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H I G H L I G H T S

• A breakthrough stroke is an ischemic stroke despite treatment with antiplatelets.

• Early detection of atrial fibrillation (AF) is essential in stroke patients without known AF.

• A breakthrough stroke of mild severity may predict AF detected after stroke.

• Patients with a breakthrough stroke are recommended for cardiac monitoring.
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A B S T R A C T

Background and aims: Stroke occurrence while on antiplatelet therapy, i.e., a breakthrough stroke, is often
conveniently attributed to antiplatelet resistance. However, undetected paroxysmal atrial fibrillation (AF) may
underlie breakthrough strokes. We hypothesized that a breakthrough stroke may be a clinical marker for patients
at risk of having AF detected after stroke (AFDAS).
Methods: Consecutive patients without known AF hospitalized for ischemic stroke between 2000 and 2013 were
identified from nationwide claims data. The independent variable of interest was continued use of antiplatelet
therapy within 30 days before stroke. The diagnosis of AF and comorbidities were ascertained using validated
algorithms. Stroke severity (National Institutes of Health Stroke Scale [NIHSS]) was estimated using a validated
claims-based method. Univariable and multivariable Cox regression analyses were used to determine the effect
of breakthrough strokes on the occurrence of AFDAS separately in patients with mild and severe stroke (esti-
mated NIHSS ≤10 versus>10).
Results: Among 17,076 patients (40% female, mean age 69 years), 3314 (19%) were on antiplatelet therapy
before stroke. In patients with mild stroke, prior antiplatelet use was significantly associated with the occurrence
of AFDAS (adjusted hazards ratio, 1.26; 95% confidence interval, 1.08–1.48). In contrast, no association existed
between prior antiplatelet use and the risk of AFDAS in those with severe stroke.
Conclusions: Patients with a breakthrough stroke of mild severity while on antiplatelet therapy carried an in-
creased risk of AFDAS compared to those not on antiplatelet therapy. Our findings may help prioritize patients
for advanced cardiac monitoring in daily practice.

1. Introduction

Antiplatelet therapy is the mainstay of acute treatment and sec-
ondary prevention for cardiovascular ischemic events including is-
chemic stroke. However, some patients still experience ischemic stroke

despite treatment with antiplatelet therapy. Such circumstances are
often referred to as “aspirin treatment failure” [1] or, more broadly, as
“antiplatelet treatment failure” [2], and the term “breakthrough stroke”
has been coined to refer to these strokes [3,4]. A meta-analysis in-
dicated that switching to or adding alternative antiplatelet agents may
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reduce the risk of future major adverse cardiovascular events including
stroke in patients with a breakthrough stroke while on aspirin mono-
therapy [5]. Laboratory antiplatelet resistance, i.e., the laboratory
evidence of inadequate inhibition of platelet aggregation by antiplatelet
agents in vitro, is a major cause of antiplatelet treatment failure [2],
and the mechanisms behind antiplatelet resistance are complex and
multifactorial [4].

Nonetheless, before ascribing a breakthrough stroke to antiplatelet
resistance and rushing into adjusting antiplatelet regimen, it is para-
mount to identify the correct mechanism of stroke [4]. Antiplatelet
agents are not a panacea to prevent all kinds of ischemic stroke. Anti-
platelet therapy clearly has little or no role for stroke prevention in pa-
tients with atrial fibrillation (AF) [6]. In addition, antiplatelet therapy
may be ineffective in cases of cryptogenic stroke or embolic stroke of
unknown source because undetected paroxysmal AF underlies a sub-
stantial proportion of these cases [7]. In fact, it was estimated that se-
quential phases of cardiac monitoring could identify AF detected after
stroke (AFDAS) in approximately one fourth of stroke patients without a
prior history of AF [8]. Furthermore, no treatment with oral antic-
oagulation and late diagnosis of AF after ischemic stroke could lead to a
doubling risk of stroke recurrence [9]. Consequently, a complete diag-
nostic workup to identify the underlying mechanism of stroke is essential
because the mechanism dictates the best preventive strategy [10].

