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Introduction: It is unknown whether alteplase is effective and safe in patients with
mild acute ischemic stroke (AlS). Determining whether symptoms are “disabling”
or not is a crucial factor in the management of these patients. This study aimed to
investigate the efficacy and safety of alteplase in patients with mild, non-disabling
AlIS.

Methods: We included all consecutive patients admitted for AIS at our institution
from January 2015 to May 2022 who presented a baseline NIHSS score of 0-5 and
fit the criteria to receive intravenous thrombolysis. In order to select only subjects
with non-disabling AlS, we excluded patients who scored more than 1 pointin the
following NIHSS single items: vision, language, neglect, and single limb. Patients
who scored at least 1 point in the NIHSS consciousness item were excluded as
well. This study is a retrospective analysis of a prospectively collected database.

Results: After the application of the exclusion criteria, we included 319 patients,
stratified into patients receiving and not receiving alteplase based on non-disabling
symptoms. The two groups were comparable regarding demographic and clinical
data. Rates of a 3-month favorable outcome, defined as a 3-month mRS score of
0-1, were similar, being 82.3% and 86.1% in the treated and untreated patients,
respectively. Hemorrhagic complications and mortality occurred infrequently and
were not affected by alteplase treatment.

Discussion: This observational study suggests that the use of alteplase, although
safe, is not associated with a better outcome in highly selected patients with
non-disabling AlS.
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Introduction

The prevalence of patients affected by mild acute ischemic stroke (AIS) is as high as 50%,
and a large proportion (37%) of these patients will be disabled 90 days after stroke (1, 2).
Thus, treatment of mild AIS remains a challenge for vascular neurologists.

Although several observational studies faced this problematic topic, they adopted
dissimilar definitions of mild AIS and achieved conflicting results (2-9). The recent
randomized PRISMS study did not prove functional outcome benefits in patients with
mild stroke treated with alteplase as compared to aspirin therapy. On the contrary, the
rate of symptomatic intracerebral hemorrhage (SICH) was increased in the alteplase group.
However, the trial’s early termination precluded any definitive conclusions on this topic (10).
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As underlined by a recent review, determining whether is routinely utilized by vascular neurologists, the BI is rarely
symptoms are “disabling” or not is a crucial factor in the wused by physicians (13). Thus, we are aware that our previous
management of acute mild stroke (11). Using the Barthel index  results, albeit interesting, are difficult to apply in everyday
(BI) for measuring disability, we demonstrated that AIS patients  clinical practice.
with a National Institutes of Health Stroke Scale (NIHSS) The ARAMIS trial has been designed to explore the efficacy
score of <5 responded differently to alteplase based on their  and safety of dual antiplatelet therapy vs. alteplase in Chinese
level of functional dependence (12). Unlike the NIHSS, which  patients with mild AIS. Awaiting the results of this trial, we

AIS patients with NIHSS 0-5 at admission
(n=2836)

ﬂmses of exclusion:

e Patients with LVO (n=16)

e Patients beyond 4.5 hours (n=379)

e Patients with mRS > 1 (n = 63)

o Patients with therapeutic anticoagulation at
admission (n = 11)

¢ Disabling symptoms (n = 75)*

o | 27 patients had more than 1 cause of exclusion.

*Disabling symptoms:
e Vision (n =4)

e Language (n =43)

o Neglect (n=1)

¢ Single limb (n = 28)

e Consciousness (n = 2)

@enm had more than 1 disabling symptom.

Patients included in the study
m=319)

IVT +
(n=175)

FIGURE 1
Flow diagram of the study. AlS, acute ischemic stroke; NIHSS, National Institutes of Health Stroke Scale; LVO, large vessel occlusion; mRS, modified
Rankin Scale; IVT, intravenous thrombolysis.
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decided to analyze our database of consecutive patients with AIS,
adopting the ARAMIS definition of non-disabling stroke, which
is strictly based on the NIHSS (14). Thus, this observational,
retrospective study aimed to investigate the efficacy and safety
of intravenous thrombolysis in highly selected subjects with non-
disabling AIS.

Methods

Patients

This study included all consecutive patients admitted at our
institution for AIS from January 2015 to May 2022 who presented
with a baseline NIHSS score of 0-5. Patients were excluded if (1)
they had an acute stroke due to large vessel occlusion; (2) the delay
from the onset of symptoms to treatment was more than 4.5 h; (3)
their premorbid modified Rankin Scale (mRS) was more than 1;
and 4) they had absolute contraindications to alteplase, such as the
presence of a therapeutic level of anticoagulation at admission. In
addition, in order to select only subjects with non-disabling AIS, we
excluded patients who scored more than 1 point in the following
NIHSS single items: vision, language, neglect, and single limb.
Patients who scored at least 1 point in the NIHSS consciousness
item were also excluded. Adopting the above-reported exclusion
criteria, we are confident that included patients with non-disabling
deficits were treated or not treated with alteplase based only on how
clinical symptoms were perceived by the vascular neurologist.

