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Abstract

BACKGROUND—The IMS 111 Trial did not demonstrate clinical benefit of the endovascular
approach compared to 1V rt-PA alone for moderate or severe ischemic strokes (NIHSS=8)
enrolled within three hours of stroke onset. Late reperfusion of tissue that is no longer salvageable
may be one explanation, as suggested by prior exploratory studies showing an association between
time to reperfusion and good clinical outcome. We sought to validate this relationship in the large-
scale IMS 1l trial, and consider its implications for future endovascular trials.

METHODS—The analysis consisted of the endovascular cohort with proximal arterial occlusions
in the anterior circulation that achieved angiographic reperfusion (TICI 2-3) during the
endovascular procedure (within 7 hours from the onset of symptoms). Logistic regression was
used to model good clinical outcome (90-day modified Rankin 0-2) as a function of the time to
reperfusion, and prespecified variables were considered for adjustment.

FINDINGS—Among 240 proximal vessel occlusions, angiographic reperfusion (TICI 2-3) was
achieved in 182 (76%). Mean time to reperfusion was 325 minutes (range 180-418 minutes).
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Corresponding Author: Pooja Khatri, MD MSc, Department of Neurology, University of Cincinnati, 260 Stetson St, Ste 2300, ML
0525, Cincinnati, OH 45267-0525 Phone 513-558-6411/Fax 513-558-4305/ pooja.khatri@uc.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Khatri et al. Page 2

Longer time for reperfusion was associated with a decreased likelihood of good clinical outcome
(RR [95% CI] for every 30 minute delay: unadjusted 0-85 [0-77-0-94]; adjusted 0-88 [0-80-0-98]).

INTERPRETATION—We confirm that delay in time to angiographic reperfusion leads to a
decreased likelihood of good clinical outcome. Achieving rapid reperfusion may be critical for the
successes of future acute endovascular trials.

FUNDING: NIH/NINDS (study sponsor), Genentech Inc. (study drug - intra-arterial t-PA), EKOS
Corp. (device), Concentric Inc. (device), Cordis Neurovascular, Inc. (device), and Boehringer
Ingelheim (European Investigator Meeting support).

BACKGROUND

Even when acutely treated with 1V thrombolysis, over half of all ischemic stroke patients are
disabled at three months. 1 This is likely due, in part, to suboptimal rates of recanalization of
occluded arteries, especially for more severe strokes caused by larger thrombi. Another
important factor may well be late, but technically successful, recanalization of infarcted
tissue that is no longer salvageable. 2

The Interventional Management of Stroke I11 (IMS 111) trial tested the hypothesis that
endovascular therapy following IV recombinant tissue plasminogen activator (rt-PA)
improves outcomes compared to IV rt-PA alone in moderate and severe ischemic strokes
(baseline NIHSS =8, but with NIHSS of 8 or 9 requiring presence of occlusion on CTA).
The trial was stopped after crossing a prespecified futility boundary (primary outcome <2:
41% endovascularvs 39% IV rt-PA; p=0.70). 3 One reason for the neutral result mRS = may
have been angiographic reperfusion that occurredtoo late to salvage brain tissue.

In the context of IV thrombolysis, clinical outcomes are highly dependent on the rapidity
ofrt-PA initiation, and treatment benefit is less likely when rt-PA is initiated beyond 4.5
hours from symptom onset. 4 How this time window translates to the time from symptom
onset to actual angiographic reperfusion has been a source of debate. ® The randomized
PROACT Il trial of endovascular recombinant pro-urokinase (not commercially available)
versus placebo demonstrated clinical benefit with two-hour intra-arterial lytic infusion
started within six hours of symptom onset. 8 With the expectation that mechanical devices
would recanalize arteries more quickly than pharmacological therapies, pivotal device trials
allowed device deployment to begin up to 8 hours from symptom onset. ’ Based on safety
and revascularization data, the FDA has 510(k)-cleared recent mechanical embolectomy
devices (Penumbra Aspiration, and Solitaire and TREVO2 Stent Retrievers) to remove
thrombus within 8 hours of onset. 8-11 However, randomized evidence of a clinical benefit
of revascularization therapies initiated beyond six hours is lacking. 12

In a post-hoc analysis of the pooled IMS pilot trials (n=54), longer time to reperfusion was
associated with a decreased likelihood of good clinical outcome (OR 0-64, 95% CI 0-42—
0-92; RR 0-80, 95% CI 0-64-1.00). 213 Specifically, the relative probability of a good
outcome declined by 20% for every 30-minute delay in reperfusion. This translated to a 10%
absolute decline in likelihood of good outcome (coincidentally the same treatment effect
tested in the IMS Il trial) for a 30-minute delay from 280 to 310 minutes. The
RECANALISE single-center prospective registry showed a similar relationship with 30-

Lancet Neurol. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Khatri et al.

METHODS

Page 3

minute decrease in time to reperfusion leading to an increased likelihood of good clinical
outcome (RR 1-19, 95% CI 1.07-1-32; p=0-0007). 14 Pooling IMS pilot data with five other
prospective single-center cohorts, some of which were selected for endovascular therapy
based on CT perfusion characteristics, also showed comparable results and, additionally,
increased mortality (OR 1-21, 95% CI 1.09-1-34; P<0.001) and intracranial hemorrhage
(OR 1-21, 95% CI 1-10-1-33) with delayed reperfusion. 1> Others have also shown a
relationship between clinical outcome based on recanalization timing before or after a
particular time point. 16:17 One large single-center cohort showed an association between
time from onset to endovascular treatment initiation and clinical outcome but only when
collateral status was excluded from multivariable modeling.28

We sought to validate the previously demonstrated relationship between the time of
angiographic reperfusion and favorable clinical outcome in the independent data set of the
large-scale, multicenter IMS 111 trial. We hypothesized the same association with a higher
degree of confidence due to the larger sample size.

The NIH-funded, international, randomized IMS II1 trial tested IV rt-PA followed by
protocol-approved endovascular treatment, as compared with standard 1V rt-PA alone. The
protocol stipulated IV rt-PA initiation within three hours, endovascular therapy initiation
within five hours, and procedure termination within seven hours of onset. Ethics committee
approvals were obtained at all participating sites, and informed consents were obtained for
all enrolled participants. Detailed methods and primary results are published. 3.18

For this analysis, to limit variability and thereby isolate the role of time to angiographic
reperfusion, we selected the as-treated endovascular cohort with relatively homogenous
occlusion locations on baseline angiography — the proximal middle cerebral artery (M1 and
M2) or internal carotid artery terminus (ICAT) occlusions. Cases with continued
intervention beyond 7 hours (n=25; a protocol violation in the trial) or missing time data
(n=1) were excluded. This methodology was chosen to maintain consistency with our prior
post-hoc IMS pilot trial analysis.?

Angiographic reperfusion was assessed by central readers blinded to clinical outcome and
defined as “at least partial restoration of blood flow to the distal arterial bed of the occluded
artery achieved during the interventional procedure,” or modified Thrombolysis in Cerebral
Infarction (TICI) grade 2 or more (i.e., 2a, 2b, or 3); this was the prespecified
revascularization endpoint of the IMS |11 trial. 3 Time to angiographic reperfusion was
defined as time from stroke onset to procedure termination. Procedure end was deemed to be
a reasonable surrogate for reperfusion timing since angiographic assessments were required
after successive 15-minute infusions of 1A rt-PA or after each device deployment, and
investigators were encouraged to abort the procedure upon achieving TICI 2b reperfusion
(i.e., half or more of the vascular distribution of the occluded artery). Good clinical outcome
was defined as the modified Rankin Scale (mRS) 0-2 at 3 months, the primary and blinded
endpoint of the IMS 111 trial.

Lancet Neurol. Author manuscript; available in PMC 2015 June 01.
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The effect of time on good clinical outcome is described via relative risks ratios for every
30-minute delay. The relative risks (RRs) are estimated via generalized linear model using
the log link, as these are more clinically meaningful than odds ratios derived from logistic
regression analysis. P-values reported are from the logistic regression analyses.

We prespecified variables believed to be potentially associated with clinical outcome to be
considered for adjustment. These included the following from our original analysis: age
(continuous), baseline NIH Stroke Scale (NIHSS) score (8-19 vs 220), sex, and baseline
glucose level (continuous). Given the larger dataset, we also considered baseline systolic
blood pressure (continuous), premorbid disability (MRS >2), the presence of early ischemic
changes on baseline CT scan as assessed by the Alberta Stroke Program Early CT Score
(ASPECTS 0-4 vs 5-10) by the Imaging Core Lab, and presence of collaterals using the
American Society of Interventional and Therapeutic Neuroradiology/Society of
Interventional Radiology (ASITN/SIR) five-point collateral score (0-2 vs 3-4). We also
considered other procedural time variables including time from symptom onset to 1V rt-PA
bolus, time from IV rt-PA start to groin puncture, time from groin puncture to start of
endovascular therapy, and duration of endovascular therapy. Variables with potential
association (p<0.20) were considered in multivariable modeling. Results were considered
statistically significant if p<0.05.

Stepwise methodology was used for variable selection, with alpha 0.10 required for entry
and 0.05 to remain. Model goodness of fit was assessed via the Hosmer and Lemeshow test.
Interaction between time and the following variables were also explored: baseline
ASPECTS score (0-4, 5-7, vs 8-10; or 0-4 vs 5-10), NIHSS strata (8-19 vs =20), and
ASITN/SIR collateral score (0-2 vs 3-4).

Additional prespecified secondary analyses were performed using the more stringent
definition of reperfusion of TICI 2b/3 (defined as restoration of specifically 250% blood
flow) and in the cohort of subjects without M2 occlusions (i.e., ICAT and M1 only). To
consider mechanisms by which time to reperfusion may influence clinical outcome, the
relationships of time to reperfusion with symptomatic intracranial hemorrhage, mortality,
and serious adverse events (SAEs) were also evaluated.

Role of Funding Source: IMS 11l was an independent, investigator-initiated study. External
support from the National Institutes of Health/National Institute of Neurological Disorders
and Stroke was received to cover costs of study enrollment. The study sponsor had no role in
data collection or analysis, or writing of the manuscript. The corresponding author had full
access to all data and had final responsibility for the decision to submit for publication.

In the IMS 111 trial, 434 subjects were randomized to endovascular therapy, and three
subjects randomized to IV rt-PA alone crossed over to the endovascular arm. Of these, 240
(55%) with complete ICAT, M1, and M2 occlusions identified on initial angiograms
received endovascular therapy that was completed within the protocol-mandated seven
hours from symptom onset (mean age 66 years [SD 12-3], median NIHSS 18 [IQR 8], and

Lancet Neurol. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Khatri et al.

Page 5

35 (14-6%) with ASPECTS <4). Among this cohort, 182 (76%) achieved angiographic
reperfusion (reperfusion cohort), including 33 (18%) ICAT, 98 (54%) M1, and 51 (28%) M2
occlusions. See flow chart (Figure 1).

Among the reperfusion cohort, 12 (6-6%) suffered symptomatic intracerebral hemorrhages
(sICH), 35 (19%) died, and 73 (40%) had good 90-day outcomes. Endovascular modalities
consisted of 63 (35%) MERCI Retriever, 61 (34%) intra-arterial rt-PA only, 32 (18%)
Penumbra Aspiration, 12 (7%) EKOS Ultrasound, and 4 (2%) Solitaire Retriever cases. Ten
(5%) cases had device protocol violations (i.e., use of unapproved devices or multiple
devices in the same patient). The mean time from symptom onset to reperfusion was 325 +
51-5 minutes (SD). See Figure 2 for additional descriptive time parameters.

Longer time to reperfusion was associated with a reduced likelihood of good outcome in the
unadjusted analysis (RR 0-85; 95% CI 0-77-0-94; p=0:003). Observed and expected values
are shown in Figure 3, and mRS distributions by tertiles of time to reperfusion are shown in
Figure 4. Univariate analyses of additional variables are shown in Table 1.

In adjusted analyses, longer time to reperfusion remained significantly associated with a
reduced likelihood of good clinical outcome (RR 0-88; 95% CI 0-80-0-98; p=0-02; r2=0-18).
Notably, the other time variables did not remain associated with clinical outcome after
adjustment. The final multivariable model is shown in Table 1. Goodness of fit was
demonstrated.

Additionally, no effect modification was demonstrated by the degree of early ischemic
changes on the baseline CT scan (ASPECTS 0-4 vs 5-7 vs 8-10; RR 0-88 vs 0-88 vs 0-87;
p=0-95) or by stroke severity (NIHSS strata 8-19 vs >20; RR 0-86 vs 0-83; p=0:76). The
relationship with time was maintained after adjustment for age (RR 0.88; 95% CI 0.80-0.98;
p=0.02) and replacing NIHSS for clot location (RR 0.88 95% CI 0.80-0.97), and in the
subcohort of ICAT and M1 only cases (adjusted RR 0.82; 95% CI 0.72-0.93; p=0.002). The
relationship with time was also maintained after adjustment for reperfusion status (2a vs
2b/3; RR 0.91; 95% CI 0.81-1.01; p=0.07), and when restricted to subjects achieving 2b/3
status (adjusted RR 0.87; 95% CI 0.75-1.01; p=0.008).as shown in Figure 5.

Later time to reperfusion was associated with a higher rate of SAEs (RR 1-13; 95% 1.02—
1.26; p=0:02). We were unable to demonstrate a relationship between time and either sICH
or mortality (SICH RR 1.15, 95% CI 0-82-1-61; mortality RR 1.10, 95% CI 0-91-1.33).

To put our findings in the context of the broader IMS 111 trial results, we identified the good
outcome rates of proximal occlusions with no angiographic reperfusion (6/58; 10%; 95% ClI
4%-21%), the overall IV rt-PA-only arm (86/222; 39%; 95% CI 32%-45%), the overall
endovascular arm (177/434; 41%; 95% CIl 36%-46%), and the subset in the IV arm with
baseline CTAs demonstrating ICAT, M1, or M2 occlusions (32/83; 39%; 95% CI 28%-—
50%). Table 2 shows baseline characteristics for these subgroups. Endovascular subjects
with proximal occlusions and reperfusion had better clinical outcomes than those without
reperfusion (40% vs 10%; p<0-0001).

Lancet Neurol. Author manuscript; available in PMC 2015 June 01.
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DISCUSSION

In this preplanned analysis of the IMS |11 trial, we demonstrate that the time from stroke
symptom onset to angiographic reperfusion is highly associated with the likelihood of good
clinical outcome. Thus, we validate prior exploratory analyses of the IMS pilot trials and the
RECANALISE registry, and replicate the phenomenon with a higher degree of confidence.
In this analysis, every 30-minute delay in angiographic reperfusion reduced the relative
likelihood of a good clinical outcome by 15% in unadjusted analysis and 12% in adjusted
analysis. In absolute terms, this translated to a 10% decline in the likelihood of a good
outcome for a 45-minute delay, from 280 to 325 minutes, in the unadjusted analysis.

A limitation of this analysis is that time to angiographic reperfusion was defined as time
from stroke onset to procedure termination. This may underestimate the impact of time if
clinically good reperfusion (ex: TICI 2b) was achieved, and then the operator continued the
procedure to achieve a higher degree of reperfusion (ex: TICI 3). This may also overestimate
the role of time if the longer procedure resulted in a poorer outcome, although this seems
less likely since procedure duration was not associated with outcome in this analysis.
Additionally, we focused on a relatively small, specialized subcohort with major occlusions
and successful angiographic reperfusion, in order to isolate the role of time. Outcome
modeling in this subgroup may not apply more broadly. For example, we did not identify a
significant association of time to IV start, but this association is well established in broader
and larger stroke cohorts.* Also, we do not intend to discount other known influences on
outcome, such as age, stroke severity, and revascularization. Finally, the width of the
confidence intervals reminds us that additional measured and unmeasured factors contribute
to clinical outcome, and that the current sample size is relatively small.

Nevertheless, the findings of this analysis are robust. The time relationship is observed even
with a more restrictive definition of reperfusion, a smaller subset of occlusion types,
regardless of stroke severity or level of ischemic changes on baseline CT imaging, and when
cases with time protocol violations are included. It is also noteworthy that this time finding
was replicated despite the use of different endovascular modalities in the IMS 111 trial versus
the IMS pilot trials. The IMS pilot trials used intra-arterial thrombolysis (and low-energy
ultrasound in a subset), while the IMS 111 trial used one of four mechanical embolectomy
devices and/or intra-arterial thrombolysis.

This time analysis suggests that healthcare systems should heavily prioritize expeditious
acute stroke treatment. Developing faster stroke systems of care may have the same
magnitude of impact in reducing the burden of stroke as treatment advances that our large-
scale acute stroke trials have been trying to achieve. The US American Heart/Stroke
Association registry data have demonstrated modest improvements in median door-to-needle
times (i.e., time from Emergency Department arrival to initiation of IV rt-PA), from 85
minutes in 2003 to 75 minutes in 2009. 19 In contrast, in a single Finnish center, dramatic
improvement in median door-to-needle time of 105 minutes (1998), to 60 minutes (2003),
and then to 20 minutes (2011) have been achieved, suggesting that faster treatment is indeed
achievable with better healthcare organization.2% Improving times in the endovascular
setting presents unique challenges, including the need to transfer patients from the initial

Lancet Neurol. Author manuscript; available in PMC 2015 June 01.
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emergency department to a hospital with endovascular capabilities, mobilization of
neuroangiography technicians and operators to the suite, and possibly intubation for general
anesthesia.2127 Of note, the IMS 111 protocol recommendation of 1V rt-PA bolus to 1A groin
puncture under 90 minutes was indeed achieved in the trial (mean 85 minutes); this may not
have been fast enough.

The current data allow us to consider how a trial restricted to patients with large vessel
occlusions and with faster reperfusion times might demonstrate superiority of the
endovascular approach solely by increasing speed, as illustrated in Figure 6. In IMS 111, the
IV rt-PA-only arm with ICAT, M1 and M2 occlusions on baseline CTA achieved a 39%
good outcome rate; the hypothesized 10% effect size would then require 49% good outcome
in the endovascular arm. Based on the observed 10% good outcome rate among the 24% of
endovascular cases without angiographic reperfusion in IMS |11, a 61% good outcome rate
among the 76% of endovascular cases with reperfusion would be needed to achieve an
overall 49% good outcome rate in the endovascular arm. According to our analysis, a 61%
good outcome rate corresponds to a mean time to reperfusion of 223 minutes (compared to
325 minutes observed in the IMS I11 reperfusion cohort). Mathematically, a higher
reperfusion rate (85%) in a future trial might allow for achieving reperfusion as late as 255
minutes from symptom onset, or 70 minutes faster than IMS Il1. Since decreasing time from
onset to IV treatment may increase the good outcome rate in the 1V-only group as well, this
70-minute improvement may need to occur during the time between IV start and 1A
procedure termination. This modeling is limited by assumptions of no increased risk
incurred with increasing speed to reperfusion and achieving higher reperfusion rates. This
modeling also makes the simplifying assumption that baseline CTA proximal occlusions are
going to persist as baseline angiographic proximal occlusions. It also assumes that the CTA
and non-CTA cohorts are comparable, but there may be selection bias among those who did
versus those who did not receive CTAs. A detailed decision analysis model is currently
being developed. In the cardiac literature, among patients presenting within three hours of
symptom onset, IV thrombolysis is recommended over an endovascular approach if the door
to balloon time is expected to exceed 90 minutes; our data suggest similar constraints may
become applicable in the acute ischemic stroke setting. 22

Newly initiated, randomized trials comparing combined 1\V/endovascular versus 1V rt-PA
alone have planned mRS 0-2 effect sizes of 10% or more, including the ongoing THERAPY
(10.6%), REVASCAT (15%), PISTE (15%), and ESCAPE (20%)trials.23-25 Given the large
treatment effect sizes planned, these trials will likely need to shorten times to angiographic
reperfusion significantly to have the potential to show superiority of endovascular therapy.
Future avenues of research, such as the penumbral imaging, may identify subgroups of IV
rtPA-treated patients that will benefit from later angiographic reperfusion. However, it
remains possible that these approaches will select patients who will also have relatively
better outcomes after 1V rt-PA alone, and therefore will be prognostic biomarkers and not
modifiers of endovascular treatment effect.12

In a post hoc manner, we demonstrate that endovascular subjects with angiographic
reperfusion of proximal occlusions had better outcomes than those without reperfusion. This
association was also identified in the overall IMS 111 cohort (TICI 0 12.7%, 1 27.6%, 2A

Lancet Neurol. Author manuscript; available in PMC 2015 June 01.
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34.3%, 2B 47.9%, and 3 71.4%; p<0.001).3 This finding must be interpreted with caution
because confounding factors can lead patients with reperfusion to have better outcomes as
well. Only randomized trials with intention-to-treat analyses can determine the true benefit
of endovascular therapy.

In conclusion, our demonstration of a time to reperfusion effect in the endovascular therapy
arm of the IMS I11 trial suggests that endovascular therapy does influence clinical outcome.
The critical question remains, however, whether endovascular therapy can lead to superior
outcomes compared to reperfusion by 1V thrombolysis alone. Current evidence suggests
that, on average, faster times to reperfusion will lead to better clinical outcomes, whether
accomplished by 1V rt-PA, endovascular therapy, or both. This serves as a reminder to
clinicians that it is critical to improve infrastructure to start IV therapy more quickly, given
the potential public heath impact of earlier reperfusion to reduce the burden of stroke. More
directly, it challenges clinical trialists to design future trials of novel reperfusion therapies
with speed in mind.
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RESEARCH IN CONTEXT
Systematic review

We searched PubMed for human, clinical trials published in English from January 1,
2000 to October 31, 2013, with the search terms “reperfusion,” “stroke/therapy,” “time
factors,” and “clinical outcome.” This search yielded 23 publications of which two
studies analyzed the association of time to angiographic reperfusion on clinical outcome
in patients without penumbral imaging selection. The first was a post hoc analysis of the
pooled multicenter IMS pilot trials, which demonstrated an association between time to
reperfusion and good clinical outcome within 7 hours of stroke onset; this analysis, along
with an analysis of the single-center prospective RECANALISE registry, provide the
pilot data for the current validation study. The second study identified in the systematic
review was a post hoc analysis of the pooled multicenter MERCI trial and Multi MERCI
trials; this study suggested a trend towards an association between time to reperfusion in
adjusted analysis and good clinical outcome in a later cohort (40% =6-9 hours).

Interpretation

Using the same methodology as our prior IMS pilot analysis, we validate the hypothesis
that longer time to angiographic reperfusion leads to a decreased likelihood of good
clinical outcome in a preplanned analysis of the largest trial of endovascular therapy to
date. Our findings suggest that future endovascular trials must treat patients much more
rapidly to achieve benefit compared to IV rt-PA alone.
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FIGURE 2.

Time Points from Stroke Symptom Onset to Angiographic Reperfusion in IMS I11

Reperfusion Cohort (n=182)
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FIGURE 3. Probability of Good Clinical Outcome Over Time as Predicted by Unadjusted
Analysis (p=0-003)

The reperfusion cohort was divided into groups of approximately 20 subjects each. The dot
reflects the observed good outcome proportion (y-axis) and the mean time to reperfusion (x-
axis), whereas the dashed line depicts the range of time included in the corresponding group.
The solid line shows the model results from the logistic regression analysis, and the shaded

area defines the corresponding 95% confidence bands.
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FIGURE 4.
Distributions of 90-Day modified Rankin Scores Based on Time to Reperfusion (<300 vs

300-360 vs>360 Minutes)
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FIGURE 5. Probability of Good Clinical Outcome Over Time as Predicted by Unadjusted
Analysis for Reperfusion Cohorts Defined by TICI 2a/2b/3 Vs. 2b/3

The solid blue line shows the model results from the logistic regression analysis, and the
associated shaded area indicate the corresponding 95% confidence bands, for the cohort with
the more stringently defined threshold for angiographic reperfusion of TICI 2b/3. For
comparison, the solid back line and associated shaded area shows the result for the broader
definition of angiographic reperfusion of TICI 2/3 used in the original IMS pilot studies to
generate the time hypothesis.
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How To Achieve 10% Effect Size in IV+Endovascular Arm
(assuming 39% good outcome with IV tPA only)

I Future Trial Scenarios I
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M Reperfusion 10% Good
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FIGURE 6. Theoretical Trial Scenarios for Demonstrating Superiority of the Endovascular
Approach Based on Varying Only Time to Angiographic Reperfusion and Rates of Angiographic
Reperfusion

Based on the association of time to reperfusion and clinical outcome observed in the IMS I11
trial endovascular cohort with proximal occlusions on baseline angiogram, we consider
scenarios in which varying time to angiographic reperfusion and rates of angiographic
reperfusion might influence final outcome in the endovascular arm of a trial. We assume that
the medical arm will have a good outcome rate of 39% based on the observed rate in the IV
rt-PA cohort of the IMS 111 with proximal occlusions on baseline CTA.
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Endovascular Treated Arm

1V rt-PA Arm

ICAT, M1, or M2 Occlusions on Baseline Angiography

ICAT, M1, or M2 Occlusions
on Baseline CTA

REPERFUSION COHORT

NO REPERFUSION COHORT

n 1821 582 833
Age:Mean (SD) 66-2 (12-2) 656 (12:7) 67-4 (11.5)
NIHSS: Median (IQR) 18 (14-21) 17 (16-22) 175 (14-21)

ASPECTS >4 (%)[Exact 95% CI]

153 (85'5) [79-5-90-3]

48 (84-2) [72:1-92:5]

68 (81-9) [72:0-89-5]

MRS 0-2 (% ) [Exact 95% CI]

73 (40-1) [32:9-47-6]

6 (10-3) [3-9-21-2]

32 (38-6) [28-1-49-9]

11 subject missing NIHSS; 1 subject missing ASPECTS

23 subjects missing ASPECTS

31 subject missing NIHSS
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