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Abstract
Introduction People with atrial fibrillation (AF) frequently have competing mechanisms for ischaemic stroke, including 
extracranial carotid atherosclerosis. The objective of this study was to determine associations between use of oral 
anticoagulants (OACs) plus antiplatelet agents (APA) after ischaemic stroke and outcomes for patients with AF and carotid 
artery disease.
Patients and Methods A retrospective cohort study was conducted. Participants receiving OACs with or without APA were 
propensity score–matched for age, sex, ethnicity, co-morbidities and presence of cardiac and vascular implants and grafts. 
Outcomes were 1-year mortality, recurrent stroke and major bleeding.
Results Of 5708 patients, 24.1% (n=1628) received non-vitamin K antagonist OACs (NOACs) with no APA, 26.0% (n=1401) 
received NOACs plus APA, 20.7% (n=1243) received warfarin without APA and 29.2% (n=1436) received warfarin plus APA. 
There was no significant difference in risk of recurrent stroke between the groups. Compared to receiving NOACs without 
APA, receiving warfarin plus APA was associated with a higher risk of mortality (hazard ratio (HR) 1.51 (95% confidence 
interval (CI) 1.20, 1.89)) and major bleeding (HR 1.66 (95% CI 1.40, 1.96)). Receiving NOACs plus APA was also associated 
with a higher risk of major bleeding compared to NOACs without APA (HR 1.27 (95% CI 1.07, 1.51), respectively).
Conclusions The results suggest for patients with AF and carotid artery disease after ischaemic stroke, receiving NOACs 
without APA is associated with a lower risk of major bleeding with no negative impact on recurrent stroke or mortality. 
Evidence from randomised trials is needed to confirm this finding.
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Introduction

Atrial fibrillation (AF) is associated with a five-fold higher 
risk of ischaemic stroke, and a higher risk of stroke recur-
rence and mortality [1]. The recommended management 
of AF after ischaemic stroke is to offer oral anticoagulants 
(OACs) to reduce the risk of recurrent stroke [2].

Observational evidence has suggested carotid artery 
disease may be associated with a two-fold increased risk 
of stroke recurrence in patients with AF [3]. AF and 
carotid disease are both potential causes of ischaemic 
stroke, and optimal secondary stroke prevention should 
target reduction in stroke recurrence risk associated 
with both processes. OACs have not been shown to 
be effective for reducing athero-thromboembolism in 
carotid disease, whereas antiplatelet agents (APA) have 
[4]. Therefore, the addition of APA to OACs to reduce 
the risk of recurrent stroke for patients with AF and 
carotid artery disease may be considered in clinical 
practice; however, there are limited data available on 
how this approach impacts patient outcomes [2, 5]. This 
results in a critical management challenge for healthcare 
professionals treating patients with AF and concomitant 
carotid artery disease after ischaemic stroke. The 
long-term use of APA and OACs for patients with AF 
increases the risk of adverse outcomes including major 
bleeding and intracerebral haemorrhage (ICH) [6]. 
Nonetheless, large-vessel athero-thromboembolism, 
such as that associated with carotid artery stenosis 
or occlusion, accounts for an estimated 40% of acute 
ischaemic strokes [7].

Non-vitamin K antagonist (VKA) oral anticoagulants 
(NOACs; also referred to as direct oral anticoagulants, 
DOACs), including apixaban, edoxaban, dabigatran and 
rivaroxaban, are increasingly used for stroke prevention in 
AF in clinical practice. NOACs have been shown to outper-
form VKAs, such as warfarin, in reducing risk of recurrent 
stroke for patients with AF after ischaemic stroke [8–10]. 
Furthermore, the risk of intracranial bleeding may be sub-
stantially lower for most NOACs compared with warfarin, 
but the risk of gastrointestinal bleeding may be higher [11]. 
A higher risk of ischaemic stroke has been shown with the 
use of APA in AF compared to warfarin, but the risk of 
clinically relevant bleeding may be lower [11]. NOACs are 
increasingly used in clinical practice to reduce the risk of 
recurrent stroke or ICH for patients with AF after ischae-
mic stroke [8–10].

