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Abstract
Background: Use of non-vitamin K antagonist oral antico-
agulants (NOACs) for stroke prevention in non-valvular atrial 
fibrillation (NVAF) is common and significantly reduces 
stroke occurrence. Yet little is known about patients who 
have a stroke despite treatment. Objective: The aim of this 
work was to study the epidemiology of patients with stroke 
despite being treated with NOACs. Methods: We identified 
a cohort of patients with NVAF admitted to the United Chris-
tian Hospital for acute ischemic stroke (AIS) or transient isch-
emic attack (TIA) while on NOACs. The baseline characteris-
tics, type of NOAC, compliance, duration of use, and dosage 
were reviewed. Results: Of 2,090 patients admitted for AIS/
TIA from 2012 to 2019, 143 were on NOACs before the index 
episode. After excluding patients with non-compliance and 
incomplete data, 109 patients were included in the analysis; 
65.1% were female and 79.8% were never smokers, with a 
mean age of 78 years. The mean CHA2DS2-VASc score was 
5; 83.5% had hypertension, 59.3% had hyperlipidemia, and 
30.3% had diabetes mellitus. Overall, 52.9% presented with 
lacunar syndrome, suggesting an atherosclerotic cause of 
stroke. However, their risk factor control was unexpectedly 

good; none had HbA1c > 7% and only 23.9% had a low-den-
sity lipoprotein cholesterol level higher than 2.6 mmol/L. 
Conclusions: Stroke developed in NVAF patients despite be-
ing on NOACs, with the majority being female, older, and 
hypertensive. Surprisingly, in general they had reasonable 
lipid and diabetic control. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Up to a third of ischemic strokes are caused by atrial 
fibrillation (AF) [1]. Since the establishment of the supe-
riority of anticoagulation over antiplatelets in cardioem-
bolic stroke prevention [2], along with the awareness of 
the importance of early detection of AF and introduc- 
tion of non-vitamin K antagonist oral anticoagulants 
(NOACs), stroke prevention has come a long way and the 
outlook is optimistic [3, 4].

However, despite our best efforts in preventing stroke 
in patients with AF, there is still a substantial number of 
patients who develop embolic events despite being start-
ed on NOACs (1-year standardized absolute risks of 
stroke/thromboembolism is 1.73–1.98% and 2.51–2.78% 
with standard and reduced NOAC doses, respectively) 
[5]. Yet little is known regarding the cause of the residual 
stroke risk, not to mention the subsequent management. 

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.
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This retrospective cohort aims to reveal the epidemiology 
and clinical features of this target group in hope of shed-
ding light on how to identify them and provide better 
stroke prevention. 

Methods

Patients were retrospectively identified by the Clinical Data 
Analysis and Reporting System (CDARS). All patients aged 18 
years or above who had non-valvular AF (NVAF) on NOACs 
(dabigatran, rivaroxaban, apixaban, or edoxaban) admitted to the 
United Christian Hospital for acute ischemic stroke (AIS) or tran-
sient ischemic attack (TIA) between January 2012 and December 
2019 were recruited. 

AIS was defined as “a clinical syndrome characterized by rap-
idly developing clinical syndromes and/or signs, and at times glob-
al loss of cerebral function, with symptoms lasting more than 24 h 
or leading to death, with no apparent cause other than a vascular 
one.” TIA was defined as a transient episode of neurological deficit 
that was not associated with permanent cerebral infarction [6, 7].

Clinical notes were reviewed and those with incomplete data or 
an uncertain diagnosis of stroke were excluded. Demographic and 
clinical data including age, sex, body weight, smoking status, cre-
atinine level, clotting profile on admission, metabolic risk factors 
and their controls (definitions listed in Table 1) were obtained. 

For the purposes of this study, types of AF were classified as 
paroxysmal (for AF that terminates spontaneously, usually within 
7 days) or sustained (for persistent/permanent AF). Persistent AF 
was defined as AF requiring pharmacological or electrical cardio-
version or lasting > 7 days, while permanent AF was defined as AF 
that cannot be terminated by cardioversion or is long standing  
(> 1 year) [8]. The type and dosage of the NOACs used were record-
ed. Whether the patient was put on the correct dosage was evaluated 
according to the manufacturer’s labelling of each specific NOAC. A 
patient was considered underdosed if they were put on a reduced 
dose without meeting the dose-reduction criteria. Compliance and 
the reason for non-compliance were reviewed based on the docu-
mentation by the physician-in-charge of clinical notes. 