Alteplase was administered at a dosage of 0.9 mg/kg (10%
bolus and 90% as a 1-h infusion) with a maximum dose of 90 mg.
According to the previous versions of the American guidelines (15,
16), we did not obtain any informed consent from our non-disabled
patients admitted before 2019. From 2019 onwards, when the
current American guidelines were published, we obtained written
informed consent from all patients with mild, non-disabling
stroke symptoms who were treated with alteplase (17). Patients
who were not treated with alteplase received antiplatelets or
anticoagulants based on their stroke etiology. In patients presenting
with minor non-cardioembolic ischemic stroke, we used aspirin
or clopidogrel monotherapy, a loading dose (aspirin 300 mg or
clopidogrel 300 mg) within the first 24 h after the onset, followed
by a maintenance dose (aspirin 100 mg or clopidogrel 75mg).
In 2019, the American guidelines strongly supported treatment
with dual antiplatelet therapy (DAPT), aspirin, and clopidogrel in
patients affected by minor non-cardioembolic AIS (17). From that
moment on, this specific pharmacological approach was adopted
at our institution. In particular, patients started DAPT within
24h from symptom onset using a loading dose of 300 mg aspirin
and 300mg clopidogrel, followed by 100 mg aspirin and 75mg
clopidogrel from the second day until the third week. Patients
with cardioembolic stroke were treated with anticoagulant therapy.
Patients started anticoagulants based on the “1-3-6-12 days rule”
that was introduced in 2013 by the European Heart Rhythm
Association of the European Society of Cardiology (18).

This study conformed to the Declaration of Helsinki of the
World Medical Association and was approved by the local ethics
committee (Ref. No. CEUR-2020-Os-173).
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Data collection

We collected the following information: age, sex, vascular
risk factors (previous transient ischemic attack or stroke,
cardiovascular disease, atrial fibrillation, hypertension, diabetes
mellitus, hypercholesterolemia, and active tobacco use), laboratory
findings, admission systolic and diastolic blood pressure, and
antithrombotic therapy before and after the AIS.

Information on extracranial vessel status was obtained using
ultrasound echo-color Doppler or CT angiography. The NASCET
criteria were used for grading stenosis (19). The trial of ORG 10,172
in acute stroke treatment (TOAST) criteria were used for classifying
AIS into different etiologies (20). Stroke severity was quantified
at admission and discharge using the NTHSS score. The degree of
previous functional disability was calculated at admission based
on pre-stroke disability and 3 months after stroke using the mRS.
The mRS score after discharge was recorded during the patient’s
routine clinical visits or through telephone interviews with patients
or their immediate caregivers. The European Cooperative Acute
Stroke Study (ECASS) definition of parenchymal hematoma types
1 and 2 was adopted to identify intracranial hemorrhage (ICH)
(21). Based on the ECASS III protocol, the presence of symptomatic
intracranial hemorrhage (SICH) was defined as any hemorrhage
with neurological deterioration, as indicated by an NIHSS score
that was higher by >4 points than the value at the baseline, the
lowest value in the first 7 days, or any hemorrhage leading to
death (22).

Outcome measures

The following endpoints were analyzed: (1) 3-month favorable
outcome, defined as a 3-month mRS score of 0-1; (2) 3-month
functional independence, defined as a 3-month mRS score of 0-
2; (3) relevant neurological deterioration at discharge, defined as
an impairment of >4 points on the NIHSS score from baseline or
leading to death; (4) in-hospital mortality; (5) 3-month mortality;
(6) the presence of ICH; and (7) the presence of SICH.

Physicians who assessed the outcome measures were unblinded
regarding the patients who received acute stroke therapy.

Statistical analysis

Data are displayed in tables as the mean and standard deviation
unless otherwise specified. The Kolmogorov-Smirnov test with
Lilliefor’s significant correction was performed to test the normality
of the variables. Statistical comparisons were performed using
the chi-square test or Fisher’s exact test, when appropriate, for
categorical variables. Differences between the two groups were
assessed using the Student’s ¢-test for the independent sample when
variables had a normal distribution and by the Mann-Whitney
U test when variables had an abnormal distribution. Multivariate
logistic regression models were used to evaluate the association of
using alteplase with the endpoints. These models were adjusted for
age, sex, and baseline NTHSS score. All probability values were two-
tailed. Statistical significance was set at p < 0.05. Statistical analysis
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TABLE 1 General characteristics according to treatment with intravenous thrombolysis.

