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Abstract
The prognosis of acute ischemic stroke patients treated with intravenous (IV) recombinant tissue plasminogen activator (rtPA) is
poorer in patients with atrial fibrillation (AF) than patients without AF, which might be related to the greater stroke severity in AF
patients. Higher pre-stroke CHA2DS2-VASc scores are associated with greater stroke severity and poorer outcomes. AF Patients
tend to have higher CHA2DS2-VASc scores than the non-AF patients. We thus hypothesized that pre-stroke CHA2DS2-VASc scores
can be used to improve outcome stratification of IV thrombolysis therapy in acute stroke patients with and without AF. We
retrospectively enrolled ischemic stroke patients who received IV-rtPA and categorized them into 2 groups: low-risk (CHA2DS2-VASc
scores � 2) and high-risk (CHA2DS2-VASc scores ≥ 3) groups. We compared the outcomes between AF and non-AF patients and
the interactive effects of the levels of CHA2DS2-VASc scores on this outcome difference. In the low-risk group, there was no
difference in outcomes between the AF and non-AF patients. In the high-risk group, the AF patients had worse outcomes at 3 and 6
months. Our results suggest that pre-stroke CHA2DS2-VASc scores are a useful outcome predictor of IV thrombolytic therapy in
acute stroke patients with AF.

Abbreviations: AF = atrial fibrillation, ASPECTS = Alberta Stroke Program Early CT Score, CI = confidence interval, CT =
Computed tomography, ICH = intracranial hemorrhage, INR = International normalized ratio, IV = intravenous, mRS = modified
Rankin scale, NIHSS =National Institutes of Health Stroke Scale, OR = odds ratio, rtPA = recombinant tissue plasminogen activator,
SD = standard deviation, sICH = symptomatic intracranial hemorrhage.
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1. Introduction

Intravenous (IV) recombinant tissue plasminogen activator
(rtPA) is an effective treatment for patients with acute ischemic
stroke, but it also increases the risk of symptomatic intracranial
hemorrhage (sICH).[1] In 1 meta-analysis study, patients with
atrial fibrillation (AF) have higher risk of sICH and less favorable
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outcome after IV thrombolysis compared with non-AF
patients.[2] In another study, AF, stroke severity, and age were
all correlated with sICH after IV thrombolysis.[3] The greater
stroke severity indicated by higher National Institutes of Health
Stroke Scale (NIHSS) scores is probably accountable for this poor
outcome after IV thrombolysis in AF patients.[4,5] However, the
reported effects of baseline NIHSS scores on the outcomes for
such patients are not consistent, as another study reported that
patients with AF and higher baseline NIHSS scores had good
functional outcomes following IV-rtPA.[6] Therefore, there may
be other tools that could provide more accurate outcome
stratification for acute stroke patients with AF after IV-rtPA.
AF increases the risk of stroke by 5 times,[7] and stroke risk also

increases with increases in CHA2DS2-VASc (Congestive heart
failure, Hypertension, Age≥75 years, Diabetes, previous Stroke or
transient ischemic attack, Vascular disease, Age 65–74 years, Sex
category) scores.[8] AF-associated strokes aremore severe andmore
often lead to disability and death.[9,10] For patients with AF, higher
pre-stroke CHA2DS2-VASc scores also predict more severe stroke
symptoms[11] and poor post-thrombolysis prognosis.[12] For both
AF and non-AF patients, higher pre-stroke CHA2DS2-VASc scores
are associated with reduced chances of good functional outcomes
and increased incidences of mortality at 90 days.[11,13] In cases of
acute ischemic stroke, thefinding thatAFpatientshavepoorer post-
stroke outcomes than thosewithoutAF is probably due to thoseAF
patients having a greater proportion of high CHA2DS2-VASc
scores.[13] However, for non-AF patients, the post-thrombolysis
outcomes according to CHA2DS2-VASc scores and the difference
in outcomes compared to patients with AF are unclear.
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Therefore, we hypothesized that
1.
 the poor outcomes in AF patients after IV-rtPA are associated
with a greater CHA2DS2-VASc scores, and
2.
 different outcomes for patients with AF and patients without
AF are only present among those with high-risk CHA2DS2-
VASc scores while not being present in those with low-risk
CHA2DS2-VASc scores.

