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Among the ≈700 000 ischemic strokes per year in North 
America, most (≤70%)1,2 are minor and initially non-

disabling presenting with transient or persistent minor stroke 
symptoms (transient ischemic attack or minor stroke). However, 
this seemingly mild presentation is misleading because the 

prognosis is not benign. Multiple studies have reported that 
among patients considered too mild for thrombolysis, up to one 
third are dead or disabled in short-term (90 days) follow-up.3–6

Thrombolytic treatment of minor ischemic stroke is con-
troversial with much variation in practice. Most physicians 

Background and Purpose—Minor stroke and transient ischemic attack with an intracranial occlusion are associated with 
neurological deterioration and disability. Tenecteplase (TNK–tissue-type plasminogen activator) compared with alteplase 
is easier to administer, has a longer half-life, higher fibrin specificity, possibly a lower rate of intracranial hemorrhage, 
and may be an ideal thrombolytic agent in this population.

Methods—TNK–Tissue-Type Plasminogen Activator Evaluation for Minor Ischemic Stroke With Proven Occlusion 
(TEMPO-1) was a multicenter, prospective, uncontrolled, TNK–tissue-type plasminogen activator dose-escalation, 
safety, and feasibility trial. Patients with a National Institutes of Health Stroke Scale ≤5 within 12 hours of symptom 
onset, intracranial arterial occlusion on computed tomographic angiography and absence of well-evolved infarction were 
eligible. Fifty patients were enrolled; 25 patients at a dose of 0.1 mg/kg, and 25 patients at 0.25 mg/kg. Primary outcome 
was the rate of drug-related serious adverse events. Secondary outcomes included recanalization and 90-day neurological 
outcome (modified Rankin Scale, 0–1).

Results—Median baseline National Institutes of Health Stroke Scale was 2.5 (interquartile range, 1), and median age was 
71 (interquartile range, 22) years. There were no drug-related serious adverse events in tier 1. In tier 2, there was 1 
symptomatic intracranial hemorrhage (4%; 95% confidence interval, 0.01–20.0). Stroke progression occurred in 6% of 
cases. Overall, 66% had excellent functional outcome (modified Rankin Scale, 0–1) at 90 days. Recanalization rates were 
high; 0.1 mg/kg (39% complete and 17% partial), 0.25 mg/kg (52% complete and 9% partial). Complete recanalization 
was significantly related to excellent functional outcome (modified Rankin Scale, 0–1) at 90 days (relative risk, 1.65; 95% 
confidence interval, 1.09–2.5; P=0.026).

Conclusions—Administration of TNK–tissue-type plasminogen activator in minor stroke with intracranial occlusion is both 
feasible and safe. A larger randomized controlled trial is needed to prove that this treatment is efficacious.
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do not treat patients with minor deficits presenting within 
the standard thrombolytic window. The widespread percep-
tion that the prognosis is good and the nonzero risk of harm 
with alteplase treatment frequently leads to a decision to treat 
with antiplatelet agents only. It is not clear whether all or any 
patients with minor stroke should be treated with thrombol-
ysis. However, the subset of patients with minor stroke and 
documented intracranial vessel occlusion are at particularly 
high risk of early neurological deterioration and disability.5–9 
Aggressive treatment of this patient population to prevent dis-
ability may be warranted.

Tenecteplase (TNK–tissue-type plasminogen activator 
[tPA]), a genetically engineered mutant tPA, has a longer half-
life, is more fibrin specific, produces less systemic depletion 
of circulating fibrinogen, and is more resistant to plasminogen 
activator inhibitor10 than alteplase.11 These pharmacodynamic 
differences may result in more rapid reperfusion and lower 
intracranial hemorrhage rates and may be particularly impor-
tant in a minor stroke population where the risk benefit bal-
ance means that any risk must be minimized.12

The thrombolysis for minor ischemic stroke with proven 
acute symptomatic occlusion using TNK-tPA (TEMPO-1) 
was designed to assess in a 2-cohort dose-escalation study 
whether the treatment of minor stroke with intracranial occlu-
sion with TNK-tPA was safe and feasible.13

Methods
Participants
TEMPO-1 was a prospective, multicenter, 2-cohort, dose-escalation 
study to assess the safety and feasibility of the use of 2 doses of 
TNK-tPA for the treatment of minor stroke with intracranial occlu-
sion. Adult subjects with minor stroke or transient ischemic attack 
(National Institutes of Health Stroke Scale [NIHSS], ≤5) within a 
12-hour window and proven intracranial occlusion on computed to-
mographic angiography (CTA) were treated with TNK-tPA (Table 1). 
The institutional review boards of all participating centers approved 
the protocol. All patients or their surrogates provided written in-
formed consent. The trial was administered from the TEMPO-1 coor-
dinating center in Calgary, Canada. The study was conducted under a 
Health Canada CTA license and the study is registered at http:// www.
ClinicalTrials.gov (NCT01654445). The funders had no role in the 
design and management of the study.

