@° PLOS | ONE

Check for
updates

E OPENACCESS

Citation: Urrutia VG, Faigle R, Zeiler SR, Marsh EB,
Bahouth M, Cerdan Trevino M, et al. (2018) Safety
of intravenous alteplase within 4.5 hours for
patients awakening with stroke symptoms. PLoS
ONE 13(5): e0197714. https://doi.org/10.1371/
journal.pone.0197714

Editor: Terence J. Quinn, University of Glasgow,
UNITED KINGDOM

Received: December 19, 2017
Accepted: April 8,2018
Published: May 22, 2018

Copyright: © 2018 Urrutia et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: This work was supported by Genentech,
Inc. Grant # ML28242 (https://www.gene.com/
medical-professionals/investigator-initiated-
studies). The funders had no role in study design,
data collection and analysis, decision to publish, or
preparation of the manuscript.

Competing interests: Victor C. Urrutia: | have read

the journal’s policy and have the following conflicts:

RESEARCH ARTICLE

Safety of intravenous alteplase within 4.5
hours for patients awakening with stroke
symptoms

Victor C. Urrutia'*, Roland Faigle', Steven R. Zeiler’, Elisabeth B. Marsh', Mona Bahouth’,
Mario Cerdan Trevino', Jennifer Dearborn’, Richard Leigh', Susan Rice', Karen Lane',
Mustapha Saheed?, Peter Hill?, Rafael H. Llinas'

1 Department of Neurology, Johns Hopkins University School of Medicine, Baltimore, MD, United States of
America, 2 Department of Emergency Medicine, Johns Hopkins University School of Medicine, Baltimore,
MD, United States of America

* vurruti1 @jhmi.edu

Abstract

Background

Up to 25% of acute stroke patients first note symptoms upon awakening. We hypothesized
that patients awaking with stroke symptoms may be safely treated with intravenous alte-
plase (IV tPA) using non-contrast head CT (NCHCT), if they meet all other standard criteria.

Methods

The SAfety of Intravenous thromboLytics in stroke ON awakening (SAIL ON) was a pro-
spective, open-label, single treatment arm, pilot safety trial of standard dose IV tPA in
patients who presented with stroke symptoms within 0—4.5 hours of awakening. From Janu-
ary 30, 2013, to September 1, 2015, twenty consecutive wakeup stroke patients selected by
NCHCT were enrolled. The primary outcome was symptomatic intracerebral hemorrhage
(sICH) in the first 36 hours. Secondary outcomes included NIH stroke scale (NIHSS) at 24
hours; and modified Rankin Score (mRS), NIHSS, and Barthel index at 90 days.

Results

The average age was 65 years (range 47—83); 40% were women; 50% were African Ameri-
can. The average NIHSS was 6 (range 4—11). The average time from wake-up to IV tPA
was 205 minutes (range 114—-270). The average time from last known well to IV tPA was
580 minutes (range 353—-876). The median mRS at 90 days was 1 (range 0-5). No patients
had sICH; two of 20 (10%) had asymptomatic ICH on routine post IV tPA brain imaging.

Conclusions

Administration of IV tPA was feasible and may be safe in wakeup stroke patients presenting
within 4.5 hours from awakening, screened with NCHCT. An adequately powered random-
ized clinical trial is needed.

PLOS ONE | https://doi.org/10.1371/journal.pone.0197714 May 22,2018

1/11


https://doi.org/10.1371/journal.pone.0197714
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0197714&domain=pdf&date_stamp=2018-05-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0197714&domain=pdf&date_stamp=2018-05-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0197714&domain=pdf&date_stamp=2018-05-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0197714&domain=pdf&date_stamp=2018-05-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0197714&domain=pdf&date_stamp=2018-05-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0197714&domain=pdf&date_stamp=2018-05-22
https://doi.org/10.1371/journal.pone.0197714
https://doi.org/10.1371/journal.pone.0197714
http://creativecommons.org/licenses/by/4.0/
https://www.gene.com/medical-professionals/investigator-initiated-studies
https://www.gene.com/medical-professionals/investigator-initiated-studies
https://www.gene.com/medical-professionals/investigator-initiated-studies

@° PLOS | ONE

Safety of IV tPA for wakeup stroke

Genentech, Inc. provided funding (grant
#ML28242) for the clinical trial (SAIL ON), which is
the focus of this manuscript. The funders had no
role in study design, data collection and analysis,
decision to publish, or preparation of the
manuscript. There are no employment,
consultancy, patents, products in development or
marketed products to declare. This does not alter
our adherence to all the PLOS ONE policies on
sharing data and materials.

Clinical trial registration
ClinicalTrials.gov NCT01643902.

Introduction

Patients who wake up with acute stroke symptoms are typically excluded from treatment with
intravenous alteplase (IV tPA), most commonly because these patients are outside of the stan-
dard time window. In one study, 73% of acute ischemic stroke patients were excluded from
consideration for IV tPA within 3 hours, due to an elapsed time window; 24% of these patients
had an uncertain time of symptom onset.[1] Patients may have an uncertain or unwitnessed
time of onset due to lack of ability or a witness to communicate time of last known well
(LKW), or because symptoms are discovered upon awakening. The term wakeup stroke
applies to patients in whom symptoms are discovered upon awakening spontaneously.

Fink et al.[2] and Nadeau et al.[3] found that 13% to 27% of patients with acute stroke wake
up with symptoms. Similarly, in the Greater Cincinnati/Northern Kentucky Stroke Study the
proportion of wakeup stroke was 14%, which translates to an estimated 58,000 annual wakeup
stroke patients in the US.[4] Administration of IV tPA in wakeup stroke patients, if found to
be safe and effective, could result in improved outcomes of these patients, and reduce health
care costs.[5]

In the Greater Cincinnati/Northern Kentucky Stroke Study, 36% of wakeup strokes would
have been eligible for IV tPA if not for the time criteria, [4] confirming other studies showing
that wakeup stroke patients do not otherwise differ in their tPA eligibility criteria from patients
that receive tPA within 3 hours from symptom onset.[4, 6, 7]

We hypothesize that the phenotype of waking up with stroke correlates with the true time
of onset and that patients presenting within 4.5 hours from waking up with stroke symptoms
could be safely treated with IV tPA, if they meet all other standard criteria. In the SAfety of
Intraveous thromboLytics in stroke ON awakening (SAIL ON) study, we aimed to assess proof
of concept regarding safety of treatment with IV tPA in patients with acute stroke symptoms
discovered upon awakening, treated within 4.5 hours from waking up and with non-contrast
head CT (NCHCT) screening.

Methods

We conducted an investigator-initiated, prospective, open label, single treatment arm, pilot
safety trial of standard dose IV tPA, in patients who presented within 4.5 hours of awakening
with stroke symptoms. Target enrolment was 20 patients. The study included three centers,
however all patients were enrolled at either The Johns Hopkins Hospital or Johns Hopkins
Bayview Medical Center. Some patients were transferred from other hospitals to these two
sites for enrollment. The study was approved by the Johns Hopkins University IRB, all subjects
or legaly authorized representatives gave their informed consent to participate in the trial. We
obtained an Investigational New Drug (IND) from the FDA and received funds and study
drug from Genentech, Inc. This study was registered in ClinicalTrials.gov, with the unique
identifier NCT01643902.

From January 30, 2013, to September 1, 2015, twenty consecutive wakeup stroke patients
presenting to the emergency department (ED) and selected by NCHCT were enrolled. The last
patient follow up was December 1, 2015. Patients were eligible if they presented with acute
stroke symptoms upon awakening, were between 18 and 80 years of age, had NIHSS > 4, had
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a NCHCT without hemorrhage and without hypodensity of more than one third of the MCA
territory, and were able to receive IV tPA within 4.5 hours from awakening. Patients with a
baseline modified Rankin Scale score (mRS) of 2 or greater were excluded. Other exclusion cri-
teria included the standard exclusion criteria for tPA administration as outlined in the 2013
AHA Guidelines.[8] All patients received IV tPA 0.9 mg/Kg, with 10% of the dose as a bolus,
and the rest infused over one hour. IV tPA infusions were administered by an ED nurse or
Neurological Critical Care Unit (NCCU) nurse, in the ED or NCCU. The patients in this study
were not considered for endovascular mechanical thrombectomy (EMT) as they were outside
of the time window for EMT based on their LKW time. Post tPA care, including the frequency
of vital sign and neurological check, was according to the current standard of care; no antith-
rombotic therapy was administered for 24 hours. All patients were admitted to the NCCU for
a minimum of 24 hours and received a NCHCT at 24 + 6 hours post IV tPA treatment.

The primary outcome was symptomatic intracerebral hemorrhage (sICH) in the first 36
hours, as defined previously in the European Cooperative Acute Stroke Study (ECASS) 3[9]
and the NINDS trial.[10] We used both definitions to increase our sensitivity in detecting
sICH. The presence of intracerebral hemorrhage not meeting criteria for sSICH, were deemed
asymptomatic intracerebral hemorrhages (alCH). All cases with intracerebral hemorrhage as
well as adverse events, were reviewed and adjudicated by an independent Safety Officer. We
defined stopping rules, that were designed with the goal of ensuring safety and at the same
time preventing premature ending of the trial. Given the low total “n” for the trial, it was
agreed with the IRB to accept up to 20% sICH in the first half of the trial and then up to 15%
sICH overall beyond the first half. The protocol defined the stopping rules as follows: during
the phase of the study in which there were 1-10 subjects enrolled, the study would stop if there
were two sICH. During the phase of the study in which there were 11-20 subjects enrolled, the
study would stop if there were cumulatively more than three sSICH. Secondary outcomes
included NTHSS at 24 hours; and mRS, NIHSS, and Barthel index at 90 days.

We determined the frequencies of the primary and secondary outcomes, as well as time
from last known well, and from waking up, to treatment. We also determined the time from
waking up to ED arrival and the door to neele time (DNT). Stroke etiology subtype was deter-
mined using TOAST classification.[11] We also examined baseline NCHCT using the Alberta
Stroke Program Early CT (ASPECT) score.

Results

Consecutive wakeup stroke patients were screened for eligibility in the trial, a total of 49
patients were screened, 29 were excluded due to not meeting inclusion criteria or having exclu-
sions. Four patients declined to participate and 20 were enrolled (Fig 1). One patient was
enrolled that was 83 years of age, this was outside of the protocol and was reported to the IRB,
corrective measures were taken, however was included in the analysis. Two patients did not
have a 90 day NIHSS because their follow up visit was conducted by telephone because they
were living out of the state at the time. These patients were also included in the final analysis.
An intention to treat strategy was used in the analysis.

The baseline characteristics of the patients enrolled are presented in Table 1. The mean age
of participants was 65 years, with a range of 47-83. Eight patients were women (40%), and 10
were African American (50%). There was one stroke mimic (5%), who was diagnosed with
conversion disorder. The mean NIHSS was 6, with a range of 4-11. The mean time from awak-
ening with stroke symptoms to treatment with IV tPA was 3 hours and 25 minutes. The mean
time from last known well to treatment with IV tPA was 9 hours and 40 minutes. Mean
ASPECT score for baseline NCHCT was 9.55, with a range of 4 to 10. The mean time from
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Fig 1. CONSORT flowchart of the SAIL ON study.
https://doi.org/10.1371/journal.pone.0197714.9001

awakening to hospital arrival was 2 hours and 18 minutes and the mean door to needle time
was 68 minutes.

There were no symptomatic intracerebral hemorrhages (95% CI, 0-19%).[12] There were
only two asymptomatic intracerebral hemorrhages (Table 2). One of the alCH was discovered
incidentally on MRI, the other on 24 hour follow up CT (Fig 2). All patients completed follow
up with mRS and Barthel index at 90 days. Two patients did not complete NIHSS at 90 days.
The median mRS at 90 days was 1 (range 0-5), 70% had a mRS of 0-1, mRS of 2, 3, and 5 were
10% each at 90 days. Mean Barthel index at 90 days was 18.25, with a range of 1 to 20. Mean
NIHSS at 90 day follow up was 1.6. There were no deaths by 90 days (Table 2).

Based on TOAST classification,[11] 4 (20%) strokes were cardioembolic, 5 (25%) were of
undetermined etiology, 8 (40%) were small vessel stroke, 2 (10%) were large artery stroke, and
1 (5%) was a stroke mimic. The two strokes caused by large artery atherosclerosis had NTHSS

Table 1. Baseline characteristics, n = 20.

Patient Characteristic Value

Age, mean (range) 65 (47-83)
Female, n (%) 8/20 (40)
African American, n (%) 10/20 (50)
Last Known Well to tPA in minutes, mean (range) 580 (353-876)
Wakeup to tPA in minutes, mean (range) 205 (114-270)
Wakeup to ED arrival in minutes, mean (range) 138 (43-252)
Door to needle time in minutes, mean (range) 68 (16-177)
NIHSS, mean (range) 6(4-11)
Risk Factors

Hypertension, n (%) 13 (65)
Diabetes, n (%) 1(5)

Atrial fibrillation, n (%) 4(20)
Congestive heart failure, n (%) 4(20)
Coronary artery disease, n (%) 5(25)
Hyperlipidemia, n (%) 6 (30)
Smoking, n (%) 4(20)
Medications

Aspirin, n (%) 3 (15)
Clopidogrel, n (%) 1(5)

Dual antiplatelet therapy, n (%) 1(5)
Warfarin, n (%) 1(5)
DOACs, n (%) 0(0)

Statin, n (%) 5(25)
Stroke Etiology (TOAST)

Cardioembolic, n (%) 4(20)

Large artery atherosclerosis, n (%) 2 (10)
Undetermined, n (%) 5(25)

Small vessel, n (%) 8 (40)
Mimic, n (%) 1(5)

DOAC = Direct Oral Anticoaguant

https://doi.org/10.1371/journal.pone.0197714.t001
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Table 2. Primary and secondary outcomes.

Outcome Value
sICH n (%) 0(0)
alCH n (%) 2(10)
Median mRS at 90 days (range) 1 (0-5)
Mean Barthel index at 90 days (range) 18 (1-20)
Mean NIHSS at 90 days (range) 1.6 (0-16)

https://doi.org/10.1371/journal.pone.0197714.1002

of 10 and 11. One of them had an alCH, this subject that presented with an artery to artery
embolus from a extracranial internal carotid stenosis, made a complete recovery after recana-
lizing the previously occluded middle cerebral artery. The other presented with a complete
occlusion of the extracranial internal carotid artery and did not recanalize. This was one of
two subjects with a 90 day mRS of 5. The second aICH was in a cardioembolic stroke with
baseline NIHSS of 7, also with complete recovery. Regarding severity; 8 (40%) of the cohort
had a baseline NIHSS > 7, and 4 (20%) had a baseline NTHSS > 10.

Discussion

The results of this sudy provide proof of concept that patients with wakeup stroke, presenting
within 4.5 hours from waking up, can be treated with IV tPA using NCHCT for selection and
following the standard IV tPA treatment protocol. Given that this trial is a pilot with 20
patients, we cannot provide information on potential efficacy. Subjects enrolled in this trial
had a mean NIHSS at baseline of 6, which may have an impact in the functional outcome
results, which demonstrate 70% mRS of 0-1. While in the European Cooperative Acute Stroke
Study (ECASS) 3, the mean NIHSS was 11 (median 9.5), a recently published wakeup stroke
study reported a median NTHSS of 6.5.[9, 13] The low NIHSS may also be related to the lack of
sICH observed in the study, however given the low “n”, the results serve as proof of concept
and therefore the true sICH frequency may be higher or lower. In addition, the mean NIHSS
in our study is not unusual compared to reported studies of IV tPA in wakeup or unwitnessed
stroke patients.[14, 15] In light of this, our results are intriguing, particularly in the context of
the relatively long time from LKW to treatment with IV tPA.

These findings are consistent with other studies evaluating the safety of IV tPA in wakeup
stroke patients which revealed no excess in sSICH; this study is particularly significant because
of the treatment time window used (4.5 hours from awakening) and the use of NCHCT-only
patient selection.[6, 13, 15-17] A recent trial of wakeup stroke patients treated with tPA, sug-
gested safety of patient selection by NCHCT. The Wake-Up Stroke study[13] included pro-
spectively enrolled patients with wakeup stroke and treated with IV tPA within 3 hours from
waking up and selected by non-contrast head CT (NCHCT). The ability to safely treat patients
with wakeup stroke using IV tPA based on NCHCT alone is significant as this imaging modal-
ity is widely available. Our pilot trial was designed to be pragmatic and reflect current practice,
therefore increasing generalizability. We chose the time window of 4.5 hours because the prac-
tice of treating stroke patients with IV tPA up to 4.5 hours from time of LKW is widespread in
the United States, based on the ECASS 3 trial and the 2009 AHA Science Advisory.[9, 18]

As of 2015, EMT has been demonstrated to be efficacious up to 6 hours, as reflected in the
current AHA guidelines.[19] Close analysis of the IV tPA and EMT trials reveals an outcome-
time relationship that slopes down to lesser odds of recovery as time to treatment increases,
with a time limit between 4.5-6 and 7.5 hours for IV tPA, and EMT respectively.[20, 21]
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Fig 2. Neuroimaging is shown for the two patients with asymptomatic hemorrhage. Images (a) and (b) are from the 24 hour NCHCT on subject
#2, images (c) and (d) are from the follow up MRI on subject #12. The arrows point to areas of hemorrhage.

https://doi.org/10.1371/journal.pone.0197714.9002
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The most common reason for not qualifying for acute revascularization therapy (with IV
tPA or EMT) is being outside of the established treatment windows; in fact, a 2011 study of
hospitals participating in the Get With The Guidelines registry revealed that only 7.0% of
stroke patients are treated with IV tPA.[22]

Most patients (64%) present beyond 6 hours from LKW. Among these patients, unknown
time of onset and wakeup strokes, constitute an important proportion. [23] Further, three
recent clinical trials of unwitnessed stroke report that the majority of unwitnessed stroke
patients enrolled had their symptoms discovered upon awakening. In MR WITNESS, WAKE
UP, and DAWN, the proportion of wakeup strokes was 71%, 85%, and 64.5% respectively.[14,
15, 24] These studies used advanced imaging, either MRI or CT perfusion (CTP) to determine
elegibility based on two different paradigms. MR WITNESS and WAKE UP used an MRI sur-
rogate of time of onset: the DWI/FLAIR mismatch; DAWN used an imaging/clinical correlate
of salvageable tissue vs. core infarct: NIHSS and MRI (DWI) or CTP based relative cerebral
blood flow (rCBF) volume. This may limit the generalizability, as advanced imaging is not as
widely available as NCHCT. A 2005 survey of hospitals with Emergency Departments found
that 96% of hospitals had a CT scanner available, but only 13% had an MRI scanner and a 24/7
technologist on site; an additional 26% had MRI capability with 24/7 on-call technologists.[25]

Additionally, the results of the DAWN and DEFUSE 3 trials are only applicable to large
artery occlusion (LVO) patients. As reported in the DAWN paper, based on restrospective
studies, a third of patients with LVO in the anterior circulation may meet the trial’s eligibility
criteria.[24, 26] Therefore, the majority of patients might not have LVO and could benefit
from IV tPA. While EMT is effective for LVO, patients with small branch occlusion and small
vessel disease could still benefit from IV tPA, and will not qualify for EMT. Thus, wakeup
stroke patients presenting within 4.5 hours from waking up, could be treated with standard
protocols for IV tPA and EMT, without a requirement for advanced imaging criteria. This
would produce the greatest expansion of the population eligible for acute reperfusion treat-
ment, as patients with any degree of severity with or without LVO could qualify for treatment.
Moreover, because they could be selected by NCHCT, which is widely available, treatment
protocols could be implemented in all primary stroke centers. Patients with suspected LVO
can be further evaluated with CT angiography or MRI where available, to determine elegibility
per DAWN or DEFUSE 3.

Limitations

Several limitations are noted in this study. First, the small sample size did not allow for further
exploration of efficacy; however, the intent was not to definitively demonstrate efficacy, but to
provide safety data in order to develop a large definitive clinical trial. Other limitations include
the single arm and open label design. We did not keep screening logs, however, all patients
meeting inclusion/exclusion criteria who were approached for enrollment agreed to partici-
pate and were entered into this study.

Next steps

An adequately powered randomized clinical trial is needed to confirm safety and demonstrate
efficacy of IV tPA for wakeup strokes within 4.5 hours of awakening. Our results serve as
proof of concept that NCHCT as a screening tool should be considered in a future trial aiming
to demonstrate the safety and efficacy of IV tPA in wakeup stroke patients. Use of NCHCT to
identify eligible patients will allow for greater generalizability in clinical practice, should the
administration of IV tPA in wakeup strokes within 4.5 hours of awakening be proven safe and
effective.
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Conclusion

The SAIL ON study is a prospective clinical trial of wakeup stroke treatment with IV tPA,
using a 4.5 hours time window from waking up with symptoms, and selected with NCHCT.
Administration of IV tPA in wake-up stroke patients was feasible and may be safe. An ade-
quately powered randomized clinical trial is needed to confirm safety and efficacy.

Supporting information

S1 File. Trendstatement_ TREND_Checklist.SAIL ON.
(PDF)

S2 File. Supporting Information.anonymized.data.
(XLSX)

S3 File. Urrutia-Protocol_SAIL ON.Veé.
(DOC)

Acknowledgments
Rebecca F. Gottesman, MD, PhD!, served as the study’s Safety Officer.

Author Contributions

Conceptualization: Victor C. Urrutia.

Data curation: Victor C. Urrutia, Susan Rice, Karen Lane.
Formal analysis: Victor C. Urrutia, Roland Faigle.
Funding acquisition: Victor C. Urrutia.

Investigation: Victor C. Urrutia, Roland Faigle, Steven R. Zeiler, Elisabeth B. Marsh, Mona
Bahouth, Mario Cerdan Trevino, Jennifer Dearborn, Richard Leigh, Karen Lane, Mustapha
Saheed, Peter Hill, Rafael H. Llinas.

Methodology: Victor C. Urrutia.

Project administration: Victor C. Urrutia, Susan Rice, Karen Lane, Rafael H. Llinas.
Resources: Victor C. Urrutia.

Supervision: Victor C. Urrutia.

Writing - original draft: Victor C. Urrutia.

Writing - review & editing: Roland Faigle, Steven R. Zeiler, Elisabeth B. Marsh, Mona
Bahouth, Mario Cerdan Trevino, Jennifer Dearborn, Richard Leigh, Mustapha Saheed,
Peter Hill, Rafael H. Llinas.

References
1. Barber PA, Zhang J, Demchuk AM, Hill MD, Buchan AM. Why are stroke patients excluded from TPA
therapy? An analysis of patient eligibility. Neurology. 2001; 56(8):1015-20. PMID: 11320171.

2. FinkJN, Kumar S, Horkan C, Linfante I, Selim MH, Caplan LR, et al. The stroke patient who woke up:
clinical and radiological features, including diffusion and perfusion MRI. Stroke. 2002; 33(4):988-93.
PMID: 11935049.

3. Nadeau JO, Fang J, Kapral MK, Silver FL, Hill MD, Registry of the Canadian Stroke N. Outcome after
stroke upon awakening. Can J Neurol Sci. 2005; 32(2):232—6. PMID: 16018160.

PLOS ONE | https://doi.org/10.1371/journal.pone.0197714 May 22,2018 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197714.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197714.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197714.s003
http://www.ncbi.nlm.nih.gov/pubmed/11320171
http://www.ncbi.nlm.nih.gov/pubmed/11935049
http://www.ncbi.nlm.nih.gov/pubmed/16018160
https://doi.org/10.1371/journal.pone.0197714

@° PLOS | ONE

Safety of IV tPA for wakeup stroke

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

Mackey J, Kleindorfer D, Sucharew H, Moomaw CJ, Kissela BM, Alwell K, et al. Population-based study
of wake-up strokes. Neurology. 2011; 76(19):1662—7. https://doi.org/10.1212/WNL.0b013e318219fb30
PMID: 21555734; PubMed Central PMCID: PMCPMC3100086.

Demaerschalk BM, Yip TR. Economic benefit of increasing utilization of intravenous tissue plasminogen
activator for acute ischemic stroke in the United States. Stroke. 2005; 36(11):2500-3. https://doi.org/10.
1161/01.STR.0000185699.37843.14 PMID: 16224087.

Roveri L, La Gioia S, Ghidinelli C, Anzalone N, De Filippis C, Comi G. Wake-up stroke within 3 hours of
symptom awareness: imaging and clinical features compared to standard recombinant tissue plasmino-
gen activator treated stroke. J Stroke Cerebrovasc Dis. 2013; 22(6):703-8. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2011.10.003 PMID: 22133742.

Koton S, Tanne D., Bornstein N. M. Ischemic Stroke on Awakening: Patient’s characteristics, outcomes
and potential for reperfusion therapy. Neuroepidemiology. 2012; 39:149-53. https://doi.org/10.1159/
000341242 PMID: 22922545

Jauch EC, Saver JL, Adams HP Jr., Bruno A, Connors JJ, Demaerschalk BM, et al. Guidelines for the
early management of patients with acute ischemic stroke: a guideline for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke. 2013; 44(3):870-947. https://doi.
org/10.1161/STR.0b013e318284056a PMID: 23370205.

Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D, et al. Thrombolysis with alteplase 3
to 4.5 hours after acute ischemic stroke. N Engl J Med. 2008; 359(13):1317-29. https://doi.org/10.1056/
NEJMoa0804656 PMID: 18815396.

Tissue plasminogen activator for acute ischemic stroke. The National Institute of Neurological Disorders
and Stroke rt-PA Stroke Study Group. N Engl J Med. 1995; 333(24):1581—7. https://doi.org/10.1056/
NEJM199512143332401 PMID: 7477192.

Adams HP Jr., Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, et al. Classification of subtype
of acute ischemic stroke. Definitions for use in a multicenter clinical trial. TOAST. Trial of Org 10172 in
Acute Stroke Treatment. Stroke. 1993; 24(1):35—41. PMID: 7678184.

Agresti A, Coull BA. Approximate is better than "exact" for interval estimation of binomial proportions.
The American Statistician. 1998; 52(2):119-26.

Barreto AD, Fanale CV, Alexandrov AV, Gaffney KC, Vahidy FS, Nguyen CB, et al. Prospective, open-
label safety study of intravenous recombinant tissue plasminogen activator in wake-up stroke. Ann Neu-
rol. 2016; 80(2):211-8. https://doi.org/10.1002/ana.24700 PMID: 27273860.

Thomalla G, Boutitie F, Fiebach JB, Simonsen CZ, Nighoghossian N, Pedraza S, et al. Stroke With
Unknown Time of Symptom Onset: Baseline Clinical and Magnetic Resonance Imaging Data of the
First Thousand Patients in WAKE-UP. Stroke. 2017. https://doi.org/10.1161/STROKEAHA.116.015233
PMID: 28174327.

Schwamm LH, Wu O, Song SS, Latour L, Ford A, Hsia A, et al, for the MR WITNESS Investigators. IV
Alteplase in MR-selected Patients With Stroke of Unknown Onset is Safe and feasible: Results if the
Multicenter MR WITNESS Trial (NCT01282242). Presented at: International Stroke Conference, Los
Angeles, CA. 2016.

Barreto AD, Martin-Schild S, Hallevi H, Morales MM, Abraham AT, Gonzales NR, et al. Thrombolytic
therapy for patients who wake-up with stroke. Stroke. 2009; 40(3):827-32. https://doi.org/10.1161/
STROKEAHA.108.528034 PMID: 19131657; PubMed Central PMCID: PMCPMC2676861.

Manawadu D, Bodla S, Keep J, Jarosz J, Kalra L. An observational study of thrombolysis outcomes in
wake-up ischemic stroke patients. Stroke. 2013; 44(2):427-31. https://doi.org/10.1161/STROKEAHA.
112.673145 PMID: 23287781.

Del Zoppo GJ, Saver JL, Jauch EC, Adams HP Jr., American Heart Association Stroke Council. Expan-
sion of the time window for treatment of acute ischemic stroke with intravenous tissue plasminogen acti-
vator: a science advisory from the American Heart Association/American Stroke Association. Stroke.
2009; 40(8):2945-8. https://doi.org/10.1161/STROKEAHA.109.192535 PMID: 19478221; PubMed
Central PMCID: PMCPMC2782817.

Powers WJ, Derdeyn CP, Biller J, Coffey CS, Hoh BL, Jauch EC, et al, on behalf of the American heart
Association Stroke Council. 2015 AHA/ASA Focused Update of the 2013 Guidelines for the Early Man-
agement of Patients with Acute Ischemic Stroke Regarding Endovascular Treatment. Stroke. 2015; 46.
https://doi.org/10.1161/STR.0000000000000074 PMID: 26123479

Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, Grotta JC, et al. Time to treatment with intrave-
nous alteplase and outcome in stroke: an updated pooled analysis of ECASS, ATLANTIS, NINDS, and
EPITHET trials. Lancet. 2010; 375(9727):1695-703. https://doi.org/10.1016/S0140-6736(10)60491-6

PMID: 20472172.

PLOS ONE | https://doi.org/10.1371/journal.pone.0197714 May 22,2018 10/11


https://doi.org/10.1212/WNL.0b013e318219fb30
http://www.ncbi.nlm.nih.gov/pubmed/21555734
https://doi.org/10.1161/01.STR.0000185699.37843.14
https://doi.org/10.1161/01.STR.0000185699.37843.14
http://www.ncbi.nlm.nih.gov/pubmed/16224087
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.10.003
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.10.003
http://www.ncbi.nlm.nih.gov/pubmed/22133742
https://doi.org/10.1159/000341242
https://doi.org/10.1159/000341242
http://www.ncbi.nlm.nih.gov/pubmed/22922545
https://doi.org/10.1161/STR.0b013e318284056a
https://doi.org/10.1161/STR.0b013e318284056a
http://www.ncbi.nlm.nih.gov/pubmed/23370205
https://doi.org/10.1056/NEJMoa0804656
https://doi.org/10.1056/NEJMoa0804656
http://www.ncbi.nlm.nih.gov/pubmed/18815396
https://doi.org/10.1056/NEJM199512143332401
https://doi.org/10.1056/NEJM199512143332401
http://www.ncbi.nlm.nih.gov/pubmed/7477192
http://www.ncbi.nlm.nih.gov/pubmed/7678184
https://doi.org/10.1002/ana.24700
http://www.ncbi.nlm.nih.gov/pubmed/27273860
https://doi.org/10.1161/STROKEAHA.116.015233
http://www.ncbi.nlm.nih.gov/pubmed/28174327
https://doi.org/10.1161/STROKEAHA.108.528034
https://doi.org/10.1161/STROKEAHA.108.528034
http://www.ncbi.nlm.nih.gov/pubmed/19131657
https://doi.org/10.1161/STROKEAHA.112.673145
https://doi.org/10.1161/STROKEAHA.112.673145
http://www.ncbi.nlm.nih.gov/pubmed/23287781
https://doi.org/10.1161/STROKEAHA.109.192535
http://www.ncbi.nlm.nih.gov/pubmed/19478221
https://doi.org/10.1161/STR.0000000000000074
http://www.ncbi.nlm.nih.gov/pubmed/26123479
https://doi.org/10.1016/S0140-6736(10)60491-6
http://www.ncbi.nlm.nih.gov/pubmed/20472172
https://doi.org/10.1371/journal.pone.0197714

@° PLOS | ONE

Safety of IV tPA for wakeup stroke

21.

22,

23.

24,

25.

26.

Saver JL, Goyal M, van der Lugt A, Menon BK, Majoie CBLM, Dippel DW, et al. Time to Treatment with
Endovascular Thrombectomy and Outcomes From Ischemic Stroke: A Meta-analysis. JAMA. 2016;
316(12):1279-88. https://doi.org/10.1001/jama.2016.13647 PMID: 27673305

Schwamm LH, Ali SF, Reeves MJ, Smith EE, Saver JL, Messe S, et al. Temporal Trends in Patient
Characteristics and Treatment With Intravenous Thrombolysis Among Acute Ischemic Stroke Patients
at Get With the Guidelines-Stroke Hospitals. Circ Cardiovasc Qual Outcomes. 2013; 6:543-9. https:/
doi.org/10.1161/CIRCOUTCOMES.111.000303 PMID: 24046398

Demaerschalk BM, Kleindorfer DO, Adeoye OM, Demchuk AM, Fugate JE, Grotta JC, et al. Scientific
Rationale for the Inclusion and Exclusion Criteria for Intravenous Alteplase in Acute Ischemic Stroke: A
Statement for Healthcare Professionals From the American Heart Association/American Stroke Associ-
ation. Stroke. 2016; 47(2):581-641. https://doi.org/10.1161/STR.0000000000000086 PMID:
26696642.

Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al. for the DAWN Trial Inves-
tigators. Thrombectomy 6 to 24 hours after Stroke with a mismatch between deficit and infarct. New
England Journal of Medicine. 2017. Epub November 11, 2017. https://doi.org/10.1056/NEJMoal706442

Ginde AA, Foianini A, Renner DM, Valley M, Camargo CA Jr. Availability and quality of computed
tomography and magnetic resonance imaging equipment in U.S. emergency departments. Acad Emerg
Med. 2008; 15(8):780-3. https://doi.org/10.1111/].1553-2712.2008.00192.x PMID: 18783491.

Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al. Thrombectomy for
Stroke at 6 to 16 hours with selection by perfusion imaging. New England Journal of Medicine. 2018;
378(8):708-18. Epub January 24, 2018. https://doi.org/10.1056/NEJMoa1713973 PMID: 29364767

PLOS ONE | https://doi.org/10.1371/journal.pone.0197714 May 22,2018 11/11


https://doi.org/10.1001/jama.2016.13647
http://www.ncbi.nlm.nih.gov/pubmed/27673305
https://doi.org/10.1161/CIRCOUTCOMES.111.000303
https://doi.org/10.1161/CIRCOUTCOMES.111.000303
http://www.ncbi.nlm.nih.gov/pubmed/24046398
https://doi.org/10.1161/STR.0000000000000086
http://www.ncbi.nlm.nih.gov/pubmed/26696642
https://doi.org/10.1056/NEJMoal706442
https://doi.org/10.1111/j.1553-2712.2008.00192.x
http://www.ncbi.nlm.nih.gov/pubmed/18783491
https://doi.org/10.1056/NEJMoa1713973
http://www.ncbi.nlm.nih.gov/pubmed/29364767
https://doi.org/10.1371/journal.pone.0197714

