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Stroke Thrombolysis

Save a Minute, Save a Day

Atte Meretoja, MD; Mahsa Keshtkaran, MSc; Jeffrey L. Saver, MD; Turgut Tatlisumak, MD;
Mark W. Parsons, MD; Markku Kaste, MD; Stephen M. Davis, MD; Geoffrey A. Donnan, MD;
Leonid Churilov, PhD

Background and Purpose—Stroke thrombolysis is highly time-critical, but data on long-term effects of small reductions in
treatment delays have not been available. Our objective was to quantify patient lifetime benefits gained from faster treatment.
Methods—Observational prospective data of consecutive stroke patients treated with intravenous thrombolysis in Australian
and Finnish centers (1998-2011; n=2258) provided distributions of age, sex, stroke severity, onset-to-treatment times,
and 3-month modified Rankin Scale in daily clinical practice. Treatment effects derived from a pooled analysis of
thrombolysis trials were used to model the shift in 3-month modified Rankin Scale distributions with reducing treatment
delays, from which we derived the expected lifetime and level of long-term disability with faster treatment.
Results—Each minute of onset-to-treatment time saved granted on average 1.8 days of extra healthy life (95% prediction
interval, 0.9-2.7). Benefit was observed in all groups: each minute provided 0.6 day in old severe (age, 80 years; National
Institutes of Health Stroke Scale [NIHSS] score, 20) patients, 0.9 day in old mild (age, 80 years; NIHSS score, 4) patients,
2.7 days in young mild (age, 50 years; NIHSS score, 4) patients, and 3.5 days in young severe (age, 50 years; NIHSS
score, 20) patients. Women gained slightly more than men over their longer lifetimes. In the whole cohort, each 15 minute
decrease in treatment delay provided an average equivalent of 1 month of additional disability-free life.
Conclusions—Realistically achievable small reductions in stroke thrombolysis delays would result in significant and robust
average health benefits over patients’ lifetimes. The awareness of concrete importance of speed could promote practice

change. (Stroke.2014;45:1053-1058.)

Key Words: stroke m thrombolytic therapy

Intravenous thrombolysis (tissue-type plasminogen acti-
vator, tPA) is the only medical therapy shown to improve
patient outcomes in acute ischemic stroke.! The treatment is
more effective when given early after symptom onset.> The
odds ratio (OR) of tPA compared with placebo for disability-
free outcome is 2.6 when treatment is initiated <1.5 hours of
symptom onset and 1.3 when started later, at 3 to 4.5 hours.
The number needed to treat to achieve a disability-free,
3-month outcome correspondingly increases from 5 to 14.2

However, measures such as OR and number needed to treat
communicate poorly the overall patient health benefits of being
treated slightly faster. Physiological modeling exercises exam-
ining brief time increments suggest an average of 2 million neu-
rons gained every minute with earlier reperfusion of a major
ischemic stroke.® Clinically, outcomes depend heavily on the
age of the patient, severity of stroke, and treatment delays.

Although numerous interventions to reduce delays in isch-
emic stroke thrombolysis have been described* with median
door-to-needle times down to 20 minutes at the best practice
centers,” median in-hospital delays in American, Australian,
and European centers are at 70 to 80 minutes.® Therefore, the
potential for accelerating treatment by up to an hour exists in
an average patient. Quantifying the long-term health benefits
of faster treatment could help promote practice change.

The aim of the present study was to estimate the effect of
speed in stroke thrombolysis over a patient’s lifetime.

Methods
Overview of the Model

To estimate the effect of tPA treatment delays on patient lifetime
outcomes, we constructed a model based on an observational co-
hort of consecutive tPA patients, published pooled analysis of tPA

Received July 23, 2013; final revision received January 17, 2014; accepted January 22, 2014.

From the Florey Institute of Neuroscience and Mental Health, University of Melbourne, Melbourne, Australia (A.M., M.K., G.A.D., L.C.); Departments
of Neurology and Medicine, Royal Melbourne Hospital, University of Melbourne, Melbourne, Australia (A.M., S.M.D.); Department of Neurology,
Helsinki University Central Hospital, Helsinki, Finland (A.M., T.T., M.K.); UCLA Stroke Center, Los Angeles, CA (J.L.S.); John Hunter Hospital and the
Hunter Medical Research Institute, University of Newcastle, Newcastle, Australia (M.W.P.); and School of Mathematical and Geospatial Sciences, RMIT
University, Melbourne, Australia (M.K., L.C.).