Concomitant antiplatelet use and the use of drugs that poten-
tially cause drug-drug interactions with NOACs (P-glycoprotein 
inducers, strong CYP-3A4 inducer) were documented. The base-
line CHA2DS2-VASc score before the index admission was calcu-

lated (2 points for a history of stroke or age > 75 years, and 1 point 
each for congestive heart failure, hypertension, diabetes mellitus, 
vascular disease, age between 65 and 74 years, and female). 

The type of stroke – TIA, non-fatal, or fatal – was documented. 
Clinically, the stroke was classified into lacunar or cortical stroke. 
The premorbid and post-event modified Rankin Scale (mRS) 
scores were calculated retrospectively based on the outcome docu-
mented by physiotherapists. 

Standard descriptive statistics were used to describe the vari-
ables collected. Categorical variables were presented as raw num-
bers and percentages. We used multiple logistic regression to iden-
tify factors affecting the outcome in terms of the post-stroke mRS. 
The Kaplan-Meier method was used to compare the normal dose 
versus reduced dose of the NOAC group. 

Results

Over the 8-year study period, 2,090 patients admitted for 
AIS/TIA were screened from the electronic patient record 
(Fig. 1). Of these, 1,218 were not on any anticoagulants or 
antiplatelets, 556 were on antiplatelets alone, and 165 were 
on warfarin. In total, 151 patients who were on NOACs be-
fore the index episode were included. Three patients with 
incomplete data and 5 patients with an uncertain diagnosis 
(e.g., non-specific weakness and numbness) were excluded. 
Also, 34 patients who were non-compliant to NOACs were 
excluded from the statistical analysis. 

Of the 109 patients included from January 2012 to De-
cember 2019, 65.1% were female and the mean age was 
78.1 years (range 45–92). The majority (79.8%) were nev-
er smokers, and only 4.5% were active smokers. The mean 
body weight was 59.3 kg. 

All were put on NOACs before admission: the major-
ity were on rivaroxaban (44%) or dabigatran (41.2%). Up 
to 68.8% were on a reduced dose, amongst which 28.4% 
were underdosed (11 for bleeding risk, 12 for advanced 
age, and 8 for unspecified reasons). Overall, 23.8% 
(34/143) were non-compliant to NOACs: 5 stopped med-

Table 1. Definitions of history/risk factors

Hypertension Treated or detected persistent hypertension from previous consultations (BP >140/90 mm Hg)

Diabetes mellitus Treated or detected fasting glucose ≥126 mg/dL (7.0 mmol/L), or plasma glucose ≥200 mg/dL 
(11.1 mmol/L) after glucose load in the oral glucose tolerance test, or glycated hemoglobin ≥6.5%

Hyperlipidemia Treated or detected total cholesterol ≥200 mg/dL (5.2 mmol/L), or LDL cholesterol ≥130 mg/dL (3.4 
mmol/L)

Ischemic heart disease History of angina pectoris, myocardial infarction, or evidence of coronary artery disease from 
angiography

Congestive heart failure Clinical history of cardiac failure or echocardiography with ejection fraction <45%
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ication for dental or surgical procedures with a duration 
of more than required, 5 did not take the medication or 
were taking medication in half doses due to financial con-
straints, 5 due to forgetfulness, 3 due to intolerance, 3 due 
to bleeding symptoms (including hematuria, post-meno-
pausal bleeding), and 13 for unspecified reasons.

For baseline cardiovascular risk factors (Table 2), 
83.5% had hypertension, 30.3% had diabetes mellitus, 

59.3% had hyperlipidemia, and 59.6% had a history of 
stroke or TIAs before this admission. The mean CHA2DS2-
VASc score was 5. 

