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Abstract

Background and aims: Previous observational data indicate that young adults treated with intravenous thrombolysis
(IVT) for acute ischemic stroke have more favorable outcomes and less complications when compared to older adults.
Given the limited data on this topic, we aimed to provide more evidence on clinical outcomes and safety in such patients,
using a large international thrombolysis registry.

Methods: In this prospective multicenter study, we used data from the Thrombolysis in Ischemic Stroke Patients
(TRISP) registry from 1998 to 2020. Patients who received endovascular treatment (EVT), as only treatment or in
addition to IVT, were not included in this cohort. Using multivariable regression models, we compared thrombolysed
young patients aged 18—49years with those aged =50years with regards to the following outcomes: favorable outcome
in stroke survivors (modified Rankin Scale <2), symptomatic intracranial hemorrhage (sICH) according to European
Cooperative Acute Stroke Study Il (ECASS ) criteria, and three-months all-cause death.

Results: Of the 16,651 IVT treated patients, 1346 (8.1%) were 18—49 years. Young adults in TRISP were more often male
(59.6% vs 54.0%), had a lower median NIHSS score on admission, 7 (4—13) versus 8 (5-15), and had less cardiovascular
risk factors except for smoking (42.0% vs 19.0%) when compared to older patients. When compared to thrombolysed
patients aged =50years, a favorable functional outcome was more likely in young adults: 81.9% versus 56.4%, aOR 2.30
(1.80-2.95), whilst sICH 1.6% versus 4.6%, aOR 0.45 (0.23-0.90) and death 2.3% versus 14.2%, aOR 0.21 (0.11-0.39)
were less likely.

Conclusions: Intravenous thrombolysis in young adults is independently associated with higher rates of favorable
outcomes and lower rates of complications.
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Introduction

Although ischemic stroke (IS) incidence rises with age,
stroke in young adults (aged under 50 years by a frequently
used definition) is not a rare disease. At least one in 10
ischemic strokes affects younger individuals.'* During the
last decades the incidence of stroke in young adults has
been consistently increasing worldwide regardless of
income level, in contrast to the decreasing incidence in
older adults.>® The reasons for rising stroke incidences in
young adults are still unclear.!7°

Stroke in young adults has a better prognosis regarding
functional outcome than in older patients.'®!" However,
young-onset stroke has a major socioeconomic impact
because of long-term disability costs and loss of labor, as
well as profound effects on patients’ quality of life.”$12-14

Compared to older subjects, effective acute treatment
may produce substantially more quality-weighted life-
years. Current guidelines for management of acute ischemic
stroke suggest the same treatment regimen for young adults
as well as older patients. Intravenous thrombolysis (IVT)
appears to be effective and safe in young adults.'>7
According to recent research, young adults were more
likely to achieve functional independence at 3 months com-
pared to older individuals. They had only about half the risk
of symptomatic intracranial hemorrhage (sICH) and mor-
tality. However, more evidence in this subject is needed, as
earlier studies have been limited by either small sample size
or missing data on key outcomes.'®!

The aim of this study was to provide additional data on
outcome and safety of IVT in young-onset IS compared to
older patients in a large observational international cohort
of stroke patients.

Methods

For this cohort study we used prospectively collected data
from the Thrombolysis in Ischemic Stroke Patients (TRISP)
registry which has been described previously.?’ Altogether
20 centers participated in this study, geographically cover-
ing an area from Scandinavia to the Mediterranean and
from Eastern to Western Europe. Data was collected locally
in each comprehensive stroke center using a standardized
form with predefined parameters.?'>3 Local study investi-
gators filled in the forms systematically using prospectively
ascertained in-hospital stroke databases or thrombolysis
registries. Data from the local centers were pooled in the
coordinating center Basel University Hospital and analyzed
in Helsinki University Hospital. Patients who in addition to
IVT received endovascular therapy (EVT), were not
included in this cohort.