Currently, a considerable number of studies have been devoted to
the discovery of clinical markers and the development of risk prediction
scores to stratify the risk of AFDAS in stroke patients without known AF
[11]. These clinical markers and prediction scores may help prioritize
stroke patients for advanced cardiac monitoring. Because undetected
paroxysmal AF is a potential cause of breakthrough strokes, we hy-
pothesized that patients with a breakthrough stroke while on anti-
platelet therapy may carry a higher risk of AFDAS than stroke patients
not on antiplatelet therapy. In the present study, we aimed to test this
hypothesis using data from a nationwide representative sample of pa-
tients with ischemic stroke.

2. Materials and methods

2.1. Data source

Taiwan's National Health Insurance is a single-payer, universal, and
mandatory health care program which covers virtually all of its re-
sidents. The National Health Insurance Research Database (NHIRD) is
composed of all inpatient/outpatient claims, prescription claims, and
demographic data from the National Health Insurance program. The
data underlying this study was obtained from a subset of the NHIRD,
the Longitudinal Health Insurance Database 2000 (LHID2000), which
contains the data from 1997 to 2013 of one million enrollees randomly
sampled in the year 2000. Because the database consists of only de-
identified information, this study was exempt from a full review by the
Institutional Review Board of Ditmanson Medical Foundation Chiayi
Christian Hospital (CYCH-IRB No. 2018020) and informed consent was
deemed unnecessary.

2.2. Study group

We selected the first hospitalization for ischemic stroke for each
patient between Jan 2000 and Dec 2013 from the LHID2000 based on
the principal discharge diagnosis code (International Classification of
Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] diagnosis
codes 433.xx and 434.xx) [12,13]. We defined the admission date as the
index date. Patients who were diagnosed with AF (ICD-9-CM code
427.31) or received oral anticoagulants in any inpatient or outpatient
claims before the index date were excluded. Patients younger than 20
years of age and those without claims items in the database were also
eliminated. The remaining patients comprised the study group
(Supplemental Fig. 1).

2.3. Outcome event

The event of interest was AFDAS after the index date. The diagnosis
of AF was ascertained if an ICD-9-CM code of 427.31 was listed in the
secondary discharge diagnosis of the stroke hospitalization, or in at
least one subsequent inpatient claims, or at least two subsequent out-
patient claims [14]. The earliest date of documented AF was considered
the onset of AFDAS. All patients were traced until the onset of AFDAS,
death, disenrollment from the NHI, or 31 December 2013, whichever
came first. AFDAS was further categorized into early or late, depending
on whether the first AF episode occurred within the index hospitali-
zation or beyond the index hospitalization.

2.4. Variables

We retrieved demographic information, diagnosis codes, and pre-
scription data from the LHID2000. The independent variable of interest
was continued use of antiplatelet therapy within 30 days before the
index date [3]. Antiplatelet medications were identified from the pre-
scription claims. If patients received aspirin, ticlopidine, clopidogrel, or
a combo drug containing any of these, they were assigned to the group
of patients on antiplatelet therapy and, otherwise, to the group of pa-
tients not on antiplatelet therapy. In addition, for sensitivity analysis,
we included patients who received dipyridamole or cilostazol in the
group of patients on antiplatelet therapy. Comorbidities were ascer-
tained using validated algorithms [14] based on ICD-9-CM diagnosis
codes (Supplemental Table 1) from the inpatient and outpatient claims
in the one-year lookback period before the index date. Because cardi-
othoracic surgery (ICD-9-CM procedure codes 30–37) or other major
surgery like digestive surgery (ICD-9-CM procedure codes 42–54) may
increase the risk of new-onset AF [15,16], operations within one year
before the index date were also identified.

2.5. Stroke severity

Because the LHID2000 did not contain information on stroke se-
verity, we used a validated method to estimate stroke severity. The
estimated stroke severity has been shown to highly correlate with ad-
mission National Institutes Health Stroke Scale (NIHSS) in patients with
ischemic stroke [17] and those with hemorrhagic stroke [18]. In brief,
seven claims items from the claims for the stroke hospitalization were
used to calculate the stroke severity index [17]. The stroke severity
index was then converted to the NIHSS using the equation: estimated
NIHSS=1.1722× SSI − 0.7533 [19]. The estimated NIHSS was then
categorized into mild (≤10) or severe (> 10) stroke [20].

