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Fantasy… 
•  75 year-old woman seen in ED for right facial 

weakness and slurred speech 
•  Symptom onset witnessed by her husband 30 

minutes ago 
•  No blood thinning medications 
•  BP 145/80, FSBG 94, NIHSS 7 
•  Husband: “She always said she would want that 

clot-busting medication if she had a stroke” 



Reality… 
•  38 year-old man seen in ED for right-sided 

weakness and aphasia 
•  Last seen 3 ½ hours ago, appeared normal then, 

though was intoxicated 
•  Stumbled and may have hit his head when 

symptoms began 
•  BP 167/80, FSBG 120, NIHSS 9 
•  Blood alcohol level 133 



Last year’s talk 

•  Anticoagulant use 
•  Treating the oldest 

old 
•  Unusual situations 

(aneurysms, 
dissections, stroke 
mimics) 

•  Treating mild stroke 
symptoms 

Moving beyond thrombolysis 101: 
tPA in special situations 

Adam G. Kelly, MD 
Associate Professor of Neurology 

Director, Highland Hospital Stroke Center 



This year’s outline 
•  Severe hypertension 

•  Recent surgery or invasive procedures 

•  Seizure at symptom onset 

•  Unclear time of onset and wake-up strokes 

•  Treating mild or rapidly improving strokes 
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Purpose—To critically review and evaluate the science behind individual eligibility criteria (indication/inclusion and 
contraindications/exclusion criteria) for intravenous recombinant tissue-type plasminogen activator (alteplase) treatment 
in acute ischemic stroke. This will allow us to better inform stroke providers of quantitative and qualitative risks 
associated with alteplase administration under selected commonly and uncommonly encountered clinical circumstances 
and to identify future research priorities concerning these eligibility criteria, which could potentially expand the safe and 
judicious use of alteplase and improve outcomes after stroke.

Methods—Writing group members were nominated by the committee chair on the basis of their previous work in relevant 
topic areas and were approved by the American Heart Association Stroke Council’s Scientific Statement Oversight 
Committee and the American Heart Association’s Manuscript Oversight Committee. The writers used systematic 
literature reviews, references to published clinical and epidemiology studies, morbidity and mortality reports, clinical 
and public health guidelines, authoritative statements, personal files, and expert opinion to summarize existing evidence 
and to indicate gaps in current knowledge and, when appropriate, formulated recommendations using standard American 
Heart Association criteria. All members of the writing group had the opportunity to comment on and approved the final 
version of this document. The document underwent extensive American Heart Association internal peer review, Stroke 
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Case #1 
•  66 y/o man seen in the ED 90 minutes after the 

onset of left-sided weakness 
•  NIHSS 8 (left face/arm/leg weakness, dysarthria) 
•  CT negative for bleeding 
•  BP 220/109 on presentation, decreases to 

201/95 when rechecked, then 204/100 after 10 
mg of IV labetalol 

•  Next steps?  Forgo tPA? 



Hypertension and tPA 
•  Hypertension is very common in acute stroke 

•  Major risk factor for stroke, stress reaction to acute brain 
injury and circumstances 

•  Almost all studies have used a BP threshold of 
185/110 as a tPA exclusion 

•  Updated FDA label: 
•  “Current severe uncontrolled hypertension” as exclusion, 

without specific thresholds – how to interpret this? 



Hypertension and tPA 
•  BP on presentation is associated with risk of 

symptomatic hemorrhage 
•  HAT score, GWTG retrospective analysis 

•  Excessive BP reduction can cause stroke 
worsening due to penumbral hypoperfusion 

•  Exact degree of BP reduction, optimal reduction 
strategy not well established 



Hypertension and tPA 
•  AHA/ASA statement: 

•  tPA “recommended in patients whose BP can be safely 
lowered to < 185/110 mm Hg with antihypertensive agents” 

