute 

• chronic 

 

- Thrombolysis: NNT 7 

 - Stroke Unit: NNT 6 

- Secondary Prevention: NNT 5 

- Neurorehabilitation: NNT unknown 

 

Time window 

Combined analysis from three trials ⇒ 2775 patients 

 

 

 

 

 

-> effectiveness 

decreases over 

time  

 

TREATMENT 

Immediate recanalization 

 

 

• Thrombectomy  interventional procedure of removing a 

blood clot (thrombus) from a blood level 

• NIHSS 17 -> midsized stroke 

• 2. Green arrow: Thrombolysis (intra-arterial) 

• occlusion is formed in MCA 

 pulls out clot 

• ideal situation after 24h: NIHSS 0 -> CT scan shows not any 

lesion -> patient is normal 

Strategies for vascular reopening  
• Intravenous thrombolysis  

• NINDS r-tPA trial  
• 11% reduction in lesion volume (p=0.06)  
• 30% reduction in disability at 12 months 
(p<0.05)  
• NNT 7 -> need to treat 7 patients on 
average to reach a good outcome -> pretty 
good 

• Intraarterial thrombolysis & thrombectomy 
• Intraarterial r-tPA  
• Mechanical clot removal 
 

 TIME IS BRAIN!!! Neurons die progressively and 

continuously 

 
Efficacy of recanalization 
 

 
 
 

 
 
 

• NNT = number needed to treat 
• NNT of thrombectomy is 2.6, much better than intravenous 
thrombolysis (NTT 7) 

• efficacy with modified ranking scale (on picture) 
 0 = patient is normal 6 = patient is dead 
 good outcome: 0, 1, 2 (= patient can do all activities of daily 

life independently, can also go back to work) 
 

Thromboembolic stroke 

 

 

 

 

 

 

 

Cardiacembolism 

• Not only located at one side -> the embolus is usually not just 

at one vessels there are several embolus -> and several little 

strokes.  

• Blot clot that comes from the heart -> from heart diseases, 

e.g. arterial fibrillation 
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PREDICTORS OF OUTCOME 

• Hematoma volume 

• GCS 

• Intraventricular 

hemorrhage 

• Age 

• ICH location (deep) 

• Increased cerebral edema 

(midline shift, herniation) 

 

• intracerebral hemorrhage (ICH) generally dangerous, 
especially if it’s large -> hematoma volume (different to 

ischemic stroke) has a major influence of outcome, especially if 
it’s larger than 70ml -> risk of death is really high 
• Glasgow coma scale (GCS) -> large hemorrhages give comma  

-> typical stroke exam not sufficient anymore -> need coma 
exam 
 

MECHANISMS OF INJURY 

Early hematoma growth -> still bleeding 
• Hematoma enlargement  

• increase in ICP, tissue disruption and shear forces  
-> stops bleeding, because of pressure 

Edema and toxic effects of blood products -> additional injury 

• Osmotically active serum products  
• Thrombin  

Inflammatory response -> can lead to further damage of 

neurons 
 
ICP = Intracranial pressure 

 
Hematoma Expansion  
• 72% have some hematoma expansion over the first 24 hours  

• 38% have significant (>33%) expansion over 24 hours  
• In 26% of these cases, the enlargement is within 1 

hour 
 

PREVENTION AND REHABILITATION 

The Fantastic Four 

 

 Wenn Stroke 

sekundär präventiv 

behandelt werden, 

sinkt das Risiko für 

Folgekrankheiten 

(folgende 4 

Krankheiten auf der 

Abbildung). 

 

 

Risk factors: • arterial hypertension 
   -> Damage to small perforating arteries 
   • diabetes mellitus 
   • smoking 

 • stenosis 

-> too much lipids & cholesterol carotid  

 present for several years, small perorating arteries in depth 

of brain become damaged (same arteries that produce small 
microvascular lacunar stroke) -> rupture and lead to deep 
hemorrhage 

 
Arterial fibrillation:  

• doesn’t fully contract -> blood clots -> can go to the brain 

 • treatment: anticoagulation 

 

Carotid stenosis:  

• narrowing of carotid artery, causing atherosclerosis 

 • treatment: surgery 

 

End vessel occlusion 

 

 

 

 

 

 

 

 

 

 

Arteriosclerosis 
• formation of plug -> lipid collection inside the vessel ball (has 

fibers tissue ring around it) 
• maybe calcified 
-> cholesterol further accumulates -> more narrowing of vessel 

lumen -> hemorrhage into this plug -> produces a sudden 
rupture of the plug -> cholesterol goes out -> blood coagulates 
and forms an occlusion 
 

Carotid endarterectomy  for carotid stenosis 

 

 

 

 

 

 

 

 

 

 

 

 

 

• surgeon cuts the plug out of the vessel (at neck)  opened 

longitudinally 

• graft / patch surgered into the artery to make it wider & 

prevent any further narrowing 

 

Carotid stenting 

 alternative to open surgery 

• less invasive, but not as effective as endarterectomy 

• risk of pushing clot up in brain -> stroke 
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RISK FACTOR MANAGEMENT 

Data material  

• 12 metaanalyses  

• 106 randomized controlled trials  

• 210‘926 patients  

Conventional risk factor management  

• Diet, activity, aspirin, statins, antihypertensive  

• 5 years: RRR 80%, ARR 20%   

 NNT 5, residual risk: 5%  

• 10 years: ARR 35%  NNT 3, residual risk: 9%  

Intensified risk factor management  

• diet, activity, high dose statins, ASS/Dipyridamol, 

aggressive blood pressure lowering  

• 5 years: RRR 90%, ARR 22%  

 NNT 5, residual risk: 3%  

• 10 years: ARR 39%  

 NNT 3, residual risk: 5% Progress 

 

Neurorehabilitation (Andreas Luft) 
Neuro rehabilitation for whom? 
• Ischemic stroke  
• Hemorrhagic stroke  

• Trauma 
• Multiple Sclerosis  

• Parkinson‘s disease  
• Muscle and peripheral nerve disorders  
• Brain/spinal cord tumors  

• Neural infections  
• Movement disorders  
• Spinal cord injury 

 Hemorrhagic & Ischemic stroke: approx. 70% of all patients 
in neurorehabilitation  
-> stroke and trauma are incident events -> after brain injury  

-> patient typically recovers 
-> other diseases are chronical 
 

Why neurorehabilitation? 
• True recovery 
• Assist or compensate 

-> e.g. use a wheelchair or learn to learn to write with the other 
hand 
• Intermediate care 

 
Acute care versus rehabilitation 

• International Classification of Diseases (ICD) 

• International Classification of Functioning (ICF) -> to define 
the rehabilitation goals 
-> acute care: try to get rid of a disease 

-> rehabilitation: optimizing body functioning (e.g. of arm, 
memory…) 
 

 
 
 

 
 
 

Structure of the ICF      

 
 
 

 
 
 

 
 

 
 

• Health condition  Body structure/function, activity and 

participation 
• Personal factors  Body structure/function and activity 
• Environmental factors  Participation 

• 3 sub-classifications which are really important 
e.g. leg paresis -> inability to walk -> rehabilitate this 
-> patient stays in chair the whole day -> have a deficit  

in the participation level 
 
Stroke treatment pathway 

 
no NNT known, because 
need a large number of 

patients for the study 
 
• Preacute 

• Acute 

• subacute 

• chronic 
   

 
Rehabilitation   

• focuses on initial deficits -> causes activity level problems  
-> secondary problems in participation domain -> sociological 

factors, personality changes, finical problems, depression, 
fatigue, … 
• ADL = Activity of daily living  body hygiene, eating, dressing, 

writing,… 
=> deficit oriented concept: focus on reversing e.g. arm paresis 
to prevent all the downstream problems 

=> compensation focus concept: e.g. arm paresis is left as it is 
and patient is trained to compensate (e.g. wheelchair, write 
with other hand) -> gets the patient quickly home, without a lot 

of nursing care -> doesn’t really prevent the other problems  
=> Quality of life 
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Quality of life 

In the end: all is about the quality of life! 

-> stroke: stays low 
 
Inter-professional approach 

Neurologist Nursing care Movement 

therapy 

Neuropsych

ology 

Speech and 

Swallowing 

therapy 
(SLP) 

Therapy 
planning and 

super-vision, 

medical 
supportive 

therapy 

Rehabilitative 
nursing, 

Motivation 

Training of 
strength, 

coordination, 

sequencing, 
balance, 

specific 

deficits (e.g. 
tremor, 

spasticity) 

Training of 
attention, 

memory, 

executive 
function, 

visuocon-

struction 
etc. 

Speaking, 
Language & 

Swallowing 

 
Time course of recovery     

 
 

 
 
 

 
 
 

• spontaneous recovery: even without any rehabilitation -> 
event increases the deficits -> deficit recovers to a certain 
extent (some remain disabled and other recover to normality) 

• rehabilitation: focuses mainly on accelerating this course or 
preventing lasting disability 
• threshold of 3-6 months -> not sure if capacity of recovery 

ends there 
 

Mechanisms and Methods 

  
 
 

 
 
 

 
 
 

 
 
• if recovery is incomplete  compensate  assist 

• Orthosis: helps muscle weakness 
• Re-Training: often not possible 

Brain recovery potential 

• Redundancy: Very fast (seconds-minutes) -> underused 

neurons can compensate quickly for lost neurons 
• Recruitment: Fast (days) -> e.g. have a lesion on MRI, but 

they can recover 
• Refining (learning): Fast (months) -> Rehabilitation training -> 
recruitment is downregulated 

• Regeneration: Fast (months) -> new neurons formed and 
used (-> stem cells go in this direction, but still no treatment in 
this domain available)  

 
Hyperactivation  

Focusing  
• red: neg. correlated with 

recovery  
-> the more the subject 
recover the less activity one 

finds there 
-> the more impaired the 
subject is the more of these 

areas are activated 
• shrinkage of certain areas 

with time 
 
 

 
 
Therapy-induced hyperactivation 

 
 
In chronic stroke 

-> after training: enlarged 
recruitment in both hemispheres 
 

 
 
 

 
 
Post-stroke recovery in rats 

Rats recover a reaching movement after photothrombotic 

stroke (+page 73) 
  

• recovery is phasic -> 
initial phase, later phase 
• Anti-NogoA (drug): 

stimulates growth of 
neurites 
-> support recruitment 

by drug -> need time 
-> then train and refine 
synapses 

-> best possible outcome 
 

After stroke: 

• Dopamine loss after stroke in rats & in humans 
-> Stroke recovery requires dopamine 

• Lower reward activation after stroke 
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Region of interest 
(ROI) 

Affected 
in  

Average degree 
of damage (%) 

Nucleus 
Accumbens 

0/28 - 

Ventral Striatum 10/28 7.56 

Dorsal Striatum 14/28 9.57 

 

Therapies 

Constraint induced movement therapy (CIMT) 

 
 
 

 
 
 

 
 
 

 
 

• restrict the movement of the good arm  

-> at least 8 hours a day 
-> leads to massive improvement in amount of arm use and 
activities one can do with the arm (in severe and less severe 

affected stroke patients) 
 

Robot vs. therapist supported exercise  
 
 

 
 
 

 
 
 

 
 

 

 factor of intensity plays a role (not robot or therapist)  
 
Intensity counts - Therapy intensity in Switzerland 

 
 
 

 
 
 

 
 
 

-> not as high as it should be 

Use-dependent plasticity 

 
 
 

 
 
 

 
 

 
• if don’t use it -> use dependent plasticity will turn negative 
and function will deteriorate (verschlechtern) 

• red region: negative plasticity -> loose function further with 
no therapy 
• threshold of use: some maintain their function and others are 

able to improve further (after therapy) 
-> if they are able to use what they have learned in 
rehabilitation at home, then they are going to improve further 

 
Feedback training 
- Correction of excessive pelvic tilt will improve knee kinematics  

• decreased stance hyperextension  
• increased swing flexion  

- Real-time feedback with ValedoPro  

• ‘magic mirror’ mode 
 
Robot-assisted training 

Aims  
• „Optimal physical therapist “  
• Assistance  

• Perturbation (Beeinträchtigung) 
 
Sensor based games  

 
 

 
 
 

 
 

• Working space -> improves over weeks 

• Fugl-Meyer arm score -> improves 
-> performance, motivation feedback 
-> monitory rewards 

 
How does effective training work? 
• Active  

• Repetitive  
• Shaped -> small to complex 
• Interval -> make enough breaks  

• Bilateral  
• rhythmic  
• Interrupted by healthy sleep -> consolidate what was learned 

• Imagination  
• Reinforced helps the motivation 
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Motivational feedback (from a study) 

Feedback: • Estimate: 1425.8  
• SE: 448.34  
• tStat: 3.1802  

• DF: 192  
• pValue: 0.0017  
• Lower: 541.49  

• Upper: 2310.1 
 

Therapies in addition to training  

- Epidural stimulation + PT  
• Controlled trial in 24 patients, ~33 months’ after 
stroke  

• Trend for improvement in arm impairment  
(FM +5.5 versus +1.9, p=0.07; ADL-ARAT +0.4 versus 
+0.2, p=0.2)  

- Neuromuscular stimulation + Training  
• Controlled trial in 15 patients  
• Improvement in arm function (B&B Test)  

- Transcranial DC stimulation:  
• Short term improvements in arm function 
-> battery to brain (to hemisphere…) 

-> changes the excitability of the cortex and facilitates 
learning) 

- Botulinum Toxin  

• Controlled trial in 126 patients  
• Improvement in activities of daily living (subjective)  

 -> injected into muscle and blocks muscle activity 

- SSRIs (Fluoxetin, Escitalopram)  
• Neuroprotective  

• Stimulation of neurotrophic factors  
• Neuroregeneration 

 

Standard assessments 
• Wolf Motor Function test 
• Fugl Meyer Motor Impairment Scale 

• Action research arm test 
 
Therapy outcome 

Gait in a patient 2 years after stroke 

 
 
 

 
 
 

 
 
 

 
 

Pelvic tilt is decreased 
 
 

 
 
 

 Desired direction of change -> Pelvic tilt [degrees] -> smaller 

Knee angle is also affected 

 Desired direction of change -> Max swing knee angle 
[degree] and Min stance knee angle [degree] -> bigger 

 
Internal motivation and recovery    

 

 
 
 

 
 
 

 
 
 

• the more motivation, the more improvement they will show 
• people whose internal motivation points at the beginning of 
the rehabilitation were higher, performance of daily activities in 

the course of rehabilitation has improved more than those with 
lower internal motivation scores 

 improves performance of daily activities by 1.5 points 
• FIM = Functional independency measure 
 

Motor control versus force  
 

 Strength index, individual index, stability: paretic hand  
 

Cardiorespiratory fitness after stroke 
 
 

 
 
 

 
 
 

 decreases 
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Treadmill aerobic exercise 

 
 
 

 
 
 

 
 

 
 

 

Diabetes after exercise 
 
 

 

 

 

 

 

 

 

 

 

• PAS: Paired associative stimulation 

• Training reduces insulin by 25% 

• Training reduces glucose by 14% 

=> 58% of patients are in a better diabetes category! 

 
The elderly 

Reduced plasticity with age 

 
 
 

 
 
 

 
 

 

Rehabilitation in the elderly 
 

 
 
 

 
 
 

 
 

 The elder the patients, the slower the rehabilitation and the 

smaller the MALa Score 

 

 
 
 

 
 
 

 
 

 
 
 

• Barthel Index: is a procedure for the systematic assessment of 
basic everyday functions (see ADL-Score)  
 The older the patients, the smaller the Barthel Index 
 
Problems in the elderly  
• Co-morbidities  

• Cardiovascular disease  
• falls  
• osteoporosis  

• Social problems  
• Support by family members  
• transport  

• Psychological problems 
 

ADDITIONAL INFO 

NIH SS: from 0 to 42 
• 0: no stroke symptoms 

• 1-4: minor stroke 

• 5-15: moderate stroke 

• 16-20: moderate to severe stroke 

• 21-42: severe stroke 

 

CIMT (constraint-induced movement therapy) Patients 

• Cerebral palsy (CP) inform of hemiparesis 
• Stroke 

• Traumatic Brain Injury (TBI) 

• Spinal cord injury 

• Multiple Sclerosis (MS) 

 

Stroke – Definition 
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Dementia (Heide Baumann-Vogel) 

DEFINITION AND CLASSIFICATION 

Demens = insane, mad  

Mens, mentis = mind, meaning  

Dementia is a syndrome  

There are different definitions  

Types of dementia  

• Cortical: Alzheimer disease (AD) 

• Frontal: Frontotemporal dementia (FTD) 
• Mixed:  Dementia with Lewy bodies (DLB/LBD) 

• Subcortical: Vascular dementia (VAD) 
 
“Core” definition of Dementia  

• impairment must be acquired and represented a significant 

decline from a previous level of functioning  

• the cognitive deficits must interfere with independence in 

everyday activities  

• the disturbances are not occuring exclusively during the 

course of delirium  

• the disturbances are not better accounted for by another 

mental disorder (e.g. depression) 

ICD-10-Definition  

• Disease of the brain  

• usually chronic or progressive nature  

• duration > 6 months  

• in which there is disturbance of multiple higher cortical 

functions: Memory, thinking, orientation, comprehension, 

calculation, learning, capacity, language, and judgement  

• Consciousness is not clouded  

• The impairments of cognitive function are commonly 

accompanied and occasionally preceded by: deterioration in 

emotional control, social behavior, motivation  

Syndrome «dementia» DSM-5-criteria  Dementia “is no 

more” 

DSM-4 criteria for 
dementia 

DSM-5 criteria for major 
neurocognitive disorder 
(previously dementia) 

A1. Memory impairment A. Evidence of significant 
cognitive decline from a 
previous level of performance 
in one or more cognitive 
domains: 
• Learning and memory 
• Language 
• Executive function 
• Complex attention 
• Perceptual-motor 
• Social cognition 

A2. At least one of the 
following: 
• Aphasia 
• Apraxia 
• Agnoisa 
• disturbance in executive 
functioning  

B. The cognitive deficits in 
A1 and A2 each cause 
significant impairment in 
social or occupational 
functioning and represent a 
significant decline from a 
previous level of 
functioning 

B. The cognitive deficits 
interfere with independence in 
everyday activities. At a 
minimum, assistance should be 
required with complex 
instrumental activities of daily 
living, such as paying bills or 
managing medication. 

C. The cognitive deficits do 
not occur exclusively during 
course of delirium 

C. The cognitive deficits do not 
occur exclusively during course 
of delirium 

 D. The cognitive deficits are not 
better explained by another 
mental disorder (e.g. major 
depressive disorder, 
schizophrenia,…) 

DSM-4:  

• Memory impairment is the key criteria  but there are 

dementia’s with no memory impairment in e.g. the beginning 

of the disease 

• Memory impairment is not a mandatory criteria 

DSM-5: 
• revision (in 2013)  dementia was renamed to major 
neurocognitive disorder 
• 6 cognitive domains can be affected 
 
The intermediate state between normal cognition (aging) and 
dementia  Mild Cognitive Impairment (MCI) 
Cognitive dysfunction 
• not normal for age 
• no dementia 
• with time decline of cognitive function -> BUT MCI can be 
reversible 
• Essentially preserved daily functioning 
 Memory Impairment? 
  -> YES -> Isolated impairment of memory? 
   -> YES: Amnestic MCI  
   -> NO: Multidomain MCI Amnestic 

-> NO -> More than one cognitive domain? 
 -> YES: Non-amnestic MCI Multidomain  
 -> NO: Single non-memory MCI 

 MCI divided into Amnestic and Non-Amnestic 
  • Amnestic -> more likely a prodromal of Alzheimer disease 
• Non-Amnestic-> might hint to another dementia like LBD/DLB 
 
Classification 

clinically pathology staging 

• cortical  

• subcortical  

• frontal 

• degenerative  

• vascular  

• toxic  

• infectious 

• MMST 20-25: 

mild  

• MMST 10-19: 

moderate 

• MMST 0-10: 

severe 

MMST = Mini-Mental-Status Test 

EPIDEMIOLOGY 

 
 
 

 
 

• Dementia cases on the rise - 300’000 cases by 2040  

 144’000 people with dementia in Switzerland (2016) 
• women are disproportionally affected with AD -> gender 
differences 
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Facts and Figures  

• Global estimates of dementia prevalence are up to 7% of 
individuals above the age of 65 years (8-10% in developed 
countries due to longer life spans)  

• Someone in the world develops dementia every 3 seconds  
• In Switzerland about 154’700 patients suffering from 
dementia (2019) 

 
 

 
 
 

 
 
 

 
 

 

DIFFERENTIAL DIAGNOSIS 

 
 

 

 

 

 

 

• Traumatic brain injury, tumor, other 

• Dementia mimic -> e.g. Pseudodementia in depression 

• Metabolic, toxic 

• Inflammatory, infectious 

• Vascular 

• Neurodegenerative 

Two broad categories of disease 

• Neurodegenerative: originally called “irreversible” 

  • Alzheimer dementia (AD) 

   • Frontotemporal lobar degeneration (FTLD) 

   • Dementia with Lewy bodies, PD (Parkinson Disease) 

   • Multiple system atrophy, PSP, Huntington disease, 

Wilson disease 

   • Alcoholic cognitive impairment, chronic traumatic 

encephalopathy 

   • Prion disease 

• Non-neurodegenerative: originally called “reversible” 

   • Vascular dementia (VAD) 

   • Normal pressure hydrocephalus 

   • metabolic causes, vitamin deficiency 

   • autoimmune disease causes neoplastic / 

paraneoplastic causes 

• Depression: “pseudo-dementia” 

• Infectious disease 

• Toxic causes (lead, arsenic, pesticides) 

 

 

DIAGNOSTICS 

• Diagnosis of dementia is a syndromal diagnosis     
• It is based on accepted diagnostic criteria   

• In the first place it is a clinical, observational diagnosis  
• Not till an etiological classification (underlying cause) has 
been performed statements about the course of the disease 

and treatment can be made  
• Exclusion of treatable causes! 
 

1. Clinical history  
2. Neurological examination, assessment of mental status 
(screening, e.g. DemTec, MoCa)  

3. Routine / selective laboratory tests  
4. Imaging diagnostic (structural / functional brain scan)  
5. Neuropsychological examination  

6. Additional diagnostic (e.g. EEG) 
 
Medical history, examination, dementia screening 

• Anamnesis: 
  • Subjective history, relatives, family 

• Diseases, risk factors, drugs / substances medication  

• Focus: Start and progression of the symptoms, 
specific problems, activity of daily living 

• Clinical examination: 

  • Neurological/somatical examination, 
psychopathological assessment 

• Dementia screening: 

• Neuropsychological Screening-Tests (DemTect, 
Uhrentest +/or MoCA-Test, Mini-Mental-Test: MMSE)  
(quantity, quality) 

 

Laboratory Tests 
• Cellcount, electrolyte (Na, K, Ca), bloodsugar, TSH (thyroid 
parameter), renal parameter, urea, vitamin B 12  

• Additional laboratory tests in special cases (atypical 
symptoms, young age, specific suspected diagnosis / 
anamnestic hints)  

 • Cerebrospinal fluid (CSF) (cells, protein, (p)Tau, β-Amyloid) 
mandatory if inflammatory cause is suspected 

 
Genetical testing 
• In some (e.g. familial) cases  

• No routine diagnostic! 
• The use of genetic testing for AD in patients with dementia is 
controversial because of the potential for both false positives 

and false negatives (e.g. Apolipoprotein E epsilon 4 allel) 
 
Cerebrospinal fluid (CSF) - marker of neurodegeneration  

• β-Amyloid 1-42  
• Correlates negative with concentration of Beta-
Amyloid-Plaques  

 • Tau-Protein  
• Correlates positive with loss of neurons (increased in 
neurodegenerative diseases and stroke)  

• Phospho-Tau  
• Correlates positive with neurofibrillary pathology 
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CSF markers for differential dementia diagnosis 

 
 

 

 

 

 

 

 

 

 

 

• SMC (subjective memory complaints) -> Reference 

• AD (Alzheimer disease) 

• FTLD (frontotemporal lobar degeneration) 

• DLB (dementia with Lewy bodies) 

• VAD (vascular dementia) 

• CBD (corticobasal degeneration) 

• CJD (Creutzfeldt-Jakob disease) 

• PSP (progressive supranuclear palsy) 

• PSY (psychiatric disorder) 

• Aβ42 (Amyloid beta 42) 

• Tau 

• p-Tau (phosphorylated tau) 

Structural Imaging  
• CAT scan or cMRI should be performed in patients with 

Dementia  
• Specificity for differential diagnosis in neurodegenerative 

Dementia is too low  
 
Characteristic atrophy in several forms of pathologically 

proven dementia 

 
Diagnostic - Nuclearmedicine  

• FDG-PET, HMPAO-SPECT for differential diagnostic  
• No routine diagnostic! 