Guest Editor for this article was Peter A. Ringleb, MD, PhD.

Presented in part at the European Stroke Conference, London, UK, May 30, 2013.

The online-only Data Supplement is available with this article at http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.
113.002910/-/DC1.

Correspondence to Atte Meretoja, MD, Melbourne Brain Centre at the Royal Melbourne Hospital L4C, Parkville, Victoria 3050, Australia. E-mail
atte.meretoja@fimnet.fi

© 2014 American Heart Association, Inc.

Stroke is available at http://stroke.ahajournals.org DOI: 10.1161/STROKEAHA.113.002910

Downloaded from http://stroke.ahgi@snals.org/ by guest on April 8, 2014


http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.113.002910/-/DC1
http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.113.002910/-/DC1
mailto:atte.meretoja@fimnet.fi
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/

1054 Stroke April 2014

randomized controlled trials, general population survival data, and
previously reported disability weights for various modified Rankin
Scale (mRS) categories (Figure 1). The observational cohort was
used to derive demographic and outcome distributions in real-life tPA
use; the pooled analysis was used to derive how the treatment effect
of tPA varies by treatment delays; the population survival data were
used to model long-term survival of patients at various mRS catego-
ries compared with the general population; and the disability weights
were used to value the loss of healthy life in each mRS category.

Observational Cohort

Our observational cohort consisted of 2 databases: the Helsinki Stroke
Thrombolysis Registry® and the Safe Implementation of Treatments in
Stroke (SITS)-Australia.” Between March 1998 and December 2011,
there were 1998 patients treated with tPA in the Helsinki University
Central Hospital. After excluding patients treated >4.5 hours (n=150,
of which 118 basilar artery occlusions treated at median 12 hours
from symptom onset) and those with missing data on onset-to-treat-
ment time, stroke severity (National Institutes of Health Stroke Scale,
NIHSS) or mRS outcome (n=65), and basilar artery occlusions pre-
treated with heparin infusion (n=56), we included 1727 patients from
Helsinki. Additionally, there were 704 patients registered in the SITS-
Australia database between December 2002 and December 2008 from
14 hospitals. Of these, we excluded 173 with missing data and in-
cluded 531 patients. The observational registries have been approved
by institutional authorities. Because these are routine observational
quality registries, no patient consent for registration was required. This
made it possible to register all consecutive patients.

The observational cohort was used to construct binary logistic
regression models estimating baseline probabilities of individ-
ual mRS categories for any given combinations of age, baseline

NIHSS, and onset-to-treatment time (Methods in the online-only
Data Supplement).

Treatment Effect Over Time

To estimate how treatment effect of tPA changes with onset-to-treatment
time, we used the pooled analysis of tPA randomized controlled tri-
als by Lees et al.> This analysis provides ORs by onset-to-treatment
time for favorable outcome (mRS, 0-1) and mortality (mRS, 6) of
tPA compared with placebo. We used these to model how a change in
onset-to-treatment time affects the probability of mRS O to 1 and mRS
6 (Figure 1; see also Methods in the online-only Data Supplement).
‘We assumed no tPA treatment after 270 minutes, because that is the
evidence-based upper time limit,> also adopted in current guidelines.!
For simulating extended delays, we assumed mRS O to 1 and mRS 6
probabilities that correspond to OR=1, that is, that of placebo, when
treatment could not be initiated <270 minutes from stroke onset.

Disability-Adjusted Life-Years Lost

From observational data, we had 3-month mRS probabilities for each
patient at the observed onset-to-treatment time, and from pooled
analysis, we could derive how those probabilities shifted if treatment
delays would have changed. To translate this 3-month outcome data
into a meaningful long-term metric, we used disability-adjusted life-
years (DALYSs) lost. DALY is a measure consisting of 2 components:
years of life lost due to premature death (YLL), and years of life lost
due to disability (YLD).