•  Needs to be maintained at this level for ≥ 24 hours 

•  No simple approach, but be aggressive to get to 
185/110 level 
•  Double the dose if initial IV agent does not work 
•  Low threshold to switch to drip 
•  Try to maintain BP in the 150-180 range 



Case #2 
•  81 year-old man seen in the 

hospital for the acute onset of 
right sided weakness and mild 
aphasia 

•  NIHSS 11 
•  BP 134/79, CT negative for ICH 

but does show likely acute 
thrombus in left M2 vessel 



Case #2 
•  81 year-old man seen in the 

hospital for the acute onset of 
right sided weakness and mild 
aphasia 

•  NIHSS 11 
•  BP 134/79, CT negative for ICH 

but does show likely acute 
thrombus in left M2 vessel 

•  3 days post-op from knee 
replacement – change decision? 



Recent surgery and tPA 
•  Inconsistent definitions of recent surgery across 

studies and guidelines 
•  NINDS: 14 days 
•  ECASS-3: 3 months 
•  Recent intracranial or spinal surgery addressed separately, 

no other definition of “major surgery” 

•  Likely subject to publication bias, but case 
reports of safe tPA use in setting of recent 
surgery (several types) are in the literature 



Recent surgery and tPA 
•  As in all tPA cases, need to weigh potential 

benefits of treatment against potential risks 
•  How severe or disabling are the symptoms? 
•  What is the patient’s risk of intracranial bleeding? 
•  What is the risk of bleeding at the surgical site?  Could this 

be managed by a surgeon? 
•  Are there alternatives (direct to endovascular therapy)? 
•  What are the patient’s and family’s risk tolerance? 



Recent surgery and tPA 
•  For most recent surgeries: 

•  Proceed with usual acute stroke work-up 
•  Contact surgical team ASAP to discuss bleeding risks 
•  If risks acceptable/manageable and stroke deficits are 

disabling, discuss with patient and treat if agreeable 

•  For surgeries at high risk for complications: 
•  Intracranial, spinal, cardiac, vascular – hold on tPA 
•  Obtain acute vascular imaging (CTA) and mobilize 

endovascular team if large vessel occlusion 



Seizures at onset 
•  Seizure at onset of focal neurologic symptoms 

has been considered a tPA contraindication 
•  NINDS and other tPA trials 
•  2013 AHA/ASA acute stroke guidelines 

•  Rationale: weakness or other focal symptoms 
likely to be a post-ictal (Todd’s) phenomenon 



Seizures at onset 
•  Problems with using seizure at onset as a tPA 

exclusion: 
•  Acute focal cerebral ischemia can trigger seizures (seizure 

and stroke NOT mutually exclusive) 
•  Profound weakness, aphasia, etc., usually result from 

prolonged seizure activity 
•  Focal deficits in patients with seizures will have symptoms 

inappropriately attributed to a post-ictal process 



Seizures at onset 
•  Bleeding and other tPA complications are very 

uncommon in stroke mimics (including seizure) 
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A clinical suspicion of seizure at onset of stroke syndrome 
was traditionally considered a contraindication to administer-
ing intravenous alteplase to stroke patients. This was based 
on the rationale that a focal neurological deficit in this set-
ting is more likely attributable to a SM, that is, postictal Todd 
paralysis, than to acute cerebral ischemia. These entities are 
not mutually exclusive, however, because seizures can rarely 
occur at the onset of acute ischemic stroke.332 Notably, the risk 
of sICH after thrombolysis of SMs is exceedingly low.319,333,334 
Furthermore, historical features of seizure activity at onset 
might be misleading. In 1 retrospective study of 326 stroke 
patients, a concern for witnessed seizure at onset occurred 
in 9 patients, 5 of whom ultimately had ischemic infarctions 
caused by intracranial arterial occlusions.335

The evidence for intravenous alteplase use in patients with 
seizures at symptom onset is made up predominantly of ret-
rospective reviews of prospectively collected stroke patients 
from registries (Table 16).