The aim of this study was to investigate the relationship
between pre-stroke CHA2DS2-VASc scores and the difference in
outcomes following IV thrombolysis among patients with AF and
patients without AF.
2. Materials and methods

2.1. Study population

We retrospectively enrolled acute ischemic stroke patients with
AF and acute ischemic stroke patients without AF who received
IV thrombolytic therapy at the Neurological Institute of Taipei
Veterans General Hospital between January 2012 andNovember
2017. The inclusion criteria were as follows:
1.
 age ≥ 18 years;

2.
 diagnosis of acute ischemic stroke;

3.
 no contraindication for thrombolysis therapy; and

4.
 IV thrombolysis within 4.5hours of onset of symptoms. The

exclusion criteria were:
1. pre-stroke modified Rankin scale (mRS) ≥ 1, and
2. patients who also received intra-arterial thrombolytic

therapy.
The diagnosis of AF was based on a 12-lead electrocardiogram
and 24-hour Holter monitoring or a history of paroxysmal AF.
According to the CHA2DS2-VASc scores, which are based on the
presence/absence of each risk factor of stroke, we divided the
patients into a low-risk group (CHA2DS2-VASc scores� 2) and a
high-risk group (CHA2DS2-VASc scores ≥ 3). This study was
approved by the local ethics committee of Taipei Veterans
General Hospital.
2.2. Clinical assessment

The clinical data included age, gender, history of hypertension,
diabetes mellitus, congestive heart failure/left ventricular dys-
function, previous stroke or transient ischemic attack, vascular
disease (prior myocardial infarction, peripheral artery disease, or
aortic plaque), use of anti-platelet or anti-coagulation therapy
prior the time of stroke onset, NIHSS score prior to thrombolytic
therapy and discharge, the time interval between stroke onset and
thrombolytic therapy, and the rtPA dose (the ratio of dose/body
weight). Computed tomography (CT) was performed routinely
before IV thrombolytic therapy (within 4.5hours of the onset of
symptoms) and was performed 24hours after IV thrombolytic
therapy, and the Alberta Stroke Program Early CT Score
(ASPECTS) was used to assess the severity of the ischemic region
in the brain CT.[14]
2.3. Outcome measurements

The outcome analysis was evaluated by the presence/absence of
intracranial hemorrhage (ICH) or sICH during admission, all-
cause mortality, and the Barthel index/functional outcome at
2

discharge, 1 month, 3 months, and 6 months after stroke onset. A
sICH was defined as any type of ICH with increased an NIHSS
score of more than 4 or leading to death or surgery within 7
days.[15] The functional outcome was assessed by mRS, with a
favorable outcome defined as a mRS score � 1.
2.4. Statistical analysis

Weused theWindows SPSS package (version 20.0, IBMCorp.) to
perform the statistical analysis. Categorical variables were
compared using the chi-square test, and the Kolmogorov–
Smirnov test was used to evaluate the data distribution. The
continuous variables were analyzed by independent t test or
Mann–WhitneyU test to examine the difference between patients
with AF and patients without AF. All numerical data are
presented as the mean ± standard deviation (SD). We used the
multivariate logistic regression to estimate the independent
predictors of favorable outcome and ICH for patients with AF
compared to patients without AF by calculating the odds ratio
(OR) with two-sided 95% confidence intervals (CI) for outcome
measures. A P value< .05 was considered statistically significant.
3. Results

