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BACKGROUND: The optimal treatment for acute minor ischemic stroke is still undefined. and options include dual antiplatelet
treatment (DAPT), intravenous thrombolysis (IVT), or their combination. We aimed to investigate benefits and risks of combin-
ing IVT and DAPT versus DAPT alone in patients with MIS.

METHODS AND RESULTS: This is a prespecified propensity score-matched analysis from a prospective multicentric real-world
study (READAPT [Real-Life Study on Short-Term Dual Antiplatelet Treatment in Patients With Ischemic Stroke or Transient
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Ischemic Attack]). We included patients with MIS (National Institutes of Health Stroke Scale score at admission <5), without
prestroke disability (modified Rankin scale [nRS] score <2). The primary outcomes were 90-day mRS score of 0 to 2 and
ordinal mRS distribution. The secondary outcomes included 90-day risk of stroke and other vascular events and 24-hour early
neurological improvement or deterioration (>2-point National Institutes of Health Stroke Scale score decrease or increase
from the baseline, respectively). From 1373 patients with MIS, 240 patients treated with IVT plus DAPT were matched with
427 patients treated with DAPT alone. At 90days, IVT plus DAPT versus DAPT alone showed similar frequency of mRS 0 to
2 (risk difference, 2.3% [95% CI -2.0% to 6.7%]; P=0.295; risk ratio, 1.03 [95% CI 0.98-1.08]; P=0.312) but more favorable
ordinal mRS scores distribution (odds ratio, 0.57 [95% CI 0.41-0.79]; P<0.001). Compared with patients treated with DAPT
alone, those combining IVT and DAPT had higher 24-hour early neurological improvement (risk difference, 20.9% [95% CI
13.1%-28.6%)]; risk ratio, 1.59 [95% CI 1.34-1.89]; both P<0.001) and lower 90-day risk of stroke and other vascular events
(hazard ratio, 0.27 [95% CI 0.08-0.90]; P=0.034). There were no differences in safety outcomes.

CONCLUSIONS: According to findings from this observational study, patients with MIS may benefit in terms of better functional
outcome and lower risk of recurrent events from combining IVT and DAPT versus DAPT alone without safety concerns.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT05476081.
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and a meta-analysis® showed a clear benefit, while
a randomized clinical trial” demonstrated that IVT is
not inferior with respect to dual antiplatelet treatment
(DAPT) in influencing the 90-day functional outcome.
Similarly, a large cohort study did not identify an effect
of IVT in all patients with mild stroke symptoms but
noted a suggestion of efficacy in those with higher clin-
ical severity at the presentation. According to current
guidelines, IVT is recommended in patients with MIS
who meet all the other eligibility criteria for the treat-
ment®'° provided that the neurological deficits caused
by the stroke are still measurable at the time of obser-
vation®'® and potentially disabling.®

Short-term DAPT has emerged as an important
secondary prevention strategy for MIS and high-risk
transient ischemic attack (TIA). Several randomized
controlled trials have demonstrated the superiority
of DAPT in preventing early recurrence of ischemic
events."'3 However, patients who received urgent re-
vascularization (ie, IVT, endovascular thrombectomy,
carotid endarterectomy) were excluded from landmark
trials. =18

Recently, some studies compared IVT and DAPT in
MIS. The ARAMIS (Antiplatelet Versus rtPA for Acute
Mild Ischemic Stroke) randomized controlled trial com-
pared IVT with short-term DAPT in patients with mild
nondisabling ischemic stroke. The study demonstrated
the noninferiority of short-term DAPT over IVT followed
by single antiplatelet treatment for several outcomes
and mostly for 90-day functional disability in those pa-
tients (noninferiority margin of —4.5%).'* A more recent
propensity-matched analysis of the Austrian Stroke
Registry corroborated findings from the ARAMIS trial
by pointing out equivalent efficacy and safety between
short-term DAPT and IVT in a large cohort of patients
with MIS."® Additionally, the PRISMS (Potential of rtPA
for Ischemic Strokes With Mild Symptoms)’ random-
ized trial found no significant difference in terms of
90-day favorable functional outcome between patients
with acute minor nondisabling ischemic stroke treated
with IVT or aspirin (81.2% versus 78.2%, respectively).

Despite IVT standing as an acute treatment for
MIS and DAPT as a secondary prevention strategy,
their combination has not been sufficiently explored.
In fact, IVT and short-term DAPT are not mutually ex-
clusive and can be potentially combined to optimize
the outcome of patients with MIS. On the other hand,
combining the 2 approaches might raise concerns for
a higher risk of bleeding events, especially intracere-
bral hemorrhage or hemorrhagic transformation of the
ischemic lesion. Randomized controlled trials of short-
term DAPT did not include patients treated with [VT."-13
Additionally, as of now, there has been no randomized
trial conducted to assess the outcomes of combining
IVT with DAPT compared with DAPT alone in patients
with ischemic stroke.
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As short-term DAPT has become the mainstay
of early secondary prevention of mild noncardioem-
bolic ischemic stroke, it is clinically relevant to assess
whether IVT combined with DAPT may confer further
benefit over DAPT alone on the short-term outcomes
of patients with MIS.

The present study aimed to investigate the differ-
ence in short-term outcomes between patients com-
bining IVT and DAPT compared with those treated with
DAPT alone in a real-world population of patients with
MIS.