In total, there are almost 300 patients with seizure at onset 
who received intravenous alteplase for stroke-like symptoms 
described in the English literature.294,319,333,334,336–341 Of these, 
sICH has been reported in only 2 patients, and 1 of these 
patients had a remote history of surgical removal of a brain 
tumor that may have served as a nidus for the development of 
ICH. If true clinical uncertainty remains in the evaluation of a 
patient with seizure at onset of a focal neurological symptom, 
CT or magnetic resonance perfusion studies could theoretically 
be useful in selecting patients for treatment, but this has not 
been systematically studied, and intravenous alteplase should 
not be delayed to await results of these studies in most cases.

In summary, evidence derived mostly from prospective 
stroke registries suggests that a seizure at onset of symptoms 
should not be considered an absolute contraindication to 
administering intravenous alteplase to acute stroke patients.

Seizure at Stroke Onset Syndrome: 
Recommendation

1. Intravenous alteplase is reasonable in patients with 
a seizure at the time of onset of acute stroke if evi-
dence suggests that residual impairments are sec-
ondary to stroke and not a postictal phenomenon 
(Class IIa; Level of Evidence C).

Major Early Infarct Size, Large Areas of 
Ischemic Stroke, Early Ischemic Changes as 

Measured by ASPECTS, and the One-Third Rule
The FDA label has now removed any mention of major early 
infarct signs on a cranial CT scan (eg, substantial edema, mass 
effect, or midline shift). Previously, the label warned that the 
risks of intravenous alteplase therapy may be increased in 
these patients. In the 2013 AHA/ASA guidelines,24 intrave-
nous alteplase is recommended in the setting of early isch-
emic changes (EICs) on CT, regardless of their extent, but the 
guidelines caution that frank hypodensity on CT may increase 
the risk of hemorrhage. If frank hypodensity involves more 
than one third of the MCA territory, intravenous alteplase is 
contraindicated and should be withheld.

One of the most challenging exclusion criteria with intra-
venous alteplase is the presence and extent of EICs on non-
contrast CT. EICs on cerebral noncontrast CT is defined as 
parenchymal hypoattenuation (gray-white indistinction or 
decreased density of brain tissue relative to attenuation of 
other parts of the same structure or of the contralateral hemi-
sphere) or focal swelling or mass effect (any focal narrowing 
of the cerebrospinal fluid spaces as a result of compression 
by adjacent structures). Isolated cortical swelling has subse-
quently been shown to represent actual penumbral tissue that 
may fully reverse with reperfusion.342,343 EICs reflect primarily 
a decrease in x-ray attenuation, which is inversely correlated 
with tissue net water uptake and may be a marker of irrevers-
ibly damaged ischemic brain tissue.344 Controversy remains as 
to the degree of x-ray hypoattenuation required for irreversible 
injury. ECASS I pioneered the assessment of EIC by introduc-
ing the rule of EICs in more than one third of the MCA ter-
ritory.47 A post hoc analysis of ECASS I suggested that the 
extent of EIC was an important predictor of the response to 
intravenous alteplase.345 In patients with a small (less than 
one third of the MCA territory) hypoattenuating area, intra-
venous alteplase increased the odds of good functional out-
come (OR, 3.43; 95% CI, 1.61–7.33). The benefit was less 
clear for patients without EICs (OR, 1.27; 95% CI, 0.82–1.95) 
or hypoattenuation involving more than one third of the MCA 
territory (OR, 0.41; 95% CI, 0.06–2.70). Increased risk for 
sICH was seen in ECASS I and confirmed in secondary analy-
sis of the ECASS II CT scans when EIC in more than one 

Table 16. Summary of Studies Including ≥5 Patients Treated With Intravenous rtPA Who Had Seizures at Symptom Onset

Study Study Design Seizure/Total SMs, n
Average Initial
NIHSS Score Any ICH, n sICH, n mRS Score of 0–1, %

