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INTRODUCTION

Daniel Ting (@tingdan) and Paul Atkinson (@eccucourse)
This series of editorials provides CJEM readers with the
opportunity to hear differing perspectives on topics pertin-
ent to the practice of emergency medicine. The debaters
have been allocated opposing arguments on topics where
there is some controversy or perhaps scientific equipoise.
We continue with the topic of intravenous alteplase

(tPA – tissue plasminogen activator) in the treatment of
acute ischemic stroke. Ischemic stroke is a leading cause
of disability for Canadians, and the role of tPA in treat-
ment has been one of the most hotly contested issues in
our field over the past two decades.1, 2 Although the rise
of endovascular therapy (EVT) has shifted the conversa-
tion somewhat, tPA has broader indications and continues
as a core component of treatment in stroke centres.
The Canadian Association of Emergency Physicians

(CAEP) has recently changed its position on eligibility cri-
teria for tPA in treating ischemic stroke. In 2015, CAEP
gave a strong recommendation for the use of tPA within
3 hours of symptom onset and a weak/conditional recom-
mendation against tPA in the 3- to 4.5-hour timewindow.3

In 2018, the CAEP Board and Stroke Practice Committee
endorsed the Level A Evidence recommendation for the use
of tPA in patients presenting within 4.5 hours of symptom
onset, provided by the Canadian Stroke Best Practices
(CSBP) guideline group.4 The rationale for this change
was that “the benefits of collaboration, including partner-
ship in improved regional EVT pathways, outweigh the
harms of [tPA] within the 3- to 4.5-hour treatment time

window.”5 This change re-invigorated the debate of tPA
in ischemic stroke on social media and across the country.
This #CJEMdebate article provides a longer-form
medium, facilitating a more nuanced discussion.
Dr. Ken Milne is Chief of Staff of the South Huron

Hospital Association, the creator of the Skeptics’ Guide
to Emergency Medicine website, and adjunct Professor
atWesternUniversity. Dr.Milne argues that the evidence
for the benefit of tPA has thus far been inadequate to
reject the null hypothesis of no benefit, and, considering
its high certainty of potential harm (bleeding), that emer-
gency physicians ought to remain skeptical.
Dr. Eddy Lang is Professor and Department Head of

the Calgary Zone and has chaired the last two CAEP
position statements on stroke. He argues that not only
is tPA the accepted, evidence-based treatment for ische-
mic stroke, but also that emergency physicians should be
actively involved in the treatment and work collabora-
tively with stroke teams in developing stroke pathways.
Readers can follow the debate on Twitter and vote for either

perspective, by going to @CJEMOnline or by searching
#CJEMdebate.

INTRODUCTION

“The evidence does not support a net patient-oriented
benefit of thrombolysis for acute ischemic stroke.”

Ken Milne (@TheSGEM)
To be clear, I am not “con” or against tPA for ischemic
stroke but rather, skeptical. I do not make the claim that
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tPA does not work for stroke. Instead, I have not been
convinced by the available evidence to reject the null
hypothesis that thrombolysis has a net patient-oriented
benefit in patients with stroke. The burden of proof is
on those making the claim, and that burden has not
been met. Therefore, I remain skeptical but willing to
change my position if presented with more convincing
evidence.

Summary of the evidence
The National Institute of Neurologic Disease Study
(NINDS) is the study that could be credited with starting
the tPA debate 24 years ago.6 This is the first and only
randomized controlled trial (RCT) that reports a benefit
of tPA for acute ischemic stroke under 3 hours. There
were two parts to NINDS. Each part enrolled around
300 patients.

• NINDS, Part 1: The primary outcome was to see
whether there was an improvement of 4 or more
points on the National Institutes of Health Stroke
Scale (NIHSS) score at 24 hours. They failed to dem-
onstrate a statistical difference between tPA and pla-
cebo (i.e., it was a “negative trial”).

• NINDS, Part 2: The primary outcome was a good
neurologic outcome at 90 days. The results were
26% in the placebo group and 39% in the tPA
group (an absolute difference of 13%). There was
also a 6% absolute increase in symptomatic intracra-
nial hemorrhage (ICH).