YLL is calculated as the difference between life expectancy of a
person in the general population at a given age and sex, that is, life
expectancy of a person without a stroke, and age- and sex-matched
life expectancy of a stroke patient in a certain mRS category. The

Model Model Model
inputs outputs inputs
Expected disability adjusted life-
—> years lost compared to the
general population
Expected life-time adjusted with | \?/Zgglt!%er
disability caused by stroke mRS category™
General Effect of MRS
population life > Expected life-time after stroke < category on life
expectancy'® — expectancy?®
100% -
90% - Figure 1. Overview of the model. DALY indicates
disability-adjusted life-years; mRS, modified Rankin
80% 1 RS 6 Scale at 3 months; NIHSS, National Institutes of
70% | =m Health Stroke Scale; OTT, onset-to-treatment time;
mmRS 5 and tPA, tissue-type plasminogen activator.
60% -
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50% 1 mRS 3
40% A mmRS 2
- 30% - mRS 1 -
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long-term annual risk of death after stroke was taken from published
literature (1.53, 1.52, 2.17, 3.18, 4.55, and 6.55 times that of the
general population for mRS categories 0-5, respectively).” We used
Australian Bureau of Statistics data for age- and sex-specific life ex-
pectancies of the general population.'® The average life expectancy
for Australians and Finns differs little and is presently, at birth, 79.2
versus 76.8 years in men and 83.8 versus 83.3 years in women."!

YLD is calculated by multiplying the life expectancy of a stroke
patient by a disability weight and, therefore, demonstrates how much
the value of life has diminished in years lived after stroke. The disabil-
ity weights were taken from published literature (0.000, 0.053, 0.228,
0.353, 0.691, and 0.998 for mRS categories 0-5, respectively).'?

We calculated DALY lost for each patient in the observational co-
hort at observed treatment delays. We then modeled DALY lost for
each patient if tPA had been given earlier or later.

Traditionally, DALYs have been reported with discounting and
age-weighting the value of future years.”'*'* Age-weighting prin-
cipally denotes that years lost beyond the age of 63 progressively
are of less value than those lost during productive years. In 2012,
the World Health Organization (WHO) made a major policy change
and stopped using age-weighting and discounting for DALY calcula-
tions."> We report our data according to this new policy, but addition-
ally provide sensitivity analyses with discounting to present values
at 3% per annum, both with or without age-weighting, according to
standard methodology."

Robustness Analysis

To evaluate model robustness with regard to uncertainties in inputs, we
first performed 1-way analyses by varying each model input to their
upper and lower 95% confidence interval, followed by probabilistic
robustness analysis (Methods in the online-only Data Supplement),
and report the 95% prediction interval of these simulations.

Implementation

mRS category—specific life expectancies and DALYs lost for each
combination of age and sex were calculated on linked Excel 2010
worksheets (Microsoft Corp, Redmont, WA). All other analyses were
performed on STATA IC version 12 (StataCorp, College Station, TX).

Meretoja et al Save a Minute, Save a Day 1055

Results

The observational tPA cohort consisted of 2258 patients
(Table 1). In the whole cohort, each minute saved provided a
mean 1.8 days of DALY (SD, 0.8; median, 1.7; interquartile
range, 1.1-2.3; range, 0.1-4.6 days). The effect of faster treat-
ment varied with age and NIHSS. Each minute saved provided
on average 0.6 day in old patients with severe stroke, 0.9 day
in old and mild, 2.7 days in young and mild, and 3.5 days
in young and severe patients (Figure 2). Greatest gains from
faster treatment were reaped by youngest patients with lon-
gest life expectancies after their stroke, and women gained a
little more over their longer lifetime (Figure 3; Table I in the
online-only Data Supplement for 95% prediction intervals).
The benefit was greatest in patients with moderately severe
stroke deficits at presentation (NIHSS, 10-19).

Robustness Analyses

Our results were generally robust. Discounting and age-weight-
ing varied the tPA effect differently for young and old patients as
shown in Figure 2. In the whole cohort, each minute saved pro-
duced on average 1.3 days of DALY after discounting and 0.9
day of DALYs after discounting and age-weighting. In 1-way
robustness analyses, varying the model inputs one at a time only
slightly changed the results (Table 2). Incorporating input uncer-
tainties simultaneously in probabilistic robustness analyses pro-
vided a 95% prediction interval of 0.9 to 2.7 days per minute
saved around our point estimate of 1.8 days per minute.