Study Procedures
All patients were treated with intravenous TNK-tPA using their esti-
mated weight to calculate a weight-adjusted dose. There were 2 dose 
tiers at 0.1 and 0.25 mg/kg. Advancement to the second dose-tier was 
dependent on safe completion of the first dose tier and the approval 
of the data safety and monitoring board. Treatment was administered 
as a single intravenous bolus over 1 to 2 minutes as per the standard 
instructions for use immediately after consent was obtained. A pa-
tient was considered enrolled once study drug had been given. At the 
beginning of the study, drug had to be given within 60 minutes of the 
first slice of the CTA; however, this was subsequently extended to 90 
minutes.

Baseline imaging included a CT brain and a CTA from arch to 
vertex including the circle of Willis. Patients underwent a repeat CT 
angiogram of the intracranial circulation between 4 and 8 hours after 
treatment to determine whether there was complete or partial recana-
lization of the occluded artery. This repeat CTA was not completed 
if there was an allergic reaction to the first CTA or the estimated 
glomerular filtration rate was <40 mL/min per 1.73 m2. All patients 
underwent standard of care medical management on an acute stroke 
unit and underwent follow-up brain imaging at 24 hours with CT or 

Table 1.  Inclusion and Exclusion Criteria
Inclusion criteria
 � Acute ischemic stroke in an adult patient (aged, ≥18 y).
 � Onset (last-seen-well) time to treatment time <12 h.
 � Minor stroke defined as a baseline NIHSS <6 at the time of randomization.
 � Any acute intracranial occlusion (MCA, ACA, PCA, and vertebral arteries and 

basilar arteries) defined by noninvasive acute imaging (CT angiography) that 
is neurologically relevant to the presenting symptoms and signs.

 � Prestroke independent functional status in activities of daily living with 
prestroke estimated modified Barthel Index of ≥90 and premorbid mRS 0–1.

 � Informed consent from the patient or surrogate.
 � Patients can be treated within 90 min of the CT/CTA being completed.
Exclusion criteria
 � Hyperdensity on CT brain consistent with intracranial hemorrhage. Any 

clinical suspicion of any intracranial hemorrhage even in the absence of 
visible blood on baseline brain imaging.

 � Large acute stroke >1/3 MCA territory or ASPECTS<5 visible on baseline CT scan.
 � Core of established infarction. No area of gray matter hypodensity at 

a similar density to white matter or in the judgment of the enrolling 
neurologist is consistent with a subacute ischemic stroke aged >12 h.

 � Clinical history, past imaging, and clinical judgment suggest that that 
intracranial occlusion is chronic.

 � Patient is a candidate for and should receive standard of care IV tPA.
 � Stroke occurring as an inpatient. An inpatient is a patient who has been 

officially admitted to the hospital to a ward bed. A patient in the ED who has 
not been formally admitted is still considered to be an outpatient.

 � Patient has a severe or fatal or disabling illness that will prevent improvement 
or follow-up or such that the treatment would not likely benefit the patient.

 � Patient cannot complete follow-up because of comorbid nonfatal illness or 
is visiting the host city and cannot return for follow-up.

 � Pregnancy.
 � Patient is actively taking dual antiplatelet medication (ASA and clopidogrel) 

in the last 48 h.
 � International normalized ratio >1.4. For patients who are known not to be 

taking anticoagulant therapy, it is not necessary to wait for coagulation 
laboratory results (eg, PT, PTT) before treatment.

 � Standard thrombolysis exclusions (Taken from Canadian guidelines19). 
These are considered guidelines and therefore as relative contraindications. 
Enrollment in TEMPO-1 and treatment with TNK-tPA may still be considered 
if there is reasonable clinical justification.

 � Historical
  �  History of intracranial hemorrhage.
  �  Stroke or serious head or spinal trauma in the preceding 3 mo.
  �  Recent major surgery in the preceding 3 mo.
  �  Arterial puncture at a noncompressible site in the previous 7 d.
  ���  Any other condition that could increase the risk of hemorrhage after TNK-

tPA administration.
 � Clinical
  �  Symptoms suggestive of subarachnoid hemorrhage.
  ���  Stroke symptoms caused by another nonischemic acute neurological 

condition such as seizure with Post-ictal Todd paralysis or focal 
neurological signs because of severe hypo- or hyperglycemia.

  ���  Hypertension refractory to antihypertensive medication such that target 
blood pressure <185/110 cannot be achieved before treatment.

 � Laboratory
  �  Elevated activated partial-thromboplastin time (any elevation above the 

upper limit of normal).
  �  Platelet count below 100 000 per cubic millimeter.
  �  Active use of any standard or novel anticoagulant therapy will full anticoagulant 

dosing (DVT prophylaxis dosing shall not prohibit enrollment). Active use means 
that the patient has taken ≥1 dose of drug within 5 half-lives of the drug.