The aims of the current study were to examine the use 
of OACs and APA after ischaemic stroke for people with 
AF and carotid artery disease, and determine associations 
with 1-year mortality, recurrent stroke and major bleeding.

Methods

A retrospective cohort study was performed by utilising 
TriNetX, a global federated health research network. Tri-
NetX provided access to statistics on electronic medical 
records from participating healthcare organisations, pre-
dominately in the United States (US). At the time of the 
analyses, 71 healthcare organisations were included in 
the TriNetX network and these included academic medi-
cal centres, specialty physician practices and community 
hospitals.

Inclusion Criteria

The TriNetX online research platform was searched on 
15th November 2022 for patients with either (1) first-
time stroke due to embolism, thrombosis or unspecified 
occlusion or stenosis of carotid arteries at least 1 year 
prior to the search date or (2) first-time ischaemic stroke 
and carotid artery disease recorded. Patients were only 
included if they had AF recorded any time before or within 
30 days of stroke. The search was limited to patients meet-
ing the inclusion criteria between 1st January 2012 (the 
year the ESC published guidelines listing NOACs for 
stroke prevention for AF) and 15th October 2021 (allow-
ing for least 1-year follow-up for all participants). The 
following International Classification of Diseases, Ninth 
Revision and Tenth Revision, Clinical Modification (ICD-
10-CM) codes were included: I63.03 cerebral infarction 
due to thrombosis of carotid artery; I63.13 cerebral infarc-
tion due to embolism of carotid artery; I63.23 cerebral 
infarction due to unspecified occlusion or stenosis of 
carotid arteries or I63 cerebral infarction and I65.2 occlu-
sion and stenosis of carotid artery. The ICD-10-CM code 
I48 was used to identify AF or flutter. Patients who died 
within 30 days after ischaemic stroke were not included 
in analyses. No further exclusion criteria were imposed to 
limit selection bias.

Exposures

Four distinct cohorts were examined based on OACs and 
APA received after ischaemic stroke: (1) NOACs (dabi-
gatran, rivaroxaban, apixaban or edoxaban), (2) NOACs 
plus APA (dipyridamole, clopidogrel or aspirin), (3) war-
farin or (4) warfarin plus APA. The time period examined 
was 2 to 6 weeks after ischaemic stroke to avoid inclusion 
of bridging APA which may be routinely offered prior 
to initiation of OACs. The cohort who received NOACs 
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without use of APA was chosen as the reference group for 
analyses, except where warfarin and warfarin plus APA 
use was compared; here, the warfarin cohort without APA 
use was chosen as the reference group.

Outcomes

The outcomes were all-cause mortality, recurrent ischaemic 
stroke (ICD-10-CM code: I63) and major bleeding between 
6 weeks and 1 year after the index ischaemic stroke. Major 
bleeding was defined using the ICD-10-CM codes listed in 
Supplementary Table 1.

Statistical Analysis

All statistical analyses were completed on the TriNetX 
online research platform. The TriNetX platform was used 
to run 1:1 propensity score matching using logistic regres-
sion for each cohort comparison. The platform uses near-
est-neighbour matching with tolerance level of 0.01 and 
difference between propensity scores ≤ 0.1. The following 
variables were included in propensity score matching: age, 
sex, ethnicity and the following health conditions identi-
fied from ICD-10-CM codes in electronic medical records: 
hypertensive diseases (I10-I16), ischaemic heart diseases 
(I20-I25), heart failure (I50), peripheral vascular disease 
(I73.9), atherosclerosis (I70), diabetes mellitus (E08-E13), 

liver disease (K70-K77) and acute kidney failure and chronic 
kidney disease (N17-N19). Furthermore, the presence of 
cardiac and vascular implants and grafts was also included in 
propensity score matching including the following: presence 
of coronary angioplasty implant and grant (Z95.5), presence 
of cardiac pacemaker (Z95.0) and presence of aortocoronary 
bypass graft (Z95.1). Standardised mean differences (SMDs) 
were reported and SMDs <0.1 were considered well bal-
anced. No imputations were made for missing data. Cox 
proportional hazard models were used to calculate hazard 
ratios (HRs) with 95% confidence intervals (CIs). Statistical 
significance was prespecified as p<0.05.