Patients were excluded from this study if they were
younger than 18 years or if data was missing on age, modi-
fied Rankin Scale (mRS) at 3months or sICH. Data
included in this study was collected from March 14, 1998
until September 13, 2020. Supplemental Table S1 provides
details on number of patients and the study period for each
center.
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For the present study, the parameters of interest were
age, gender, National Institutes of Health Stroke Scale
(NIHSS) score, onset-to-treatment time, dependency (mRS
=3) before stroke, admission blood pressure and admission
glucose level before IVT treatment, admission creatinine
level, vascular risk factors according to predefined crite-
ria®* and a valid prescription or self-reported active use of
any antithrombotic agent (antiplatelet or anticoagulant)
prior to IVT.

As primary outcome parameter we used favorable func-
tional outcome. Functional outcome was assessed by outpa-
tient visits or telephone calls (with patients or relatives)
using the mRS at 3 months. Favorable functional outcome
was defined as 3 months mRS 0-2.

As safety outcome parameters we used sICH by
European Cooperative Acute Stroke Study II (ECASS II)
criteria and all-cause death. ECASS II defines sICH as any
intracranial hemorrhage associated with a clinical deterio-
ration leading to an increase of =4 points on the NIHSS.?
In all centers, intracranial hemorrhage was routinely moni-
tored with a computed tomography or magnetic resonance
imaging scan, 24h = 12h from IVT, as well as with addi-
tional scans in case of clinical deterioration.??

Ethics statement

Each center has received necessary official approval from
their respective local authorities and/or ethical committees
according to national and local rules. This manuscript con-
forms to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) reporting guide-
line and checklist.

Statistical analysis

For the main analysis, patients were divided into two age
groups: those aged 18—49 years and those aged =50 years.
Patients aged =50years served as a reference group. For
the categorical variables we used y?-test or Fishers exact
test when appropriate. For continuous variables we used
Mann—Whitney U test. For continuous variables, data was
summarized as median and interquartile range (IQR). The
association of age (as a categorical variable as defined
above) with chosen outcomes was estimated by calculat-
ing the odds ratios (ORs) with 95% confidence intervals
(Cls) using binary logistic regression models. All covari-
ates with an association to the selected outcomes with a
p-value <0.05 in the univariate analysis were included in
the multivariate analyses. Statistical analyses were per-
formed using SPSS Statistics (IBM version 29.0.0.0
(241)).

For a secondary analysis, we divided young adults into
two subgroups aged 18-30 and 31-49years and performed
the same statistical analysis as described above.

Furthermore, we examined stroke etiology by modified
Trial of Org 10172 in Acute Stroke Treatment (TOAST)
classification®® in those aged 18-49years compared to
those aged =50years. In the young adult patient popula-
tion, we also examined the association of TOAST-
classification to functional outcome.

Results

Study population

Data was available for 17,919 IVT-treated patients, of
which 16,651 were eligible for the analysis. Pediatric and
adolescent patients aged <18years (n=28) were excluded
from this study. Other reasons for exclusion were missing
data on mRS score at 3 months (n=864) and missing data
on sICH (n=376). The total number of excluded patients
was 1268 (7.1%) (Supplemental Figure S1).

Baseline characteristics

In the included study population, 1346 (8.1%) patients were
18—49years and 15,305 (91.9%) patients were =50 years.
The median age in the group of younger patients was 43
(37-47) years, versus 74 (65-82) years in the group of
patients aged =50years. Patients in the younger group
were more often male (59.6% vs 54.0% p <<0.001), had a
lower median NIHSS score on admission (7 [4—13] vs 8
[5-15], p<<0.001), and were less often dependent (defined
as pre-stroke mRS =3) before the index stroke (1.2% vs
10.6% p<<0.001). Their median onset-to-treatment time
was comparable (140 [100-190] min vs 148 [105-195]
min, p=0.001). They had lower systolic blood pressure,
glucose, and creatinine levels on admission. They also had
less cardiovascular risk factors, that is, hypertension, hyper-
cholesterolemia, atrial fibrillation, diabetes mellitus, prior
ischemic stroke, and coronary artery disease. They were
also less likely to be using any prior antithrombotic medica-
tion. However, the patients in the younger group were more
likely to be either current smokers or having stopped within
2 years (42.0% vs 19.0% p <0.001) (Table 1).