ACA indicates anterior cerebral artery; ASA, aspirin; ASPECTS, Alberta Stroke 
Program Early CT Score; CTA, computed tomographic angiography; DVT, deep vein 
thrombosis; ED, emergency department; IV tPA, intravenous tissue-type plasminogen 
activator; MCA, middle cerebral artery; mRS, modified Rankin Scale; NIHSS, National 
Institutes of Health Stroke Scale; PCA, posterior cerebral artery; PT, prothrombin time; 
PTT, partial thromboplastin time; TEMPO-1, TNK–Tissue-Type Plasminogen Activator 
Evaluation for Minor Ischemic Stroke With Proven Occlusion; and TNK, tenecteplase.

 at University of Michigan--Ann Arbor on February 27, 2015http://stroke.ahajournals.org/Downloaded from 

http://www.ClinicalTrials.gov
http://www.ClinicalTrials.gov
http://stroke.ahajournals.org/


Coutts et al    Minor Stroke Thrombolysis Using TNK     771

MR. All imaging was transferred to Calgary for central review by an 
independent neuroradiologist blinded clinical outcome.

The primary outcomes were safety and feasibility. Safety was as-
sessed by the rate of expected serious adverse events associated with 
study drug. Expected study drug-related serious adverse events in-
cluded (1) symptomatic intracranial hemorrhage (ICH) with associ-
ated neurological worsening (NIHSS increase of ≥2 points different 
than baseline), (2) symptomatic extracranial hemorrhage defined as 
that requiring inotropic support or other means to maintain cardiac 
output, requiring blood transfusion of >2 U of packed red blood cells, 
or associated with a fall in hemoglobin ≥5 g/dL, (3) severe orolingual 
angioedema defined as airway obstruction requiring intubation, or 
(4) thrombolysis-associated hypotension defined as a drop in blood 
pressure that requires inotropic support. The Safe Implementation 
of Thrombolysis in Stroke-Monitoring Study (SITS-MOST),14 
European-Australasian Acute Stroke Study (ECASS),15 and National 
Institute of Neurological Disorders and Stroke16 definitions of symp-
tomatic ICH were also assessed. Feasibility was assessed by the rate 
of recruitment.

Secondary outcomes included complete or partial recanalization, 
neurological and functional outcomes at 90 days, and recurrent 
events (stroke progression and recurrent stroke). For any recur-
rent event a patient who worsened as a result of a deterioration 
related to the presenting event would be rated as progression, and 
those with a second embolus would be rated as a recurrent stroke.17 
Patients were followed up for 90 days with in-person follow-up at 
24 hours, 48 hours, 5 days (or at discharge if earlier than 5 days), 
30 days, and 90 days from enrollment. All study personal were 
trained in the application of the NIHSS and modified Rankin Scale 
(mRS) scores. NIHSS was completed at all follow-up time points 
and mRS/Barthel scores at 30 and 90 days. Excellent functional 
outcome was defined as mRS 0 to 1 at 90 days and good functional 
outcome as mRS 0 to 2 at 90 days. A blinded trained investigator 
assessed all outcomes.

Statistical Analysis
The sample size was a convenience sample designed to provide at 
least modest precision around the point estimates. The dose-escala-
tion safety design follows the design of Storer18 and is based on cancer 
trials. Data are reported as simple proportions with associated exact 
95% confidence intervals. Recanalization was assessed centrally by 
comparing the baseline scan with the follow-up scan and designated 
as complete, partial, or no recanalization.

Results
Patients were screened at 8 sites in Canada between July 2012 
and July 2014, and 50 patients were enrolled in the study (25 in 
tier 1 and 25 in tier 2) from 4 sites (please see the online-only 
Data Supplement). The rate of recruitment was 0.3 subjects per 
site per month with high variability between sites according to 
the use of CTA as a routine examination for patients with minor 
stroke. Baseline characteristics are shown in Table 2. Patients 
were treated early with a median time to treatment of 3.5 hours. 
A percentage of 62 (31/50) patients were treated within a 4.5-
hour window.19 Sites of intracranial occlusions were middle 
cerebral artery (MCA)-M1 (9), MCA-M2 (23), MCA-M3 
(10), posterior cerebral artery (2), and vertebral artery/poste-
rior inferior cerebellar artery (3). There were 2 (4%) subjects 
who did not have evidence of an acute intracranial occlusion 
and 1 (2%) subject who was judged to have a chronic vertebral 
artery occlusion after central imaging review.

