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CLINICAL AND POPULATION SCIENCES

Differences in Stroke Recurrence Risk Between 
Atrial Fibrillation Detected on ECG and 14-Day 
Cardiac Monitoring
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Chrysi Bogiatzi , MD; Marko Mrkobrada, MD; Maria Bres-Bullrich , MD; Lorraine A. Fleming , RN; Corbin Lippert , NP;  
Sebastian Fridman , MD, MPH*; Luciano A. Sposato  MD, MBA* 

BACKGROUND: Ischemic stroke and transient ischemic attack (TIA) standard-of-care etiological investigations include an ECG 
and prolonged cardiac monitoring (PCM). Atrial fibrillation (AF) detected after stroke has been generally considered a single 
entity, regardless of how it is diagnosed. We hypothesized that ECG-detected AF is associated with a higher risk of stroke 
recurrence than AF detected on 14-day Holter (PCM-detected AF).

METHODS: We conducted a retrospective, registry-based, cohort study of consecutive patients with ischemic stroke and TIA 
included in the London Ontario Stroke Registry between 2018 and 2020, with ECG-detected and PCM-detected AF lasting 
≥30 seconds. We quantified PCM-detected AF burden. The primary outcome was recurrent ischemic stroke, ascertained 
by systematically reviewing all medical records until November 2022. We applied marginal cause–specific Cox proportional 
hazards models adjusted for qualifying event type (ischemic stroke versus TIA), CHA₂DS₂-VASc score, anticoagulation, left 
ventricular ejection fraction, left atrial size, and high-sensitivity troponin T to estimate adjusted hazard ratios for recurrent 
ischemic stroke.

RESULTS: We included 366 patients with ischemic stroke and TIA with AF, 218 ECG-detected, and 148 PCM-detected. Median 
PCM duration was 12 (interquartile range, 8.8–14.0) days. Median PCM-detected AF duration was 5.2 (interquartile range, 
0.3–33.0) hours, with a burden (total AF duration/total net monitoring duration) of 2.23% (interquartile range, 0.13%–12.25%). 
Anticoagulation rate at the end of follow-up or at the first event was 83.1%. After a median follow-up of 17 (interquartile range, 
5–34) months, recurrent ischemic strokes occurred in 16 patients with ECG-detected AF (13 on anticoagulants) and 2 with 
PCM-detected AF (both on anticoagulants). Recurrent ischemic stroke rates for ECG-detected and PCM-detected AF groups 
were 4.05 and 0.72 per 100 patient-years (adjusted hazard ratio, 5.06 [95% CI, 1.13–22.7]; P=0.034).

CONCLUSIONS: ECG-detected AF was associated with 5-fold higher adjusted recurrent ischemic stroke risk than PCM-
detected AF in a cohort of ischemic stroke and TIA with >80% anticoagulation rate.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: atrial fibrillation ◼ risk ◼ stroke ◼ transient ischemic attack

The increasing use of prolonged cardiac monitoring 
(PCM) in patients with ischemic stroke to look for 
paroxysmal atrial fibrillation (AF) has led to a better 

characterization of PCM-detected cardiac arrhythmias. 
AF detected on 14-day Holter (PCM-detected AF) 
is defined as any AF found on PCM, including Holter 
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monitoring, external or internal loop recorders, and car-
diac implantable electronic devices. Current knowledge 
about AF-associated ischemic stroke risk derives from 
large population-based observational studies in which 
AF diagnosis was based on 12-lead ECG. ECG-detected 
AF is known to be high-burden and is primarily identified 
among symptomatic patients seeking medical attention 
because of specific symptoms or cardiovascular com-
plications (eg, decompensated heart failure or symp-
tomatic arrhythmia). Conversely, PCM-detected AF in 
patients with ischemic stroke is frequently low-burden1 
and asymptomatic in ≈8 out of 10 patients,2 suggesting 
it may be associated with a relatively lower embolic risk 
compared to ECG-detected AF.3

Evidence accrued in the past decade suggests that 
patients with AF first diagnosed after an ischemic 
stroke (AFDAS), which is primarily PCM-detected, has 
a lower prevalence of vascular risk factors, cardio-
vascular comorbidities, and structural heart disease 
than those with AF known before stroke occurrence 
or known AF.4 Furthermore, the risk of stroke recur-
rence in patients with AFDAS seems to be 26% lower 
than in those with known AF.4 In prior studies, AFDAS 
cohorts included patients with both ECG-detected and 
PCM-detected AF, without stratifying the analyses for 
these specific AF subtypes.5,6 We previously proposed 
that ECG-detected AF in patients with an acute isch-
emic stroke should not be considered AFDAS because 
ECG-detected AF is more likely to be preexistent.7 We 
hypothesized that despite remaining undetected before 
stroke, ECG-detected AF has a high burden and a 
similar stroke risk as known AF.7 Currently, ECG- and 
PCM-detected AF in patients with ischemic stroke and 
TIA are used indistinguishably both in clinical practice 
and research because they have never been compared. 
However, it is unknown if the risk of recurrent isch-
emic stroke differs between both types of AF. Another 
major current knowledge gap is the scarcity of studies 

providing comprehensive data on AF burden in patients 
with stroke with PCM-detected AF on 14-day Holter. AF 
burden is a well-recognized marker of AF-associated 
stroke risk.8 Evaluating AF burden will become increas-
ingly important in the context of an increased use of 
wearable cardiac monitoring technologies and intense 
cardiac monitoring poststroke. In the present study, we 
compared the risk of stroke recurrence (primary out-
come) among patients with ischemic stroke and tran-
sient ischemic attack (TIA) with a first ECG-detected 
versus PCM-detected AF. Additionally, we compared 
the risk of major adverse cardiovascular events (MACE, 
secondary outcome) and death among other tertiary 
outcomes between both modes of AF detection. We 
also aimed to provide a detailed description of AF bur-
den for PCM-detected AF on 14-day Holter to help 
understand the implications of this study’s findings in 
the context of current knowledge.

METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request and 
subject to the approval of the London Health Sciences Center 
Privacy Office and Western University Ethics Review Board.

Study Design and Patient Selection
The DELIMIT-AF STROKE (Differences in ECG- Versus 
Prolonged Cardiac Monitoring-Detected Atrial Fibrillation in 
STROKE Patients) is a retrospective registry-based cohort 
study based on prospectively collected data from consecutive 
patients with ischemic stroke and TIA included in the London 
Ontario Stroke Registry. The registry was created in 2017 and 
consistently collects consecutive information from patients 
assessed by certified stroke neurologists with suspected isch-
emic stroke or TIA since 2019, regardless of the final diag-
nosis. Patients are evaluated in the Emergency Department, 
the stroke unit, or the secondary stroke prevention clinic. We 
excluded patients with a known history of AF as documented 
in medical records, or previous ECGs or cardiac monitoring. 
Patients with a history of ablation therapy or AF identified in 
the context of acute illness (eg, cardiac surgery, sepsis, pulmo-
nary embolism) were also excluded. We included consecutive 
patients with ischemic stroke or TIA who had ECG- or PCM-
detected AF. Ischemic stroke was defined as a focal neuro-
logical deficit with a matching acute or subacute brain infarct 
demonstrated on brain computed tomography or magnetic 
resonance imaging. TIA was defined as transient brain or reti-
nal focal neurological dysfunction without evidence of an acute 
infarct on ophthalmological evaluation or brain imaging.9

Definition of AF
In the London Ontario Stroke Registry, patients assessed in the 
Emergency Department or admitted to the stroke unit receive 
at least one 12-lead ECG as a first approach to AF diagno-
sis. Some Emergency Department patients receive a first ECG 
and are referred to the secondary stroke prevention clinic. The 
secondary stroke prevention clinic has a mandate to evaluate 

Nonstandard Abbreviations and Acronyms

AF	 atrial fibrillation
AFDAS	 atrial fibrillation detected after a stroke
aHR	 adjusted hazard ratio
DELIMIT-AF	 Differences in ECG- Versus  
STROKE 	� Prolonged Cardiac  

Monitoring-Detected Atrial  
Fibrillation in STROKE Patients

HS-TnT	 high-sensitivity troponin T
IQR	 interquartile range
LVEF	 left ventricular ejection fraction
MACE	 major adverse cardiovascular event
PCM	 prolonged cardiac monitoring
TIA	 transient ischemic attack
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patients within 48 hours of the Emergency Department refer-
ral. All patients with a first ECG without AF and high suspicion 
of ischemic stroke or TIA, undergo PCM. One or more 14-day 
CardioSTATTM Holter (Icentia, Quebec, Canada) is applied in the 
clinic or before hospital discharge if there is no evidence of AF 
in the initial ECG and during in-hospital cardiac monitoring. The 
CardioSTAT device has been previously validated for arrhythmia 
detection in adult patients.10 ECG recordings are analyzed at 
a central lab in Quebec, and AF reporting is done blinded to 
most patients’ characteristics. Patients with AF detected by in-
hospital telemetry were excluded from this study to allow for 
direct comparison between ECG- and PCM-detected AF. The 
latter was defined as any AF lasting ≥30 seconds on 14-day 
cardiac monitoring.11 To minimize the risk of immortal time bias, 
we excluded patients who died in the first 14 days after the 
ischemic event because the premature death precluded them 
from receiving PCM. Patients with ECG-detected AF after a 
PCM-based AF diagnosis were included in the PCM-detected 
AF group.

Ascertainment of Use of Oral Anticoagulants
Medical records at London Health Sciences Center have a pre-
specified template for patients with stroke in which there is a 
medication documentation section, and the use of antithrom-
botic agents is updated at every stroke consult. We also used a 
specific section of the electronic medical record in which filled 
prescriptions are recorded.

