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Imaging Biomarkers in Ischemic Stroke Clinical Trials:
An Opportunity for Rigor

The effective treatment of major strokes due to major cerebral

artery occlusion is a great opportunity for diagnostic and in-

terventional neuroradiology. These represent approximately one-

third of all strokes and result in the most deaths and poor out-

comes. The relevant physiology (occlusion site, infarct core, and

penumbra) is revealed by neuroimaging, and many patients, per-

haps most, are effectively and safely treatable by neurointerven-

tional methods. After an early success, there were many clinical

trial failures. However, there are indications of a major break-

through with the positive results reported by the completed A

Randomized Trial of Intraarterial Treatment for Acute Ischemic

Stroke1 and in early interim analyses of other trials. While

highly encouraging, the good outcome rate of �33% suggests

that there are opportunities for improvement. The role of im-

aging biomarkers in enhancing this opportunity looms large.

However, optimal patient outcomes will only be achieved if the

neuroradiology community uses rigor in the application of

stroke imaging biomarkers.

There are several possible reasons for prior clinical trial failures.

One factor was poorly effective devices for vessel recanalization. Re-

cently introduced devices appear to have largely resolved this prob-

lem. The remaining major obstacle is patient selection. In a review

published in this issue of the American Journal of Neuroradiology,

Harston et al2 provide a timely and valuable service by documenting

the problem of heterogeneity in the types of imaging biomarkers

heretofore used in stroke trials. They suggested that this is an impor-

tant reason for the failure of many of these trials. They further suggest

that more homogeneity in the use of imaging biomarkers would be

better. While the article covers much important ground, it does fully

explore why such heterogeneity has resulted in repeated, though not

uniform, failures in clinical trials.

There are at least 3 reasons why imaging biomarkers fail:

1) The wrong measurement has been chosen

2) The measurement criterion is mistaken

3) There are significant errors in making the measurement.

To illuminate these 3 factors, one should consider what the

authors identify as the most common biomarker used in stroke

trials: the measurement of the core infarct volume to exclude pa-

tients who are unlikely to benefit from a treatment or interven-

tion. There is strong evidence that this is an appropriate measure.

If a large infarct is already present, arterial recanalization may be

futile and possibly harmful by risking hemorrhage, reperfusion

injury, or malignant edema. Nevertheless, many trials have failed

despite the use of this measure. This brings up reason 2: Was the

wrong infarct size selected? To help explore this possibility, one

should consider an absurd example— exclusion of only those pa-

tients who have an identifiable infarct that is the size of the entire

MCA territory or larger. Clearly, it would be difficult to show that

a treatment is beneficial because so many patients would be ad-

mitted into the trial who would have no possibility of benefiting.

What is the best measurement criterion for infarct size to use as a

threshold? As noted in the article, a core infarct involving one-third

of the MCA territory (�100 mL) has been the most commonly used

threshold, but there is now substantial evidence that this volume

threshold is probably too high. The multicenter Diffusion and Per-

fusion Imaging Evaluation for Understanding Stroke Evolution 2

trial3 demonstrated that patients presenting with DWI lesion vol-

umes of �70 mL had better outcomes when undergoing endovascu-

lar treatment. This lower volume threshold was also found to lead to

better outcomes in 3 single-center studies.4-6 Evidence that one-third

of the MCA territory is too large also comes from the failed Mechan-

ical Retrieval and Recanalization of Stroke Clots Using Embolectomy

trial,7 which used a threshold of 90 mL. Thus, perhaps an infarct

involving “one-third of the MCA territory” is wrong.

The final possible reason for poor patient selection is that the

imaging method produces errors that are too large to be adequate

for the task. Again consider core infarct size. Does the chosen

imaging biomarker measure the core infarct with sufficient pre-

cision to be useful? There is general agreement with much evi-

dence that unenhanced CT is inadequate for this purpose. There is

also general agreement with strong animal and human evidence

that DWI does, in fact, reliably measure the core infarct. On the

other hand, no animal studies have shown that a single hemody-

namic measurement corresponds to infarcted tissue. Moreover,

CTP-derived images have inherently poor signal-to-noise ratios,

which result in large measurement errors.8 Perhaps it would be

wise to hold off on the use of perfusion CT (PCT) in stroke trials
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until it has been rigorously validated in animal stroke models and

measurement errors are reduced.

Against this logic is the clear preference for the use of PCT over

DWI as is evident in the review by Harston et al.2 The principal

justification is that PCT is widely available and readily accessible

to patients with stroke, while MR imaging is much less so. Thus, it

appears that this decision is based on “practicality” rather than

scientific evidence. This possibility raises important ethical ques-

tions. Should we use a less effective tool because it is practical, or

should we make the necessary effort to make available to our

patients with stroke the tool that clearly benefits them?

Rigorous standards for validation of imaging biomarkers are

missing, and they are unlikely to be forthcoming without a demand

for them by the stroke clinical research community. Such rigor would

likely result in the abandonment of imaging biomarkers that perform

poorly. However, the other result would be progress toward more

homogeneity in the use of imaging biomarkers, and ultimately better

outcomes in patients with acute stroke whom we treat.
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