Discussion
This study demonstrates that a few minutes saved in deliver-
ing intravenous tPA translates to significant benefits equivalent
to days, weeks, and even months of disability-free life over

Table 1. Characteristics of the Observational Cohort

Characteristics and Outcomes Total (n=2258) Helsinki (n=1727) SITS-Australia (n=531) PValue
Age,y 70 (60-78) 70 (60-77) 73 (62-80) <0.001
68+13 67+13 70+13 <0.001

Male sex 1247 (55%) 939 (54%) 308 (58%) 0.161
Hypertension 1361 (60%) 1018 (59%) 343 (65%) 0.020
Diabetes mellitus 329 (15%) 242 (14%) 87 (16%) 0.176
Atrial fibrillation 660 (29%) 473 (27%) 187 (35%) <0.001
NIHSS at baseline 9 (6-15) 8 (5-14) 13 (8-19) <0.001
116 10+6 147 <0.001

Onset-to-treatment time, min 125 (92-162) 117 (86-160) 145 (123-167) <0.001
129+46 125+49 143+32 <0.001

Door-to-needle time, min 36 (20-67) 26 (17-48) 74 (56-97) <0.001
47+36 37+31 79+32 <0.001

sICH 127 (5.8%) 97 (5.7%) 30 (6.4%) 0.532
3-Month mRS score 0 to 1 850 (37.6%) 664 (38.4%) 183 (34.5%) 0.097
3-Month mRS score 0 to 2 1290 (57.1%) 1031 (59.7%) 259 (48.8%) <0.001
3-Month case fatality 252 (11.2%) 155 (9.0%) 97 (18.3%) <0.001

Data are n (%), median (interquartile range), or mean=+SD. Distributions of Helsinki and SITS-Australia data compared
with Mann—Whitney U test % test, or Student f test as appropriate, with 2-sided statistical significance set at P=0.05.
mRS indicates modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracerebral
hemorrhage (second European-Australasian Acute Stroke Study definition); and SITS, Safe Implementation of Treatments

in Stroke.
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the patient’s lifetime. Although patients of all age and disease
severity seem to benefit, younger patients and women gain
more from faster treatment over their longer lifetime. Except
for oldest patients with most severe strokes, patients gain an
equivalent of at least a day of healthy life for each minute saved;
hence Save a Minute, Save a Day summarizes our findings.
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Observational cohorts suggest that faster treatment is asso-
ciated with better in-hospital and 3-month outcomes, and that
tPA efficacy in real life and in randomized controlled trials is
similar.'®" Compared with a pooled analysis of these trials,’
our patients were slightly older (median age, 70 versus 68
years), with milder strokes (median NIHSS, 9 versus 11), lower

FEMALE

Figure 3. Relationship between disability-
adjusted days gained per minute of faster
treatment, age, and stroke severity. Base-
line stroke severity measured with the
National Institutes of Health Stroke Scale
(NIHSS) where higher scores indicate
more severe stroke.
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Table 2. Robustness of Model When Inputs Changed One at
a Time

Disability-Adjusted Days Saved Per
Minute of Faster Treatment

Lower Value Upper Value
0dds of mRS 0-1* 0.84 2.75
0dds of mRS 6* 1.4 2.08
Effect of age on outcomet 1.65 1.90
Effect of NIHSS on outcomet 1.75 1.81

The point estimate is 1.78 d per min in all cases. mRS indicates modified
Rankin Scale; and NIHSS, National Institutes of Health Stroke Scale.

*Upper and lower 95% confidence intervals (Cls) from the pooled analysis
of Lees et al.?

tUpper and lower 95% CI from the logistic regression model in the
observational cohort.

mortality (11.2% versus 13.9%), and less common mRS 0 to
1 at 3 months (37.6% versus 41.6%). Our mean onset-to-treat-
ment times (129 minutes) were similar to the National Institute
of Neurological Disorders and Stroke (NINDS) trial (120
minutes) and published clinical practice series ranging from
108 to 157 minutes.* The cohort was collected from institu-
tions with variable patient characteristics and treatment delays,
improving generalizability. It is likely that our results can be
generalized to other populations with similar demographics
and treatment practices, in keeping with comparisons of tPA
versus no tPA (Table II in the online-only Data Supplement).
Our results can also be translated to populations with different
onset-to-treatment times, because the marginal effect of speed
on DALY gained is stable in the tPA time window (Figure 2)
and to patients of different age and stroke severity (Figure 3).