 
 
 

(Differential-) Diagnostics 

The diagnostic process requires pattern recognition: 

 Alzheimer’s 

Disease (AD) 

Frontotemporal 

dementia (FTD) 

History Memory loss, 
spatial 

disorientation, 
language failure 

Early personality 
change, 

stereotype 
behavior 

Neurology Myoclonus, 

akinesia, rigidity 
(late) 

Early primitive 

reflexes, 
occasional 
akinesia, rigidity 

Memory Severe amnesia Variable loss 

Language aphasia Adynamic speech, 

mutism 

Visuo-spatial 
function 

Spatial 
disorientation 

preserved 

Perception  Primary 
recognition failure 

preserved 

Conduct Appropriate 
concern 

Inappropriate 
unconcern 

Mental effort high low 

Motor skills Impaired spatial 
configuration 

Impaired 
sequencing 

CT / MRI Hippocampal 
atrophy 

Severe anterior 
atrophy 

SPECT Posterior Anterior 

EEG slow Normal 

 

 Vascular 
Dementia (VaD) 

Dementia with 
Lewy bodies 
(LBD/DLB) 

History Mental and 
physical 

Confusion, 
physical slowness 

Neurology Pyramidal 
weakness, ataxia, 
pseudobulbar 

palsy 

Akinesia, rigidity, 
myoclonus 

Memory Variable loss Variable loss / 
amnesia 

Language dysarthria Incoherent, 
rambling 

Visuo-spatial 
function 

Preserved Spatial 
disorientation 

Perception  Preserved Misperception 

Conduct Appropriate 
concern 

Appropriate 
concern 

Mental effort Slow slow 

Motor skills Impairment 
sequencing 

Impaired 
sequencing / 

spatial 
configuration 

CT / MRI Prominent white 

matter change / 
lacune 

Atrophy 

SPECT Patchy Posterior 

EEG slow Grossly slow 
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TYPES OF DEMENTIA 

• Cortical: Alzheimer disease (AD) 

• Frontal: Frontotemporal dementia (FTD) 
• Mixed:  Dementia with Lewy bodies (DLB/LBD) 
• Subcortical: Vascular dementia (VAD) 

 
Clinical Classification 

Cortical Subcortical Cortico-
subcortical 

• Alzheimer’s 

disease (AD) 
• frontotemporal 
degeneration 

• vascular 

dementia (VAD) 
• progressive 
supranuclear palsy 

(PSP) 
• multiple system 
atrophy 

• Huntington’s 
disease 
• multiple sclerosis 

(MS) 
• hydrocephalus 

• dementia 

with Lewy 
bodies (DLB) 
• Creutzfeldt-

Jakob disease 
(CJD) 
• corticobasal 

degeneration 

 
Cortical dementia  
 impairment of higher cortical functions  

 aphasia, memory impairment, impairment of orientation, 
spatial dysfunction, apraxia, reduced ability to judge, reduced 
intellectual power  

  
Subcortical dementia  
 memory impairment, general slowing down, impairment of 

attention, apathy, diffuse cognitive deficits  
 
Frontal dementia  

 changes in character and affection, decrease or increase of 
impulse, impairment of thinking: abstraction, planning, 
judgement, memory impairment  

  

ALZHEIMER’S DISEASE (AD) -> CORTICAL 

Differential diagnosis 

 
 

Highest prevalence in 
the elderly     
=> Alzheimer‘s 

dementia (2/3)  
  

 

Clinical course  
• Chronically progressive  
• Median survival 8-12 years  

 
Symptoms (cortical dementia)  
-> Memory, spatial thinking, speech, apraxia, agnosia, 

attention, perception, physical assessment often normal 
 
 

 

Two neuropathological hallmarks in AD 

 
 
Original drawings by 

Alzheimer on 

histopathologic 

hallmarks 

 
 

 
 It is upon the histological examination of the brain specimen 
that a definitive diagnosis of AD can be made! 

 
AMYLOID PLAQUES  

• Non-amyloidogenous pathway: APP is degraded via alpha-
secretase  
• Amyloidogeneous pathway: APP is degraded via beta-
secretase and gamma-secretase. Generation of beta-amyloid. 
• APP: primary function not yet known 

 
NEUROFIBRILLARY TANGLES 
• Aggregation of hyperphosphorylated tau-protein.  

• Tau binds to microtubule and regulates the structure of the 
cytoskeleton. 
• Studies have shown that the extent and disruption of 

neurofibrillary tangels in cases of AD correlates with both the 
degree of dementia and the duration of illness. 
 

Neuropathology of AD 
Photomicrograph of the temporal cortex of a patient with 
Alzheimer's disease (modified Bielschowski stain; original 

magnification, 40×). Numerous senile (neuritic) plaques (black 
arrow) and neurofibrillary tangles (red arrow) are shown. 

 
 
Temporal cortex of a 

patient with Alzheimer's 
disease 
(immunohistochemical 

stain; original 
magnification, 100×):  the 
microscopic appearance of an 

immunohistochemical preparation using an antibody directed 
against abnormally phosphorylated tau. This antibody 
prominently decorates neurofibrillary tangles (red arrow) and 

swollen dystrophic neurites (neuronal processes) that form the 
outer rim of the senile (neuritic) plaques (black arrow). 
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Temporospatial spreading of tau-positive neurofibrillary and 

α-synuclein-positive lesions   

 

 

 
 

 
 
 

 
 

 
 

 

The continuum of AD 
 
 

 
 
 

 
 
 

 
 

• MCI = mild cognitive impairment 

• Preclinical -> up to +20 years (before symptoms) 
• Prodromal (mild cognitive impairment) -> up to +10 years 
• Dementia -> up to +15 years 

• Time  Elevated biomarkers of degeneration 
• Cognitive function decline with time and onset of symptoms 
 

Clinical course 
 
 

 
 

 
 
 

 
 
 

 
• MMSE = Mini mental status examination 

• Mild AD: - forgetfulness 

   - Short-term memory loss 
   - Repetitive questions 
   - hobbies, interest lost 

   - impaired instrumental functions 
   - Anomia 
• Moderate AD: - Progression of cognitive deficits 

   - Aphasia 
   - Dysexecutive syndrome (DES) 

   - Impaired BADL (basic activity of daily living) 
   - Transitions in care 
• Severe AD: - Agitation 

   - Altered sleep patterns 
   - total dependence: dressing, feeding, bathing 
 

Amyloid PET 
• potentially revolutionary 
advancement in the assessment of 
the use of cognitive impairments  
• scan identifies plaques in vivo 
-> before (without amyloid PET) only 
possible post mortem 
• 90% accuracy  
• PIB: differences in AD and control group => high PIB potential 
in frontal temporal parietal cortices of AD patient 
• FDG: hypometabolism present in temporal parietal cortex 
and frontal cortex 
 Dementia without amyloid findings hint to a different 
etiology than Alzheimer’s disease 
cMRI 

 measures width of temporal horn (a), hippocampal height 

(b) and width of fissure choroidea (c) 

Genetics / risk factors 

The balance between APP processing and clearance in a model of AD 

pathogenesis. The amyloid precursor protein (APP) is cleaved by beta-secretase 

and then again by gamma-secretase to from Aβ as part of the amyloidogenic 

pathway. According to the amyloid cascade hypothesis, an imbalance between 

Aβ production and clearance plays a critical role in progression of AD. Aβ 

oligomers could directly inhibit hippocampal long-term potentiation and impair 
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synaptic function in addition to the inflammatory and oxidative stress caused by 

aggregated and deposited Aβ. These processes impair neuronal and synaptic 

function, leading to neurotransmitter deficits and the cognitive symptoms 

associated with disease progression. In familial AD, mutations in APP, PSEN1 

and PSEN2, or an extra copy of APP on chromosome 21 in Down syndrome, are 

thought to result in increased APP progressing. In comparison, the current 

studies suggest that in sporadic AD, genetic variation in APOE, PICALM, CR1 and 

CLU may be involved in reducing Aβ clearance. 

Autosomal dominant, familial AD (early onset) 

• Mutations of beta-APP or Presenilin (PS1 /PS2  

-> part of gamma secretase) genes (< 1% of cases) 

  

Sporadic 

• Presence APO E epsilon 4-allele:        

- 1 allele: risk 2-3x    

- 2 alleles: risk 10x  

- frequency of carriers: 20%  

 

Potential risk factors 
• Age -> most important one • chronic stress 
• Cerebrovascular pathology • Homocystein ↑ 
• Obesity   • Diabetes 
• Traumatic brain injury  • Arterial hypertension 
• Genetics   • Depression 
(e.g. ApoE ε4, PS1/2, APP-mutation) 
 AD Risk ↑ 
 
Potential protective factors 
• mental activity  • moderate consumption of alc. 
• physical activity  • antioxidants 
• Mediterranean diet • antihypertensive therapy 
• NSAIRs ?  • Genetics (e.g. ApoE ε3) 
 AD Risk ↓ 
 

Pathophysiology of AD 

• amyloid-plaques (extracellular/perivascular)  

• neurofibrillary tangles  

• axonal/neuritic degeneration  

• loss of synapses  

• loss of neurons (temporal-mediobasal and hippocampal 

atrophy)  

• cholinergic deafferentation, degradation of N. basalis 

Meynert  

• glutamatergic excitotoxicity  

• immunologic processes, e.g. Activation of microglia 

 

Pharmacological treatment of AD 

• Symptomatic treatment 

 • Core symptom cognition 

  • Acetylcholinesterase-Inhibition 

  • NMDA-Receptor-Antagonists 

 • Neuropsychiatric symptoms (e.g. depression, 

delusion) 

  • Acetylcholinesterase-Inhibition 

  • NMDA-Receptor-Antagonists 

  • Antidepressants 

  • Atypical neuroleptics 

  • mood-stabilizer 

• Causal treatment => BUT yet no causal treatments! 

 • “disease modifying” (within clinical trials!) 

  • Aβ modifying therapies 

  • Tau modifying therapies 

  • antioxidants 

  • neuroprotective therapies 

  • anti-inflammatory treatments 

 

Acetylcholinesterase-Inhibitors 

 

- Neurotransmitter loss 

- Drugs improve the 

therapy 

- Symptomatic treatment 

- the inhibitors act with 

the reverse of the binding 

and acetylcholine 

activation 

 

 

 

Memantine 

 

 

Pathologic 

continuous release 

of glutamate  

 background 

noise  

 learning signal 

is lost in 

background noise 

 

 

 

 

Memantine 

blocks NMDA-

receptors  

 background 

noise is reduced  

 learning signal 

can be 

transmitted 

 

 

 Patients with moderate to severe AD: Mematine showed a 

significant, but unfortunately clinically quite small positive effect 
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Therapy - current developments 

Strategy Examples 

Modulation of 

neurotransmitters (beyond 

Ach-I and NMDA-

antagonists) 

• MAO-Inhibitors 

• AMPA-receptor-

modulators 

Modulation of amyloid-

production 

• β-secretase-inhibitors 

• γ-secretase-inhibitors 

and modulators 

Modulation of amyloid-

aggregation 

• diverse peptide- and 

non-peptide based 

inhibitors of aggregation 

Modulation of amyloid-

clearance 

• active immunization 

against Aβ 

• passive immunization: 

IVIG, anti-Aβ antibodies 

Modulation of Tau-

Pathology 

• Inhibitors of Tau-

aggregation 

• Inhibitors of Tau-

Hyperphosphorylation 

(e.g. kinase-inhibitors) 

• Anti-Tau / Anti-pTau-

antibodies 

Anti-inflammatory drugs • NSAID / COX-inhibitors 

Antioxidants • Vitamin C & E 

• MAO-B-inhibitors 

(Selegilin) 

Lipid-lowering drugs • HMG-CoA reductase 

inhibitors 

Neuroprotection / -

regeneration 

• e.g. neuronal growth 

factors 

 

Amyloid Cascade Hypothesis 

 
Alzheimer‘s Disease (AD): therapy 

↓Aβ production 
↓Aβ aggregation 
↑Aβ clearance (immunotherapy) 

↓tau aggregation or phosphorylation 
Cholinergic drugs 
…. 

 Last approval for a new AD drug: 2002 

News - Aducanumab - Synonyms: BIIB037  

• Immunotherapy (passive)  

• high-affinity, fully human IgG1 monoclonal antibody 
against a conformational epitope found on Aβ  
• BIIB037 binds aggregated forms of Aβ, not monomer 

• Thirteen-week chronic dosing in old APP-transgenic 
mice reduced plaques of all sizes  

• Two phase-3 study for Aducanumab; 03/2019 end of trials 

 
Alzheimer‘s Disease beyond drugs 

Therapeutic strategy Description 

Cognitive therapies 

• cognitive training 

• cognitive stimulation 

• cognitive 

rehabilitation 

• others 

-> especially in mild to 

moderate dementia 

• exercising cognitive 

function 

• memory training 

• giving hints to orientation in 

time and space 

Occupational therapy 

(“Ergotherapie”) 

• Exercises to improve 

activities of daily living (ADL) 

Physical activity • exercising balance, 

motricity, locomotion, 

possibly ADL 

Art therapies 

• Music 

• painting 

• dance 

• improvement of 

neuropsychiatric symptoms 

• promotion of non-verbal 

communication 

Sensory therapies 

• aroma therapy 

• massage 

• light therapy 

• others 

-> especially in moderate to 

severe dementia 

• use of odorous substances, 

e.g. in agitated patients 

• relaxation 

• communication 

• sleep-/wake rhythm 

Family therapy • Education of training of 

relatives (stress reduction, 

symptom management) 
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FRONTOTEMPORAL DEMENTIA (FTD) -> Frontal 

Frontotemporal lobar degeneration 
 Group of progressive brain diseases, which preferentially 

involve the frontal and temporal lobes  

 

Two major clinical subtypes!! 
• Behavioral-variant frontotemporal dementia (bvFTD)  

• Primary progressive aphasia (semantic dementia (SD), 
progressive nonfluent aphasia (PNFA))  

 

• The neuropathology underlying the clinical syndromes is 

heterogeneous.  
• Common feature: The accumulation of certain neuronal 
proteins.  

• Most important: 
• microtubule-associated protein tau (MAPT)  
• transactive response DNA-binding protein  

• fused in sarcoma protein    
• Young onset: The onset of symptoms usually occurs before 
the age of 60 years! 

• The prevalence is estimated at 15 per 100,000 in the 
population aged between 45 and 65 years  
• Mean survival from diagnosis varies between 3 and 10 years  

• bvFTD shows significant overlap with psychiatric disorders  
• About 50% (bvFTD) receive a prior psychiatric 
Diagnosis 

• frontotemporal lobar degeneration (seen in MRI) 
 

DEMENTIA WITH LEWY BODIES (LBD/DLB) -> MIXED 

 

 

 

 

 

 

 

 

 

 

 

 

 

α-synucleinopathy   

Several neurodegenerative diseases characterized by α-

synuclein aggregates in neurons / nervous System cells  
1.  Dementia with Lewy bodies  
2.  Parkinson’s Disease  

3.  Multiple System Atrophy 
 

Diagnostic criteria  

• Dementia plus at least two of the following:  

• fluctuations  

• repeated scenic hallucinations    

• REM-Sleep Behavior Disorder (RBD)  

• Parkinson-symptoms (max. one year before onset of 

dementia)   

 

 Supporting criteria  

• frequent falls  

• syncopes (fainting -> loss of consciousness and 

muscle strength by a fast onset, short duration and 

spontaneous recovery) 

• temporary impairments of consciousness      

• intolerance of neuroleptic agents  

• delusion, depression  

• non-visual hallucinations  

• sleep disorders, acting out during REM-sleep 

 

Overview – Dementia with Lewy bodies 

1. Main symptom 

  • Dementia 

2. Core symptoms 

  • Cognitive fluctuation (attention) 

  • visual hallucination 

  • symptoms of Parkinson’s Disease (PD) 

3. Addit. Symptoms 

  • REM-Sleep-Behavior-disorder 

  • Severe neuroleptica sensitivity 

  • Reduced dopaminergic activity in basal ganglia 

(SPECT / PET)* 

 

 

 

 

 

 

 

“1-year-rule” 

• Begin of dementia before / within 1 year before symptoms of 

PD  Diagnosis = LBD (Lewy body dementia) 

• Begin is after  Diagnosis = PDD (Dementia with PD) 
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VASCULAR DEMENTIA (VAD) -> SUBCORTICAL 

• Vasculitis 

• Amyloid-angiopahty 

• CASASIL (cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy) 

 

Subtypes of vascular dementia 

 Imaging and pathological 

changes 

Multi-infarct dementia 

(cortical vascular 

dementia) 

Multiple cortical infarcts 

Small vessel dementia 

(subcortical vascular 

dementia) 

Lacunes, extensive white 

matter lesions; pathologically, 

infarcts, demyelination and 

gliosis 

Strategic infarct 

dementia 

Infarct in strategic location (e.g. 

thalamus) 

Hypoperfusion 

dementia 

Watershed infarcts, white 

matter lesions; pathologically, 

incomplete infarcts in white 

matter 

Hemorrhagic dementia Hemorrhagic changes, may be 

associated with amyloid 

angiopahty 

Hereditary vascular 

dementia (CADASIL) 

Multiple lacunes and white 

matter lesions, temporal lobe 

white matter affected 

Alzheimer’s disease 

with cardiovascular 

disease 

Combination of vascular 

changes and atrophy, especially 

medial temporal lobe; 

pathologically mixture of 

vascular and degenerative 

(plaque and tangle) pathology 

 3 major forms: mulita-infarct dementia (cortical vascular 

dementia), small vessel dementia (subcortical vascular 

dementia) and strategic infarct dementia 

 

Vascular imaging changes on MRI 

• extensive (>25%) white matter lesions (fluid attenuation 

inversion recovery image) 

• large cortical infarction (fluid attenuation inversion recovery 

image) 

• microbleed (T2-weighed image) 

• multiple lacunar infarcts (T1-weighted image) 

 

 

 

 

 

 

SUMMARY  

• Is any decline in cognition that is significant enough to 

interfere with independent daily function  

• Dementia is best characterized as an acquired syndrome with 

multiple possible causes rather than as one particular disease  

• Global estimates of prevalence are up to 7% of individuals 

above 65 years 

• Advancing age, genetic profile, and systemic vascular disease 

are major risk factors for developing dementia    
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Brain Tumor – Signs and Symptoms (K.seystahl, 

D.Gramatzki) 

DEFINITION 

• The term brain tumor refers to a diverse collection of cancers 
arising from different cells either within the brain (primary 
tumors) or from systemic tumors that have metastasized to the 

brain.  
• Primary brain tumors include a number of histologic types 
with assorted gross and molecular characteristics and are 

classified based on the World Health Organization (WHO) 
classification of tumors of the CNS. 
 

SIGNS AND SYMPTOMS 

Generalised «non-specific» Focal 

• related to increased 
intracranial pressure (ICP) and 

seizures 

• B-symptoms, e.g. lymphoma  

      • fever, weight loss, night 

      sweat 

-> can’t say where the 

tumor/metastases is located 
in the brain 

• relatively acute rise in ICP 
may cause a sudden onset of 

symptoms and a significant 
change in alertness 

-> unspecific symptom 

• related to specific brain 
regions and their functions 

• generally gradual in onset 

(in contrast to signs and 
symptoms seen with 
vascular events) 

• great variability 
depending on tumor type 
and aggressiveness 

 

Focal signs and symptoms  

Brain structures and their functions 
• Frontal lobe: movement, reasoning, behavior, memory, 
decision making, personality, planning, judgment, initiative, 

inhibition, mood 

• Temporal lobe: language comprehension, behavior, memory, 
hearing, emotions 

• Parietal lobe: telling right form left, calculations, sensations, 

reading, writing  

• Brain stem: Breathing, blood pressure, heartbeat, swallowing 

• cerebellum: balance, coordination, fine muscle control 

• pituitary gland: hormones, growth fertility 

• occipital lobe: vision 

 

  consist of neurologic deficits owing to the specific anatomic 
location  

 

 

 

 

 

 

 

 

 

 

Generalized signs and symptoms 

• increased intracranial pressure (ICP) due to:  

− tumor mass  
− vasogenic edema (produced by leakage of the blood 
brain barrier)  

− obstruction of cerebrospinal fluid (CSF) flow  
− obstruction of venous flow 

• headache (50% of patients; headaches characteristic: usually 

dull; more perceptible in the morning, tending to decrease later 
in the day; especially in “low-grade tumors”)  

• nausea  

• vomiting  

• fatigue  
• imbalance  
• blurred or double vision (papilledema)  

• sudden onset of such symptoms can result in significant 
change in a patient’s level of alertness 

 

 Only a limited amount of tumor mass and edema is tolerated 
before symptoms are produced by increased pressure 

 Common symptoms: hedache, seizure, vomiting , cognitve 
changes, vision problems, speech changes 

 

 

 

 

 

 

 
 

 
 
Seizures (Generalized Symptom) 

• incidence: 30% of patients with brain tumor  
− dependent on subtype of brain tumor and tumor 
location  

• low-grade glioma: 70-80%  
• glioblastoma (WHO grade 4 glioma): 35-50%  
• brain metastases: 20-35% 

− dependent on subtype of brain tumor and tumor 
location  

• more frequent when the tumor is cortical 

and slow growing  
• no use of prophylactic anticonvulsants (AED) in patients with 
brain tumors who previously have not experienced a seizure  

• patients with seizure AND brain tumor should be treated with 
AED  
• no randomized trials have established the superiority of one 

AED over others (cave: drug-drug interactions) 
 in some cases, seizures are also focal (e.g. if in temporal 
lobe or frontal lobe) 
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Cases 

67 YEARS OLD PATIENT -> FOCAL 

• suffering from dysarthria, desphagia, cranial nerve 
dysfunction 
• Glioblastoma (WHO grade IV) 
• Location: brainstem (on left side) 
 
65 YEARS LD PATIENT -> FOCAL 
CASE 1 
• suffering from sensations of her left side body 
• Glioblastoma (WHO grade IV) 
• Location: right parietal 
 
CASE 2 
• suffering from changes in personality and behavior 
• A lot of contrast enhancement -> aggressive and invasive 
tumor type  
• Glioblastoma (WHO grade IV) 
• Location: right frontal 
 
55 YEARS OLD PATIENT -> FOCAL 
• suffering from dizziness, balance problems 
• Anaplastic astrocytoma (WHO grade III) 
• Location: right cerebellar 
 
27 YEARS OLD PATIENT 
CASE 1 -> FOCAL 
• presenting with epileptic seizure 
• no contrast enhancement -> T2 FLAIR hyperintense tumor 
• patient had epileptic seizures 
• Diffuse astrocytoma (WHO grade II) -> lower graded glioma 
• Location: left temporal 
 
CASE 2 -> FOCAL 
• suffering from homonymous hemianopsia to the left side 
• lot of contrast enhancement and midline shift 
• Glioblastoma (WHO grade IV) 
• Location: right occipital 
 
CASE 3 -> GENERALIZED 
• presenting with nausea and vomiting and loss of 
consciousness at the emergency department 
• Glioblastoma (WHO grade IV) 
• Location: right frontal, midline – mass effect 
 
25 YEARS OLD PATIENT -> GENERALIZED 
• presented with spinal clinical and stepwise reduction of 
alertness over weeks; patient died 6 weeks after diagnosis 
• Glioblastoma (WHO grade IV); Meningeosis gliomatosis  
• Location: spinal; CSF – obstruction of CSF flow 
-> tonsillar herniation -> pressure in the end was too high  
-> patient died -> impossible to treat such a patient 
 