METHODS

The complete data set used for this study will be
shared upon any reasonable request to the corre-
sponding author.

READAPT Study

The READAPT (Real-Life Study on Short-Term Dual
Antiplatelet Treatment in Patients With Ischemic Stroke
or Transient Ischemic Attack; NCT05476081) study is
an observational prospective multicenter real-world
investigation led by the University of LAquila and sup-
ported by the Italian Stroke Association (Associazione
ltaliana Ictus). It adheres to the Strengthening the
Reporting of Observational Studies in Epidemiology
guidelines and received approval from the Internal
Review Board of the University of LAquila in February
2021 (code 03/2021), with all enrolled patients provid-
ing informed consent. Patient recruitment occurred
across 64 ltalian stroke centers from February 1, 2021,
to February 28, 2023. The enrollment period was ex-
tended to December 31, 2023, for patients treated
with acute reperfusion treatments (IVT or endovascular
thrombectomy). The decision to treat patients with IVT
was upon local investigators who were recommended
to adhere to current international guidelines for IVT
treatment in acute ischemic stroke.®'® Furthermore,
investigators were not provided with specific recom-
mendations regarding the initiation of DAPT after IVT.
Therefore, the decision was made on an individual
basis, taking into account potential contraindications
and relying on individual clinical judgment.

The READAPT trial enrolled all individuals aged
>18years, whether hospitalized or not, who suffered
from acute minor/moderate noncardioembolic stroke
or TIA and received a brief course of DAPT irrespec-
tive of the time elapsed from symptom onset. The
diagnosis of the index stroke was adjudicated by in-
vestigators as per local practice and following the cri-
teria of the World Health Organization.'® Apart from
diagnosis of acute minor noncardioembolic stroke or
high-risk TIA and use of DAPT, no other criteria were
adopted to include patients. Patients were considered
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eligible irrespective of the time elapsed between the
event onset and DAPT initiation, as well as the spe-
cific antiplatelet combination used. Time to DAPT
start was determined as the interval between the
index event and the administration of the initial anti-
platelet agent of DAPT, regardless of whether a load-
ing dose was prescribed. Additionally, patients were
included regardless of whether a loading DAPT dose
was administered. This was defined as a prescription
of >800mg for aspirin and clopidogrel or >180 mg for
ticagrelor. The exclusion criteria were involvement in
interventional randomized controlled trials at the onset
of stroke, continuous DAPT for endovascular stenting
procedures, and conditions that could potentially im-
pact compliance with the study protocols.

Patients were enrolled shortly after the index event
and followed up for 90+10days, with local investiga-
tors conducting face-to-face or remote visits at the
end of the follow-up period. An electronic anonymized
database was created using Research Electronic
Data Capture software. The READAPT database was
hosted at the University of LAquila and accessed by
investigators through link/password or quick response
code. A baseline case report form was implemented
to collect patient demographics, vascular risk fac-
tors, prestroke treatment, CHAD,DS,-VASC,, National
Institutes of Health Stroke Scale (NIHSS), and ABCD?
scores, pre- and poststroke modified Rankin scale
(mMRS) score, neuroimaging findings, presumed cause
of the index events according to the TOAST (Trial of
ORG 1072 10172 in Acute Stroke Treatment) classi-
fication, and acute treatment (ie, IVT, endovascular
thrombectomy, endarterectomy). The follow-up case
report form collected data on performed investiga-
tions, compliance to treatments, adverse events, mRS,
effectiveness, and safety events. Quality checks were
made on a weekly basis, and queries were regularly
sent to centers’ investigators to guarantee the com-
pleteness and integrity of data entry. Study investiga-
tors received specific training before the study was
initiated to ensure appropriate completion of the base-
line and follow-up case-report forms and the correct
adjudication of study outcomes. Detailed procedures
and data collection methods of the READAPT study
are available elsewhere.!”

Study Subanalysis

This study subanalysis is aimed to address differences
in the 90-day outcome between patients with MIS
treated with DAPT alone versus those receiving IVT
plus DAPT. Patients were eligible for inclusion in this
study subanalysis if they had an MIS, as defined by a
NIHSS score at admission <5, and were treated with
DAPT within 48 hours of symptom onset. We excluded
patients who had prestroke disability (MRS score>2),
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who underwent endovascular thrombectomy, urgent
carotid endarterectomy, or stenting procedures during
the follow-up period. Patients with an NIHSS score of
0 at admission and without any deficit at the time of
clinical observation were not considered in the analysis
to prevent cases where complete symptom resolution
might have interfered with the assessment for IVT eligi-
bility. Additionally, we also excluded patients who were
lost to follow-up or with last available follow-up earlier
than 80 days after the index event, as well as those who
early discontinued DAPT because of the diagnosis of
a condition requiring anticoagulation. The implementa-
tion of this latter exclusion criterion was motivated by
concerns regarding the potential confounding effect of
bleeding risks associated with anticoagulants on the
assessment of the safety profiles of DAPT and IVT.