Age 18—49years versus age =50years

In the group of patients aged 18—49years a favorable
functional outcome occurred more often, 81.9% versus
56.4%, whilst SICH 1.6% versus 4.6% and death 2.3%
versus 14.2% were rare when compared to the reference
group of patients =50years (Table 1 and Supplemental
Table S2). After adjusting for potential confounders,
including NIHSS on admission, dependency before
stroke, onset-to-treatment-time, systolic blood pressure
on admission, creatinine on admission, glucose on admis-
sion, atrial fibrillation, diabetes, current smoking or
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Table I. Comparison of selected baseline characteristics and primary outcomes between younger and older patients.

Age 1849 years Age =50years Total (n=16651)  p-Value

(n=1346) (n=15305)
Age (years) 43 (3747) 74 (65-82) 73 (62-81) <0.001
Men 802 (59.6) 8268 (54.0) 9070 (54.5) <0.001
Stroke severity (NIHSS) 7 (4-13) 8 (5-15) 8 (5-15) <0.001
Dependent before stroke (pre-mRS score 3-5) 14 (1.2) 1435 (10.6) 1449 (9.8) <0.001
Onset-to-treatment time (min) 140 (100-190) 148 (105-195) 147 (105-195) 0.002
Admission systolic blood pressure (mmHg) 140 (125-152) 157 (140-173) 155 (140-172) <0.001
Admission glucose (mmol/L) 6.0 (5.4-6.9) 6.6 (5.8-8.0) 6.6 (5.7-8.0) <0.001
Admission creatinine (umol/L) 74 (64-86) 82 (69-99) 81 (68-98) <0.001
Atrial fibrillation 40 (3.5) 3896 (28.2) 3936 (26.3) <0.001
Hypertension 325 (24.2) 11,139 (72.9) 11,464 (69.0) <0.001
Current (or stopped <2years) smoking 534 (42.0) 2664 (19.0) 3198 (20.9) <0.001
Hypercholesterolemia 320 (23.8) 7088 (46.5) 7408 (44.7) <0.001
Diabetes 67 (5.0) 3158 (20.7) 3225 (19.4) <0.001
Coronary artery disease 72 (54) 2939 (19.3) 3011 (18.1) <0.001
Prior ischemic stroke 93 (6.9) 2418 (15.8) 2511 (15.1) <0.001
Prior antithrombotics, any 147 (11.2) 7215 (48.3) 7362 (45.3) <0.001
sICH (ECASS2) 22 (1.6) 700 (4.6) 722 (4.3) <0.001
Death 31 (2.3) 2167 (14.2) 2198 (13.2) <0.001
Favorable functional outcome* 1102 (81.9) 8626 (56.4) 9728 (58.4) <0.001
Poor functional outcomet 190 (l16.1) 3612 (30.9) 3802 (29.5) <0.001

ECASS indicates European Cooperative Acute Stroke Study; IVT: intravenous thrombolysis; mRS: modified Rankin Scale; NIHSS: National Institutes

of Health Stroke Scale; and sICH: symptomatic intracerebral hemorrhage (ECASS Il definition).

Data expressed as either n (%) or median (interquartile range). Cohort of 16,651 IVT treated patients aged |8—105years. Multicenter data collected

in the years of 1998-2020.
*Favorable functional outcome=mRS 3 months score <2.

fPoor functional outcome=mRS 3 months score 3-5 for patients with prestroke mRS score <2 and mRS score 4-5 for patients with prestroke

mRS score >2.

Table 2. Multivariate analysis on association between age and selected outcome variables.