GOOD TO KNOW 
- A lot of contrast enhancement (+ sometimes midline shift): 
aggressive and invasive tumor type 
- No contrast enhancement: lower grade tumor type 
- Left temporal lobe: very typical location for epileptic seizures  
- can also be unspecific symptoms (in frontal lobe) 
 

Tumor grading 

ECOG / KPS: two widely used methods to assess the functional 

status of a patient 
ECOG = Eastern Cooperative Oncology Group 

KPS = Karnofsky performance status 

 

ECOG performance status Karnofsky performance 
status 

0: fully active, able to carry 
on all pre-disease 
performance without 

restriction 

100: normal, no complains: 
no evidence of disease 

90: able to carry on normal 
activity: minor signs or 

symptoms of disease 

1: restricted in physically 
strenuous activity but 

ambulatory and able to carry 
out work of a light or 
sedentary nature, e.g. light 

house work, office work 

80: normal activity with 
effort, some signs or 

symptoms of disease 

70: Cares for self but unable 
to carry on normal activity or 

to do active work 

2: ambulatory and capable 
of all selfcare but unable to 

carry out any work activities: 
u and about more than 50% 
of waking hours 

60: Requires occasional 
assistance but is able to care 

for most personal needs 

50: Requires considerable 
assistance and frequent 
medical care 

3: capable of only limited 
selfcare: confined to bed or 
chair more than 50% of 

waking hours 

40: Disabled: requires special 
care and assistance 

30: Severely disabled: 

hospitalization is indicated 
although death not 
imminent 

4: completely disabled: 
cannot carry on any selfcare: 
totally confined to bed or 

chair 

20: very ill: hospitalization 
and active supportive care 
necessary 

10: moribund 

5: Dead 0: Dead  

 

NANO Scale 

• quantifiable evaluation of 9 relevant neurologic domains 

based on direct observation and testing conducted during 
routine office visits  
• objective clinician-reported outcome of neurologic function 

with high inter-observer agreement 
-> new tool (2017 published) 
• Domains: Gait, Strength, Ataxia (upper extremity) 
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TAKE HOME MESSAGES: SIGNS AND SYMPTOMS 

• signs and symptoms depend on:  

• tumor size  
• tumor type  

• tumor location  
• signs and symptoms are produced by:  

• tumor mass  

• adjacent brain edema  
• injury of normal tissue caused by tumor infiltration  

• signs and symptoms are characterized as focal or generalized:  

• generalized: related to increased intracranial 
pressure and seizures  
• prophylactic anticonvulsants are not recommended 

in patients with brain tumors who previously have not 
had a seizure 

 

EPIDEMIOLOGY & PATHOLOGY 

General concept  

Primary Brain tumors:  
• Arise from the brain 

• 2-8% of all cancers (in adults) 

• 20% of cancers in children 
 
Secondary Brain tumors: 

Metastases 

 

CNS Metastases 

Primary 

tumor site 

% brain % spinal cord 

Respiratory tract 
Breast 

Skin/melanoma 
Unknown primary 
Prostate 
Malignant lymphoma 

 

 
 More than 30% of adult cancer patients 

 About 6% of children with cancer 
 
Spreading pathways 

• Hematogenous (blood) 

• Lymphatic  

• Direct spread 

• Metastases are found in: 

- 80%: hemisphere 

- 15%: cerebellum 

- 5%: brain stem 

 

Solid 

 

 

 

 

 

• left: single / solitary 

• right: multiple 

Meningiosis carcinomatosa – metastatic spread into the 

cerebrospinal fluid (CSF) 
• breast  
• melanoma  

• lung  
• lymphoma 
 

Brain metastases indicate a poor prognosis  
• More than 3-4 metastases can usually not be operated  

• All kind of brain metastases: about the point the patient has 
metastases he has to live about 6 months 
 

WHO Classification 2016 

 Use of molecular parameters in addition to histology to 

define (some) tumor entities 

 

MOLECULAR MARKERS 

 are important for evaluation of prognosis and choice of 
treatment 

 
• different molecular markers are different for diagnosis of a 
patient 

• different recommendation for treatment 
• diffuse astrocytic or oligondendroglial glioma can be divided 
in two big entities that are defined via mutation in an enzyme 

IDH  IDH mutant (CIMP+) or IDH wild-type (CIMP-) 

… the future? 
 DNA methylation-based classification of CNS tumors -> every 
brain tumor has it’s typical footprint of DNA methylation 

 
Primary brain tumors 

• almost no risk factors, just arrive sporadic -> “bad luck” 

• in rare cases there are some risk factors, that can predispose 
patients to develop brain tumors: 

• Radiation exposure  

- Meningioma’s, gliomas, nerve sheath tumors 
• Immunosuppression  

- Primary CNS lymphoma  

• Genetic factors/ inheritable syndromes  
- NF1, NF2, tuberous sclerosis, von-Hippel-Lindau: 
phacomatoses 

 
Distribution of all primary brain tumors 
- Meningioma: 35.8% -> non-malignant - Ependymal Tumors : 1.9% 

- Glioblastoma: 15.6% -> malignant - Oligodendrogliomas : 1.7% 

- Tumors of the Pituitary: 14.7%  - Embryonal Tumors: 1.2% 

- Seath Tumors: 8.1%   - Oligoastrocytic Tumors: 0.9% 

- Astrocytomas: 6.1%   - Craniopharyngioma: 0.8% 

- Lymphoma: 2.1%   - Germ Cell tumors: 0.4% 

-> Others: 10.7% 



Clinical Neuroscience FS20 – Chantal Widmer 

48 
 

Distribution of malignant and non-malignant primary brain 

tumors 
- non-malignant -> Meningioma: 53.8% 
- malignant -> Glioblastoma: 45.2% 

 
 
 

 
 

 
 
 

 
Incidence rate by age 

 

 
 

 

-> increases by age 
 

 

 

 

 

Meningiomas: non-malignant primary brain tumor 

• extra-axial = grows outside of the brain  
-> is the most common one 

• hallmarks: psammoma bodies, whorls,… 
• Arise from arachnoid cap cells (non-glial) 
• Meningioma’s are the most common non-malignant brain 

tumors 
• Incidence increases with age 
 

WHO grade I meningioma 
-> benign 

• can potentially be cured by surgery 
• can still provoke disabling symptoms due to compression of 
healthy brain 

• attached to dural base  
 • not infiltrative 
 

WHO grade II & III meningioma  
• are rare and aggressive 
• Mitoses  

• Infiltrative growth 
 WHO II: Atypical (> 4 mitoses/10hpf) 
 WHO III: Anaplastic (> 20 mitoses/10hpf) 

 

Gliomas: primary brain tumors 

• intra-axial -> is the most common one 
• Astrocytoma  

• Oligodendrogliomas  
• Ependymomas 
 

 
 
 

 

WHO grade - gliomas 

 
 
 

 
 
 

 
 
 

• WHO I: Pilocytic astrocytoma 

• WHO II: diffuse astrocytic glioma, diffuse oligodendroglial 
glioma => pleomorphism 

• WHO III: Anaplastic astrocytoma, anaplastic 

oligodendroglioma => mitoses 

• WHO IV: glioblastoma 

 
Hallmarks of Glioblastoma (WHO IV) 

• vascular proliferation and necrosis in histology image 
 malignant, high-grade gliomas -> WHO-Grade III and IV 
 

Primary vs. secondary glioblastoma (GBM) 
Primary glioblastoma   

- progenitor cells which mutates  
- can arrive directly from glial progenitor cells 

- short clinical history (of only a few month) 

- exhibit a typical molecular profile -> EGFR 

amplification, TP53 mutation, PTEN mutation or LOH 
10p/q 

- very poor prognosis 

Secondary glioblastoma 

- progenitor which mutates to low-grade glioma (LGG), 

then to the high grade glioma (HGG) etc. 

- first: lower WHO grade (e.g. diffuse astrocytoma or 

oligodendroglioma) 

- molecular hallmarks -> different molecular profile 

than primary -> IDH1/2 mutations  

- longer history (for several years) 

- later: lower grade gliomas can develop into 

secondary glioblastoma -> tumor with bad prognosis 

(higher WHO grade) 

   only secondary glioblastomas share common origin 

of cells with oligodendrogliomas 

 

Neural, classical, 
mesenchymal, proneural 
transcriptional profiles 

Proneural transcriptional profile 
Hypermethylation phenotype 
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Distribution of all gliomas 

-> Astrocytoma’s and Glioblastomas account for 75% of all 

gliomas 

 

 

 

 

 

 

 

 

 

 

Gliomas – epidemiological data 

 

 

-> 3.01: high                           -> 3: low 

 

Pilocytic astrocytoma  

WHO grade I 

Astrocytoma  

WHO grade II 

Oligodendroglioma  

WHO grade II 

Anaplastic astrocytoma 

WHO grade III 

Anaplastic 

oligodendroglioma  

WHO grade III 

Glioblastoma  

WHO grade IV 

 Incidence, Median age, 2-year survival rate and 5-year 

survival rate 

 

Astrocytoma: belongs to the glioma 

Extend of resection important prognostic factor! 

 

WHO grade I (low grade) 
Pilocytic astrocytoma (typical tumor of children) 

• Cerebellum  

•  Spinal cord (intramedullary)  

•  Optic nerve  

•  Hypothalamus 

-> Circumscribed / not infiltrative growth pattern 

-> Rarely progress to higher grade  

-> Better prognosis 

 

WHO grade II (low grade) 

Astrocytoma grade II: diffuse astrocytic glioma 

-> FLAIR hyperintense and no contrast enhancement (in MRI 
image) 

-> Diffusely invasive growth pattern 

 

WHO grade III (high grade) 

Astrocytoma grade III: anaplastic 

-> Mitoses in histology 

-> infiltrative tumor growth 

-> Diffusely invasive growth pattern 

WHO grade IV (high grade) 

Glioblastoma 
-> Vascular proliferation 
-> Pseudopalisading necrosis 

-> MRI: necrosis can be seen 

-> Diffusely invasive growth pattern 

 

Oligodendroglioma: belongs to the glioma 

WHO grade II (lower grade) 

-> 5-15% of primary intracranial neoplasms 

-> Often calcified -> seen in CT (white spots) 

-> chromosome 1p/19q codeletion 

 

GLIOMAS – SUMMARY 

• Arise from different cells of origin 
• Graded WHO I-IV (non-malignant to malignant) 

• Molecular markers are part of the WHO classification of 
brain tumors 2016 and have impact on prognosis and 
treatment recommendations 

• Glioblastomas are the most common malignant brain tumors 
• Glioblastomas significantly shorten survival and often lead to 
disabling symptoms 

• Glioblastoma incidence increases with age 
• Astrocytoma’s and glioblastomas account for 75% of all 
gliomas 

 
Primary CNS lymphoma – immunosuppression  

• 3% of all CNS tumors 
• Non-Hodgkin’s lymphoma, usually B-cell origin 

• Increased frequency in immunocompromised patients  
-> immunosuppression 
• Associated with EBV (Epstein Barr virus) 

• Poor prognosis 
• Angiocentric pattern  

• Diffuse growth  
• Neoplastic lymphocytes  
• CD20+ (B-cell marker) 

• Often necrosis or hemorrhage 
• In MRI:  
-> Can mimic gliomas or metastases  

-> But respond strongly to steroids (-> corticosteroid 
medication) 
 

BRAIN TUMORS SUMMARY 

 Primary brain 
tumors 

Secondary brain 
tumors 

Commonality • Grow in the brain 
• Most often reduce survival 
• Most often localized in hemispheres 

Differences • originates from 
brain cells 

• Metastasize 
from body 

• Graded 

according to WHO 
classification 

• Classified by 

number 

• Different therapeutic approaches 
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 Meningioma Glioblastoma 

Commonality • Two most common primary brain 
tumors 

• Graded according to WHO 
• Can provoke identical symptoms 
• Increased increase with age 

Differences • non-malignant • malignant 

• Cure by surgery 
possible 

• No cure possible 

 

DIAGNOSTICS 

• Clinical diagnosis 
• Technical assessments 
 

Clinical diagnosis 

• Clinical presentation/ taking history  
• age / gender  
• timing of symptoms / onset and progression  
-> onset is really important 
• severity of symptoms  
• medical history/ presence of other diseases  
• family history for cancer or hereditary genetic 
conditions (e.g. NF1, NF2)  
 no chemical or environmental agent has been 
shown to cause brain tumors other than ionizing 
radiation  

• Physical examination  
 focal signs and symptoms help to identify the region 
where the tumor is located 

 
Technical diagnosis 

• Imaging  
• Computed tomography (CT) -> not expensive, gives 
an overview 
• Magnetic resonance imaging (MRI) -> more sensitive 
than CT 
• Conventional X-ray, angiography  
• Intraoperative imaging (ultrasound/ MRI)  
• Nuclear medicine: Positron emissiontomography 
(PET) -> focusing on tumor metabolism 

• Pathology 
• histology/ molecular markers (CSF, tumor tissue)  

• EEG (electroencephalography) -> helps in the end to localize 
the problem in the brain 
 
Imaging – Technical diagnostics 
Intraoperative ultrasound 

 helps during surgery 
 distinguish between tumor and surrounding normal brain 
 
MRI: Perfusion Imaging 
• increased blood perfusion reflects hypervascularity and is 
seen in higher graded gliomas 
  -> CBF (Cerebral blood flow) and CBV (Cerebral blood 

volume) 
   helps to discover tumor progression 

 helps to differentiate between recurrent tumor and 
treatment related imaging changes (mainly necrosis 
based on radiotherapy) 

Functional MRI - fMRI 

• measures differences in blood flow through regions of the 
brain after activation of these areas (sensor, motor, speech) 
 knowledge of eloquent areas in the brain helps to plan 

surgery (e.g. Broca’s Area, Wernicke’s Area) 
 
FET (fluorethyl-tyrosine)-PET 

• measures metabolic activity  
• tumors take up greater amounts of the tracer than 

surrounding normal tissue 
 helps to discover active tumor/ tumor progression  
 helps to differentiate between tumor and non-

tumor lesion 
 helps to differentiate between recurrent tumor and 
treatment-related imaging changes  

-> important in primary brain tumor patients -> sometimes 
develop radio-necrosis after radiotherapy -> radio-necrosis 
looks like tumor tissue (has contrast enhancement) -> on FET-

PET usually not metabolic active 
 
DOTATATE-PET 

• DOTATATE binds to somatostatin receptors, which are found 
on the cell surfaces of a number of neuroendocrine tumors, 
and thus directs the radioactive agent into the tumor  

• Gallium68: tested for diagnosis  
• Lutetium117: tested for the treatment of somatostatin-positive 
tumors 

 
MRI 
• Meningeoma:  

• extraaxial brain tumor derived from arachnoid cells 
of neural crest origin  
• highly vascularized 

• Angiography: Meningeoma: commonly supplied by  
dural arteries 

-> The role of preoperative angiography and 
embolization 

   Helps to diminish operative time and  

intraoperative blood loss 
 

Pathology – Technical diagnostics 

Histology 
• diagnosis of a brain tumor can be suggested by imaging 
examinations  

• histology / molecular markers define tumor type and grade 
• confirmation of glial phenotype 
• immunohistochemical profile 

• glial fibrillary acidic protein (GFAP) positive 
 
CSF (Cerebrospinal fluid) 

• Pressure – a lumbar puncture maybe risky when ICP 
(intracranial pressure) is increased 
• Cell count  

• Cytology – malignant cells?  
• Protein, glucose, lactate 
-> not for primary brain tumors 

-> non-adherent cells and adherent / solid cells 
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EEG – Technical diagnostics 

Electroencephalography 
 electrophysiological monitoring method to record electrical 
activity of the brain  

• Epileptiform pattern  
• Focal slowing 
-> helps in the end to localize the location of the lesion, but no 

info about the disease causing the lesion in the brain 
 

Case 

Clinical Diagnosis 
• J. B., male, 69 years’ old 
• 10/2014: emergency department of a community hospital in 

Zurich 
• clinical presentation/ physical examination:  

• drowsiness (since summer 2014) -> not an acute 

onset 
• difficulties with walking  
• psycho-motor slowing  

• motor deficits and numbness in the right leg  
• problems with the speech (with spelling words)  
-> aphasia 

 ? lesion left hemisphere  
 ? tumor, inflammation, bleeding, ischemic stroke 
 

Radiologic assessment - CT 
• First assessments:  

• Vital signs (e.g. fever): normal  

• Laboratory results: normal  
• CT scan10/2014: mass lesion with contrast 

enhancement (a lot) in the left parietal region  
-> maybe a higher graded primary brain tumor, origin 
of lesion unknown, could also be a metastasis 

 DD astrocytoma, metastasis, lymphoma (can look 
really different) 
 Next step: cMRI: more sensitive technique 

 
Radiologic assessment – MRI 
• cMRI10/2014– preoperative examination : 

  - T1-weighted MRI with contrast agent 
- fluid-attenuated inversion recovery (FLAIR) 
  patient was referred to the Department of 

Neurosurgery, USZ 
• cMRI10/2014 – postoperative examination: 

- T1-weighted MRI with contrast agent 

 - fluid-attenuated inversion recovery (FLAIR) 
 helps to assess the tumor status after surgery / 
baseline MRI scan 

-> mass effect is reduced, still some perifocal edema, 
most of the contrast enhancing tumor was removed 

• 10/2015: clinical presentation– progressive hemiparesis, 

neurocognitive deficits / KPS 60%  
 helps to monitor treatment/ to make treatment 
decisions  

 helps to discover tumor progression 
-> recurrent tumor: gain in mass effect, contrast 

enhancing lesion 
 

Radiologic assessment – CT / MRI 

• MRI is used to:  
− to determine location of the tumor  
− size of the tumor  

− edema associated with the tumor  
• MRI preferred over CT:  

− superior resolution  

− more accurate guide for surgery 
• CT:  − superior for acute hemorrhage 

 The initial diagnosis of intracranial tumors is most efficiently 
made by MRI with contrast administration 
 

Pathology – Histology and Molecular Markers 
- HE, KI67 protein cellular proliferation, GFAP protein marker of 
astroglial tumors 

 IDH Wildtype Glioblastoma 
 
Multidisciplinary Tumor Board 
• Tumor-specific treatment based on:  

• histology  
• molecular markers  

-> for astrocytoma’s (glioblastoma): MGMT-Promotor 
methylated status helps to define if a patient would 
benefit from a calculating chemotherapy -> benefit in 
patient who have a methylated MGMT-Promotor 
(because they don’t express MGMT, which is a 
reparatory enzyme -> chemotherapy can work) 

• age  
-> younger patient can tolerate more treatment than 
older patient 

• performance status  
• check for inclusion/ exclusion criteria for recruiting 
clinical trials 

 
TAKE HOME MESSAGE: IMAGING DIAGNOSTICS 

• initial diagnosis of intracranial tumor is most efficiently made 
by MRI 
• MRI is superior over CT: more resolution (with the exception 
of bleeding) 
• CT/MRI with contrast administration (break-down of the 
blood-brain-barrier) determines tumor localization, tumor size, 
edema 
• Perfusion MRI might help to differentiate tumor from other 
differential diagnosis or to learn more about tumor type 
• fMRI might help the surgeon to calculate and avoid risks  
• PET gives insight in tumor metabolism or receptor status  
• Angigography might help for differential diagnosis and might 
help the surgeon  
 Imaging techniques have the greatest amount of information 
when used in combination 
 

NEUROSURGERY 

Surgical Diagnosis 

• diagnosis of a brain tumor can be suggested by imaging 
examinations  
• tumor tissue should be obtained to determine tumor type 

and grade 
 neurosurgical approaches 
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Goals of Neurosurgery 

• tissue (diagnosis/histology, research)  
• decompression, symptom relief (reduction of a mass effect)  
• cytoreduction  

• improving outcome: dependent on histology  
-> meningioma: can be cured with neurosurgery 
 indication in (primary) brain tumors: virtually always! 

 
in the Old Days … 

 Primary method for definitive diagnosis and for treatment of 
brain tumors 
• Hieronymus Bosch Extraction of the stone of madness, 15th 

century 
• The digital enucleation of gliomas; Walter Dandy; 19th 
century 

 
The First Primary Brain-Tumor Operation (1984) 
 patient died because of meningitis 

 
Basic Cranial Approaches 
• burr hole trepanation -> strait forward surgery 

• craniotomy/ craniectomy  
• natural orifice (e.g. trans-nasal, trans-sphenoidal pituitary 
surgery) 

 
Craniotomy 
 Is a surgical operation in which a bone flap is temporarily 

removed from the skull to access the brain 
 
Extent of neurosurgery  

• Stereotactic biopsy  CAVE: sampling error! -> because of 
small tissue samples 
• Open biopsy  

• Partial/gross total/complete resection  
  

Side effects of neurosurgical interventions 
• Bleeding  
• Infection  

• New neurological deficit  
• Seizures  
• CSF leakage  

• Hydrocephalus 
 
Extent of resection (EOR) 

• Maximize surgical resection vs. avoiding possibly devastating 
and permanent neurologic complications  
• Negative impact on survival of residual tumors 

• Postoperative neurological deficits 
-> conflict 
 

Neurosurgery for diffuse Gliomas 
• brain tumor cells go far beyond the MRI contrast 
enhancement in high grade gliomas and beyond FLAIR hyper 

intensity in low grade gliomas 
 
 

 
 
 

EOR in Glioblastoma Patients: Associated with survival? 

 YES! 
 
 

 
 
 

 
 

 
Evolution of EOR concepts 

 

 
 
 

 
 
 

 
• 2014: problem -> maximum-safe restriction is the aim -> any 
degree of restriction helps 

• 2001: “all or nothing” 
• 2011: rigid EOR thresholds 
 

How to Achieve Maximum-Safe-Resection 
 
 

 
 
 

 
 
 

 
Intraoperative Resection Control Devices  

Main rationale:  
• to improve EOR  to extend survival  
• to protect normal/functional brain  

  
What’s the evidence?  
• STUMMER trial (5-ALA RCT)  

• SEFT trial (fh ioMRI RCT)  
  
5-ALA (Gliolan) (5-aminolevulinic acid)  

• Oral intake  Accumulation in tumor cells (more than in 
healthy cells)  
• 5-ALA: 

- compound of the porphyrin synthesis pathway  
- precursor of the photosensitizer “protoporphyrin IX” 
(red fluorescent) 

 visualize the 
tumor 

 

 
 
 

 
 
 

https://en.wikipedia.org/wiki/Surgery
https://en.wikipedia.org/wiki/Human_skull
https://en.wikipedia.org/wiki/Human_brain
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Intraoperative MRI 

Guidance 
 
 

 
 
 

 
 

 
 
 

 Patient with intraoperative MRI (red) had superior 
progression compared to patients with conventional surgery 
 

Mayfield fixation -> Testing face-to-MRI coil distance  
-> Neuronavigation -> Desinfection and sterile covering  
-> Surgery -> Placement of ioMRI coil -> OR table positioning  

-> MRI transfer table -> 3T MRI scan and data analysis  
-> Trenafer back to OR -> Closure after or without further 
resection.  