Outcomes
The primary and secondary outcomes stratified by dose tier 
are shown in Table  3. There were no drug-related serious 

adverse events in tier 1. In tier 2, there was 1 symptomatic 
ICH (4%; 95% confidence interval, 0.01–20.0). There were 
no symptomatic ICH by the SITS-MOST definition.14 The 
single patient with a symptomatic parenchymal ICH had 
a small temporal lobe hemorrhage (20 mL), which was 
transient, and she had an independent outcome at 90 days 
(mRS=2). In this case, the occluded M2-MCA branch was 
effectively recanalized with TNK-tPA. There were no other 
drug-related serious adverse events in either dose tier. Repeat 
CTA (or other follow-up vascular imaging) at 4 to 8 hours 
was completed on 96% (48/50) of patients (in 1 subject, a 
follow-up MRA was completed instead of CTA showing a 
persistent occlusion and in 1 subject deterioration before fol-
low-up CTA lead to a subsequent cerebral angiography with 
rescue endovascular therapy, which showed that the symp-
tomatic vessel remained occluded). Patients without baseline 
occlusion were excluded from the recanalization analysis 
leaving 46 patients for recanalization analysis. There was a 
high rate of complete or partial recanalization in both dose 

Table 2.  Baseline Characteristics

Tier 1  
(0.1 mg/

kg)

Tier 2  
(0.25 mg/

kg)
Combined  

Tiers 1 and 2

Age, median (IQR) 72.3 (21.7) 70.8 (19.9) 71.4 (21.7)

Male sex, % (n/N) 48 (12/25) 56 (14/25) 52 (26/50)

White race, % (n/N) 92 (23/25) 84 (21/25) 88 (44/50)

Diabetes mellitus,  
% (n/N)

8 (2/25) 20 (5/25) 14 (7/50)

Hypertension, % (n/N) 64 (16/25) 68 (17/25) 66 (33/50)

Hyperlipidemia, % (n/N) 32 (8/25) 40 (10/25) 36 (18/50)

Atrial fibrillation,  
% (n/N)

13 (2/15) 40 (10/25) 24 (12/50)

Coronary artery 
disease, % (n/N)

12 (3/25) 20 (5/25) 16 (8/50)

Current smoker,  
% (n/N)

21 (5/24) 32 (8/25) 27 (13/49)

NIHSS, median (IQR) 3 (1) 2 (1) 2.5 (1)

Baseline glucose, 
median (IQR)

6.0 (1.9) 6.2 (1.8) 6.1 (1.8)

Systolic BP in ED, 
median (IQR)

158 (33) 159 (39) 158.5 (38)

Diastolic BP in ED, 
median (IQR)

83 (13) 87 (19) 84.5 (17)

Baseline ASPECTS, 
median (IQR)

9 (1) 10 (1) 10 (1)

Onset to ED triage time, 
min, median (IQR)

92 (141) 100 (129) 94.5 (131)

Onset to treatment 
time, min, median (IQR)

212 (194) 206 (160) 208 (158)

CTA to treatment time, 
min, median (IQR)

46 (22) 46 (32) 46 (32)

Treatment to repeat 
CTA time, min,  
median (IQR)

290.5 (120) 320 (88) 312.5 (106)

ASPECTS indicates Alberta Stroke Program Early CT Score; BP, blood pressure; 
CTA, computed tomographic angiography; ED, emergency department; IQR, 
interquartile range; and NIHSS, National Institutes of Health Stroke Scale.
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tiers with higher complete recanalization seen in the 0.25 
mg/kg tier. Overall, 66% had excellent functional outcome 
(mRS=0–1) and 90% had an independent outcome (mRS=0–
2) at 90 days. Breakdown of outcome by dose tier is shown 
in Figure  1. Complete recanalization was strongly associ-
ated with excellent functional outcome (mRS=0–1) at 90 
days (relative risk, 1.65; 95% confidence interval, 1.09–2.5; 
P=0.026). Figure  2 shows 90-day functional outcomes by 
recanalization. Three (6%) patients had stroke progression 
and 2 (4%) had early recurrent stroke, too few outcomes to 
assess the relationship between recanalization and progres-
sion or recurrence. However, no patient who had complete 
recanalization underwent symptom progression. One patient 
(2%) with symptom progression was taken for endovascular 
rescue therapy.

Discussion
We have successfully demonstrated the safety and feasibil-
ity of thrombolysis using TNK-tPA for the acute treatment of 
minor ischemic stroke or transient ischemic attack with proven 
intracranial occlusion. Recanalization is strongly associated 
with an improved clinical outcome and rates of recanalization 
are high with moderate dose TNK-tPA (0.25 mg/kg). There 
was a single occurrence of ICH that did not affect functional 
independence at 90 days.

Previous work has shown that minor stroke can be associ-
ated with a high level of disability and that this risk is espe-
cially high among patients with intracranial occlusion.20,21 
Overall, there is a high rate of functional impairment (mRS=3–
6) approaching 10% in both dose tiers, and a 34% rate of any 
functional impairment (mRS=2–6). This is slightly lower than 
the 46% rate of any functional impairment that was seen in the 
NIHSS 0 to 5 tPA-treated subgroup in the third international 
stroke trial (IST-3).22 TEMPO-1 confirms that the prognosis of 
minor stroke and transient ischemic attack with proven occlu-
sion is not benign.

High recanalization rates with thrombolysis are achiev-
able in this population. Minor strokes frequently have distal 
occlusions that may respond more readily to thrombolytic 
therapy than more proximal occlusions because of a lower 
thrombus burden. Furthermore, there is a clear relationship 
between recanalization and excellent outcome.23 This has not 
been previously demonstrated in a minor stroke population 

0 20 40 60 80 100
percent

0.25 mg/kg

0.1 mg/kg

90−day Outcome by Dose Tier

mRS 0 mRS 1 mRS 2 mRS 3
mRS 4 mRS 5 Death

Figure 1. The breakdown by dose tier of functional outcomes at 
90 days as measured by the modified Rankin Scale (mRS).

0 20 40 60 80 100
percent

complete

partial

none

90−day Outcome by Recanalization

mRS 0 mRS 1 mRS 2 mRS 3
mRS 4 mRS 5 Death

Figure 2. The breakdown of functional outcomes at 90 days by 
recanalization status (complete, partial, or no recanalization).

Table 3.  Outcomes

Tier 1,  
% (n/N)

Tier 2,  
% (n/N)

Combined,  
% (n/N)

sICH TEMPO-1 
definition

0 (0/25) 4 (1/25) 2 (1/50)

sICH NINDS definition 0 (0/25) 4 (1/25) 2 (1/50)

sICH ECASS definition 0 (0/25) 4 (1/25) 2 (1/50)

sICH SITS-MOST 
definition

0 (0/25) 0 (0/25) 0 (0/50)

aICH 4 (1/25) 4 (1/25) 4 (2/50)

Death 0 (0/25) 4 (1/25) 2 (1/50)

90-d mRS 0–1 56 (14/25) 76 (19/25) 66 (33/50)

90-d mRS 0–2 80 (20/25) 88 (22/25) 90 (42/50)

90-d Barthel Index=100 88 (22/25) 88 (22/25) 88 (44/50)

90-d NIHSS=0, % (n/N) 60 (15/24) 76 (19/25) 69 (34/49)

Complete or partial 
recanalization*

56 (13/23)  61 (14/23) 59 (27/46)

Complete 
recanalization*

39 (9/23) 52 (12/23) 46 (21/46)

Stroke recurrence 4(1/25) 4 (1/25) 4 (2/50)

Stroke progression 8 (2/25) 4 (1/25) 6 (3/50)

TEMPO-1 sICH defined as intracranial hemorrhage with associated 
neurological worsening (NIHSS increase of ≥2 points different than baseline); 
NINDS sICH16 defined as any hemorrhage plus any neurological deterioration; 
ECASS15 sICH defined as any hemorrhage plus a neurological deterioration of 
≥4 points on the NIHSS from baseline, or from the lowest NIHSS value after 
baseline to 7 days or leading to death. SITS-MOST14 sICH defined as local or 
remote parenchymal hemorrhage type 2 on the 22–36-hour post-treatment 
imaging scan, combined with a neurological deterioration of ≥4 points on 
the NIHSS from baseline, or from the lowest NIHSS value between baseline 
and 24 hours, or leading to death. aICH indicates asymptomatic intracranial 
hemorrhage; ECASS, European-Australasian Acute Stroke Study; sICH, 
symptomatic intracranial hemorrhage; SITS-MOST, Safe Implementation 
of Thrombolysis in Stroke-Monitoring Study; mRS, modified Rankin Scale; 
NIHSS, National Institutes of Health Stroke Scale; NINDS, National Institute 
of Neurological Disorders and Stroke; and TEMPO-1, Tenecteplase–Tissue-
Type Plasminogen Activator Evaluation for Minor Ischemic Stroke With Proven 
Occlusion.

*2 patients in each cohort either did not undergo early repeat CTA to assess 
recanalization or did not have an occlusion on baseline scan so were excluded 
from this analysis.
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and supports the hypothesis that thrombolytic treatment could 
result in better outcomes. Recent work examining the com-
bined tPA trials suggests that there might be a therapeutic 
benefit to thrombolysis for patients with minor stroke defined 
simply by NIHSS≤5.24 Complete recanalization rates of 39% 
(0.1 mg/kg tier) and 52% (0.25 mg/kg) are lower than that 
were reported in a recent study using TNK-tPA in moderate/
severe strokes (35% and 80%).12 However, the recanalization 
outcome in the previous study was measured at 24 hours after 
drug administration when compared with 4 to 8 hours, a much 
earlier time point in TEMPO-1.12 Assessment of recanaliza-
tion rates at earlier time points is more likely to reflect a time 
period where recanalization could affect clinical outcome. 
We also observed a low rate of progression in patients with 
minor stroke and occlusion in TEMPO-1 when compared 
with our previous work in the (6% in TEMPO-1 versus 19% 
in CATCH).9 This could reflect a therapeutic effect of vessel 
recanalization arresting stroke progression.

