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Intravenous Thrombolysis for Acute
Ischaemic Stroke in Young Adult Patients

Alexandre Y. Poppe, Alastair M. Buchan, Michael D. Hill

ABSTRACT: Background: Intravenous tissue plasminogen activator (IV tPA) has been studied primarily in patients over age 50. We
sought to describe baseline differences in adult patients <50 years-old taken from a large prospective cohort of acute stroke patients
treated with intravenous tPA (IV tPA) and to determine whether outcomes differed for this population. Methods: Data (n = 1120)
prospectively collected from the Canadian Alteplase for Stroke Effectiveness Study (CASES) were reviewed and patients aged <50
years-old (n=99) were compared with those aged >50 years (n=1021) with regards to baseline characteristics, symptomatic intracerebral
haemorrhage (sICH), functional outcome at 90 days and death. Results: Nine percent of patients were <50 years-old. Among patients
aged <50 years, 40.4% were women and median age was 42 + 6.1 years (range 20 to 50). They had significantly more current cigarette
use but fewer other vascular risk factors than older patients (p<0.05) and their baseline median NIHSS score was lower (13 versus 15,
P=0.001). Although this group was more likely to have a favourable 90-day outcome, multivariable regression confirmed that age <50
years, while independently associated with a decreased risk of death (RR 0.36, 95% CI 0.14 to 0.95), was not itself predictive of
favourable 90-day outcome or decreased risk of SICH. Conclusions: Adult patients <50 years-old had fewer medical co-morbidities and
a modestly lower baseline median NIHSS score than their older counterparts. Age <50 years was independently associated with a
decreased risk of death but not with favourable outcome or risk of sICH.

RESUME: Thrombolyse intraveinense dans Paccident vasculaire cérébral aign ischémique chez les jeunes adultes. Contexte : 1 administration
intraveineuse de Dactivateur du plasminogene tissulaire (1t-PA IV) a ét€ étudiée surtout chez les patients de plus de 50 ans. Notre but était de décrire
les caractéristiques de patients adultes de S0 ans et moins faisant partie d’une cohorte prospective importante de patients atteints d’un accident vasculaire
cérébral aigu (AVCA) traités par rt-PA IV et de déterminer si le résultat thérapeutique était différent chez ces patients. Méthodes : Nous avons révisé
les données recueillies de fagon prospeétive au cours de 1’étude Canadian Alteplase for Stroke Effectiveness Study (CASES) sur 1120 patients et nous
avons comparé les patients dgés de 50 ans et moins (n = 99) a ceux de plus de 50 ans (n = 1021) quant aux caractéristiques initiales, a I’hémorragie
intracérébrale symptomatique (HICs), au résultat fonctionnel aprés 90 jours et au déceés. Résultats : Neuf pour cent des patients étaient 4gés de 50 ans
et moins. Parmi ces patients, 40,4% étaient des femmes et 1’age médian était de 42 + 6,1 ans (écart de 20 4 50 ans). Le taux de tabagisme actuel était
significativement plus élevé dans ce groupe, mais ces patients présentaient moins d’autres facteurs de risque vasculaire que les patients plus agés (p <
0,05) et leur score médian au NIHSS était plus bas (13 versus 15 ; p = 0,001). Bien que ce groupe soit plus susceptible d’avoir un résultat favorable
aprés 90 jours, I’analyse de régression multivariée a confirmé que 1’age de 50 ans et moins, bien qu’associé de facon indépendante & un risque plus
faible de déces (RR 0,36, IC 4 95% de 0,14 4 0,95), n’était par en soi prédictif d’un résultat favorable a 90 jours ou d’un risque plus faible d’HICs.
Conclusions : Les patients adultes de 50 ans et moins avaient moins de co-morbidités médicales et un score médian initial NIHSS légérement plus bas
que ceux de plus de 50 ans. Etre Agé de 50 ans et moins était associé de fagon indépendante 4 un risque plus faible de déces mais n’était pas associé a
une issue favorable ou au risque d’"HICs.
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Although stroke is generally a disease of the elderly, up to
12% of first strokes occur in young adult patients!?, commonly
defined as those aged 50 years or less. Young adults with
ischaemic stroke tend to have a more favourable prognosis than

older patients, however, their risk of disability and death is
significantly higher than that of the general population of the
same age®”’. The cost to society is particularly pronounced since
these young patients become disabled during their peak years of
productivity. Twenty to 50% of patients are unable to return to
work>*#? and most have a longer lifetime of disability and risk for
medical complications than older stroke patients.