2.6. Reference group

In order to compare the risk of new-onset AF between patients on
antiplatelet therapy in the study group and those hospitalized for rea-
sons other than ischemic stroke but on antiplatelet therapy, we selected
the first hospitalization for patients who were not hospitalized for is-
chemic stroke between Jan 2000 and Dec 2013. Following a similar
algorithm, patients who were previously diagnosed with AF or younger
than 20 years were excluded. Only patients who had continued use of
antiplatelet therapy within 30 days before the index data were retained.
Patients who received oral anticoagulants before the index date were
eliminated. The remaining patients comprised the reference group
(Supplemental Fig. 2).

2.7. Statistical analysis

We reported continuous variables with means and standard devia-
tions, and categorical variables with counts and percentages.
Comparisons between groups were made using t tests for continuous
variables and chi-square tests for categorical variables. We first
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analyzed all stroke patients in the study group as a whole. Then patients
with different stroke severity were analyzed separately because greater
stroke severity may increase the chance of AFDAS [21,22]. For each
category of stroke severity, event rates in patients on antiplatelet
therapy and those not on antiplatelet therapy were calculated by di-
viding the number of events by the number of person-years of follow-
up. The Kaplan-Meier method was used to plot survival curves stratified
by the status of antiplatelet therapy, and differences were assessed by
the log-rank test. Cox proportional hazards models were used to assess
the association between antiplatelet therapy and the occurrence of
AFDAS. In addition to univariable analyses, we performed multi-
variable analyses in which adjustment was made for potential con-
founders including age, sex, hypertension, diabetes mellitus, hyperli-
pidemia, coronary artery disease, congestive heart failure, rheumatic
heart disease, cardiomyopathy, chronic kidney disease, chronic ob-
structive pulmonary disease, peripheral artery disease, hyperthyr-
oidism, prior ischemic stroke, prior intracerebral hemorrhage, prior
transient ischemic attack, prior cardiothoracic surgery, and prior di-
gestive surgery [23,24]. After fitting the model, the assumption of
proportional hazards was assessed with the Schoenfeld test.

We did additional analyses to compare the risk of new-onset AF
between patients on antiplatelet therapy in the study group and those in
the reference group. The Kaplan-Meier method and multivariable Cox
proportional hazards models were used in the same way. Two-tailed p
values < 0.05 were considered statistically significant. Statistical
analyses were performed using Stata 15.1 (StataCorp, College Station,
Texas).

3. Results

We identified 19,042 patients hospitalized for ischemic stroke be-
tween 2000 and 2013. After excluding those who did not meet the
study criteria (Supplemental Fig. 1), the remaining 17,076 patients
(40% female, mean age 69 years) comprised the study population.
Around 78% of patients had mild stroke (estimated NIHSS ≤10).
Overall, 3314 (19%) patients received continuous antiplatelet therapy
within 30 days before stroke, including 3049 users of single antiplatelet
therapy (aspirin in 2742, ticlopidine in 155, and clopidogrel in 152)
and 265 users of dual or triple antiplatelet therapy. Table 1 gives the

baseline characteristics between patients on antiplatelet therapy and
those not on antiplatelet therapy. Patients on antiplatelet therapy were
older, more likely to be male, and generally had more comorbidities
than those not on antiplatelet therapy. However, stroke severity was
not significantly different between groups.

Fig. 1 illustrates the Kaplan-Meier curves for the occurrence of
AFDAS. Patients on antiplatelet therapy had a higher cumulative risk of
AFDAS than those not on antiplatelet therapy (log-rank test,
p=0.001). Fig. 2 illustrates the Kaplan-Meier curves for patients
stratified by stroke severity and the status of antiplatelet therapy. Pa-
tients with severe stroke (estimated NIHSS> 10) had a higher cumu-
lative risk of AFDAS than those with mild stroke (estimated NIHSS
≤10). The risk of AFDAS was higher in patients on antiplatelet therapy
versus those not on antiplatelet therapy for mild stroke (log-rank test,
p < 0.001), whereas the risk was similar between patients with anti-
platelet therapy and those without antiplatelet therapy for severe stroke
(p=0.646).