Outcomes
The primary outcome was the development of a recurrent isch-
emic stroke until end of the available follow-up (eg, last visit 
documented in the electronic medical record by any specialty). 
Recurrent ischemic stroke was defined as new symptomatic 
neurological deterioration not attributable to a nonischemic 
cause with imaging evidence of a new brain infarction.12 The 
secondary outcome was the first occurrence of a MACE, 
defined as acute coronary syndrome, heart failure exacerba-
tion requiring admission, recurrent ischemic stroke, or car-
diovascular death. Tertiary outcomes included the individual 
components of MACE, major bleeding, intracranial bleeding, 
and all-cause death. Major bleeding was defined according 
to the International Society on Thrombosis and Hemostasis.13 
Outcomes were blindly adjudicated by a stroke neurologist and 
a stroke nurse by retrospectively reviewing all hospital encoun-
ters in all patients’ electronic medical records until the last doc-
umented visit. The last revision of electronic medical records 
was performed in November 2022. London Health Sciences 
Center University Hospital is a regional stroke center serving a 
catchment area of 2 million people. As such, stroke recurrences 
are unlikely to be missed by applying this outcome-ascertaining 
strategy. Similarly, the same hospital is a primary percutaneous 
coronary intervention and cardiology referral center, meaning 
that most MACE events are likely to be captured in the elec-
tronic medical records.

AF Burden
PCM-detected AF burden was analyzed as a continuous vari-
able and additionally categorized in strata as done previously: 
(1) 30 seconds to <6 minutes, (2) 6 minutes to <5.5 hours, 

(3) 5.5 hours to <24 hours, and (4) ≥24 hours.14,15 Additionally, 
2 measures of AF burden were used: (1) total time spent in 
AF, and (2) total time spent in AF divided by the net duration 
of cardiac monitoring.16 Net monitoring time was calculated by 
subtracting noninterpretable recording time due to signal noise 
from the total time of monitoring.

Statistical Analysis
All variables were expressed in medians, interquartile range 
(IQR), total numbers, and percentages. We compared baseline 
characteristics between groups by estimating standardized 
mean differences. We estimated the crude number of events, 
and we developed cumulative incidence function curves or the 
primary and secondary outcomes until end of follow-up. We 
also applied marginal cause–specific Cox proportional hazards 
models to estimate adjusted hazard ratios (aHR) accounting 
for competing risk of death.17 Models were adjusted for vari-
ables known to biologically influence outcomes and those 
with a standardized mean differences >0.20.18 We generated 
Schoenfeld residual plots, Pearson correlation of ranked times, 
and residuals to assess if the ratio of the hazards remained 
constant over time. Missing values of variables with <20% 
missing data were resolved by using multiple imputation. A Fully 
conditional specification method for arbitrary pattern was used 
(Figures S1 through S6; Table S1).19

Study Registration and Ethics Approval
This study is registered in clinicaltrials.gov (https://www.
clinicaltrials.gov; Unique identifier: NCT05822791) and has 
been approved by Western University Ethics Review Board 
(2023-122969-78477).

RESULTS
Of 429 patients with ischemic stroke and TIA with AF, 45 
were excluded due to AF lasting ≤30 seconds and 18 
because of a documented death within 14 days poststroke 
(Figure S7). The final cohort included 366 patients, 218 
with ECG-detected AF and 148 with PCM-detected AF. 
The comparison of patients with and without missing data 
is shown in Table S1. The mechanisms of the qualifying 
events for ECG-detected AF were 94.5% cardioembolism 
and 5.5% undetermined, with >1 cause (1.8% small vessel 
disease and 3.7% large artery atherosclerosis). The large 
proportion of cardioembolism in this group is explained by 
the diagnosis of AF being made soon after stroke onset 
and before discharge from hospital. Among patients with 
PCM-detected AF, the suspected causes at the time of 
initiating PCM were 96.6% cryptogenic, 0.7% small vessel 
disease, and 2.7% large artery atherosclerosis.

Baseline characteristics were balanced for most vari-
ables except for age, type of qualifying event (ischemic 
stroke or TIA), CHA2DS2-VASc score, anticoagulation 
status at the time of the event, left ventricular ejection 
fraction, left atrial size, and high-sensitivity troponin T 
(Table  1). These variables were used for adjusting the 
regression analyses. Age was not included to avoid 
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collinearity as it is already included in the CHA2DS2-
VASc score. Reasons for no anticoagulation are shown 
in the Table S2.

The median net monitoring time for patients with 
PCM-detected AF was 12 (8.8–14.0) days. The median 
AF duration was 5.2 (0.3–33.0) hours and the median 
AF burden was 2.23% (IQR, 0.13–12.25). Only 7 
patients had PCM-detected AF lasting >7 days, fulfilling 
the definition of persistent AF. None of the patients with 
PCM-detected AF required cardioversion. The median 
time between the qualifying ischemic stroke or TIA and 
the diagnosis of ECG-detected and PCM-detected AF 
were 2 (IQR, 0–18) days and 36.6 (IQR, 24.5–94.5) 
days, respectively. There were no stroke recurrences 
in patients with device-detected AF before the moni-
tor was applied. The proportion of PCM-detected AF in 
each burden strata was 19.0% for 30 seconds to 6 min-
utes, 32.8% for 6 minutes to 5.5 hours, 19.0% for 5.5 
to 24 hours, and 29.2% for >24 hours. Figure 1 shows 
the measures of AF burden for PCM-detected AF. There 
were only 5 patients with AF found on an ECG performed 
after the PCM-based AF diagnosis. The median AF dura-
tion among these 5 patients was 135.0 (41.34–273.64) 
hours, accounting for a median AF burden of 45.0% 
(8.7–68.39).

The Schoenfeld residuals and Pearson correlation 
indicated that none of the variables used to adjust the 

regression model for the primary analysis violated the 
proportional hazards assumption. The same was true for 
the global test of the model, suggesting that the risk of 
recurrent ischemic stroke remained unchanged during 
the duration of follow-up (Figure S8; Table S3).