3.1. Baseline characteristics

A total of 198 acute ischemic stroke patients who received IV
thrombolysis were included in the study, and 1 patient with pre-
stroke mRS ≥ 1 and 25 patients who also received intra-arterial
thrombolytic therapy were excluded. Finally, 172 cases were
analyzed. 69 patients (14 patients with AF and 55 patients
without AF) were enrolled in the low-risk group (CHA2DS2-
VASc scores � 2), and 113 patients (39 patients with AF and 64
patients without AF) were enrolled in the high-risk group
(CHA2DS2-VASc scores≥ 3). The proportion of patients with AF
included in the high-risk group (CHA2DS2-VASc scores ≥ 3) was
greater that the proportion of patients without AF included in
the high-risk group (AF vs non-AF: 73.6% vs 53.8%; P= .018).
The average age of the patients with AF was higher than that of
the patients without AF, but there was no gender difference
between the AF patients and non-AF patients in either the low-
risk or high-risk group (Table 1). In the low-risk group, the mean
systolic blood pressure and the mean dose of rtPA were lower in
the patients with AF than the patients without AF, but the
prevalence of using oral anticoagulants and the mean Interna-
tional normalized ratio (INR) of prothrombin time were higher in
the patients with AF. In the high-risk group, the rtPA dose was
lower in the patients with AF than the patients without AF, but
the prevalence of using anticoagulants was higher in the AF
patients. There were no differences in the baseline NIHSS scores
between the patients with AF and the patients without AF in
either the low-risk group or the high-risk group. The discharge
NIHSS scores in the high-risk group were higher in the patients
with AF than the patients without AF, but they were no different
in the patients with AF and the patients without AF in the low-
risk group (Table 1).
3.2. Outcome and multivariate analysis

In the high-risk group, the risk of ICH in patients with AF was
higher than that in patients without AF, but the risks of sICH and
mortality were similar in both groups of patients. In the low-risk



Table 1

Clinical characteristics of patientswith cerebral infarction receiving intravenous thrombolysis: classification byCHA2DS2-VASc score and
atrial fibrillation.

CHA2DS2-VASc � 2 CHA2DS2-VASc ≥ 3

AF (n=14) non-AF (n=55) P AF (n=39) non-AF (n=64) P

Age (years), mean±SD 67.14±9.41 59.67±12.48 .04 79.23±8.01 74.66±11.87 .025
Female, n (%) 3 (21.4%) 16 (29.1%) .742 24 (61.5%) 27 (42.2%) .069
Medical history, n (%)
Hypertension 6 (42.9%) 25 (45.5%) 1 33 (84.6%) 58 (90.6%) .363
Diabetes mellitus 1 (7.1%) 5 (9.1%) 1 16 (41.0%) 27 (42.2%) 1
Hyperlipidemia 5 (35.7%) 30 (54.5%) .244 18 (42.6%) 30 (46.9%) 1
Prior stroke/TIA 0 (0.0%) 0 (0.0%) – 7 (17.9%) 20 (31.2%) .169
Prior MI/peripheral artery disease 1 (7.1%) 2 (3.6%) .499 15 (38.5%) 18 (28.1%) .286
Smoking 6 (42.9%) 33 (60.0%) .366 5 (12.8%) 14 (21.9%) .303
Oral anticoagulants 3 (21.4%) 0 (0.0%) .007 6 (15.4%) 0 (0.00%) .002
Antiplatelets 2 (14.5%) 3 (5.5%) .266 16 (41.0%) 24 (37.5%) .835
Glucose (mg/dL), mean ± SD 116.64±17.05 133.28±45.03 .428 160.57±40.79 161.05±67.40 .963

Blood pressure (mmHg), mean ± SD
Systolic blood pressure 142.07±33.01 161.54±32.14 .048 159.54±36.20 164.94±26.49 .386
Diastolic blood pressure 85.50±21.65 89.40±21.21 .543 92.21±28.60 85.53±15.43 .127
Pretreatment ASPECT, mean ± SD 9.29±0.27 9.20±1.79 .865 8.74±1.89 9.28±7.71 .062
INR of PT, mean ± SD 1.12±0.16 1.01±0.07 .001 1.07±0.16 1.03±0.09 .116
Onset to treatment (mins), mean ± SD 138.80±51.21 121.45±42.71 .325 157.00±74.40 140.32±42.13 .17
rtPA dose (mg/kg), mean ± SD 0.63±0.05 0.83±0.12 .002 0.62±0.46 0.70±0.12 .006

NIHSS score, median ± SD
Baseline 12.5±8.52 11.16±5.70 .525 13.23±7.93 10.52±7.02 .058
Discharge 6.36±7.13 3.96±5.42 .71 11.05±10.36 5.66±7.36 .011