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

https://doi.org/10.1017/5031716710012027X Published online by Cambridge University Press

From the Calgary Stroke Program (AYP), Department of Clinical Neurosciences /
Medicine / Community Health Sciences, Hotchkiss Brain Institute (MDH), University
of Calgary, Foothills Medical Centre, Calgary, Alberta, Canada; Nuffield Department
of Clinical Medicine (AMB), University of Oxford, John Radcliffe Hospital,
Headington, Oxford, United Kingdom.

RECEIVED SEPTEMBER 24, 2008. FINAL REVISIONS SUBMITTED OCTOBER 31, 2008.
Correspondence to: Alexandre Y. Poppe, Calgary Stroke Program, University of
Calgary, Foothills Medical Centre, 1403 29th Street NW, Calgary, Alberta, T2N 2T9,
Canada.

161


https://doi.org/10.1017/S031716710012027X

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

Intravenous tissue plasminogen activator (IV tPA) is an
accepted standard therapy for acute ischaemic stroke and has
been found to decrease long-term disability when given within
three hours of symptom-onset'®. However, its use in stroke has
been studied primarily in adults over age 50. A subgroup analysis
of the NINDS tPA trial suggested that younger adults benefit
more than older patients when adjusted for baseline stroke
severity, but the number of patients aged less than 50 in that
study was small'!. Younger patients also face unique challenges
with regards to thrombolysis given possible delayed recognition
of symptoms, incorrect physician diagnosis and more varied
stroke etiologies. Most studies of thrombolysis in ischaemic
stroke have not specifically addressed outcome or process issues,
such as onset-to-treatment time (OTTT), door-to-CT time, door-
to-needle time and frequency of protocol violations in young
adult patients'2,

We therefore sought to describe baseline differences in
patients <50 years-old taken from a large prospective cohort of
acute ischaemic stroke patients treated with IV tPA and to
determine whether process issues and outcomes differed for this
population.

METHODS

Data prospectively collected in the Canadian Alteplase for
Stroke Effectiveness Study (CASES) were analyzed. This was a
national prospective cohort study that lead to the full approval of
IV-tPA for acute ischemic stroke in Canada and its methodology
has been described previously'?. Sixty sites across the country
participated over a period of 2.5 years (2001-2003) and where
relevant, each centre obtained institutional ethics approval for
data collection. Patients were treated at the discretion of the site
neurologist according to Canadian guidelines for intravenous
thrombolytic treatment in acute stroke'“.

Baseline demographic data were obtained as were
pretreatment blood tests, data regarding timing of drug
administration and stroke subtype as determined by the site
investigator using the Oxfordshire Community Stroke Project
(OCSP) classification'’. The severity of the baseline neuro-
logical deficit was assessed with the National Institute of Health
Stroke Scale (NIHSS) prior to treatment. The outcome was
measured using the modified Rankin Scale (mRS) at 90 days by
clinicians who were not blinded to patient age. A favourable
outcome was defined as a mRS score of O-1. All patients
underwent a follow-up head computed tomography (CT) scan at
24-48 hours.

Baseline and follow-up CT scans were centrally reviewed by
a stroke neurologist and neuroradiologist blinded to clinical
information, and the Alberta Stroke Program Early CT Score
(ASPECTS) was applied'®. Symptomatic intracerebral haemorr-
hage (sICH) was defined as any haemorrhage documented on
follow-up CT associated with a decline in neurological status
within the first 24 h after thrombolytic treatment as judged by the
site investigator, who was not blinded to clinical information.
Asymptomatic ICH involved hemorrhage on follow-up CT
without associated clinical deterioration.

As a primary analysis, patients were dichomotized into those
aged =50 years and those older than 50. Both groups were
compared with regard to baseline characteristics, rate of sICH,
functional outcome at 90 days, discharge destination, length of
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hospitalization and death. Multivariable logistic regression was
used to identify whether age <50 was an independent predictor
of outcome. A secondary analysis examined the association of
outcome with age as a continuous measure.

The CASES study was funded in part by the Canadian Stroke
Consortium, the Canadian Stroke Network, the Heart & Stroke
Foundation of Canada and Hoffmann-La Roche Canada Ltd.
None of the sponsors had any role in the collection, analysis or
interpretation of the data.

Statistical Analysis

Fisher’s exact test and Student’s t test were used to compare
the two groups. Both binomial regression and logistic regression
were used to develop models for the three outcomes of interest
depending upon use. For graphical descriptions, multivariable -
logistic regression was used. For tabular description of risk
ratios, multivariable binomial regression was used to identify
predictors of outcome using a log-link function. The final models
were all parsimonious models, meaning that variables that were
not significant at p<0.05 or variables that showed no evidence of
confounding were eliminated from the final models. Models
were developed by backwards stepwise elimination. The final
models were adjusted for gender, baseline NIHSS score and
baseline serum glucose. Analyses were conducted using STATA
8.2 (Statacorp, College Station, TX, USA).

RESULTS
Baseline characteristics

Of 1135 patients enrolled in CASES, 1120 had adequate data
for inclusion in the current study. Median age was 73 years
(range 20 to 97), 45% were women and 96% had an anterior
circulation stroke. The frequency distribution of patient ages is
shown in Figure 1. Ninety-nine patients (8.8%) were aged <50
years. Among these younger patients, 40.4% were women and
median age was 42 + 6.1 years (range 20 to 50). They had

—

Figure 1: Frequency distribution of patient ages in all patients (n=1120;
vertical line indicates age 50).
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Table 1: Baseline patient characteristics

Clinical variable Age >50 Age <50 p value
(n=1021) (n=99)
Age (years, mean (SD)) 73 (10.0) 414 (6.1) <0.001
Age range (years) 51t0 97 20 to 50
Sex (female, n (%)) 45.5 404 0.3
Vascular risk factors, n (%)
Hypertension 53.1 255 <0.001
Diabetes 16.7 1.5 0.02
Atrial fibrillation 242 1.1 <0.001
Dyslipidemia 19.7 11.7 0.07
Current cigarette use 132 35.1 <0.001
Ischaemic heart disease 26.1 12.8 0.004
Valvular heart disease 35 53 0.38
Congestive heart failure 7.6 0 0.002
Prior stroke/TIA 243 16 0.08
Pretreatment systolic BP (mm Hg, mean (SD)) 152.6 (21.4) 138.8 (21.1) <0.001
Pretreatment glucose (mmol/L, mean (SD)) 75(2.9) 7.1 (3.0) 0.21
Pretreatment ASPECTS (median) 9 9 0.54
Baseline NIHSS (median (SD)) 15(6.4) 13(5.7) 0.001
Baseline mRS 0-1, n (%) 797 (78.1) 81(82.1) 0.21
OCSP stroke subtype, n (%) 0.21
Total anterior circulation 264 (27.8) 23 (24.7)
Partial anterior circulation 594 (62.5) 63 (67.7)
Posterior circulation 31(3.3) 5064
Lacunar 61 (6.4) 2(12.2)

(not all percentages are calculated from the total number of patients because certain clinical variables were not available for all patients). ASPECTS,
Alberta Stroke Program Early CT Score; BP, blood pressure; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; TIA,
transient ischaemic attack

Table 2: Comparison of process measures in patients aged <50 years and those aged >50 years

Process measure Age >50 Age =50 p value
(n=1021) (n=99)
" Protocol violations, all causes, n (%) 13.1 19.2 0.09
17/19 OTTT>180
2/19 INR >1.4

Door-to-CT time (minutes, mean (SD)) 44 4 (37.1) 38.6 (27.0) 0.15
Door-to-needle time (Minutes, mean (SD)) 89.1 (47.4) 92.3(55.4) 0.54
Onset-to-treatment time (minutes, mean (SD)) 150.0 (36.8) 147.7 (44.8) 0.55
Proportion of patients treated within 120 minutes of onset, n (%) 20.6 232 0.53

(not all percentages are calculated from the total number of patients because certain clinical variables were not available for all patients) OTTT,
onset-to-treatment time; INR, International Normalized Ratio
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significantly more current cigarette use but fewer other vascular
risk factors than patients over 50, including hypertension,
ischaemic heart disease, atrial fibrillation, congestive heart
failure and diabetes mellitus (Table 1). Median pre-treatment
systolic blood pressure was also lower among younger patients
(138.8 = 21.1 versus 152.6 + 21 .4, p<0.001) as was baseline
median NIHSS score (13 + 5.7 versus 15 + 6.4, P=0.001). There
were no differences in baseline glucose, mRS, ASPECTS or
stroke subtype, although there was a non-significant trend
suggesting fewer lacunar strokes in the younger group.