In patients on antiplatelet therapy, 368 developed AFDAS, with 133
(36.1%) detected within the index hospitalization. In patients not on

Table 1
Characteristics of the study group.

Patients on antiplatelet
therapy (n=3314)

Patients not on antiplatelet
therapy (n=13762)

p

Age, mean (SD) 71.3 (10.5) 68.2 (12.8) < 0.001
Female 1246 (37.6) 5569 (40.5) 0.002
Hypertension 2906 (87.7) 9985 (72.6) < 0.001
Diabetes mellitus 1609 (48.6) 5178 (37.6) < 0.001
Hyperlipidemia 1241 (37.4) 4163 (30.2) < 0.001
Coronary artery disease 1411 (42.6) 2127 (15.5) < 0.001
Congestive heart failure 468 (14.4) 1001 (7.3) < 0.001
Rheumatic heart disease 71 (2.1) 204 (1.5) 0.007
Cardiomyopathy 26 (0.8) 71 (0.5) 0.065
Chronic kidney disease 184 (5.6) 531 (3.9) < 0.001
Chronic obstructive pulmonary disease 512 (15.4) 1783 (13.0) < 0.001
Peripheral artery disease 256 (7.7) 513 (3.7) < 0.001
Hyperthyroidism 20 (0.6) 84 (0.6) 0.964
Prior ischemic stroke 1113 (33.6) 1166 (8.5) < 0.001
Prior intracerebral hemorrhage 58 (1.8) 231 (1.7) 0.774
Prior transient ischemic attack 265 (8.0) 339 (2.5) < 0.001
Prior cardiothoracic surgery 29 (0.9) 121 (0.9) 0.971
Prior digestive surgery 135 (4.1) 604 (4.4) 0.407
Stroke severity 0.307
Estimated NIHSS ≤10 2605 (78.6) 10705 (77.8)
Estimated NIHSS >10 709 (21.4) 3057 (22.2)

Data are numbers (percentage) unless specified otherwise.
NIHSS, National Institutes of Health Stroke Scale; SD, standard deviation.

Fig. 1. Cumulative risk of the occurrence of atrial fibrillation detected after
stroke (AFDAS).
The p value of the log-rank test was 0.001. (A) Patients on antiplatelet therapy;
(B) patients not on antiplatelet therapy.
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antiplatelet therapy, 1241 were diagnosed with AFDAS, with 528
(42.5%) detected within the index hospitalization. Table 2 shows the
crude and adjusted hazard ratios of AFDAS. In all stroke patients stu-
died, a significant association of prior antiplatelet therapy with AFDAS
was observed. However, the assumption of proportional hazards was
not satisfied. Realizing that the risk of AFDAS may vary with different
stroke severity, we analyzed patients with mild and severe stroke se-
parately. In patients with mild stroke, both the univariable and multi-
variable Cox regression analyses showed that prior antiplatelet use was
significantly associated with the occurrence of AFDAS. In contrast, no
association existed between prior antiplatelet use and the risk of AFDAS
in those with severe stroke. The Schoenfeld tests showed no evidence
that the assumption of proportional hazards had been violated. In the
sensitivity analysis where patients who received dipyridamole or ci-
lostazol were included in the group of patients on antiplatelet therapy,
the results were not materially changed (Supplemental Table 2).

A total of 3269 patients who were hospitalized for reasons other
than ischemic stroke but on antiplatelet therapy comprised the re-
ference group. Supplemental Table 3 compares the baseline character-
istics between patients on antiplatelet therapy in the study group and
the reference group. Patients hospitalized for ischemic stroke had a
higher cumulative risk of new-onset AF than those hospitalized for
other reasons (Supplemental Fig. 3). The multivariable Cox regression
analysis found that patients hospitalized for ischemic stroke were more
likely to develop new-onset AF (adjusted hazards ratio, 1.75; 95%
confidence interval, 1.46–2.11). The Schoenfeld tests showed that the
assumption of proportional hazards was met (p=0.167).