AF = atrial fibrillation, ASPECT = Alberta Stroke Program Early CT Score, INR = International Normalized Ratio, MI = myocardial infarction, NIHSS = National Institutes of Health Stroke Scale, PT = prothrombin
time, rtPA = recombinant tissue plasminogen activator, SD = standard deviation, TIA = transient ischemic attack.
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group, there was no difference between the 2 groups of patients in
terms of the risks of ICH, sICH, and mortality. In addition, the
proportion of favorable functional outcomes and the scores of
the Barthel index in the low-risk group were similar between the
patients with AF and the patients without AF. However, in
the high-risk group, the patients with AF had fewer favorable
functional outcomes at 3 and 6 months and had lower Barthel
index scores at discharge, 1month, 3 months, and 6months, than
the patients without AF (Table 2).
In the multivariate analysis with adjustments for age, rtPA

dosage, and AF, the baseline NIHSS scores were significantly
associated with favorable outcomes at 6 months in the patients in
the high-risk group (Table 3). In addition, in the multivariate
logistic regression analysis using AF, age, systolic blood pressure,
and ASPECT scores as the variables, AF andASPECT scores were
shown to be independent predictors of ICH in the patients in the
high-risk group (Table 4).
4. Discussion

In the present study, we demonstrated 2 major findings regarding
patients who received IV-rtPA therapy. First, in the high-risk
group, there were fewer favorable outcomes (mRS � 1) and
higher ICH risk in the patients with AF compared to those
without AF, but there was no difference in the rates of sICH and
mortality. Second, in the low-risk group, there was no difference
between the AF patients and non-AF patients in the rates of ICH,
sICH, and mortality, or the proportion of favorable outcomes.
High NIHSS scores could be associated with poorer outcomes

and a lack of recovery in the Barthel index after cerebral
ischemia.[16] Indeed, this study found that the AF patients with
higher NIHSS scores had fewer favorable outcomes and a lower
3

mean Barthel index score than those without AF in the high-risk
group; however, in the low-risk group, the NIHSS scores were
not associated with any difference between the AF patients and
non-AF patients, including in terms of prognosis. The results for
the high-risk group were thus consistent with the findings of
previous studies,[4,5,17] while the results for the low-risk group
were not. This may have been because those previous studies did
not classify patients according to the CHA2DS2-VASc score. The
increased CHA2DS2-VASc scores in patients with AF are
associated with increased NIHSS scores[18] and little improve-
ment in acute neurologic deficits.[19] Patients with higher
CHADS2 scores have higher levels of systemic inflammatory
markers, such as serum C-reactive protein,[20] which could be
associated with their poorer neurological outcomes.[21] In
comparison with sinus rhythm, the vascular endothelial function
is poorer in AF, and endothelial function is negatively correlated
to the increase of CHA2DS2-VASc scores.

[22] The enhancement of
endothelial function inhibits thrombus development.[23] The
prevalence of intracardiac thrombus/sludge was increased with
increasing CHADS2 scores,[24] and the presence of intracardiac
thrombus/sludge might result, in turn, in larger infarction sizes
and higher NIHSS scores.[25] The incidence of proximal artery
occlusion in acute stroke is also increased with higher CHA2DS2-
VASc scores.[26] These above observations showed that clinical
management of stroke in AF patients is much more challenging in
the high-risk than the low-risk group. Conversely, in the low-risk
group, the similar NIHSS scores and outcomes between the 2
groups of patients may indicate that the AF and non-AF patients
were exposed to comparable low-risk situations.
In this present study, in both low-risk and high-risk groups, the

AF patients received a lower dose of thrombolytic agents, on
average, than non-AF patients. In the low-risk group, the use of
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Table 2

Clinical outcomes of patients with cerebral infarction receiving intravenous thrombolysis: classification by CHA2DS2-VASc scores and
atrial fibrillation.