=> All takes about 90 additional minutes 
 
Two-Room Concept 

-> OP room and nearby MRI 
 
CASE: 27 Years Old Patient 

• diagnosed with pilocytic astrocytoma (WHO grade I) 

-> tumor located in midline structure 
 

Preparation and Surgery 
 
 

 
 
 

 
 
 

 
 

Mayfield fixation  Testing face-to-MRI coil distance  Neuronavigation 

Desinfection and sterile covering  Surgery 

 
Transfer to and back from ioMR 

 
 
 

 
 

 
 
 

 
Placement of ioMRIcoil  OR table positioning  MRI transfer table  3T MRI 

scan and data analysis  Transfer back to OR  closure after or without 

further resection 

 

Final result 
-> patient was cured 

TAKE HOME MESSAGE: NEUROSURGERY 

• indications in brain tumor patients:  

• tissue (diagnosis/histology, research)   
• decompression, symptom relief (reduction of a mass 

effect)  
• cytoreduction  
• improving outcome 

• extend of resection (EOR) concepts have evolved to a 
maximum-save-resection approach 
• intraoperative resection control devices have shown to 

improve EOR 
 

RADIOTHERAPY 

• Broad indication  
-> Application in almost all kinds of brain tumors  
 

Principles  

• External beam radiation 
        -> High-energy radiation  

• Photons (x-rays or gamma-rays) - „energy packets “  
• Particles (protons)  

• Internal radiation therapy (brachytherapy) -> not done in 

brain tumors 
• E.g. Jodine125 or Iridium192 seeds; Yttrium90 
suspension  

-> nukleotypes 
• Systemic radiation therapy  

• E.g. Lutetium177 DOTATAE 

• Target volumes 
  • Local treatment: e.g. glioma 
  • Whole brain irradiation: e.g. metastasis, primary CNS 

Lymphoma 
• Craniospinal irradiation (neuroaxis):  
e.g. medulloblastoma, ependymoma 

 

Radiobiology  

Biological mode of action  

•  X-rays and gamma-rays: ionizating radiation  

•  Direct and indirect damage  

 Direct: ionizing radiation energy is deposited in DNA  

 Indirect: radicals react with neighboring molecules 

and produce secondary DNA or lipid radicals  

 

Practical issues  

Fractions 
• The full dose of radiotherapy is usually divided into smaller 

doses -> fractions 

• Fractions of radiation are given in a treatment session for 

some weeks  

•  Unit of radiation energy: Gray (Gy)  

 Absorbtion of one joule of energy in the form of 

ionizing radiation per kilogram of matter (e.g. body 

tissue); 1 Gy = 1 J/kg  

• Standard radiation therapy for glioblastoma:  

 30 x 2 Gy = 60 Gy; Mon to Fri for 6 weeks  

 

 



Clinical Neuroscience FS20 – Chantal Widmer 

54 
 

Mask  

•  To avoid head movements  

 

Side effects of Radiotherapy  

Acute:  

• Headache, vomiting  

• loss of hair  

• Skin changes (redness, pigmentation, dryness, pain, 

thinning, induration…)  

• Wound healing disturbance  

Later onset:  

• Neurocognitive changes  

•  Radiation necrosis  

-> Months or years after radiotherapy  

-> Focal neurological symptoms  

-> DD tumor recurrence?  

 

Planning  

External beam radiotherapy  
•  3D-planning  

•  Gross tumor volume (GTV)  

•  Planning target volume (PTV)  

•  Computer simulation based on energy and number 

of radiation beams and their orientation  

•  leading to isodose contour map 

 

Photons versus protons 

 

 

 

 

 

 

• Bragg curve: plots the energy loss of ionizing radiation during 
its travel through matter  
• SOBP (dashed blue line): spread out Bragg peak (12 proton 
beams) is the therapeutic radiation distribution 
• Proton (particle) (red line): the dose is deposited over a 
narrow range and there is minimal exit dose (e.g. opticus 
glioma) 
• Photons (blue line): the dose is deposited over a wide range, 
which can damage additional tumor cells but also normal tissue 
(e.g. glioblastoma) 
 Depth-dose plot of an x-ray beam (red line) shows additional 
doses of x-ray radiotherapy, which can damage normal tissue 
 

Technical aspects 

Photon beams  
-> usually standard form most indications 
(• Machine: linear accelerator (LINAC)) 

(• USZ: TrueBeam) 

(- Resolution: <1mm)  

(- CT scanner integrated) 

Protons  

• Paul Scherrer Institute (PSI) 

• Expensive -> Costs! (*1.5-2.5) 

 • Limited availability and limited clinical trial data  
• E.g. for young patients with localized tumors adjacent to 

eloquent structures and with a high life expectancy (e.g. opticus 
glioma) 
 

Radiosurgery  
• Highly focused irradiation beams precisely collimated to 

target a small tumor, e.g. a brain metastasis, one treatment 

session  

 e.g. Gamma-knife = Cyber-knife = stereotactic radiosurgery  

-> brands of different machines 

  

TAKE HOME MESSAGES – RADIOTHERAPY 

• Application in almost all kind of brain tumors 
• Radiation technique is dependent on indication: e.g. localized 

disease versus multiple lesions 
• Photon-based radiotherapy represents the standard for most 
indications 

• Proton-based radiotherapy is useful for special indications 
• Acute side effects and risk of late-onset toxicity 

 

CHEMOTHERAPY AND OTHER APPROACHES – 

EXPERIMENTAL CONCEPTS 

Pillars of multimodal therapy 
• Surgery  

• Radiotherapy  
• Chemotherapy  
• Supportive treatments 

 
Chemotherapy 

• Alkylators Carbazine-group (Temozolomid) 

• Alkylators: Nitrosourea (CCNU) 
• Alkylators: Platins (Carboplatin) 

• Topoisomerase Inhibitors (Etoposide) 
• Anti-Metabolites (MTX) Lymphoma 

• Experimental drugs 

• Monoclonal Antibodies (e.g. Bevacizumab, Rituximab) 

 

Alkylating Agents 

-> cytotoxic by attaching alkyl groups of DNA 

-> inhibit cell proliferation 

Mustard gas -

derived 

Alkyl- 

Sulfonic 

acids 

Nitrosour

ea 

Others 

Cyclophospha

mide 

Busulfa

n 

Lomustin

e (CCNU) 

Temozolomide 

(TMZ) 

Ifosfamide Treosulf

an 

Nimustin

e (ACNU) 

Procarbazin/Dacar

bazin 

Melphalane  Carmusti

ne 

Thiothepa 

Chlorambucil   Platine 
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Temozolomide and MGMT 
Radiotherapy plus concomitant and adjuvant temozolomide 

for glioblastoma 

 

 

 

 

 

 

 

 

 

 

 

 

 Median overall survival: 14.6 vs 12.1 Month 

 

MGMT Gene silencing and benefit from temozolomide in 
glioblastoma 

-> methylated MGMT promotor and receive the temozolomide 
-> survival is the best 

 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

MGMT – O6-methylguanine-DNA-methyltransferase 
-> DNA-repair protein, protects tumor cell from alkylating 
agents  

-> MGMT status of the cell correlates with tumor cell response 
to alkylating agents (predictive factor) 

•  MGMT: a repair protein -> removes the alkyl groups -> fights 

against TMZ (alkylator) which inserts alkyl groups in the tumor 
DNA. A tumor which has MGMT does not benefit from TMZ.  
•  2/3 of patients: patients with MGMT promotor unmetylated 

(this is only in the tumor) -> transcription translator -> 
expressed MGMT -> this removes alkyl groups -> patients are 
resistant to TMZ  

•  1/3 of patients: patients with methylated MGMT promotor 
(this is only in the tumor) -> no MGMT -> no alkyl groups 

removed -> sensitive to TMZ 
 
Side effects of temozolomide 

• Nausea and emesis (= Erbrechen) 
• Leucopenia, lymphopenia, thrombocytopenia  
• Teratogenic -> Missbildung erzeugend 

• (Potential) infertility  
• Rarely hepatotoxic -> liver damage 
 

Glioblastoma (WHO grade IV) – First line treatment 

1. Surgery, Histopathology diagnosis, MRI 
  • reduce tumor load and volume 
  • Histopathology 

 • diagnosis -> clearly define the tumor 
2. Radiotherapy combined with daily chemotherapy over 6 
weeks -> concomitant chemotherapy during radiotherapy 

  -> daily TMZ (Temozolomide), dose: 75mg/m2 
 • 5 days/week 
  • Radiotherapy: 1.8-2 Gy leading to 60 Gy 

3. break for 4 weeks 
4. maintenance chemotherapy (with TMZ) for typically 6 

months -> 5 days/month, dose: 200mg/m2 
  • take blood samples 
  • MRI every 3 month 

5. If tumor is stable stop -> control visits 
  • MRI every 3 month 
6. often recurrence of tumor 

 
 
 

 
 
 

 

 

 

 

 

Glioblastoma – Recurrence 

 

Symptoms?  MRI?  Contrast-enhancing?  Size?  Overall health?  

Myelotoxicity?  Age?  Performance status (Karnofsky-Index)? 

 

 

 

 

 

 No standard! Depends on information 
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We had a tumor   surgery  radiation  TMZ  tumor 

comes back. What options do we have?  

• We can re-operate, we do not have a standard for second line 

glioblastoma 

• Reradiate is rarely an option -> because everything which 

comes back in this picture is in the radiated part  

• Avastin (Bevacizumab) is a good option -> favorite drug for 

recurrence, sometimes it can shrink the tumor 

 

Angiogenesis inhibition for the treatment of brain tumors 

• Bevacizumab: monoclonal antibody targeting VEGF-A  

• The idea of «tumor cell starvation» 

 

 

 

 

 

 

 

 

 

 

Bevacizumab 
• Potent effect on symptom burden and MR-tomographic 

response in a subset of patients with glioblastoma 
 
Clinical Case: 70-year old patient with recurrent glioblastoma 

Bevacizumab in patients with first recurrence of glioblastoma 
 
 

 
 
 

 
 
 

 
 

• Progression-free survival: 1.5 months (Lomustine alone) vs 4.2 

months (Lomustine + bevacizumab)  
 

 
 
 

 
 
 

 
 
 

• No difference in overall survival: 8.6 months (Lomustine alone 
-> follow-up 15.3 months) vs 9.1 months (Lomustine + 
bevacizumab -> follow-up: 13.6 months) 

 
Problem: • overall survival: no difference! 
  • therapy for the symptoms -> get better 

 => no better diagnosis for the disease! 

Brain tumors – supportive therapy 

Quality of life as a central goal of treatment  

 • Treatment of pain  
 • Prevention and treatment of nausea and emesis  

 • Treatment of brain edema: steroids, bevacizumab  
 • Treatment of epileptic seizures  
 • Psycho-oncology (because have e.g. anxiety, depression) 

 • Support in daily activities: e.g. „Spitex“  
 • „Advanced care planning“ and end-of-life care 
 
TAKE HOME MESSAGES: CHEMOTHERAPY AND 

GLIOBLASTOMA 

• Temozolomide-based radiochemotherapy is the standard of 
care for newly diagnosed glioblastoma 
• MGMT promotor methylation and other molecular markers 

have an impact on therapeutic decisions and prognosis 
• No standard of care at tumor recurrence: individual decisions 
for salvage therapy with limited options 

• Quality of life is a central goal of treatment 
 

NEW PERSPECTIVES? EXPERIMENTAL CONCEPTS FOR 

THE TREATEMENT OF CNS 

Rationale for immune therapeutic approaches for brain 

tumors 

Activation of immune response to overcome an 
immunosuppressive microenvironment 

• Challenges:  

  • Blood-and-brain barrier  
  • The brain as an immunoprivileged site  
  • Immunoactivation may have side-effects  

  • Immunoevasion by the tumor (tumor tries to 
  escape the immune response of the host) 
• Glioblastoma secretes some molecules 

  - ↑ IDO and TDO expression  
  - Trp  Kyn 
  - ↑ STAT3 pathway 

• Immunosuppressive cells 
 - Treg cell, MDSC, M2 polarized macrophages/ 
microglia 

• Immunosuppressive signals 
  - TGFβ, IL-10, VEGF, PEG, GDF15 
• Immune effector cells 

 - CD4+/CD8+ T-cells -> immuno-checkpoint: PDL1 & 
PD1 -> if this system is modified by a tumor, the 
immune effector response is suppressed 
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Immunotherapeutic concepts 

 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 Different immunotherapeutic concepts  
• Immune-checkpoint blockade: between tumor effector cells  

-> e.g. PD1 and CTLA-4 -> remove the blocking signals by this 
antibodies -> increase immune response of the brain/host 
against the tumor 

• CAR T-cells therapy -> lead to targeted death of tumor cells 
• Oncolytic viral therapy -> viral infection of tumor cell 
• Vaccination therapy -> e.g. peptide vaccine or tumor lysate  

 -> antibody-response 
 
Vaccination 

1. One of the most advanced vaccination approaches: Peptide 
vaccine targeting EGFRvIII: Rindopepimut  

- Randomized, double-blind phase 3 trial: Rindopepimut with 
temozolomide for patients with newly diagnosed EGFRvIII-
expressing glioblastoma (ACT IV)  

 No difference in overall survival between treatment groups 
 
 

 
 
 

 
 
 

 
 
 

2. GAPVAC-101 phase1 trial: Individualized vaccine -> very 
complicated, cost a lot -> only done with 16 patients -> need to 
do more research 

Immune checkpoint inhibitors 

• Immune checkpoints inhibitors via PD-1 and PD-L1 or CTLA-4 

antibodies have strong activity in advanced melanoma and 
other tumor entities 

• May these drugs also mount anti-tumor immune responses 
against neoplasms in the CNS? 
• CheckMate143: randomized phase III trial of nivolumab (PD-1 

antibody) and bevacizumab for patients with recurrent 
glioblastoma -> No difference in overall survival 

 

 
 
 

 
 
 

 
 
 

 
• Trials for PD-1 antibodies in newly-diagnosed glioblastoma 
are ongoing 

• Immune checkpoint inhibitors may be more efficient in 
tumors with high mutational load -> probability is higher, that 
there is an immune response against the tumor that is 

activated by these drugs 
 
CAR T cells  

Adoptive immune cell transfer  

Remove blood from patient to get T cells  Make CAR T cells in 
the lab  grow millions of CAR T cells  Infuse CAR T cells into 

patient  CAR T cells bind to cancer cells and kill them   
 

CAR T cells in glioblastoma     
• Preclinical data suggest efficacy  
• Case report with promising results: Regression of 

glioblastoma after chimeric antigen receptor T-cell therapy 
• Clinical development is ongoing 
 

TAKE HOME MESSAGES: Experimental therapy for CNS tumors 

• Vaccination and PD-1 inhibition so far without clinical activity 
in phase 3 trials in glioblastoma patients 
• Combined approaches (advanced vaccines, checkpoint 

inhibitors, conventional treatment) may be more effective 
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TUMOR TREATING FIELDS (TTF) 

New Treatment Device 
• TTFields: low amplitude alternating (100 – 300kHz) electric 

fields  
• non-invasive transdermal delivery through a transportable 
device (placed directly on the skin surface; shaved scalp) 

 
Biology 
• antimitotic treatment that selectively disrupts the division of 

cells  
• cause mitotic arrest and apoptosis by disrupting mitotic 
spindle formation during metaphase and causing 

dielectrophoretic movement of polar molecules during 
cytokinesis 
 

TTF plus maintenance temozolomide vs maintenance 
temozolomide alone on survival in patients with glioblastoma 

 

 
 
 

 
 

 

 
 
 

 
 
 

 
 

 
A: Median PFS: 7.1 versus 4.0 months 
B: Median OS: 19.6 versus 16.6 months 

 
Pro:  
• This study represents the first in a decade to demonstrate 

improvement in survival  
• FDA approved this therapy  
• Safe 

 
Contra:  
• Neither blinded nor placebo-controlled  

• Patients in the control arm received less adjuvant 
chemotherapy than those in the treatment group (4 versus 6 
cycles)  

• Significant cross-over of patients  
• Exact mechanism is still unclear  
• Cost for the device: 20’000 USD per month  

• Compatible with daily life?  
 
 Needs to be discussed with patients individually 
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Neurobiology of drug addiction (Boris B. Quednow) 
Recreational vs. Addicted drug use 

The vast majority of the people who regularly consume   
psychoactive drugs are NOT addicted nor will they ever  
become addicts.  
What drives psychoactive drug consumption in those people 
and why / how do some of them become addicted?  
 
Definition of drug addiction 

• Chronically relapsing disorder  
• Compulsive seeking and taking of the drug despite adverse 
consequences  
• The inability to control drug intake  
• Emergence of a motivational withdrawal syndrome 
  negative emotional state 
(e.g. anhedonia, irritability, anxiety, craving) 
 
Dependence vs addiction 

Drug dependence 
• „Physical dependence “  
• Drug is necessary for normal physiological functioning of 
organism  
• Addictive drugs induce tolerance (escalation of dose to 
maintain effect)  
• If drug is no longer available, physical/psychological 
withdrawal symptoms occur 
• Non‐psychoactive drugs can also induce dependence (like 
antidepressants)  
 Alcohol, nicotine, heroine and other opioids, 
benzodiazepines, barbiturates, GHB (Gamma-Hydroxybutyrat) 
 
Drug addiction 
• „Psychological dependence“  
• Motivational strength of substance abuse  
• Compulsive, relapsing drug use despite negative 
consequences 
• Often triggered by craving that occurs in response to 
contextual cues 
 Cocaine and other stimulants, cannabis, MDMA?, 
hallucinogens? 
 
Diagnosis F1 addiction acc. to ICD‐10 

A definite diagnosis of dependence should usually be made only 
if three or more of the following have been present together 
at some time during the previous year: 
1. A strong desire or sense of compulsion to take the 
substance;  
2. Difficulties in controlling substance‐taking behavior in terms 
of its onset, termination, or levels of use; 
3. A physiological withdrawal state when substance use has 
ceased or have been reduced;  
4. Evidence of tolerance, such that increased doses of the 
psychoactive substances are required in order to achieve 
effects originally produced by lower doses;  
5. Progressive neglect of alternative pleasures or interests 
because of psychoactive substance use, increased amount of 
time necessary to obtain or take the substance or to recover 
from its effects;  
 

6. Persisting with substance use despite clear evidence of 
overtly harmful consequences; efforts should be made to 
determine that the user was actually, or could be expected to 
be, aware of the nature and extent of the harm. 
 
Addictive potential of drugs 

• Estimated proportion of drug users who have become drug 
dependent: 
  • Tobacco: 32% 
  • Heroine: 23% 
  • Cocaine: 17% 
 • Alcohol: 10-15% 
  • Cannabis: 10-12% 
  • Stimulants other than cocaine: 10% 
  • Anxiolytic, sedative & hypnotic drugs: 9% 
  • Analgesic drugs: 9% 
  • Psychedelic drugs: 5% 
 • Inhalant drugs: 4% 
• Physical Harm vs Dependence 
  • red: Heroin, Cocaine,..  
  • orange: Alcohol, tobacco,… 
  • yellow: LSD, cannabis, …. 
• drugs are different in the addictive potential 
• highest addictive potential has tobacco, then heroin, cocaine 
• for most of the drugs the risk of getting addictive is ~10%  
-> higher risk has only tobacco, heroin, cocaine and 
amphetamine 
• heroin and cocaine: most harmful drugs on the market 
• can also vary with age, frequency -> e.g. cannabis: overall 
addictive potential is ~10% -> in teens almost doubled or in 
daily use almost 3x as high  
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Substance use in EU and worldwide 

EU 
 
• Cannabis > cocaine > 
MDMA > Amphetamines 
• 5% of people have 
taken an illegal drug at 
least once in the last year 
-> 250 Mio. People 
 
 
 
 

 
Worldwide 

 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
• Opioids and New psychoactive substances 

 
(Societal) Harm caused by drugs 

 
 
• can harm the social 
environment 
-> alcohol! -> violence at 
home,…  worst drug  
-> followed by heroin, 
crack cocaine, 
methamphetamine, 
cocaine and tobacco 
 

• evidence based harm not always in line with the law 
-> LSD: not so harmful 
-> drug policy not rational  
 
Substance use 

Global burden of mental and substance use disorder  
(-> very high) 
• Drug use and addiction/dependence are important 
contributors to the global burden of disease 
• Drug dependence and disease burden are highest in men 
aged 20-29 years. -> much lower in female and declines with 
higher age 
• Mortality by substance use in Switzerland is higher (for young 
people) than e.g. for suicide, alcohol,… -> illegal drugs much 
smaller role! 
 

Morality in Switzerland 
9’201 -> tobacco 

1’993 -> alcohol 

1’360 -> Suicide 

384 -> traffic accidents 

246 -> intentional homicides (= vorsätzliche Tötungsdelikte) 

193 -> illegal drugs   

76 -> Aids 

 
Substance use in Switzerland-> 12-month prevalence in % in 2016 

1. alcohol: 85.9 % 

2. Cannabis: 7.3 %  

3. Cocaine: 0.7 % -> waste water 

4. MDMA: 0.5 % 

5. Amphetamine: 0.3 % 

6. LSD: 0.2 % 

 

Cocaine use in Switzerland 
• highest at age 20-24 
• higher in males than females 

• higher in German speaking 

part 

• numbers are 

underestimated, because it 

was a telephone survey 

 

Last‐year prevalence of drug use in 2018 at age 20 in Zurich 
• directly asked, N =1180, 

community representative 

sample age of 7 years 

-> less biased 

• almost 60% used cannabis the 

last year 

• > 12% used ecstasy 

• >10% used cocaine 

=> some drugs are 

underestimated 

 

Treatment of substance dependencies  

Therapy goals of the treatment 
• Ensuring survival  

• Treatment of secondary and concomitant diseases  

• Adequate quality of life  

• promotion of disease insight and motivation for change 

• Structure of substance-free phases 

• Improvement of the psychosocial situation  

• Abstinence (secondary goal, final goal) 

 

Treatment options 
• Psychotherapy (Motivational Interviewing, Cognitive 

Behavioral Therapy)  

• Pharmacotherapy -> not available for all addictions! 

• Diagnostics and therapy of concomitant diseases  

• Social reintegration (return to one's own place of residence 

and work, resumption of social relations)  

• Mitigation / harm reduction / damage reduction 
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Opponent process theory of drug addiction  

• all kind of drug use -> positive effect of state (and maybe 

rebound effect) 

• take drugs because they like it 
• dependent user: positive effect very small, negative effect 
increases -> only there to elibiate negative effect (effect of 
dependence) -> to reduce negative effect of stage! 
 

Incentive-sensitization model 

Addiction as a form of pathological reward learning 
 
 
 
 
 
 
 
 

Schematic model of how ‘wanting’ to take drugs may grow over time independently 
of ‘liking’ for drug pleasure as an individual becomes an addict. The transition from 
casual drug use to compulsive addiction is posited to be owing to drug induced 
sensitization of mesocorticolimbic mechanisms of incentive salience. 

• when addicted: wanting of drug is increasing and liking of 
the drug is decreasing  
• wanting: mainly mediated by dopamine (hotspot in Nucleus 
accumbens) 
• liking: mediated by endogenous opioids (hedonic hotspots 
in Nucleus accumbens) 
=> hotspots overlap 

 

Circuits involved in drug addiction 

Addiction as a form of pathological learning and memory 

 The transition from occasional to compulsive drug use and 
the persistent vulnerability to release are due to 
neuroadaptations in the brain circuits implicated in reward, 
memory, drive and control 
 
• control is getting lower  
• rewarding of the drug, motivation to use the drug, presence 
of memory when used the drug-> increase more and more  
• control instance in the brain -> prefrontal cortex 
• motivation reflected by orbitofrontal cortex 

• reward and salience -> nucleus accumbens and ventral 
pallidum  
• drug memory -> amygdala, hippocampus 
 
Addiction stages 

Addiction stage I 
Binge/intoxication stage  
• Positive reinforcement by the drug  
• Rewarding effects mediated by dopamine and endogenous 
opioids (VTA -> Nacc/VS)  
• Dorsal striatum, stimulus‐response habit learning is enhanced  
• Associative learning of context (drug) cues 
 
Addiction stage II 
Withdrawal/negative effect stage 
• Negative emotional state involving the extended amygdala   

- Can induce stress and anxiety like effects via 
corticotrophin releasing factor, norepinephrine and 
dynorphin 

  - Projects to hypothalamus and brain stem  
• Decrease in endogenous opioids  
• Negative reinforcement -> drug seeking to avoid withdrawal 
 
Addiction stage III 
Preoccupation/anticipation (craving) stage  
• High vulnerability to relapse even after prolonged abstinence  
• Conditioned drug associated cues or stress can elicit strong 
drug craving, which in turn makes relapse more likely   
• Disrupted PFC (prefrontal cortex) function is crucial for this 
stage 

 
Riskfactors for drug addiction – Factors leading to addiction 

Approximately 10-20 % of drug users become addicted at 

some point during their lifetime  

• Biology / Genes (personality): 

 • Genetics  • Elevated impulsivity 

 • Gender  • Pronounced compulsivity 

 • Mental disorders • Worse decision-making 

 • worse planning 
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• Environment: 

 • Chaotic home and abuse 

 • Parent’s use and attitudes 

 • Peer influence 

 • community attitudes 

 • poor school achievement 

• Drugs:  

 • Route of administration 

 • Effect on drug itself 

 • Early use 

 • Availability 

 • cost 

 

Endophenotypes of drug addiction 

“Deficits in executive function and response regulation as well 

as anxious‐impulsive personality traits may represent 

endophenotypes associated with the risk of developing 

cocaine or amphetamine dependence”. 