4. Discussion

This study demonstrated that among patients with mild ischemic
stroke, those who developed a breakthrough stroke while on anti-
platelet therapy were more likely to have AFDAS than those not on
antiplatelet therapy. The relationship of breakthrough strokes to the
occurrence of AFDAS remained independent after adjustment for
common risk factors for new-onset AF. In contrast, despite with an even
higher risk of AFDAS, no such relationship was observed between
breakthrough strokes and AFDAS in patients with severe ischemic
stroke.

4.1. Relationship between AFDAS and breakthrough strokes

AFDAS literally denotes all kinds of AF detected after stroke. It may
be either previously undetected AF that is diagnosed by cardiac mon-
itoring after stroke or truly post-stroke new-onset AF including neuro-
genic AFDAS triggered by stroke [11]. Stimulation of the autonomic
system or direct damage to the heart due to post-stroke inflammation,
as well as autonomic dysfunction secondary to stroke-related damage to
brain regions regulating the autonomic system (e.g., insular cortex) are
possible mechanisms behind AFDAS, in particular in patients without
underlying structural heart disease [25].

While the reasons why the effect of breakthrough strokes on the
occurrence of AFDAS was modified by stroke severity are not clear, we
suggest the following explanations for this observation: First, although
stroke due to AF was traditionally considered of greater stroke severity
[26], low-burden atrial fibrillation, such as short-lasting paroxysmal
AF, may produce small thrombi and thus result in stroke of mild se-
verity [11]. Short-lasting paroxysmal AF could also escape from de-
tection until patients are hospitalized for stroke. Consequently, pre-
viously undetected paroxysmal AF, rather than post-stroke new-onset
AF, might be more represented among patients with AFDAS in the
group with mild stroke, in particular among patients with breakthrough
strokes because antiplatelet therapy is not effective for prevention of
stroke due to AF. Second, patients with severe stroke are more likely to
have neurogenic AFDAS because large brain lesion, including those
involving the insular cortex, may cause dysautonomia with resulting
stroke-induced heart injury [27,28]. In addition, high-burden AF,
which generally causes severe stroke, is less likely to escape from de-
tection prior to stroke. As a result, AFDAS in patients with severe stroke
might consist of mainly new-onset AF rather than previously un-
detected paroxysmal AF and, therefore, the status of antiplatelet
therapy was not associated with the occurrence of AFDAS.

4.2. Clinical implications

Even though various kinds of cardiac monitoring techniques, either
applied in the inpatient or ambulatory setting, can increase the

Fig. 2. Cumulative risk of the occurrence of atrial fibrillation detected after
stroke (AFDAS).
Overall p value of the log-rank test was<0.001. (A) Severe stroke, patients on
antiplatelet therapy; (B) severe stroke, patients not on antiplatelet therapy; (C)
mild stroke, patients on antiplatelet therapy; (D) mild stroke, patients not on
antiplatelet therapy.

Table 2
Risk of atrial fibrillation detected after stroke between patients on antiplatelet therapy and those not on antiplatelet therapy.

No. of events No. of person-years Event rate (per 1000 person-years) Crude HR (95% CI) Adjusted HR (95% CI)

All (n= 17076)
On antiplatelet therapy 368 17419 21.1 1.21 (1.08–1.36) 1.18 (1.04–1.34)
Not on antiplatelet therapy 1241 70207 17.7 1 1
p for the Schoenfeld test 0.023 < 0.001

Estimated NIHSS ≤10 (n= 13310)
On antiplatelet therapy 251 14804 17.0 1.32 (1.15–1.52) 1.26 (1.08–1.48)
Not on antiplatelet therapy 769 59429 12.9 1 1
p for the Schoenfeld test 0.189 0.092

Estimated NIHSS > 10 (n= 3766)
On antiplatelet therapy 117 2615 44.7 1.05 (0.86–1.28) 1.09 (0.88–1.36)
Not on antiplatelet therapy 472 10778 43.8 1 1
p for the Schoenfeld test 0.194 0.233

CI, confidence interval; HR, hazard ratio; NIHSS, National Institutes of Health Stroke Scale.
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detection rate of AF after ischemic stroke [8], universal use of advanced
cardiac monitoring for all stroke patients may be costly and infeasible
in the real world. Considering the need for appropriate and efficient
allocation of medical resources, a number of candidate markers and
several risk scores have been proposed to improve the accuracy of
predicting AFDAS [11]. However, many of the markers and risk scores
require further diagnostic workup such as serum testing [29,30] and
imaging analysis [29,31], leading to additional effort and cost in
identifying at-risk patients. Simple risk scores based on readily avail-
able demographic and medical history may be preferred for routine
clinical use [22].