Propensity Score Matching

We calculated propensity scores for each patient bas-
ing on a multivariable logistic regression model, which
included demographics (age, sex, ethnicity), risk fac-
tors (arterial hypertension, diabetes), prestroke func-
tional status (MRS), stroke severity (NIHSS score at
admission) and presumed cause, DAPT characteristics
(loading dose, days of DAPT duration). Patients treated
with IVT plus DAPT were matched with patients treated
with DAPT alone in a 1:2 ratio and within 0.2x SD of
the logit of the propensity score by using a greedy
nearest neighbor matching. The time elapsed between
the index event and DAPT start was not considered in
the propensity score matching, as current guidelines
recommend initiating antiplatelet treatment after at
least 24 hours in patients who receive IVT and within
12hours in those who are not treated.'” The overall
quality of the matching was evaluated by comparing
the standardized difference of means and the ratio of
the variances between the propensity scores of treat-
ment groups and by inspecting graphics of propensity
scores and covariates balance distributions between
the matched samples.

Outcomes

All outcomes were compared between propensity
score-matched groups (IVT plus DAPT versus DAPT
alone). Primary outcomes were good functional out-
come at 90days, defined as an mRS score of 0 to
2, and the ordinal distribution of 90-day mRS scores
between IVT plus DAPT and DAPT alone patients.
The secondary outcomes included the 90-day risk of
stroke or other vascular events (ie, TIA, myocardial in-
farction, death due to vascular causes), 24-hour early
neurological improvement and deterioration (>2-point
decrease or increase in the NIHSS score from base-
line, respectively), and 24-hour median change in the
NIHSS scores from baseline. The safety outcomes



720z ‘1 Jequieides uo Aq Bio'sjeulnofeye//:dny wouy papeojumoq

Ornello et al

were 90-day moderate to severe bleeding events,
any bleeding events, intracerebral hemorrhage, and
24-hour hemorrhagic transformation. The severity
of bleeding events was assessed according to the
GUSTO (Global Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded Coronary Artery)
trial definitions.'® The occurrence of all outcomes was
adjudicated by local investigators through the elec-
tronic follow-up case-report form.

Statistical Analysis

Categorical variables were presented as number and
percentage, continuous variables as mean and SD or
median and interquartile range according to normal
distribution. For the primary outcomes, we calculated
the risk difference and risk ratio of 90-day good func-
tional outcome (MRS, 0-2) between the IVT plus DAPT
and DAPT-alone groups with 2-sided 95% Cls. The 90-
day ordinal distribution of MRS scores was compared
using an ordinal generalized linear model and results
were presented as odds ratios (ORs) with 95% Cls. For
the secondary outcomes, differences, and ratios (95%
Cls) between groups were calculated for the risks of
24-hour neurological improvement, 24-hour neurologi-
cal deterioration, and vascular death. Changes in the
24-hour NIHSS scores from baseline between the IVT
plus DAPT and DAPT-alone groups were compared
using linear regression, and results were presented as
ORs with 95% Cls. The time-to-event 90-day risk of
stroke and other vascular events was compared using
Cox regression, and the corresponding treatment ef-
fect was presented as hazard ratios and 95% Cls.
The proportionality assumption was tested using the
Schoenfeld individual test. Kaplan—Meier hazard func-
tions were used to compare the overall risk of stroke
and other vascular events between treatment groups,
and the log-rank test was used to test differences.
For all the safety outcomes, we also calculated risk
differences and risk ratios with 95% Cls between the
2 treatment groups. As the outcomes of the present
study were exploratory and there were no assump-
tions regarding the propensity score matching, a
sample size was not prespecified for this analysis. All
statistical analyses were performed using R software,
version 4.2 (R Foundation for Statistical Computing,
Vienna, Austria). Statistical significance was set at a P
value <0.05.

RESULTS

A total of 1373 patients were included in the analysis,
of whom 240 (17.5%) were treated with IVT plus DAPT.
The number of excluded patients with reasons is re-
ported in the study flow diagram in Figure 1. No missing
data were recorded in the variables used to calculate

J Am Heart Assoc. 2024;13:e036275. DOI: 10.1161/JAHA.124.036275

Outcomes of IVT Plus DAPT in Minor Ischemic Stroke

the propensity scores. We paired 235 patients who
received IVT plus DAPT with 427 patients treated
with DAPT alone. Measures of balance diagnosis in-
dicated that the samples were adequately matched,
with a standardized difference of the propensity scores
means between groups of 0.02 (good balance <0.25),
ratio of variances of propensity scores 1.05 (good bal-
ance between 0.5-2)."° Graphics of propensity scores
and covariates balance distributions between the
matched samples confirmed a good overall quality of
the matching (Figures S1 and S2). The comparison of
baseline characteristics further supported the good
balance of our matched samples with a standardized
difference of the propensity scores <0.25 in all vari-
ables, except for the time elapsed between the index
event and DAPT start (Table 1).

Primary Outcomes

The percentage of patients with 90-day mRS scores
of 0 to 2 was 92.5% in the IVT plus DAPT group and
90.2% in the DAPT-alone group. The risk difference
and risk ratio of having a good functional outcome

READAPT study cohort

2358 patients enrolled
up to 31/12/2023

360 patients excluded

* 282 lost to follow-up or earlier
than 80 days

e 44 early discontinued DAPT
because of a diagnosis requiring
anticoagulation

* 34 underwent stenting procedure
during the follow-up

1998 patients

567 patients excluded

* 311 NIHSS 0 with no deficit on
admission

* 202 NIHSS >5 on admission

e 78 mRS >2 on admission [ -~

* 50 underwent MT

* 49 underwent urgent carotid EA

« 7 initiated DAPT after 48 hours of
symptoms onset

A 4

1373 patients included
in the analysis
e 240 IVTplusDAPT
(treated group)
¢ 1133 DAPT alone
(control group)

Figure 1. Study flow diagram.