 

• specific cognitive styles are more likely  
• response control is low 
• in siblings: similar cognitive style -> personality can have a 
genetic base -> end-phenotype of drug addiction  
 
Longitudinal results from ZuCo2St 

Self-description of impulsive behavior varies with changing 
cocaine use, while the ability to delay 
gratification/satisfaction seems to be more stable  

• have to be more impulsive to take drug -> drug will make you 
more impulsive -> in a circle 
 risk factor 
 
 
 
 
 
 
 

Molecular targets of drugs of abuse 

Drug classes according to their main mechanism of action 
Class I:  • Binds to GIo protein-coupled (metabotropic) 
  receptors (GPCRs) -> in VTA 
   Opioids, cannabinoids, GBH, hallucinogens, THC 
Class II:  • Binds to inotropic receptors (channels) -> physical 
  dependence -> in VTA 
   Nicotine, alcohol, benzodiazepines, ketamine, 
  phencyclidine 
Class III:  • Interacts with monoamine transporters -> indirect 
  receptor agonists -> in VTA and NAc 
   Cocaine, amphetamine, MDMA, ecstasy  

 
Mesocorticolimbic dopamine system 

• All addictive drugs increase dopamine levels (in animal 
models)  
• Addiction liability and reinforcing effects are mainly mediated 
by:  
 -> mesolimbic projection (VTA to NAc) -> most 
 important role!  
  -> mesostriatal projection (substantia nigra 
  to dorsal striatum)  
  -> mesocortical projection (VTA to PFC) 
 
Effects of drugs on dopamine release 

 
 
 
 
 
 
 
 
 
 
 
 

• nicotine and opioids can increase dopamine 
• stimulants (amphetamine & cocaine) can do this with much 
higher effectiveness 
 

Challenging the dopamine hypothesis of (human) addiction 
Stimulants, nicotine, and alcohol but not cannabis and opioids 
trigger (measurable) dopamine responses in the human ventral 
striatum 
 -> maybe: problem of measurement (SNR lower in animals,…) 
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Dopamine and reward 

 Pharmacokinetic profile of drug 
• Fast drug uptake (i.v./smoking)   
 -> more intense high  
  -> stronger reinforcing effects  
• Phasic dopamine firing  
  -> reward  
  -> saliency 

 
Dopamine release 
• Facilitates learning 
• Imbues an event with 
salience 
 
 
 

 
-> Drugs elicit more dopamine release for greater duration than 
natural resources of reward (food, sex, social interaction) 
-> Upon repeated administration (green arrows) tolerance does 
not develop to drug-induced dopamine release but natural 
rewards are blunted. 
 
Prediction 

Rewards  
• Elicit approach and consummatory 
behavior  
• Increase frequency and intensity of 
behavior leading to rewards 
and maintain learned behaviors  
• Induce subjective feelings of 
pleasure  
 
Reward prediction error  
• DA neurons code the discrepancy 
between the prediction and 
occurrence of rewards  
• Crucial for approach behavior 

                • Short phasic activity (ms) following 
   primary rewards and conditioned 
   stimuli 
 
Dopaminergic alterations after chronic drug use 

Protracted withdrawal  hypofrontality persists 
 

 
• Lower striatal D2/3 receptor availability in chronic 
  • Cocaine • Heroine 
  • Alcohol • Methamphetamine 
  • Cannabis • Nicotine users 
  • Reductions persist for months 

• Corresponds to decreased glucose metabolism in PFC 
• Reduced presynaptic dopamine release after dopaminergic 
challenge with methylphenidate (MPH). -> e.g. in cocaine 
abuses  
 
Perpetuation of drug addiction 

Why do addicts continue to take drugs if… 
• reward is mediated by DA release in the mesolimbic pathway  
• and addicts exhibit attenuated drug‐induced DA increases? 
 
Conditioning to drug cues 

Cue-induced craving  hyperfrontality via conditioning 
Conditioning! Association of environmental cues with the drug 
• May underlie intense desire for drug (craving)   
• Compulsive use when exposed to drug cues  
• DA increases by conditioned cues are larger than those 
produced by drugs  
• Dorsal striatum – habit formation 
 
 
 
 
 
 
 
 
 
Serotonin and addiction 

 DAT-k.o. mice still learn to self-administer cocaine and 
establish conditioned place preference after cocaine 
 SERT & DAT-double k.o. mice do not establish conditioned 
place preference after cocaine 
 
From use to addiction 

• cocaine and other psychostimulants increase serotonin 
activity in the brain 
• Serotonin depletion in PFC reduces the reinforcing properties 
of cocaine in CPP (cerebral perfusion pressure) in rats 
 A functional serotonin system is required for establishing 
psychostimulant consumption and related behaviors in 
animals 
 
Preclinical 

Glutamatergic alterations  
Glutamatergic cortico‐striatal circuitry  
• Persisting vulnerability to craving, relapse -> addiction memory  

• Maintenance of drug addiction 
 PFC and allocortex -> striatal motor/habit circuit and NAc  
 Execution/adaptation of learned behavior  
 Shift from   
  • declarative behavior (PFC executive functions)   
  • habitual behavior (cortico‐striato 
  thalamicmotor circuitry/procedural memories) 
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Preclinical research – glutamate 
Projection from PFC  Ncl. Accumbens: A final common 
pathway for drug seeking 
 Chronic self‐administration 

• decreased non‐synaptic extracellular glutamate 
in NAc core in rats during withdrawal. 

 Cue‐, stress‐, cocaine‐primed drug reinstatement  
  • releases large amounts of glutamate in the NAc, 

 • resulting in reinstatement of drug seeking, and 
altered plasticity (LTD and LTP) 

 
 
 
 
 
 
 
 
 
 
 
 
 

• Final common pathway: Prefrontal cortex -> Nucleus 
accumbens core -> ventral pallidum 
• Cue: Ventral tegmental area -> basolateral amygdala 
• Stress: Extended amygdala -> central amygdala nucleus, bed 
nucleus of stria terminalis, nucleus accumbens shell 
 
The glutamate homeostasis 
• Balanced regulation of extracellular non-synaptic and synaptic 
glutamate 
• Glial and synaptic glutamate release and elimination have to 
be tightly regulated.  
• Altered synaptic plasticity (LTD, LTP) -> learning, memory 
 
Glutamatergic alterations in male human users 

Measuring glutamate, glutamine, and further metabolite levels in the  
pregenual anterior cingulate cortex (pgACC) and the right dorsolateral 
prefrontal cortex (rDLPFC) of chronic cocaine users and controls using 
the Prior knOwledgeFITting2.0 tool in combination with two 
dimensional J‐resolved single‐voxel 1H‐magnetic resonance 
spectroscopy at 3T and voxel tissue composition and relaxation 
correction.  

 
Consistent with previous findings? 
• Normal glutamate and glutamine levels in the DLPFC and ACC 
in less strong addicted cocaine users (Hulka et al. 2015). 
• Lower glutamine levels in the pgACC correlate with increasing 
cocaine use (Hulka et al 2015). 
• Glutamate also affected in human users (not only in animals) 

1H‐MRS  

In small voxels 
Pathologies: Region specific alterations in the brain 
metabolism 
• Poor data quality in small voxels/regions: 
  - Low signal to noise ratio (SNR) -> high resolution 
  => the higher the SNR, the better 
  - high line width 
 
 
 
 
 
 
 Novel protocol allows to obtain metabolite markers in small 
voxels: 

 Non-water suppressed MRS (magnetic resonance 
spectroscopy) via the metabolite cycling technique 
 
Novel 1H‐MRS: spectral quality 
 optimised 1H-MRS protocol enables reliable quantification 
of glutamate concentrations within the human nucleus 
accumbens  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Glutamate concentration in cocaine users  

(chess film condition) 

MRS under craving paradigm 
• all participants watched a chess film -> during the film 
measured the glutamate concentration in the brain 
• afterwards were shown a cocaine film  
• craving rating is measured before and after 
-> wanted to induce craving 
 
Glutamate concentration in cocaine users (chess film 
condition) 
 Significant reduction in glutamate levels in the nucleus 
accumbens in cocaine users (also in abstinent people) 
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Cue-induced craving 
• Significant increase of craving in cocaine users  
• Craving baseline (but not increase) correlates with CCQ  
(= Cocaine Craving Questionnaire) 

 
 
 
 
 
 
 
 
 

Mean Craving Ratings (VAS) 
• cocaine users: red line 
• control group: blue line 
• “pre”: pre cocaine-cue movie (after chess movie) 
• “post”: 30min after the cocaine-cue movie 
 Highest craving occurs directly after the cocaine movie 
 
Glutamate increases under craving (MRS results) 
Neutral condition (chess movie): strong difference between 
both groups -> cocaine users are lower than healthy control 
 
Craving: • Glutamate level strongly increases in cocaine users 
  and control group decreases -> don’t know why 
  • Significant increase of NAc glutamate with craving 
  cocaine users 
  • Results are in line with the glutamate homeostasis 
  hypothesis based mainly on animal research 

 
 
HC: health control 
CU: cocaine users 
 
 
 
 
 
 

 
Novel pharmacotherapy targets? 

• New targets for pharmacotherapies: 
• Effectiveness of mGluR5 antagonists, mGluR2/3 
agonists, N‐acetylcysteine, d‐cycloserine, GLT-1 
stimulators, AMPA antagonists?  
• Combination of different compounds? 

• Multimodal imaging in humans 
 • Different stages of addiction (acute drug intake or 
craving, withdrawal) 

  • Molecular alterations induced by pharmacological 
  intervention 
 
 
 
 
 
 
 
 

SUMMARY 

• Individuals addicted to drugs:   
  • attribute excessive salience to drugs  
  • show blunted response to natural reinforces  
  • compulsively seek and take the drug  
• Addiction is a form of pathological learning and memory 

 • Drugs of abuse alter brain circuits involved 
in reward, motivation, memory, and executive 
control 

• Conditioned drug‐cues can elicit craving and increase the risk 
of relapse 
• Mesocorticolimbic dopamine system is important for the 
rewarding and reinforcing effects, initiation of drug use  
• Glutamatergic alterations may be crucial for the maintenance 
of drug addiction and relapse‐related behavior 
• It is not only dopamine and glutamate!  The serotonin, 
opioid, and GABA systems also play important roles 
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Autism Spectrum Disorders (ASD) in children and 

adolescents (R. Gundelfinger) 

DEFINITION 

Definition of the Autistic Disorder by Leo Kanner 1943 
Autistic Disturbances of Affective Contact  
• Inability to make social connections  
• Inability to use language for the purpose of communication  
• Compulsive desire to keep sameness (similarity) 
• Fascination for objects  
• Onset of symptoms before the age of 2 ½ J 
• (normal cognitive abilities-> he thought this...) 
  
Hans Asperger (-> German) 
“The nature of these children is revealed most clearly in their 
behavior towards other people. Indeed, their behavior in the 
social group is the clearest sign of their disorder and the source 
of conflicts from earliest childhood.”  
-> was only writing of boys 
  
Definition of Autistic Spectrum Disorders in ICD-10 
• Qualitative impairment in reciprocal social interaction  
• Qualitative impairment in verbal and nonverbal 
communication  
• Restricted interest and repetitive patterns of behavior  
• Onset before age 2.5 years  
• (unusual sensory interests)  
 

CLASSIFICATION 

• Autistic Disorder   
 -> show clear difficulties in all 3 areas -> interaction, 
communication and repetitive/restrictive behavior 

• Childhood Disintegrative Disorder  
• Atypical Autism (PDD-NOS)   
  -> group of kids, which have only problems in 2 
  areas or they start later or not so severe 
• Rett Syndrome  
• Asperger Syndrome  
  -> not very well defined -> normal language, normal 
  cognitive abilities 
 
The Autistic spectrum – The severity of the autistic symptoms 

 
  
 
 
 

 
 
 

Evaluation of a child with an autistic disorder 
 
 
-> High 
functioning = 
normal 
functioning 
 

DSM – 5 

-> used in US  
-> in EU,… is often ICD-10 used 
• Only 1 diagnosis: „autism spectrum disorder“  ASD  

• Sub-diagnosis -> no longer used -> like infantile autism, 
Asperger syndrome or PDD-NOS  
• Specifiers  

• With or without accompanying language impairment  
• With or without accompanying intellectual 

impairment  
• Associated with a known medical or genetic 
condition  

• ……… 
• Symptoms are grouped into 2 areas instead of 3: 

• Social communication  

• Restricted and/or repetitive patterns of behavior and 
hyper- or hypoactivity to sensory input or unusual 
interest in sensory aspects of the environment 

 
ASD – a model 
A child with ASD has symptoms in 2 areas: 
• Social problems: communication, interaction, theory of mind, 
empathy …. 
• Non-social problems: restricted and repetitive behavior, 
sensory issues, weak central coherence (autistics thinking, 
autistic perception) 
• Possible additional problems:  

• Intellectual and/or language impairment (about a 
third) 
• Attention deficit  
• Hyperactive and/or impulsive behavior  
• medical problems, e.g. epilepsy  
• Sleep disorders (up to 70%-80%) 

 Every child with ASD is unique in its combination of social 
and non-social symptoms, additional problems and the severity 
of all symptoms. The symptoms can change with age. 
 

EPIDEMIOLOGY 

Tommy MacKay, Edinburgh 2016  
Autism spectrum diseases (ASD) -> 1% or 1:100 
< 6 years  0.37%  
6-12 years    1.04 %  
> 12 years    1.13%  
33% with mental retardation (IQ < 70)  
  
Possible biological reasons for autistic disorders (ASD)  
• Sex ratio -> more common in boys (3-4x) 
• Mental retardation (MR), intellectual disability (ID)  IQ < 70 
• Epilepsy  
• Multi-case families  
• ASD with neurological disorders like Tuberous sclerosis, Fra-X 
syndrome  
• Extreme prematurity  
• Age of parents (nowadays age of parents higher -> more kids with autism) 
• Migration of parents  
• Medication during pregnancy  
• Infection during pregnancy, e.g. rubella -> especially anti-
epileptic medication 
• Environmental influences during pregnancy  
• Effect of folic acid -> protective effect 
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DIAGNOSIS 

Categorial diagnosis ↔ dimensional diagnosis  
Categorial: yes, or no, do you have it or not?  you can’t be a 

little pregnant 
Dimensional: bell shaped curve  not clear where border of 
normal and abnormal is -> often dependent of age, gender,… 

  
No diagnosis before 14 months! 
 

Psychiatric Diagnosis  
• No measurable changes (lab, tests, EEG, MRI, …)  
• No biomarkers  

• only behavioral symptoms  
-> is always a clinical diagnosis and a dimensional diagnosis 
 

Suspicious Symptoms during the 1. Year  
Difficulties in Parent – Child – Interaction:  
• Acoustic:  - Little reaction to parent’s voice  

- No reaction to name calling  
- Very few preverbal sounds  

• Visual:  - Missing or unusual eye contact  

• Tactile:  - Unusual reaction to touch or body contact  
  
Suspicious Symptoms during the 2. Year  

• Delay in speech development  
• No sharing of the world with others (joint attention)  

- No pointing towards interesting objects  

- No bringing of objects in order to show them  
- No looking at parent’s face for social clues  
- No joint looking at pictures  

• Lack of imitative play  
• Very little or unusual nonverbal communication  

• Loss of verbal or social abilities  
  
Suspicious Symptoms after the 2. Year -> certain if child has 
ASD  

• Little interest in other children  
• Missing or unusual language  
• Repetitive and restrictive play behavior  

• Little interest in picture books or stories  
• Fascination for rotating or glittering objects  
• Unusual hand or body movements  

• Hyper- or Hyposensitivity to sounds, smells or touch 
 
Diagnostic tools 

-> around 18 months solid diagnose can be made if autistic or 
not 
 

Eye tracking 
• Measuring social orienting 
• A primary deficit in social orienting? 

• Is the heterogeneity in social 
orienting related to heterogeneity in 
the clinical phenotype?  
• Can social orienting be used to 
predict subsequent development of 
social-communication skills in ASD?  

-> Less than 40% of the time spent on the child -> autistic  
-> but there are huge variations 

Screening  
  • CHAT, Checklist for Autism in Toddlers  

 • M-CHAT, Modified CHAT  
• SCQ, Social Communication Questionnaire  

  • ASSQ, Autism Spectrum Screening Questionnaire  
 
Interview  
  • ADI-R, Autism Diagnostic Interview – Revised  
  • ASDI, Asperger Syndrome Diagnostic Interview  
 
Play Observation  
 • ADOS, Autism Diagnostic Observation Scale  
 • CARS, Childhood Autism Rating Scale  
 
Diagnostic Problems  
 • Mental retardation (with autistic features?)  
 • Severe language disorder 
 
Neuropsychology 

• Social motivation hypothesis 
• Theory of Mind 

• Weak central coherence 
• Intense world model 
 
The social motivation hypothesis 

 
 

 
 

 
  
 

 
Theory of Mind  
• The ability to think about other people’s thoughts  

• The ability to realize, that other people have other thoughts, 
wishes, motives then one self 
• The ability to take another person’s perspective  

=> Theory of Mind is a precondition for empathy  
 
The Sally and Ann task 

 
 
Where will Sally look for the ball?  

  
Normal child: basket  
  

Autistic child: box 
 
 

Central coherence 
Strong central coherence 
Neurotypical information processing:  

• global information processing, integrating different 
information to understand a situation 

• central coherence is the ability to combine different elements 
to create a picture and to neglect details 
• to memorize a message not literally but to remember the 

meaning 
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Weak central coherence 

Information processing of people with ASD: 
• local information processing, focusing on details and not the 
whole picture 

• with weak central coherence comes an ability to recognize 
details, focus on details and a preference to occupy oneself 
with details 

• memorizing details (words, sentences) of a message but not 
the meaning 

 
Children’s Embedded Figures Task (CEFT) 
• have to put a form into e.g. a horse -> autistic children do this 

faster than neurotypical children (no autism)  
• neurotypical child: looks at the form longer and get a memory 
• autistic child: goes straight from the form to the answer, 

without wasting any time, what the structure means…. 
 
Conceptual level – concretism 

• Difficulty to understand irony, jokes, proverbs, double 
meaning, ….  

• Words and sentences get meaning from context  

• Can mean different things in different situations  
• It is necessary to interpret language on several levels:  

• Text, prosody, gestures, mimic, situation,  

experiences 
 
Intense world model (Henry Markram) 

• Sensory overload, like moving from a dark quiet cave to a 
loud disco with stroboscopic lights and masses of people  
• Options for survival:   

- Reducing sensory input by retiring to a quiet room   
- Minimizing surprises by following routines, searching 
for patterns and structure  

• Animal model: valproate rat with increased anxiety  
• Adults can flee from sensory overload, babies can’t. They 

have to block out sensory stimuli and reduce communication 
and interaction  
• Research shows that the resting brain of people with ASD 

might process more information than the brain of neurotypical 
people  
 

Sensory issues  
• Effect is often underestimated  
• Sensory overload  

 
Citations 
“I was exploring the concept of consistency. It may have seemed that 
my world was upside down, but I was looking to get a grip on 

consistency. The constant change of most things never seemed to give 
me a chance to prepare myself for them. Because of this I found 
pleasure and comfort in doing the same things over and over again.” 
 

 “Reality to an autistic person is a confusing interacting mass of events, 
people, places, sounds and sights. There seem to be no clear 
boundaries, order or meaning to anything. A large part of my life is 
spent just trying to work out the pattern behind everything. Set 
routines, times, particular routes and rituals all help to get order into 
an unbearably chaotic life.” 

 

 

ASPERGER SYNDROME 

Diagnostic Criteria (Gillberg)  
• Difficulties with reciprocal social interaction (extreme 

egocentricity)  
• Restricted interests  
• Routines and rituals  

• Speech and language difficulties  
• Difficulties with nonverbal communication  
• Clumsiness 

 
Signs of a possible Asperger Syndrome (in the Video) 
Socially unusual or inadequate behavior: 

• Introduction at the door 
• Trying out the key (on a house that is not his) 
• His specific wish for a drink 

• Takes the photo out of the box 
• Talks about elephants without paying attention if the 
woman is listening 

• Doesn’t really respond when she says that he must 
find the situation weird 
• Reacts helpless, when she starts crying 

 
Non-social aspects: 

• Sensitivity to noise (using his tambourine to block 

street noise) 
• «Lie number 7» -> counting his lies 
• Perhaps specific preferences for food and drink 

• Perhaps special interest in elephants or in animals in 
general 

 

Why is it difficult to diagnose Asperger Syndrome in girls? 
• Symptoms are more subtle 

• Girls show more social interest, more social play and usually 
they develop more social abilities 
• Girls learn social behavior faster than boys 

• Girls show passive behavior and withdrawal. This corresponds 
to a gender stereotype (girls are shy and quiet). Autistic 
symptoms as gaze avoidance are misinterpreted as shyness 

• Girls show less impulsive, disruptive and aggressive behavior. 
Therefore, they cause less problems, e.g. in school and are not 
referred to a psychologist or psychiatrist. 

• Girls hide their difficulties better. They copy others and use 
«camouflaging» 
• They might find supportive girl friends 

• Girls often have special interests that are less unusual and 
don’t attract a lot of attention 
But: Girls have to survive in a social environment (among girls) 

that is more complex and demanding than boy groups. 
 
Social situations  

• Not able to socialize  
• Inability to judge emotional face expressions/body language  
• Isolation 

 
Pretending to be normal  
“The fun came from setting and arranging things. Maybe this desire to 

organize thing rather than play with things, is the reason I never had a 
great interest in my peers. They always wanted to use the things I had 
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so carefully arranged. They would want rearrange and redo. They did 

not let me control the environment.” 
 
“The worst problem for me is socializing. I cannot make friends and I 
need friends badly. When you have friends you get more support and 
you can ask a lot of things from them and they’ll help you because 
they are your friends…And because I don’t have friends it means that 
I’m cut off from help. Whenever I have a problem I have to handle it 
on my own. I don’t know how to socialize and that means I don’t know 
how to use people to my advantage” 

 
“I don’t mind my own company at all and have nothing in common 
with most other boys. This seems to cause teachers a problem. One 
teacher told me it was time I stopped being a ‘Billy No Mates’ and got 
out there and started having fun. As if his idea of fun was the only way 
– yeah right! That actually upset me quite a lot. Being alone doesn’t. I 
would say that if you don’t want to mix with people and are quite 
happy on your own, then carry on and don’t let anyone push you into 
anything different” 

 

Problems in daily life  
• have problems finding friends and are often bullied  
• don’t stick to rules and unwritten laws  

• make insulting remarks  
• talk only about their favorite subject  
• spend a lot of time (and money) on their special interest  

• stick to their routines and find changes in their activities very 
difficult  
• motor coordination is weak  

• often show sensory problems with noise, light, smell  
• hate surprises and unexpected events  
• have problems functioning in groups 

 
Diagnostic problems  
-> always subjective 

• broad autism phenotype  
• ADHD  

• Children with very high intelligence  
 
Comorbidity 

• 50 -75 % of children with Asperger Syndrome have a clinically 
relevant ADHD. 
• 7 – 15 % of children with ADHD have severe autistic 

symptoms. 
-> overlap (not sure if it’s genetic) 
 

MTA Study (ADHD) 
-> they don’t show Asperger as a 
specific syndrome 

• 40% Oppositional behavior 
• 34% Anxiety 
• 14% conduct disorder 

• 11% tic 
• 4% mood 
 

 
 

 

 
 
 

Swedish school children (ADHD) 

• Developmental disorders: 
• 47% motor coordination 
disorder 

• 40% Dyslexia 
• 13% intellectual impairment 

 

• Psychiatric disorder: 
• 60% oppositional and conduct 

disorder  
• 33% Tic 
• 7% Asperger 

=> show Asperger as a syndrome 
 mood and Anxiety disorder not included 
 

Symptoms of Asperger’s Syndrome seen as strengths  
• extremely reliable and loyal  
• honest and communicate without second thoughts or double 

meaning  
• highly original problem solving  
• incredible memory for details  

• extraordinary knowledge in their special field 
 

SAVANTS 

• First description by Down 1887, he used the term “idiot 
savant”  
• Kanner’s 10 cases: all head very good memory, 6 had special 
talent for music  
• Savant syndrome: 50% with ASD, 50% with other neurological 
symptoms  very unusual 
• 10% of people with ASD have “savant syndrome”  
• Relatively few women with “savant syndrome”  
• Kim Peek, model for the “Rain Man”: He knew 6000 books by 
heart, had 14 special interests (music, sport, geography, 
history), extremely fast reader (2 pages simultaneously), MRI 
with missing Corpus callosum and other changes 
 
Savant skills  

• Stephen Wiltshire: Trafalgar Square drawing after having it 
seen once  

-> photographic memory, but unable to life by his own 
• A study compared professional musicians with and without 
perfect pitch: Musicians with perfect pitch had better results in 

the mosaic subtest in the HAWIE, were more eccentric, had 
lesser social abilities.  
 

