
Use of neuroimaging to guide the
treatment of patients beyond the 8-hour
time window

Nazli Janjua, MD ABSTRACT

Revascularization time windows for patients with acute ischemic stroke are generally restricted
to 8 hours. Later treatment attempts require more accurate prediction of risk and benefit, as
safety and efficacy at these time strata are less well demonstrated. Advanced imaging tech-
niques identify irreversible infarction as well as tissue at risk. Diffusion-weighted MRI detects
ischemia within minutes of onset, whereas perfusion-weighted MRI and CT perfusion studies
disclose the ischemic penumbra. Combined, they provide information on mismatched tissue—
potentially salvageable brain. In addition, noninvasive angiography is a useful adjunct to localize
arterial occlusion. Neurology® 2012;79 (Suppl 1):S95–S99

GLOSSARY
AIS � acute ischemic stroke; ASPECTS � Alberta Stroke Program Early CT Score; CBF � cerebral blood flow; CBV � cerebral
blood volume; CDM � clinical–diffusion mismatch; CTP � CT perfusion; DEDAS � Dose Escalation of Desmoteplase in Acute
Stroke; DEFUSE � Diffusion-Weighted Imaging Evaluation For Understanding Stroke Evolution Trial; DIAS II � Desmoteplase in
Acute Ischemic Stroke Trial; DW-MRI � diffusion-weighted MRI; EPITHET � Echoplanar Imaging Thrombolytic Evaluation Trial;
IA � intra-arterial; MR RESCUE � MR and Recanalization of Stroke Clots Using Embolectomy; MTT � mean transit time; NIHSS �
NIH Stroke Scale; PDM � perfusion–diffusion mismatch; PWI � perfusion-weighted imaging; RESTORE � Reperfusion Therapy in
Acute Ischemic Stroke with Unclear Onset by MRI Evaluation.

Approximately 25% of patients with acute ischemic stroke (AIS) first notice their deficit after a
period of sleep (so-called wake-up strokes).1–3 The onset of symptoms is not precisely known,
often extending beyond 8 hours. Though the time frames for endovascular treatments themselves
are not standardized, these and other late-presenting patients are generally considered outside the
typical maximum time periods of 6 hours for intra-arterial (IA) thrombolysis4–6 and 8 hours for
mechanical thrombectomy.7–11 These treatment options, as with the case of systemic thrombolysis
offered up to 4.5 hours from symptom onset,12,13 are based on screening with cranial noncontrast
CT, known to be insensitive to early ischemia, potentially missing 60% of cases.14 The past decade
has seen tremendous interest in the use of alternate imaging modalities such as MRI, particu-
larly diffusion-weighted MRI (DW-MRI), which has a sensitivity for AIS of 94% in the
ultra-early period,14 to refine triage for AIS therapy. DW-MRI serves as the basis for selection
of patients for systemic thrombolysis at time windows up to 9 hours in a number of trials.15–18

PURPOSES OF IMAGING IN AIS PATIENTS BEYOND 8 HOURS: PREDICTING SAFETY AND BENEFIT
Whereas trials of hyperacute therapy have established accepted rates of safety with use of only CT for patient
selection,5,12,13 the paucity of population studies at later time strata creates a greater need for patient-specific
information. This information must illustrate physiologic evidence of tissue viability, nonviability, and vul-
nerability. Among patients presenting within 8 hours of stroke, the primary purpose of cranial imaging is to
rule out the presence of hemorrhage or widespread ischemia, which contraindicate revascularization efforts. In
addition, though, recanalization may not necessarily lead to improved outcome; demonstration of arterial
occlusion or hypoperfusion at least identifies a therapeutic target, thereby inferring therapeutic gain. This
remains important for the post-8-hours patient and may even become more important because with increas-
ing time windows, potential risk increases while possible benefit diminishes. This can be summarized as
follows: with extended times of presentation, triage criteria must include highly sensitive assessment of both
potential risk and benefit.
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Assessment of risk: CT vs MRI in detecting ischemia
within 12 hours. The volume of pretreatment brain
infarction correlates with subsequent hemorrhagic
transformation after reperfusion. Baseline imaging
must well define this territory.19 Correlative studies
demonstrate that at time lengths of 12 hours from
symptom onset, the sensitivity of CT approaches
that of MRI.14 Given its ready availability, CT still
has a role in the rapid assessment of patients present-
ing with new neurologic disturbance. It can, in effect,
screen out those who a priori present with well-
demarcated large-volume ischemic changes, who are
at increased risk of hemorrhage. However, when
there are questions about symptom onset time and
extent of ischemia, such as in patients with wake-up
strokes, plain head CT may be inadequate to guide
treatment decisions. More accurate imaging tools to
evaluate the precise size and stage of cerebral infarc-
tion are required, such as with DW-MRI,20 which
plays an essential role in the triage of patients for
endovascular treatment of AIS at time windows be-
yond 8 hours. In patients demonstrating larger DWI
areas of abnormality, triage away from revasculariza-
tion therapy is likely.21

