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Mr. Chairman,
Ladies and Gentlemen,

It is a great pleasure to talk here in front of this auditory
about the recent developments in MR-imaging and spectroscopy
applied to cerebrovascular disease. In the following few slides I
would like to elaberate the role of magnetic resonance considering
brain morphology, macrocirculation and tissue metabolism.

Slides 1 and 2%

There is a multiplicity of causative possibilitias to create
cerebral ischemia, which is macrocirculation, microcirculatien,
embolism, oxigennation, the metabolic results within the ischemic
tissue 18 characterized by anaerobic glycolysis, disfunction of
the cell membrane, ion disbalance and development of a cytotcxic
edema .

In relation to the duration of ischemia the extent of ischemia
cell death may not occur within the whole ischemic regiona, buz
there might be sparing of some regions giving way to the
discussion of penumbra and definite ischemic event. The goali using
magnetic resonance is in the 1990’'s to diagnose ischemia at the
earliest possible time to obtaln vascular information considering
the macrocirculation and to accurately define tissue loss.
Furtheron spectroscopy may reveal direct metabolic information ot
ischemia.

Slides 3 and 4:

On the left side you can see a patient with a cortical signal
abnormality in the T2 weighted images, inveclving the cortex of the
posterior MCA territory about 3 hours after ocnset of right
hemiparesis and aphasia. Beneath the acute cytotoxic edema some
chronic ischemic changes in the right parietal region are well
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seen. Based on our experiences the sensitivity of MRI in ischemic
stroke can be defined higher than CT with positive ischemic
findings in time periods of less than 4 hours. Therefore MRI
should be the modality of choice in acute ischemic disease of the
brain. The specifity of MRI in ischemia is based on signal
behaviour in hemorrhage, which allows a staging of the time
course, based furtheron to anatomical distribution. In case of
multiple lesions, however, signal behavicur does not allow
gpecific dlagnosis.

Slides 5 and 6:

All patients were examined on a 1.5 T Magnetom using a circular
polarized headcoll with a field of view (FOV) from 20 to 235 cm.
The imaging protocol consisted of spinecho and gradient echo
sequences, and in selected patients a spectroscopy using a
stimulated echo technique was performed.

In order to use magnetic resonance imaging at the earliest
pessible time an increased number of critically i1l patients has
to be evaluated. Therefore an adequate monitoring of the vital
functions has to be garanted, acquiring pulse oximetry, ECG, blced
pressure, capnography. For imaging conventicnal spinecho sequences
in two orientations and different weighteninge were obtained. New
techniques, like special flow sensitive FISP and FLASH gradient
echo sequences, allow in a threedimensional acquisitions
visualization of complex intracranial and extracranial
vasculature.

The use of gradient echo smequences allowed to minimize Pixel size
(1+1+1 mm) resulting in a nearly isotropic resolution. These
images can be further evaluated by computerized postproceszsing.

Slides 7 and 8:

The left side shows a critically ill patient after severe right
side pontine infarction., On the right side axial T2 weighted
images show a pathological area with signal intensity into ths
pontine structures related to an ischemic infarction.
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glides 9 and 10:

In the left slide there is a patient with a huge MCA infarction in
the anterior territory. One of the questions for the clinician
would be to estimate the exact degree of tissue loss in the

patient. In order to obtain maximal accuracy it would ke necessary

to acquire the data with a resolution of less than 1 mm in plane
and about 1 mm in slice thickness. Using a 3D FLASH sequance data
of this resolution can be obtained in the time periocds ¢f 15 to 20
minutes. In the right slide the brain of the previous patients,
has already been extracted from the surrounding scoft tissue and

the skull and the actual volume of the supratentorial brain was
calculated (1007 ml).

Slides 11 and 12:

on the left side brain volumes of the supratentorial hemispheres
are calculated and separately volumetrically postprocessed. These
slices can be used to reconstruct the brain surface where the
ischemic on the left side is well shown.

Slides 13 and 1l4:

Bagsed on the shown examples the sensitivity of MRI in ischemic
stroke can be defined higher than CT in time periods of lese than
4 hours. Segmentation of infarct volume allowed a gquantification
of loss volume and in follow up studies randomization of stroke
trials. The surface reconstruction can be used for
neurophyeiclogic relation like EEG, brain mapping, also infazct
and brain topography can be visualized.

1
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On the second part of may talk I would like to extent to further
applications of magnetic resonance, like MR-angiography and MR~
Epectroscopy.

Since 1987 we investigated MRA in cerebral macrocirculation. Flow
related enhancement depende on the in flow of unsaturated spins
and flow compensation by refocussing gradients. The sequence
parameters were adjusted to maximize contrast between moving bleod
and stationary tissue. The examination time for MR-angiography is
less than 10 minutes and it is important to mention that neo
contrast agent is used. Postprocessing reveals projecticnal
angiograms.

Slides 15 and 16:

On the left side you can see a patient with a MCA infarction in
the posterior territory of the right side. On the right slide
FLASH 3D compensation of the regional flow sensitive FISP images
does not show flow induced signal within the right carotid artery.
(deshalb die linke ICA hell, die rechte dunkel).

Slides 17 and 18:

. After reconstruction of the MR-anglographic pictures into 3D=
projection the occlusion of the right carotid artery ls well
shown. In conclusion MR-angiography permits a reliable
visualization of normal vessels. As this type of noninvasive
examination is sensitive to stencsis and occlusion MRA may be of
tremendous importance with respect to grade III of clinical
investigations as well as an impact of clinical management.

Slides 15 and 20:
In attempts to gain a metabolic information within ischemia with

proton spectroscopy it is now possible to obtain actual metabolic
data from infarcted tissue.