TREATMENT 

Early intensive intervention 

• Behavioral models:  
- Applied Behavioral Analysis (ABA)  

- UCLA-Modell (Lovaas)  
- Verbal Behavior (Carbone)  
- Early Start Denver Model (Rogers and Dawson)  

• Others: Mifne (Alonim), FIAS (KJPD Basel), Floor Time 
(Greenspan and Wieder), PLAY (Solomon), Option (Kaufmann), 

RDI (Gutstein)  
-> try to start as early as possible  
-> needs time (several hours a day) 
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The Zurich model  

• 1:1 treatment at home or in the center  
• 25-35 hours per week  
• Students as therapists  

• 2 years  
• Based on Ivar Lovaas’ work ABA  
• Individual program for every child and family 

 
Counseling and therapy  

• Changing the child  
• increase his/her understanding  
- Information  

- Strengths and weaknesses  
- How do others function?  
- How can we work together?  

• widen his/her behavioral repertoire  
• Changing the environment  

- Family    - information  

- School    - expectations and demands  
- Leisure time   - adaptations 

 

Behavior    
 
I want to get 

 
I want to avoid 

Attention 
 

Object/activity 
 
Sensory stimulation 

-> Child wants something or wants to avoid something -> this is 
for all kids, not only for acoustic ones. 
 

Stress and anxiety  
are main factors influencing the child’s behavior are caused by:  
• Sensory overload  

• Unmet expectations  
• Unexpected changes and surprises  

• Lack of understanding of social situations  
• Academic or social challenges 
 

KOMPASS – Training 

Basic group training  
• MODUL 1: Emotions 
• MODUL 2: Small Talk 

• MODUL 3: Nonverbal communication 
Advanced group training  

• MODUL 4: Complexe communication 

• MODUL 5: Complexe interaction 
• MODUL 6: Theory of Mind 

 

Visualizing the session 
-> learn better if visualized (most often) 
 

How does small talk work? 
 
-> has to explain to the 

autistic people how small 
talk works 

 
 
 

Social activities in public 

-> e.g. climbing -> has to work with one another  
 
Medication 

• Medication has been disappointing 
• Until now there are no autism-specific drugs 
• Situation concerning neurotransmitters is complex 

• no good animal model 
 
For comorbid symptoms or disorders:  

• hyperactivity and attention problems  
- stimulants, e.g. Methylphenidate  
- Atomoxetin  

 • aggressive, self-injurious or extremely hyperactive behavior  
- antipsychotics, e.g. Risperidon, Ariprazole, Piperidone  

• depression, anxiety or compulsive symptoms  

- SSRI, e.g. Fuctine, Sertralin  
• Sleep disorders  

- Melatonin    

 
 
 

 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 
 



Clinical Neuroscience FS20 – Chantal Widmer 

71 
 

Neuro-Rehabilitation: Part 1 - Neurobiological basis 

of neuronal repair and neurorehabilitation after 

stroke (Anna-Sophia Wahl) 
Promoting recovery after stroke: Understanding the 
neurobiology of intrinsic repair mechanisms in the CNS as a 

basis for neurorehabilitation 
 

STROKE IS A MAJOR CAUSE OF ADULT DISABILITY 

Risk factors:  
- Hypertension  
- Cardiovascular diseases  

- Obesity  
- Diabetes 

- Physical inactivity 
 
-> act F.A.S.T. 

 

STROKE INDUCES NEURONAL PLASTICITY 

Acute  

• Thrombolysis / 
Thrombectomy  

• within 4.5-6h after 

symptom onset 

 10% of all patients! 

Chronic  

• Rehabilitation  
• Brain stimulation 

 90% of all patients 

 
 No specific therapy which enhances the outgrowth of nerve 

fibers! 
 
• What is an optimal rehabilitation paradigm? 

• What makes one rehabilitative strategy better than the 
other?  
• How can we boost intrinsic plasticity and spontaneous 

recovery? 
 Design rehabilitation paradigms that interact with the 
intrinsic recovery machinery! 

 

SPONTANEOUS RECOVERY 

(1) CHANGES IN CORTICAL/SPINAL EXCITABILITY 

(2) LATERALIZED ACTIVATION 
(3) SOMATOTOPIC RE-MAPPING 

 
(1) Changes in cortical/spinal excitability  

GRIPPING DATA: 
This figure shows 

activity in the brain 
during repetitive 
gripping with the 

right hand. Each 
brain represents the 
activation pattern at 

different time points over the first six weeks after stroke for 
one patient. 
• Recovery of function is associated with diminishing brain 

activation, due to increasingly efficient neural circuitry.  
•This is very similar to what is seen during learning of a new 
complex motor task in the undamaged human brain 

 can also be seen in learning in the healthy situation: start to 

learn -> in undamaged brain -> overall activity AND if become 
an expert -> activity is centralized 
 

(2) Lateralized activation 

increased activity in the contralesional hemisphere 

Thumb rule 

• main reorganization of small strokes: ipsilesional (at stroke 

site) 
• main reorganization of large strokes: contralesional (at other 
hemisphere) 

 consider stroke size is important!  
 small stoke: area around stroke can take over, but with big 
stroke: loss of function 

 
(3) Somatotopic re-mapping 

Thumb rule  

• Those surviving cells/regions take over lost/impaired 

functions which are either functionally related or locally related 
or both 
 loose some kind of function because of a stroke -> synapses 

can take over new functions 
 on synaptic, microcircuit, regional, inter-regional or global 
scale 

 
Examples 

• Synaptic scale -> multiple cell recording 

• microcircuit -> ChR2-assisted circuit mapping 
• Regional scale -> light based motor mapping 
• Inter-regional scale -> VSD imaging and ChR2 

• Global scale -> Optogenetic functional magnetic resonance 
imaging 
 

Spontaneous recovery of forelimb function after destroying 
the sensorimotor forelimb area 
• after stoke -> drop of function 

• success rate doesn’t correlate to lesion volume in those 
animals (in this study) 
 

Forelimb and Hindlimb sensorimotor areas in the rat cortex 
• hindlimb neurons become forelimb neurons… 
• The question now is, what is the anatomical reason for animal 

with good and bad “spontaneous recovery”. In this study they 
retrogradly traced animals – putting a tracer in the cervical 
spinal cord of the animals after stroke – so that they could 

study the cortical reorganization in those animals. In this study 
they wanted to look which new neurons target the motor 
neurons in the spinal cord, which are denervated due to the 

stroke in the sensorimotor cortex. IN the sham condition you 
see here the forelimb and hindlimb area and in red the stroke.  
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• Now if you have the group with the chronic lesions you see if 

you look at these beige hindlimb areas, that you see quite a few 
dots – so neurons, which are actually hindlimb neurons now 
take over function of forelimb neurons. 

• the amount of cervical projecting neurons in the cortical 
hindlimb area correlates with functional forelimb recovery 

• Interestingly the more cells from the hindlimb area project to 
the stroke-denervated spinal cord, the better the outcome. 

• Thus in this context – after destroying the forelimb area of 
the motor cortex, the hindlimb area takes over. 

 
Stroke induces sequential waves of neuronal growth 
promoting and growth inhibiting genes 
In the penumbra zone: growth-promoting genes are increased, 
growth-inhibitory proteins are diminished-> sprouting occurs 

 

 

 
 
 

Stroke induces sequential waves of neuronal growth-promoting 
genes during the sprouting response: an early expression peak 
(SPRR1), a mid expression peak (p21, Ta1 tubulin, L1, MARCKS), 

a late peak (SCG10, SCLIP), and an early/sustained pattern 
(GAP43, CAP23, c-jun). These expression peaks correspond to 
specific time points in the sprouting response. The expression 

of the growth-inhibiting chondroitin sulfate proteoglycans 
aggrecan, brevican, versican, and phosphacan are induced late 

in the sprouting process; except neurocan, which is increased 
during the peak of the growth-promoting gene expression. The 
developmentally associated growth inhibitors ephrin-A5, 

ephB1, semaphorin IIIa, and neuropilin 1 are also induced in the 
early phases of the sprouting response. At the cellular level, 
chondroitin sulfate proteoglycans, in the form of peri-neuronal 

nets, are reduced in the region of axonal sprouting, during the 
peak of growth-promoting gene expression. These results 
identify a unique profile of growth-promoting gene expression 

in adult cortex after stroke, the inhibitory molecules that are 
present during the sprouting response, and a region in which 
growth-promoting genes are increased, growth-inhibitory 

proteins are diminished and axonal sprouting occurs. 
 

SINGLE REHABILITATIVE STRATEGIES 

Suggested mechanisms:  

• Denervation induces plasticity and fiber growth  

• Activity (training) stabilizes meaningful circuits 

 

 

Intensive rehabilitative training 

Grasping training improves forelimb function after a forelimb 

stroke. 
-> much better outcome, if 

intensive reha training is 
made 
 

 
 
 

 
 

 

Side switch of corticospinal axons 

• target the stroke denervated site 
-> Fibers grow from the intact spinal hemi cord to the stroke-
denervated spinal hemi cord 

 
 
 

 
 

 
 
 

 
 

Constraint induced movement therapy (CIMT) after stroke 

• intact extremity is put into some kind of cast -> is forced to 

use paralyzed side  
 
mRNA changes in ventral horn of intact cervical spinal cord 

after 7 days of training/forced use 
• Guidance and adhesion 
molecules:  

Semaphorin 6C  

CSPG 5  

Ephrin A1  

Laminin A2  

Tenascin XA  

Matrix metalloprotease 2 

• Neurite growth 
components:  

Neurofilament H  

Profilin  

CRMP 2A  

Abl-1 

 

up-regulated  

down-regulated 

 
Can too early intense training be detrimental? 

 Rats show reduced overall activity 1-2 weeks after stroke. An 

early intense training results in increased immune response and 
worse recovery rates. 
• lot of different training tools -> can choose what they want to 

do/train  
-> early after stroke: all animals don’t want to train! want to 

rest  
-> early training -> increase immune response after stroke  
-> outcome for early trained rats was worse (in this study) 

 
Optogenetics to stimulate neuronal rewiring and regrowth 

 Optogenetic stimulating corticospinal projecting fibers in the 
intact hemisphere results in neuronal outgrowth into the stroke 
denervated spinal cord and enhanced functional recovery 
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PHARMACEUTICAL APPROACHES FOR STROKE 

REHABILITATION 

BDNF… 

Representative photomicrographs of GFAP 

immunohistochemistry 6 weeks after photothrombosis 
demonstrate lowest astrogliosis after BDNF treatment 
-> applied BDNF -> better outcome -> but has side effects, not 

successful in early clinical trials 
 
Chondroitinase ABC treatment 

 promotes recovery and axonal sprouting after stroke 

 • Chondroitinase is a bacterial enzyme which catalyzes the 
cleavage of extracellular matrix proteins -> reducing scar 

formation 
• then outgrowth of neuronal fibers is eased 
• successful in rodent model -> better outcome 

• problem: bacterial enzyme -> feared the increased immune 
response in human system 

 
ANTI-NOGO immunotherapy  

 
 
 

 
 
 

 
 
 

 
 

 Neurons in culture treated with either 11C7 Antibody or 

control Antibody plated on myelin -> increased neurite 
outgrowth. 
• get rid of growth inhibitory proteins (NOGO-Protein)  

• successful 
 

COMBINATION OF DIFFERENT REHABILITATIVE 

STRATEGIES 

 

 
 
 

 
Is there a time when the brain is most responsive to 

rehabilitative treatment? 

 Early enriched rehabilitation (5 days post stroke) is more 
effective than delayed enriched rehabilitation (starting 14 and 
30 days’ post stroke) 
• timing is important! 
• histologically: in the lesion hemisphere -> in penumbra -> 
enriched synaptic arborisation  
 
Chondroitinase ABC plus specific training 

 Chondroitinase treatment plus specific training is more 
efficient than only Chondroitinase or only specific training. 

 

Enhancing spontaneous recovery with a specific therapy 

How does neurorehabilitation recruit brain repair? (+ page 32) 

• Anti-NogoA + Training 
(both at the same time)  

-> very bad outcome 
• Anti-NogoA + delayed 
Training -> very good 

outcome -> almost a full 
recovery of function 
=> timing is different! 

 
 

More fibers more recovery? 

 Qualitative not quantitative sprouting matters:  
Fiber sprouting depends on the targeting and the connection 
formation to meaningful circuits. 

 
Are newly formed circuits relevant for recovery of function? 
 Reversibly shutting-off newly formed corticospinal circuitry 
results in temporal loss of regained grasping function. 
• newly formed corticospinal fibers forming intact contra 
lesional hemisphere protecting down to the stroke innervated 
spinal cord are essential for recovery of skilled grasping 
function after this large photothrombotic stroke of one 
hemisphere 
 
Future directions for designing optimal rehabilitation 

paradigms 

3-Step model for rehabilitative schedules 
(1) Determination of the metabolic and plastic status of the 

brain  e.g. using biomarkers, state-of the art imaging 
(2) Enhancement of the plastic status of the brain and spinal 
cord  application of growth and plasticity promoting factors 

 e.g. pharmaceutical treatment 
(3) Selection and stabilization of newly formed functional 

connections  e.g. specific rehabilitating training 
 
TAKE HOME MESSAGES 
• The CNS has intrinsic repair mechanisms to deal with an incent such 
as a stroke on several levels (molecular, synaptic, cellular and network 
plasticity) 
• Only those rehabilitative interventions which support the intrinsic 
repair machinery are successful 
• Timing is crucial for regenerative therapies: A treatment which first 
further enhances intrinsic repair mechanisms followed by 
rehabilitative training to select and stabilize meaningful new circuits 
results in best outcome levels 
• Too early intervention after CNS injury can be detrimental/harmful 
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Neuro-Rehabilitation: Part 2 – Mechanisms of 

stroke recovery in the context of novel therapeutic 

approaches (Roger Gassert) 
Human Sensory-Motor Control 

▪ Visuo-motor control  
▪ Sensory-motor control  

▪ Sensorimotor impairments after stroke 

 

Sensorimotor control and impairments following stroke 

Stroke  

• Affects approx. 0.2% of the population  

• Approx. 14’000/10 Mio. stroke survivors per year in CH/world  

• Ischemic (~87%) vs hemorrhagic (~13%) 

• Time is brain -> F.A.S.T. 

• Leading cause of adult long-term disability  

• 80% patients with persistent motor deficits   

- Weakness (esp. extensors), hyperexcitability (esp. 

flexors), lack of coordination, abnormal muscle  

synergies, diminished finger individuation, ….  

-> hand often severely impaired 

• 10-90% (data unclear) patients with sensory deficits   

- Poor functional recovery due to severe and persistent 
sensory deficits 

• Conventional rehabilitation has a strong focus on visually-
guided motor training (Sensory function? Cognition?)  

 

Mechanisms of recovery  

… it is useful to divide neurorehabilitation into (1) measures 
primarily aimed at assisting adaptation to impairment and (2) 

those primarily aimed at reducing impairments. The latter 
address underlying neurological deficits more directly but are 
relatively poorly understood.”  

  

Two separate mechanisms:  
• True recovery     

-> The same or close to the same prestroke movement 

patterns are regained poststroke (i.e. reduction of 

impairment)  

• Compensation     

-> Using alternating movements to accomplish a motor 

task (i.e. using a different muscle groups, joints, or 

effectors)  

  

Brain Plasticity Key to Recovery 
 
without rehabilitation  

-> hand area diminishes 
-> poor functional recovery 
 

with rehabilitation 
-> increase of hand motor 
area 

 
 

Mechanisms of Motor Impairment and Recovery in Stroke  

• more widespread, bilateral activation in severely impaired 
subjects   

• post treatment increases in the contralesional motor 
regions   
• shifts in laterality towards the uninjured hemisphere 

 contralesional motorcortex will take over  some 
recovery 

• more ‘normal’ activation patterns in mildly impaired subjects 

• emerging evidence supporting functional relevance of 
secondary motor area recruitment  

• disruption of ipsilesional PMd and contralesional 
PMd by TMS increases motor reaction times in 
patients with chronic stroke but not controls  

• TMS to ipsilesional PMd is disruptive in patients with 
little impairment, while TMS to contralesional PMd 
was more disruptive in patients with greater motor 

impairment 
 PMd = dorsal premotor cortex 
 TMS = transcranial magnetic brain stimulation 

• both patients are affected in left hemisphere (Patient A: top 
& Patient B: bottom) 

• 10 days post stoke: wide spread activation covering both 
hemispheres 

• 17 days post stroke: wide spread (but more focal than 
before) 

-> as times passes -> activity patterns become more and more 
focal 

• after 3 months post stoke: 

-> less severe impairment (top): activity returns to 

Ipsilesional somatosensory motor cortex 

-> severely affected patient (bottom): activity has 

shifted to contralesional motor areas 

• Barthel: both are able to live independently (but don’t know 
how this is achieved -> by compensation,…?) 

• ARAT: full score is achieved 
• GRIP (force): in Patient B (where it has shifted to 
contralesional side) strongly reduced grasp force 

• NHPT (exterity of the fingers): in Patient B severely impaired 
-> will not regain finger individuation, not regain hand exterity, 
will be severely limited in ability to perform activities of daily 

living with impaired limb 
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• Laterality Index (Motor): compare the relative contribution of 

the ipsilesional and contralesional motor cortex 

• Transcallosal disinhibition (TCI) 

• Neurotransmitter reduction 

• CIMT: constraint-induced movement therapy -> only 

scientifically proven therapy -> strain the unimpaired limb to 
force the patient to rely on impaired limb -> only in patients 
which have some remaining motor function 

 reduction of somatosensory input to non-impaired limb 

 increase of somatosensory input to impaired limb 

• Anesthesia: of body part proximal to paretic hand (focus on 
impaired limb) -> didn’t show significant improvement 

• Enhance plasticity (at level of the brain) 

 in affected motor cortex (cortical stimulation) -> upregulate 
lesion cortex -> increase the laterality Index 

 down-regulation of activity in intact motor cortex 
(contralesional cortex) 

• tDCS (at level of the brain): transcranial direct-current 
stimulation -> still under discussion 

• TMS (at level of the brain): transcranial magnetic stimulation 
-> still under discussion 

 
Clinical assessments 

Barthel Index [score] 
-> Questionnaire -> perform certain tasks of daily living 

independently  
0: unable, dependent, 

incontinent 

5: needs help 

10: independent, continent 

 e.g. feeding, dressing, 

bowels, bladder, toilet use 

0: unable, dependent, needs help 

5: independent 

 e.g. bathing, grooming 

0: unable, no sitting balance 

5: major help (one or two people, 

physical), can sit 

10: minor help (verbal or physical) 
15: independent 

 e.g. Transfers (bed to chair and back) 

 

Nine Hole Peg Test (NHPT) [s] 
-> objective test 
-> time based 

 
Grip Force dynamometer [N] 
-> objective assessment-> impairment based assessment 

 
Action Research Arm Test (ARAT) [score] 
-> functional task -> subjectivity -> rated from 0 to 3 
3: Performs test normally  
2: Completes test, but takes abnormally long or has great difficulty  
1: Performs test partially  
0: Can perform no part of test 

Novel Therapeutic Approaches -> No medication for stroke 

▪ technology-based assessments to gain a better 

understanding of response to specific treatments and transfer 
to the home environment  

▪ objective, sensitive, rapidly administered  
▪ e.g. virtual reality and robotics, wearable sensors for 
long-term activity monitoring in the home  

environment  
▪ validity, reliability and acceptance?  

▪ robot-assisted rehabilitation 

 ▪ e.g. ARMin, Lokomat 
▪ complement conventional therapy; increase intensity 
and duration 

▪ patient-tailored therapy (assist-as-needed)  
▪ strengthen muscles through functional electrical 
stimulation (FES) 

▪ optimal interaction/assistance protocol?  
▪ neural stimulation  

▪ transcranial magnetic brain stimulation (TMS)  

▪ transcranial direct/alternating-current stimulation 
(tDCS) 
▪ transcranial random noise stimulation (tRNS, ~0.1- 

640 Hz)  
▪ brain-machine interfaces (MEG, EEG, fNIRS, cortical 
implants) 

  ▪ novel approach 
 
Robot-Assisted Rehabilitation  

=> Good, but not better  
• Provide high intensity and duration, well controlled 

interaction, motivation, objective assessments, assistance as 
needed, group therapy  
• As good as dose-matched conventional rehabilitation  

  
Taking a Step back 
=> Proportional Recovery Model 

• Outliners with low initial FM score: most severely impaired 
patients, don’t recover as much as one would predict 

• Fugl-Meyer (FM) score 24 to 72h after stroke predicts 
recovery at 3 or 6 months (plateau)  
• proportional relationship of recovery to initial impairment 

(~70% of initial impairment) when outliers removed  
• conventional neurorehabilitation appears to have little impact 

on impairment over and above that of spontaneous biological 
recovery 
• limited time window for intervention  because usually 

platen around 3-6 month 
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Conventional Neurorehabilitation Estimates  

• Length of stay in rehabilitation center: 9-22 days in US; ~40 
days (up to 60 days) in CH  
• In patients:  

• engage in upper limb motor activities only ~13% of the 
day  
• receive ~1h of occupational and physiotherapy per day  

 only about 50% of upper limb rehabilitation 
sessions are spent with movement therapy  

 ~30 movement repetitions performed in a 45 min 
session 

• are inactive ~48% time during the week; 98% time 

during weekends  
=> Independent therapy in the clinic and at home  Minimally-
supervised therapy in the clinic and at home! 

=> Demonstrate feasibility of clinical integration, automatic 
difficulty adaptation and equivalence of robot-assisted 
treatment on therapeutic outcome 

 
ReHapticKnob Hand Rehabilitation Robot  
• Ability to render a wide range of virtual object dynamics (free 

movement  resistance)  
• Guide severely impaired ↔ train fine motor skills / 
assessments  

 Simulate really high forces and free movement (really low 
forces / no forces) 
  

Neurocognitive robot-assisted Rehabilitation of Hand Function  
• Concept: Train the complex system of movement, perception 
and cognition.  

• Therapy exercises: Solve cognitive task relying on motor 
output and somatosensation.  
 

Assessment-Driven Therapy 
1. Initial difficulty adaptation using robotic assessments (range 

of motion, proprioception, haptic perception) 
2. Progressive difficulty adaptation to track 70% performance 
 
Default exercise  Adaptation of exercise  Therapy session  Update 
difficulty level 

 

 A novel approach combining initial (capacity) and 
progressive (performance) adaptation 
 

RESTORE: Assessment-Driven Therapy  
Towards Minimally-Supervised Therapy in the Clinic and at 
Home 

 

Initial and progressive 
therapy adaptation based 

on automated assessments 

 

 
▪ Minimally-supervised therapy in the clinic  

▪ More challenging exercises  
▪ Improved assessments 
▪ HandyBot: towards home use  

▪ Design requirements derived from recordings with 
ReHapticKnob in over 30 patients 

Vision: Rethinking Sensorimotor Neurorehabilitation 

▪ will further evolve in the future 

▪ integrate therapy into daily living (e.g. with wearable robots) 
▪ trigger the movement (if not able to move) 

 

User Evaluation  

Usability und Benefit Evaluation in SCI Participant with 
Tetraplegia 
▪ Immediate functional benefit for larger objects in lab 

conditions (assessed with ARAT)  
▪ Applicability in home environment? Activities?  
▪ Additional benefit through long-term use (co-adaptation)? 