Winkler et al319 Retrospective of prospective registry 6/7 10* 0 0 86

Chernyshev et al334 Retrospective of prospective registry 26/69 7 0 0 87

Zinkstok et al294 Multicenter, observational cohort 81/100 6 NA 2 75

Tsivgoulis et al336 Retrospective of prospective registry 11/56 6 NA 0 96

Förster et al337 Retrospective of prospective registry 20/42 6.5 NA 0 NA

Chang et al338 Retrospective 6/14 6* 0 0 NA†

ICH indicates intracerebral hemorrhage; mRS, modified Rankin Scale; NA, not applicable; NIHSS, National Institutes of Health Stroke Scale; rtPA, recombinant 
tissue-type plasminogen activator; sICH, symptomatic intracerebral hemorrhage; and SM, stroke mimic.

*Average indicates the median except where indicated by an asterisk (mean).
†In that trial, 97% had an mRS score of 0 to 2.
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Seizures at onset 
•  Most patients with seizure at onset and ongoing 

disabling stroke symptoms should be treated 
with IV tPA 
•  Including patients with diagnosis of epilepsy 

•  Caveat: look for red flag symptoms 
•  Headache – think SAH or venous sinus thrombosis! 
•  Fever – think HSV encephalitis! 
•  Fluctuating symptoms – think non-convulsive status! 



Case #3 
•  59 year-old woman is brought to 

the ED after awakening with left-
sided weakness 

•  LKN at 12 AM, current time 7 AM 
•  NIHSS 7 (left facial and arm 

weakness, right gaze preference, 
slurred speech) 

•  Head CT is normal 

•  Treat with tPA? 



Wake up strokes 
•  Uncertain time of symptom onset is the major 

reason for tPA ineligibility in 25-30% of patients 
•  Many of these are “wake up strokes” 

•  Case presentation is common: 
•  Measurable, disabling stroke symptoms 
•  No other tPA exclusions other than time 
•  Normal CT scan, suggesting that stroke onset was recent 



Wake up strokes 
•  Several small series of treating wake up strokes 

with IV tPA have been reported 
•  Safety comparable to overall tPA experience (2.9%, 4.3%) 

•  Acute MRI may have better ability to identify 
acute brain injuries amenable to tPA treatment 
•  DWI positive/FLAIR negative lesions: 62% sensitive, 75% 

specific for identifying strokes ≤ 4.5 hours 
•  Basis for selection in ongoing NIH-funded MR-WITNESS 

clinical trial 
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FLAIR-positive patients were younger than FLAIR-
negative patients, had larger DWI lesion volumes, and 
had a lower frequency of severe leukoaraiosis (table 2). 
The event-to-MRI time in FLAIR-positive patients was 
longer than that in FLAIR-negative patients (table 2). 
Groups were much the same regarding sex, NIHSS score 
on admission, side of infarction, systolic blood pressure, 
blood glucose, and cause of stroke (table 2).

In the multivariate regression analysis, longer time to 
MRI, lower age, and larger DWI lesion volume were 
identifi ed as independent predictors of visibility of acute 
ischaemic lesions on FLAIR images, but leukoaraiosis 
was not (table 3). In view of the correlation between age 
and leukoaraiosis (r=0·503, p<0·0001), we also tested a 
model excluding age. This model identifi ed longer time 
to MRI, larger DWI lesion volume, and less severe 
leukoaraiosis as independent predictors of visibility of 
acute ischaemic lesions on FLAIR imaging. The odds for 
a positive FLAIR scan increased by 22% for every 30 min 
from symptom onset to MRI, and by 7% for every 10 mL 
increase in DWI lesion volume, although it decreased by 
39% in the presence of severe leukoaraiosis (table 4).

Table 4 shows the predictive values of DWI-FLAIR 
mismatch for the identifi cation of patients within either 

4·5 h or 6 h of symptom onset. Restriction of the 
analysis to subgroups of patients with ischaemic lesions 
in the MCA territory, MCA stroke and NIHSS scores of 
greater than 3, and MCA stroke and DWI lesion of 
greater than 5 mL resulted in slight increases in 
specifi city and PPV (table 4). 