There is a low (but nonzero) risk of ICH associated with 
thrombolysis in this patient population. The background risk 
of symptomatic ICH defined by coronary thrombolysis (using 
any thrombolytic agent) trials is ≈0.5%.25 A recent study of 
thrombolysis in stroke mimics also found a low (1%), but non-
zero risk of ICH.26 The recent individual patient thrombolysis 
meta-analysis found a 0.9% risk of fatal ICH in the NIHSS 
0 to 4 subgroup.24 Nevertheless, because patients with minor 
stroke have either been excluded a priori or under-represented 
in most of the stroke thrombolysis trials, the balance between 
excellent outcome and the risk of ICH is not clear. The accept-
able risk of ICH must be significantly less than in major stroke 
to justify the risk of death and disability as a complication 
of treatment. The use of 0.25 mg/kg TNK-tPA (50% of the 
approved coronary thrombolysis dose) as the dose choice 
reflects previous studies in major ischemic stroke.12,27,28 The 
longer half-life and favorable pharmacological properties of 
TNK-tPA may permit lower doses to have prolonged thera-
peutic effect with preserved safety.

During the course of this study, we showed that a single 
center that routinely uses CTA in clinical practice (Foothills 
Medical Center, Calgary) was able to randomize >20 patients/y. 
Other sites were not routinely using CTA in minor stroke and 
this resulted in a low average recruitment rate. A phase 3 trial in 
this population is feasible if sites routinely use CTA to screen 
all patients with ischemic stroke. This will be facilitated in 
Canada by the updated Canadian Secondary Prevention guide-
lines, which now recommend the use of CTA in the screening of 
these patients.29 With the recent publication of a positive trial30 
for endovascular treatment of acute stroke, it is likely that more 
and more centers will routinely use CTA in the screening of 
all patients with stroke. Acute endovascular therapy was not a 
barrier to enrollment in TEMPO-1 because it was not routinely 
offered to patients with minor stroke. Within TEMPO-1 itself 
only 1 patient (2%) was taken for rescue endovascular therapy. 
Limitations of this study include the fact that this was a proof-
of-concept safety study with a relatively small sample size.

We have shown, in a multicenter Canadian study, that it 
is safe and feasible to treat patients with minor stroke and 
intracranial occlusion with thrombolysis using TNK-tPA. 

Furthermore, even in this minor stroke population, recanaliza-
tion is strongly associated with improved clinical outcome. A 
larger randomized controlled trial is needed to prove that this 
treatment is efficacious.

Acknowledgments
We acknowledge the following sites who were initiated but did 
not enroll any patients; Green Field Park (J.M. Boulanger), Centre 
Hospitalier de l'Université de Montréal (CHUM) (A. Poppe), Victoria 
(A. Penn), and Sherbrooke (F. Moreau). Data Safety and Monitoring 
Board: Dr Dean Johnston (chair), Dr Gordon Gubitz, and Dr Leanne 
Casaubon.

Sources of Funding
Study drug was donated by Hoffman Le Roche. The study was 
funded by the Heart and Stroke Foundation of Alberta and Nunuvit 
and Alberta Innovates: Health Solutions. SBC, received salary sup-
port from the Alberta-Innovates-Health solutions and the Heart and 
Stroke Foundation of Canada’s Distinguished Clinician Scientist 
award, supported in partnership with the Canadian Institute of Health 
Research (CIHR), Institute of Circulatory and Respiratory Health and 
AstraZeneca Canada Inc. Dr Hill has received support from Alberta 
Innovates-Health Solutions and from the Heart & Stroke Foundation 
of Alberta/Hotchkiss Brain Institute Professorship in Stroke Research.

Disclosures
Dr Dowlatshahi has provided an expert opinion on the topic of throm-
bolysis in a medical-legal case. The other authors report no conflicts.

References
	 1.	 Reeves M, Khoury J, Alwell K, Moomaw C, Flaherty M, Woo D, et 

al. Distribution of National Institutes of Health stroke scale in the 
Cincinnati/Northern Kentucky Stroke Study. Stroke. 2013;44:3211–
3213. doi: 10.1161/STROKEAHA.113.002881.

	 2.	 Kleindorfer D, Kissela B, Schneider A, Woo D, Khoury J, Miller R, et 
al; Neuroscience Institute. Eligibility for recombinant tissue plasmino-
gen activator in acute ischemic stroke: a population-based study. Stroke. 
2004;35:e27–e29. doi: 10.1161/01.STR.0000109767.11426.17.

	 3.	 Smith EE, Fonarow GC, Reeves MJ, Cox M, Olson DM, Hernandez 
AF, et al. Outcomes in mild or rapidly improving stroke not treated with 
intravenous recombinant tissue-type plasminogen activator: findings 
from Get With The Guidelines-Stroke. Stroke. 2011;42:3110–3115. doi: 
10.1161/STROKEAHA.111.613208.

