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DIRECT PATHWAY: Stimulatory pathway (Activates the agonists)
Excitatory neuron (Glutaminergic pathway)
Inhibitory neuron (GABAergic pathway)
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According this literature review the sensitivity and 
specificity of DAT SPECT for differentiating 

parkinsonism due to NS cell loss from mimics 
without cell loss is 98%



Darcourt J et al; Q J Nucl Med Mol Imaging, 2014.  





A: Healthy control
B: PD patient with decreased 
FDOPA uptake in the posterior 
putamen

Darcourt J et al; Q J Nucl Med Mol Imaging, 2014.  





sensitivity of 78% specificity of 
76% 





Upper row displays an example of axial WMS and GMS MR acquisition images of the 
mesencephalon in a control participant. 

Michael Hutchinson, and Ulrich Raff AJNR Am J 
Neuroradiol 2000;21:697-701
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12/47 MSA-C and 2/21 MSA-P patients had clear ‘cross sign’ [grade 3]

http://onlinelibrary.wiley.com/doi/10.1111/jon.2006.16.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1177/1051228405279988/full#f2




SCP atrophy has a sensitivity of 74% and a specificity of 94%
in identifying PSP cases



© 2005 American Academy of Neurology.  Published by American Academy of Neurology. 2

Figure 1

Scheme for measurement of the area of the midbrain and pons on mid-
sagittal MRI. On the workstation, mid-sagittal MR images were 
magnified fourfold. Two straight lines were drawn. The first line was 
drawn to pass through the superior pontine notch and inferior edge of 
the quadrigeminal plate. The second line was drawn parallel to the first 
line so as to pass through the inferior pontine notch. The area of the 
midbrain (illustrated by boxes in A) was traced around the edges of line 1 
and the delta-shaped midbrain tegmentum above it. The area of the 
pons (illustrated by boxes in B) was the area inside the line traced along 
the anterior and posterior margins of the pons and along lines 1 and 2.

• Midbrain tegmentum area cut off at 70 mm2 the sensitivity 
was 100% and specificity 91.3%

• Midbrain/pons ratio cut off at 0.15, the diagnostic sensitivity 
and specificity were 100%



© 2005 American Academy of Neurology.  Published by American Academy of Neurology. 2

New radiographic sign for the diagnosis of progressive supranuclear palsy (PSP). 
Midsagittal MR image of a patient with Parkinson disease (PD) does not show any 
apparent abnormality (A), while that of a patient with PSP shows marked atrophy 
of midbrain tegmentum (B), and a patient with multiple-system atrophy of the 
Parkinson type (MSA-P) shows marked atrophy of pons (C). The midbrain to pons 
ratio is always small in the patients with PSP. In patients with PSP, the shapes of 
midbrain tegmentum (bird's head) and pons (bird's body) on midsagittal MR 
images look like a lateral view of a standing penguin (especially the king penguin) 
with a small head and big body. Recognition of this penguin silhouette sign should 
strongly raise suspicion for the diagnosis of PSP.

PD PSP MSA-P







A–D, SWI with a circular region of interest in the left dorsal putamen. 

F.J.A. Meijer et al. AJNR Am J Neuroradiol 2015;36:454-460
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Movement Disorders
Volume 30, Issue 8, pages 1068-1076, 15 MAR 2015 DOI: 10.1002/mds.26171
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Healthy controls
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Looks like volume averaging??

http://onlinelibrary.wiley.com/doi/10.1002/mds.v30.8/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/mds.26171/full#mds26171-fig-0002


Sensitivity and specificity were 100%
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cell death in the substantia nigra result in the greatly reduced activity of 
pigmented dopamine-secreting cells in the substantia nigra(black substance). 
These neurons project to the striatum and their loss leads to alterations in the 
activity of the neural circuits within the basal ganglia that regulate movement. 
In essence, GABA/ Substance P of the direct pathways diminish, leading to 
less inhibition of the pars reticulata and an inhibition of the indirect path way by 
way of GABA.