We also did an exploratory subgroup analysis on the 
basis of TOAST classifi cations. Data on cause of stroke 
were available in 428 (79%) of 543 patients. The percentage 
of acute ischaemic lesions identifi ed on FLAIR imaging 
was much the same between patients with large artery 
athero sclerosis (67 of 145; 46%) and those with 
cardioembolism (69 of 155; 45%). Predictive values were 
also much the same between both groups (data not 
shown). Other subgroups (small-vessel occlusion [n=22], 
other determined cause of stroke [n=40], and 
undetermined cause of stroke [n=66]) were too small and 
heterogeneous to allow subgroup analysis.

In the multivariable regression analysis, the area under 
the curve was 0·8080 for use of DWI-FLAIR mismatch to 
identify ischaemic lesions within 4·5 h of symptom 
onset, and none of the additional covariates tested (age, 
severe leukoaraiosis, and DWI lesion volume) improved 
the model. For the identifi cation of ischaemic lesions 
within 6 h of symptom onset, the area under the curve 
for DWI-FLAIR mismatch was 0·8305 and, similarly, 
none of the additional variables improved the model.

Discussion
Our assessment of a large multicentre dataset yielded 
three main fi ndings. First, we showed that the DWI-
FLAIR mismatch can be used to identify patients within 
4·5 h of symptom onset with high specifi city and high 
PPV. This fi nding substantiates those from some of the 
previous smaller single-centre studies,9,17,19 lending 
support to the use of DWI-FLAIR mismatch as a 
surrogate marker to identify patients with acute stroke 
who are eligible for intravenous thrombolysis (panel). 
Second, the sensitivity of DWI-FLAIR mismatch to 
identify patients within 4·5 h of symptom onset was 
low, as previously reported,9,18 showing the need for 
future studies of other imaging parameters. Third, our 
study provides further insight into potential 
confounding variables that interfere with the diagnostic 
accuracy of DWI-FLAIR mismatch, such as lesion 
volume, leukoaraiosis, image quality, and interobserver 
agreement.

Since DWI-FLAIR mismatch was suggested as a 
surrogate marker to identify patients eligible for 
intravenous thrombolysis,9 three studies17–19 have 
reported a time dependency of the visibility of acute 
ischaemic lesions on FLAIR imaging. In these studies, 
for the identifi cation of patients within 3 h of symptom 
onset, specifi city was between 71% and 97% and PPV 
was between 64% and 97%, and for the identifi cation of 
lesions within 4·5 h of symptom onset, specifi city was 
between 73% and 89% and PPV was between 86% and 

Included in fi nal analysis 
(n=543)

Excluded from fi nal analysis
(n=100)

Age (years, mean [95% CI]) 66·0 (64·7–67·3) 69·0 (66·4–71·5)

Female 251 (46%) 47 (47%)

NIHSS score on admission 8 (4–15)* 11 (5–17)

Time to MRI (min) 201 (110–321)* 152 (96–271)

Field strength 3 T 86 (16%) 12 (12%)

Data are number (%) or median (IQR) unless otherwise stated. NIHSS=National Institutes of Health Stroke Scale. 
*Data missing for fi ve patients.

Table 1: Baseline characteristics 

Figure 3: FLAIR lesion visibility in relation to time from symptom onset
Visibility of acute ischaemic lesions on FLAIR images in relation to time from symptom onset. Numbers are patients 
within each time interval, which also relate to the widths of the columns. FLAIR=fl uid-attenuated inversion recovery.
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attribution of symptom onset to one specifi c lesion, were 
also excluded from the fi nal analysis. 

We recorded demographic data, time from symptom 
onset to MRI, severity of neurological defi cit on 
admission as assessed with the National Institutes of 
Health Stroke Scale (NIHSS),29 stroke cause according to 
Trial of Org 10172 in Acute Stroke Treatment (TOAST) 
defi nitions,30 and blood glucose and systolic blood 
pressure on admission.