Patients may have >1 exclusion criterion. DAPT indicates dual
antiplatelet treatment; EA, endarterectomy; EVT, endovascular
thrombectomy; IVT, intravenous thrombolysis; mRS, modified
Rankin scale; NIHSS, National Institute of Health Stroke Scale;
and READAPT: Real-Life Study on Short-Term Dual Antiplatelet
Treatment in Patients With Ischemic Stroke or Transient Ischemic
Attack.



720z ‘1 Jequieides uo Aq Bio'sjeulnofeye//:dny wouy papeojumoq

Ornello et al

were 2.3% (95% Cl, —2.0% to 6.7%; P=0.295) and 1.03
(95% CI, 0.98-1.08; P=0.312; Table 2). We found a sig-
nificant difference in the 90-day ordinal distribution of
mRS scores between patients treated with IVT plus
DAPT versus DAPT alone (OR, 0.57 [95% CI, 0.41-
0.79]; P=0.001) with a higher percentage of patients
with an mRS of O in those who received the combined
treatments (61.3%) versus DAPT alone (46.6%) (Table 2
and Figure 2).

Secondary Outcomes

Compared with patients receiving DAPT alone, those
treated with IVT plus DAPT showed a higher frequency
of 24-hour early neurological improvement (risk differ-
ence, 20.9% [95% ClI, 13.1% to 28.6%]; P<0.001; risk
ratio, 1.59 [95% ClI, 1.34-1.89]; P<0.001), with a higher
24-hour decrease in the NIHSS scores from base-
line (OR, -0.65 [95% CI, -0.89 to -0.41]; P<0.001).
Conversely, there were no significant differences in the
24-hour risk of early neurological deterioration (Table 2).
We found a significantly lower risk of 90-day stroke and
other vascular events in patients treated with IVT plus
DAPT versus those treated with DAPT alone (hazard
ratio, 0.27 [95% CI, 0.08-0.90]; P=0.034). Kaplan—
Meier hazard functions confirmed that the overall risk
of stroke and other vascular events was lower in those
who combined IVT and DAPT compared with those
who received DAPT alone (log-rank test P=0.020;
Figure 3). The 90-day risk of vascular death was similar
between groups (Table 2).

Safety Outcomes

For safety events, we found a low rate of 90-day mod-
erate to severe (0.8% versus 0.7%) and any bleeding
(2.0% versus 3.8%) events in both treatment groups.
No patients who received IVT had intracerebral hem-
orrhage, while hemorrhagic transformation occurred in
4 patients both within the IVT plus DAPT and DAPT-
alone groups (1.6% and 1.0%, respectively). The risk
of hemorrhagic transformation was similar between
those who started DAPT within 24 hours of the index
event both in the IVT plus DAPT and DAPT-alone
groups (n=1/56, 1.8% versus 2/314, 0.6%; P=0.941).
We found no differences in the risk of any safety event
between treatment groups Table 2.

DISCUSSION

This READAPT observational study showed that com-
bining IVT and DAPT conferred some clinical advan-
tages over DAPT alone in patients with MIS. Specifically,
we found a more favorable distribution of MRS scores
at 90 days after stroke among patients treated with IVT
plus DAPT versus DAPT alone, while the proportion of

J Am Heart Assoc. 2024;13:e036275. DOI: 10.1161/JAHA.124.036275
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patients with 90-day good functional outcome (MRS,
0-2) was similar between the 2 treatment approaches.
Furthermore, the combining approach was associated
with a higher rate of early neurological improvement at
24 hours versus DAPT alone and with a lower risk of
recurrent stroke and other vascular events at 90days
after stroke. Of note, no safety concerns emerged
from combining IVT and DAPT, as the risk of bleeding
events and early (24-hour) hemorrhagic transformation
of the ischemic lesion did not differ between groups.
On the other hand, the intention to treat patients with
MIS with DAPT should not raise safety concerns for
the bleeding risks associated with IVT. Globally, our
data indicated that it is reasonable to combine IVT and
DAPT in patients with minor disabling ischemic stroke
since this combined strategy may offer advantages as
compared with DAPT alone.

It is important to note that our data are caught
from the real-world setting, where patients were not
randomly assigned to treatments and the decision to
treat or not to treat patients with IVT was based on
clinical considerations. As shown in Table 1, the group
of patients treated with IVT plus DAPT presented sev-
eral differences in baseline characteristics compared
with those who received DAPT alone. Propensity score
matching was performed in our study to control those
differences and mitigate the effect of some known
confounders. While randomized controlled trials offer
the highest quality of evidence to inform clinical prac-
tice, replication of their results in clinical practice is af-
fected by difference in characteristics of patients and in
application of trial procedures. Thus, real-world studies
are complementary to randomized controlled trials and
can provide effectiveness and safety data in the real-
word patient population.