After a median follow-up of 17 (IQR, 5–34) months, 18 
ischemic stroke events were documented, with an overall 
crude incidence of recurrent ischemic stroke of 2.7 per 
100 person-years (Figure 2). On the multivariable time-
to-event analyses, patients with ECG-detected AF had a 
5-fold higher adjusted risk of recurrent ischemic stroke 
than those with PCM-detected AF (aHR, 5.06 [95% CI, 
1.13–22.7]; P=0.034; Table 2). The crude incidence of 
all outcomes is shown in Table S4. A recurrent ischemic 
stroke occurred in 16 patients with ECG-detected AF 
(13 receiving anticoagulants) and 2 patients with PCM-
detected AF. Among both patients with PCM-detected 
AF who experienced a recurrent event, AF durations 
were 204 and 0.6 hours, with a burden of 61.3% and 
0.1%, respectively. Both were anticoagulated at the time 
of recurrence, and only one was noted to be in AF at 
the time of the recurrence. Stroke recurrence rates in 
patients with ECG-detected and PCM-detected AF were 
4.05 and 0.72 per 100 patient-years, respectively. The 
mechanisms of recurrent ischemic strokes were cardio-
embolism (61,1%), small vessel disease (11.1%), large 
artery atherosclerosis (1.1%), and >1 cause (22.2%).

Table 1.  Baseline Characteristics

  

All patients ECG-detected AF PCM-detected AF 

SMD (N=366) (N=218) (N=148)

Age, y, median [IQR] 79.2 [71.5–85.5] 80.3 [72.4–86.2] 77.9 [71.0–84.0] 0.16 (−0.05 to 0.37)

Male, n (%) 173 (47.2) 126 (53.4) 69 (46.6) 0.02 (−0.19 to 0.23)

Qualifying event, n (%)  

 � TIA 75 (20.5) 29 (12.3) 46 (31.1) 0.45 (0.23 to 0.66)

 � Ischemic stroke 291 (79.5) 207 (87.7) 102 (68.9)

 � Follow-up, mo, median [IQR] 17.0 [5.0–34.0] 15.0 [3.0–34.0] 18.0 [6.0–33.0] 0.01 (−0.19 to 0.22)

 � CHA2DS2-VASc, median [IQR] 4.0 [3.0–5.0] 5.0 [4.0–5.0] 4.0 (3.0–5.0) 0.14 (−0.06 to 0.35)

 � Hypertension, n (%) 264 (72.1) 168 (71.2) 107 (72.2) 0.01 (−0.20 to 0.21)

 � Dyslipidemia, n (%) 180 (49.2) 111 (47.0) 78 (52.7) 0.12 (−0.09 to 0.33)

 � Diabetes, n (%) 74 (20.2) 46 (19.5) 33 (22.2) 0.09 (−0.12 to 0.30)

 � Congestive heart failure, n (%) 21 (5.7) 15 (6.4) 8 (5.4) 0.02 (−0.18 to 0.23)

 � Coronary arterial disease, n (%) 55 (15.0) 43 (18.2) 18 (12.1) 0.14 (−0.07 to 0.35)

 � Chronic kidney disease, n (%) 23 (6.3) 19 (8.1) 8 (5.4) 0.06 (−0.15 to 0.27)

 � Smoking, n (%) 47 (12.8) 29 (12.3) 18 (12.1) 0.03 (−0.17 to 0.24)

 � Prior stroke, n (%) 42 (11.5) 20 (8.5) 21 (14.1) 0.14 (−0.07 to 0.35)

 � Anticoagulation,* n (%) 304 (83.1) 179 (82.1) 125 (84.5) 0.21 (0.01 to 0.42)

 � LVEF, %, median [IQR] 62.5 [57.5 to 67.5] 60.0 [52.5 to 67.5] 62.5 [57.5 to 67.5] 0.20 (0.15 to 0.24)

 � LAVI, ml/m2, median [IQR] 36.2 [28.0 to 44.0] 38.3 [28.3 to 45.4] 35.0 [27.2 to 40.6] 0.23 (0.18 to 0.27)

 � HS-TnT, ng/L, median [IQR] 20.0 [12.0 to 40.0] 21.0 [14.0 to 40.0] 15.1 [10.0 to 27.0] 0.34 (0.09 to 0.58)

AF indicates atrial fibrillation; HS-TnT, high-sensitivity troponin T; IQR, interquartile range; LAVI, left atrial volume index; LVEF, left 
ventricle ejection fraction; PCM, prolonged cardiac monitoring; SMD, standardized mean difference; and TIA, transient ischemic attack.

*Anticoagulation at the end of follow-up.
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A total of 49 MACE events occurred during follow-
up, for a MACE incidence rate of 7.8 per 100 person-
years. The crude incidence of MACE was 9.22 per 100 
person-years for ECG-detected AF and 5.71 per 100 
person-years for PCM-detected AF (Figure 3A). The risk 
of MACE did not differ significantly between AF diagnos-
tic modalities (aHR, 1.43 [95% CI, 0.75–2.70]; P=0.27; 
Table 2). The marginal cause–specific Cox proportional 

hazards models for individual components of the com-
posite MACE outcome are shown in Table S5. The mar-
ginal cause–specific Cox proportional hazards models 
for major bleeding, intracranial bleeding, and all-cause 
death are shown in Table S6.