Results

Patient Characteristics

In total, 5708 patients met the inclusion criteria. Of these 
patients, 24.1% (n=1628) received non-vitamin K antag-
onist oral anticoagulants (NOACs) with no APA, 26.0% 
(n=1401) received NOACs plus APA, 20.7% (n=1243) 
received warfarin without APA and 29.2% (n=1436) 
received warfarin plus APA. Of the total cohort, 53.8% 
(n=3075) had a diagnosis of AF recorded before the index 
stroke, and 46.1% (n=2633) had no previous diagnosis of 
AF, but AF was recorded in the 30 days following stroke. 

Table 1  Characteristics of cohorts with carotid disease and atrial fibrillation, by anticoagulant and antiplatelet medication use after ischaemic 
stroke, before propensity score matching

Values are % (n), unless otherwise stated. Medication use based on period 2–6 weeks after ischaemic stroke. NOAC, non-vitamin K antagonist 
oral anticoagulants; SD, standard deviation. *Some other ethnicity categories were available, but the numbers were below 10 and cannot be iden-
tified

Characteristic NOACs without APA
(n=1628)

NOACs plus APA
(n=1401)

Warfarin without APA
(n=1243)

Warfarin plus APA
(n=1436)

Age, mean (SD) 75.0 (10.4) 74.2 (9.9) 73.4 (11.6) 73.9 (11.7)
Female 46.7 (760) 38.5 (540) 42.9 (533) 47.1 (662)
Ethnicity*
  White 75.0 (1221) 78.9 (1105) 78.2 (972) 79.2 (1138)
  Black or African American 13.9 (226) 11.9 (167) 12.5 (155) 11.8 (169)
  Unknown 9.8 (159) 7.2 (101) 8.5 (106) 7.9 (113)
Hypertensive diseases 72.9 (1187) 69.5 (973) 94.3 (1172) 96.1 (1380)
Ischemic heart diseases 44.6 (726) 49.4 (692) 68.1 (847) 79.3 (1139)
Heart failure 33.2 (541) 36.0 (504) 59.5 (739) 67.4 (968)
Diabetes mellitus 33.4 (543) 39.3 (550) 50.3 (625) 54.5 (782)
Acute kidney failure and chronic kidney disease 31.6 (514) 35.0 (490) 55.1 (685) 64.9 (932)
Liver disease 11.6 (189) 11.1 (156) 18.6 (231) 19.1 (274)
Atherosclerosis 19.0 (309) 18.8 (263) 31.8 (395) 33.1 (475)
Peripheral vascular disease 14.7 (239) 17.8 (249) 26.6 (331) 27.7 (398)
Presence of aortocoronary bypass graft 9.7 (158) 12.0 (168) 20.4 (254) 27.3 (392)
Presence of coronary angioplasty implant and graft 7.7 (126) 11.3 (159) 10.7 (133) 16.1 (231)
Presence of cardiac pacemaker 7.7 (125) 7.2 (101) 15.6 (194) 13.5 (194)
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Furthermore, 45.0% (n=2568) of patients had a recording 
of receiving OACs within the 6 months prior to the index 
stroke. The characteristics of the patients by OAC and APA 
use following stroke are shown in Table 1. After propensity 
score matching, the cohorts were well balanced for age, 
sex, ethnicity, co-morbidities and presence of cardiac and 
vascular implants and grafts (SMDs <0.1 for all compari-
sons; Supplementary Tables 2, 3, 4, and 5).