▪ robot not so useful for little objects -> better for large ones 

 

CONCLUSIONS 

Technology-assisted rehabilitation a promising tool for 
therapy and assistance  

▪ enable high dose and intensity (continued in home 
environment)  

▪ prevent learned non-use (virtuous cycle)  
▪ optimal level of difficulty/support through  
continuous assessments  

Challenges  
▪ understanding of recovery mechanisms  
▪ effective interventions  

▪ high demands for robustness, reliability and usability 
of assistive technology and home therapy  

Outlook  

▪ minimally-supervised therapy and assistance in the 
clinic and at home 
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Schizophrenia (Anastasia Theodoridou) 
DEFINITION 

Schizophrenia is a severe mental disorder, characterized by 

profound disruptions in thinking, affecting language, 
perception, and the sense of self. It often includes psychotic 
experiences, such as hearing voices or delusions. It can impair 

functioning through the loss of an acquired capability to earn a 
livelihood, or the disruption of studies. 
 

A hypothetical model of mental disorders 

• Neurodevelopmental pathology <-> affective pathology 
• Mental retardation, Autism, Schizophrenia, Schizoaffective 
disorder, Bipolar / unipolar mood disorder 
• Cognitive impairment, negative symptoms, positive 
symptoms, mood symptoms 
 
• relationships between genotype and clinical phenotype 
• level of genetic variation (lowest in figure) -> DNA structural 
variation -> contributing particularly to neurodevelopmental 
disorders and associated particularly with enduring cognitive 
and functional impairment 
• Single gene variants (red stars) -> many of them 
-> single base-pair changes may influence multiple biological 
systems -> typically have multiple functions and produce 
proteins that interact with multiple other proteins 
• relevant biological systems influence the neural modules  
-> compromise the key relevant functional elements of the 
brain -> multiple biological systems influence each neural 
module 
• (abnormal) functioning of neural modules together  
-> influence the domains of psychopathology experienced and 
the clinical syndromes 
• bigger structural genomic variants (involving DNA loss)  
-> more likely to affect brain development 
• Schizophrenia has a stronger neurodevelopmental 
component than bipolar disorder 
• Schizophrenia lies on a gradient of decreasing 
neurodevelopmental impairment -> between syndromes like 
mental retardation and autism on one hand, and bipolar 
disorder on the other 
 

 
 

HISTORICAL BACKGROUND 

Emil Kraeplin 
• “Dementia praecox” (1893/99)  
• “The subacute development of a specific, simple state of 
mental weakness in adolescence.”  
• Dichotomous classification based on course and outcome: 
manic-depressive illness (remitting) versus dementia praecox 
(chronic, degenerative) 
• He said once you have it, it never gets better 
  
Eugen Bleuler 

• “Schizophrenia” (1908)  

• “In any case, there is more or less marked spitting of psychic 
functions: if the disease is severe, the personality loses its 
unity.”  

• Basic symptoms (4 A’s):  
- Disorder of the associations  
- Ambivalence  

- Disorder of affectivity  
- Autism  

• He noticed that some remain stable or get better 

 
CLASSIFICATION 

International classification of disease ICD-10 

• syndromatic  

• descriptive, a-theoretical 
• operationalised, i.e. criteriological  
• nominalistic 

 
Schizophrenia according to ICD-10  
General criteria for Schizophrenia:  
G1. Either at least one of the syndromes, symptoms and signs 
listed below under (1), or at least two of the symptoms and 
signs listed under (2), should be present for most of the time 
during an episode of psychotic illness lasting for at least one 
month (or at some time during most of the days).  
(1) At least one of the following:  

a) Thought echo, thought insertion or withdrawal, or 
thought broadcasting.  
b) Delusions of control, influence or passivity, clearly 
referred to body or limb movements or specific thoughts, 
actions, or sensations; delusional perception. 
c) Hallucinatory voices giving a running commentary on 
the patient's behavior, or discussing him between 
themselves, or other types of hallucinatory voices coming 
from some part of the body.  
d) Persistent delusions of other kinds that are culturally 
inappropriate and completely impossible (e.g. being able 
to control the weather or being in communication with 
aliens from another world).  

(2) or at least two of the following:  
e) Persistent hallucinations in any modality, when 
occurring every day for at least one month, when 
accompanied by delusions (which may be fleeting or half-
formed) without clear affective content, or when 
accompanied by persistent over-valued ideas.  
f) Neologisms, breaks or interpolations in the train of 
thought, resulting in incoherence or irrelevant speech.  
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g) Catatonic behavior, such as excitement, posturing or 
waxy flexibility, negativism, mutism and stupor.  
h) "Negative" symptoms such as marked apathy, paucity 
of speech, and blunting or incongruity of emotional 
responses (it must be clear that these are not due to 
depression or to neuroleptic medication).  

G2. Most commonly used exclusion criteria: If the patient also 
meets criteria for manic episode (F30) or depressive episode 
(F32), the criteria listed under G1.1 and G1.2 above must have 
been met before the disturbance of mood developed.  
G3. The disorder is not attributable to organic brain disease (in 
the sense of F0), or to alcohol-or drug-related intoxication, 
dependence or withdrawal. 
 

CLINICAL PRESENTATION - SYMPTOMS 

Symptoms  
• Some we can observe  

• Some symptoms were just described from the patient’s 
experience 
 

Hallucinations (positive symptom) 

= Perception-like experiences that occur without an external 
stimulus and that are not under voluntary control.  
• May occur in any sensory modality  

• Can be vivid and clear, with the full force and impact of 
normal perceptions  
• Auditory hallucinations are usually experienced as voices, 

whether familiar or unfamiliar, that are perceived as distinct 
from the individual’s own thoughts  

• Must occur in the context of a clear sensorium; those that 
occur while falling asleep (hypnagogic) or waking up 
(hypnopompic) are considered to be within the range of 

normal experience 
 
Subjective experience of hallucinations  

• I’m walking home  

• Voice: If you don’t turn right you’ll be murdered. The man 
behind you has a knife.  
• Another voice: You’re worthless. A coward and a loser.  

• Yet another voice: (Child crying)  
• Voice: If you don’t turn right you will be murdered. The man 
behind you has a knife.  

• Other voice: You’re worthless. Nobody cares about you.  
You’re a loser. I turn right. The man behind me laughs. See, he 

had a knife and wanted to kill me. 
 
Delusions (positive symptom) 

= Fixed beliefs that are not amenable to change despite 

conflicting evidence  
• persecutory delusions (unjustified belief that one is going to 
be harmed)  

• referential delusions (unjustified belief that certain gestures, 
comments, environmental cues, and so forth are directed at 
oneself)  

• grandiose delusions (unjustified belief that one has 
exceptional abilities, wealth, or fame)  
• erotomanic delusions (unjustified belief that another person 

is in love with him/her)  
  

Delusional perception 

Real perception that is falsely interpreted and charged with 
meaning in the light of a delusional belief.  
  

Delusional mood 
Unjustified diffuse expectation that something is wrong or 
something bad is going to happen 
 Patients feel uncanny and that there is something suspicious 
afoot. Everything gets a new meaning. The environment is 
somehow different – not to a gross degree – perception is 
unaltered in itself but there is some change which envelops 
everything with a subtle, pervasive and strangely uncertain 
light. A living-room which formerly was felt as neutral or 
friendly now becomes dominated by some indefinable 
atmosphere. Something seems in the air which the patient 
cannot account for, a distrustful, uncomfortable, uncanny 
tension invades him. 
 
Delusion (based on something that’s actually there) <-> 

Hallucination (related to perception/awareness) 
 

Ego disturbances (positive symptom) 

= Weakening or loss of the ability to distinguish between self 
and others  
• Thought insertion (feeling that one’s thoughts are not one’s 
own)  
• Thought withdrawal (feeling that one’s thoughts are taken 
away)  
• Thought broadcasting (feeling that one’s thoughts are 
audible to others)  
• Delusions of control (feeling that one’s motor actions are 
controlled by an external agent)  
 

Subjective experience of ego-disturbance  
I thought I was dissolving into the world; my core self was 
perforated and unstable, accepting all the information 
permeating from the external world without filtering anything 
out. Where did myself end and where did the external world 
start? I would stretch out my hand just to see how far it could 
reach. 
 
Formal thought disorder  

= Disturbance of the ability to generate a logical sequence of 
ideas (train of thought) typically manifesting in an individual’s 
speech  
• Rumination (tendency to think repetitively about unpleasant, 
distressful topics)  
• Circumstantiality (long-winded, convoluted speech)  
• Tangentiality (replies to questions are off-point or irrelevant)  
• Loosening of associations and derailment (total break in the 
chain of association between meanings and thoughts)  
• Neologisms (making-up of new words)  
• Flight of ideas (quick switch from one idea to an unrelated 
other idea)  
• Thought pressure (subjective experience of being under 
pressure from an excess of different ideas and thoughts)  
• Thought blocking (subjective experience of the sudden and 
unintentional stop in a chain of thought)  
• Incoherence (severe disorganization that makes speech 
incomprehensive; “word salad”) 
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Subjective experience of thought disorder 
I felt a Cleaving in my mind – as if my brain had split – I tried to 
match it – seam by seam – but could not make it fit. 
I thought behind, I strove to join unto the thought before – but 
sequence raveled out of sound like balls – upon a floor 
 

Negative Symptoms 

= Reduction in normal function  
• Affective flattening (reductions of facial expression, eye 
contact, intonation of speech, and movements of the hand, 
head, and face that normally give an emotional emphasis to 
speech)  
• Anhedonia (decreased ability to experience pleasure from 
positive stimuli)  
• Apathy / Avolition (decrease in motivated self-initiated 
purposeful activities)  
• Alogia (diminished speech output, poverty of speech)  
• Asociality / Social withdrawal (apparent lack of interest in 
social interactions) 
 

Catatonia 

= Grossly abnormal motor behavior marked by an excess or 
lack of motor activity in reaction to one’s environment  
• Negativism (opposition or no response to instructions or 
external stimuli)  
• Mutism (no, or very little, verbal response)  
• Stupor (no psychomotor activity; not actively relating to 
environment)  
• Agitation (excessive excitability and motor activity)  
• Stereotypy (repetitive, abnormally frequent, non-goal-
directed movements)  
 
Cognitive symptoms 

Cognitive impairments 
• are found in almost all patients  
• precede the onset of psychosis  
• are not caused by psychotic symptoms  
• are important for functional disability and outcome 

 
 
 
 
 
 
 
 
 
 
 

Severity and profile of cognitive impairment in schizophrenia 
using the MATRICS consensus cognitive battery 
 Composite, processing speed, attention, working memory, 
verbal learning, visual learning, reasoning, social cognition 
 
 
 
 
 
 
 

Schizophrenia symptoms: Synopsis 

 

 
 

 
 
 

 
 

• Positive symptoms: delusions, hallucinations, ego-disturbance 
• Negative symptoms: affective flattening, anhedonia, alogia, 
apathy, social withdrawal 
• cognitive symptoms 
• affective symptoms 
• catatonic symptoms 
 
NEUROBIOLOGICAL FINDINGS 

Structural brain changes 

 
 

 
 
 

 
 
 

 
 
• Color maps showing p-values of differences in cortical 
thickness between patients with schizophrenia and healthy 
subjects at baseline investigation. 
(• You can’t make an image in the scanner and decide if he is 
normal or has schizophrenia  
• Enlarged ventricles when compared to sibling (because 
measurements are very individual, varying with gender and 
age) -> indication of shrinkage of brain tissue 
• reduced size of hippocampus and amygdala 
• spine density on apical dendrites of pyramidal cells is 
reduced) -> Quelle: Development of the NS 

 
Genetic variants 

• Multitude of susceptibility genes:  
• > 100 genetic loci with fairly common SNPs  
• 11 rare CNVs, rare SNPs and indels (inherited and de 
novo)  

• Involved loci code for e.g.  
• Synaptic proteins e.g. Post-synaptic density protein, 
Dysbindin and Neuregulin  
• Ion-channels e.g. Voltage-dependent calcium  
channel  
• Receptors e.g. Glutamate receptor and Dopamine  
receptor  
• Enzymes involved in neurotransmission  
e.g. Monoamine oxidase A  
• Major histocompatibility complex (MHC)  

• All observed variants are pleiotropic:  
• overlaps with other mental disorders like bipolar 
disorder, major depressive disorder, ADHS and autism 
spectrum disorders (ASD) 
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Disturbances in dopaminergic neurotransmission 

Five dopamine pathways in the brain 

a) nigro-striata 
b) meso-limbic 

c) meso-cortical 
d) tubero-infundibular 
e) projections from 

multiple sites to the 
thalamus 
 

 
The mesolimbic dopamine hypothesis of positive symptoms  
of schizophrenia 

• mesolimbic overactivity = positive symptoms of schizophrenia 
 
Figure: NMDA receptor hypofunction and positive symptoms 

of schizophrenia.  
 
 

 
 
 

 
 
 

 
 

(A) The cortical brainstem glutamate projection communicates 

with the mesolimbic dopamine pathway in the ventral 
tegmental area (VTA) to regulate dopamine release in the 

nucleus accumbens.  
(B) If NMDA receptors on cortical GABA interneurons are 
hypoactive, then the cortical brainstem pathway to the VTA 

will be overactivated, leading to excessive release of 
glutamate in the VTA. This will lead to excessive stimulation of 
the mesolimbic dopamine pathway and thus excessive 

dopamine (DA) release in the nucleus accumbens. This is the 
theoretical biological basis for the mesolimbic dopamine 
hyperactivity thought to be associated with the positive 

symptoms of psychosis. 
 
HOW TO MAKE A DIAGNOSIS? 

• No biomarkers!  
• Clinical assessment  
• Blood tests  
• CSF (Cerebrospinal fluid) 
• Imaging (cMRI) -> reduced cortical thickness in MRI 
• EEG  
• Neurocognitive assessment 
 
Differential diagnosis 

Somatic disorders 
• Inflammatory brain disease (MS, encephalitis)  
• Traumatic brain disease (head injury, stroke)  
• Epilepsy  
• Autoimmune diseases, e.g. Lupus erythematodes  
• Metabolic conditions, e.g. M. Wilson  
• Substance induced psychosis  

 Other mental disorders 
• Acute transient psychotic disorders  
• Delusional disorder  
• Schizoaffective disorder  
• Mania or depression with psychotic symptoms 
 

Etiological hypotheses 

 
 
 

 
 
 

 
 
 

 
 
 

 
The Vulnerability-Stress Model 

 

 
 
 

 
 
 

 
 

 Under the curve: Absence of symptoms & above: Presence  

 Relation between vulnerability and challenging events 
 
Hereditary and environmental factors 

Estimates of relative risk for schizophrenia due to various 

genetic and environmental factors 

Risk factor Average relative risk of 

schizophrenia if risk 
factor present 
(approximate) 

Family history of schizophrenia 
-> monozygotic twin 
-> both parents affected 
-> dizygotic twin or 1st degree 
relative 
-> 2nd degree relative (e.g. 
grandparent) 

-> 3rd degree relative (e.g. 1st 
cousin) 

2-70 
50-70 
40-60 
9-18 
 
3-6 
 

2-3 

Any specific single gen variant 1.1 – 1.5 

Urbanicity 2-3 

Migration 2-3 

1st or 2nd trimester maternal 

infection or malnutrition 

2-3 

Winter birth 1.1 

Obstetric and perinatal 
complications 

2-3 

Cannabis or stimulant use 2-3 

Paternal age > 35 years 1.5 - 3 

Male gender  1.4 
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Neurodevelopment 

Figure: Overview of neurogenesis  
The process of the brain development is shown here. After 
conception, stem cells differentiate into immature neurons. 

Those that are selected migrate and then differentiate into 
different types of neurons, after which synaptogenesis occurs.  
Most neurogenesis, neuronal selection, and neuronal migration 

occur before birth, although new neurons can form in some 
brain areas even in adults. After birth, differentiation and 
myelination of neurons as well as synaptogenesis continue 

throughout a lifetime. Brain restructuring also occurs 
throughout life, but is most active during childhood and 

adolescence in process known as competitive elimination. Key 
genes involved in the process of neurodevelopment include 
DISC1 (disrupted in schizophrenia 1), ErbB4, neuregulin (NRG), 

dysbindin, regulator of G protein signaling 4 (RGS4), D-amino 
acid oxidase activator (DAOA), and genes for AMPA. 
 
EPIDEMIOLOGY 

• World Health Survey 2003: Prevalence 1%  
• More recent studies and reviews:  

- 12-month prevalence 0.33%  

- Incidence 15.2/100’000  
- Life time risk 7.2/1’000  

• Prevalence of psychotic symptoms much higher (4.8-8.37% 

for specific symptoms)  
  
Variations between countries  

• difficult to diagnose the disease  
  
 

 
 
 

 
 
 

 

Prevalence of Schizophrenia in North America, Europe, 
Australia and New Zealand. Countries are designated by 3-letter 

international organization for Standardization (ISO) code, e.g. 
CAN = Canada 
 

 

Variations by other factors 

Influence of sex, migrant status, urban status, secular trend, 
economic status, and latitude on the disturbance of estimates 
from the systematic reviews of schizophrenia, incidence, 

prevalence, and mortality 

 Incidence: 

core 

Prevalence: 

combined 
estimates 

Standardized 

mortality 
ratio:  
all cause 

Sex Males > 
Females 

Males = 
Females 

Males = 
Females 

Migrant 
status 

Migrant > 
native born 

Migrant > 
native born 

Not available  

Urban 
status 

Urban > mixed 
urban and 
rural 

No sign. diff. Not available 

Secular 

trend 

Falling over 
time 

Stable Rising over 
time 

Economic 
status 

No sign. diff. Developed > 
least 
developed 

No sign. diff. 

Latitude High latitude > 
lower latitude 

(males only) 

High latitude > 
lower latitude 

Not available 

 
Mortality  
• Standardized all-cause mortality ratio: 2.6  

• Suicide: 5-10% die by suicide  
• Somatic Illness 

• Unhealthy life style inclusive smoking (60-85%)  
• Suboptimal treatment of physical disorders  
• Side effects of psychotropic medication 

 
PROGNOSIS 

Course 
Rule of thumb: 1/3 good remission 

   1/3 partial remission 
   1/3 chronic 

 On

set 

Course 

Type 

End 

state 

Perce

nt 

(n= 

228) 

Burghölzli 

Hospiltal 

study (%) 

Vermont 

Longitudinal 

research 

Project (%) 
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Models of psychosis onset in schizophrenia 

• BS = Basic symptom  
• APS = Attenuated positive symptoms 

• BLIP = Brief limited intermittent psychotic episode 
• Symptom severity, as indicated on the y axis, is lower in the 
earlier than later stages of the disease, as indicated by the x 

axis 
• Focusing on prevention could lessen the symptoms and 
possibly reduce disease progression. 

• Premorbid phase 
• possible early-stage dysfunction 

• Prodromal phase  

 Prevention: 
• early at-risk of psychosis state 
 -> BS criterion, Functional state-biological 

trait criterion 
  • Late at-risk of psychosis state 
   -> APS, BLIP 

   Treatment: 
  • Early psychosis 

   -> Transition criterion 
 

THERAPY 

Towards early recognition  
“The psychiatrist sees too many end states and deals 
professionally with too few of the pre-psychotic [states]…  

With this in mind, it would seem as if we should lay great stress 
on the prompt investigation of failing adjustment, rather than, 
as is so often the case, wait and see what happens… I feel 

certain that many incipient cases might be arrested before the 
efficient contact with reality is completely suspended, and a 
long stay in institutions made necessary.” 

 
Therapeutic approaches 

 

 
 
 

-> Multimodal treatment 
approaches (Social, biomedical, 

psychological => health) 
 
 

Pharmacotherapy: antipsychotic agents 

• untreated Schizophrenia: mesolimbic pathway  excess of 
DA signaling in VTA (mesolimbic)  positive symptoms 

• D2 Antagonist (-> antipsychotic drug that act on D2 
receptors)  blocks mesolimbic pathway  reduced positive 
symptoms 

 
Psychotherapy  
• Psychoeducation: aims to empower people suffering from 

schizophrenia by giving them information and knowledge about 
their illness  
• Individual therapy: Helps e.g. to develop strategies to better 

deal with symptoms, cope with stress, and identify early 
warning signs of relapse  
 

Social therapies  
• Social skills training: focuses on improving communication 
and social interactions  

• Family therapy: provides support and education to families 
dealing with schizophrenia  
• Vocational rehabilitation and supported employment: 

focuses on helping people with schizophrenia prepare for, find 
and keep jobs  
• Supported housing: sheltered housing or support in daily 

activities for people with schizophrenia who live in the 
community  
 

Recovery  
...a deeply personal, unique process of changing one’s 

attitudes, values, feelings, goals, skills, and/or roles. It is a way 
of living a satisfying, hopeful and contributing life even with the 
limitations caused by illness. Recovery involves the 

development of new meaning and purpose in one’s life as one 
grows beyond the catastrophic effects of mental illness.    
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Possible exam questions  

Multiple Sclerosis (MS) 

1. The etiology of MS is most probably due to….? 
-> multiple factors 
 

2. A 30-year-old man with known relapsing-remitting MS 
presents with right hemiparesis and bladder dysfunction as 
symptoms of an acute relapse. How will he probably be 

treated in the very acute phase? 

No specific therapy, but physiotherapy and 

psychotherapeutic support 

FALSE 

With steroids FALSE 

With natalizumab TRUE 

With interferons FALSE 

With glatirameracetate FALSE 

 
3. Typical MRI findings in Multiple Sclerosis include…. 

Hyperintense T2 lesions in the spinal cord TRUE 

Small bleedings FALSE 

T1 hypointense lesions (black or grey holes) TRUE 

Hyperintense T2 lesions in the brain TRUE 

 

4. Typical clinical presentations of Multiple Sclerosis include 

Peripheral nerve palsies FALSE 

Optic neuritis TRUE 

Epileptic fits FALSE 

Brainstem syndrome (e.g. double vision, gait 

disturbance) 

TRUE 

-> spinal cord syndrome (-> CIS): TRUE 
 

5. What is usually not required and performed to make the 
diagnosis of MS? 

Determination of cerebrospinal fluid (CSF) albumin 

concentration 

TRUE 

CSF oligoclonal immunoglobulin bands FALSE 

Magnetic resonance imaging (MRI) examination FALSE 

Auditory evoked potentials (AEP) FALSE 

Clinical neurological examination FALSE 

 
6. Multiple Sclerosis 

-> Is a prototypic autoimmune disease in which several 
environmental factors act against the background of a complex 
polygenetic trait. 

 
 
 

 
 
 

 
 
 

 
 
 

Epilepsy and Sleep 

1. Which statements are correct regarding the temporal 
association between sleep and epilepsy? 

There are sleep and awakening epilepsies TRUE 

Sleep deprivation may trigger epileptic seizures 
(especially in awakening epilepsy) 

TRUE 

Epileptiform discharges occur predominantly in REM 
sleep 

FALSE 

REM Sleep inhibits seizure TRUE 

Epileptiform discharges occur predominantly in 
NREM sleep 

TRUE 

 
2. Which statements are correct regarding the 

electroencephalogram (EEG)? (see page 11) 
The EEG results from synaptic potentials of 
synchronized cortical neurons. 

TRUE 

The EEG has a temporal resolution of 1s. FALSE 

The EEG has a temporal resolution of 1/200-

1/10’000 

TRUE 

Epileptic seizures can be detected in the EEG. TRUE 

The EEG measures single neuron spiking activity FALSE 

 
3. Which statement is correct? 

The amount of NREM sleep decreases with higher 
age 
 

TRUE 

Newborns (<28 days) have no REM sleep. FALSE 

The amount of REM sleep increases with higher 

age 

FALSE 

Adults (> 20 years) have more fragmented sleep 
than newborns (<28 days) 

FALSE 

The average sleep duration in adults (>20 years) is 
between 5-6h. 