Age Favorable functional outcome* sICH

Death

Age, <50years versus age =50 years
Age, 18-29years versus age 30—49 years

2.30 (1.80-2.95) p <0.001+
.82 (0.69-4.77) p=0.2241

0.45 (0.23-0.90) p=0.023+ 0.21 (0.11-0.39) p<0.001+
0.38 (0.05-2.89) p=0.278§ 0.57 (0.07—4.36) p=0.586||

ECASS indicates European Cooperative Acute Stroke Study; IVT: intravenous thrombolysis; mRS: modified Rankin Scale; NIHSS: National Institutes

of Health Stroke Scale; and sICH: symptomatic intracerebral hemorrhage (ECASS Il definition).

Results are expressed as odds ratio (OR) and 95 % confidence interval (Cl). Results are adjusted for all covariates that had a p-value of 0.05 or less

in the univariate analysis. Cohort of 16,651 IVT treated patients aged 18—105years. Multicenter data collected in the years of 1998-2020.

*Favorable functional outcome =mRS 3 months score <2.

TAdjusted for: sex, NIHSS on admission, dependent before stroke (mRS 3-5), onset-to-treatment-time, systolic blood pressure on admission, creati-
nine on admission, glucose on admission, atrial fibrillation, diabetes, hypercholesterolemia, current smoking or stopped within 2years, prior ischemic
stroke, prior antithrombotics, coronary artery disease.

*Adjusted for: NIHSS on admission, systolic blood pressure on admission, creatinine on admission, glucose on admission, atrial fibrillation, diabetes,

current smoking or stopped within 2years, prior antithrombotics, coronary artery disease.

§Adjusted for: NIHSS on admission, prior antithrombotics.

”Adjusted for: NIHSS on admission, prior antithrombotics, atrial fibrillation.

stopped within 2years, prior antithrombotics and coro-
nary artery disease, the probability of a favorable func-
tional outcome remained significantly higher, aOR 2.30
(1.80-2.95). Probability of sSICH remained significantly
lower, aOR 0.45 (0.23-0.90). Probability of death was

significantly lower, aOR 0.21 (0.11-0.39) when com-
pared to patients =50years (Tables 2 and Supplemental
Table S3). The distribution of mRS at 3 months in differ-
ent age groups is presented in Figure 1 and Supplemental
Tables S4 and S5.
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18—29years versus 30—49years

We divided young patients into two subgroups: early
adulthood, 18-29years (n=155) and middle adulthood,
3049 years (n=1191). The median age in the early adult-
hood group was 26 (23-28) years and 44 (39—47) years in
the middle adulthood group. The patients in the early
adulthood group were more often female (51.0% vs 38.9%)
compared to the middle adulthood group. They had lower
systolic blood pressure, glucose, and creatinine levels on
admission. They had significantly less hypertension and
hypercholesterolemia. They also had a lower frequency of
other risk factors such as atrial fibrillation, smoking, and
diabetes, but the difference between groups was not signifi-
cant. The onset-to-treatment time between groups was
comparable (146 vs 140min). The patients in the early
adulthood group were non-significantly more likely to have

10 15

il

20 25 30 35 40 45

W 18-49 years

Etiology in fractions by age group, modified TOAST classification.

a favorable functional outcome (86.5% vs 81.3%), whereas
sICH (0.6% vs 1.8%), and death (0.6% vs 2.5%) were less
likely when compared to the middle adulthood group
(Supplemental Table S6). In the adjusted analysis, very
young age was not significantly associated with any of the
outcomes when compared to the group of patients aged
30—49years: favorable functional outcome, aOR 1.82
(0.69-4.77), sICH, aOR 0.38 (0.05-2.89), or death, aOR
0.57 (0.07-4.36) (Table 2).