CHA2DS2-VASc � 2

AF (n=14) non-AF (n=55) OR (95% CI) P

Favorable outcome (mRS � 1), n (%)
Discharge 4/14 (28.6%) 5/55 (9.1%) 4.000 (0.911–17.567) .075
1 month 8/14 (57.1%) 20/55 (36.4%) 2.333 (0.708–7.690) .224
3 months 8/14 (57.1%) 26/55 (47.3%) 1.487 (0.455–4.857) .561
6 months 8/14 (57.1%) 30/54 (55.6%) 1.067 (0.306–3.495) 1
Barthel index, mean ± SD
Discharge 58.29±41.69 69.27±30.78  .719
1 month 60.71±46.57 74.27±33.33 .774
3 months 77.69±34.74 82.18±28.67 .788
6 months 90.00±13.69 84.91±29.08 .97
Mortality, n (%) 0/14 (0.0%) 0/14 (0.0%)  

ICH, n (%) 2/14 (14.3%) 4/55 (7.3%) 0.571 (0.165–1.976) .594
sICH, n (%) 1/14 (7.1%) 1/55 (1.8%) 0.388 (0.089–1.687) .367

CHA2DS2-VASc ≥ 3

AF (n=39) non-AF (n=64) OR (95% CI) P

Favorable outcome (mRS � 1), n (%)
Discharge 1/39 (2.6%) 7/64 (10.9%) 0.214 (0.025–1.812) .253
1 month 3/39 (7.7%) 11/64 (17.2%) 0.402 (0.105–1.541) .24
3 months 6/39 (15.4%) 22/64 (34.4%) 0.347 (0.126–0.954) .042
6 months 6/39 (15.4%) 26/64 (40.6%) 0.266 (0.097–0.724) .008

Barthel index, mean±SD
Discharge 33.19±35.90 57.75±32.85  .001
1 month 34.86±39.14 57.38±38.49 .002
3 months 44.12±40.06 65.17±36.78 .009
6 months 52.03±38.73 73.04±34.43 .005
Mortality, n (%) 4/39 (10.3%) 4/64 (6.2%) 0.583 (0.137–2.480) .473
ICH, n (%) 13/39 (33.3%) 8/64 (12.5%) 1.763 (1.019–3.154) .022
sICH, n (%) 4/39 (10.3%) 4/64 (6.2%) 1.263 (0.621–2.569) .473

AF = atrial fibrillation, CI = confidence interval, ICH = Intracranial hemorrhage, mRS = modified Rankin scale, OR = odds ratio, SD = standard deviation, sICH = symptomatic intracranial hemorrhage.
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smaller doses in the patients with AF may have been useful for
ensuring the safety and efficacy of the thrombolytic agents. The
findings in the low-risk group were consistent with previous
findings indicating that the chance of cerebral hemorrhage is
decreased with dose reduction even as the improvement in
symptoms is not decreased with the decrease in dosage.[27,28]

However, in the high-risk group, the use of smaller doses in the
patients with AF may have reduced the effectiveness of the
thrombolytic agents, which is suggested by the observation that
the patients with AF hadmore severe symptoms at discharge than
those without AF in spite of having similar symptoms upon
admission. Elevated levels of several systemic inflammatory
Table 3

Multivariate logistic regression to predict favorable outcome
(modified Rankin scale � 1) at 6 months: classification by
CHA2DS2-VASc score.

CHA2DS2-VASc � 2 CHA2DS2-VASc ≥3
OR (95% CI) P OR (95% CI) P

AF 0.214 (0.007–6.490) .376 3.252 (0.627–16.854) .16
Age 0.947 (0.828–1.083) .424 0.960 (0.891–1.035) .286
NIHSS, baseline 0.903 (0.723–1.127) .366 0.834 (0.732–0.950) .006
rtPA dose 12.805 (0.002–81972.195) .569 12.828 (0.023–7065.93) .428

AF = atrial fibrillation, CI = confidence interval, NIHSS = National Institutes of Health Stroke Scale, OR
= odds ratio, rtPA = recombinant tissue plasminogen activator.