As regards the secondary outcomes, patients com-
bining IVT and DAPT had a higher rate of early neuro-
logical improvement at 24 hours, with a higher median
decrease in the NIHSS scores from the baseline, com-
pared with patients who received DAPT alone. To cor-
rectly interpret these findings, it is important to consider
that most of the patients treated with IVT (>75%) started
DAPT after at least 24 hours of IVT to minimize the risk
of bleeding events related to the procedure, as recom-
mended from current IVT guidelines.'® Therefore, the
higher rate of early neurological improvement observed
within the IVT-plus-DAPT group versus DAPT alone
might be mostly related to the effect of IVT, rather than
to DAPT itself. It is worth noting that the proportion of
patients who were treated with a loading dose of DAPT
was low in both groups even after propensity score
matching (<40%; Table 1). In the real-world setting, DAPT
loading dose is often withdrawn, especially in patients
who have undergone IVT due to safety concerns.!” This
practice could negatively impact on the short-term risk
of new vascular events, even if the INSPIRES (Intensive



Outcomes of IVT Plus DAPT in Minor Ischemic Stroke

Ornello et al

(penunuo)

9860 7200 Q72 Ht ¢ 2 666°0< 0L0'0 (Fe) ge (672 L (%) u *edn|ie} Jeay ojuoiyd Jo AolsiH
666'0< 9000 oz (7’0 1 666'0< 8200 (90 2 (7o) 1 (%) U ‘ebeyliowsy [eigeiedBIUl SNOIABI]
9800 2sko (281 08 cen e L0K0 920 (781 802 Benee (%) U ‘3018 DIWBYOSI/Y| | SNOIABIH
9/2°0 0€0'0 (0vv) 881 (9'z¥) 0oL 950 S¥0°0 (€'vv) 205 ('zw) Lok (%) U ‘Bujows jusuny
1150 7500 €12 16 (6l ot 10100 1610 (22 11e 6l oy +(%) U ‘serecelq
%40 7010 (0'e2) 86 (281 v+ /€20 9,00 (v'1e) eve (€81 v 4(%) U “e1epLIeoA|BLedAH
0820 €200 (9'19) €92 (009 Ik 2,0 000 (F19) 269 (9'69) et 1(%) u ‘elwsjoselssjoyoledAH
66€°0 900 (6'82) Le€ (L) 8Lt 16700 [4N0] (6'08) 916 (0'g2) o8k 5(%) U ‘uoisuspiedAy jeuepy
129°0 0r0'0 (0-¢) g (9-€) g 9620 €00 (0-v) ¢ (-6 s (HOI) ueIpeW ““OSVA-*SA*VHO
8510 k900 (82-v2) 92 (62-€2) 92 2870 2v00 (82-v2) 92 (62-€2) 92 (4OI) vepaw ‘INg
SJ0}0€} XSl 830.1selid

(Lv)oe (v9) st (6'7) 55 (29) 91 asneo paullLIelep 1810

(8'02) 68 621 2 (261 e2e 621 €r sisoJe[osoleye Aleyie obre

(F¥2) €0k (922 €5 (0'ge) L6€ (Fee) es uoIsN|o00 Asepie |lews

(709 Sl (¢e9) gz (r"or) 851 (€e9) 8ek pauIWIBlepuN
€650 660°0 1k00°0> €2e0 +(%) U ‘osneo exous paunsald

€2) 1€ (8'9) 9t (29 v9 (29 9L (%) U ‘(z 40 21008) AlIGESIP PlIW Yim SWORdWAS

o vv (re)ce @el 6yt (96 €z (%) u ‘(1 Jo 8100s) Ayjiqesip Aue inoyum swoydwAs
6680 8200 €820 /110 (%) u “A10BeyeD 81008 SYHW
G590 200 (=1L =0+ €ero 8200 (0-00 (0-0)0 (HOI) UeIPAW ‘}OSUO Je 81008 SYW
€2€0 €010 (06-52) g8 (r6-62) 98 7120 7900 (06-62) g8 (€6-62) G8 | PHWW—(HOI) ueIPBW ‘UOISSIWPE Je ainssaid poojq oljoiselq
060 G500 | (0L1-0%h) GGk (GZ1-0v1) GSH 1950 9600 (0z1-0v1) €51 (G21-0%1) SS1 BH ww—(4oI) ueipsw ‘uoissiwpe Je ainssaid poojq olj0}sAg
0220 [Ko]N0] (-2 ¢ (-2 ¢ 1+00'0> 0r9'0 €2 c (r—2) ¢ (4OI) UeIPaW ‘UOISSIWIPE Je 81008 SSHIN

Solislialoeleyo [ealul|n

(0o ot (202 (o)t SETTe)

(CHw: Eene et Eene oelg

(Loe (7o)t (ro g (7o) SJUM OluedsiH

(L26) L1 (626) 0g2 (8'26) 80}+ (626) g€2 &HUM OluedsiH-UoN
£VS0 Y010 786°0 0€0°0 (9) U “Ayo1uLIe J0 BORY
¥G8°0 1900 G2'Z1¥89'89 '2IF98°29 1500 9€10 G9'LIFSY'69 192178219 (@s) uesw A ‘eby
829°0 9v0'0 (0'69) 252 (€19) vrL €900 8€10 (r'99) €9/ (c19) avL (%) u 'xes ee|\

sojydelboweaq

sonsu9loeIRYD dUldseyg ‘| d|qeL

Downloaded from http://ahajournals.org by on September 7, 2024

J Am Heart Assoc. 2024;13:e036275. DOI: 10.1161/JAHA.124.036275



Outcomes of IVT Plus DAPT in Minor Ischemic Stroke

Ornello et al

JeaA 1sed ayy Jano Aep Jed e1384eb10 |2 Jo uondwnsuoo 8y} Se paulep sem Bupows juaiing,,
"suolyeoIpaw olwadA|BodAY Jo esn Jualind sy} Jo TJp/Bu 9z 1< 8s0on|B Buiisey Jo AI0isIy Se paulep Sem saleqeld,
'sBnup Buniemol-pidi| pasn Ajjuelind 1o p/BwOGL< s[eAs| seplLedA|Bul Poo|q [e10] JO AI0ISIY SE paulep Sem elilapLedA|BuedAH;
"sBnup Buiemol-pidi| pasn Ajua.ind 1o Jp/Bu 0ZZ< S|OAS] [0481S8j0Yd POO|q [B10} JO AIO)SIY SB pauljep SeMm Blws|0Ja]sajoyotadAH,