For patients unable to undergo MRI (e.g., those
with cardiac pacemakers) or in instances of unavail-
ability of MRI, advanced CT applications play a role,
which have the additional advantage of expediency,
and in certain studies these have been found to be
equivalent to DW-MRI in estimating infarct when
using low cerebral blood volume (CBV) areas as well
as abnormal cerebral blood flow (CBF) areas com-
bined.22,23 CT perfusion (CTP) has been validated
against xenon CT and has been found to be a reliable
measure of infarct core and ischemic area.24 CTP
evaluates a bolus of contrast through a specified area
of brain to calculate CBV. With use of mathematical
algorithms, CBF and mean transit time (MTT) of
blood in a region can also be calculated. Comparison
of CTP with the Alberta Stroke Program Early CT
Score (ASPECTS)25 showed that the ASPECTS rat-
ings on the venous phase correlated with CBV regions
and those on the arterial phase with CBF.26 Other pa-
rameters of nonviability of tissue with CBV thresholds
�2 mL/100 g, CBF �20 mL/100 g/min, and MTT
�8 seconds have been identified.22 However, just as dif-
fering values for optimal threshold levels have been
identified at different laboratories, more widely applica-
ble values still require further validation.

Identification of ischemic penumbra: demonstration
of mismatch. Perfusion–diffusion mismatch. The use of
DWI in conjunction with MRI perfusion-weighted
imaging (PWI), the perfusion–diffusion mismatch
(PDM), has been evaluated in trials of systemic
thrombolysis to identify candidates for therapy at

3–6 hours.15,18 These studies have investigated the
utility of PDM as an alternate triaging method. Using
highly sensitive means of identifying the infarcted tissue
(DWI) and the area of cerebral hypoperfusion (PWI),
this at once evaluates both possible risk as well as
possible benefits of treatment.27,28 In the Diffusion-
Weighted Imaging Evaluation For Understanding
Stroke Evolution (DEFUSE) Trial, malignant mis-
match profiles (DWI lesions or PWI lesions �100
mL, with transit time delay of 8 seconds or more in
the affected territory) were associated with high rates
of hemorrhage after thrombolysis, whereas patients
demonstrating a target mismatch profile (DWI �100
mL and PWI 10 mL/120% � DWI lesion volume)
had higher rates of favorable outcome, with reperfusion
(improvement of 8 points or more on the NIH Stroke
Scale [NIHSS]29 score) occurring with thrombolysis.15

Though the initial results are promising, the single-arm
design of the DEFUSE Trial (all patients treated with
alteplase) limits further conclusions.

The randomized Echoplanar Imaging Thrombolysis
Evaluation Trial (EPITHET) demonstrated that reper-
fusion was associated with improved neurologic out-
come (decrease in NIHSS score by 8 or more points)
and less infarct growth (decrease in the 3- to 5-day PWI
volume, compared with baseline). The presence of
PDM itself predicted increased reperfusion with alte-
plase. However, the primary endpoint of infarct growth
was only nonsignificantly seen at a lower rate among
alteplase-treated patients with mismatch.18

The reverse investigation, i.e., studying the effect
of recanalization on perfusion imaging, is the subject
of the ongoing MR and Recanalization of Stroke
Clots Using Embolectomy (MR RESCUE) Trial,
which may offer future insights into the physiology
of the ischemic penumbra in the setting of changing
arterial flow.

CTP–DWI or CTP–CT mismatch. As for PDM, CTP
may also be used either in conjunction with DWI or
with CTP source imaging data or noncontrast head
CT to identify the area of ischemic penumbra be-
yond that of the infarcted core.26,30 Although CTP
has the advantage over MRI of easier accessibility,
the drawback is the volume of contrast required,
which must be kept in mind when preparing for pos-
sible endovascular intervention and cumulative con-
trast dose. In addition, because abnormalities of
perfusion are best appreciated by virtue of asymmetry
with the opposite hemisphere, this technique is less
optimal for posterior circulation pathology (although
the same fallacy may also hold true for PWI).