Anticoagulant and Antiplatelet Agent Use 
and All‑Cause Mortality After Ischaemic Stroke

After propensity score matching, there was no statisti-
cally significant difference in 1-year all-cause mortality 
when comparing use of NOACs without APA to NOACs 
plus APA or warfarin without APA. However, compared 
to receiving NOACs without APA, receiving warfarin 
plus APA was associated with a higher risk of mortality 
(HR 1.51 (95% CI 1.20, 1.89)). There was no statistically 
significant difference in 1-year all-cause mortality when 
comparing use of warfarin with APA and warfarin with-
out APA (Table 2).

Anticoagulant and Antiplatelet Agent Use 
and Recurrent Ischaemic Stroke

After propensity score matching, there was no statisti-
cally significant difference in risk of recurrent stroke 
when comparing use of NOACs without APA to NOACs 
plus APA (HR 1.01 (95% CI 0.90, 1.13)), warfarin with 
APA (HR 0.98 (95% CI 0.87, 1.11)) or warfarin without 
APA (HR 0.90 (95% CI (0.79, 1.02)). There was also 
no statistically significant difference in risk of recurrent 
stroke when comparing use of warfarin with and without 
APA (HR 0.98 (95% CI 0.87, 1.11)).

Anticoagulant and Antiplatelet Agent Use and Major 
Bleeding After Ischaemic Stroke

Compared to receiving NOACs without APA, receiving war-
farin plus APA, warfarin without APA or NOACs plus APA 
was associated with a higher risk of major bleeding (HRs 
1.66 (95% CI 1.40, 1.96), 1.34 (95% CI 1.12, 1.60) and 1.27 
(95% CI 1.07, 1.51), respectively). There was no significant 
difference in the risk of major bleeding when comparing use 
of warfarin without APA to warfarin plus APA (1.19 (95% 
CI 0.93, 1.52)).

Discussion

This study suggests that for people with AF and carotid 
artery disease, receiving APA in addition to OACs after 
ischaemic stroke is not associated with a lower risk of 1-year 
mortality or recurrent stroke, but may be associated with a 
higher risk of major bleeding. First, compared to the use of 
NOACs without APA, the use of NOACs plus APA was not 
significantly associated with the risk of 1-year mortality or 
recurrent stroke, but was associated with a higher risk of 
major bleeding. Second, receiving warfarin plus APA was 
associated with a higher risk of major bleeding and mortal-
ity compared to the use of NOACs without APA. Third, 
receiving warfarin without AF was also associated with a 
higher risk of major bleeding compared to the use of NOACs 
without APA. Fourth, there were no statistically significant 
differences in any of the outcomes examined when com-
paring the use of warfarin plus APA to the use of warfarin 
without APA.

There has been relatively little research focused on 
patients with AF and concomitant carotid atherosclerosis 
after acute ischaemic stroke. In a long-term study of over 
700 patients with AF, carotid atherosclerosis was associated 
with an increased risk of ischaemic stroke [12]. In a study of 

Table 2  Use of oral anticoagulants and APA after ischaemic stroke and associations with 1-year mortality, recurrent stroke and major bleeding 
for patients with atrial fibrillation and carotid disease, after propensity score matching

HR, hazard ratio; CI, confidence interval; NOAC, non-vitamin K antagonist oral anticoagulants; Ref, reference group

Medication use Participants, n Deaths, % HR (95% CI) for mortal-
ity

Recurrent 
stroke, %

HR (95% CI) for stroke Major 
bleeding, 
%

HR (95% CI) for 
major bleeding

NOACs without APA 1123 11.0 Ref 44.9 Ref 19.4 Ref
Warfarin without APA 1123 13.5 1.19 (0.93, 1.52) 41.9 0.90 (0.79, 1.02) 25.6 1.34 (1.12, 1.60)
NOACs without APA 1112 11.4 Ref 50.0 Ref 20.7 Ref
Warfarin plus APA 1112 17.0 1.51 (1.20, 1.89) 47.9 0.98 (0.87, 1.11) 31.5 1.66 (1.40, 1.96)
NOACs without APA 1269 12.1 Ref 48.7 Ref 18.5 Ref
NOAC plus APA 1269 13.2 1.12 (0.90, 1.40) 46.6 1.01 (0.90, 1.13) 21.9 1.27 (1.07, 1.51)
Warfarin without APA 1089 13.7 Ref 41.5 Ref 28.1 Ref
Warfarin plus APA 1089 15.4 1.17 (0.94, 1.47) 42.2 1.05 (0.92, 1.20) 27.3 0.98 (0.84, 1.15)
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103 ischaemic stroke patients with non-valvular AF, stenosis 
of the extracranial carotid artery was reported in one in four 
patients and was associated with worse clinical outcomes 
for patients [13].