4

markers have previously been found to be significantly associated
with an increased risk of thromboembolic events in patients with
AF.[29] Higher inflammatory conditions may also be associated
with increased thrombin generation and related to early
recurrence of ischemic lesion.[30] In the high-risk group in this
study, it is possible that the smaller doses of rtPA in the patients
with AF may have had difficulty in overcoming the higher
inflammatory and hypercoagulable conditions of the AF patients
in order to achieve and maintain successful thrombolysis.
Another possible explanation for why the AF patients had

worse outcomes in the high-risk group is that they were older
than the non-AF patients. The incidence rate of AF is strongly
associated with age, which is approximately 10 to 20/1000
Table 4

Multivariate logistic regression to predict intracranial hemorrhage:
classification by CHA2DS2-VASc score.

CHA2DS2-VASc � 2 CHA2DS2-VASc ≥ 3

OR (95% CI) P OR (95% CI) P

AF 0.653 (0.079–5.393) .693 0.324 (0.107–0.977) .045
Age 0.965 (0.882–1.055) .435 0.996 (0.940–1.055) .891
ASPECT 1.435 (0.927–2.220) .105 1.516 (1.146–2.005) .004
Systolic blood pressure 1.018 (0.981–1.057) .325 0.999 (0.982–1.016) .891

AF = atrial fibrillation, ASPECT = Alberta Stroke Program Early CT Score, CI = confidence interval, OR
= odds ratio.
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person-years in the age group 65 to 74 years and increases to
approximately 20 to 40/1000 person-years in the age group 75 to
84 years.[31,32] Age has been shown to be an important clinical
predictor of mortality and lack recovery of the Barthel index in
patients who have suffered from acute ischemic stroke.[16] In both
the high-risk and low-risk groups in this study, the AF patients
were older than the non-AF patients, which was consistent with
the findings of the previous literature.[5,17,33] However, the
negative effects of age on prognosis were not significant among
the low-risk group patients in this study. The reason for this
might be that smaller doses of thrombolytic agents are beneficial
for older patients.[34]

Although there were no differences in the rates of sICH and
mortality between the patients with AF and the patients without
AF in either the high-risk or the low-risk group in the present
study, the patients with AF in the high-risk group, but not the
low-risk group, had a higher ICH risk than the patients without
AF. On the other hand, AF and ASPECT scores were correlated
with ICH in the high-risk group. These findings for the high-risk
group were consistent with those of previous studies indicating
that cerebral hemorrhage is associated with AF[3] and lower
ASPECT scores.[35] It could be that the components of the
CHA2DS2-VASc score, such as older age and history of previous
stroke and hypertension, are independent risk factors associated
with increased risk for a bleeding event in patients with AF.[36]

Therefore, the AF patients in the low-risk group in this study had
fewer of these risk factors and might have thus had a relatively
reduced chance of cerebral hemorrhage.
Several limitations were found in the present study. First, this

was a retrospective, single hospital study. Second, some selection
bias could have occurred due to the fact that any patients who
received IV-rtPA and then underwent further intra-arterial
thrombolysis were excluded. Third, the population in this study
was relatively small. Fourth, this study did not classify the non-
AF patients into subgroups according to the subtype of stroke
(i.e., large artery occlusion or small vessel occlusion). Fifth,
the lower rtPA dose in our AF patients than non-AF patients
might be a confounding factor. The explanation might be that
the neurologists were not totally blinded to the past history of
AF before deciding the dose of rtPA.
5. Conclusions

The present study indicates that the stratification of the
CHA2DS2-VASc score for AF patients not only predicts the risk
of stroke but also predicts the neurological outcomes following
IV thrombolytic therapy. Compared to the patients without AF,
the outcomes of IV-rtPA treatment in the patients with AF were
stratified by the CHA2DS2-VASc scores. In the low-risk group,
there was no difference in outcomes between AF and non-AF
patients, which might be due to that the AF and non-AF patients
were exposed to comparable low-risk situations. In contrast, in
the high-risk group, the AF patients had poorer outcomes, which
might be related to the higher systemic inflammatory status,
poorer endothelial function, higher prevalence of intracardiac
thrombus/sludge formation, and higher incidence of proximal
artery occlusion. Therefore, the treatment strategies could be
differentially used according to the levels of CHA2DS2-VASc
score. In the high-risk group, dose adjustment, anti-inflammato-
ry treatment, or intra-arterial thrombolysis are more likely
considered in AF patients, although further investigations are
needed.
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