All-cause mortality rate was 7.39 deaths per 100 per-
son-years. The crude incidence of all-cause death was 
9.85 per 100 person-years for ECG-detected AF and 

Figure 1. Burden of atrial fibrillation (AF) detected on 14-day Holter. 
A and B, Patients with ischemic stroke. C, Patients with transient ischemic attack. The gray horizontal bar denotes the net duration of cardiac 
monitoring in days. The blue horizontal line represents the total AF duration in hours. Recurrent ischemic stroke, major adverse cardiovascular 
events, and all-cause death are shown in green, purple, and pink rectangles labeled IS, M, and D, respectively. Blue circles with a horizontal line 
represent patients who were on anticoagulants. Data on atrial fibrillation burden was available for 137 of 148 participants with PCM-detected 
AF (14-day Holter monitoring). AF burden and Holter monitoring are shown with their own and different time scales. The events occurred during 
follow-up are shown at the end of cardiac monitoring but do not represent a specific time to event.
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3.83 per 100 person-years for PCM-detected AF (aHR, 
2.50 [95% CI, 1.20–5.19]; P=0.015; Figure 3B). None 
of the remaining tertiary outcomes showed significant 
differences between AF types (Table 2).

DISCUSSION
In this retrospective cohort study of prospectively col-
lected data including 366 patients with ischemic stroke 
and TIA newly diagnosed with AF, we found a 5-fold 
increase in the risk of recurrent ischemic stroke in 
patients with ischemic stroke and TIA with ECG-detected 
AF relative to PCM-detected AF, after adjusting for 
group imbalances and known modifiers of thromboem-
bolic risk, including anticoagulation. Our findings support 
the hypothesis that significant heterogeneity exists in the 
clinical profile and thromboembolic risk of ECG-detected 
and PCM-detected-AF.4,20

Despite an overall anticoagulation rate of 83.1% in 
this study, the crude incidence of recurrent ischemic 

stroke of 2.7 per 100 patient-years is higher than that 
reported in pivotal clinical trials of direct oral anticoagu-
lants, in which it ranged between 1.8 and 2.3 per 100 
patient-years.21,22 Patients with ECG-detected AF had an 
exceedingly elevated stroke recurrence rate, which is not 
explained by differences in anticoagulation rates between 
groups since similar proportions of participants received 
anticoagulants in each group and the time-to-event anal-
ysis was adjusted for this variable. Furthermore, only 3 of 
16 stroke recurrences were documented in patients with 
ECG-detected AF who were not receiving anticoagulants 
at the time of the event. The difference between groups 
in the primary outcome can be also explained by the low 
ischemic stroke recurrence rate in the PCM-detected AF 
group in this cohort, which was one-third of that docu-
mented in clinical trials.21,22 Other variables known to affect 
stroke risk and showing imbalances between groups (eg, 
proportion of qualifying ischemic stroke versus TIA) are 
unlikely to have influenced the results as they were also 
included in the regression analyses.

Figure 2. Cumulative incidence function curve for recurrent ischemic stroke. 
There were 2 ischemic strokes in the atrial fibrillation (AF) detected on 14-day Holter (PCM-detected AF) group. The other censoring events in 
the PCM group were congestive heart failure (n=10) and acute coronary syndrome (n=3). ECG-detected-AF indicates atrial fibrillation detected 
on 12-ECG.
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The risk of MACE did not differ between groups. We 
did not find prior studies comparing this outcome in 
patients with ischemic stroke or TIA with ECG-detected 
versus PCM-detected AF. Based on the CIs for the 
HR for this outcome, the lack of difference in MACE is 
unlikely to be explained by a lack of power, although it 
cannot be ruled out.

The risk of death from any cause was 2.5-fold higher 
in patients with ECG-detected than PCM-detected AF. 
This result should be considered with caution given that 
all-cause death was a tertiary outcome. We hypoth-
esize that the higher all-cause death observed among 
patients with ECG-detected AF is possibly associated 
with a higher prevalence of baseline comorbidities in 
this group. Since we were not able to reliably capture 
all comorbidities influencing the risk of death (eg, can-
cer), this hypothesis requires further investigation. Still, 
our findings are in line with those of a recent meta-anal-
ysis showing no differences in all-cause death between 
AFDAS and known AF.4 In the 6 studies included in this 

meta-analysis, AFDAS diagnoses were primarily ECG-
based. The interpretation of other tertiary outcomes in 
this study is limited due to the low number of events.

Patients with ECG-detected AF were older, had a 
higher CHA2DS2-VASc score, worse left ventricular ejec-
tion fraction, and a larger left atrium. These differences in 
risk profiles, cardiovascular comorbidities, and structural 
cardiac abnormalities further support that the population 
with PCM-detected AF is probably overall healthier than 
that with ECG-detected AF. The differences in baseline 
characteristics between ECG- and PCM-detected AF in 
this study are similar to those found between AFDAS 
and known AF,3,4 reinforcing that ECG-detected AF 
resembles more the characteristics of known AF rather 
than AFDAS, as previously proposed.7 ECG-detected AF 
in patients with stroke is probably a preexisting AF that 
was not diagnosed before the stroke because of patients 
being asymptomatic or due to insufficient interaction with 
the health care system (eg, patients not seeking medical 
attention in the presence of mild AF-related symptoms).