Statistical analysis
We calculated the extent of interobserver agreement for 
the identifi cation of acute ischaemic lesions on DWI and 
on FLAIR imaging. Group comparison between FLAIR-
negative and FLAIR-positive cases was done with 
multivariable models with the centre as a random eff ect. 
We graphically checked values for each continuous factor 
and, in cases with asymmetric distribution, we log 
transformed parameters before group comparison. For 
parameters with asymmetric distribution, median (IQR) 
values are reported with the geometric mean for descriptive 
purposes. We entered parameters with p<0·1 in a univariate 
analysis into a multivariable logistic regression analysis 
including the centre as a random eff ect and with positive 
FLAIR imaging being the dependent variable. We 
calculated sensitivity, specifi city, PPV, and NPV for the 
identifi cation of patients within 4·5 h and 6 h of symptom 
onset who had negative FLAIR scans, with exact 95% CI, 
for all patients with a lesion on DWI and an assessable 
FLAIR image. We also calculated predictive values for 
subgroups of patients, with the aim of identifying a 
population who might be eligible for thrombolysis (on the 
basis of clinical criteria) and a population in which the 
DWI-FLAIR mismatch seemed to be reliable (on the basis 
of previous experience). We arbitrarily defi ned a relevant 
neurological defi cit on the basis of an NIHSS score of >3—
a cutoff  that has been used in previous stroke trials.23,31 In 
line with the improved performance of DWI-FLAIR 
mismatch recorded in previous studies,18,20 for the 
secondary analysis we also excluded very small (<5 mL) 
DWI lesions and DWI lesions outside the middle cerebral 
artery [MCA] territory. 

We also did a multivariable logistic regression analysis 
including FLAIR-DWI mismatch together with potential 
confounding covariates (age, severe leukoaraiosis, and 
DWI lesion size) with time window (≤4·5 h and ≤6 h) as 
a dependent variable in a backward selection model and 
calculated the area under the curve as a measure of model 
performance. Statistical analysis was done with SAS 
(version 9.2), the statistical package R (version 2.11.1), 
and SPSS (version 13.0). The report of this study follows 
the Standards for the Reporting of Diagnostic accuracy 
studies statement.32

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation, or 

writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for 
publication.

Results
Figure 1 shows the study profi le. Figure 2 shows examples 
of DWI and FLAIR images, including poor quality MRI 
scans for which some patients were excluded. At least 
one observer judged imaging to be of poor quality on 
DWI in 26 cases (4·0%), on FLAIR in 29 cases (5%), and 
on both DWI and FLAIR in 7 cases (1%). Table 1 shows 
baseline characteristics of the study sample. 

Interobserver agreement for the detection of acute 
DWI was 93·9% with a κ of 0·506 (95% CI 0·361–0·651). 
Interobserver agreement for the detection of 
corresponding FLAIR lesions was 77·9% with a κ of 
0·569 (0·504–0·634). We recorded an increasing 
proportion of FLAIR-positive fi ndings with increasing 
time between symptom onset and MRI (fi gure 3). All 
further analysis was restricted to patients with a visible 
DWI lesion (DWI positive).

Figure 2: Examples of DWI and FLAIR images
(A) Diff usion-weighted imaging (DWI) and fl uid-attenuated inversion recovery (FLAIR) images excluded from the 
fi nal analysis because of poor quality (left) or the presence of multiple acute and subacute ischaemic lesions of 
diff erent ages, precluding the attribution of symptom onset to one specifi c lesion (right). (B) Pairs of images 
showing acute ischaemic lesions on DWI but not on FLAIR imaging (FLAIR-negative, DWI-FLAIR mismatch). 
(C) Pairs of images showing acute ischaemic lesions on DWI together with a corresponding subtle (left) or obvious 
(right) parenchymal hyperintensity on FLAIR imaging (FLAIR-positive, no DWI-FLAIR mismatch).