	 4.	 Barber PA, Zhang J, Demchuk AM, Hill MD, Buchan AM. Why are 
stroke patients excluded from TPA therapy? An analysis of patient eligi-
bility. Neurology. 2001;56:1015–1020.

	 5.	 Nedeltchev K, Schwegler B, Haefeli T, Brekenfeld C, Gralla J, Fischer 
U, et al. Outcome of stroke with mild or rapidly improving symptoms. 
Stroke. 2007;38:2531–2535. doi: 10.1161/STROKEAHA.107.482554.

	 6.	 Smith EE, Abdullah AR, Petkovska I, Rosenthal E, Koroshetz WJ, 
Schwamm LH. Poor outcomes in patients who do not receive intra-
venous tissue plasminogen activator because of mild or improv-
ing ischemic stroke. Stroke. 2005;36:2497–2499. doi: 10.1161/01.
STR.0000185798.78817.f3.

	 7.	 Rajajee V, Kidwell C, Starkman S, Ovbiagele B, Alger JR, Villablanca P, 
et al. Early MRI and outcomes of untreated patients with mild or improv-
ing ischemic stroke. Neurology. 2006;67:980–984. doi: 10.1212/01.
wnl.0000237520.88777.71.

	 8.	 Kim JT, Park MS, Chang J, Lee JS, Choi KH, Cho KH. Proximal arterial 
occlusion in acute ischemic stroke with low NIHSS scores should not 
be considered as mild stroke. PLoS One. 2013;8:e70996. doi: 10.1371/
journal.pone.0070996.

	 9.	 Coutts SB, Modi J, Patel SK, Demchuk AM, Goyal M, Hill MD; Calgary 
Stroke Program. CT/CT angiography and MRI findings predict recur-
rent stroke after transient ischemic attack and minor stroke: results of the 
prospective CATCH study. Stroke. 2012;43:1013–1017. doi: 10.1161/
STROKEAHA.111.637421.

	 10.	 Van De Werf F, Adgey J, Ardissino D, Armstrong PW, Aylward P, 
Barbash G, et al. Single-bolus tenecteplase compared with front-loaded 

 at University of Michigan--Ann Arbor on February 27, 2015http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/


774    Stroke    March 2015

alteplase in acute myocardial infarction: The assent-2 double-blind ran-
domised trial. Lancet. 1999;354:716–722.

	 11.	 Tanswell P, Modi N, Combs D, Danays T. Pharmacokinetics and phar-
macodynamics of tenecteplase in fibrinolytic therapy of acute myo-
cardial infarction. Clin Pharmacokinet. 2002;41:1229–1245. doi: 
10.2165/00003088-200241150-00001.

	 12.	 Parsons M, Spratt N, Bivard A, Campbell B, Chung K, Miteff F, et 
al. A randomized trial of tenecteplase versus alteplase for acute isch-
emic stroke. N Engl J Med. 2012;366:1099–1107. doi: 10.1056/
NEJMoa1109842.

	 13.	 TNK-tPA Evaluation for Minor Ischemic Stroke With Proven Occlusion 
(TEMPO-1) clinical trial listing. Clinical trials.gov Web site. https://www.
Clinicaltrials.Gov/ct2/show/nct01654445. Accessed January 1, 2015.

	 14.	 Wahlgren N, Ahmed N, Dávalos A, Ford GA, Grond M, Hacke W, et 
al; SITS-MOST Investigators. Thrombolysis with alteplase for acute 
ischaemic stroke in the Safe Implementation of Thrombolysis in Stroke-
Monitoring Study (SITS-MOST): an observational study. Lancet. 
2007;369:275–282. doi: 10.1016/S0140-6736(07)60149-4.

	 15.	 Larrue V, von Kummer R R, Müller A, Bluhmki E. Risk factors for severe 
hemorrhagic transformation in ischemic stroke patients treated with recom-
binant tissue plasminogen activator: a secondary analysis of the European-
Australasian Acute Stroke Study (ECASS II). Stroke. 2001;32:438–441.

	 16.	 Tissue Plasminogen Activator for Acute Ischemic Stroke. The National 
Institute of Neurological Disorders and Stroke rt-PA Stroke Study 
Group. N Engl J Med. 1995;333:1581–1587.

	 17.	 Coutts SB, Hill MD, Campos CR, Choi YB, Subramaniam S, Kosior JC, 
et al; VISION Study Group. Recurrent events in transient ischemic attack 
and minor stroke: what events are happening and to which patients? 
Stroke. 2008;39:2461–2466. doi: 10.1161/STROKEAHA.107.513234.