Stroke etiology

Cardioembolism (CE) was less common in young patients
compared to older patients (16.4% vs 36.4%, p<<0.001).
Likewise large-artery atherosclerosis (LAA) and small-artery
occlusion (SAO) were less frequent in young adults versus
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older patients (9.2% vs 21.8%, p<0.001 and 5.6% vs 8.9%,
p<<0.001, respectively). Stroke of other or undetermined ori-
gin, cervical artery dissection, and stroke associated with pat-
ent foramen ovale (PFO) were more prevalent etiologies in
young adults when compared to older adults. The results are
presented in Supplemental Table S7 and Figure 2.

Treatment before and after January I, 2015

Finally, we did a subgroup analysis of patients treated
before or after January 1, 2015, when EVT became a more
common practice. The patients treated after January 1,
2015 had a lower median NIHSS score on admission 6
(4-11) versus 9 (5-16) and their outcomes were better:
favorable outcome (62.4% vs 56.5%), sICH (3.4% vs
4.8%) and mortality (11.1% vs 14.1%) compared to those
treated before 2015. In the multivariate analysis the differ-
ence between young adults and older patients was some-
what more evident for those treated after January 1, 2015
regarding favorable outcome, aOR 3.05 (1.66-5.59) ver-
sus 2.12 (1.62-2.80) compared to those treated before
2015. The results are presented in Supplemental Table S8
and S9.

Discussion

Our study showed that younger patients treated with IVT
for acute IS had a higher chance of a favorable functional
outcome at 3 months and a lower risk of sICH and death,
when compared to older individuals also treated with IVT.
These results remained robust after adjustment for several
potential confounders.

Patients aged 18—49years were 2.3 times more likely to
achieve favorable functional outcome. This association is
complementary when weighed against previous evidence.
Alarge study from the Safe Implementation of Thrombolysis
in Stroke—International Stroke Thrombolysis Register
(SITS-ISTR) analyzed 3246 young patients aged between
18-50years treated with IVT compared to patients aged
51-80years. They reported that young adults were 1.6
times more likely to reach functional independence (mRS
3months 0-2) compared to older patients.'® The more
favorable results in our study are likely explained by the
difference in median admission NIHSS score in young
patients, 7 in our study versus 10 in SITS-ISTR. The exclu-
sion of patients treated with EVT is a probable reason for
milder symptoms on admission in our cohort. Also, this
might reflect that we currently treat patients with minor IS
more frequently than in the past, the TRISP registry con-
taining more recent data compared to the SITS-ISTR (col-
lected 1998-2020 vs 2002-2010). Additionally, the centers
participating in the registry are tertiary centers specialized
in acute stroke care, with highly optimized IVT admission
protocols.

A previous observational study compared IVT treated
patients with age matched controls not treated with IVT.
They analyzed 4140 young adult ischemic stroke patients
of which 340 (8.2%) received IVT. Their results provided
evidence that IVT is at least equally effective in young
adults compared to older individuals and the highest benefit
was observed in very young patients aged 18-30years.!” A
recent study from The get with the guidelines — stroke reg-
istry (GWTG-Stroke registry) enrolled 30,448 young-onset
IS patients, of which 3806 (12.5%) were treated with IVT
within 4.5 h. Since their definition of young adults was dif-
ferent (18—40years), numbers are not directly comparable
to ours. They showed that young patients treated with IVT
more frequently had a mRS score 0-2 at discharge when
compared to older patients, 69.3% versus 41.1% respec-
tively.!> However, both studies were limited by not having
data on mRS at 3 months.

Our study showed that risk of sSICH was only about half
as high compared to older adults, 1.6% and 4.6%, respec-
tively. The proportion of sICH by ECASS II definition in
young adults in previous studies has been similar, 1.7% ver-
sus 4.5% (GWTG-Stroke registry study, 1840 vs
>40years) and 2.2% versus 5.4% (SITS-ISTR study, 18-
50 vs 51-80years)."” Indeed, the incidence of SICH has
been reported to increase with every 10-year age band from
<30 to 80 years, potentially plateauing after that.'$!

Mortality rates have been previously found to be signifi-
cantly lower in young adults with ischemic stroke treated
with IVT. In our analysis the mortality of patients aged
18—49 was 2.3% versus 14.2% in patients aged 50 years or
more. In comparison, results from SITS-ISTR showed a
higher (4.9%) three-month mortality for young adults while
the mortality rate for older patients was similar (14.4%).'8
The lower mortality in our study might be explained by the
more recent data and difference in admission NIHSS score
as discussed above.

Compared to older adults, young patients had slightly
lower median NIHSS score on admission, and they were
less often dependent prior to stroke. As expected, they had
less cardiovascular risk factors, except for smoking.
Smoking rate in young adults was high (42%). This might
in part reflect high smoking prevalence in the population,
especially during earlier years of data collection. However,
previous research shows that the relative risk of stroke
among smokers is highest in middle age, declining with
advancing years.?”?® Similar to our results, a recent Japanese
study found a very high rate of smoking in young adult
stroke patients (64%).2 Smoking had an unexpected
favorable effect on all outcomes. However, this is not to be
interpreted as an actual protecting effect of smoking, since
this might be explained by a significantly lower median age
in smokers (61.8 vs 73.2years, Supplemental Table S10
and S11). A diagnosis of hypercholesterolemia on admis-
sion also had a surprising favorable effect on mortality and
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poor functional outcome. This could be due to statin use
prior to stroke (51.2% vs 9.7%, Supplemental Table S12),
or it could be speculated that they had otherwise better pri-
mary prevention related to the patient having to visit health-
care to receive the diagnosis.

A larger variety of etiologies and risk factors are to be
considered in young stroke patients.'® As expected, we
found that CE, LAA, and SAO were less frequent etiologies
in patients aged 18—49years. In contrast, arterial dissection,
PFO, stroke of other determined etiology, and cryptogenic
strokes were more common in young adults. It can be spec-
ulated, that differences in stroke ectiology could in part
explain better outcomes in young adults. However, we did
not find evidence to support this, as stroke of other deter-
mined etiology in young adults was significantly associated
with a lower probability of a favorable outcome and SAO
was associated with the highest chance of a favorable out-
come (Supplemental Table S13).

In the subgroup analysis, patients treated after January 1,
2015 (when EVT became more common practice), had
more favorable outcomes, compared to those treated before
2015. This was probably largely due to significantly lower
median NIHSS score in the patients treated after January 1,
2015.

In summary, the current set of findings are reassuring
and complementary to previous studies. The results are cor-
roborative regarding higher rates of favorable functional
outcomes and good safety of IVT in young-onset IS.

The strengths of this study are: (1) a large sample size of
16,651 consecutive IVT treated patients of which 1346
were 18—49years, which allowed for adjustment of con-
founders, (2) the small number of excluded patients, only
6.9% of the whole study population, (3) low frequencies of
missing data on key variables, (4) participating centers
being tertiary centers with high stroke expertise and opti-
mized protocols for IVT treatment, and (5) having 3 months
mRS outcome.

However, this study also has limitations. All patients were
treated with IVT, so a comparison with non-IVT treated
patients was not possible, and hence no treatment effect could
be calculated. Consequently, it is difficult to assess how much
of the favorable effect on outcomes is due to treatment effect,
and how much to young age itself. However, a randomized
trial with this setting would be hard to justify ethically.
Furthermore, since patients treated with EVT were not
included in this cohort, it could have led to a degree of selec-
tion bias. Still, it is not likely that this would have signifi-
cantly changed the difference in outcomes between young
and older adults. Preference of modality for the first imaging
on admission (CT vs MR) varies between centers and accord-
ing to patient’s age. However, this information was not avail-
able in our database, so we were not able to stratify for this.
Finally, although data was entered prospectively following
certain criteria, the retrospective design of the study may have
caused selection bias and data under-report.

In conclusion, our results showed that young adults
receiving IVT have a significantly higher chance of favora-
ble functional outcome, compared to those aged =50 years
receiving IVT, even after adjustment for multiple con-
founders. IVT is safe in young-onset IS and the risk of sSICH
should be of minor concern.
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