Il



For water suppressed proton magnetic rescnance spectroscopy there
were used STEAM sequences, where a volume from 16 to 27 ml is
investigated.

Slides 21 and 22:

This is a patient 4 hours after acute onset of aphasia and right
hemiparesis. T2 weighted images show already cytotoxic and
vasogenic edema of the left hemisphere. The spectrum was cbtained
from a 27 ml Voxel. The cbtained spectrum clearly shows a huge

resonance of lactate proving the anaerobic glycolysis in the
ischemic area. N-acetyl-aspartate (NAR) is diminuished to about

__nalf of the normal size. Creatine and phosphocreatine remains at
normal levels, probably due to anaerobic glycolysis. Choline which
reflects membrane compounds should not be changed in infarctions
and is preserved at a normal level.

Slides 23 and 24:

The same patient wes examined 5 days later. On the T2 welghted
images the demarcation of the infarct can be seen. The metabolic
information on the proton spectra shows a further increase of the
lactate indicating that anaerobic glycolysis is furtheron active.
Creatine begins to decrease as well as NAA is further decreasad
related to the demarcation of the infarct,

—

Slides 25 and 26:

Wwith the use of magnetic resonance spectroscopy noninvasive
observation of anaerobic glycolysis is possible as well as
evaluation of NAA allows an assgessment cf viable neurons.

These metabolic information indicated that in case c¢f acute
infarction there is actual a therapeutic window when the nerve
cells are preserved in the structural metapolism by anaercbic
glycolysis, but when anaerobic glycolysis persists for a to¢ long
time secondary tissue damage due to acidosis will oecur. In orderx
to initiate a therapy as soon as posaible acute metabollic

infarction is necessary.



The potential of MR-spectroscopy is to monitor directly
therapeutic effects on the metabolism of ischemic brain.

Slides 27 and 28:

In conclusion MR offers an improved sensitivity to acute stroks
and to small ischemic lesions, it allows the accurate location and
delineation of ischemia especially with respect to the posterior
fossa.

In the diagnosis of the cerebrovascular disease the clinician
predominantly needs information about morpholegy, macrocirculation
and metabolism and it is shown on the right side, that MRI is
capable to answer all these questions in a single and completely
noninvasive examination, sufficient for clinical management. The
method allows also a new indication with noninvasive anglography
and has a monitoring capability using volumetry and MR-
spectroscopy. So the gquestion may arise if management and research
in stroke will not be justified without modern MR~technologies.

Thank you for your attention.
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Seance du matina 11 h

Confrontation anatomo-chinigue

P, Trowntras, D, VMixe g, Chy Duyegacrts, —

Insiehilite & la marche, incoordinmiiong,

deterioration progressive et hepatomegalie ches une femme de 67 ans.
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Seance de I'aprés-midi a 14 h 30

D. Cgos, I.F. PeLuissier. — Neuropathie porphyrique
avec rthabdomyvolyse.

3
S. Nurick. — Les resultats psychologiques d'une he-

morragie meningee par rupture d'un anevrvsme de
I'artére communicanie anterieure.

A Lapavce. RO Sankoy, M. Pacis, M Brarn —
Seminome thalamo-pedonculaire. A propos d'un cas.

Ch. TrancuaxT, M.H. Ducay, B. LANNES, Ph. Was.
SER. M. Motir, .M. WARTER. — Un cas de forme
familiale d’amyotrophie spinale et d'atrophie pal-
lido-luyso-nigrigue avec inclusions de type corps de
Lewy.

IM. Leger. M, Levassira, N Br~orr, LG, Bakes, 8
Tean-Duin, F. Botorar, L Cours, P, Brov 1
SIGNORETL. — Apraxie dugegravation lentement pro-
gressive : etude par IRM 21 tomographie a positons
dans 4 cas.

]

L. MiLaxpRre. B. Boxneror, P. Pestre, LF. PELLISSICR,

F. Grisorl, R. KnaviL. — Dolichoectasies arterielles

vertebro-basilaires. Complications et pronostic.

G. Besson, J. BoGoussLavsky, F. REGLI, P. MAEDER. —
Le svndrome pseudo-bulbaire aipu.

R. Gurrarpl, C. Muiri, M. BatprivosT, F. Gray,
1. Poirter. — Le spectre des vascularites nerveuses et
musculaires au cours de linfection par le VIH.

F. Gray, M. Mour, L..Cuiseci, P CLaviLOu,
F. Searavicnr, J. POIRIER. — Leucoencephalopathie
fulminante ressemblant a une sclerose en plaques
arcug, revelatrice de Minfection par le VTH.

A, AvLicueriF, I BitLg, J.L. GastauT, R, KoaLiL,
M. Po~cer, J. Pouget, G. Satamox, G. SERRA-
TRICE. — Contribution a l'etude de I'anatomie fonc-
tionnelle du cerveau.

Th. CreriN-LEBLOND, A, MaipaLaNt, J.C. GAUTIER. —
Comparaison du scanner X et de |'imagerie par
resonance magnetique apres des acces ischémiques

transitnires

Lo Bikrn, C0 Miwies, Co Bissestioe~, Co Lous,

UL MaNELTE, A, Rascor, M. Crasty — Analyse
IRM longitudinale des lesions dans la SEP : aspects
morphologiques et quantitatifs.

F. GERSTENBRAND. — Deéveloppenmient moderne de la
resonance magnétique (imagerie et spectroscopie).

H. wastaui, G, SERRATRICE, R KiaLiL, J.L. GASTAUT,
G. SaLaMon, — Contribution a I'exploration IRM de
l'epilepsie temporale.
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