Several interventions are known to reduce thrombolysis
delays, although optimal reductions in delays are not achiev-
able by any single intervention but rather result from con-
tinuous analysis and stepwise improvement of the system as
a whole.*>2-2* Although typical routine practice in a stroke
center has substantial room for improvement,® many centers
around the world are already down to <30 minutes from arrival
to treatment.>?! It is important to realize, based on the present
analysis, that finetuning even the best of services is beneficial.

Prehospital thrombolysis using portable CT machines and
point-of-care laboratories in ambulances has been recently
demonstrated feasible.”>? There is potential for significant
reductions in treatment delays where such advanced service
is available, but this requires heavy investment in personnel,
education, and equipment. Our data provide inputs for evalua-
tions of cost-effectiveness of such services.

One finding in our analysis relates to the previously reported
effect of increased mortality® close to the end of treatment time
window at around 4 to 4.5 hours from symptom onset, com-
pared with not treating at all (Figure 2). It would seem that
when the absolute risk of death is high and the absolute chance
of becoming disability-free is small, as is the case with most
severe strokes, treating around the 4.5-hour time mark may
reduce the long-term overall outcome of patients, that is, the
relatively small mortality increase is large in absolute terms and
outweighs the small absolute increase in the chance of becoming
disability-free. However, the Effect of the European Cooperative

Meretoja et al Save a Minute, Save a Day 1057

Acute Stroke Study (ECASS) III trial subgroup analyses did not
demonstrate loss of treatment effect at 4 to 4.5 hours or in the
most severe cases when analyzed at 3 months®; so our results
regarding theoretical loss of efficacy over a patient’s lifetime in
this specific situation should be interpreted with caution.

Study Limitations

First, we used observational data from select centers in Australia
and Finland with special interest and experience in stroke throm-
bolysis. Other centers may have different distributions of age,
severity, and treatment delays although our patient characteristics
were not strikingly different from published series or randomized
controlled trials. The robustness analysis demonstrated that the
observational cohort was of sufficient size to estimate the effect
of patient characteristics on outcome with very high precision
(Table 2). Second, there is uncertainty about disability and excess
death at various mRS categories.*'> We used disability weights
for various mRS categories derived using the original expert-
based WHO methodology. The recent WHO methodology pro-
vides weights as valued by the general public for mild (0.021),
moderate (0.076-0.312), and severe (0.539-0.567) stroke, but
these cannot be directly translated to mRS categories.®® The
expert-based granular mRS disability weights we used generally
mapped well to the lay-person based disability weights. Excess
postacute risk of death after stroke was from patients of 1990
to 2006.° Survival after stroke might have improved mainly in
the first 3 months and likely otherwise reflect general population
trends. Third, our assumption on how the treatment effect of tPA
is increased over time was derived from pooled analysis of tPA
randomized controlled trials.” The effectiveness of tPA may be
different in routine clinical practice. To counteract this, we started
our model with observed 3-month outcomes of real-life patients
and only used the relative efficacy data of randomized controlled
trials to demonstrate the effect of changing treatment delays.
Fourth, it is known that around half of the patients who are given
tPA do not recanalize. Therefore, in practice, half of the patients
do not benefit from faster tPA treatment and the other half benefit
twice as much as we describe here; however, there is no precise
method of identifying the patients that will or will not recanalize,
so haste should be made in all patients. Finally, our model did
not take into account the fact that reductions in delays potentially
allow for tPA treatment of more patients who would otherwise
have been too late for thrombolysis. We did not have detailed
data on consecutive non-tPA—treated patients from our hospitals,
but other series suggest that only 3% of suitable ischemic stroke
patients arrive in the 4- to 5.5-hour time window, and the effect of
adding these patients into our model would have been small 3

Conclusions

We demonstrated that minutes saved in stroke thrombolysis
translate to days, weeks, and months of disability-free life
over a patient’s lifetime. Therefore, all attempts should be
made to reduce treatment delays. A gap of around 60 minutes
exists between the best and the average centers. The methods
to close this gap have been clearly described.*"3! These are
simple organization changes that cost little or nothing. Every
15 minutes of expediting tPA can provide on average an equiv-
alent of 1 month of healthy life for each treated patient.
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Supplementary Statistical Methods.

Stepl: Generating patient-specific probabilities of achieving specific modified Rankin Scale
(mRS) categories at the cohort observed onset-to treatment time (OTT) to.

