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Abstract
Intravenous alteplase given in an appropriate time window has been recommended in guidelines and effects are on the decline 
over time. In general, the clinical decision is primarily based on whether ischemic stroke patients are sent to hospitals within 
the time window. However, some patients sent to the hospital over time limitations are eligible to receive intervention for 
recanalization due to good collateral circulation. In this dilemma, “tissue window” can be more reliable, which means using 
the penumbra as a major criterion for patient recruitment. Hence, we herein aim to address how could “tissue window” be 
a complementary approach when it does not conform to the time window’s indication and affirming value of the later one. 
Some efforts obeying the time window are discussed first. In the later sections, we give the details of the definition of “tissue 
window”, and then compare various neuroimaging techniques to determine the penumbra and summarize favorable patterns. 
Finally, we will focus on how the “tissue window” extends the therapeutic time window under specific circumstances.
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Introduction

In many western countries, stroke is a major cause of death, 
followed by coronary heart disease and cancer; stroke is 
also an important reason of disability [1]. With the burden 
of stroke gradually increased, the situation is more severe 
in China nowadays. To save the reversible ischemic brain 
tissue as much as possible, it is necessary to find appropri-
ate approaches to assist decision-making. The time window 
mainly focuses on the ischmia time from the onset of initial 
to recanalization, as early recanalization means preventing 
infarct area from expanding. However, classical thrombo-
lytics, such as intravenous alteplase, have side effects (e.g., 
hemorrhagic transformation); therefore, this paper intro-
duces some efforts that reduce the time from onset to reper-
fusion that could replace intravenous alteplase when it plays 
a minor role.

It is not hard to conclude that though some patients are 
not sent to the hospital during the time window, part of 
them with sufficient blood supply, may be possible to save. 
Hence, “tissue window” can be a more transparent and reli-
able proof, since we could read the degree of ischemia in 
neuroimaging. The concept of “tissue window”, first named 
by Professor Werner Hacke, was described as penumbra 
or mismatch [2] when screening patients on the basis of a 
large area of salvageable cerebral tissue. Little attention has 
been paid to “tissue window” and this paper makes efforts to 
present various neuroimaging techniques and favorable pat-
terns. We aim to point out how the “tissue window” works 
even out of time limitation. Correct clinical decisions and 
early recanalization are important for good prognosis. We 
believe that further studies about this will make great sense.

Time window

Time window of intravenous thrombolytics therapy

Intravenous alteplase occupies the preferred position when 
patients are admitted to hospital early after symptom onset 
so that alteplase could be given within 4.5 h [3]. Treatment 
beyond time windows produces no net effects, since the 
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risks of symptomatic intracranial hemorrhage and death 
exceed the benefits [4], and, in addition, as the time lapses, 
the ischemic tissue may have evolved into infarction locus. 
Furthermore, evidence represented that effects of alteplase 
were relatively different beyond 3 h, but within 4.5 h of 
symptom onset, the benefits weaken measurably [5]. We 
need to note that alteplase also should be avoided to prevent 
complications in some situations; the most severe compli-
cation is hemorrhagic tendency; even with low doses [6], 
there might be a percentage of symptom intracranial hem-
orrhage. Alteplase is not normally given to elders who are 
older than 80 years despite its benefit [7], since they would 
have a higher risk of hemorrhage. Side effects are one site. 
The other is that the therapeutic effect does not always work 
on patients with acute stroke that results from large vessel 
occlusion [8]; it was concluded that relative resistance to 
intravenous alteplase may partly account for it. However, 
proximal artery occlusions (i.e., middle cerebral artery and 
internal carotid artery) take up the third of acute ischemic 
stroke [9]. Some efforts have been made to explore other 
thrombolytics that have pharmacological advantages in treat-
ment, such as tenecteplase [10], which is being compared 
with alteplase in several randomized trials, although it seems 
to have increased resistance towards plasminogen activa-
tor inhibitor-1 [11]. The primary outcomes indicated that 
tenecteplase was not superior to alteplase either in efficacy 
or safety profile. The results differed on the rates of symptom 
intracranial hemorrhage; some trials reported higher [12], 
while others had lower rates [13], although these trials used 
tenecteplase with the same dosages. Higher fibrin specificity 
could be used to explain higher frequency, and some trials 
enrolled patients with mild stroke contributed to almost the 
same outcomes as with alteplase. Factors mentioned above 
indeed have impact on the stage of “the only evidenced and 
approved” treatment strategy [14], which means it is nec-
essary to find out alternative therapies and more reliable 
approaches for enrollment.