FALSE 

 
4. Which is the best answer concerning treatment options in 
epilepsy? 

Deep brain stimulation (DBS) is a surgical option 
for the treatment of epilepsy 

TRUE 

All anticonvulsive drugs block voltage-gated 
sodium channels 

FALSE 

Every epilepsy patient needs pharmacotherapy. FALSE 

Epilepsy cannot be cured. FALSE 

Ketogenic diet leads to seizure freedom in >90% of 
all epilepsy patients 

FALSE 
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Parkinson’s Disease and movement disorder 

1. The main problem of Levodopa for Parkinson patients is the 
fact that… 

it often causes long-term complications, i.e. 
dyskinesia 

TRUE 

it completely loses efficacy over time FALSE 

it is a very expensive treatment FALSE 

it often causes very severe immediate side effects FALSE 

 
2. The following statements are true. Deep brain stimulation… 

requires a stereotactic operation, usually in wake 

patients 

TRUE 

is efficacious for the treatment of Parkinson-related 

motor fluctuations 

TRUE 

is efficacious for the treatment of Parkinson-related 
cognitive decline 

FALSE 

may cause side effects such as speech problems TRUE 

Improves most but not all of the motor symptoms of 

PD 

TRUE 

Improves most but not all of the non-motor 
symptoms of PD 

FALSE 

is the most promising tool to decelerate underlying 
neuropathological processes 

FALSE 

acts via direct stimulation of corticospinal pathways FALSE 

causes irreversible effects FALSE 

 

3. The following protein pathologically accumulates in the 
brain of PD patients. 
-> Alpha-Synuclein 

 
4. The following symptoms belong to the cardinal symptoms 
of PD: 

Akinesia TRUE 

Rigidity TRUE 

Tremor TRUE 

Dystonia FALSE 

 
5. Which of the following non-motor symptoms can be caused 
by dopaminergic treatment? 

Impulse control disorders FALSE? 

Constipation FALSE? 

Urinary incontinence FALSE? 

Dementia TRUE? 

Anxiety FALSE? 

 
6. Parkinson’s Disease 

PD is caused by accumulation of alpha-Synuclein-
positive Lewy bodies in the brain 

TRUE 

Many patients with PD suffer from non-motor 

symptoms such as depression, dementia or 
autonomous symptoms 

TRUE 

DBS is an effective treatment for some motor 
symptoms of PD 

TRUE 

The primary goal of the treatment of PD is to 

decelerate the underlying neuropathological 
process 

FALSE 

 

ALS & FTD 

1. Amyotrophic lateral sclerosis and frontotemporal dementia 
are… 

-> Two different neurodegenerative diseases that overlap 
clinically, pathologically and genetically 
 

2. The major protein component of ubiquitinated inclusions 
found in motor neurons of sporadic ALS patients is… 
-> TDP-43 

 
3. The most common genetic cause of ALS and FTD is mutation 
in… 

-> C9ORF72 
 
4. The neurotoxicity of TDP-43 and FUS is due to the following 

mechanisms… 

Loss of their normal function due to the loss of 
TDP-43 or FUS from the nucleus 

TURE 

Gain of toxicity from abnormal TDP-43 of FUS 
cytoplasmic aggregates 

TRUE 

TDP-43 or FUS RNA becomes toxic for neurons FALSE 

TDP-43 and FUS are not important for ALS 
pathogenesis 

FALSE 

-> First two are maybe contributing to disease 
 

5. In addition to weakness and muscle wasting, symptoms of 
ALS include: 

Cramps TRUE 

Fasciculation (muscle twitch) TRUE 

weight loss TRUE 

hypersalivation TRUE 

 
6. The RNA-binding protein TDP-43 is the major component of 

the pathological inclusions accumulating in: 

Familial ALS patients with SOD1 mutations FALSE 

Familial ALS patients with juvenile onset and FUS 
mutations 

FALSE 

Sporadic ALS patients TRUE 

Familial ALS or FTD patients with C9ORF72 
mutations 

TRUE 

 
7. Amyotrophic lateral sclerosis is caused by: 

Gain of function mutations in the TARDBP gene TRUE 

Loss of function mutations in the TARDBP gene FALSE 

Gain of function mutations in the FUS gene TRUE 

Repeat expansion mutations in the C9ORF72 gene TRUE 

 
8. Amyotrophic lateral sclerosis: 

Is also known as Lou Gehrig’s Disease TRUE 

Leads to motoneuron degeneration TRUE 

Is an inflammatory muscular dystrophy FALSE 

Is a progressive neurodegenerative disease TRUE 
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Dementia 

1. Alzheimer’s dementia is characterized by: 
Behavioral problems occurring early in the 

disease 

TRUE 

The presence of neurofibrillary tangles in the 
absence of cerebral amyloid-deposition 

FALSE 

A biomarker profile of low CSF Aβ 42 and 
mediotemporal atrophy on MRI 

FALSE 

Mild cognitive impairment FALSE 

 
2. Which statement is true for dementia with lewy bodies? 

Lewy bodies consist of alpha-synuclein deposits TRUE 

Cerebral amyloid depositions is seen in more 

than half of the cases with clinical diagnosis of 
DLB 

FALSE 

Visual hallucinations in DLB are usual treated 

with typical neuroleptics that prevent 
hallucinations by blocking dopamine receptors 

TRUE 

Symptoms of PD which is also an alpha-

synucleinopahty can be observed in DLB 

TRUE  

REM sleep behavioral disorder can be seen in 

DBL 

TRUE 

 
3. Which statement is true for frontotemporal lobar 

degeneration? 

An imaging finding is atrophy in the anterior 
temporal lobe 

TRUE 

An imaging finding is reduced cerebral glucose 
metabolism in the anterior temporal lobe 

TRUE 

The underlying pathology can be correctly 
predicted by clinical assessment in over 80% of 
the cases 

FALSE 

Loss of empathy and sympathy occur early in the 
context of the behavioral variant 

TRUE 

Altered eating habits are a feature of the 
behavioral variant 

TRUE 

4. α-synukleinopathies are 

Dementia with Lewy bodies TRUE 

Fronto temporal dementia FALSE 

Alzheimer's Disease FALSE 

Multiple System Atrophy TRUE 

Parkinson’s Disease TRUE 

 
5. Pathological hallmark/s in Alzheimer Disease is / are 

neurofibrillary tangles TRUE 

Amyloid Plaques TRUE 

Lewy bodies FALSE 

alpha-synukleinopathy FALSE 

 

6. Dementia is: 

a synonym for Alzheimer’s Disease FALSE 

an umbrella term for many diseases TRUE 

a neurodegenerative disease FALSE 

a neuroinflammatory disease FALSE 

a neuropsychological condition that occurs 
congenital 

FALSE 

 

7. Frontotemporal dementia: 

is not progressive FALSE 

cannot be captured by neuropsychological 

testing 

FALSE 

cannot be the reason of disinhibited behavior FALSE 

typically precedes Alzheimer’s dementia FALSE 

is typically accompanied by relatively late 
memory decline (typically no memory loss) 

TRUE 
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Brain Tumors 

1. Therapy of glioblastoma involves: 
Surgery TRUE 

Radiotherapy TRUE 

Chemotherapy TRUE 

 
2. Which of the following is true? 

Standard therapy of glioblastoma consists of 

combined radio-chemotherapy with 
temozolomide followed by temozolomide alone 

FALSE ?? 

MGMT is a predictive marker for response to 

temozolomide 

TURE 

All patients must be treated in the context of 

clinical study 

FALSE 

 
3. High grade gliomas are characterized by: 

Mitoses TRUE 

Vascular proliferation TRUE 

Pseudopalisading necrosis TRUE 

Circumscribed growth pattern FALSE 

 

4. Intraoperative imaging techniques compromise: 

Intraoperative ultrasound TRUE? 

Intraoperative MRI TRUE? 

Intraoperative PET FALSE? 

Intraoperative use of 5-aminolevulinic acid 
fluorescence 

FALSE? 

 

5. A patient presents with headache, nausea and morning 
vomiting for the past days. Which diagnostic measure should 
be performed first? 

-> clinical examination? 
 
6. Goals of neurosurgery in brain tumors are 

cytoreduction before radiotherapy and / or 
chemotherapy 

TRUE 

reduction of mass effect TRUE 

tissue sampling for histopathologic diagnosis TRUE 

improving outcome TRUE 

 
7. Glioblastomas are 

routinely cured by surgery alone FALSE 

the most aggressive primary brain tumor in 
adults 

TRUE 

WHO grade IV tumors TRUE 

characterized by a median overall survival of 

more than 5 years 

FALSE 

graded based on the WHO classification TRUE 

Malignant TRUE 

No cure possible TRUE 

 

 
 
 

 
 
 

8. Which answer is correct? Meningeomas / Meningioma are: 

tumors which most often occur in young children FALSE 

graded based on the WHO classification TRUE 

usually highly infiltrative tumors FALSE 

routinely treated with chemotherapy FALSE 

secondary brain tumors FALSE 

Cure by surgery possible TRUE 

Non-malignant TURE 

 
9. Which answer is correct? First-line treatment in 

glioblastoma patients may include: 

preoperative embolization FALSE 

temozolomide-based chemotherapy TRUE 

neurosurgical intervention as feasible TRUE 

radiotherapy TRUE 

tumor-treating fields (optune) TRUE 
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Autism  

1. Biological reasons for Autism can be: 
vaccination against measles FALSE 

Extreme prematurity TRUE 

Too young age of the parents FALSE 

Medication during pregnancy TRUE 

 
2. Suspicious autistic symptoms in children: 

They do not look at parents‘ face for social clues TRUE 

They do not point towards interesting objects TRUE 

They always want to have someone that looks at 
pictures with them 

FALSE 

They bring objects in order to show them FALSE 

 
3. Which of the following statements on ASD are correct? 

boys are more often affected than girls TRUE 

ASD often begins after puberty FALSE 

ASD can be treated with autism-specific 

medication 

FALSE 

about 3 % of all children suffer from an ASD FALSE 

-> about 1% would be correct 
 
4. People with Asperger Syndrome 

never make insulting remarks FALSE 

are often good football players FALSE 

Have difficulties in problem solving FALSE 

often have an extraordinary knowledge in their 
special field 

TRUE 

are not reliable and loyal FALSE 

 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

Neuro-Rehabilitation 

1. Constraint-induced movement therapy (CIMT) 

Is motivating FALSE? 

Is available to all patients independent of the 
degree of impairment 

TRUE? 

Helps improve function and overcome learned 

non-use 

TRUE 

Helps reduce motor impairment FALSE? 

Restrains the impaired limb FALSE 

 
2. Robot-assisted rehabilitation: 

Provide objective readouts about motor and 
sensory function / impairments 

TRUE 

Is as efficient as dose-matched conventional 
therapy 

TRUE 

Results in much better recovery of functions that 

cannot be improved by conventional therapy 

FALSE 

Allows to optimally engage the patient by adapting 

difficulty and assistance to his/her level of 
impairment 

TRUE 

Is the main therapeutic approach after stroke FALSE 

Allows to increase therapy intensity and dose TRUE 

Is widely employed for therapy in the home 

environment 

FALSE 

Is as efficient as dose-matched conventional 
therapy 

TRUE 

 
3. Stroke: 

Is mostly caused by hemorrhage FALSE 

Results in impairments that are usually fully 
recovered 

FALSE 

Affects approx. 2% of the population FALSE 

Results in motor impairments in approx. 70–80% of 
patients 

TRUE 

Is survived by approx. 2M people worldwide every 
year 

FALSE 
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Schizophrenia 

1. Prevalence: 
-> 1% 

 
2. The following diagnostic analysis should be performed 
obligatory or optional in case of suspect of schizophrenia: 

Genotyping at the time of the disease 
manifestation 

FALSE? 

Cerebral imaging techniques (CCT,MRI) TRUE? 

An intemistic/neurological examination TRUE? 

Labor analysis of thyroid parameters TRUE? 

 
3. Symptoms characteristic for schizophrenia: 

Hearing your own thoughts TRUE 

Thoughts withdrawal TRUE 

Delusions of control TRUE 

Thought broadcasting TRUE 

Increased excitability of the vegetative system FALSE 

 
4. Ego-Disturbances 

are never present in patients with schizophrenia FALSE 

can manifest as thought broadcasting TRUE 

typically occur right after waking up FALSE 

are characterized by a weakening of the ability to 
distinguish between "self" and "other" 

TRUE 

 

5. A patient has an uncanny feeling and is under the 
impression that "something terrible is going to happen". 
Additionally, she keeps feeling midges under her skin. Her 

symptoms can be described as 

Delusional mood TRUE 

Auditory hallucinations FALSE 

Incoherence FALSE 

Tactile hallucinations TRUE 

 
6. Which of the following can be classified as a "negative 

symptom"? 

Erotomanic delusion FALSE  

Delusional mood FALSE 

Auditory hallucination FALSE 

Anhedonia TRUE 

Derealization FALSE 

-> are positive symptoms  

 
7. Which of these symptoms is typically described as "formal 
thought disorder"? 

Circumstantiality TRUE 

Tangentiality TRUE 

Neologisms TRUE 

Alogia FALSE 

Flight of ideas TRUE 
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Additional Info, Questions, … 

Multiple Sclerosis (MS) 

1. Additional Info (Aberrant immunology in MS): 
Apart from demyelination, the other sign of the disease is 
inflammation. Fitting with an immunological explanation, the 
inflammatory process is caused by T cells. T cells gain entry into 
the brain via disruption in the blood-brain-barrier. The T cells 
recognize myelin as foreign and attack it, explaining why these 
cells are also called “autoreactive” lymphocytes”. The attack of 
myelin starts inflammatory processes, which triggers other 
immune cells and the release of soluble factors like cytokines 
and antibodies. Further breakdown of the blood-brain-barrier, 
in turn cause a number of other damaging effects such as 
swelling, activation of macrophages, and more activation of 
cytokines and other destructive proteins. Inflammation can 
potentially reduce transmission of information between 
neurons in at least three ways. The soluble factors released 
might stop neurotransmission by intact neurons. These factors 
could lead to or enhance the loss of myelin, or they may case 
the axon to break down completely. 
 

Dementia 

1. Two neuropathological hallmarks in AD 
The neurofibrillary tangle consists of abnormal accumulations 

of abnormally phosphorylated tau within the perikaryal 
cytoplasm of certain neurons. The senile plaque consists of a 
central core of beta-amyloid, a 4-kD peptide, surrounded by 

abnormally configured neuronal processes or 

neurites. Since the original description by Alois Alzheimer of the 
disease that bears his name, the autopsy continues to 
represent the means by which the definitive diagnosis is made. 

In the absence of a valid biological marker, this situation 
continues. Other neuropathological lesions are encountered in 
cases of Alzheimer's disease, but the disease is defined and 

recognized by these 2 cardinal lesions. Other lesions include 
poorly understood changes such as granulovacuolar 
degeneration and eosinophilic rod-like bodies 

(Hirano bodies). The loss of synaptic components is a change 
that clearly has a significant impact on cognitive function and 

represents another important morphological alteration. It is 
important to recognize that distinguishing between Alzheimer's 
disease, especially in its early stages, and normal aging may be 

very difficult, particularly if one is examining the brains of 
patients who died at an advanced old age. It is also noted that 
instances of pure forms of Alzheimer's disease, in the absence 

of other coexistent brain disease processes, such as infarctions 
or Parkinson's disease–related lesions, are relatively 
uncommon, and this must be taken into account by researchers 

who employ postmortem brain tissues for research. It is 
important to realize that virtually any of the alterations upon 
which the neuropathological diagnosis of Alzheimer's disease is 

made may also be seen, to some degree, in the brains of 
elderly individuals who during life had shown normal cognitive 
function. 

 
 

Neurobiology of drug addiction 

1. Effects of drugs on dopamine release (see page 62) 
• Amphetamine (central stimulants) 
 - DA: dopamine 
 - DOPAC: dihydroxyphenylacetic acid 
 - HVA: homovanillic acid 
  % of basal release: DA >> DOPAC > HVA 
• Cocaine (central stimulants)  
 - DA, DOPAC, HVA 

 % of basal release: DA >> HVA > DOPAC 
• Nicotine (cholinergic agonists) 
  - a rewarding drug 

- output of dopamine from accumbens and from the 
caudate 
 % of basal release: Accumbens > Caudate 

• Morphine (opiates) 
 - different doses (in mg/kg) 
   % of basal release: 10 mg/kg > 2.5 mg/kg > … 
 

Results: 
• Amphetamine and cocaine increase extracellular dopamine 

by displacing it from presynaptic sites and by blocking 
dopamine reuptake 
• Amphetamine and cocaine increased synaptic dopamine 

concentrations (DA) preferentially in the accumbens 
• At these doses amphetamine and cocaine induced behavioral 
stimulation characterized by hypermotility and rearing. 

• Nicotine increased synaptic dopamine concentrations by 
100% in the accumbens and by 50% in the caudate 
• Nicotine elicted behavioral stimulation characterized by 

marked rearing, locomotion and grooming 
• opiates, ethanol, and nicotine increase extracellular 
dopamine by stimulating the firing of dopaminergic neurons 

 
2. On slide 35 you tell this region is hypoactive in people with 
drug addiction in withdrawal which can lead to high risk that 

they get back to drug intake. On Slide 38 you then talk about 
hyperfrontality induced due to craving but this wouldn't then 
mean that this is better controlled? Sorry, but could you 

maybe explain this concept of PFC again? 
In fact, many drug users show reduced overall function of the 
prefrontal cortex, so called hypofrontality, mostly measured in 

resting-state conditions (see slide 35) and it is supposed that 
this reflects a general (and partially acquired) lack of executive 
control including elevated impulsivity and worse decision-

making. On slide 38, another phenomenon is meant – the 
increased striatal and prefrontal responsivity to drug-related 

cues: e.g., if a cocaine user is confronted with pictures of 
cocaine powder or drug paraphernalia his reward system 
(including striatal and limbic regions but also the PFC/ACC) is 

getting activated in the expectation cocaine effect likely coming 
soon; however, if no cocaine is administered then, strong 
craving symptoms are the result (see also attached review of 

Dackies and O’Brien 2005). This is explained by the so called 
prediction error encoded by the dopamine system (see slide 
33). Thus, the increased striatal (including ventral pallidum) and 

frontal activation during cue-induce craving just reflects a 
mismatch between of expected and received reward (likely in 
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combination with a higher state of arousal) and not an 

increased general ability of executive control. 
 
3. The adaptation of addicted people is to get less dopamine 

release in withdrawal state. You also told that they get less 
Dopamin Receptors. Why do they get less Dopamine 
Receptors in Striatum? Is this due to the high release during 

the drug intake and so adaptation to that and so getting 
tolerance with the time? This so leads to lower activitation of 

this whole system the next time when they induce drug intake 
(tolerance) and also in the resting state or natural reward 
which can't really induce a reward anymore? But why does 

this interact with the PFC? 
It is supposed that the reduction of D2 receptors is explained by 
their repeated direct or indirect dopaminergic stimulation by 

the drug, which also results in tolerance. And yes, the 
downregulation of the D2 receptors together with further 
adaptions of the reward system are assumed to contribute to 

the lower responsivity of the reward system to natural rewards 
and also with an overall reduction in motivation (at least for 
non-drug-related activities). It was shown that the decreased 

number of D2 receptors in the striatum corresponds to reduced 
function of the PFC and here specifically of the OFC, which is 
strongly associated with motivated behaviors (among other 

function), and of the ventromedial PFC, in which the value of 
objects is encoded (e.g., of natural rewards). 
 

4. Additionally, to the glutamatergic system. There we have 
this glutamate homeostasis model. There I only get the point 
that there is less glutamate released in withdrawal and a lot in 

the drug cueing situation why there craving is induced. But 
what happens with all those Glutamate receptors? Is there 
like due to the drug an increase in Glutamate receptors in the 

withdrawal state like in the picture to still get activity due to 
less released Glutamate why there then is a huge overactivity 

in the drug cueing and then also drug intake event? This then 
would be exactly the other way around than in the Dopamine 
mentioned above. 

In fact, the number of glutamate receptors (e.g., AMPA R.) is 
increased and extracellular glutamate is decreased in the drug 
withdrawal condition. The increased number of AMPA 

receptors together with an excess in glutamate resulting from 
drug cue-confrontation, stress, or a drug prime is assumed to 
result in a breakdown of prefrontal function and the 

presentation of more habitual behavior (automatically taking 
the drug without really thinking about the consequences) 
explain the relapse. Thus, while dopamine is responsible for the 

more immediate reward responses/prediction errors, 
glutamate is more responsible for the disturbed learning (e.g., 
increased learning of the rewarding nature of the drug) and the 

shift from controlled to automatic behavior. For more details, 
see the two reviews of Kalivas attached.  
 

5. On slide 32 you have the point about phasic dopamine 
firing. What do you mean here? 
Preclinical studies showed that the faster the drug’s entry into 

the brain, the stronger are its reinforcing effects. It is thought 
that immediate and strong increases in dopamine triggered by 
the drugs mimic the fast and large DA increases associated with 

phasic DA firing that are usual associated reward and saliency 

information in the normal functioning brain (for more details 
see the review of Volkow et al 2011 attached). 
 

6. Then we have the serotonin system. Does only either the 
Serotonin or the Dopamine system has to be there to can get 
addicted as I would suppose or do both have to be there?  

At least in stimulant addiction both, a functional dopamine and 
serotonin system is needed for the development of addiction. 

 
7. In the last experiment that you have showed with the chess 
and cocaine film there I didn't get the point about the craving 

curve. The Mean craving ratings were the highest after the 
chess film and before they watched the cocaine film?  
I am sorry for the misplacement of the cocaine-cue movie-

related arrow on slide 50. This is an error. In fact, the highest 
craving occurs directly after the cocaine movie. Thus, in the 
diagram on the left side “pre” means pre cocaine-cue movie 

(and after the chess movie), the middle data point is the rating 
directly after the cocaine-cue movie, and the “post” data point 
is about 30 min later. 

 

Schizophrenia 

1. Formal Thought Disorder (FTD) 

• positive FTD 
 • Circumstantiality 

• Tangentiality 

• Derailment (Loose Association) 
 • Incoherence 
2. Cognitive symptoms (Quelle: Springer) 

Cognitive functioning is moderately to severely impaired in 
patients with schizophrenia. This impairment is the prime 

driver of the significant disabilities in occupational, social, and 
economic functioning in patients with schizophrenia and an 
important treatment target. The profile of deficits in 

schizophrenia includes many of the most important aspects of 
human cognition: attention, memory, reasoning, and 
processing speed. While various efforts are under way to 

identify specific aspects of neurocognition that may lie closest 
to the neurobiological etiology and pathophysiology of the 
illness, and may provide relevant convergence with animal 

models of cognition, standard neuropsychological measures 
continue to demonstrate the greatest sensitivity to functionally 
relevant cognitive impairment. 

The effects of antipsychotic medications on cognition in 
schizophrenia and first-episode psychosis appear to be minimal. 
Important work on the effects of add-on pharmacologic 
treatments is ongoing. Very few of the studies completed to 
date have had sufficient statistical power to generate firm 
conclusions; recent studies examining novel add-on treatments 
have produced some encouraging findings. Cognitive 
remediation programs have generated considerable interest as 
these methods are far less costly than pharmacologic treatment 
and are likely to be safer. A growing consensus suggests that 
these interventions produce modest gains for patients with 
schizophrenia, but the efficacy of the various methods used has 
not been empirically investigated. 
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3. Examples cognitive symptoms (Quelle: Development of the 
NS) 

• Impaired attention  
• Impaired specific forms of short-term and long-term 
working memory and learning  
• Impaired executive function  
• Deficits in perception 

 

4. Vulnerability-Stress Model 
 Zubin and Spring suggest that every person has a degree of 
vulnerability that represents a threshold for the development 

of schizophrenia. At the most basic level, this model suggests 
that as the intensity of the trauma (stressor) increases, so too 
do the risks for psychopathology. 

 Threshold: delineating the presence versus absence of 
clinical symptoms 

 Easier for individuals, who have a higher biological 
vulnerability to become easily affected by their environmental 
stress and result in symptoms 

 Low biological vulnerability (no personal or family history, 
no genetic risk, no adverse childhood experience,…) -> would 
have to experience a significant amount of stressor/challenging 

events (e.g. work/school, social relationship,…) to begin having 
symptoms of psychosis 

 

 
 

 
 

 