Demographic data

Age, years* 71 (60-79) 70 (59-78) 0.276

Male sex, n (%) 111 (63.4) 99 (68.8) 0.319

Vascular risk factors

Previous transient ischemic attack/stroke, n (%) 10 (5.7) 14 (9.7) 0.177
Cardiovascular disease, 1 (%) 21(12.1) 21 (14.6) 0.510
Atrial fibrillation, 1 (%) 15 (8.6) 10 (6.9) 0.591
Hypertension, n (%) 108 (61.7) 90 (62.5) 0.886
Diabetes mellitus, 7 (%) 26 (14.9) 24 (16.7) 0.658
Hypercholesterolemia, n (%) 54 (30.9) 50 (34.7) 0.464
Current smoking, 1 (%) 48 (28.9) 31(23.3) 0.274

Laboratory findings

aPTT ratio* 0.93 (0.86-1.01) 0.99 (0.91-1.02) 0.003
INR* 1.02 (0.97-1.08) 1.02 (1.00-1.08) 0.788
Fasting plasma glucose, mg/dl* 110.0 (91.5-132.5) 98.0 (85.5-120.0) 0.001

Blood pressure

Systolic blood pressure 163.7 £26.0 163.0 £24.8 0.824

Diastolic blood pressure* 90 (80-100) 90 (80-100) 0.177

Pre-stroke antithrombotic treatment

Antiplatelets, n (%) 43 (24.6) 49 (34.0) 0.064

Anticoagulants, n (%) 6(3.4) 0(0.0) 0.001

Post-stroke antithrombotic treatment

Antiplatelets, n (%) 138 (78.9) 109 (75.7) 0.501
of which:

Monotherapy, n (%) 117 (84.8) 70 (64.2) 0.001
DAPT, 1 (%) 21(15.2) 39 (35.8) 0.001
Anticoagulants, n (%) 37 (21.1) 35(24.3) 0.501
CTA for examining extracranial vessel statust 113 (64.6) 81 (61.8) 0.610
Ipsilateral ICA stenosis >70% 8 (4.6) 14 (9.7) 0.071

Stroke subtypes based on TOAST classification

Large arterial atherosclerosis, n (%) 18 (10.3) 20 (13.9) 0.778
Cardioembolism, 1 (%) 47 (26.9) 41 (28.5)

Small vessel disease, n (%) 29 (16.6) 24 (16.7)

Other determined etiology, n (%) 6(3.4) 6(4.2)

Undetermined etiology, n (%) 75 (42.9) 53 (36.8)

Clinical characteristics

NIHSS score at admission* 3(2-4) 1(0.25-2) 0.001

NIHSS score at discharge* 0(0-1) 0(0-1) 0.084

IVT, intravenous thrombolysis; aPTT, activated partial thromboplastin time; INR, international normalized ratio; DAPT, dual antiplatelet therapy; CTA, CT-angiography; ICA, internal carotid
artery; TOAST, Trial of ORG 10172 in Acute Stroke Treatment; NIHSS, National Institute of Health Stroke Scale.

tIn all patients who did not perform CT-angiography, extracranial vessel status was investigated using an ultrasound echo-color Doppler.

Data are presented as mean and standard deviation for normally distributed continuous variables. Non-normally distributed continuous variables are displayed as median and interquartile
range and are identified by an asterisk (*).
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TABLE 2 Outcome measures according to treatment with intravenous thrombolysis.

IVT + =
(n = 175) (n = 144)
3-month favorable outcome, n (%) 144 (82.3) 124 (86.1) 0.354
3-month functional independence, n (%) 156 (89.1) 132 (91.7) 0.449
Relevant neurological deterioration at discharge, 1 (%) 4(2.3) 3(2.1) 0.606
In-hospital mortality, n (%) 2(1.1) 2(1.4) 0.612
3-month mortality, n (%) 2(1.1) 3(2.1) 0.661
ICH, n (%) 5(2.9) 4(2.8) 0.620
SICH, n (%) 2(1.1) 1(0.7) 0.573
IVT, intravenous thrombolysis; ICH, intracranial hemorrhage; SICH, symptomatic intracranial hemorrhage.
was carried out using IBM SPSS Statistics for Windows, version 26.0 ~ DISCUSSION

(IBM Corp., Armonk, NY, USA).