Time window of endovascular therapy

The endovascular therapy occupies an important position as 
complementation of intravenous thrombolytics. Several gen-
erations of devices have been produced and different time 
thresholds have been reported in recent clinical trials. The 
FDA has admitted the MERCI retriever for cerebrovascular 
thrombectomy for more than a decade. The efficacy of the 
third device, the SOLITAIRE stent retriever, was established 
in a SWIFT trial not only in recanalization but also produced 
favorable functional outcomes compared with the MERCI 
retriever [15]. According to a randomized comparison trial, 
treatment with a TREVO stent retriever has similar advan-
tages over the Merci devices [16]. Obviously, early reperfusion 
is equally important for patients who are under intra-arterial 

therapy, but the comforting thing is that when trials enrolled 
patients 6 h from the onset resulted in improved outcomes 
[17]. Advanced technology means that the faster process 
from puncture to thrombus area, reducing the precious time 
for more ischemic tissue to be rescued; these devices also pro-
vide higher rates of recanalized proximal artery occlusions 
with fewer procedure-related complications (devices fracture, 
vessel perforation, etc.) [18]. These factors may partly explain 
the differences in outcomes between trials. Moreover, from the 
MERCI to SWIFT PRIME [19], these trials enrolled patients 
with sight discrepancies in median time onset to treatment, 
which meant a randomized, controlled trial comparing time 
window was essential for analysis. Nevertheless, more recent 
attention has focused on how standard intravenous thromboly-
sis might be complemented by additional or alternative non-
pharmacological treatment approaches. A survey that Broder-
ick et al. conducted indicated early thrombectomy compared 
with alteplase alone improved reperfusion, early neurologic 
recovery and functional outcome [20].

Novel concepts proposed to reduce time from onset 
to reperfusion

Along with the new drug discoveries, some concentrations 
turned to using mobile stroke treatment units, which could 
provide pre-hospital thrombolysis. A observational registry 
study found no significant difference between the proportion 
of patients with a mRS score of 1 or lower with conventional 
care, but a pre-hospital start of intravenous thrombolysis did 
[21]. As this was a registry study, these evidences need future 
large-scale trials to obtain further supporting data. Besides, 
there are medical and health organizations calling for enhanced 
community education. If there are friends or relatives who 
understand and can recognize the common symptoms with 
stroke patients, those patients might be sent to a hospital 
sooner for adequate treatment. Another suggestion is estab-
lishing a well-trained stroke treatment group in stroke cent-
ers; only when the whole group has professional members 
and advanced technical equipment higher rates of reperfusion 
could be obtained. If conditions allow, during the transfer to 
intra-arterial thrombectomy, many stroke centers could begin 
intravenous alteplase as bridging, making the alteplase given 
within time window as necessary [22]. Co-administering could 
be applied for patients who had accepted intravenous throm-
bolysis but failed then to undergo thrombectomy, which is 
superior to intervention alone.

“Tissue window”

A central consideration in the development and optimiza-
tion of novel acute stroke therapies is the concept of the 
ischemic penumbra, which has a different cerebral blood 
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supply and metabolism compared with ischemic core; the 
former suffered less damage, surrounding the ischemic core 
and has benefits from early reperfusion. Penumbra could be 
called for “tissue window” [2] as a major criterion for patient 
recruitment in relative trials. It was used in a DAWN trial 
[23], described as an area of brain tissue that was poorly 
perfused but not yet infarcted. In essence, the widely recom-
mended earlier treatment that produced superior outcomes 
could have a relationship with the ratio of hypoperfused 
issue and the infarction and the effectiveness changes as the 
time passes.