Process Issues

Door-to-CT, door-to-needle and onset-to-treatment time did
not differ significantly between the groups (Table 2). The
proportion of patients treated within two hours of symptom onset
also did not differ between older and younger patients (23.3
versus 20.6%, p=0.53). There was a trend towards a higher
percentage of protocol violations among younger patients
(19.2% versus 13.1%, p=0.09), and these were primarily
comprised of treatment initiation beyond three hours (17 of 19
protocol violations).

Symptomatic ICH, 90-day functional outcome, death and other
outcomes

Clinical outcome measures are shown in Table 3. A total of 52
patients (4.6%) developed sICH. Among younger patients, this
proportion was 3%, which did not differ from a rate of 4.7% for
those over 50 (p=0.62). This yielded a risk ratio of 0.51 (95% CI
0.12 to 2.1} after multivariable regression to adjust for potential
confounders (Table 4).

Functional outcome and death at 90-days, unadjusted for
confounders, are shown in Figure 2. The proportion of younger
patients with an excellent outcome was significantly higher than
among older patients (50% versus 35.5%, p=0.006). Although
this yielded a significant unadjusted risk ratio of 1.41 (95% CI
1.14 to 1.75) for age <50, this was rendered non-significant after
adjustment for confounding variables 1.24 (95% CI 0.85 to

1.84). Mortality was significantly lower among patients aged
<50 (10.2% versus 23.5%, p=0.002), yielding an adjusted risk
ratio of 0.40 (95% CI 0.18 to 0.89). Multivariable analysis found
that baseline NIHSS, baseline CT ASPECTS and admission
glucose were independent predictors of 90-day outcome and
death. However, age <50, while independently associated with a
decreased risk of death, was not itself predictive of favourable
90-day outcome or decreased risk of sICH. Because the bulk of
poor outcomes among older patients might be driven by those
over 80 years-old, analyses were repeated excluding these oldest
patients (not shown). Nevertheless, the same relationships
between age <50 and outcomes persisted.

Younger patients had a significantly shorter median length of
hospitalization after their stroke (7 versus 11 days, p=0.002) and
a greater proportion of them were discharged directly home after .
admission (49.5% versus 31.5%, p=0.002).

Age as a continuous variable

Using age as a continuous variable, the probability of an
excellent functional outcome at 90-days adjusted for baseline
NIHSS score, baseline ASPECTS, admission glucose, OTTT and
gender was derived from a linear regression and represented as a
linear model (Figure 3). This yielded an inverse relationship
between age and the probability of achieving an mRS of 0-1.

DiscussiON

Our study examined baseline characteristics, process issues
and outcomes exclusively in young adult patients treated with
IV-tPA for stroke. As might be expected, younger patients had
fewer vascular co-morbidities and a trend towards fewer prior
strokes or transient ischaemic attacks. Their index strokes were
also modestly less severe, but baseline level of functioning was
the same as their older counterparts. Our results suggest that
process issues and tPA-related complications did not differ
between younger and older patients. The favourable functional
outcome and lower mortality among young adult stroke patients
described by others*”’, is further confirmed by our data.

Table 3: Symptomatic intracranial hemorrhage and 90-day outcome in patients aged <50 years and those aged >50 years

Outcome variable

Intracerebral hemorrhage, n (%)
All
Symptomatic
Outcome at 90 days, n (%)
Excellent outcome, n (%) (modified Rankin scale 0-1)
Death from all causes, n (%) (modified Rankin scale 6)
Median length of stay (days)
Discharged home, n (%)

Age >50 Age <50 p value
(n=1021) (n=99)
242 (29.6) 17 (21.8) 0.15
49 (4.7) 330 0.62
359 (35.5) 49 (50) 0.006
238 (23.5) 10 (10.2) 0.002
11 7 0.002
319 (31.5) 48 (49.5) 0.002

(not all percentages are calculated from the total number of patients because certain clinical variables were not available for all patients)
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Figure 2: Patient outcome at 90-day follow-up by baseline glucose
(unadjusted for other predictors of outcome) mRS, modified Rankin
Scale; mRS 01, excellent outcome; mRS 2—3, moderate disability; mRS
4-5, severe disability; mRS 6, dead.

However, multivariable regression analysis suggests that young
age itself only predicts decreased mortality and not better
functional outcome. Younger age might independently predict
lower 90-day mortality because of variables not explicitly
captured by our study but for which young age might be a
surrogate marker. These include fewer non-vascular co-
morbidities, decreased risk of or improved resiliency to in-
hospital medical and stroke complications, more aggressive
medical care, fewer do-not-resuscitate orders and decreased
exposure to the . potential medical complications of
institutionalized long-term care.