B   FLAIR-negative (DWI-FLAIR mismatch)

A   Excluded

C   FLAIR-positive (no DWI-FLAIR mismatch)

DWI FLAIR DWI FLAIR

DWI FLAIR DWI FLAIR

DWI FLAIR DWI FLAIR
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Wake up strokes 
•  Summary: 

•  Although tempting, wake up strokes should not be treated 
with IV tPA at this time 

•  Ongoing clinical trials can hopefully identify imaging 
findings (or other biomarkers) that can move us from a 
time-based decision to a tissue-based decision 

•  Large vessel occlusion strokes may still be candidates for 
endovascular therapy (longer treatment time window) 



Mild strokes and tPA 
•  Outcomes after mild stroke may not be as 

favorable as initially suspected 
•  Analysis of GWTG patients (2011): in patients who did not 

receive tPA due to mild symptoms, nearly 30% were not 
discharged home 

•  Risks of ICH following tPA are lower in strokes of 
mild severity  
•  Less area at risk for infarction 
•  Literature estimates ~2% symptomatic ICH risk 



Mild strokes and tPA 

•  What constitutes 
a mild but still 
potentially 
disabling stroke? 
•  Language 
•  Motor 
•  Hemianopsia 
•  Patient-specific 

factors 
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The Re-Examining Acute Eligibility for Thrombolysis 
(TREAT) Task Force recently examined in detail the exclu-
sion criterion and provided recommendations to guide treating 
physicians137 (Table 12). It was the unanimous consensus of 
this task force that patients with moderate to severe stroke who 
do not improve to a nondisabling state should be treated with 
intravenous alteplase unless other contraindications are present. 
The task force further emphasized that treatment should not be 
delayed to monitor for improvement beyond the extent of time 
needed to prepare and administer the intravenous alteplase bolus.

Rapidly Improving: Recommendations

1. Intravenous alteplase treatment is reasonable for 
patients who present with moderate to severe isch-
emic stroke and demonstrate early improvement 
but remain moderately impaired and potentially 
disabled in the judgment of the examiner (Class IIa; 
Level of Evidence A).

2. Because time from onset of symptoms to treatment 
has such a powerful impact on outcome, delaying 
treatment with intravenous alteplase to monitor for 
further improvement is not recommended (Class 
III; Level of Evidence C).

Time From Symptom Onset
According to the FDA label, treatment should be initiated only 
within 3 hours after the onset of stroke symptoms and after 
exclusion of intracranial hemorrhage by a cranial CT scan or 
other diagnostic imaging method sensitive for the presence of 
hemorrhage.

Recommendations According to the 2013 AHA/ASA 
Guidelines24

1. Intravenous alteplase (0.9 mg/kg; maximum dose, 
90 mg) is recommended for selected patients who 
may be treated within 3 hours of onset of ischemic 
stroke (Class I; Level of Evidence A). Physicians 
should review the criteria outlined in Tables 10 and 
11 (which are modeled on those used in the 2 NINDS 
trials) to determine the eligibility of the patient.

2. In patients eligible for intravenous alteplase, benefit 
of therapy is time dependent, and treatment should 
be initiated as quickly as possible. The door-to- 
needle time (time of bolus administration) goal should 
be within 60 minutes from hospital arrival (Class I; 
Level of Evidence A).

3. Intravenous alteplase (0.9 mg/kg; maximum dose, 90 
mg) is recommended for administration to eligible 
patients who can be treated in the time period of 3 to 
4.5 hours after stroke onset (Class I; Level of Evidence 
B). The eligibility criteria for treatment in this time 
period are similar to those for people treated at earlier 
time periods within 3 hours, with the following addi-
tional exclusion criteria: patients >80 years old, those 
taking oral anticoagulants (OACs) regardless of inter-
national normalized ratio (INR), those with a base-
line NIHSS score >25, those with imaging evidence of 
ischemic injury involving more than one third of the 

middle cerebral artery (MCA) territory, or those with 
a history of both stroke and diabetes mellitus.