Various neuroimaging techniques to define 
penumbra

We need a superior imaging to determine whether the 
penumbra is an area at verge of infarction or just hypop-
erfused [18]. Recent trials about imaging-based selections 
for reperfusion therapies led to produced mixed results. 
Demeestere et  al. analyzed noncontrast CT (computed 
tomography) ASPECTS and CT perfusion to determine 
which one would more accurately and more clearly predict 
the lesion core of DWI [24]. The results demonstrated that 
the cutoff CT perfusion core volume and ASPECTS pre-
dicted similar outcomes. As for brain perfusion imaging in 
MRI (Magnetic Resonance Imaging), there were some clini-
cal trials that reported that both of them (using CT or MRI) 
could reliably distinguish the penumbra from the ischemic 
core [25]. Diffusion-weighted imaging (DWI) could present 
irreversible ischemia with a hyperintensity area, while per-
fusion-weighted imaging (PWI) tended to use a variety of 
colors to show different extents of hypoperfusion. The most 
obvious advantage of PWI was that the ischemic penumbra 
could be identified by abnormal transit time, which could 
not be determined using DWI.

Favorable patterns of “tissue window” for selection

A problem needing to be solved is the exact definition of 
favorable patterns for idea clinical response to reperfusion. 
Table 1 presents data of imaging selection and clinical out-
comes in recent trials [24, 26–31]. Some evidence supported 
a viewpoint that infarction size was the only thing that mat-
tered [32], which reflected the intra-artery treatment ben-
efits. After all, it is easy to guess that even with an obvious 
penumbra that surrounded a large core could not prevent the 
damage that had been caused. Findings of the DEFUSE-2 
study indicated that target mismatch profile was a prom-
ising imaging approach for decision-making for treatment 
when compared to DWI and PWI [33].This concept was 
adopted in some trials as a criterion for selecting patients 
most likely to benefit from intra-artery care. Two studies 
about imaging-based selection produced different outcomes. 
In the DEFUSE-2 study [33], researchers defined the favora-
ble pattern as penumbra to infarct core ratios > 1.8; patients 
after selection reached a higher success rate of reperfusion, 
while in the MR RESCUE trail, a phase 2b, open-label, ran-
domized clinical trial [34], there was no significant evidence 
to support imaging. The differences were partly due to the 
discrepancy of threshold in the selection; the latter defined 
penumbra to core ratio as greater than 1.2. In addition, the 
MR RESCUE study included a small part of CT reperfusion 
as evaluation criteria may account for it, since there were 
other studies that used MRI perfusion that only acquired 
positive outcomes.

A notable trait of “tissue window”: allows a wider 
time threshold for therapy

“Tissue window” also provides a prolonged time window for 
endovascular therapy in patients that are slowly deteriorat-
ing. This application possibility was further verified by a 

Table 1   Imaging selection and clinical outcomes in recent trials

OR odd ratio, CI confidence interval; mRS modified ranking scale, AUC​ area under the receiver operating characteristic curve
a Means increased odds of favorable clinical response
b Means imaging approaches predicted poor clinical outcomes

Study Core Penumbra to core ratio Clinical outcomes

EXTEND-IA [26] Perfusion infarct < 70 ml Ratio > 1.2 mRS 0–2.71 vs. 40%; P = 0.01
SWIFT PRIME [27] Perfusion infarct < 50 ml Ratio > 1.8 90 days mRS 0–2.60 vs. 35%
MR RESCUE [28] Predicted core < 90 ml Ratio > 1.4 90 days mRS mean score, 3.9 

versus 3.4; P = 0.23
Bivard, 2014 [29] Ischemic core < 70 ml Ratio > 1.8 90 days mRS 0–2, 13.8, P < 0.001
Lansberg, 2017 [30] Ischemic core < 70 ml Ratio > 1.8 OR = 6.6(95% CI 2.1–20.9)a

DEFUSE 2 [31] Ischemic core < 70 ml Ratio ≥ 1.8 OR = 5.2(95% CI 1.4–19)a

Demeestere, 2017 [24] CT Perfusion core ≥ 50 mlb Not required AUC 0.79 [95% CI 0.67–0.90]
Demeestere, 2017 [24] DWI lesion ≥ 70 mlb Not required AUC 0.95 [95% CI 0.90–1.00]
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study using CT perfusion for selection of patients for endo-
vascular therapy [26]. Not only did it assist decision-making 
for stroke thrombolysis, but also made the time window to 
remain open [35]; that meant that for patients with target 
mismatch, it was quite possible to receive good prognosis 
after reperfusion, even after being admitted to the hospital 
over the limit of 6 h, some of them still waiting for approval 
to receive intervention. In this sense, time limitation of endo-
vascular was no longer 6 h for qualifying patients. This could 
be seen in the DAWN trial [23], which included patients with 
occlusion of a large cerebral vessel and who arrived at the 
hospital between 6 and 24 h after the onset of stroke. It was 
halted on the basis of results of a prespecified interim analy-
sis. Evidences of perfusion CT/MRI-based selection with 
tenecteplase for thrombolysis also supported the extended 
time windows of 24 h [36]. Contrary to these positive out-
comes, a randomized trial of intravenous thrombolysis that 
required evidence of penumbra imaging did not produce 
the expected results [28], probably because they selected 
patients using relatively loose criteria and small penumbra. 
However, the efficacy does not mean generally extending the 
therapeutic time window as practicable. It seems that only 
the proportion of patients with occlusion of large vessels and 
who have a small infarction and a large penumbra acquired 
priority outcomes even in late times [23].

Non‑traditional modes of “tissue window”

Despite pH-weighted magnetic resonance imaging being 
used infrequently now, in a proof of principle clinical study, 
various degrees of intracellular acidosis represented varying 
degrees of brain damage. The findings supported the need 
for further investigation of pH-weighted imaging [37]. The 
ability of the MRI has been limited to detecting pathophysi-
ological processes; however, according to PET studies [38], 
PET was not only accorded with the requirements for detect-
ing and quantifying metabolic processes, but also imaging at 
the neurovascular interface contributed to the understanding 
of cerebrovascular diseases.

Discussion

Intravenous rtPA remains the standard of care for patients 
with acute ischemic stroke who presents within 4.5 h from 
onset of symptoms. Endovascular therapy has a moderately 
wider time window. Compared to time window, penum-
bra profiles are visualized under imaging devices; once it 
exceeds the time limit, it may be the only objective one to 
assist decision-making for treatment.

Comprehensively, we try a retrospective application of 
time window and to focus on other novel techniques or 
concepts applied for early reperfusion for obeying the time 

window. What is equally important is the superiority of the 
“tissue window”. It allowed endovascular therapy 6–16 h 
from onset after perfusion imaging for patient selection in 
the DEFUSE-3 trial [39]; assessing the salvageable area 
based on data analysis would be more precise. Several lines 
of evidence suggested that neuroimaging was fast becoming 
a potential approach to predicting infarct volume [40]. Con-
sidering the cost of advanced techniques, the “tissue win-
dow” could be much more widely available only when eco-
nomic considerations allow, while the time window would 
still play an important role for a long time.

There exist disputes about the most favorable patterns for 
good clinical outcomes when comparing various randomized 
trials; penumbra to core ratios of > 1.8 were approved by 
most studies. Besides, we still have a way to go to evalu-
ate the perfusion map; a notable example is that although 
a severe reduction of perfusion in the occluded artery, if 
recananlized early enough, it might not grow into infarcts 
[41]. We cannot forget that imaging is only the substitution 
of immediate brain metabolism.

Various modes of efforts to hasten reperfusion therapy 
should be made to attain wider applications for time window. 
Recent trials explored other aspects about penumbral sal-
vage (e.g., if the growth rate of early imaging evidence was 
relevant to clinical outcome. [42]) giving us more details 
for future applications. Taken together, both approaches 
require investigative progress to increase the number of 
stroke patients receiving accurate therapy in the near future.

Acknowledgements  This review was supported by Grants from 
Guangdong Techpool Bio-Pharmaceutical Company Limited.

Compliance with ethical standards 

Conflicts of interest  On behalf of all authors, the corresponding author 
states that there is no conflict of interest.

References

	 1.	 Burke JF, Lisabeth LD, Brown DL, Reeves MJ, Morgenstern 
LB (2012) Determiningstroke’s rank as a cause of death using 
multicause mortality data. Stroke 43:2207–2211. https​://doi.
org/10.1161/STROK​EAHA.112.65696​7

	 2.	 Hacke W (2018) A new dawn for imaging-based selection in 
the treatment of acute stroke. N Engl J Med 378:81. https​://doi.
org/10.1056/NEJMe​17133​67

	 3.	 Toni D, Chamorro A, Kaste M, Lees K, Wahlgren NG, Hacke 
W et al (2004) Acute treatment of ischaemic stroke. European 
stroke initiative. Cerebrovasc Dis 17(Suppl 2):30–46. https​://doi.
org/10.1159/00007​4818

	 4.	 Lees KRBE., von Kumme R, Brott TG, Toni D, Grotta JC (2010) 
Time to treatment with intravenous alteplase and outcome in 
stroke: An updated pooled analysis of ECASS, ATLANTIS, 
NINDS, and EPITHET trials. Lancet 375:1695–1703. https​://
doi.org/10.1016/S0140​-6736(10)60491​-6

https://doi.org/10.1161/STROKEAHA.112.656967
https://doi.org/10.1161/STROKEAHA.112.656967
https://doi.org/10.1056/NEJMe1713367
https://doi.org/10.1056/NEJMe1713367
https://doi.org/10.1159/000074818
https://doi.org/10.1159/000074818
https://doi.org/10.1016/S0140-6736(10)60491-6
https://doi.org/10.1016/S0140-6736(10)60491-6


287Journal of Neurology (2019) 266:283–288	

1 3

	 5.	 Hacke W, Brozman M, Dávalos A, Guidetti D, Larrue V et al 
(2008) Thrombolysis with alteplase 3 to 4.5 hours after acute 
ischemic stroke. N Engl J Med 359:1317–1329. https​://doi.
org/10.1056/NEJMo​a0804​656

	 6.	 Anderson CS, Robinson T, Lindley RI, Arima H, Lavados PM, 
Lee TH et al (2016) Low-dose versus standard-dose intravenous 
alteplase in acute ischemic stroke. N Engl J Med 374:2313–2323. 
https​://doi.org/10.1056/NEJMo​a1515​510

	 7.	 Peter SJM, Richard IL, Martin D, Graham V, Anna C et al (2012) 
The benefits and harms of intravenous thrombolysis with recom-
binant tissue plasminogen activator within 6 h of acute ischae-
mic stroke (the third international stroke trial [IST-3]): a ran-
domised controlled trial. The Lancet 379:2352–2363. https​://doi.
org/10.1016/S0140​-6736(12)60768​-5

	 8.	 Bhatia R, Hill MD, Shobha N, Menon B, Bal S, Kochar P et al 
(2010) Low rates of acute recanalization with intravenous recom-
binant tissue plasminogen activator in ischemic stroke: real-world 
experience and a call for action. Stroke 41:2254. https​://doi.
org/10.1161/STROK​EAHA.110.59253​5

	 9.	 Alexandrov AV, Grotta JC (2002) Arterial reocclusion in stroke 
patients treated with intravenous tissue plasminogen activator. 
Neurology 59:862–867

	10.	 Huang X, MacIsaac R, Thompson JL, Levin B, Buchsbaum R, 
Haley EC Jr et al (2016) Tenecteplase versus alteplase in stroke 
thrombolysis: an individual patient data meta-analysis of ran-
domized controlled trials. Int J Stroke 11:534–543. https​://doi.
org/10.1177/17474​93016​64111​2

	11.	 Logallo N, Kvistad CE, Thomassen L (2015) Therapeutic potential 
of tenecteplase in the management of acute ischemic stroke. Cns 
Drugs 29:811–818. https​://doi.org/10.1007/s4026​3-015-0280-9

	12.	 Haley EC Jr, Thompson JL, Grotta JC, Lyden PD, Hemmen TG, 
Brown DL et al (2010) Phase IIb/III trial of tenecteplase in acute 
ischemic stroke: results of a prematurely terminated randomized 
clinical trial. Stroke 41:707–711. https​://doi.org/10.1161/STROK​
EAHA.109.57204​0

	13.	 Molina CA, Ribo M, Rubiera M, Santamarina E, Delgado-
Mederos R, Maisterra O et al (2008) TNK induces faster MCA 
recanalization and leads to better short- and long-term clinical 
outcome than native tPA. The TNK-tPA reperfusion stroke study. 
Stroke 39:563 (Abstract)

	14.	 Disorders NIoN, Group Sr-PSS (1995) Tissue plasminogen activa-
tor for acute ischemic stroke. N Engl J Med 333:1581–1587. https​
://doi.org/10.1056/NEJM1​99512​14333​2401

	15.	 Saver JL, Jahan R, Levy EI, Jovin TG, Baxter B, Nogueira RG 
et al (2012) Solitaire flow restoration device versus the MERCI 
retriever in patients with acute ischaemic stroke (SWIFT): A 
randomised, parallel-group, non-inferiority trial. The Lancet 
380:1241–1249. https​://doi.org/10.1016/S0140​-6736(12)61384​-1

	16.	 Nogueira RG, Lutsep HL, Gupta R, Jovin TG, Albers GW, 
Walker GA et al (2012))TREVO versus MERCI retrievers for 
thrombectomy revascularisation of large vessel occlusions in 
acute ischaemic stroke (TREVO 2): a randomised trial. The 
Lancet 2012 380(12):1231–1240. https​://doi.org/10.1016/S0140​
-6736(12)61299​-9

	17.	 Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thorn-
ton J et al (2015) Randomized assessment of rapid endovascular 
treatment of ischemic stroke. N Engl J Med 49:1019–1030. https​
://doi.org/10.1056/NEJMo​a1414​905

	18.	 Prabhakaran S, Ruff I, Bernstein RA (2015) Acute stroke inter-
vention: a systematic review. JAMA 313:1451–1462. https​://doi.
org/10.1001/jama.2015.3058

	19.	 Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM 
et al (2015) Solitaire™ with the intention for thrombectomy 
as primary endovascular treatment for acute ischemic stroke 
(SWIFT PRIME) trial: Protocol for a randomized, controlled, 
multicenter study comparing the solitaire revascularization 

device with iv tPA alone in acute ischemic stroke. Int J Stroke 
Off J Int Stroke Soci 10:439–448. https​://doi.org/10.1111/
ijs.12459​

	20.	 Broderick JP, Palesch YY, Demchuk AM, Yeatts SD, Khatri P, 
Hill MD et al (2013) Endovascular therapy after intravenous 
t-PA versus t-PA alone for stroke. N Engl J Med 368:893–903. 
https​://doi.org/10.1056/NEJMo​a1214​300

	21.	 Kunz A, Ebinger M, Geisler F, Rozanski M, Waldschmidt 
C, Weber JE et al (2016) Functional outcomes of pre-hospi-
tal thrombolysis in a mobile stroke treatment unit compared 
with conventional care: an observational registry study. Lan-
cet Neurol 15:1035–1043. https​://doi.org/10.1016/S1474​
-4422(16)30129​-6

	22.	 Mazighi M, Serfaty JM, Labreuche J, Laissy JP, Meseguer E, 
Lavallée PC et al (2009) Comparison of intravenous alteplase with 
a combined intravenous-endovascular approach in patients with 
stroke and confirmed arterial occlusion (RECANALISE study): 
a prospective cohort study. Lancet Neurol 8:802. https​://doi.
org/10.1016/S1474​-4422(09)70182​-6

	23.	 Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, 
Bhuva P et al (2017) Thrombectomy 6 to 24 hours after stroke 
with a mismatch between deficit and infarct. N Engl J Med. https​
://doi.org/10.1056/NEJMo​a1706​442

	24.	 Demeestere J, Garciaesperon C, Garciabermejo P, Ombelet F, 
Mcelduff P, Bivard A et al (2017) Evaluation of hyperacute infarct 
volume using aspects and brain ct perfusion core volume. Neurol-
ogy. https​://doi.org/10.1212/WNL.00000​00000​00402​8

	25.	 Warach SJ, Luby M, Albers GW, Bammer R, Bivard A, Campbell 
BC et al (2016) Acute stroke imaging research roadmap III imag-
ing selection and outcomes in acute stroke reperfusion clinical 
trials: Consensus recommendations and further research priorities. 
Stroke 47:1389. https​://doi.org/10.1161/STROK​EAHA.115.01236​
4

	26.	 Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, 
Yassi N et al (2015) Endovascular therapy for ischemic stroke 
with perfusion-imaging selection. N Engl J Med 372:1009–1018. 
https​://doi.org/10.1056/NEJMo​a1414​792

	27.	 Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM 
et al (2015) Stent-retriever thrombectomy after intravenous t-PA 
vs. T-PA alone in stroke. N Engl J Med 372:2285. https​://doi.
org/10.1056/NEJMo​a1415​061

	28.	 Kidwell CS, Jahan R, Gornbein J, Alger JR, Nenov V, Ajani Z 
et al (2013) A trial of imaging selection and endovascular treat-
ment for ischemic stroke. N Engl J Med 368:914–923. https​://doi.
org/10.1056/NEJMo​a1212​793

	29.	 Bivard A, Levi C, Krishnamurthy V, Mcelduff P, Miteff F, Spratt 
NJ et al (2015) Perfusion computed tomography to assist decision 
making for stroke thrombolysis. Brain A J Neurol 138:1919–1931. 
https​://doi.org/10.1093/brain​/awv07​1

	30.	 Lansberg MG, Christensen S, Kemp S, Mlynash M, Mishra N, 
Federau C et al (2017) Computed tomographic perfusion to pre-
dict response to recanalization in ischemic stroke. Ann Neurol 
81:849–856. https​://doi.org/10.1002/ana.24953​

	31.	 Lansberg MG, Straka M, Kemp S, Mlynash M, Wechsler LR, 
Jovin TG et al (2012) Magnetic resonance imaging profile and 
response to endovascular reperfusion: results of the DEFUSE 
2 prospective cohort study. Lancet Neurol 11:860. https​://doi.
org/10.1016/S1474​-4422(12)70203​-X

	32.	 Simonsen CZ, Andersen G, González RG, Yoo AJ (2013) Selec-
tion of patients for intra-arterial therapy. Lancet Neurol 12:225–
225 https​://doi.org/10.1016/S1474​-4422(13)70018​-8

	33.	 Lansberg MG, Straka M, Kemp S, Mlynash M, Wechsler LR, 
Jovin TG et al (2012) MRI profile and response to endovascu-
lar reperfusion after stroke(DEFUSE 2): a prospective cohort 
study. Lancet Neurol 11:860 https​://doi.org/10.1016/S1474​
-4422(12)70203​-X

https://doi.org/10.1056/NEJMoa0804656
https://doi.org/10.1056/NEJMoa0804656
https://doi.org/10.1056/NEJMoa1515510
https://doi.org/10.1016/S0140-6736(12)60768-5
https://doi.org/10.1016/S0140-6736(12)60768-5
https://doi.org/10.1161/STROKEAHA.110.592535
https://doi.org/10.1161/STROKEAHA.110.592535
https://doi.org/10.1177/1747493016641112
https://doi.org/10.1177/1747493016641112
https://doi.org/10.1007/s40263-015-0280-9
https://doi.org/10.1161/STROKEAHA.109.572040
https://doi.org/10.1161/STROKEAHA.109.572040
https://doi.org/10.1056/NEJM199512143332401
https://doi.org/10.1056/NEJM199512143332401
https://doi.org/10.1016/S0140-6736(12)61384-1
https://doi.org/10.1016/S0140-6736(12)61299-9
https://doi.org/10.1016/S0140-6736(12)61299-9
https://doi.org/10.1056/NEJMoa1414905
https://doi.org/10.1056/NEJMoa1414905
https://doi.org/10.1001/jama.2015.3058
https://doi.org/10.1001/jama.2015.3058
https://doi.org/10.1111/ijs.12459
https://doi.org/10.1111/ijs.12459
https://doi.org/10.1056/NEJMoa1214300
https://doi.org/10.1016/S1474-4422(16)30129-6
https://doi.org/10.1016/S1474-4422(16)30129-6
https://doi.org/10.1016/S1474-4422(09)70182-6
https://doi.org/10.1016/S1474-4422(09)70182-6
https://doi.org/10.1056/NEJMoa1706442
https://doi.org/10.1056/NEJMoa1706442
https://doi.org/10.1212/WNL.0000000000004028
https://doi.org/10.1161/STROKEAHA.115.012364
https://doi.org/10.1161/STROKEAHA.115.012364
https://doi.org/10.1056/NEJMoa1414792
https://doi.org/10.1056/NEJMoa1415061
https://doi.org/10.1056/NEJMoa1415061
https://doi.org/10.1056/NEJMoa1212793
https://doi.org/10.1056/NEJMoa1212793
https://doi.org/10.1093/brain/awv071
https://doi.org/10.1002/ana.24953
https://doi.org/10.1016/S1474-4422(12)70203-X
https://doi.org/10.1016/S1474-4422(12)70203-X
https://doi.org/10.1016/S1474-4422(13)70018-8
https://doi.org/10.1016/S1474-4422(12)70203-X
https://doi.org/10.1016/S1474-4422(12)70203-X


288	 Journal of Neurology (2019) 266:283–288

1 3

	34.	 Parsons MW, Albers GW (2013) Mr rescue: is the glass half-full 
or half-empty? Stroke 44:2055. https​://doi.org/10.1161/STROK​
EAHA.113.00144​3

	35.	 Fisher M, Albers GW (2013) Advanced imaging to extend the 
therapeutic time window of acute ischemic stroke. Ann Neurol 
73:4–9. https​://doi.org/10.1002/ana.23744​

	36.	 Kate M, Riaz P, Gioia L, Buck B, Jeerakathil T et al (2018) 
Penumbral imaging-based thrombolysis with tenecteplase is fea-
sible up to 24 hours after symptom onset. Int J of Stroke. https​://
doi.org/10.5853/jos.2017.00178​

	37.	 Harston GWJ, Tee YK, Blockley N, Okell TW, Thandeswaran S, 
Shaya G et al (2015) Identifying the ischaemic penumbra using 
pH-weighted magnetic resonance imaging. Brain A J Neurol 
138:36–42. https​://doi.org/10.1093/brain​/awu37​4

	38.	 Evans NR, Tarkin JM, Buscombe JR, Markus HS, Jhf R, War-
burton EA (2017) PET imaging of the neurovascular interface in 
cerebrovascular disease. Nat Rev Neurol 13(11):676–688. https​
://doi.org/10.1038/nrneu​rol.2017.129

	39.	 Sheinberg DL, McCarthy DJ, Peterson EC (2016) DEFUSE-3 
Trial: REINFORCING EVIDENCE FOR EXTENDED END-
OVASCULAR INTERVENTION TIME WINDOW FOR 
ISCHEMIC STROKE. World Neurosurg 112:275–276. https​://
doi.org/10.1016/j.wneu.2018.02.064

	40.	 Albers GW, Goyal M, Jahan R et al (2016) Ischemic core and 
hypoperfusion volumes predict infarct size in SWIFT PRIME. 
Ann Neurol 79:76–89. https​://doi.org/10.1002/ana.24543​

	41.	 Carrera E (2017) Imaging-based selection of patients for acute 
stroke treatment : is it ready for prime time? Neurology 88:2242–
2243. https​://doi.org/10.1212/WNL.00000​00000​00405​1

	42.	 Wheeler HM, Mlynash M, Inoue M et al (2016) The growth rate of 
early DWI lesions is highly variable and associated with penum-
bral salvage and clinical outcomes following endovascular reper-
fusion. Int J Stroke 10:723–729. https​://doi.org/10.1111/ijs.12436​

https://doi.org/10.1161/STROKEAHA.113.001443
https://doi.org/10.1161/STROKEAHA.113.001443
https://doi.org/10.1002/ana.23744
https://doi.org/10.5853/jos.2017.00178
https://doi.org/10.5853/jos.2017.00178
https://doi.org/10.1093/brain/awu374
https://doi.org/10.1038/nrneurol.2017.129
https://doi.org/10.1038/nrneurol.2017.129
https://doi.org/10.1016/j.wneu.2018.02.064
https://doi.org/10.1016/j.wneu.2018.02.064
https://doi.org/10.1002/ana.24543
https://doi.org/10.1212/WNL.0000000000004051
https://doi.org/10.1111/ijs.12436

	Time window and “tissue window”: two approaches to assist decision-making in strokes
	Abstract
	Introduction
	Time window
	Time window of intravenous thrombolytics therapy
	Time window of endovascular therapy
	Novel concepts proposed to reduce time from onset to reperfusion

	“Tissue window”
	Various neuroimaging techniques to define penumbra
	Favorable patterns of “tissue window” for selection
	A notable trait of “tissue window”: allows a wider time threshold for therapy
	Non-traditional modes of “tissue window”

	Discussion
	Acknowledgements 
	References


