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question that all stroke investigators want and need
to know is what brain tissue is salvageable. Indeed
in the absence of salvageable tissue, the utility of
any therapeutic intervention is moot, but as im-
proved therapeutic interventions are developed, the
need to monitor and evaluate tissue status is criti-
cal, particularly if we are to identify a therapeutic
window.

Diffusion MR imaging is now being widely used
clinically for early stroke detection. The underlying
mechanisms for changes in diffusion following
stroke are still not completely understood; however,
the prevailing opinion of many investigators is that
cell swelling, along with changes in water tortu-
osity, are the main factors responsible for diffusion
decline with ischemia. In this issue of the AJNR
(page 1260), Desmond et al have applied diffusion
MR imaging to help qualify the ischemic penum-
bra, which is thought to be the primary source of
salvageable brain tissue. They have shown that dif-
fusion MR imaging can be used to identify sal-
vageable tissue within the ischemic penumbra on
the basis of magnitude of decline in the apparent
diffusion coefficient (ADC). Regions of the pen-
umbra that maintained a normalized ADC value of

at least 0.90 were shown to be unlikely to proceed
to infarction, whereas those regions with normal-
ized ADC values between 0.90 and 0.75 were at
risk for infarction. This region may be identified as
encompassing the salvageable tissue.

By providing a fast, quantitative, and early as-
sessment of brain tissue status and viability, this
approach goes a long way toward developing the
missing element in our pursuit of efficacious ther-
apeutic interventions. Further studies of this type,
combined with perfusion measurements, relaxation
time parametric mapping, and measurements of
metabolic status should significantly improve our
progress in the development of therapies to help
better manage the stroke patient.
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Vein of Galen Management in Neonatal Period

In this issue of the AJNR, Mitchell et al (page
1403) describe endovascular management of vein
of Galen malformations presenting in the neonatal
period. The authors have documented in a relative-
ly small number of patients their experience with
management of these neonates, demonstrating the
feasibility of endovascular treatment and the out-
come they could achieve.

Criteria for treatment included uncontrollable
congestive heart failure in neonates diagnosed with
vein of Galen malformations, and they used a va-
riety of approaches (retrograde transvenous, trans-
torcular, transarterial) and various embolic materi-
als (coils, glue).

Endovascular treatment of vein of Galen malfor-
mations continues to be among the most challeng-
ing aspects in all of interventional neuroradiology.
Although there have been significant improvements
in the tools that are now available, the number of
patients referred with this diagnosis to any given
center is usually small and the experience, there-
fore, limited. While it intuitively would make sense
to refer these patients to a regional or national cen-
ter with expertise in the management of this rare
disorder, this is often not a viable option in view
of the medical instability of these neonates pre-
cluding transfer. Antenatal diagnosis by sonogra-
phy and MR imaging (1) would allow for consul-
tation to be obtained and transfer of the mother to
be arranged to facilitate delivery at a center that

has significant experience in the overall manage-
ment of vein of Galen patients.

A significant number of neonates with vein of
Galen malformation presenting in congestive heart
failure can be managed successfully with aggres-
sive medical therapy under the supervision of an
experienced team of pediatric cardiologists and in-
tensivists (2–4).

If, despite these best efforts, the high output fail-
ure continues to worsen, then a decision to treat the
vein of Galen malformation itself needs to be made.

It is in our opinion critical at that point in time to
take into consideration the status of the brain, heart,
kidneys, and liver to determine whether endovascular
treatment should be offered or withheld (4).

With respect to the choice of the arterial versus
the venous or transtorcular approach, the following
observations should be kept in mind. While the ve-
nous approach may be appealing because of its less-
er technical challenge it is problematic from a con-
ceptional point of view and is clearly wrong when
the vein of Galen enlargement was not recognized
to be caused by an adjacent pial arteriovenous mal-
formation draining into it. In the considerable ex-
perience of Lasjaunias in Paris, Berenstein in New
York, and we in Toronto during the past 15 years,
we extremely rarely have had to resort to the venous
approach in these neonates (4). As the published data
would indicate and as was shown by the authors in
the current issue of the AJNR, the arterial approach
is more efficient in accomplishing a lasting reversal
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of the congestive high output failure as compared
with the venous treatment. It is certainly not nec-
essary to close the entire vein of Galen malfor-
mation to accomplish a reversal in the high output
failure as reduction by about 30% to 40% of the
arteriovenous shunt (two or three of the largest ar-
terial feeders) will likely have this desired impact.
Retrograde venous embolization appears to require
a near- complete closure of the venous outlet in
order to achieve a similar result.

Once the medical condition stabilizes, the focus
of attention should then be directed toward the
brain. Similar to neonates with vein of Galen mal-
formations presenting with mild or moderate con-
gestive heart failure, frequent developmental and
MR assessments (every 3 months) are recommend-
ed during the first year to verify that all milestones
are met and no hydrodynamic disorders occur. It is,
in fact, rare in our experience to have to perform
additional endovascular treatment during the first
year and not infrequently have we observed pro-
gressive closure of the vein of Galen malformation
over the next few years (3).

The goal of treatment in the management of vein
of Galen malformations, whether they present in ne-
onates with uncontrollable congestive heart failure
or subsequently with an enlarging head circumfer-

ence will not just be to preserve life but to produce
a normally developing child. As the experience
grows, the decision whether to treat or not and to
choose the optimal moment (and method) for treat-
ment has and will become more clear. Mitchell et
al’s study serves to add in this process.
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