The NINDS trials were limited by a relatively small
sample size compared to the literature on thrombolysis
in myocardial infarction, whose study populations were
larger by one to two orders of magnitude. Furthermore,
the groups were unbalanced on baseline stroke severity,
which is a strong predictor of final stroke outcome.7

Hoffman and Schriger did a re-analysis of NINDS,
Part 2, trying to control for some of the prognostic factors
for outcome like stroke severity. The effect of tPA disap-
peared and the “time is brain” claim was not supported.8

The third European Cooperative Acute Stroke Study
(ECASS-III) is the only other RCTof tPA for stroke that
has reported benefit.9 They enrolled 821 patients who
presented between 3 and 4.5 hours after symptom
onset. ECASS-III showed a 7% absolute benefit for a
favorable outcome for efficacy. There was a 10%
increase in any ICH with tPA and a 2% increase in

symptomatic ICHs. Shy reported on the updated
ECASS-III online results that report stroke history as a
significant difference between the groups (14.1% pla-
cebo v. 7.7% tPA), resulting in no benefit in the adjusted
analysis.10 Also, if the endpoint is altered from the modi-
fied Rankin Scale (mRS) 0-1 versus 2-6, to a more real-
istic mRS 0-2 versus 3-6, the purported benefits of tPA
disappear.11

The third international stroke trial (IST-3) is the largest
RCT in the tPA literature (n = 3035).12 It was ethically
approved for tPA in patients within 6 hours after symptom
onset and included higher risk patients (over 80 years old).
This was despite two other trials, ECASS-I and II, show-
ing no benefit and increased harm (ICH and death).13, 14

IST-3 was a seriously flawed study for a number of
reasons.15 The first 276 patients were double-blinded
placebo controlled, and they found no statistical benefit.
The study was then unblinded, which introduces bias.
Patients were included if the clinician and patient agreed
that the treatment was promising (selection bias).
The authors used a stroke severity score that is similar to

the mRS. The reliability16 of the mRS is only moderate in
trained clinicians, and its validity17 has been questioned.
However, the outcomes for IST-3 were not done by
trained clinicians but rather based on a mailed question-
naire or phone call to the unblinded patient. This lack of
blinding introduces a placebo effect biasing the study
towards efficacy. It is also unreasonable to expect the out-
come assessment to be reliable and valid when unblinded
stroke patients are self-reporting a subjective outcome.
The study was originally powered to have a sample size

of 6,000 patients. Part way through the study, the authors
realized 6,000 was no longer feasible. A second statisti-
cian persuaded the group that an ordinal method was
both statistically more efficient and robust, rather than
a dichotomous outcome (good v. bad neurologic out-
come). Others argue that this is a flawed approach.18

The a priori primary dichotomous outcome of good
neurologic function was under-powered and negative
(no demonstrated statistical benefit). Adverse events
and harms were increased with tPA. The number needed
to harm (NNH) for bleeding was 17 and for an early
death was 25. Remarkably, the authors concluded that
“despite the early hazards, thrombolysis within 6 h
improved functional outcome. Benefit did not seem to
be diminished in elderly patients.” A more accurate con-
clusion is that “tPA within 6 hours failed to demonstrate
improved functional outcome, and there was an increase
in ICH and early mortality.”

#TPA in CVA
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More recently, the fragility index19 has been flagged in
this debate. The fragility index of a study is the number
of patients who would need to have a different outcome
to cause the p-value to increase above 0.05. The fragility
index of the NINDS trial is 3 and ECASS-III is 1. A
logical conclusion is that the bulk of published studies
are correct – there is no clear benefit to tPA.
A summary of the thrombolysis literature is provided in

AppendixA, recognizing that the evidence ismore nuanced
than a simple face emoji. However, there have been 12
studies with 1 positive 0-3 hours, 1 positive 3-4.5 hours,
6 not demonstrating a clinically important benefit, and 4
stopped early due to harm or unlikely to prove beneficial.
In the hierarchy of evidence-based medicine, system-

atic reviews and meta-analyses are put above RCTs.20 I
do not agree completely with this hierarchy because sys-
tematic reviews and meta-analyses depend on a number
of things, such as the quality of included and excluded
studies. Many of the evidence syntheses of the thromb-
olysis literature do not seem to get us any closer to the
“truth” about tPA for stroke.21