"Aio1s1y e se pauljep sem uoisuspiedAy [eLsLys

"wis}sAs UOEONISSEIO (JUBWeal| 8X011S 8IN0Y 8Ul Ul g/ 0F DYO 4O [BUL) 1SVYOL 28U} 0} BUIpIooOe PaljISSE|O Sem 8SNeD 8X01}S pawNnsaldy

‘poOUEE] ||eM 8Je sdnoJb 1By} se1eol

‘peLiodal ale (G0'0>) senjeA o 1uesliublis Ajleonsners;
1062'0> (sueaw Jo) @dUaIBlIP POZIPIepUEss VY,
"SoB}ie OlWeyos|

JUBISUBI] ‘Y| L PUB ‘820G 8501G Y}[BaH JO 81n1isu| [euolieN ‘SSHIN ‘SISA0quIoIy} SNOUSABIUL ‘| A ‘8[BOS UpjUBY palipow ‘SHW ‘ebuel ajiienbisiul ‘o) ‘Adelsy) 18je1e|diue [enp ‘| 4vd Xepul ssew Apoq seyeoipul ‘IINg

(c0o (0o (0o (oo JojeiBeol|.
(Lve) 8L (8'62) 02 (S28) Gev (roe) 82 jeiBopidoln
(ce9) L2 (189) 091 (¢'09) 289 (G29) 291 pioe olfoljes|Aleoy
710 6900 S0L0 /210 (%) U ‘1dvQ Jele penuiuoo jejerediue jo adA|
129°0 1700 (6'88) 991 (99¢) 98 1100°0> 8570 (289) 699 (8'ge) 98 (%) u ‘esop Buipeon]
8890 €900 (82-12) 12 (8z-12) 12 zrso €800 (82-12) 12 (62-12) 12 (4OI) velpaw ‘uoneinp 14vqd Jo skeq
(Loe (oo o v (0coo JojeiBeonsnidpioe olfolesifieoy
(€66) ver (0001 ge2 (9'66) 62LL (0001 ove |eiBopidojosnidpioe dljfoles|Aleoy
G610 610 €220 7800 (%) U ‘LdvQ Jo adAL
(G'92) Lt @92)6LL (k2e) 208 (@92) g8t usr-e
Gerie (8'€2) 95 (6'22) 928 (8€2) L8 uve>
1H00°0> Ll 1+00'0> 9960 (%) u “Hels 1dvqd o) ewi|
solsieloeIeyd | 4va
666'0< 890°0 o)t (0o 666°0< 2r0’0 (ro) (oo JojeiBeol|.
0820 €v0°0 (r9) 9z (Fo) et 666°0< 100'0> (€'89) 99 B89 L |esbopidoly
182°0 0€0°0 r1e) ver (8728 22 610 1900 (0'ge) 96¢ (Fee) 22 pioe olfoljes|Aleoy
(%) u ‘sejere|diuy
G290 6v00 (CPANEeY) (Lgh) L8 12€0°0 9910 (ege) ese (8'g1 8e (%) u ‘soneqelpiuy
0860 6000 (c0e) 62t (8'62) 0L 9¥8'0 6L00 (6'0€) 0ge (0oe) 2L (%) u ‘sBrup Buemol-pidi]
666'0< €000 (8'19) ¥92 (2'19) gpk 0020 G600 (8'59) 9/ €19) 7t (%) u ‘senisusiedAynuy
(%) u ‘uoissiwpe uo Adesay |
7990 /€800 1) 2y (901 g2 6€9°0 6900 (vzh) ovl (ron) ge (%) U “(eAnoe 1o soud) Aoueubiely
6,00 67H0 (6'8) 8¢ (9el) ze 6010 JANNG] (9°6) 60+ (eel) ce (9%) U ‘uonoseyul [e1peooAW JO AloISIH

penunuoy | sjqeL

Downloaded from http://ahajournals.org by on September 7, 2024

J Am Heart Assoc. 2024;13:e036275. DOI: 10.1161/JAHA.124.036275



720z ‘1 Jequieides uo Aq Bio'sjeulnofeye//:dny wouy papeojumoq

Ornello et al

Table 2. Study Outcomes

Outcomes of IVT Plus DAPT in Minor Ischemic Stroke

IVTplusDAPT | DAPT alone Treatment effect Treatment difference
Outcomes (n=240) (n=427) metric (95%Cl) P value
Primary outcomes
90-d mRS score 0-2, n (%) 222 (92.5) 385 (90.2) Risk difference (%) | 2.3 (-2.0t06.7) 0.295
Risk ratio 1.03 (0.98 to 1.08) 0.312
90-d mRS score distribution
No symptoms (score of 0), n (%) 147 (61.3) 199 (46.6) Odds ratio 0.57 (0.41 t0 0.79) 0.001*
Symptoms without any disability (score of 1), n (%) 61 (25.4) 115 (26.9)
Symptoms with mild disability (score of 2), n (%) 19 (7.9) 71 (16.6)
Symptoms with mild to moderate disability (score of 7(2.9) 31 (7.3)
3), n (%)
Symptoms with moderate to severe disability (score 3(1.2) 8(1.9)
of 4), n (%)
Symptoms with severe disability (score of 5), n (%) 0(0.0) 0(0.0)
Death (score of 6), n (%) 3(1.2) 3(0.7)
Secondary outcomes
24-h early neurological improvement, n (%) 135 (56.3) 151 (35.4) Risk difference (%) | 20.9 (13.1 to 28.6) <0.001*
Risk ratio 1.59 (1.34 to 1.89) <0.001*
24-h early neurological deterioration, n (%) 3(1.2) 5(1.2) Risk difference (%) | 0.1 (-1.7 to 1.8) 0.929
Risk ratio 1.07 (0.26 to 4.43) 0.928
24-h change in NIHSS score from baseline, median (IQR) | -2 (-3 to —1) -1(-2t00) Odds ratio -0.65 (-0.89 to —0.41) | <0.001*
90-d stroke or other vascular events, n (%) 3(1.2) 20 (4.7) Hazard ratio 0.27 (0.08 to 0.90) 0.034*
90-d vascular death, n (%) 2(0.8 2 (0.5 Risk difference (%) | 0.4 (-1.0to 1.7) 0.589
Risk ratio 1.78 (0.25 to 12.55) 0.558
Safety outcomes
90-d moderate to severe bleeding events, n (%) 2(0.8) 3(0.7) Risk difference (%) | 0.1 (-1.3 to 1.5) 0.854
Risk ratio 1.19 (0.20 to 7.05) 0.851
90-d any bleeding events, n (%) 7 (2.9) 16 (3.8) Risk difference (%) | -0.8 (-3.6 t0 2.0) 0.560
Risk ratio 0.78 (0.32 to 1.87) 0.573
90-d intracerebral hemorrhage, n (%) 0(0.0 2 (0.5 Risk difference (%) | -0.5(-1.1t00.2) 0.156
Risk ratio Not applicable 0.289
24-h hemorrhagic transformation, n (%) 4(1.6) 4(1.0) Risk difference (%) | 0.7 (-1.1 to 2.6) 0.442
Risk ratio 1.78 (0.45 to 7.05) 0.406

DAPT indicates dual antiplatelet treatment; IQR, interquartile range; IVT, intravenous thrombolysis; mRS, modified Rankin Scale; and NIHSS, National

Institute of Health Stroke Scale.
*Statistically significant P values (<0.05) are reported.

Statin and Antiplatelet Therapy for Acute High-Risk
Intracranial or Extracranial Atherosclerosis) trial showed
that DAPT can be effective even if initiated 72 hours
after symptom onset.?°

Of note, we also observed a lower risk of recurrent
stroke and other vascular events at 90days in pa-
tients combining IVT and DAPT versus DAPT alone.
This observation may suggest a synergistic effect of
the combined interventions in preventing new vascular
events. Indeed, IVT might play a role as a short-lived
agent in countering the progression of acute thrombo-
sis, while DAPT might confer longer-lasting protection
against recurrent vascular events."'® The potential for
a synergistic action of IVT and DAPT in reducing 90-
day vascular events is also suggested by our finding
of significantly lower rates of recurrences in patients

J Am Heart Assoc. 2024;13:e036275. DOI: 10.1161/JAHA.124.036275

combining IVT plus DAPT versus DAPT alone (1.2%
versus 4.7%), which contrasts with the observations
of the ARAMIS trial, where no differences were found
between patients undergoing IVT or DAPT as exclusive
intervention (0.6% versus 0.3%).'

For the safety outcomes, we found no significant
differences between patients combining VT and
DAPT versus those treated with DAPT alone. The rate
of moderate to severe bleeding events at 90days was
low and similar between the 2 groups. Furthermore,
no patients combining IVT and DAPT had intracerebral
hemorrhage during the follow-up period. Notably, the
risk of early (24 hours) hemorrhagic transformation did
not differ between the 2 treatment approaches, even
when considering patients who received DAPT within
24 hours of IVT. All these observations might support
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90-day modified Rankin scale score
1.2%
Lo [ 02 I I e | 200 2% g0
IVTplusDAPT
(n=240) 61.3% 25.4% 7.9%
DAPT alone
(n=427) 46.6% 26.9% 16.6%
1.9% 0.7%
0 10 20 30 40 50 60 70 80 90 100
Patients, %
Odds ratio (95%Cl) IVTplusDAPT versus DAPT alone: 0.57 [95% CIl 0.41 to 0.79]

Figure 2. Ordinal distribution of 90-day modified Rankin scale scores.
DAPT indicates dual antiplatelet treatment; and IVT, intravenous thrombolysis.

an excellent safety profile for the combined approach
in terms of bleeding risks. It should be considered that
patients who discontinued DAPT due to a need for
anticoagulants were not included in the current anal-
ysis, because of the bleeding risk potentially conferred
by subsequent anticoagulation, which might have af-
fected the assessment of safety of DAPT and of IVT.
Although this subset represented only 1.9% of the ini-
tial READAPT sample (Figure 1), we cannot disregard
the possibility of an increased bleeding risk in patients
who transitioned from DAPT to anticoagulation regard-
less of whether they were treated with IVT.

It is noteworthy to highlight that our analysis also ex-
cluded patients with NIHSS of 0 and without neurolog-
ical deficit upon admission. This criterion was applied
to avoid cases where complete symptoms regression
at the time of clinical observation (ie, TIA/MIS with
complete symptom resolution before admission) might
have hindered the assessment for eligibility to IVT.2122
Hence, the higher prevalence of patients with MIS with
more disabling symptoms in our cohort might explain
the higher benefits of IVT on the 90-day functional dis-
ability observed within our population compared with
prior trials, which randomized patients to IVT versus
aspirin or DAPT but showed no significant differences
in terms of 90-day favorable functional outcome.”™
Indeed, the median baseline NIHSS of patients who
received IVT in the PRISMS (57.7% of patients with

J Am Heart Assoc. 2024;13:e036275. DOI: 10.1161/JAHA.124.036275

NIHSS score of 1-2) and ARAMIS™ (median NIHSS
score, 2 [interquartile range 1-3]) trials was lower com-
pared with our cohort (median NIHSS score, 3 [inter-
quartile range 2—4]).

The main study strength lies in the adoption of rigor-
ous procedures to improve the accuracy and quality of
collected data, as guaranteed by regular quality check
of the READAPT electronic database. Conversely, our
findings should be interpreted in light of some limita-
tions. Due to the observational design of the READAPT
study, we cannot exclude residual confounding even
if we have implemented a rigorous propensity score
matching. In particular, the main limit lies in the likeli-
hood that patients deemed eligible for IVT may pos-
sess baseline characteristics associated with more
favorable outcomes compared with those treated with
DAPT only (ie, higher Alberta Stroke Program Early
Computed Tomography Score, favorable perfusion
mismatch, lower clot dimension and more distal clot
location, better collateral circulation, faster hospital
admission after the index event). While patients who
underwent combined treatment were more likely to
experience favorable early evolution compared with
those undergoing DAPT alone, those with unfavorable
early outcomes after IVT were likely not treated with
DAPT, leading to their exclusion from the READAPT
study. This potential effect could have contributed to
a reduction in the risk of early unfavorable outcomes

10
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Figure 3. Kaplan-Meier cumulative hazard function of 90-d risk of stroke and other cardiovascular events.
Dashed lines indicate 95% Cls. Log-rank test P value=0.020. DAPT indicates dual antiplatelet treatment; and IVT, intravenous

thrombolysis.

within the combined treatment group, such as early
neurological deterioration, as well as of major safety
outcomes. Indeed, there was a lower prevalence of
factors that may negatively impact on the risk of major
hemorrhagic events, such as hypertension and di-
abetes, in the group receiving IVT plus DAPT versus
DAPT alone. Similarly, the risk of recurrent stroke or
other vascular events may have been reduced by the
exclusion from the READAPT study of patients who
were not treated with DAPT for new severe vascular
events after IVT. Furthermore, to ensure better compa-
rability between groups, we excluded patients without
deficits at the time of medical consultation, as they are
usually excluded from the IVT decision; however, this
exclusion might have hampered the generalizability of
our findings to this specific group of patients. Other
limitations include the low number of safety outcomes,
which did not allow us to identify factors associated
with an increased risk of bleeding events nor to assess
whether there was an imbalance in their prevalence be-
tween investigated cohorts at the baseline. Moreover,
the appropriateness of stroke diagnosis, as well as of
collected variables and outcome adjudication, was

J Am Heart Assoc. 2024;13:e036275. DOI: 10.1161/JAHA.124.036275

upon local investigators, who received specific training
before the READAPT study was initiated. However, the
core clinical staff did not have direct access to patient
medical records. Also, we were unable to determine
the blood levels of antiplatelets, which prevented us
from precisely pinpointing the onset of action of DAPT
or discerning whether there was ongoing antiplatelet
activity in patients already receiving aspirin or clopi-
dogrel. Finally, the strong imbalance toward the non-
Hispanic White population (>90%) may consistently
limit the generalizability of our findings outside this
specific ethnic group. Fourth, the lack of a prespeci-
fied sample size calculation for outcomes might limit
the statistical power of our analyses, which were all
exploratory.

CONCLUSIONS

Based on our findings, patients with MIS could potentially
derive clinical benefits from combining IVT and DAPT over
DAPT alone, with no apparent safety issues. The benefits
consist of better functional outcome and fewer recurrent
events at 90days. Our results hold promise in informing

11
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clinical decision making and indicate that DAPT should
not be viewed as a stand-alone alternative but rather as
a complementary therapy alongside IVT. This combined
strategy might yield the potential not only to optimize the
short-term functional outcome of patients with minor
stroke but also to synergize in preventing new vascular
events. Ideally, results from ongoing interventional rand-
omized trials (ie, EAST [Early Antiplatelet for Minor Stroke
Following Thrombolysis]; NCT05193071) will help to clarify
outcomes of the combined approach in a controlled study
setting. Future trials should also compare outcomes be-
tween patients receiving combined treatment versus IVT
alone to mitigate selection bias arising from the more fa-
vorable characteristics often observed in patients who re-
ceived DAPT after IVT in real-world settings.
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