Clinical–diffusion mismatch and other clinical–radio-

graphic models. The ultimate assessment of benefit and
proof of concept for endovascular therapy may be
established on clinical grounds. Easily reproducible
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clinical measures, such as the NIHSS,29 may be com-
pared to DWI appearance in demonstrating a so-called
clinical–diffusion mismatch (CDM).31,32 Criteria in-
cluding limited DWI areas of ischemia (�25 mL
brain tissue) with moderate NIHSS scores (of at least
8) have been shown in prospective31 and retrospec-
tive32 analyses to identify groups of AIS patients des-
tined for infarct expansion and clinical deterioration
in the subacute period. This has been studied retro-
spectively among patients presenting beyond 8 hours
who have undergone endovascular therapy.33 An
additional study applied the ASPECTS25 to brain
DWI in nonlacunar anterior circulation infarction
and also demonstrated a similar phenomenon of
early neurologic deterioration and infarct expan-
sion among patients with initial NIHSS score �8
and ASPECTS �8.34

Comparison of CDM with PDM demonstrates de-
creased sensitivity with the CDM in identifying patients
with greater viable yet vulnerable ischemic tissue, per-
haps due to inadequacies of clinical scales, such as the
NIHSS, to detect nondominant hemispheric lesions.
PDM and CTP are thus perhaps of further value
in identifying potential treatment candidates from
among patients with stroke in the nondominant
hemisphere.

Identification of large-vessel occlusion. The combi-
nation of vascular and brain imaging on MRI
demonstrates the extent of infarction and presence
of large-vessel occlusion. These MRA–DWI mis-
matches have identified patients who have better
neurologic improvements with reperfusion ther-
apy.35 Similarly, CTA has also been studied either
in conjunction with noncontrast CT or DW-MRI,
called a CTA–DWI or CTA–CT mismatch, to
corroborate the same hypothesis. Evaluation of
CTA source images can estimate nonviable tissue,
although this awaits comparison with DW-MRI.
If validated, this may be an expeditious means of
establishing risk and benefit of endovascular reper-
fusion treatment in patients beyond standard time
windows. CTA in comparison with MRA can be
considered in triaging AIS patients for endovascu-
lar therapy, if medical comorbidities are not pro-
hibitive of large contrast doses.36 Though the
simple demonstration of arterial occlusion may
not necessarily identify patients who will benefit
(e.g., those with extended time windows of occlu-
sion, such that salvageable tissue is lacking), the
converse also has limitations, in that PWI or CTP
models that identify ischemic tissue without iden-
tifying impaired collateral flow may underestimate
tissue at risk.37

CURRENT STUDIES USING NEUROIMAGING
TO GUIDE LATE TREATMENT AND FUTURE
DIRECTIONS Several studies have used advanced
imaging applications to guide the administration of
systemic thrombolysis beyond the 3-hour window.
The DEFUSE and EPITHET trials mentioned previ-
ously, as well as the Desmoteplase in Acute Ischemic
Stroke (DIAS) and Dose Escalation of Desmoteplase in
Acute Stroke (DEDAS) trials, utilize PDM to select pa-
tients for thrombolysis with a new-generation lytic
agent between 3 and 9 hours.16,17 DIAS, though ini-
tially promising in its pilot phase, failed to show a bene-
fit in subsequent studies.17 Ongoing phase III studies
are further examining this. The sister trial, DEDAS, did
show higher rates of favorable outcome and reperfusion
among the high-dose desmoteplase group.16 Additional
studies evaluating the safety of thrombolysis for
wake-up stroke on the basis of MRI criteria have also
been reported.38

A few preliminary trials using mismatch models
to select patients for combined therapies (systemic
thrombolysis as well as endovascular treatments)
have been reported, including the results of the Rep-
erfusion Therapy in Acute Ischemic Stroke with Un-
clear Onset by MRI Evaluation (RESTORE) Trial,
presented at the 2011 International Stroke Confer-
ence, in Los Angeles.39 Other case series of imaging-
guided endovascular treatment beyond 8 hours have
been published,40–42 including those studies serving
as pilots for planned future clinical trials.33,41

DISCUSSION Effective radiologic screening for AIS
patients beyond 8 hours requires accuracy to identify
potential benefit and harm of treatment. With use of
perfusion imaging parameters to identify areas of in-
farction and ischemia, time windows become less
rigid and more patient-specific. DW-MRI provides
reliable delineation of infarction. Penumbral and vas-
cular imaging augments evaluation of potential treat-
ment benefits. Future studies will make use of these
imaging techniques in a variety of combinations to
study possible benefit of endovascular intervention
on select groups of patients presenting late.
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