Approximately 30% of PCM-detected AFs lasted >24 
hours, suggesting that AFDAS has a high risk of recurrent 
stroke in at least on third of the cases.14 Among the remain-
ing 70% of PCM-detected AF, the most frequent duration 
was 6 minutes to 5.5 hours (32.8%). Due to the low num-
ber of recurrent stroke events in the PCM-detected AF 
group, we were unable to test any relationship between 
AF burden strata and this outcome. The median AF bur-
den in this study (2.23%, IQR, 0.13–12.25) was lower 
than in a study of 7-day external monitoring in patients 
with stroke (4.9%, IQR, 0.9%–10.6%)23 and higher than 
in the LOOP study (Atrial Fibrillation Detected by Continu-
ous ECG Monitoring Using Implantable Loop Recorder to 
Prevent Stroke in High-Risk Individuals) conducted in the 
general population (0.13%; IQR, 0.03%–1.05%).24 How-
ever, the % in AF burden measures of these 3 studies are 
only provided as a reference and should not be compared 
due to their different duration of monitoring and patients’ 
characteristics. Shorter duration of monitoring studies 
tend to underestimate detection rates and inflate the % 
in AF measure of burden.25

This study has limitations. First, patients who died in the 
first 14 days of stroke onset were excluded from the study 
because their premature death may have precluded PCM 
with 14-day external monitors and anticoagulation therapy, 
which is a major modifier of thromboembolic risk.2 Second, 
we only included patients with 14-day external continu-
ous monitoring. Since implantable cardiac monitors have 
a higher detection yield than shorter-term external moni-
tors,26 our study possibly missed a significant proportion 
of AFDAS that may have otherwise been detected with 
implantable devices. Regardless, our study provides valuable 
insights into external monitoring poststroke, a widely used 
technology in clinical practice.27 Third, although we have 
established a thorough ascertainment of primary and sec-
ondary outcome events, the lack of a systematic prospective 

Table 2.  Marginal Cause–Specific Cox Proportional Hazards 
Models for Main Study Outcomes

 aHR 95% CI P value 

Recurrent ischemic stroke

 � ECG-based AF diagnosis 5.06 1.13–22.7 0.034

 � Qualifying event (TIA) 0.71 0.19–2.61 0.60

 � Anticoagulation* 0.96 0.27–3.36 0.95

 � CHA2DS2-VASc score 1.18 0.79–1.76 0.43

 � LVEF† 1.17 0.86–1.60 0.32

 � LAVI‡ 1.05 0.87–1.29 0.60

 � HS-TnT§ 0.99 0.93–1.06 0.81

MACE

 � ECG-based AF diagnosis 1.43 0.75–2.70 0.27

 � Qualifying event (TIA) 1.27 0.65–2.50 0.49

 � Anticoagulation* 0.87 0.40–1.88 0.72

 � CHA2DS2-VASc score 1.33 1.02–1.73 0.035

 � LVEF† 1.02 0.87–1.19 0.85

 � LAVI‡ 1.12 1.00–1.26 0.055

 � HS-TnT§ 0.99 0.95–1.03 0.63

All-cause death

 � ECG-based AF diagnosis 2.50 1.20–5.19 0.015

 � Qualifying event (TIA) 0.63 0.27–1.46 0.27

 � Anticoagulation* 0.24 0.13–0.44 <0.001

 � CHA2DS2-VASc score 1.44 1.11–1.88 0.008

 � LVEF† 0.96 0.84–1.10 0.54

 � LAVI‡ 0.97 0.87–1.09 0.58

 � HS-TnT§ 1.01 1.00–1.02 0.17

AF indicates atrial fibrillation; aHR, adjusted hazard ratio; HS-TnT, high-sensi-
tivity troponin T; LAVI, left atrial volume index; LVEF, left ventricle ejection fraction; 
MACE, major adverse cardiovascular event; and TIA, transient ischemic attack.

*Anticoagulation at time of the event or the end of follow-up.
†Per 5% increase.
‡Per 5% increase.
§Per 5 ng/L increase.
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follow-up may have resulted in missed outcomes. How-
ever, this limitation may have affected both study groups 
equally, with minimal impact on the main results. Fourth, the 
number of stroke recurrences in this study was low and it 
could be argued that multivariable analyses can be chal-
lenging according to the 10/1 rule of thumb (10 outcomes 
per 1 variable included in the model). Although it has been 
suggested that only some extra caution is warranted for 
plausible and highly significant associations hypothesized 
a priori, as those of our study,28 a preplanned sample size 
calculation may have been performed before conducting 
the analysis.29 Fifth, we were unable to report the exact time 
between AF diagnosis and anticoagulation. However, in our 
site, stroke neurologists are alerted as soon as a diagnosis 
of AF is made on PCM and patients are usually started on 
anticoagulants within the following 72 hours.