European Society of Cardiology (ESC) guidelines for the 
management of AF state that there is no evidence that the 
addition of APA (e.g. clopidogrel, aspirin or dipyridamole) 
to NOACs improves outcomes for patients with AF after 
ischaemic stroke [5]. However, there is no specific guidance 
for those with concomitant carotid disease. In the current 
study, prolonged use of APA more than 2 weeks following 
stroke was not significantly associated with a lower risk of 
recurrent stroke. Furthermore, the use of OACs with APA was 
associated with a higher risk of major bleeding and the use 
of warfarin with APA was also associated with a higher risk 
of mortality compared to the use of NOACs without APA.

A recent retrospective multicentre study of over 2500 
patients with acute ischaemic stroke, AF and large artery 
steno-occlusive disease suggested the use of OACs plus APA 
was associated with an increased risk of 3-month recurrent 
stroke, myocardial infarction and all-cause mortality com-
pared with OACs alone [14]. The current study adds to the 
previous evidence base by further suggesting no beneficial 
effect of using APA concomitantly with OACs and potential 
for worse outcomes 1 year following stroke. Previous stud-
ies have not compared the use of NOACs versus VKAs in 
people with AF and carotid artery disease following stroke, 
and have not examined longer term outcomes. Previous stud-
ies have shown that NOACs offer better safety in terms of 
less intracranial bleeding compared to warfarin in second-
ary stroke prevention for people with AF [8]. The current 
study suggests these findings may also extend to people with 
AF and concomitant carotid artery disease as a significantly 
higher risk of major bleeding with warfarin compared to 
NOACs without APA was observed.

There have been no randomised controlled trials (RCTs) 
comparing OACs plus APA versus OACs without APA for 
people with AF after ischaemic stroke who have carotid artery 
disease. Observed associations suggesting no additional ben-
efit of APA with OACs for outcomes at 1 year in people with 
AF and carotid artery disease following ischaemic stroke 
would need to be confirmed with evidence from RCTs.

To reduce the risk of recurrent stroke, the majority of 
patients with AF should be offered OACs. Patients with AF 
who are not low risk of stroke can be determined with the 
 CHA2DS2-VASc score: a score of ≥ 1 for men or ≥ 2 for 
women [15, 16]. As prior stroke history is 2 points on the 
 CHA2DS2-VASc score, all patients with AF after ischaemic 
stroke exceed the ‘low risk of stroke’ threshold according 
to the  CHA2DS2-VASc score, and should be offered OAC 
unless there is an absolute contraindication. Bleeding risk 
assessment is also recommended for people with AF before 
initiation of anticoagulation, with use of a bleeding risk tool 

such as the HAS-BLED score [17, 18]. A high bleeding risk 
score alone should not be reason to withhold anticoagula-
tion, but this information can be used to guide the level of 
patient monitoring required after initiation of anticoagula-
tion and to address the modifiable risk factors [19]. Such an 
approach to appropriate use of the HAS-BLED score has 
translated to lower bleeding rates and an increase in OAC 
use, when investigated in a prospective trial [20], contribut-
ing to overall better outcomes [21].