However, one systematic review and meta-analysis by
Wardlaw et al. found no statistical difference between
thrombolytic agents for stroke.22 This finding is import-
ant because the systematic review and meta-analysis by
Emberson et al. excluded any studies not using tPA as
the thrombolytic agent.23 Furthermore, Emberson et al.
included the seriously flawed IST-3.23 It is hard to under-
stand how the negative IST-3 study does not move the
totality of the evidence in an evenmore negative direction.
Emberson et al. also reported multiple conflicts of

interest. This does not negate their interpretation, but
industry-supported studies are associated with more
favorable results and conclusions than sponsorship by
other sources.24,25 The Institute of Medicine published
guidelines on systematic reviews and meta-analyses and
recommends the exclusion of “individuals with a clear
financial conflict of interest.”26

Donaldson et al. completed a systematic review and
meta-analysis looking at the thrombolytic literature,
reported no conflicts of interest, came to a skeptical con-
clusion, and encouraged more RCTs.27 My interpret-
ation of the literature is closer to Donaldson et al.’s
than Emberson et al.’s.

Time is brain
There is an association between time and the brain, but a
causal relationship has not been established. Perhaps

those treated earlier are more likely to have a transient
ischemic attack and therefore do better. Even the ser-
iously flawed IST-3 subgroup analysis did not support
the claim of time is brain (Appendix B). A salvageable
brain on advanced neuroimaging is brain. It does not
matter how much time has passed since the symptom
onset if there is no viable brain to re-perfuse.

Guidelines
Guidelines should guide not dictate our care. The
American College of Emergency Physicians (ACEP)
recently revised their guidelines due to concerns from
their members.28 They improved the management of
conflicts of interest, added methodologists, and
improved adherence to rating methodology. The older
ACEP guidelines gave a Level A recommendation for
the use of tPA under 3 hours and a Level B if given
between 3 and 4.5 hours. The new ACEP guidelines
downgraded the recommendations to Level B for
patients presenting under 3 hours.29

The CSBP guidelines were published in International
Journal of Stroke in 2018.4 However, International Journal
of Stroke did not seem to adhere to the Institute of Medi-
cine guidelines on managing conflicts of interest in the
creation of the guideline.26 Specifically, it appears that
the co-chairs of the guideline working group disclosed
multiple conflicts of interest with the pharmaceutical
industry. This included Boehringer Ingelheim that mar-
kets and sells tPA.4,30

CJEM published a synopsis of the CSBP guidelines in
2018.5 The authors endorse a Level A recommendation
for tPA in eligible patients with symptom onset under
4.5 hours. No competing interests were reported in
this publication. However, three of the authors were
on both the CSBP guideline paper and theCJEM synop-
sis paper. These individuals reported conflicts of interest
with the pharmaceutical industry and specifically with
Boehringer Ingelheim on the CSBP guidelines publica-
tions.4,30 It is unclear as to why these conflicts of interest
were not reported in the CJEM synopsis publication.

CONCLUSION

To restate my position, I do not make the claim that tPA
does not work for patients with stroke. That would be a
logical fallacy by shifting the burden of proof. Science
starts with the null hypothesis (no effect). Advocates
for tPA have the burden and have not reached it.

William Kenneth Milne et al.

CJEM • JCMU144 2020;22(2)

https://doi.org/10.1017/cem.2020.3 Published online by Cambridge University Press

https://doi.org/10.1017/cem.2020.3


It is hard to get an established medical practice chan-
ged. Unfortunately, tPA advocates have significantly
changed emergent stroke care based on weak evidence.
Objectively looking at the available literature suggests
equipoise, at best. We urgently need replication of
NINDS/ECASS-III to either confirm or refute the find-
ings. Until such time, I would suggest that CAEP review
their current guidelines, remove those individuals with
conflicts of interest, include methodologists, improve
the adherence to rating methodology, and update the
CAEP recommendations to reflect the strength of the
available evidence.31

INTRODUCTION

“Thrombolysis has a role in stroke but outcomes hinge
on emergency physician involvement.”

