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Commentary

Delayed cerebral ischemia (DCI) is the major threat
to neurological recovery in those surviving the ictus
and early brain injury after aneurysmal subarachnoid
hemorrhage (SAH). This frequent complication may
result in cerebral infarction, as first demonstrated in
autopsy studies and more recently with CT and best
of all with MR imaging.!"” Development of infarction
appears to be one of the strongest predictors of poor
recovery after SAH.P! DCI has been associated with
cerebral vasospasm, a transient pathologic narrowing
of the proximal intracranial arteries, first demonstrated
on angiography over a half-century ago.**! However,
a causal and direct link between vasospasm and
tissue ischemia is increasingly being challenged as
divergent evidence emerges. Not only do many patients
with angiographic vasospasm not develop ischemic
neurological deficits, there are some patients with SAH
who deteriorate and/or develop infarction in the absence
of visible corresponding vasospasm.® DCI may instead
be related to abnormalities with autoregulation and the
microcirculation.”? Furthermore, therapies that inhibit
or reverse vasospasm have not consistently reduced
infarction or improved patient outcomes.®!

A case report in this journal presents a patient with
aneurysmal SAH who developed delayed neurological
deterioration in the absence of large-vessel vasospasm
(as adjudicated by transcranial Doppler ultrasound;
angiography was not performed).”” Symptoms were
refractory to hemodynamic therapy and bilateral
deep cerebral infarcts developed in the territory of
perforator arteries. The authors suggest that small
vessel abnormalities (e.g. perforator vasospasm or
microvascular thrombosis) would best explain the
development of such “angio-negative” infarcts after
SAH.

While it would have been useful to evaluate the

intracranial circulation with angiography in such a case,
the presence of normal TCD velocities is a fairly sensitive
marker of vessel narrowing and thus useful in excluding
hemodynamically significant large-vessel vasospasm.
The apparent disparity between ischemic deficits (and
infarction) and lack of TCD-findings highlights the
limitations of only evaluating larger intracranial vessels
in SAH patients. Previous studies have documented that
deep infarctions are not uncommon after SAH, but these
were often asymptomatic or associated with proximal
vasospasm in other cases.!? Here DCI led to cryptogenic
(TCD-negative) infarction that clearly contributed to
significant deterioration and neurological morbidity.
Furthermore, the time course reminds us that ischemic
deficits may emerge even a week or more after SAH.

Measurement of regional cerebral perfusion may better
delineate the pattern and monitor the risk of ischemia
than TCD or even angiography. Our recent PET-imaging
study demonstrated that hypoperfusion was frequent
even in the absence of angiographic vasospasm.l'"” It
may be that perfusion imaging (e.g. CT or MR perfusion)
could have demonstrated reduced cerebral blood
flow (CBF) in the deep brain territories of this patient,
confirming ischemia as the underlying pathophysiology.

Finally, this case reminds us that ischemia after SAH
(whether related to vasospasm or in its absence) does
not always respond well to hemodynamic therapies.
Induced hypertension, nonetheless, remains the
mainstay of medical therapy for DCI; its rationale rests
on the ability of raising systemic blood pressure to
augment CBF, which itself is reliant on a breakdown
in normal autoregulation. No controlled studies have
demonstrated the clinical efficacy of such interventions,
despite strong anecdotal evidence. Furthermore, studies
measuring the effects of hemodynamic interventions on
cerebral perfusion (e.g. CBF) have been conflicting and
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at best marginal.''! At least in the presence of large-
vessel vasospasm, endovascular interventions, such as
angioplasty, appear useful in reversing vasospasm and
ischemic deficits. How best to manage microvascular
ischemia is even less clear, but deserves serious future
attention.
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