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 Einleitung
 PET/MRT-Methodik
 Akuter Schlaganfall präklinisch
 Akuter Schlaganfall klinisch
 Andere zerebrovaskuläre Erkrankungen
 Arteriosklerose
 Zusammenfassung
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Hirninfarkt-Progression

Akut-Phase Subakut-Phase Chronische Phase

Minuten ca. 6h Tage - Wochen

 Gewebe-
untergang

im 
Infarktkern

 Gewebeuntergang
in der Penumbra

 Sekundärer 
Gewebeuntergang durch:

- Vasogenes Ödem
- Inflammation

- Apoptose
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Ischämische Penumbra

12-22 ml/100g/min
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PET beim akuten 
ischämischen Schlaganfall

Heiss & Zaro Weber, J Nucl Med 2016
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PET und MRI beim akuten 
ischämischen Schlaganfall

Heiss & Zaro Weber, J Nucl Med 2016
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MRT-DWI/PWI-Mismatch-
Konzept

PWI

PWI in Abhänigkeit vom errechneten Parameter sehr variabel

Kane et al., Stroke 2007

7. Prophylaxe-Seminar des KNS 

© Henryk Barthel 



MRT-Mismatch-basierte iv-
Thrombolyse

 Verbesserte Rekanalisation, aber keine 
Verbesserung des klinischen Outcomes

Mishra et al., Stroke 2010
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Bildgebungsgesteuerte 
endovaskuläre Schlaganfalltherapie

Studie Bildgebung Therapie*-Fenster Outcome

MR CLEAN1 Angiographie <6hrs Positiv

ESCAPE2 CT, CTA <12hrs Positiv

EXTEND-IA3 Perfusions-CT <4,5hrs Positiv

SWIFT-PRIME4 DWI-PWI MRT <6hrs Positiv

REVASCAT5 Perfusions-CT/DWI-
PWI MRT

<8hrs Positiv

1Berkhemer et al., N Engl J Med 2015
2Goyal et al., N Engl J Med 2015
3Campbell et al., N Engl J Med 2015
4Saver et al., N Engl J Med 2015
5Jovin et al., N Engl J Med 2015

*Thrombektomie + iv-Alteplase
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Integrierte PET/MRT7. Prophylaxe-Seminar des KNS 
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PET/MRT = Synergistisch

Improvement of PET within combined PET/MRI
- Anatomical affiliation of PET signal
- Movement correction
- Partial volume effect correction
- Tracer uptake quantification
- MRI-derived input function

Improvement of MRI within combined PET/MRI
- Cross-evaluation of new MRI techniques* against gold standard 

PET techniques

*CBF, OEF etc.
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Bilddaten-Basierte Arterielle Inputfunktion

 MR angiography (TOF) , vessel segmentation -> PET overlay

Fast gradient echo 
sequence (TOF-MRI)
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Superimposition 
onto H2O15-PET

Resampling
Segmentation

Fast gradient echo 
sequence (TOF-MRI)

Bilddaten-Basierte Arterielle Inputfunktion
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y = 0.95 x + 3.0
r = 0.90
P < 0.001 

Eur J Nucl Med Mol Imaging Phys 2016

Bilddaten-Basierte Arterielle Inputfunktion
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Schlaganfall-PET/MRT in Leipzig

Worldwide first study using simultaneous PET/MRI
J Cereb Blood F Metab 2016

Testing of Arterial Spin Labeling (ASL) MRI in this context
Neurology 2016

Ongoing human and
preclinical (sheep
model) trials  

Integrated PET/MRI system 
no. 4 worldwide, funded by 

German Research 
Council/Max Planck Society,

installed in 2011
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Schaf-Schlaganfall-Modell I

Frameless stereotactic device for
intracerebral cell application or
induction of cerebral hemorrhage

Transcranial approach for
permanent and transient middle
cerebral artery occlusion (MCAO)

J.Cereb.Blood Flow Metab 2008, Neuromethods 2016
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Schaf-Schlaganfall-Modell II

Scanner data (MRI, PET, PET-MR)
Automatic processing in 
stereotactic space with

and without computitional
lesion model

Reproducible, objective
(atlas-based) analyses

Frontiers in Neuroanatomy 2015
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Inhalatives NO - Positiver Einfluss auf Penumbra

Circ Res 2012
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Inhalatives NO – Geplante PET/MRT-gestützte Studie
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*Without specific treatment

Infarction core

0      ml/g/min    0.650          sec           10

Penumbra (CBF < 0.2ml/g/min)Penumbra (Tmax > 4sec)

MR penumbra PET penumbra Outcome*
Diffusion-weighted MRI (DWI) MR contrast media

dynamics (Tmax)
“Gold standard” CBF as

determined by H2O kinetic modeling
FLAIR MRI day 6

Infarction core (DWI) Infarction core (DWI)

Infarction core (DWI) Final infarction

J Cereb Blood F Metab 2015

Schlaganfall-PET/MRT in Leipzig
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J Cereb Blood F Metab 2015
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• Humans

• Animals

Schlaganfall-PET/MRT in Leipzig
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Imaging 5.5h after onset of aphasia

- PET confirmation:
(1) Insufficient collateral flow 
(2) Target mismatch

- Unexpected:
(1) Spontaneous 

recanalization of left 
middle cerebral artery 

(2) No worsening 
without therapy

 PET/MRI may improve 

the understanding of

stroke pathophysiology

Neurology 2016
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PET/MRT von Neuoinflammatation nach Schlaganfall
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PET/MRT von Neuoinflammatation nach Schlaganfall

PET 110-120min p.i. 

SUV0 4

Autoradiographie Hirnschnitt
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CBF PET und MRI bei Moyamoya-Disease

Goetti et al. AJNR 2015

[15O]H2O PET

ASL MRI
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PET/MRT bei Neuro-Lupus Erythematodes

T1+CE              PWI (CBF)         O15H2O-PET(CBF)        
0                       0.8              0                     0.6  ml/min/g

- 47, female
- Systemic LE
- Raynaud syndrome
- First onset of epileptic seizures
- ANA titer of 1: 160
- Anti-histone ABs pos.
- MRA without signs of vasculitis
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Neuroimag Clin N Am 2016

PET/MRT von Atherosklerose
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Eur J Nucl Med Mol Imaging 2015

PET/MRT und Schlaganfall-Risiko
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Arterioscler Thromb Vasc Biol 2015

PET/MRT von Atherosklerose
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Beginnend Fortgeschritten

Carotis-Atherosklerose

PET/MRT von Atherosklerose
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Zusammenfassung
 Verständnis Pathophysiologie/Pathobiochemie

Schlaganfall

 Hirnbildgebungs-Revolution PET  PET/MRT

 Mithilfe bei der Verbesserung von Schlaganfall-MRT 
und -CT

 Translationale Evaluierung neuer   
Schlaganfalltherapien

 Spezifische (Neuroinflammation, Atherosklerose etc.) 
Diagnose zerebrovaskulärer Erkrankung    
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Leipzig 2016
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