http://upload.wikimedia.org/wikipedia/commons/9/9e/Basal_ganglia_circuits.svg
http://upload.wikimedia.org/wikipedia/commons/9/9e/Basal_ganglia_circuits.svg
http://upload.wikimedia.org/wikipedia/commons/b/b0/Basal_ganglia_in_Parkinson's_disease.png
http://upload.wikimedia.org/wikipedia/commons/b/b0/Basal_ganglia_in_Parkinson's_disease.png








DATscan: 1. for use with SPECT imaging; 2. contains I-123 labeled ioflupane
Images DaT in the stiatum of the brain
Approved in Europe since 2000 and other 31 countries
Estimated exposure of 216000 patients as of june, 2009





Booij and Kemp. EJNMMI 2008



Rationale of D2 receptor binding tracer research



Nandhagopal, R. et al. Neurology 2008;70:1478-1488





D2 receptor 

http://physrev.physiology.org/content/vol78/issue1/images/large/jnp.ja09f1.jpeg
http://physrev.physiology.org/content/vol78/issue1/images/large/jnp.ja09f1.jpeg






Antonini, 1997









What is the next??













LeWitt. N Engl J Med 2008;359:2468-76.



LeWitt. N Engl J Med 2008;359:2468-76.

Blood Brain Barrier







LeWitt. N Engl J Med 
2008;359:2468-76.



slower decline in striatal uptake in placebo group 
compared with 3 treatment groups



Placebo

Levodopa

150mg/d 300mg/d 600mg/d

Change (%) -1.4 -6.0 -4.0 -7.2



levodopa vs. ropinirole

levodopa vs. pramipexole



Unified Parkinson’s Disease Rating Scale (UPDRS)

cholesterol (death from heart disease)

PSA (survival in prostate cancer)

? Radiotracer imaging in PD



Multiple trials needed to establish relationship between a SE 
and a CE.  
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123I-β-CIT SPECT in PD progression over 3-year period

Marek K et al. Neurology 2001;57:2089-2094

Dopaminergic decline:
PD: ~10%/year
HC: ~0.1%/year



Weng, YH. Jnucl Med 2004. Marc 45(3).

Stage 1

Stage 5Stage 3



Healthy control Right 
hemiparkinsonism

Marek KL. Neurology. 1996 
Jan;46(1):231-7.

Seibyl J.  Institute for 
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Disorders. 



Varrone A. Movement Disorders, 16: 1023–1032

MSA-SND MSA-SD

PDHC



Walker Z. J Neurol Neurosurg Psychiatry. 2002 Aug;73(2).
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PD
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Takada S. Ann Nucl Med. 2006 Aug;20(7



Weintraub B. J Nucl Med. 2005 Feb;46(2). 



AAAD

L-dopa

dopamine



Bohnen NI. Brain. 2010 Jun;133(Pt 6):1747-54

Robust correlation 
between hippocampal 
cholinergic activity and 
odor identification scores 
in non-demented PD 
patients.  





PD MSA
PSP

Red = increased metabolism
Blue = decreased metabolism



Tang C. Lancet Neurol. 2010 Feb;9(2):



levodopa vs. ropinirole

levodopa vs. pramipexole





REAL-PET
(Levodopa vs Ropinirole)

CALM-PD
(Levodopa vs Pramipexole)

Nuclear imaging 18F-DOPA PET (all) 123I-B-CIT SPECT (subset)

Group with better UPDRS 
scores

Levodopa Levodopa

Group with fewer motor 
complications

Ropinirole Pramipexole

Nuclear Imaging findings 1/3 less decline in uptake in Ropinirole
group (at 24 months)

1/3 less decline in uptake in Pramipexole
group (at 48 months, but not at 24 months)



Ravina B, et al. Neurology 2005 Jan 25;64(2):208-215.