Eddy Lang (@EddyLang1)
Arguably the most divisive debate in our speciality, the
argument about thrombolysis for acute ischemic stroke
has raged at times but has persisted for over two decades.
Before considering a synopsis of the evidence, it is worth
asking: What has the debate achieved? Has the debate
contributed to improvements in patient care? Has it
enhanced the place of emergency medicine in the
house of medicine? The answers will be a matter of per-
spective, of course, but I would argue that the downsides
of the debate have exceeded the benefits, and it may be
time to put the divisiveness that the debate has yielded
behind us.

Summary of the evidence
The tPA benefits are highly time-dependant, hence the
importance of considering the evidence as a function
of the door to needle time. For tPA within 3 hours of
last seen normal, we have individual patient-level RCT
data on 1,549 patients enrolled from seven RCTs
demonstrating a clear time-dependent effect. The same
is suggested from real-life observational data from
registries for many thousands more showing better out-
comes with high rates of tPA use.23,32 For tPA given from
3- to 4.5-hours, there are 2,768 patients enrolled in 11
trials that contribute to our understanding of efficacy,
as well as extensive real-world data.33 Counting the
contributing studies with varying inclusion criteria as
scoring positive or negative, like wins and losses for a

hockey team, is inconsistent with systematic review
methodology.
The evidence has been deemed of moderate to high

certainty for treatment within 3 hours by guideline
panels, as well as by critics of tPA in stroke. In other
words, a consistent effect size around benefits and
harms with reasonable precision is well established; it is
not bulletproof but a robust dataset in comparison to
many of the things that we treat in the emergency
department (ED).27

The likelihood of achieving an excellent outcome
(mRS 0-1) after acute stroke is increased by 9.8%, or a
number needed to treat (NNT) for benefit of 10 if trea-
ted within 3 hours. The benefit comes with a risk of
harm ranging from 2% to 2.5% or an NNH of 40 to 50.
The certainty in evidence is considerably less for treat-

ment between 3 and 4.5 hours. The benefit is unques-
tionably diminished in the delayed time range, whereas
bleeding risk is essentially unchanged. The NNT for
benefit is 20 and the NNH is 40 to 50.33 This narrow
balance between benefit and harm at 3- to 4.5-hours is
why the CAEP Stroke Practice Committee recom-
mended against lysis beyond that time window in our
2015 guideline.3

Thrombolysis is a risky treatment that is sensitive to
patient preferences
Administering a treatment that carries significant risks to
achieve a longer-range gain is not in the emergency
medicine physician wheelhouse. Cardiac surgeons and
oncologists using cytotoxic regimens expose patients to
significant short-term risks on a regular basis to achieve
a long-term benefit, but we do not. It is understandably
difficult for us to accept that there may be patients who
would accept the risk of harm to achieve a more likely
chance of benefit.
Given the risks of tPA, it is imperative that patients

and family (often the witnesses to last seen normal) are
consulted and undergo an informed consent prior to
thrombolysis administration. Patients who suffer ische-
mic stroke or who are consulted based on a theoretical
scenario will generally accept the risks of fatal or symp-
tomatic ICH, to obtain the potential benefits of func-
tional independence and an excellent outcome.34 Ask
your older loved ones what they would want.
However, consent cannot be assumed, and tPA should

never be administered without understanding the likeli-
hood of benefit and the chances of being harmed.
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Admittedly, we lack precise tools to convey this informa-
tion to patients, or more likely their families, in the event
that they are incapacitated and unable to weigh in on the
decision, and families need to know that the likelihood of
benefit is significantly less if treated beyond the 3-hour
window, and that the treatment can make them worse.
Patients who value functional independence above
other outcomes will accept this treatment.

IST-3 and its problematic contribution
Critics of tPA in stroke have highlighted a number of
issues. A common issue relates to the IST-3 trial,
which poses both an increased risk of bias through its
outcome reporting and demonstrated a paradoxical wor-
sening in functional outcome in placebo-treated patients
in the 3- to 4.5-hour time window. IST-3 and its incon-
sistent results at 3 to 4.5 hours are the primary contribu-
tor to the uncertainty in evidence for treatment in this
time window. Yet it meets eligibility criteria for all sys-
tematic review and guideline projects on the topic and,
if excluded from the evidence base, would only
strengthen the effect for treatment at 3 to 4.5 hours.12