A practical implication of this study is that the adjusted risk of
AFDAS was increased by 26% by a history of prior use of antiplatelet
therapy among patients with mild ischemic stroke (estimated NIHSS
≤10). In other words, advanced cardiac monitoring may have a higher
diagnostic yield in mild stroke patients with a breakthrough event than
those without. Because the risk of AFDAS is higher in patients with
greater stroke severity [21,22], advanced cardiac monitoring may be
considered for every patient with severe stroke if no obvious cause of
stroke can be identified. In contrast, the cost-effectiveness of advanced
cardiac monitoring is likely to be much lower for patients with mild
stroke. Under such circumstances, the status of prior antiplatelet
therapy may help prioritize patients with mild stroke for advanced
cardiac monitoring.

Whether patients with AFDAS have a different risk profile for re-
current ischemic events compared to those with known AF before
stroke and those with sinus rhythm is still controversial [32,33], par-
ticularly considering that AFDAS may comprise distinct AF phenotypes
[11]. One study found no difference in the risk of recurrent ischemic
stroke between stroke patients with AFDAS and those with sinus
rhythm [34], whereas others showed an increased risk of recurrent risk
or transient ischemic attack in AFDAS versus sinus rhythm [9,35]. The
inconsistent findings of existing literature may be partly due to the
varied study designs and the different time frames used to define
AFDAS. Nevertheless, oral anticoagulation should be started in patients
with ischemic stroke once AF is detected according to the current
guidelines [36,37].

4.3. Study limitations

This study has the following limitations. First, antiplatelet use was
defined by prescription claims and it is impossible to determine the
compliance of antiplatelet therapy using claims data. Noncompliance is
a common cause of antiplatelet resistance [2], which may end up with a
breakthrough stroke. However, if we had been able to determine pa-
tient compliance and had assigned noncompliant patients to the group
of non-users, the effect of breakthrough strokes on the occurrence of
AFDAS would have been more significant because strokes in these pa-
tients were less likely to be AF-related. Second, the definition AFDAS
was based on the ICD-9-CM code. Although the diagnosis code for atrial
fibrillation has been validated in the NHIRD claims data [14], we were
unable to categorize atrial fibrillation as either chronic or paroxysmal.
Besides, the risk of AFDAS was underestimated and much lower than
those in clinical trials [38,39] because continuous cardiac monitoring is
infrequently used in the real-world setting [9]. Third, there are well-
established data suggesting that cerebrovascular risk reduction asso-
ciated with aspirin use appears to be directly related to the level of C-
reactive protein [40]. However, laboratory data are unavailable in
administrative claims data and, therefore, we could not include the
level of C-reactive protein in the analysis. Finally, we cannot exclude
the possibility that the absence of statistically significant association
between severe breakthrough strokes and AFDAS was due to in-
adequate detection of events. Analysis of data from prior studies in-
vestigating continuous cardiac monitoring or future prospective studies
may be warranted to confirm the findings of this study.

4.4. Conclusions

Among patients with mild ischemic stroke, those having a break-
through stroke while on antiplatelet therapy carried an increased ad-
justed risk of AFDAS compared to those not on antiplatelet therapy. In
contrast, the status of antiplatelet therapy before stroke was not asso-
ciated with the occurrence of AFDAS in patients with severe ischemic
stroke. A breakthrough stroke of mild severity can be viewed as a
clinical marker for patients at risk of having AFDAS. These findings may
help prioritize patients for advanced cardiac monitoring to early iden-
tify those who need anticoagulation in daily practice.
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