In conclusion, our study provides 3 novel insights on AF 
newly diagnosed in patients with ischemic stroke and TIA. 
First, PCM-detected AFDAS is associated with a lower risk 
of stroke and all-cause death than ECG-detected AF. It 
is important to note that these results should be consid-
ered in the context of over 80% of the patients being on 
anticoagulants at the time of the event. Second, patients 
with PCM-detected AFDAS have a lower CHA2DS2-VASc 
score, a better left ventricular ejection fraction, and a 
smaller left atrial size than ECG-detected AF, further sup-
porting that ECG-detected AF should not be considered 

AFDAS and should be grouped under the category of 
known AF,4 since it is likely a high-burden and subclinical 
preexisting arrhythmia. Third, we herein provided a detailed 
description of AFDAS burden in patients having 14 days of 
cardiac monitoring and the 14-day AFDAS burden-associ-
ated risk of stroke recurrence in a relatively large cohort of 
patients receiving anticoagulants. These data can be used 
as a reference for future studies. These measures of AF 
burden should be compared only with those of studies with 
similar durations of monitoring and patients’ characteristics. 
A deeper understanding of the clinical AFDAS phenotypes 
and their associated thromboembolic risk in patients with 
different durations of PCM is warranted.
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Figure 3. Major adverse cardiovascular events and all-cause death. 
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fibrillation; ECG-detected-AF, AF detected on 12-ECG; PCM, prolonged cardiac monitoring; and PCM-detected AF, AF detected on 14-day Holter.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 2, 2023

https://www.ahajournals.org/str/podcast
https://www.ahajournals.org/str/podcast


CL
IN

IC
AL

 A
ND

 P
OP

UL
AT

IO
N 

SC
IE

NC
ES

Alvarado-Bolaños et al ECG-Detected AF vs Cardiac Monitoring-Detected AF

2030    August 2023� Stroke. 2023;54:2022–2030. DOI: 10.1161/STROKEAHA.123.043672

Acknowledgments
The authors thank the patients involved in this study.

Sources of Funding
Dr Sposato is supported by the Kathleen & Dr Henry Barnett Research Chair in 
Stroke Research (Western University, Canada), the Edward and Alma Saraydar 
Neurosciences Fund (London Health Sciences Foundation).

Disclosures
Dr Sposato reports speaker/consulting honoraria from Boehringer Ingelheim, 
Pfizer, Bayer, Gore, and Daiichi Sankyo; is a member of the Editorial Board of 
Neurology, Stroke, and Journal of the American Heart Association (JAHA); Editor 
for Neurocardiology section of Stroke; and Associate Editor for JAHA. The other 
authors report no conflicts.

Supplemental Material
Figures S1–S8
Tables S1–S6

REFERENCES
	 1.	 Sposato LA, Cipriano LE, Riccio PM, Hachinski V, Saposnik G. Very short 

paroxysms account for more than half of the cases of atrial fibrillation 
detected after stroke and TIA: a systematic review and meta-analysis. Int J 
Stroke. 2015;10:801–807. doi: 10.1111/ijs.12555

	 2.	 Brachmann J, Morillo CA, Sanna T, Di Lazzaro V, Diener HC, Bernstein RA, 
Rymer M, Ziegler PD, Liu S, Passman RS. Uncovering atrial fibrillation beyond 
short-term monitoring in cryptogenic stroke patients: three-year results from 
the cryptogenic stroke and underlying atrial fibrillation trial. Circ Arrhythm 
Electrophysiol. 2016;9:e003333. doi: 10.1161/CIRCEP.115.003333

	 3.	 Sposato LA, Chaturvedi S, Hsieh CY, Morillo CA, Kamel H. Atrial fibrilla-
tion detected after stroke and transient ischemic attack: a novel clini-
cal concept challenging current views. Stroke. 2022;53:e94–e103. doi: 
10.1161/STROKEAHA.121.034777

	 4.	 Fridman S, Vargas Gonzalez JC, Jimenez-Ruiz A, Sposato LA. Clinical and 
prognostic differences between atrial fibrillation detected before and after 
stroke and TIA. Cerebrovasc Dis. 2022;51:152–157.

	 5.	 Sposato LA, Cerasuolo JO, Cipriano LE, Fang J, Fridman S, 
Paquet M, Saposnik G. Atrial fibrillation detected after stroke is related to 
a low risk of ischemic stroke recurrence. Neurology. 2018;90:e924–e931. 
doi: 10.1212/WNL.0000000000005126

	 6.	 Garnier L, Duloquin G, Meloux A, Benali K, Sagnard A, Graber M, Dogon G, 
Didier R, Pommier T, Vergely C, et al. Multimodal approach for the predic-
tion of atrial fibrillation detected after stroke: SAFAS study. Front Cardiovasc 
Med. 2022;9:949213. doi: 10.3389/fcvm.2022.949213

	 7.	 Sposato LA, Hilz M, Aspberg S, Bahit MC, Murthy KS, Sheppard MN, 
Scheitz JF. Post-stroke cardiovascular complications and neurogenic car-
diac injury. JACC State-of-the-Art Review. J Am Coll Cardiol. 2020;76:2768–
2785. doi: 10.1016/j.jacc.2020.10.009