With regards to functional outcome, younger adults with
stroke appear to fare better not by virtue of their age alone, but
because they enjoy a lower burden of significant medical co-
morbidities such as diabetes mellitus, atrial fibrillation and
ischaemic heart disease, which have been associated with worse
outcome after stroke”™!”. Other factors favouring recovery in the
young, such as improved brain plasticity'® and more robust
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family and social support can be posited, but were not captured
by our study design.

Current guidelines'*!?2? do not comment on the use of tPA in
young adults versus older patients, although adult patients aged
<50 represented a minority of those enrolled in the NINDS tPA
trial'®, Tn that study, only 156 (25%) of patients were 60 years-
old or less and most of these were between 50 and 60. A post-hoc
subgroup analysis of the NINDS tPA study suggested the
possibility of greater benefit of tPA in younger patients, when
adjusted for stroke severity, but no clear age threshold for benefit
was demonstrated!!,

Many potential barriers exist to the timely delivery of
thrombolysis for stroke?! and it has been hypothesized that
young adult stroke patients face unique challenges regarding tPA
therapy. These include inadequate consideration of stroke as a
cause of symptoms, failure to utilize EMS services??, improper
exclusion of a stroke diagnosis by emergency room physicians??
and more atypical stroke etiologies, including higher rates of
cervical artery dissection, which may be less amenable to
treatment with tPA724,

The lack of differences in onset-to-treatment, door-to-CT and
door-to-needle times between younger and older patients
suggests that among patients treated with tPA, there were no
significant delays in the younger group. However, patients who
were not offered treatment due to excessive time delays would
not have been captured in the CASES database. Data on specific
stroke etiology were also not recorded and therefore conclusions
regarding safety of tPA in young patients with specific stroke
mechanisms (such as arterial dissection) cannot be drawn. Stroke
classification using (OCSP) definitions has been correlated with
broad etiologic mechanisms?>. Nevertheless, apart from a trend
towards fewer lacunar strokes among younger patients, more
detailed information regarding specific stroke etiologies cannot
be reliably inferred from the available data. Also, outcome
measures of particular importance in younger patients, such as
quality of life and post-stroke depression’, were not recorded.
Another limitation of the current study is its observational
design. However, data were prospectively and rigorously
collected from a large number of representative patients drawn
from 60 hospitals across Canada.

Younger adults represent a significant proportion of stroke
patients and in our cohort, had fewer medical co-morbidities,
lower pretreatment blood pressure and a modestly lower baseline

Table 4: Unadjusted and adjusted risk ratios

Outcome variable

Symptomatic intracerebral hemorrhage
Excellent outcome (modified Rankin scale 0-1)
Death from all causes (modified Rankin scale 6)

Risk Ratio (95% CI)

Unadjusted Adjusted
0.74 (048 t0 1.14) 0.51 (0.12t02.1)
141 (1.14 to 1.75) 1.24 (0.85 to 1.84)
0.43 (0.24 t0 0.79) 0.40 (0.18 t0 0.89)

For symptomatic intracerebral hemorrhage, excellent outcome and death in patients aged <50 years versus patients aged >50 years. Adjusted for gen-

der, baseline NIHSS score, baseline glucose.
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Figure 3: Relationship between age and the probability of an excellent
outcome. The line and confidence intervals are derived from a linear
regression of age and the predicted probability of excellent outcome
adjusted for baseline NIHSS score, baseline ASPECTS, admission
glucose, onset-to-treatment time and gender. For each decade older, the
probability of an excellent outcome falls by 6.3%.

median NIHSS score than their older counterparts. However,
there was a trend towards a higher a rate of protocol violations in
these patients, primarily related to treatment beyond three hours.
This may reflect a willingness among physicians to be more
aggressive when treating young adults. The younger patients had
shorter hospitalizations and were more often discharged home
from hospital. Nevertheless, half of them could not return
directly home after being hospitalized and 10% died by 90 days.
This is similar to the mortality rate found in published cohorts of
young stroke patients who were not uniformly
thrombolyzed?726-3,

As a whole, younger adults experienced more favourable
outcomes after treatment with tPA than older patients. However,
they did not have lower rates of sICH. Better outcomes in
younger patients are not solely attributable to age, but may rather
be explained by a lower burden of medical co-morbidities and
perhaps other neurophysiological and psychosocial factors that
remain to be elucidated.
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