Using a randomly selected 80% sample of the combined observational cohort, we constructed
seven separate binary logistic regression models with individual mRS category as the dependent
variable and age, baseline National Institutes of Health Stroke Scale (NIHSS), and OTT as
independent variables and used those to generate patient-specific predicted probabilities for each
mRS. Following a simple normalization scaling procedure to ensure that the sum of probabilities
of individual mRS categories for every patient is equal to one, the resulting probabilities were
validated on the remaining 20% of the data through simulation. Twenty independent simulation
runs were undertaken where each patient in the 20% sample was assigned a mRS according to
the patient-specific mRS probability distribution generated earlier and the resulting distribution
was compared with the distribution actually observed in the 20% subgroup. Despite a large
sample resulting from this simulation, no significant differences in mRS profiles were observed
using the chi-square test (P=0.51), thus validating the derived probability profiles. The resulting
distributions were subsequently used to generate patient-specific probabilities of achieving a
given mRS category at the observed OTTSs t,.

Step2: Changing probabilities of achieving mRS 0-1 and mRS 6 over time

To model how changing the onset-to-treatment time affects the probability of mRS0-1 and
mRS6 for a specific patient, the graphs expressing the OR of achieving mRS0-1 and mRS6 as a
function of OTT between 60 and 360 minutes presented by Lees et al. (Lancet 2010;375(9727):
695-1703) were utilized. As no analytical expressions for the relationships depicted in these
graphs were presented by Lees et al (2010), we derived relevant analytic expressions for mRS0-1
and mRS6 curves using the best fit (as judged by R?) criterion. For both curves the corresponding
values were 0.999. The role of these equations is to express the ORs for mRS0-1 and mRS6 as a
function of OTT for any value of OTT between 0 and 270 minutes.

The OR(t) reported by Lees et al (2010) presents the ratio of odds of achieving mRS0-1 (or,
respectively, mRS6), by the patients treated with tPA at a time point t and the odds of achieving
the same outcome by the patients not treated by tPA.
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Assuming that:

a) for any given patient not treated with tPA, the odds of achieving a specific MRS
outcome remain constant over the specified time period;

b) the probability of achieving mRSO0-1 for a non-treated patient is equal to that of a
probability for a treated patient at tmrso-s =350min (based on Lees et al. 2010);

c) the probability of achieving mRS6 for a non-treated patient is equal to that of a
probability for a treated patient at tyrss =165min (based on Lees et al. 2010);

to estimate the probabilities of MRS0-1 and mRS6 at any given time t, we used the formula:

P()=1/{1+(OR(to)/OR(1))*[(1-p(to))/p(to)]}

where p(tp) represents the probability of mRSO0-1 (or, respectively, mRS6) at OTT=t, time, and
OR(t) represents the fitted value of ORs for mMRS0-1 (MRS6) at a given time.

Step3: Estimating probabilities of achieving a specific mRS at any time

As the results reported by Lees et al (2010) only concerned mRS0-1 and mRS6, there was no
direct way to use these results to analytically estimate the probabilities for all mRS categories at
any given time t. In order to achieve this, having previously estimated patient-specific
probabilities of achieving mMRS0-1 and mRS6 at any given time t, we estimated the probabilities
of achieving individual mRS categories (both for treated and non-treated patients) so that the
ratios of probabilities for achieving individual mRS categories remain identical to those obtained
in Step 1 from the logistic regression models based on the observed cohort data. In other words,
given patient-specific probabilities of achieving mRS0-1 and mRS6 at any time point t, the
relative ratios of probabilities of achieving mRS0 and mRS1, as well as the relative ratios of
achieving mRS categories 2-5, are assumed to be identical to those at the observed time t; and to
remain constant for any time t between 0 and 270 min.

Step4: Disability-adjusted life years (DALY) lost

DALY lost is calculated from the formula DALY=YLL + YLD, where YLL is the years of life lost
due to premature death and YLD is the years of healthy life lost due to disability. Specific details
are presented in the main article.
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Step5: Robustness analysis

Two approaches were applied to verify the robustness of the model: one-way analysis and
probabilistic analysis. In the one-way analysis, we varied different inputs of the model to their
upper and lower 95% CI and evaluated the model robustness with regard to those uncertainties in
the inputs. In regard to the uncertainties of the cohort data, we performed a series of one-way
analyses by substituting the upper and lower 95%CI value for the coefficients for the age and
NIHSS, with one change at a time, generated by the binary logistic regression models. In regard
to uncertainties of the pooled analysis by Lees et al (2010), we modified the equations of OR(t)
for mRS 0-1 and mRS6 in the mRS probability distribution formula to sequentially reflect the
upper and lower 95% confidence limits for these two mRS categories as reported by Lees et al
(2010). The results are reported in Table in the main article.