	 8.	 Sagris D, Korompoki E, Ntaios G, Tzeis S, Manios E, Kanakakis J, Milionis H, 
Papanagiotou P, Andrikopoulos G, Lip GY, et al. Sinus rhythm restoration 
and improved outcomes in patients with acute ischemic stroke and in-
hospital paroxysmal atrial fibrillation. Eur Stroke J. 2022;7:421–430. doi: 
10.1177/23969873221109405

	 9.	 Easton JD, Saver JL, Albers GW, Alberts MJ, Chatuverdi S, Feldmann E, 
Hatsukami TS, Higashida RT, Johnston SC, Kidwell CS, et al. Definition and 
Evaluation of Transient Ischemic Attack. A Scientific Statement for Healthcare 
Professionals From the American Heart Association/American Stroke Asso-
ciation Stroke Council; Council on Cardiovascular Surgery and Anesthesia; 
Council on Cardiovascular Radiology and Intervention; Council on Cardiovas-
cular Nursing; and the Interdisciplinary Council on Peripheral Vascular Disease. 
Stroke. 2009;40:2276–2293. doi: 10.1161/STROKEAHA.108.192218

	10.	 Nault I, André P, Plourde B, Leclerc F, Sarrazin JF, Philippon F, O’Hara G, 
Molin F, Steinberg C, Roy K, et al. Validation of a novel single lead ambulatory 
ECG monitor - Cardiostat™ - Compared to a standard ECG Holter monitoring. 
J Electrocardiol. 2019;53:57–63. doi: 10.1016/j.jelectrocard.2018.12.011

	11.	 Kirchhof P, Auricchio A, Bax J, Crijns H, Camm J, Diener HC, Goette A, 
Hindricks G, Hohnloser S, Kappenberger L, et al. Outcome parameters for 
trials in atrial fibrillation: executive summary. Eur Heart J. 2007;28:2803–
2817. doi: 10.1093/eurheartj/ehm358

	12.	 Amarenco P, Lavallée PC, Monteiro Tavares L, Labreuche J, Albers GW, 
Abboud H, Anticoli S, Audebert H, Bornstein NM, Caplan LR, et al. 

Five-Year risk of stroke after TIA or minor ischemic stroke. N Engl J Med. 
2018;378:2182–2190. doi: 10.1056/nejmoa1802712

	13.	 Schulman S, Kearon C; Subcommittee on Control of Anticoagula-
tion of the Scientific and Standardization Committee of the Interna-
tional Society on Thrombosis and Haemostasis. Definition of major 
bleeding in clinical investigations of antihemostatic medicinal products 
in non-surgical patients. J Thromb Haemost. 2005;3:692–694. doi: 
10.1111/j.1538-7836.2005.01204.x

	14.	 Brambatti M, Connolly SJ, Gold MR, Morillo CA, Capucci A, Muto C, 
Lau CP, Van Gelder IC, Hohnloser SH, Carlson M, et al; ASSERT Inves-
tigators. Temporal relationship between subclinical atrial fibrilla-
tion and embolic events. Circulation. 2014;129:2094–2099. doi: 
10.1161/CIRCULATIONAHA.113.007825

	15.	 Glotzer TV, Daoud EG, Wyse DG, Singer DE, Ezekowitz MD, Hilker C, 
Miller C, Qi D, Ziegler PD. The relationship between daily atrial tachyar-
rhythmia burden from implantable device diagnostics and stroke risk: 
the TRENDS study. Circ Arrhythm Electrophysiol. 2009;2:474–480. doi: 
10.1161/CIRCEP.109.849638

	16.	 Boriani G, Vitolo M, Diemberger I, Proietti M, Valenti AC, Malavasi VL, 
Lip GYH. Optimizing indices of atrial fibrillation susceptibility and burden 
to evaluate atrial fibrillation severity, risk and outcomes. Cardiovasc Res. 
2021;117:1–21. doi: 10.1093/cvr/cvab147

	 17.	 Austin PC, Lee DS, Fine JP. Introduction to the analysis of survival data 
in the presence of competing risks. Circulation. 2016;133:601–609. doi: 
10.1161/CIRCULATIONAHA.115.017719

	18.	 Mamdani M, Sykora K, Li P, Normand SL, Streiner DL, Austin PC, 
Rochon PA, Anderson GM. Reader’s guide to critical appraisal of cohort 
studies: 2. Assessing potential for confounding. BMJ 2005;330:960–962. 
doi: 10.1136/bmj.330.7497.960

	19.	 Van Buuren S, Brand JPL, Groothuis-Oudshoorn CGM, Rubin DB. Fully 
conditional specification in multivariate imputation. J Stat Comput Simul. 
2006;76:1049–1064.

	20.	 Sposato LA, Field TS. Atrial fibrillation detection after stroke: Is all created 
equal?. Eur J Neurol. 2022;29:1869–1870. doi: 10.1111/ene.15375

	21.	 Diener HC, Connolly SJ, Ezekowitz MD, Wallentin L, Reilly PA, Yang S, 
Xavier D, Di Pasquale G, Yusuf S; RE-LY study group. Dabigatran compared 
with warfarin in patients with atrial fibrillation and previous transient isch-
aemic attack or stroke: a subgroup analysis of the RE-LY trial. Lancet Neurol. 
2010;9:1157–1163. doi: 10.1016/S1474-4422(10)70274-X

	22.	 Hankey GJ, