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Background and Purpose: Recent studies suggest that patients with large-vessel
ischemic strokes (large-vessel occlusion [LVO]) with favorable imaging may benefit
from mechanical thrombolysis even when treated outside the standard 6-hour window.
However, many patients in these studies presented with unknown times of onset.
We compare outcomes in thrombectomy patients treated at less than versus greater
than 6 hours from last known well (LKN), and evaluate whether “unknown time
of onset“ alters prognosis. Methods: We retrospectively reviewed patients at 2 com-
prehensive stroke centers. Student’s t and chi-square tests evaluated the association
between predetermined clinical and radiographic variables, including unknown
time of onset, and outcome (discharge and follow-up National Institutes of Health
Stroke Scale score and modified Rankin Scale [mRS] score) for LVOs treated after
greater than 6 hours versus 6 hours or less from LKN. Multivariable logistic re-
gression was used to determine the odds of good outcome (mRS score 0-2). Results:
A total of 113 patients were treated over 2 years; 31 were treated at greater than
6 hours. Those who were treated at greater than 6 hours and experienced poor
outcomes were more likely to have large-artery atherosclerosis (P = .033). There
was no difference in outcome for patients outside the window with known (39.1%)
versus unknown (60.9%) time of onset. mRS scores at discharge were higher among
those outside the window (odds ratio 3.78; 95% confidence interval 1.20-11.89)
but not at follow-up. After multivariable regression, favorable collaterals alone
were associated with a mRS score of 0-2. Conclusions: When imaging is favor-
able, the mRS score at follow-up is comparable regardless of time LKN. Functional
outcomes appear to be driven most significantly by the presence of collaterals.
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Introduction

Stroke is the fifth leading cause of death and the leading
cause of disability in the United States.1 Advances in acute
treatment have improved morbidity and mortality for those
presenting with large-vessel occlusions (LVOs). The lit-

erature suggests improved functional benefit when
mechanical thrombectomy is performed within 7.3 hours
of symptom onset,2 and current American Heart Asso-
ciation guidelines recommend that endovascular treatment
should be initiated within 6 hours of last known well
(LKN).3 Unfortunately, only 5%-13% of patients with acute
ischemic stroke present within that time window,4 often
due to a lack of symptom recognition, “waking up with
symptoms,” or being “found down” after a prolonged
period of time.4

Given the significant benefits of endovascular treat-
ment, there is great interest in determining whether the
therapeutic window may be extended for certain patient
populations. Classically, these groups have been defined
by imaging characteristics: a small core of infarcted
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tissue and larger area of salvageable penumbra.5 Most
recently, a retrospective randomized cohort study evalu-
ating diffusion-weighted imaging and CTP Assessment
in the Triage of Wake-Up and Late Presenting Strokes
Undergoing Neurointervention (the DAWN trial) showed
that patients selected by perfusion imaging who pre-
sented after 8 hours of LKN with an anterior circulation
occlusion were managed safely with favorable outcomes.6

The preliminary, unpublished results demonstrated a
higher percentage of patients with a modified Rankin
Scale (mRS) score category of 0-2 among those under-
going thrombectomy compared with medical management
(48.6% versus 13.1%).7 Of the patients treated, nearly
90% either woke up with the stroke deficit or had an
unwitnessed time of symptom onset, raising the possi-
bility that patients had actually been within the standard
6-hour window and calling into question the signifi-
cance of the results.

In the present study, we compare outcomes of pa-
tients treated with thrombectomy in the extended time
window (based on favorable imaging profiles) with those
treated within 6 hours from LKN. We compare those with
known versus unknown times of onset to evaluate the
impact of “unknown time of onset” on prognosis.

Methods

The present study was approved by the Johns Hopkins
Institutional Review Board. A prospectively collected
cohort of all patients undergoing mechanical thrombec-
tomy for acute ischemic stroke at the Johns Hopkins
Hospital and Johns Hopkins Bayview Medical Center
between November 2015 and May 2017 was included
for analysis. All patients presenting to the emergency
department with symptoms concerning stroke were evalu-
ated by a neurologist. The Department of Neurology.
Patients were determined to be candidates for throm-
bectomy if they arrived to the hospital within 6 hours
of LKN based on current American Heart Association
guidelines or if they had a favorable imaging profile.8

Patients were excluded from analysis if the cerebral
vasculature was inaccessible, hemorrhage was seen on
neuroimaging before an interventional attempt, or there
was clinical instability resulting in discontinuation of
the procedure before attempt (total N = 5).

Demographic and clinical information was collected,
including age; race; sex; prestroke ambulatory status; history
of hypertension, hyperlipidemia, diabetes, and atrial fi-
brillation; and stroke severity (National Institutes of Health
Stroke Scale [NIHSS]). The time the patient was last seen
at his or her neurologic baseline (LKN) as expressed by
the patient or a witness was recorded, along with the
time of onset of symptoms if known, and whether the
patient received intravenous tissue plasminogen activa-
tor (IV-tPA). For the majority of cases presenting within
6 hours of LKN, a noncontrast head computed tomography

was used to calculate the Alberta Stroke Program Early
CT Score (ASPECTS),8 along with multiphase computed
tomography angiography to evaluate for the presence of
favorable collaterals. Consistent with prior trials, favor-
able collaterals were defined as the filling of 50% or more
of the middle cerebral artery pial arterial circulation.9 For
patients presenting in the extended window, magnetic res-
onance imaging was typically used to calculate the ischemic
core (using apparent diffusion coefficient [ADC]) and pen-
umbra (perfusion-weighted imaging). All imaging was
reviewed by a board-certified vascular neurologist blinded
to the outcome. The ADC-perfusion mismatch ratio was
calculated by dividing the volume of hypoperfusion by
the time-to-peak perfusion, by the volume of ADC
darkness.10 Time to recanalization and degree of recana-
lization (thrombolysis in cerebral infarction [TICI] score)
were also recorded.

The primary outcomes of interest included the mRS
score and the NIHSS score at discharge and at follow-
up 4-6 weeks post stroke. A secondary outcome of interest
included intracranial hemorrhage occurring before dis-
charge. Symptomatic hemorrhage was defined using The
Heidelberg Bleeding Classification.11

Statistical Analysis

Statistical analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). For the full cohort of
thrombectomy patients, patients with a “good” outcome
(mRS score 0-2) were compared with those with a “poor”
outcome (mRS score 3-6). Student paired t tests were
used to evaluate continuous variables, and chi-square
analysis was used for dichotomous or categorical vari-
ables. Analysis was repeated comparing those with anterior
circulation lesions treated within 6 hours of LKN with
those treated in the extended window. Separate logistic
regression models were used to evaluate for an associ-
ation between time to thrombectomy and outcome, with
mRS and NIHSS scores at discharge and follow-up as
the dependent variables. A multivariable model was created
to predict the odds of a good outcome (mRS score 0-2)
as a function of endovascular intervention time, adjust-
ing for multiple covariates significant in univariate analysis,
including unknown time of onset.

Results

One hundred thirteen patients with acute ischemic
stroke due to LVO were taken to the angiography suite
for endovascular intervention over the 18-month period.
Of these patients, 31 were treated within the extended
time window. When comparing those with good (mRS
score 0-2) versus poor (mRS score 3-6) outcome for all
patients undergoing thrombectomy, the groups were
similar in age, race, sex, baseline function, and vascular
comorbidities, with the exception of diabetes, which
was associated with poor outcome (P = .21) (Table 1).
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Table 1. Clinical and radiographic characteristics of patients who underwent angiography for thrombectomy dichotomized by mRS
score at discharge

Variable of interest
mRS score of 0-2

(N = 26)
mRS score of 3-6

(N = 40) P Value

Age (mean, SD) 63.0 (13.5) 65.7 (12.0) .519
Male sex (n, %) 12 (46) 19 (48) .915
Caucasian ethnicity (n, %) 14 (54) 19 (48) .614
Ambulating prestroke (n, %) 25 (96) 37 (93) .543
Hypertension (n, %) 17 (65) 32 (80) .185
Hyperlipidemia (n, %) 13 (50) 19 (48) .843
Diabetes (n, %) 4 (15) 17 (43) .021
Atrial fibrillation (n, %) 7 (27) 17 (43) .199
Last known normal to recanalization, h (mean, SD) 6.7 (6.2) 12.1 (11.0) .013
Time of discovery to recanalization, h (mean, SD) 4.6 (2.3) 5.6 (3.3) .193
Unknown time of symptom of onset (mean, SD) 4 (15) 21 (53) .002
NIHSS score on presentation (mean, SD) 13.6 (7.2) 17.1 (7.5) .067
TOAST (n, %)

Large-vessel atherosclerotic disease 7 (27) 17 (43) .167
Cardioembolic 9 (35) 15 (38)
Small-vessel lacune 0 (0) 0 (0)
Other known etiology 1 (4) 3 (8)
Cryptogenic 9 (35) 5 (13)

IV-tPA administration (n, %) 19 (73) 12 (30) .001
Decision for endovascular treatment aided by (n, %): .873

MRI 6 (23) 12 (30)
CTA 17 (65) 23 (58)
CT 3 (12) 5 (13)

ASPECTS (mean, SD) 9.0 (1.1) 9.1 (1.2) .836
Adequate collaterals (n, %) 25 (96) 29 (74) .039
FLAIR changes (N, %) 3 (60) 3 (25) .280
ADC volume (mean, SD) 7.9 (5.2) 26.9 (26.2) .032
Perfusion volume (mean, SD) 147.4 (121.1) 299.8 (300.4) .376
Perfusion-ADC ratio (mean, SD) 15.6 (9.9) 7.8 (6.0) .184
Angioplasty (N, %) 4 (15) 7 (18) 1.000
IA-tPA (n, %) 0 (0) 4 (10) .148
Vessels (n, %)

M1/ICA 26 (100) 32 (80) .039
Vertebral artery, PCA 0 (0) 2 (5)
Basilar 0 (0) 6 (15)

Anterior (n, %) 26 (100) 32 (80) .018
Laterality—right (n, %) 13 (50) 23 (62) .337
Number of passes (mean, SD) 1.7 (1.2) 2.1 (1.2) .205
TICI 2b, 2c, or 3 (N, %) 23 (88) 29 (73) .217
Reocclusion (n, %) 0 (0) 7 (18) .037
Asymptomatic hemorrhage (n, %) 2 (8) 7 (18) .465
Symptomatic hemorrhage (n, %) 1 (4) 9 (23) .075
NIHSS score on discharge among survivors 2.4 (1.9) 10.4 (6.2) <.001
NIHSS score on follow-up among survivors 1.0 (1.0) 8.8 (5.4) <.001
mRS score on follow-up among survivors 1.0 (.8) 3.9 (1.1) <.001

Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; CT, computed tomography; CTA, computed tomography angiogra-
phy; FLAIR, fluid attenuation inversion recovery; IA, intra-arterial; ICA, internal carotid artery; IV-tPA, intravenous tissue plasminogen activator;
MRI, magnetic resonance imaging; mRS, modified Rankin Scale; PCA, posterior cerebral artery; SD, standard deviation; TICI, thrombolysis
in cerebral infarction; TOAST, Trial of ORG 10172 in Acute Stroke Treatment.

Bold indicates statistical significance (P < 0.05).
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The NIHSS score on presentation was also similar between
the 2 groups. Shorter recanalization times (P = .013), a
known time of onset (P = .002), administration of IV-
tPA (P = .001), the presence of favorable collaterals (P = .039),
smaller ADC volumes of ischemic tissue (P = .032), an-
terior circulation occlusions (P = .018), and lack of
subsequent arterial reocclusion (P = .037) were associ-
ated with good outcomes. When considering only
individuals treated outside the 6-hour window, stroke
etiology (large-vessel atherosclerotic disease) was most
significantly associated with poor outcome (P = .033)
(Supplemental Table S1).

When patients with anterior circulation occlusions were
dichotomized by treatment time, those in the extended
window were less likely to receive IV-tPA (P = .004), but
more likely to have magnetic resonance imaging to inform
decision making (.024), reocclude (P = .007), and develop
asymptomatic hemorrhage (P = .022). These patients also
had higher mRS scores on discharge (P = .033) but not
at follow-up (P = .111) (Table 2, Fig 1). Sixty-one percent
of those treated outside the window had unclear times
of onset; however, this was not associated with the mRS
score at discharge when compared with those with a docu-
mented LKN (P = 1.000). In multivariable modeling,
treatment outside the window was not significantly as-
sociated with outcome at discharge or follow-up, nor was
unknown time of onset; however, presence of good
collaterals was associated with better discharge out-
comes (Table 3).

Discussion

Our study suggests that when imaging is favorable,
regardless of time LKN, follow-up outcomes (NIHSS and
mRS scores) are comparable. This illustrates that there
is a group of patients, or “late infarcters,” with a small
core of ischemia and a large area of salvageable penum-
bra, who should undergo intervention irrespective of
time since symptom onset.12 Although our cohort also
had patients with unknown times of onset, 40% of the
patients treated in the extended window within our study
had a documented LKN. The fact that our results are
similar to other groups with a larger proportion of pa-
tients with unconfirmed times increases the evidence
for the use of imaging to guide decision making in in-
dividuals who do not meet classic criteria for intervention.
Functional outcomes, at least early on, appear to be driven
most significantly by the presence of collaterals, respon-
sible for a viable ischemic penumbra and slower rate of
infarction.12

It is interesting that mRS scores were initially higher
on discharge for those treated outside the window, but
that function had significantly improved by follow-up.
One possible explanation for this is a “stunned brain”
syndrome similar to the reversible contractile depres-
sion of the myocardium after an ischemic insult.13 The

stunned tissue may require more time to become meta-
bolically active and to function normally, explaining initial
dysfunction and functional impairment that improve by
follow-up. An alternative hypothesis is that sparing any
cortex through intervention results in better recovery,
given that more normal brain is available for neural
plasticity; however, reorganization takes time and dif-
ferences are therefore not fully appreciated until months
after infarction.

Along with favorable collaterals resulting in better
outcomes, our data suggest that stroke etiology and
associated medical comorbidities may be important, par-
ticularly in the extended window. Patients with LVOs
secondary to atherosclerotic disease were more likely to
have poorer outcomes than those with atrial fibrillation.
This finding may be due to the inherent nature of the
thrombus. Prior studies have demonstrated that the
von Willebrand factor localizes to “white thrombi” seen
with atherosclerotic lesions and that clots with higher
degrees of von Willebrand factor are associated with a
higher NIHSS score on admission.14 White thrombus
that has endothelialized and possibly calcified may also
be more difficult to remove and may lead to incomplete
revascularization. Also consistent with prior studies,
vertebrobasilar disease was almost uniformly associated
with poorer outcomes, also irrespective of time, and
patients with diabetes also had higher mRS scores.15

Finally, patients treated in the extended window were
significantly more likely to reocclude and experience
hemorrhage, both associated with worse outcomes. Higher
rates of reocclusion may be due to greater clot adher-
ence to the vessel over time, resulting in incomplete
revascularization and subsequent artery-to-artery embolus,
and hemorrhage is likely the result of reperfusion of
tissue that has been ischemic for longer periods of
time.

Our study is not without limitations. It is a relatively
small study of patients from a single institution, where
the severity of illness, criteria for intervention, and pro-
cedural techniques among operators may not be fully
generalizable. However, we practice according to guide-
lines established by the American Heart Association and
feel that our results are consistent with existing litera-
ture while adding critical information regarding the
necessity of a known time of onset.

Overall, our results suggest that there may be a clin-
ical value to late revascularization in patients with favorable
imaging profiles regardless of whether the time of onset
is certain. This conclusion has the potential to signifi-
cantly increase the number of patients who may benefit
from treatment with mechanical thrombectomy for LVO.

Appendix: Supplementary Material

Supplementary data to this article can be found online
at doi:10.1016/j.jstrokecerebrovasdis.2017.10.037.
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Table 2. Clinical and radiographic characteristics of a subgroup of patients with involvement of the internal carotid artery and
middle cerebral artery vessels who underwent cerebral angiography for the purpose of thrombectomy within or outside the 6-hour

window

LKN to recanalization or attempt

≤6 h
(N = 35)

>6 h
(N = 23) P Value

Age (mean, SD) 65.1 (12.5) 65.0 (13.1) .974
Male sex (n, %) 15 (43) 13 (56) .308
Caucasian ethnicity (n, %) 12 (41) 11 (38) .788
Ambulating prestroke (n, %) 32 (92) 23 (100) .270
Hypertension (n, %) 27 (77) 15 (65) .320
Hyperlipidemia (n, %) 17 (49) 14 (61) .358
Diabetes (n, %) 9 (26) 11 (48) .083
Atrial fibrillation (n, %) 6 (38) 11 (48) .302
Last known normal to recanalization, h (mean, SD) 4.2 (1.0) 14.4 (10.2) <.001
Time of discovery to recanalization, h (mean, SD) 4.0 (.9) 5.7 (2.5) .004
Unknown time of symptom of onset (n, %) 5 (14) 14 (61) <.001
NIHSS score on presentation (mean, SD) 15.0 (7.1) 15.0 (6.9) .994
TOAST (n, %) .171

Large-vessel atherosclerotic 9 (26) 10 (43)
Cardioembolic 13 (37) 10 (43)
Small-vessel lacune 0 (0) 0 (0)
Other known etiology 2 (6) 1 (4)
Cryptogenic 11 (31) 2 (9)

IV-tPA administered (n, %) 24 (69) 7 (30) .004
Decision for endovascular treatment aided by (n, %): .024

MRI 4 (11) 10 (43)
CT or CTA 25 (71) 11 (48)
Neither 6 (17) 2 (9)

ASPECTS (mean, SD) 9.1 (1.1) 8.7 (1.3) .126
Adequate collaterals (n, %) 30 (86) 19 (83) 1.000
FLAIR changes if MRI done (n, %) 1 (33) 2 (20) 1.000
ADC volume (mean, SD) 10.0 (8.8) 22.9 (17.2) .244
Perfusion volume (mean, SD) 93.5 (.) 249.4 (249.3) .574
Perfusion-ADC ratio (mean, SD) 8.5 (.) 11.6 (9.0) .753
Angioplasty (n, %) 4 (11) 4 (17) .700
IA-tPA (n, %) 1 (3) 1 (4) 1.000
Laterality—right (n, %) 20 (57) 12 (52) .710
Number of passes (mean, SD) 1.9 (1.2) 2.3 (1.3) .209
TICI 2b, 2c, or 3 (n, %) 29 (83) 18 (78) .662
Reocclusion (n, %) 0 (0) 5 (22) .007
Asymptomatic hemorrhage (n, %) 2 (6) 7 (30) .022
Symptomatic hemorrhage (n, %) 5 (14) 3 (13) 1.000
NIHSS score on discharge among survivors 5.9 (6.9) 6.6 (4.8) .734
mRS score on discharge 2.9 (2.0) 4.0 (1.8) .033
NIHSS score on follow-up among survivors 3.8 (5.0) 5.2 (6.0) .483
mRS score on follow-up 2.8 (2.2) 3.9 (2.2) .111

Abbreviations: ADC, apparent diffusion coefficient; ASPECTS, Alberta Stroke Program Early CT Score; CT, computed tomography; CTA,
computed tomography angiography; FLAIR, fluid attenuation inversion recovery; IA, intra-arterial; IV-tPA, intravenous tissue plasminogen
activator; LKN, last known normal; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health
Stroke Scale; PCA, posterior cerebral artery; SD, standard deviation; TICI, thrombolysis in cerebral infarction; TOAST, Trial of ORG 10172
in Acute Stroke Treatment.

Bold indicates statistical significance (P < 0.05).
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Figure 1. The percentage of patients in each NIHSS scale bracket at presentation, at discharge after thrombectomy if not deceased, and at follow-up if
not deceased among those with anterior circulation strokes within the 6-hour time window from last known normal to intervention (A) and outside the
6-hour time window (B). The percentage of patients with mRS scores at discharge and at follow-up are shown within the 6-hour time window (C) and
outside the 6-hour time window (D). Abbreviations: DC, discharge; FU, follow-up; mRS, modified Rankin Scale; NIH, National Institutes of Health.

Table 3. Odds ratios and 95% confidence intervals derived from logistic regressions predicting the odds of symptomatic
hemorrhage, mRS on discharge, and mRS at follow-up as a function of being outside the time window among patients with anterior

circulation blockage

Symptomatic hemorrhage
OR (95% CI)

(N = 58)

mRS score of 3-6 on discharge
OR (95% CI)

(N = 58)

mRS score of 3-6 at follow-up
OR (95% CI)

(N = 31)

Outside window .90 (.19-4.19) 3.78 (1.20-11.89) 2.80 (.61-12.85)
Outside window .70 (.11-4.63) 1.28 (.29-5.74) .76 (.05-10.74)
+Age .96 (.89-1.03) 1.03 (.98-1.09) 1.05 (.97-1.14)
+IV-tPA .45 (.08-2.61) .31 (.07-1.35) .34 (.03-4.21)
+ASPECTS .89 (.43-1.82) .86 (.47-1.56) 1.18 (.43-3.29)
+Collaterals .22 (.03-1.36) .10 (.01-.96) <.01 (<.01->999)
+TICI ≥ 2b 2.50 (.20-31.08) .27 (.05-1.51) 2.65 (.11-62.09)
+Reocclusion <.01 (<.01->999) >999 (<.01->999) >999 (<.01->999)
+Number of passes 1.73 (.82-3.62) 1.58 (.89-2.81) 1.64 (.74-3.64)

Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; CI, confidence interval; IV-tPA, intravenous tissue plasminogen acti-
vator; mRS, modified Rankin Scale; OR, odds ratio; TICI, thrombolysis in cerebral infarction.

The second row demonstrates the contribution of being outside the window on the outcomes of interest while adjusting for the covariates:
age, IV-tPA administration, ASPECTS, presence of collaterals, TICI score greater than or equal to 2b, reocclusion, and the number of stent
retriever passes.

Bold indicates statistical significance (P < 0.05).
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