	 18.	 Storer BE. Design and analysis of phase I clinical trials. Biometrics. 
1989;45:925–937.

	 19.	 Lindsay P, Bayley M, McDonald A, Graham ID, Warner G, Phillips S. 
Toward a more effective approach to stroke: Canadian Best Practice 
Recommendations for Stroke Care. CMAJ. 2008;178:1418–1425. doi: 
10.1503/cmaj.071253.

	 20.	 Sato S, Uehara T, Ohara T, Suzuki R, Toyoda K, Minematsu K; Stroke 
Unit Multicenter Observational (SUMO) Study Investigators. Factors 
associated with unfavorable outcome in minor ischemic stroke. 
Neurology. 2014;83:174–181. doi: 10.1212/WNL.0000000000000572.

	 21.	 Coutts SB, Modi J, Patel SK, Aram H, Demchuk AM, Goyal M, et 
al. What causes disability after transient ischemic attack and minor 

stroke?: Results from the CT and MRI in the Triage of TIA and minor 
Cerebrovascular Events to Identify High Risk Patients (CATCH) Study. 
Stroke. 2012;43:3018–3022. doi: 10.1161/STROKEAHA.112.665141.

	 22.	 Coutts SB, Lindley RI, Hill MD, Cohen G, J.M. W, Sandercock P, et al. 
Effect of thrombolysis in a minor stroke population. Analysis of minor 
stroke patients treated in the ist-3 study. Cerebrovasc Dis. 2014;37:156.

	 23.	 Mishra SM, Dykeman J, Sajobi TT, Trivedi A, Almekhlafi M, Sohn SI, et 
al. Early reperfusion rates with IV tPA are determined by CTA clot char-
acteristics. AJNR Am J Neuroradiol. 2014;35:2265–2272. doi: 10.3174/
ajnr.A4048.

	 24.	 Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, et al; 
Stroke Thrombolysis Trialists’ Collaborative Group. Effect of treatment 
delay, age, and stroke severity on the effects of intravenous thrombolysis 
with alteplase for acute ischaemic stroke: a meta-analysis of individual 
patient data from randomised trials. Lancet. 2014;384:1929–1935. doi: 
10.1016/S0140-6736(14)60584-5.

	 25.	 Simoons ML, Maggioni AP, Knatterud G, Leimberger JD, de Jaegere P, 
van Domburg R, et al. Individual risk assessment for intracranial haem-
orrhage during thrombolytic therapy. Lancet. 1993;342:1523–1528.

	 26.	 Zinkstok SM, Engelter ST, Gensicke H, Lyrer PA, Ringleb PA, Artto 
V, et al. Safety of thrombolysis in stroke mimics: results from a mul-
ticenter cohort study. Stroke. 2013;44:1080–1084. doi: 10.1161/
STROKEAHA.111.000126.

	 27.	 Haley EC Jr, Lyden PD, Johnston KC, Hemmen TM; TNK in Stroke 
Investigators. A pilot dose-escalation safety study of tenecteplase in 
acute ischemic stroke. Stroke. 2005;36:607–612. doi: 10.1161/01.
STR.0000154872.73240.e9.

	 28.	 Haley EC Jr, Thompson JL, Grotta JC, Lyden PD, Hemmen TG, Brown 
DL, et al; Tenecteplase in Stroke Investigators. Phase IIB/III trial of 
tenecteplase in acute ischemic stroke: results of a prematurely termi-
nated randomized clinical trial. Stroke. 2010;41:707–711. doi: 10.1161/
STROKEAHA.109.572040.

	 29.	 Coutts SB, Wein TH, Lindsay MP, Buck B, Cote R, Ellis P, et al. Canadian 
Stroke Best Practice Recommendations: secondary prevention of stroke 
guidelines, update 2014 [published online ahead of print December 23, 
2014]. Int J Stroke. http://onlinelibrary.wiley.com/doi/10.1111/ijs.12439/
full. Accessed January 1, 2015.

	 30.	 Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HF, 
Yoo AJ, et al; MR CLEAN Investigators. A randomized trial of intraarte-
rial treatment for acute ischemic stroke. N Engl J Med. 2015;372:11–20. 
doi: 10.1056/NEJMoa1411587.

 at University of Michigan--Ann Arbor on February 27, 2015http://stroke.ahajournals.org/Downloaded from 

https://www.Clinicaltrials.Gov/ct2/show/nct01654445
https://www.Clinicaltrials.Gov/ct2/show/nct01654445
http://onlinelibrary.wiley.com/doi/10.1111/ijs.12439/full
http://onlinelibrary.wiley.com/doi/10.1111/ijs.12439/full
http://stroke.ahajournals.org/
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  MATERIAL	
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  (PI	
  designates	
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  principal	
  investigator).	
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  (n=1):	
  MC	
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  A	
  Mackey,	
  S	
  Verreault.	
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  (n=2):	
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  Field	
  (PI),	
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  Asdaghi	
  (PI),	
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  P	
  Teal,	
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