Vascular imaging was performed in 32.1% (35/109; in-
cluding either ultrasound, carotid and transcranial ultra-
sound, computed tomography angiography, or magnetic 
resonance angiography of cerebral and carotid arteries). 
Amongst them, 11.4% (4/35) had significant (i.e., moderate 

2,090 patients with AIS/TIA were
screened

1,939 patients excluded
- 1,218 not on treatment
- 165 on warfarin
- 556 on antiplatelets

151 patients on NOACs

42 patients excluded
- 3 incomplete data
- 5 uncertain diagnosis
- 34 non-compliance

109 patients for analysis

Fig.  1. Number of patients screened, ex-
cluded, and eventually included for analy-
sis. In total, 2,090 patients admitted to the 
United Christian Hospital for AIS/TIA 
were screened from the CDARS; 1,939 pa-
tients were excluded for not being treated 
with NOACs, and 52 were excluded due to 
non-compliance, incomplete data, and an 
uncertain diagnosis. Eventually, 109 pa-
tients were included for analysis.
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Fig. 2. Distribution of scores on the mRS for premorbid cases and after discharge. Around half (47.8%) of patients’ baseline scores were 
< 3 (walking unassisted), while the scores of 72.5% became higher than 4 (walking with assistance or bedridden or dead) upon discharge. 
Fatal stroke accounted for 11.1%.
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to severe) stenosis intracranially and extracranially, 28.6% 
(10/35) had significant intracranial stenosis, 14.3% (5/35) 
had significant extracranial stenosis, and 45.7% (16/35) had 
no or merely mild stenosis intra- or extracranially.

For risk factor control, only 23.9% had low-density li-
poprotein (LDL) cholesterol higher than 2.6 mmol/L, 
72.5% were on statins, and none had glycated hemoglobin 
(HbA1c) higher than 7%. Of all the ischemic events, 7.3% 
experienced TIA, 52.3% presented with lacunar syn-
drome, and 35.8% with cortical symptoms, of which 
11.0% were fatal stroke (Fig. 2). 

While there was a tendency of higher survival for pa-
tients on normal doses versus those on reduced doses 
(with both correctly reduced or incorrectly underdosed 
included), it was not statistically significant (p = 0.579). 

Similarly, there was a trend of higher survival when com-
pared with those on the correct dose versus those who 
were underdosed; however, this was also not statistically 
significant (p = 0.752; Fig. 3).

Discussion

In our study of 2,090 cardioembolic AIS/TIA patients, 
0.67% of them had already been put on NOACs. The rea-
son for the failure of the prevention of stroke was not cer-
tain. To date, clinical data are still lacking to guide our 
management. This cohort study aimed to address this par-
ticular group of patients and explore their characteristics. 

Compliance had long been an issue for warfarin. How-
ever, the problem of compliance remained despite the use 
of NOACs [9]. In our cohort, around one-fifth were in-
compliant with NOACs. The reasons for non-compliance 
included mild bleeding (e.g., gum bleeding, hematuria), 
prematurely withholding medication before dental or 
surgical procedures, forgetfulness, and financial reasons. 
In our locality, NOACs were self-financed items when 
they were first launched. Since 2019, they have been sub-
sidized for high thrombotic risk patients, that is, those 
with a CHA2DS2-VASc score higher than or equal to 5. 
This has partly improved the compliance issue and in-
creased the prevalence of use of NOACs in our locality. 

A reduced dose was prescribed in up to 62.2% of patients 
in our cohort. It is common for Asian patients to be put on 
a reduced dose due to general lower body weights. More-
over, off-label reduced dosing is a common problem, espe-
cially in Asia [10]. In our cohort, up to 45% were put on 
off-label reduced doses. The reasons for reduced doses in-
cluded advanced age, bleeding risks, impaired renal func-
tion (but not yet to the level requiring dose reduction), and 
so on. Other cohorts have also described off-label reduced 
doses as a risk factor for recurrent stroke [11]. 

Those who developed stroke despite adequate antico-
agulation had other concomitant atherosclerotic risk fac-
tors that were attributed to the failure of preventing stroke 
[12]. From our cohort, more than half had concomitant 
hypertension or hyperlipidemia.

To our surprise, the majority of these patients devel-
oped stroke despite a relatively good control of such risk 
factors: none had poor diabetes control (all had HbA1c  
< 7%), and up to 84.4% had LDL cholesterol < 2.6 mmol/L 
and most were never smokers (79.8%). It would be of in-
terest to observe the impacts of more stringent controls 
of atherosclerotic risk factors being required of patients 
with AF. 