Evidence from large cohort studies has suggested early 
introduction of OACs at a median of 4 days after ischaemic 
stroke, and to a lesser extent APA, is associated with lower 
recurrent stroke without increased risk of ICH, compared 
to later initiation [22, 23]. Furthermore, early initiation of 
NOACs after ischaemic stroke compared to VKA has been 
associated with a lower risk of poor clinical outcomes with 
no increased risk of adverse events [24–28]. Research into 
the optimal timing for initiation of OACs for people with 
AF following ischaemic stroke is ongoing [29]. Early use of 
OACs within 48 h after ischaemic stroke for patients with 
AF may increase the risk of symptomatic ICH without sig-
nificantly reducing the risk of recurrent ischaemic stroke 
[30]. Initiation of NOACs within 4–14 days of stroke in 
patients with AF is associated with a lower risk of 90-day 
recurrent stroke and outweighs the risk of symptomatic ICH 
[23, 28, 31]. The current study could not further examine the 
optimal timing of OAC initiation for people with AF and 
carotid artery disease following stroke.

Strengths and Limitations

The current study utilises a global research network and 
includes a large cohort of patients with AF, stroke and 
carotid artery disease. The network includes data on patient 
demographics and co-morbidities which were included in 
propensity score matching.

The study has several limitations of note. Only medi-
cation use during the first 6 weeks following stroke was 
examined in this study, and therefore, the impact of 
changes to OACs or APA after the first 6 weeks following 
stroke was not taken into account in the analyses. Further-
more, the duration of APA use and overlap with OACs is 
a limitation, although we have attempted to exclude the 
use of bridging APA by not including use in the first 2 
weeks after ischaemic stroke. Dosage of the OACs may 
have an important impact on outcomes, but this could not 
be explored within the current dataset. With the data avail-
able, the degree of stenosis or whether the carotid disease 
was ipsilateral to the index infarct could not be determined. 
Furthermore, data on vascular imaging were not availa-
ble. Although the cohorts were propensity score–matched 
for age, sex, ethnicity, many co-morbidities and pres-
ence of cardiac and vascular implants and grafts, residual 



736 Cardiovascular Drugs and Therapy (2024) 38:731–737

1 3

confounding factors may include variables which were not 
available in the research network, such as stroke sever-
ity, lifestyle factors (e.g. alcohol consumption, levels of 
physical activity, smoking) and genetic factors. In the cur-
rent study, outcomes including mortality, recurrent stroke 
and major bleeding were examined, but some outcomes of 
interest following the index stroke such as functional status 
were not available. The data were collected from electronic 
medical records of participating healthcare organisations, 
and outcomes which occur outside of the organisations are 
not well captured.

Defining stroke and other health conditions was based 
on ICD codes and no further information was available 
about how the conditions were diagnosed. The rates of 
recurrent stroke in this study were high compared to those 
in previous studies [32]. However, rates of recurrent stroke 
at 1 year specifically in a population with AF and carotid 
artery disease are unclear. In a recent post hoc analysis of 
a RCT, rates of 90-day recurrent stroke for patients with 
minor stroke and symptomatic carotid stenosis were high 
at 23.5%, and the current cohort is high risk with AF and 
carotid artery disease and follow-up was up to 1 year [33].

Previous research has suggested the recording of health 
conditions using ICD codes may vary by patient factors 
including age, co-morbidities, severity of illness, length 
of stay in hospital and in-hospital mortality [34]. The 
use of other medicines following stroke may also impact 
patient outcomes, but within the TriNetX platform it was 
not possible to account for the use of other medicines 
received. The impact of attending different healthcare 
organisations could also not be determined due to data 
privacy restrictions. The TriNetX network includes 
multiple healthcare organisations in the US but the results 
may not be representative of the wider US population and 
the generalisability of the results beyond this population 
is unclear.

Conclusions

The current study provides observational evidence to sug-
gest that the use of APA in addition to OACs is not associ-
ated with improved outcomes at 1 year for patients with AF 
and carotid artery disease after ischaemic stroke. The use of 
OACs with APA may also be associated with a higher risk 
of worse outcomes at 1 year such as major bleeding. There 
is no evidence from RCTs to support the use of APA in 
addition to OACs for recurrent stroke prevention in patients 
with AF and carotid artery disease. RCT evidence would 
be needed to confirm optimal recurrent stroke prevention 
strategies for people with AF and carotid artery disease fol-
lowing stroke.
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