Time from symptom onset is the most important exclusion 
criterion for intravenous alteplase and is the most frequent 
reason why patients are ineligible for treatment. It is impor-
tant for treating physicians to obtain corroborating history 
on time because families often confuse the time of symptom 
onset with the time the patient was found. Asking the family 
to remember when the last time the patient was seen normal 
or at their baseline state of health will often clarify. See the 
introductory section for a full description of the frequency of 
this exclusion within populations and the AHA/ASA guide-
lines for the early management of patients with acute ischemic 
stroke24 for a full description of the controversies surrounding 
time from symptom onset. The scientific rationale for choos-
ing such a restrictive time window by the original NINDS 
trialists came from models of ischemic stroke in rodents and 
primates. Within an awake primate model, they found that 
after 2 to 3 hours, occlusion of the MCA led to permanent, 
larger infarcts compared with ischemia for 15 to 30 minutes.138

In the years since the completion of the 2 NINDS trials, the 
importance of time and the appropriateness of the 3-hour window 
has been demonstrated in several studies.5,139,140 It has become 
clear that the earlier thrombolytic treatment can be started, the 
better the chances are of a good outcome for the patient. Several 
pooled combined analyses have been performed. The most 
recent study-level meta-analysis included 7012 patients from 
12 different randomized, clinical trials treated within 6 hours 
of symptom onset. Overall, there was a significant benefit, but 
it was much more pronounced for patients treated in <3 hours 
from symptom onset (mRS score of 0–2, 40.7% versus 31.7%; 
OR, 1.53; 95% CI, 1.26–1.86; P<0.0001).48

Because every patient’s collateral circulation is dif-
ferent and individuals have varying thresholds for perma-
nent ischemia, the ideal way to establish the allowable time 
from symptom onset to treatment would be to evaluate the 
tissue viability or the ischemic penumbra in each patient. 
Multimodal imaging techniques designed to image the pen-
umbra, including such modalities as MRI perfusion/diffu-
sion mismatch, CT perfusion, and oxygen extraction ratios, 

Table 12. Task Force Consensus: Definition and Clinical 
Context of Rapidly Improving Stroke Symptoms as an 
Exclusion Criterion for Intravenous Alteplase137

Improvement to a mild stroke such that any remaining deficits seem 
nondisabling

The following typically should be considered disabling deficits:

  Complete hemianopsia (≥2 on NIHSS question 3) or severe aphasia (≥2 on 
NIHSS question 9), or

 Visual or sensory extinction (≥1 on NIHSS question 11) or

  Any weakness limiting sustained effort against gravity (≥2 on NIHSS 
question 6 or 7) or

 Any deficits that lead to a total NIHSS score >5 or

  Any remaining deficit considered potentially disabling in the view of the 
patient and the treating practitioner. Clinical judgment is required.

NIHSS indicates National Institutes of Health Stroke Scale.
Modified from Levine et al.137 Copyright © 2013, American Heart Association, Inc.
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Mild strokes and tPA 
•  Patients with mild but potentially disabling 

strokes should be considered for IV tPA 
•  Outcome may not be as favorable as expected, risk of 

hemorrhage likely lower 

•  Additional data should clarify role of tPA in mild 
or rapidly improving stroke 
•  PRISMS (clinical trial of IV tPA in mild stroke) 
•  MaRISS (observational study of tPA and non-tPA treated 

patients with mild or rapidly improving stroke) 



Conclusions 
•  Number of patients treated with IV tPA can be 

increased by: 
•  Aggressive treatment of severe hypertension prior to tPA 
•  Treating patients with recent surgery who have favorable 

benefit-risk ratio 
•  Not using seizure at onset as exclusion criteria 
•  Treating patients with mild or rapidly improving symptoms 

that are still disabling 
•  Wake up strokes should still be considered ineligible for 

tPA though this may change in the future 