Table 2. Baseline characteristics (n = 109)

n (%)

Baseline epidemiology
Female 71 (65.1)
Age >75 years 80 (73.4)
Age >80 years 57 (52.2)
Current smoker 5 (4.5)
Ex-smoker 17 (15.6)
Never smoker 87 (79.8)

Risk factors
Hypertension 91 (83.5)
Diabetes mellitus 33 (30.3)
Hyperlipidemia 64 (59.3)
Peripheral vascular disease 4 (3.7)
Ischemic heart disease 31 (28.4)
Congestive heart failure 8 (7.4)
History of stroke/TIA 65 (59.6)
Chronic kidney disease

Stage I (GFR ≥90 mL/min) 15 (13.8)
Stage II (GFR 60–89 mL/min) 47 (43.1)
Stage III (GFR 30–59 mL/min) 42 (38.5)
Stage IV (GFR 15–29 mL/min) 5 (4.6)

Type of AF
Paroxysmal AF 28 (25.7)
Sustained AF 81 (74.3)

Type of NOACs
Dabigatran 45 (41.2)
Rivaroxaban 48 (44.0)
Apixaban 16 (14.7)

Dosing of NOACs
Reduced dose 75 (68.8)
Off-label reduced dose 49 (45.0)

Concomitant drug use 
P-glycoprotein inducers/strong 
CYP-3A4 inducer 2 (1.8)
Antiplatelets (aspirin/clopidogrel) 6 (5.5)
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It is worth noting that the majority of the ischemic 
events were mainly presented as lacunar syndrome in our 
cohort (52.9%), suggesting a possible non-cardioembolic 
cause of stroke [13]. As studies have pointed out, not all 
stroke events in AF patients are cardioembolic, and 17.2% 
of strokes are classified as unrelated to AF [14]. However, 
the majority of our patients did not have angiograms or 
echocardiograms performed, hence we could not deter-
mine the mechanism of stroke for our cohort. Only a 
third of cases had angiograms conducted at some point, 
among which around half had significant intra- and/or 
extracranial artery stenosis. It represented a group of pa-
tients in which anticoagulation alone may not be ade-
quate for stroke prevention. 

Nonetheless, an overwhelmingly low percentage of pa-
tients were put on antiplatelets – only 5.5% – all of whom 
were put on additional antithrombotics due to the indica-
tion of acute coronary syndrome or post-percutaneous 
coronary intervention (PCI). Over the past decade, the 
management with antithrombotics of patients with AF 
and recent acute coronary syndrome and/or PCI has ad-
vanced, with multiple clinical trials like the PIONEER-AF 
PCI trial in 2016 and the AUGUSTUS trial in 2019. Both 

demonstrated the safety of NOACs with single anti-
thrombotics use and lower bleeding risk compared to 
warfarin-based treatments [15, 16]. However, the benefit 
of add-on antiplatelet therapy for such groups of patients 
for atherosclerotic stroke risk is uncertain and needs to be 
balanced against bleeding risk [17]. 

There are several limitations of this study. Firstly, this 
was a single-center study with a limited sample size. Sec-
ondly, the study was observational and retrospective. 
Data were extracted from electronic documentations re-
corded by the physician in charge. Results were only 
available online and private images were not retrieved. 
Also, non-compliance may have been underestimated 
due to reporting bias.

Regarding the strengths of our study, it is the first in 
our locality to consider the epidemiology of patients who 
suffer stroke despite being on NOACs. It included all pa-
tients since the popularization of the use of NOACs in 
Hong Kong, in which it reflected the real-life experience 
of managing such a group of patients. Further studies in-
vestigating the benefits of more stringent risk factor con-
trol and the value of add-on antiplatelets for at-risk pa-
tients are warranted.
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Fig. 3. Kaplan-Meier curve for AF patients on a normal dose versus 
a reduced dose. a The black dashed line depicts the survival curve 
for patients on NOACs with a reduced dose while the green dashed 
line represents the survival curve for patients on a normal dose. 
There was a trend of higher survival for patients on a normal dose; 
however, it was not statistically significant (p = 0.579). b The green 

solid line depicts the survival curve for patients on NOACs who 
were incorrectly underdosed, while the blue dashed line represents 
the survival curve for patients on the correct dose. There was a 
trend of higher survival for correctly dosed patients; however, it 
was not statistically significant (p = 0.752).
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Conclusion

In NVAF patients on NOACs with AIS/TIA, the ma-
jority were female, older than 75 years, on a reduced dose 
of NOACs, hypertensive, and with a history of AIS/TIA. 
Unfortunately, they developed stroke despite being non-
smokers and having good diabetic and lipid control.
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