Where does the burden of proof lie?
A common argument of tPA detractors is that the burden
of proof lies with those claiming benefit. In 2019, tPA is
used to treat acute ischemic stroke in nearly every juris-
diction with the capability of doing so, and all
government-sponsored clinical practice guidelines
endorse its use. If there is to be a change in practice, it
should be up to those opposed to the treatment to raise
sufficient doubts to have the current state reconsidered.
It would be a truly impressive and remarkable achieve-
ment if those who carry the skepticism mantra towards
tPAwere to trigger a Health Canada review of the prod-
uct or convince a funding body to support further
research into the benefits of tPA in comparison to no
treatment. Unfortunately, this has not come about.

What should the role of the emergency medicine
physician be in acute stroke?
Emergency medicine physicians play an indispensable
role in this exquisitely time-sensitive condition. For
one, they can contribute to the efficient ascertainment
of eligibility and informed consent working in tandem
with their stroke neurologist colleagues. Two minds,
informed of the nuances of stroke treatment with throm-
bolytics, including benefits and risks, will always

supersede a single perspective, and a collaborative
approach is always preferred. As leaders of the ED, we
are in a unique position to ensure that door to needle
times are safely optimized in eligible patients.
As we now enter the EVTera, it is particularly import-

ant that patients know about all options available to
them. It is up to the entire treating team to determine
the specific risk profile of a given patient so that the deci-
sion to proceed with tPA and/or EVT is optimized to
meet patient preferences when large vessel occlusion is
present.1,35

What does the future of acute stroke care look like?
The treatment that we offer patients is invariably based
on the best available evidence that we have at the time.
In 2019, there was equipoise around the question of
whether tPA adds benefit as a bridging therapy in
EVT, and the trials examining this are ongoing.
Until this is clarified, the core argument that we are

presenting is that patient care is optimized when ED
and Stroke teams collaborate and share a common strat-
egy and interpretation of the evidence. If you remain
skeptical and thus uncertain about being pro or con
and, despite engagement, remain unable to convince
your colleagues in stroke care that the burden of proof
has not been met, it may be in the best interests of the
patient and the whole team to leave any misgivings at
the door of the ED.
A jointly developed Code Stroke protocol is the corner-

stone of good patient care in 2019. Achieving this
requires an acceptance that tPA can be considered a
standard of care in consenting and eligible patients and
families. Standing on the sidelines while our Stroke col-
leagues unilaterally make all of the critical decisions for
these patients is not acceptable. Failure to accept tPA
as a standard of care will only further marginalize our
role in the emergency care of patients with stroke.
Healthy skepticism as opposed to its unhealthy coun-

terpart is an integral part of critical thinking. The state of
evidence as it exists in 2019 is that tPA delivered in a
timely manner improves outcomes from acute ischemic
stroke, but only in patients or surrogates who understand
and agree to the risks involved.
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Appendix A Summary of the literature of thrombolytics for treatment of acute ischemic stroke

Appendix B Adjusted effect of treatment on the primary outcome (alive and independent, Oxford Handicap Score 0, 1, or 2) in
subgroups12

Trial name (n) Journal (year) Time (h) Benefit Harm Emoji

MAST
(n = 622)

Lancet (1995) < 6 None Increased early death

ECASS-I
(n = 620)

JAMA (1995) < 6 None Benefit does not outweigh risk

NINDS-1
(n = 291)

NEJM (1995) < 3 None No difference

NINDS-2
(n = 333)

NEJM (1995) < 3 ∼ 13% benefit at 90 days Increased ICH

MAST-Eu
(n = 310)

NEJM (1996) < 6 None Stopped early due to harm

ASK
(n = 340)

JAMA (1996) < 4 None Stopped early due to harm

ECASS-II
(n = 800)

Lancet (1998) < 6 None No difference

ATLANTIS-B (n = 613) JAMA (1999) 3-5 None Stopped early
ATLANTIS-A (n = 412) Stroke (2000) < 6 None Stopped early due to harm
ECASS-III
(n = 621)

NEJM (2008) 3–4.5 7% benefit at 90 days Increased ICH

DAIS-2
(n = 193)

Lancet (2009) 3–9 None No difference

IST-3
(n = 3035)

Lancet (2012) < 6 None No difference
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