Probabilistic robustness analyses were performed by sampling according to an underlying
Normal distribution from the feasible space of the mRS0-1 and mRS6 OR(t) curves bounded by
the 95% confidence limits reported by Lees et al (2010) and reflecting various potential time
effects based on the pooled analysis, through set of 1000 independent runs. The resulting
probability profiles for all mRS categories were then used to estimate DALY's gained or lost if
either the whole cohort or an individual patient would have been treated faster or slower.
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Supplementary Table I. Point estimates and 95% prediction intervals for disability
adjusted days gained per minute saved in tPA delivery, per sex, age, and stroke

severity.

Sex, Age

NIHSS 0-4

NIHSS 5-9

NIHSS 10-14

NIHSS 15-19

NIHSS 20 +

Male

<45

45-54

55-64

65-74

75-84

85+

Female

<45

45-54

55-64

65-74

75-84

85+

3.01 (1.02-5.01)
2.30 (0.80-3.79)
1.87 (0.73-3.01)
1.45 (0.72-2.18)
0.97 (0.51-1.44)

0.59 (0.37-0.81)

3.24 (1.80-4.67)
2.54 (1.03-4.05)
2.14 (0.98-3.31)
1.65 (0.78-2.52)
1.16 (0.58-1.75)

0.67 (0.37-0.98)

3.40 (1.56-5.24)
2.70 (1.08-4.31)
2.20 (0.97-3.43)
1.61 (0.71-2.52)
1.08 (0.48-1.68)

0.63 (0.29-0.97)

3.79 (1.90-5.67)
2.98 (1.25-4.71)
2.48 (1.17-3.79)
1.91 (0.91-2.91)
1.28 (0.62-1.94)

0.76 (0.46-1.06)

3.67 (1.62-5.73)
3.02 (1.26-4.79)
2.49 (1.08-3.90)
1.81 (0.82-2.80)
1.09 (0.56-1.62)

0.57 (0.27-0.86)

4.05 (1.74-6.36)
3.40 (1.33-5.47)
2.89 (1.49-4.29)
2.07 (0.97-3.18)
1.32 (0.70-1.94)

0.62 (0.35-0.89)

3.75 (1.91-5.60)
3.17 (1.26-5.08)
2.45 (1.23-3.68)
1.69 (0.81-2.57)
0.91 (0.44-1.37)

0.45 (0.25-0.64)

4.30 (2.57-6.04)
3.55 (1.80-5.29)
2.95 (1.44-4.45)
1.93 (0.96-2.90)
1.09 (0.54-1.64)

0.45 (0.27-0.63)

3.83 (2.18-5.48)
2.86 (1.31-4.41)
2.11 (1.06-3.15)
1.19 (0.68-1.69)
0.65 (0.29-1.01)

0.26 (0.14-0.37)

3.86 (2.16-5.55)
3.48 (0.47-6.50)
2.45 (1.05-3.84)
1.66 (0.74-2.58)
0.76 (0.37-1.15)

0.33 (0.15-0.51)
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Supplementary Table Il. Studies comparing long-term utility of tPA vs. no tPA in
acute ischemic stroke.

Discount rate of ~ QALYS Or DALYS

Study Population Time horizon future utilities gained per_tPA
treated patient
Fagan et al. 1998 USA 30 years 0% 0.75
Sinclair et al. 20017 Canada 30 years 3% 3.46
Sandercock et al. 2004° UK Lifetime 6% 0.04
Mar et al. 2005* Spain Lifetime 3% 0.5310 0.66
Ehlers et al. 2007° Denmark 30 years 5% 0.43
Johnston 2010° USA 30 years 0% 0.75
Tung et al. 20117 USA Lifetime 3% 0.28
NICE TA264° UK Lifetime 3.5% 0.33
Present paper F?Li??aﬁlgd Lifetime 0% 0.71*

3% 0.52*

*Median onset-to-treatment of 125 minutes compared to not treating at all.
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Supplementary Figure |. Histogram of onset-to-treatment time distributions.
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