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Tissue window, not the time window, 
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Since the approval of intravenous (IV) tissue 
plasminogen activator (tPA) to treat patients 
with acute ischaemic stroke (AIS) within 3 
hours of onset in 1996, it took 12 years to 
expand the treatment time window to 4.5 
hours by the European Cooperative Acute 
Stroke Trial II (ECASS III).1 It took another 
10 years to expand the treatment time window 
to 6 hours with the bridging of  IV tPA and 
intra-arterial (IA) thrombectomy.2 In 2018, 
22 years later after the approval of  IV tPA 
and less than 3 years from the approval of IA 
thrombectomy, we have learnt that IA throm-
bectomy was effective in treating patients with 
AIS  from large vessel occlusion (LVO) type 
of stroke up to 24 hours.3 This continued 
expansion of the treatment time window has 
brought hope to many patients with stroke who 
will present to the emergency room at a later 
time. It has also shattered our belief that post-
stroke ischaemic penumbra would only exist 
for a very brief time. The evidence lies in the 
multimodal imaging studies that  can detect a 
penumbra ‘live’ during a stroke, especially late 
in its course, and therefore, giving us a tissue 
window. Three trials implied CT perfusion to 
look for the presence of a penumbra in patients 
presented between 6 and 24 hours of onset. If 
a mismatch was present and an LVO identified, 
IA thrombectomy was effective.

‘Time is Brain’ still reminds us that stroke 
is an emergency. However, tissue window has 
taught us that the treatment time window still 
exists in late presenters and we should not 
give up easily. While the time window is based 
on the witnessed time of a stroke that takes 
place, tissue window is the biological timing 
of an evolving ischaemia. Brain ischaemia is a 
dynamic process. Each patient may tolerate the 
ischaemia differently because of the difference 
in cerebral reserve, collateral circulation, size 
and completeness of an infarction. Study of 
ischaemia in rat middle cerebral artery occlu-
sion model showed that even reperfusing the 
brain 14 days later, rats still had reasonable 
functional recovery.4 With the advent of new 
CT and MRI technology, we are now capable of 
accurately assessing such process. In fact, tissue 

window can not only identify opportunity for 
late presenters, but also guide us on treating 
early presenters. In clinical practice, we often 
see stroke patients with sizeable hypodense 
area on the initial CT of head although the 
witnessed time of onset was well within 3 hours. 
Alberta stroke program early CT (ASPECT)
score was often used to decide if the risk of 
haemorrhagic transformation with reperfusion 
was high if ASPECT score was low, an indication 
of no penumbra was preset. Now, with the new 
imaging technology that can provide a tissue 
window, clinicians can make better judgement 
on treatment options for late presenters.5-7

Recently two published clinical trials have 
used MRI mismatch rather than CT perfu-
sion mismatch to guide the use of IV tPA up 
to patients with AIS between 6 and 12 hours 
of onset and the outcome was positive. Both 
MRI-Guided Thrombolysis for Stroke with 
Unknown Time of Onset (WAKE-UP) and IV 
alteplase in MR-selected patients with stroke 
of unknown onset (MR WITNESS) trials used 
MRI diffusion weighted image/Fluid-atten-
uated inversion recovery (DWI/FLAIR) to 
look for the mismatch rather than a perfusion 
scan.8 9 In this issue of SVN, two centres in China 
reported their clinical experience on treating 
patients with AIS beyond 4.5 hours of time 
window. Both reports confirmed the findings 
from WAKE-UP and MR WITNESS trials. With 
a combined 600 patients treated from both 
trials, over 100 patients were actually treated 
beyond 12 hours. Furthermore, one centre 
actually used MRI DWI/T2-weighted image 
(T2WI) to look for the mismatch and reported 
to be successful. MRI DWI/T2W imaging was 
faster than FLAIR to acquire. . If MRI DWI/
T2WI is as good as DWI/PWI, the significance 
is that many small hospitals may not need to 
install software to interpret perfusion scans. 
Treatment with IV tPA can be offered faster.

In the near future, artificial intelligence may 
help assess the presence of a penumbra faster 
and with more precision. Furthermore, a perfu-
sion scan or MRI/T2WI should be done regard-
less of the time of onset, be it within 3 hours or 
great than 24 hours onset, so that every patient 
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with a stroke will have an accurate assessment of the tissue 
window, regardless of the time window.
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