Results

General and clinical characteristics

During the study period, 836 patients were admitted for AIS
with an NTHSS score of 0-5. Of them, 544 patients were excluded
due to prespecified exclusion criteria, which are summarized in
Figure 1. The remaining 319 AIS patients were included in the
study and distinguished into subjects who received intravenous
thrombolysis (IVT+) and subjects to whom alteplase was denied
because of non-disabling symptoms (IVT-). The flow diagram of
the study is reported in Figure 1.

As reported in Table 1, the two groups were comparable
regarding demographic and clinical data. Indeed age, sex, and
vascular risk factors did not differ between subjects receiving
and not receiving alteplase. Similarly, causes of ischemic stroke
were superimposable between IVT+ and IVT-patients. Regarding
pre-stroke antithrombotic treatment, the use of antiplatelets was
not different between the two groups, whereas 17 patients used
anticoagulants prior to the index event. Of these, 11 were excluded
because of therapeutic levels of anticoagulation at admission
(see Figure 1), whereas 6, having subtherapeutic anticoagulation,
were treated with alteplase. Post-stroke use of antiplatelets or
anticoagulants did not differ between IVT+ and IVT- patients,
although rates of DAPT were significantly higher in subjects not
treated with alteplase. The only significant differences between
the two groups were lower levels of aPTT and higher levels of
fasting glucose in the group of subjects treated with intravenous
thrombolysis. In addition, as expected, strokes were significantly
more severe in the IVT+ group.

Outcome measures

Table 2 summarizes the outcome measures in patients in the
IVT+ and IVT- groups. We did not observe any difference
regarding disability, mortality, and hemorrhagic complications
between the two groups. As reported in Table 3, the use of alteplase
was not significantly associated with any of the outcome measures.

Frontiersin Neurology

This study suggests that the use of alteplase, although it
does not increase the risk of hemorrhagic complications, is not
associated with a better outcome in highly selected patients with
non-disabling AIS.

The frequency of thrombolytic treatment has significantly
increased over the last few years (23). This might be due to
improved logistics to reduce delays in pre-hospital and in-
hospital management of patients with acute stroke, enabling more
patients to receive intravenous thrombolysis. However, it cannot be
excluded that the increasing rate of thrombolysis is partly caused
by more and more patients with minor strokes being treated. An
analysis of data from the Swedish Stroke Register confirms this
hypothesis, showing that, among patients receiving alteplase, the
proportion with a minor stroke significantly increased from 22.1%
in 2007 to 28.7% in 2010 (p = 0.021) (24). In our highly selected
sample of patients with minor strokes, intravenous thrombolysis
was frequently given, i.e., to almost 55% of the entire sample. This
result might be due to our aggressive approach, which does not use
a low NIHSS cutoff as an absolute treatment exclusion criterion.
However, our treatment approach to mild stroke is not unique; for
example, Urra et al. reported that almost 60% of their AIS patients
with mild symptoms received alteplase (4). As expected, a higher
NIHSS score significantly increased the odds of being treated with
alteplase in our population.

Previous studies reported that about a third of AIS patients with
mild symptoms were functionally dependent or would be dead if
not receiving alteplase (25, 26). Differently, we observed a lower
rate of poor outcomes of nearly 16%. The definition of mild stroke is
probably the reason for this dissimilarity. The specific definition of
“mild” has not been agreed upon universally, and there is variability
in the interpretation and implementation among centers and even
individual treating practitioners. The most common definition
deems patients with a baseline NIHSS score of 0-5 as affected by
mild stroke (26, 27). However, using the BI as a tool for measuring
disability, we observed that almost one-half (51.7%) of patients with
an NIHSS score of 0-5 at admission were functionally dependent,
having a BI score of <80 (12). In this research, adopting only
the NIHSS, we tried to identify patients with non-disabling stroke
symptoms. Thus, as performed in the ARAMIS trial, we excluded
patients who had substantial deficits in vision, language, neglect,
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TABLE 3 Multivariate logistic regression models for the outcome
measures.

Variables (O] 95% ClI P
Three-month favorable outcome

Age 0.96 0.93-0.98 0.003
Male sex 1.09 0.57-2.11 0.789
NIHSS score at admission 0.59 0.46-0.78 0.001
Use of alteplase 1.60 0.77-3.34 0.208
3-month functional independence

Age 0.96 0.93-0.99 0.020
Male sex 1.70 0.73-3.99 0.220
NIHSS score at admission 0.58 0.42-0.79 0.001
Use of alteplase 1.59 0.65-3.89 0.307
Relevant neurological deterioration at discharge

Age 1.03 0.97-1.10 0.337
Male sex 0.27 0.03-2.28 0.227
NIHSS score at admission 1.22 0.68-2.19 0.502
Use of alteplase 0.86 0.16-4.69 0.864
In-hospital mortality

Age 1.05 0.96-1.15 0.319
Male sex 0.00 0.00-NA 0.996
NIHSS score at admission 2.39 1.03-5.55 0.041
Use of alteplase 0.34 0.04-2.91 0.325
3-month mortality

Age 1.02 0.95-1.10 0.518
Male sex 0.00 0.00-NA 0.996
NIHSS score at admission 1.85 0.94-3.65 0.076
Use of alteplase 0.28 0.04-1.99 0.203
Presence of ICH

Age 1.02 0.96-1.08 0.496
Male sex 0.48 0.09-2.41 0.374
NIHSS score at admission 1.21 0.72-2.03 0.465
Use of alteplase 0.80 0.18-3.59 0.771
Presence of SICH

Age 0.98 0.90-1.07 0.655
Male sex 1.04 0.09-12.20 0.972
NIHSS score at admission 0.91 0.37-2.23 0.846
Use of alteplase 1.94 0.13-30.00 0.635

NIHSS, National Institute of Health Stroke Scale; NA, not available; ICH, intracranial
hemorrhage; SICH, symptomatic intracranial hemorrhage.

and single limb and who had an altered level of consciousness. After
carefully selecting our population, we observed that more than
80% of patients with mild stroke may achieve a favorable outcome.
Recently, Sykora et al. (9) reported similar rates in AIS patients with
an NIHSS score of 0-1 at admission.

The main finding of this observational study is that alteplase
use does not improve functional outcomes in patients with
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non-disabling stroke. Indeed, rates of 3-month mRS 0-1 were
superimposable, being 82.3% and 86.1% in the treated and
untreated patients groups, respectively. Only Spokoyny et al.
adopted a definition of mild stroke that was very similar to
ours. Although in a smaller sample, the authors did not find any
significant difference in outcomes in mild stroke patients receiving
vs. not receiving intravenous thrombolysis (7). Different from
individuals with non-disabling stroke, in patients with mild stroke
but disabling symptoms, alteplase seems to preserve its efficacy (4-
6, 28). Our previous study clearly demonstrates that alteplase is
effective only when patients with mild stroke have a BI score of <80
(12). Evaluating mild stroke patients with an NIHSS score of 0-1
and those with an NTHSS score of 2-5, Sykora et al. reported that
alteplase improved outcomes only in the group of subjects having
higher NTHSS scores, whereas the positive effect of thrombolysis
was overruled by the effects of SICH in the group with an NIHSS
score of 0-1 (9). To date, the PRISMS study is the only published
randomized trial that evaluated the efficacy of alteplase for the
treatment of AIS with an NIHSS score of 0-5 and without clearly
disabling deficits. Unfortunately, the study was terminated early
because of low patient recruitment. Results of the 313 patients
enrolled failed to demonstrate more favorable functional outcomes
in patients treated with alteplase as compared to those receiving
only aspirin (10). We are waiting for the results of the ARAMIS
trial (14).

The risk of hemorrhagic complications is one of the major
reasons that patients with mild stroke are excluded from treatment
with alteplase. The incidence of SICH based on stroke severity was
compared in a cohort study that found the risk of hemorrhage
was ~2% in patients with mild stroke and 8.1% in patients with a
baseline NTHSS score of more than 6 (29). Our study confirms that
hemorrhagic complications are infrequent in patients with non-
disabling strokes. In particular, the use of alteplase did not increase
the risk of SICH in our sample, affecting only two individuals
(1.1%). Similar rates of SICH were reported by Spokoyny et al. (0%)
and Sykora et al. (1.4%) (7, 9).

Several limitations of this study should be considered. The
retrospective design of the study may produce systematic errors
and bias. Measures of outcome were obtained by physicians that
were not blinded to alteplase treatment, which may have influenced
their rating, causing detection bias. Since patients coming from a
single center with vascular neurologists possibly used to treat or
not treat non-disabling stroke symptoms with alteplase, our results
cannot be generalized. As this was an observational study in which
alteplase was administered as indicated by vascular neurologists,
we cannot exclude that additional biases may have influenced
the decision to administer or withhold alteplase. The relatively
small sample size may have limited the statistical power; thus, the
alteplase effectiveness in our sample could not be detected. Finally,
the observed associations are no proof of causality; thus, our results
should be considered hypothesis-generating.

Conclusion

This observational study suggests that the use of alteplase,
although safe, does not improve clinical outcomes in highly selected
patients with non-disabling AIS. Further large interventional
studies are needed to confirm these preliminary findings.
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