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Abstract

Background and Purpose—The purpose of this study was to collect precise information on
the typical imaging decisions given specific clinical acute stroke scenarios. Stroke centers
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worldwide were surveyed regarding typical imaging used to work up representative acute stroke
patients, make treatment decisions, and willingness to enroll in clinical trials.

Methods—STroke Imaging Research and Virtual International Stroke Trials Archive-Imaging
circulated an online survey of clinical case vignettes through its website, the websites of national
professional societies from multiple countries as well as through email distribution lists from
STroke Imaging Research and participating societies. Survey responders were asked to select the
typical imaging work-up for each clinical vignette presented. Actual images were not presented to
the survey responders. Instead, the survey then displayed several types of imaging findings offered
by the imaging strategy, and the responders selected the appropriate therapy and whether to enroll
into a clinical trial considering time from onset, clinical presentation, and imaging findings. A
follow-up survey focusing on 6 h from onset was conducted after the release of the positive
endovascular trials.

Results—We received 548 responses from 35 countries including 282 individual centers; 78% of
the centers originating from Australia, Brazil, France, Germany, Spain, United Kingdom, and
United States. The specific onset windows presented influenced the type of imaging work-up
selected more than the clinical scenario. Magnetic Resonance Imaging usage (27-28%) was
substantial, in particular for wake-up stroke. Following the release of the positive trials, selection
of perfusion imaging significantly increased for imaging strategy.

Conclusions—Usage of vascular or perfusion imaging by Computed Tomography or Magnetic
Resonance Imaging beyond just parenchymal imaging was the primary work-up (62—-87%) across
all clinical vignettes and time windows. Perfusion imaging with Computed Tomography or
Magnetic Resonance Imaging was associated with increased probability of enrollment into clinical
trials for 0-3 h. Following the release of the positive endovascular trials, selection of endovascular
only treatment for 6 h increased across all clinical vignettes.

Keywords

Computed Tomography scan; clinical trial; ischemic stroke; Magnetic Resonance Imaging; stroke;
thrombolysis

Introduction

The use of imaging in treatment and clinical trial enrollment decision-making has been well
investigated.111 The current recommended uses of imaging in stroke clinical trials were put
forth in the Acute Stroke Imaging Research Roadmap Il by the STroke Imaging Research
(STIR) and Virtual International Stroke Trials Archive (VISTA)-Imaging groups.12
Specifically, these uses outlined the selection of patients with imaging-confirmed diagnosis
of stroke, selection of appropriate patients with treatment-relevant acute imaging target
(TRAIT), and exclusion of patients based on imaging-defined futility of therapeutic
intervention.12 However, some multi center studies of acute stroke trial imaging
practicalities suggest that the substantial enthusiasm to use Magnetic Resonance Imaging
(MRI) including perfusion imaging in trials, and greater availability of MRI in stroke
centers, is not matched by actual use in practice.1314
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To better inform trial design, more precise information regarding the clinician's preferences
with respect to typical imaging of standard acute stroke patients as a function of clinical
presentation across a spectrum of scenarios encountered in daily practice would be useful.
We surveyed stroke centers worldwide to quantify the consistency of typical imaging
selection in acute stroke treatment decisions and willingness to enroll into clinical trials. We
attempted to understand the amount of consistency across centers when imaging-based
definitions were applied. We included clinical vignettes with varying stroke severity and
across multiple time windows to understand the impact of these factors in terms of selection
of imaging work-up, treatment, and trial enrolment decisions. Multiple imaging modalities
and typical findings were included in the survey to allow for specific imaging optimization
for each clinical vignette. This has been previously studied; however, it has been limited as
far as scope including the number of clinical scenarios considered, imaging protocols, and
participating stroke centers.15

Our study attempted to collect data on imaging selection practices worldwide to identify
some of the unresolved issues with these biomarkers.12 These issues included the usage of
MRI versus Computed Tomography (CT) on patient selection, the added value of vascular
and perfusion imaging, the effect of additional imaging on treatment and enrollment rates,
and whether imaging selection varied depending on the time window and clinical
presentation.

STIR and VISTA circulated an online survey of clinical vignettes during the summer of
2014 through its website (https://stir.seton.org) and its email distribution list, through the
websites and email distribution lists of national professional societies from multiple
countries including Australia, Brazil, France, Germany, Italy, South Korea, Spain, United
Kingdom, and United States (American Society of Neurology, British Society of
Neuroradiology, European Stroke Organization, etc). The survey was distributed in
preparation for and prior to the Thrombolysis and Thrombectomy in Acute Stroke Treatment
meeting. The initial survey was conducted prior to the release of the positive results of the
endovascular trials including MR CLEAN (a Multi center Randomized CLinical trial of
Endovascular treatment for Acute ischemic stroke in the Netherlands).1® We circulated
using the same mechanisms described above a follow-up survey after the release of the
positive endovascular trials1® to understand the potential impact on treatment and enrollment
rates.

The survey included 14 unique clinical vignettes covering up to 21 typical scenarios with
varying imaging findings encountered in daily practice. Each clinical vignette displayed the
patient's age, onset time window, a brief description of clinical symptoms, and the
corresponding National Institutes of Health Stroke Scale (NIHSS) score. There were four
clinical descriptions, linked to four stroke onset-to-presentation times, namely 0-3, 6, or 10
h or wake-up, save for two scenarios. The follow-up survey included the same four clinical
descriptions at 6 h only. Table 1 contains the clinical scenarios descriptions. The responder
was presented with all scenarios across the same time window before being presented with
the next time window.

Int J Stroke. Author manuscript; available in PMC 2016 February 22.
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Responders were then asked what typical imaging they would request in a standard patient
with the clinical description just displayed. Actual images were not presented to the survey
responders. Responders were allowed to select as many imaging options as applicable across
multiple modalities and parameters. The imaging options provided for each clinical vignette
were: (a) CT non-contrast head; (b) Computed Tomography Angiography (CTA) head and
neck; (c) CT perfusion; (d) Brain MR including Diffusion-Weighted Imaging (DWI), FLuid
Attenuated Inversion Recovery (FLAIR), and Gradient Recalled Echo (GRE)/Susceptibility-
Weighted Imaging (SWI), Magnetic Resonance Angiography (MRA) of the head; (¢)
Gadolinium (GAD) MRA of the aortic arch and cervical arteries, and/or (f). MR perfusion
(Dynamic Susceptibility Contrast (DSC) or Arterial Spin Labeling (ASL)). Based on the
specific imaging options selected, the corresponding modality specific imaging findings
were displayed to the responder. If parenchymal imaging was selected, then the DWI lesion
volume or CT Alberta Stroke Program Early CT Score (ASPECTS) was disclosed for MRI
or CT, respectively. For time windows greater than 0-3 h, a possible subtle FLAIR
abnormality in the imaging findings was also included. If vascular imaging was selected,
then the location of the occlusion (Internal Carotid Artery (ICA), M1, M2, basilar, or no
occlusion) was disclosed. If perfusion imaging was selected, then the size: large, small, or
no penumbra including the penumbral volume, percent of the ischemic volume relative to
the total perfusion deficit volume, total perfusion deficit volume, and specific penumbral
location in case of basilar artery territory involvement were disclosed. All applicable
imaging findings were displayed to the responder at once.

Responders were then asked the typical treatment they would administer in a standard
patient with the imaging findings just displayed. Responders were asked to select only one
option from the treatment options: (1) no revascularization therapy, (2) intravenous (I1V) tPA
alone, (3) endovascular/intra-arterial (1A) alone, or (4) 1V tPA possibly followed by
endovascular/IA. Next, responders were asked whether they would enroll this patient in an
image-guided clinical trial comparing endovascular and/or 1V tPA versus best medical
therapy with yes or no options. Responders were not allowed to go back to change their
answers to any clinical vignette questions. Therefore, after specific imaging findings were
provided, the responders were not able to modify their treatment or clinical enrollment
decisions for prior clinical vignettes. Responders were not required to answer all clinical
vignettes, however, complete versus partial responses were tracked.

As many interested responders at each participating center were asked to answer the survey.
At the end of the survey, responders were asked if they belonged to a stroke network, a
collaborative group of stroke centers, and if so to specify, if the current work-up of their
acute ischemic stroke patients used the imaging modality that they considered to be optimal
or the imaging modality that is practical, as well as their specialty: stroke neurologist, i.e.
medical specialty dealing with stroke, stroke physician, emergency physician, diagnostic
neuroradiologist, interventionalist, and diagnostic and interventional neuroradiologist or
other.

Unless noted otherwise for the majority of results presented in this study, only one response
from each participating center was included. One response per center was included to weigh
results equally across centers rather than to have results biased toward the highest
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responding centers. If more than one response was provided by a center, then one response
was selected from all complete responses across all specialties. The selection was performed
in blinded fashion to the actual answers of the clinical vignettes. The survey software
automatically tracked a status of “complete” or “partial” for each response based on whether
the responder answered all of the clinical vignettes. If an individual center had both
complete and partial responses, then the complete response was chosen. If more than one
complete response per center was available, then just one was chosen blinded to the actual
answers including specialty. Participating centers were asked to provide their site name and
country with responder name as optional. In addition, all responses were automatically
tracked by the survey software based on location parameters: city, state, country, and
network location: internet protocol address. This tracking information was used as necessary
to identify multiple responses from individual centers.

Nonparametric binomial tests were used to calculate significance of probability between
responses with IBM SPSS Statistics Version 19.0.

We received 548 responses from 35 countries including 282 individual centers; 78% of the
centers originating from Australia, Brazil, France, Germany, Spain, United Kingdom, and
United States. Specialty was not reported by 45% of the 548 responses. Of the remaining
that reported specialty, stroke neurologists were the primary responders (39%) with the
remaining responders by stroke physician (5%), emergency physician (1%), diagnostic
neuroradiologist (4%), interventionalist (1%), diagnostic and interventional neuroradiologist
(5%), and other (1%). Approximately 450 individuals were emailed and asked to respond to
the surveys. The subsequent analyses were limited to one representative response from each
of the 282 individual centers unless otherwise specified. Of the 282 responses, 56% were
from neurologists, 24% were from the other six specialties, and 20% did not specify. The
representative response rate by country is provided for both surveys (supplemental Table I).
Of the 160 responders who answered the stroke network question, 49% reported yes to
belonging to one whereas 51% reported no. Of the 201 responders who answered the
optimal versus practical imaging modality usage, 44% indicated that they were using the
optimal imaging modality whereas 56% indicated that they were using the practical imaging
modality.

For the follow-up survey, we received 202 responses from 22 countries including 119
individual centers: 73% of the centers originating from Australia, France, Germany, Japan,
The Netherlands, South Korea, United Kingdom, and United States. In comparison with the
original survey, 76% of the same centers responded to the follow-up survey. Of the 119
responses, 60% were from neurologists, 28% were from the other six specialties, and 12%
did not specify.

Table 1 contains the breakdown of CT versus MRI selection across the four clinical
scenarios and time windows. The majority of responders (65—-71%) selected CT rather than
MRI across all clinical scenarios in the 0 - to 3-h time window (p < 0.0001). The selection of
MRI was substantial in the time windows of 6 h, 10 h, and wake-up stroke, especially if the
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CT followed by MRI option is accounted for, even within the 0-3 window. For wake-up
stroke, the selection of MRI or combination CT and MRI (56-59%) was higher than CT
only selection (41-44%, p=0.030, 0.008 for clinical scenarios #1 and #4). Responders
selected both CT and MRI for the imaging strategy rather than just one modality (21-31%).
Overall, the specific onset windows influenced the type of imaging work-up selected more
than the clinical scenario. For the follow-up survey of 6 h, the imaging strategy did not
change substantially across clinical scenarios, but there was a minor trend for increased MRI
only selection (2-6%).

Table 2 reports the specific selections of parenchymal, vascular, and perfusion imaging
using either CT or MRI across the four clinical scenarios and time windows. Usage of
perfusion imaging increased with time window across the majority of clinical scenarios
except at 10 h, reaching a maximum with wake-up stroke (49-59%, p=0.010 for wake-up).
Vascular imaging was consistently highest (32—-38%) at 0-3 h across all clinical scenarios
compared with the other time windows. The follow-up survey for 6 h demonstrated an
increase (7-13%) in the selection of perfusion imaging (CT or MRI) and a decrease (5—
11%) in parenchymal only imaging (CT or MRI) across all clinical scenarios.

Tables 3 and 4 contain the treatment decisions across clinical scenarios and time windows.
For scenarios with no penumbra, small penumbra or normal perfusion, no treatment was the
major selection (37-67%). No treatment was also the primary selection at 10 h for large and
small penumbra scenarios (54-71%). For O- to 3-h time window, combination therapy (IV
tPA possibly followed by endovascular/IA) dominated the clinical scenarios with large
penumbra (59-67%). In contrast for the scenarios with M2 occlusion with small penumbra
(42%) or no vascular occlusion and normal perfusion (38%), IV only dominated in 0-3 h but
did not reach 100%. Endovascular treatment dominated at 6 h for scenarios with large
penumbra and basilar artery occlusion (35-39%). For wake-up stroke, none (46%)
dominated for small penumbra. The follow-up survey results for 6 h demonstrated an
increase in endovascular only treatment (6—15%, p=0.01 for clinical scenarios #1 (large
penumbra, M1), #2 (small penumbra, M1), and #3 (small penumbra, M2)).

In comparison, supplemental Tables Il and Il contain the treatment decisions when using
CT only selections including just non-contrast or multiparametric. For responses where CT
only was used for imaging, treatment selection did not vary compared with results reported
in Tables 3 and 4. The follow-up survey results for 6 h reflected an increase in endovascular
only treatment (4—21%, p < 0.001 for clinical scenario #2 (small penumbra, M1)). In
supplemental Tables IV and V where MRI only was used, endovascular treatment (48%) did
dominate at 6 h for scenarios with large penumbra in contrast to CT only decisions. Also, in
wake-up stroke with large penumbra using MRI, combination treatment dominated (45%)
with endovascular still as the primary treatment for basilar artery occlusion (48%). Contrary
to CT only, MRI only selection yielded minimal to no increase in the endovascular only
treatment with one exception, an 11% increase for clinical scenario #3 (small penumbra,
M2).

Supplemental Tables VI and VII summarize the treatment decisions when perfusion imaging
using CT or MRI was included. The selection of combination treatment for large penumbra
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increased when using perfusion imaging in 0-3 h whether using CT or MRI. Usage of
perfusion imaging (CT or MRI) yielded various results with the follow-up survey for
endovascular only treatment selection with the only significant increase of 13% for clinical
scenario #3 (small penumbra, M2, p < 0.01). For the scenarios with small infarct, 1V only
treatment dominated in 0-3 h for parenchymal only imaging decisions; however, selection
of combination therapy dominated once vascular or perfusion imaging was included. None
was the major treatment selection at 6 h (50-98%) across all clinical scenarios when using
parenchymal only imaging. Once perfusion imaging was added, endovascular therapy
dominated for large penumbra and basilar artery occlusion scenarios (50-61%). For
parenchymal only imaging decisions, endovascular only treatment decisions for 6 h
increased significantly (6-17%) across clinical scenarios #1, #2 with small infarct, p <
0.001, and #4 with hemiparesis, p < 0.001.

No treatment was the exclusive selection at 10 h for scenarios when parenchymal only
imaging was used. Once vascular or perfusion imaging was selected, endovascular therapy
was selected for basilar artery occlusion (28-69%). Similarly for wake-up stroke,
parenchymal only imaging lead to none as the primary treatment selection. Once vascular
and perfusion imaging was added, endovascular only (7-58%) and combination therapy (7—
41%) increased. With the follow-up survey results for 6 h when vascular imaging was
added, endovascular only (16—-32%) decisions increased even further across all scenarios, in
particular, for small infarct clinical scenarios #1 (M1, p<0.01; ICA, p<0.001), #2 (p<0.01),
#3 (M1, p<0.0001), and basilar artery occlusion clinical scenario #4 (p<0.0001). Treatment
decisions when using parenchymal only, and parenchymal and vascular using CT or MRI
are summarized in supplemental Tables VIII, 1X, X, and XI. As noted in the table heads, for
the basilar artery occlusion scenario (#4), if parenchymal imaging only using either CT or
MRI was selected, then it was not actually known to be a basilar artery occlusion.

Table 5 breaks down the clinical trial enrollment decisions across clinical scenario and time
window. Positive enrollment rate was highest for ICA/M1 occlusion with large penumbra
(58-66%) for 0-3 h. There was still willingness (50-55%) to enroll for this scenario at 6 h
and wake-up. Equipoise was demonstrated consistently for M1/small penumbra, normal
perfusion, and basilar artery occlusion scenarios across all time windows except at 10 h. At
10 h, rates were reduced further, demonstrating unwillingness to enroll in this time window.
For the follow-up survey of 6 h, willingness to enroll across small penumbra scenarios
increased (10-23%, p < 0.001 for clinical scenario #3 (small penumbra, M2)).

In comparison, supplemental Tables XII and XIII contain the clinical trial enrollment
decisions when using CT only or MRI only selections. In supplemental Table XII, positive
enrollment rates across time windows were consistent with the results reported in Table 5.
However, in supplemental Table XIII, for responses where MRI only was used for imaging,
positive enrollment rates across all time windows were higher except at 10 h and for basilar
artery occlusion scenarios across all time windows. There was 100% agreement to not to
enroll normal perfusion cases when using MRI only for clinical scenario #3.

For comparison with Table 5, supplemental Tables X1V and XV contain the clinical trial
enrollment decisions when using parenchymal only, and parenchymal and vascular imaging
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using CT or MRI. The enrollment decisions were comparable with those summarized in
Table 5. However, Table 6 contains the clinical trial enrollment decisions including
perfusion imaging using CT or MRI. Similar to MRI only based decisions, positive
enrollment rates across all time windows were higher for perfusion imaging-based decisions.
Positive enrollment rates were maximized (53-79%) for wake-up stroke across all scenarios
when perfusion imaging was required. For the follow-up survey of 6 h, willingness to enroll
across large penumbra scenarios decreased significantly (24-30%, p < 0.001) when
perfusion imaging (CT or MRI) was selected. Conversely, there was a significant increase in
willingness to enroll in clinical scenario #3 (M2, small penumbra) (18%, p < 0.01).

Discussion

One response per center was included to weigh results equally across centers rather than
have results biased toward the highest responding centers. However, to illustrate the
differences between all responses and individual responses, the percentages are reported for
282 (versus range of all 548) centers below.

The typical imaging modality selected was CT in making treatment decisions across all
clinical vignettes and time windows. For instance, imaging strategy varied for 0-3 h versus
all the other time windows. MRI selection, or CT followed by MRI, was substantial, nearly
50% (48-58%) for the 6-h window regardless of the clinical scenario. This trend for MRI
selection increased slightly following the release of the positive endovascular trials. Even for
the 0- to 3-h window, it was approximately 30% (27-36%). MRI only usage (27-28% (31—
32%)) was substantial for wake-up stroke. The design of future image-guided trials in wake-
up stroke should consider MRI-based imaging protocols when dependent TRAITS are
required.1?

The specific onset windows presented influenced the type of imaging work-up selected more
than the clinical scenarios. This is probably due to the trend of multiparametric imaging
being selected regardless of clinical scenario. Usage of vascular or perfusion imaging by CT
or MRI beyond just parenchymal imaging was the primary work-up (62—-87% (70-90%))
across all clinical vignettes and time windows. For the clinical scenarios of small infarct and
large penumbra, 59-67% (56-67%) of responders selected IV tPA possibly followed by
endovascular. When selecting IV tPA, 75% (64—67%) of these responders selected vascular
or perfusion imaging in the 0- to 3-h window to make the treatment decision. Likewise for
the clinical scenarios without early improvement, with small infarct and small penumbra,
42-54% (34-47%) of responders selected 1V tPA alone. When selecting 1V tPA alone, 81%
(78%) of these responders selected vascular or perfusion imaging, in the 0- to 3-h window.
There was an increase in selection of endovascular only treatment at 6 h following the
release of the endovascular trials but specific to large penumbra, M1 occlusion or small
penumbra, M1 or M2 occlusion. However, at 10 h, the majority of responders (54-71% (64—
86%)) chose not to treat except in the case of basilar artery occlusion. The majority of these
responders (62—63% (61-63%)) still selected multiparametric imaging when making the
treatment decisions.
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Perfusion imaging with CT or MRI was associated with increased probability of enrollment
into clinical trials across 0-3 and 6 h. More than 2/3 responders would enroll patients with
treatable penumbra into an image-guided clinical trial comparing endovascular (= 1V tPA)
versus IV tPA alone when perfusion imaging was selected. Compared with perfusion
imaging with CT or MRI, selection of MRI only including parenchymal, vascular, or
perfusion imaging was associated with comparable enrollment rates into clinical trials across
0-3 and 6 h. Further with the release of the positive endovascular trials, the selection of
perfusion imaging increased at 6 h with a decrease in parenchymal only imaging. This
suggests an overall willingness to utilize multiparametric CT or MRI when enrolling
patients, in particular, small penumbra cases that need further investigation for promising
therapies.

There are limitations to the survey and the results generated. Even though the survey was
emailed indistinctly to unselected member listings of professional societies worldwide, the
responders did not fully represent the medical community involved in acute stroke imaging
work-up decisions. For instance, the majority of responders were neurologists, which is not
representative of all the specialties. Furthermore, the majority of results (78%) were from
seven countries limiting the generality of the findings. Although we tried to reach as wide a
range of centers as possible with the survey, the responders are likely to represent
enthusiasts and academic centers, and, therefore, may not reflect more common approaches
to imaging or treatment decisions in stroke in non-expert or less interested centers. Further
when centers are actively enrolling into clinical trials, the default imaging protocols are
likely comprehensive already. In addition, imaging selections were potentially biased due to
known efficacy of treatments, rather than imaging selections guiding these decisions. For
instance, the initial survey was conducted prior to the release of the positive results of the
endovascular trials including MR CLEAN. Given the positive results of these trials, the
responses to the treatment decisions posed in the survey for the onset time window of 6 h
were expected to change, and as a result, a follow-up survey was conducted. The majority of
responses (76%) from the follow-up survey were from the same centers as the initial survey.
However, responders were not required to enter their individual name in the survey and the
majority did not. Therefore, it was not feasible to link and compare responses from
individuals for the two surveys. Furthermore, there were still some geographical differences
and a smaller response rate in the follow-up survey, potentially limiting the global
representation of the results. The scope of the survey was limited to acute treatment and
clinical trial enrollment decisions and did not address secondary prevention practices.

In conclusion, usage of vascular or perfusion imaging by CT or MRI beyond just
parenchymal imaging was the primary work-up across all clinical vignettes and time
windows. MRI usage was substantial, in particular, for wake-up stroke. Following the
release of the positive trials, selection of perfusion imaging significantly increased for
imaging strategy. Selection of endovascular only treatment for 6 h increased across all
clinical vignettes, in response to the positive results of the endovascular trials. To conclude,
the results from these surveys are intended to serve in the design of future image-guided
trials.

Int J Stroke. Author manuscript; available in PMC 2016 February 22.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luby et al. Page 10

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

STIR\WVISTA Imaging Steering Committee: Gregory W. Albers, Stephen M. Davis, Geoffrey A. Donnan, Marc
Fisher, Anthony J. Furlan, James C. Grotta, Werner Hacke, Dong-Wha Kang, Chelsea Kidwell, Walter J.
Koroshetz, Kennedy R. Lees, Michael H. Lev, David S. Liebeskind, A. Gregory Sorensen, Vincent N. Thijs, G6tz
Thomalla, Steven J. Warach, Joanna M. Wardlaw, and Max Wintermark.

Funding The author(s) disclosed receipt of the following financial support for the research, authorship, and/or
publication of this article: This work was supported by Seton/UT Southwestern Clinical Research Institute of
Austin, Department of Neurology and Neurotherapeutics, UT Southwestern Medical Center, Austin, TX, USA and
the National Institute of Neurological Disorders and Stroke (NINDS), National Institutes of Health (NIH),
Bethesda, MD, USA.

References

1. Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, Grotta JC, et al. Time to treatment with
intravenous alteplase and outcome in stroke: An updated pooled analysis of ECASS, ATLANTIS,
NINDS, and EPITHET trials. Lancet. 2010; 375:1695-1703. [PubMed: 20472172]

2. Baron JC. Mapping the ischaemic penumbra with pet: Implications for acute stroke treatment.
Cerebrovasc Dis. 1999; 9:193-201. [PubMed: 10393405]

3. Donnan GA, Baron JC, Ma H, Davis SM. Penumbral selection of patients for trials of acute stroke
therapy. Lancet Neurol. 2009; 8:261-269. [PubMed: 19233036]

4. Wardlaw JM, Dorman PJ, Lewis SC, Sandercock PA. Can stroke physicians and neuroradiologists
identify signs of early cerebral infarction on CT? J Neurol Neurosurg Psychiatry. 1999; 67:651—
653. [PubMed: 10519873]

5. Muir KW, Baird-Gunning J, Walker L, Baird T, McCormick M, Coutts SB. Can the ischemic
penumbra be identified on noncontrast CT of acute stroke? Stroke. 2007; 38:2485-2490. [PubMed:
17673708]

6. Parsons MW, Pepper EM, Bateman GA, Wang Y, Levi CR. Identification of the penumbra and
infarct core on hyperacute noncontrast and perfusion CT. Neurology. 2007; 68:730-736. [PubMed:
17339580]

7. Muir KW, Halbert HM, Baird TA, McCormick M, Teasdale E. Visual evaluation of perfusion
computed tomography in acute stroke accurately estimates infarct volume and tissue viability. J
Neurol Neurosurg Psychiatry. 2006; 77:334-339. [PubMed: 16239323]

8. Gasparotti R, Grassi M, Mardighian D, Frigerio M, Pavia M, Liserre R, et al. Perfusion CT in
patients with acute ischemic stroke treated with intra-arterial thrombolysis: Predictive value of
infarct core size on clinical outcome. AJINR Am J Neuroradiol. 2009; 30:722—727. [PubMed:
19164437]

9. Jackson D, Earnshaw SR, Farkouh R, Schwamm L. Cost-effectiveness of CT perfusion for selecting
patients for intravenous thrombolysis: A US hospital perspective. AJINR Am J Neuroradiol. 2010;
31:1669-1674. [PubMed: 20538823]

10. Hopyan J, Ciarallo A, Dowlatshahi D, Howard P, John V, Yeung R, et al. Certainty of stroke
diagnosis: Incremental benefit with CT perfusion over noncontrast CT and CT angiography.
Radiology. 2010; 255:142-153. [PubMed: 20308452]

11. Lin K, Do KG, Ong P, Shapiro M, Babb JS, Siller KA, et al. Perfusion CT improves diagnostic
accuracy for hyperacute ischemic stroke in the 3-hour window: Study of 100 patients with
diffusion MRI confirmation. Cerebrovasc Dis. 2009; 28:72-79. [PubMed: 19468218]

12. Wintermark M, Albers GW, Broderick JP, Demchuk AM, Fiebach JB, Fiehler J, et al. Acute stroke
imaging research roadmap 1. Stroke. 2013; 44:2628-2639. [PubMed: 23860298]

13. Wardlaw JM, Muir KW, Macleod MJ, Weir C, McVerry F, Carpenter T, et al. Clinical relevance
and practical implications of trials of perfusion and angiographic imaging in patients with acute

Int J Stroke. Author manuscript; available in PMC 2016 February 22.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Luby etal.

Page 11

ischaemic stroke: A multicentre cohort imaging study. J Neurol Neurosurg Psychiatry. 2013;
84:1001-1007. [PubMed: 23644501]

14. Schellinger PD, Bryan RN, Caplan LR, Detre JA, Edelman RR, Jaigobin C, et al. Evidence-based
guideline: The role of diffusion and perfusion MRI for the diagnosis of acute ischemic stroke:
Report of the therapeutics and technology assessment subcommittee of the american academy of
neurology. Neurology. 2010; 75:177-185. [PubMed: 20625171]

15. Agarwal S, Jones PS, Alawneh JA, Antoun NM, Barry PJ, Carrera E, et al. Does perfusion
computed tomography facilitate clinical decision making for thrombolysis in unselected acute
patients with suspected ischaemic stroke? Cerebrovasc Dis. 2011; 32:227-233. [PubMed:
21860235]

16. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, et al. A
randomized trial of intraarterial treatment for acute ischemic stroke. New Engl J Med. 2015;
372:11-20. [PubMed: 25517348]

Int J Stroke. Author manuscript; available in PMC 2016 February 22.



Page 12

Luby etal.

'9]BIS 90.1S YI|eaH JO salnsu| [euoneN :SSHIN ‘Buibew| aoueuosay anaubeln 14N ‘Aydesbowo] paindwo) 1D

AMOPUIM 3 SIL)

(02) %t1e  (€9) %82 (€6) %1 (99) w6z (€9) %z (00T) %t 1e pakanins jou oLeuUsIS (02) 0g (29) %rz  (86) ey dn-axem
MOPUIM 3WI} SIY}
(09) %9z  (ev) %6T  (82T) %SG (19) ez (S7) %0z  (EET) %8S Je pakanins jou olreuads (99) %ve (zv) %81 (€€T) %8S uot
(62) %92 (92) %S¢ (15) %61 (99) w6z (1) %92 (28) %Sy (LD wSe  (92) %S (€5) %05 (18) %9z (89 % Tz (€LT) %eS  133s0d y-9
(T9) %iz  (Gv) 6T (G2T) %¥S (66) %Sz (26) wove  (L6T) %TS (65) %Sz (V) %6T  (62T) %SS (¥81) %9z (9€T) %6T  (£8€) %SS uo
(59) e (12) %6 (9971) %89 (TvT) %9z (29) %6 (£5€) %S9 (89) wee  (¥2) %0T  (0LT) %L9 (£97) %T2 (59) %8  (GLS) %TL ue-o
[4WpPUEe 1D 1HIN 1D IdWpue 1D  1dIN 10 |dWpuUe 1D 4N 1D I¥WPpue 1D B 12
G 0} Jusweanodwi A| red yIm TZ JOSSHIN TZ JOSSHIN 1019p Alosuss
0T JOSSHIN GJOSSHIN 1o1ep Alosuas yim eife|diweay 1yb1iasusp yumeibe|diwey ybiiasuep ‘eseyde

Si1s9.Jed IWBY ‘SSOUNEaM [eI10RS PIO
s1eah G9! JUelNed :p# Ol feusds [eaIulfd

SSBUMEaM GLUI| PJIL 'SSSUSeam efded Plo
SJe9K GO S| 1UBITed ‘€4 O11USIS [eo1Ul|D

“giseyde ‘'SsaUSNOISUOD JO 3| PRIV PIO
S1e9A GO SI JUBITE 1Z# O JeUBDS [EDILIND

‘SSOUSNOIISU0D JO PAS| PRl PO
SIeak G9'S1 JUBITed :T# O11eUSdS [edIul|D

Author Manuscript

T alqel

Author Manuscript

Author Manuscript

SMOPUIM 31 pUB SOLIBUSIS [2IUI|D SSOJOB UONDB|SS [HIAl SNSIBA 1D

Author Manuscript

Int J Stroke. Author manuscript; available in PMC 2016 February 22.



Page 13

Luby etal.

"9]B9S 8041 Y[eaH JO seyninsu| [euoneN :SSHIN ‘Buibew| soueuosay anaube|n 14N ‘[eliL Jejnaseaopud ;13 ‘Aydesbowo ) paindwod 1D

MOPUIM 3w}
(TET) %8S (¥9) %ve (27) %8t (2TT) %b¥ (5S) %z (29) %2 s} Je pakanins jou oleusds  (SET) %6S  (6S) %G'GZ (92) %S'ST
MOPUIM 3w}
(68) %6e  (89) %62 (e1) wze (82) e (€9) %8z (88) %8e SIY1 T2 PaABAINS 10U OLIRUSIS (16) w6e  (S9) %ie (98) %.€
(1) %29 (92) %Sz (6) %8 (521) %9 (0S) %92 (6T) %0T (1) %9  (€2) %z @D %ttt  (202) %e9  (€8) %Se (8€) et
(921) %S (29) wlz () %6T (8e2) %es  (0TT) %82 (r2) 6T (92T) %S (#9) %82 (e7) %8T  (¥6€) %95  (09T) %eT (8ET) %6T
(L6) %oy (12) wze (89) %8z (822) ey (0TZ) %8E (zoT) %6T  (L0T) %2y (26) %.LE (€9) wTz  (S08) %8e  (662) %L€ (€02) %Sz
uosnjled  fejnoseA  ewAyoue ed uoisnjjed einoseA  fewAyoue fed uoisnjjod Je|nase A\ rewAyous red uoisnjjed Je|nose A\ rewAyous red
G 01 JuswdAo Jdw
K|1ea yum 1z JO SSHIN 1o1ep Alosuss TZ JOSSHIN 1019p Alosuss
OT JOSSHIN GJOSSHIN unm eibediwey b1 esuep ‘eseyde unm eife|diwey b1 ssuep ‘eseyde

SIS0 ledIWBY ‘SSAUNEIM [eloR PIO
s1eah G9'S1 1UBlTed :p# Ol eusds [eaIullD

SSOUYEaM qUII| P|IL ‘SSAUMEIM [eloR P|O
S1e9A GO S| 1UBITR 1S4 O1JRUBSS [EIILIND

'SSOUSNOIISUOD JO PAS| Po.RYY PIO
SIeak G9'S1 1UBITRd :Z# O1/eusds [ealul|D

‘SSOUSNOIISU0D JO PAS| PRl PO
SIeak G9'S1 JUBITed :T# O11eUSdS [edIul|D

dn-axep

yort
131s0d y-9
uo

ye-0

SMOPUIM 3WI) pUB SOLIBUSIS [RIIUIID SSOIJR |HIA 10 1D Jayua Buisn uonos|as Buibewi uoisnpiad pue ‘rejnasea ‘jewAyoualed

Author Manuscript

Author Manuscript

¢ olgel

Author Manuscript

Author Manuscript

Int J Stroke. Author manuscript; available in PMC 2016 February 22.



Page 14

Luby etal.

MOPUIM 31 S1Y} Je paAaAINs JoU O1IeUsdS MOPUIM BUI SIU Je paAanins jou oleusdS  (9G) %02 (€2) %92  (69) %vz  (L2) %0T  (LS) %02 dn-axem
MOPUIM 3W1 S1Y} Je paAsAINS JOU OLIeUsdS MOpUIM BUIN SIU} Je pakaAins jou oLeusds  (28) %8BT  (ET) %S (29) w2z (€) wT  (2ST) %S uot
(e %ot (8) %L (ST) %eT (€) %e (18) %89 (11) %6 (Te) %81 (99) %L¥ (0) %0 (te) %9z (1) %8  (Lo)%ee  (69) %05 (D %T  (22) %8t  L133s0d y-9
(8" %1 (@D %y  (82) %0T (7) %1 (06T) %29  (0S) %8T (o) %¥T  (80T) %8E (01) %¥ W) woz  (y) %Lt (99) %0z  (86) %sE (L) %e (L) %9C uo
(S2) w6 (98) %0E  (ET) %S (16) % (89) wvz  (8T) %9 (991) %6S  (12) %L (92) w2 Mwt> @)% (06T %9 (Dwe ()%  (0) %0 ue-0
(oquioo) (oquio)
wm_/,_hoamw\_ o_mﬂw_wvg Ajuo opug Aluo Al QUON mm:%_m_w&_ o_%MnﬁonMn\ﬁ %mﬂm_ Aluo Al QUON mm:%_m__&_ o_M__W_NQ %mmm_ Aluo Al QuoN
snid Al snid Al
eIquinuad ou 10 fejulab e[ 'UoKsN[R0 T N . m.EE:cwg abJe| _ EmE:cma abre|
1.Jeyul |[EUS ‘UOSN[O0 VD 1DJejul [[EWS 'UOSN[I00 TIN

‘T# Olfeusds [eolul|o T# O1Jeuads [ealuld “T#01Jeuads [eolul|D

SMOPUIM 3WI) pUe T# O1IeUSDS [BIIUI]D SSOIIR SUOISIOP JuaLIeal |

€9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Stroke. Author manuscript; available in PMC 2016 February 22.



Page 15

Luby etal.

(95) %02 (z9) wzz  (TOT) %9€ (01) %v (e9) %6T MOPUIM 3W SIY) 1 PRABAINS 10U OLIBUSS AMOPUIM LN SIL) Je PAABAINS 10U OLIBUSDS (69) %tz (2e) %IT  (62) %0T (ze) %11 (0€T) %91 AMOPUIM U SIL) Je PAABAINS 10U OLIBUSDS dn-axem
(29) %8t (62) %01 (T0T) %9 (2) %t (86) %se MOPUIA W1} SIU) 1 PAAIAINS 10U 0LIBUADS AMOPUIM WY SIY) Je PAASAINS 10U 0LIBUADS (29) %8st (S) %z (67) %L () %e (66T) %TL MOPUIM BT SIU} & PAABAINS 10U OLIBUSIS yotr
(1) %zt (ve) w8z (vS) %Sy (2) we (ST) %eT MOPUIM W} SI} 18 PAASAINS 10U 0LIBUSDS (1€) %92 (6) %8 EnNwit (G wge  EN%IT  DwrT  (28) %lZ () %€ (e9) wsy  (€1) %IT (02) %L1 (€) %e (Le)%wte  133s0d y-9
(05) %87 (69) %vz  (60T) %6E (€) %t (19) %81 MOPUIM 3WI I} e PAABAINS 10U OLIBURDS  (¥ZT) Y%ty (5) %z (€e) %zt (voT) %LE  (TS) %8T (22) %8 (8%) %LT (87) %9 (€vT) %15 (15) %8T (82) %01 (02) %L (STT) %T¥ ug
(2r) %ST  (LST) %95 (02) %L (@)wee (%>  (2e1) %Ly (2) %t (Bom) %8s (68) %vT  (0ET) %9y  (0€) %TT (811) %y (@) %t (se) %er  (18) %62 () %T (18T) %¥S (1) %v (08) %It (v2T) %ty (90T) %8e (91) %9 ue-0
(oquwoo) (oquioo) (oquioo) (oquoo) (oquwoo)
opue opus opue opus opue
asuodsa a|qgmssod AJuo Ajuo asuodsa 1 a|qssod Ajuo asuodsa a|qgssod asuodsa a|qmssod Ajuo Ajuo asuodsa a|gmssod Ajuo
OoN snid Al opug Al BUON oN snid Al Al BUON OoN snid Al Auo A| BUON ON snid Al opug Al QuoON OoN snid Al Al QuUON

uosN[PY0 fejseg

uosnyed fewou
‘Prejul [ews

‘UOISN 20 ON

'£# 011eUB3S [ROIUI[D

eiqunuad |fews ‘1.rejul
Ifeuss ‘uosno20 ZIN
‘£4#011eUB3S [eOIUI[D

elqunuad |ews

‘10.1ejul |feWsS ‘UOSN[I0 TN

£ O1feUBS 1IN

eiqunued |ews

‘J00ejul |[eWS ‘UOSN[I00 TN

Z# 01 eUBSS eI

available in PMC 2016 February 22.

Int J Stroke. Author manuscript:

SMOPUIM LI PUB $—g# SOLIRUBIS [ED1UI]D SSOI0R SUOISIOBP JusLUIesl |

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 16

Luby etal.

(99) %0z (2T1) %0y (FTT) %0F  MOPUIM BN SIY) e PAABAINS JOU OLIBUBDS  MOPUIM 8L SIU} Je paABAINs Jou OLBUdS  (95) %02 (9TT) %Ty  (OTT) %6E  MOPUIM W) SIU3 Je PABAINS 10U OLIBUSDS  MOPUIM BWI} SIY} & PBABAINS JOU OLIBUSDS  MOPUIM BWI} SIY} e PBABAINS J0U OLBUBIS  (7S) %6T (02) %Sz (8ST) %95 dn-axem
(29) w6t (6ET) %67 (T6) %2 MOPUIM 3L SIY3} Je PAASAINS JOU OLIBUSDS  MOPUIM BWR SIY} Je pakaains Jou oLeusds  (€9) %6T  (09T) %LS (69) %z~ MOPUIM 3L SIY} Je PBASAINS JOU OLIBUSDS  MOPUIM BW SIY} & PaABAINS JOU OLIBUBDS  MOPUIM LI} SIU} Je pakanuns jou oteudds  (€G) %6T  (62T) %9r  (00T) %SE Yot
(ST) %eT (15) %ey (€9) %Py MOpUIM BLUN SIY} e PAABAINS JOU OLIRUBIS (e€) %8z (@ %z W9 wsy  (ST) %ET (9v) %8e (85) w6y (ST) %ET (zv) %se (29) %es (1) %et (¥9) %vS () %ve (1) %TT (67) %Tv (29) %8y (T1) %6 (61) %Tv (65) %05 131s0d y-9
(09) %81 (921) %Sy (90T) %LE  MOPUIM BN SIY) Je PAASAINS JOU OLIBUBDS (s21) %y (96) %ve (19) ez (@9 %8t  (12T) %ey  (60T) %6 (05) %81 €t wor  (BTT) %er  (6Y) %LT (9T) %85 (69) %Sz (8Y) %LT (e6) %eE (91) %05 (v¥) %9T (z8) w6z (95T) %SS u9
(ev) %St (8TT) %2y (T21) %EY (zem) %Ly (0vT) %05 (o1) %e (0€T) %9¥ (e0T) %€ (6v) %LT  (9€) %eT  (0VT) %05 (90T) %L (g€) %zt ©T1) %tV (zeT) %Ly (92) %6 (zsT) %vS (¥0T) %L€ (67) %L (00T) %S€ (e91) %8S () %e (88) %1€ (£8T) %99 ue-0
asuodsa | asuodsa ) asuodsa ) asuodsa asuodsa ) asuodsa asuodsa asuodsa |
ON ON A ON ON A ON ON EN ON ON A ON ON A ON ON A ON ON A ON ON A
uosnyed fewou eiqunuad |ews eiqunuad |ews eiqunuad [ews elqunuad ou

‘Preul [ews ‘Preul WS ‘P rejul |ews ‘Lrejul [ews ‘Prejuiebre| eiqunuad ab re| elqunuad ab re|

uosN[E20 re|seg ‘uosN(P20 ON ‘uosNnpI0 Z N ‘uosNpPI0 TN ‘uosnf20 TN ‘uosnp20 T ‘P lejul |[ews ‘UosN|e0 v | ‘P Jejul [fews ‘uosnPo T

‘£ 0112UBJS [E0) ‘E# 011RUBDS [EDIUIID ‘E# O1IEUBIS [eIIU1ID Z# 011eUB3S [eIIUND “T# O11eUB3S [EIIUID “T# O112UBJS [EOIUIID “T# 011RURDS [ED1UIID

MOPUIM 3WI) pue SOLIRUIS [B31U1]9 SSOIJR SUOISIIBP JUBW]|0IUS [eLl] [edlul]d
G 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 February 22.

Int J Stroke. Author manuscript:



Page 17

Luby etal.

‘Buibew| aouruosay onasube 14N ‘Aydelbowo] paindwo)d ;1D

MOPUIM 3w}
Sy} Je pakanins

MOPUIM
awi s1yl 1e pakanins

MOpUIM
awn siy) e paksains

MOPUIM
awin syl 1e pakanins

MOpUIM
awin siyy e pakenins

(19) %Ly (0L) %ES 10U 0LIBURDS 10U 0LeURDS  (¥Y) %0Y  (L9) %09 10U 0LIBUBDS 10U 0L1eUBDS lou oeusds  (82) %Tz  (LOT) %6.
MOPUIM 3w} MOPUIM MOPUIM MOPUIM MOPUIM
Sy} Je pakanins awi siyl 1e pakanins awn siy) 1e paksains awin syl 1e pakanins awin siyy e pakenins
(5v) %1S  (vh) %6y 10U 0LIBUBDS 10U oLeuRdS  (8€) %6y (OF) %TS 10U 0LIBUBOS 10U 011eUBDS louoeusds  (2€) wse  (6S) %S9
MOPUIM 3w}
Sy} Je pakanins
(98) %1S  (v€) %6y lououeudds  (€2) %LE  (OF) %9  (82) %9y  (€8) %¥S  (62) wiv (T¥) %6S (Lv) %89  (22) wze  (SE) %es  (c€) w8y  (v€) weS  (2€) %8y
MOPUIM 3w}
Sy} Je pakanins
(€9) %05 (€9) %05 jouoLeuddS  (99) %GS  (GF) %Sy (6€) w6 (29) %T9  (1S) %Iy (1) %6S  (G6) weL  (98) iz (L€) w8z  (€6) %zl  (62) %z  (20T) %8L
(67) %es (9) %8y  (v2) %S6 (V) %S (6v) %19  (T€) wee  (€€) %y  (9v) %8S  (v¥) %y (19) %8S  (29) %29  (€€) %ee (V) wee  (89) %29  (¥2) wve  (92) %9L
ON SOA ON SOA ON SOA ON SOA ON SOA ON SOA ON SOA ON SOA
uoisnysed few ou eiqunuad eiqunuad eiqunuad eiqunuad elqwnuad eiqunuad
‘10 Jejul |ews |fews ‘10 rejul |fews ‘1 rejul |fews ‘10 sejul ou ‘P Jejul ab re| ‘10 rejul abre| ‘10 fejul

uosNo0 fejseq
‘P4 01 RUBIS [e3IUIND

‘UOISN[D00 ON E#
01.1eUBJS [BIIUIID

[fews ‘uosn|ooo Z N
‘€4 01RURDS [eD1U1]D

(/WS ‘UoSN(0 T
‘€4 O11RUBDS [E01UIID

|fews ‘uosnEoo TIN
2# 01 1RURDS [eIIUI[D

abre| ‘uosnooo TN
‘T# 01.Ieusds [edlul|D

|rews .CO.m:_OOO YOI
“T# O11eUBDS [E21UIID

/WS ‘UoSN(20 TN
T# 011eUSJS [e0IU1|D

dn-axepn

131s0d y-9

ug
ye-0

Author Manuscript

14N 10 1D Buisn suonasjes Buibew uoisnpiad Buipnjoul MOpUIM 3WI pUe OLIBUSIS [BIIUID SSOIOR SUOISIdBP JUSW||0JUS el [BIIUID

9 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Int J Stroke. Author manuscript; available in PMC 2016 February 22.



	Serveur Académique Lausannois SERVAL serval.unil.ch
	Author Manuscript
	Faculty of Biology and Medicine Publication
	Published in final edited form as:

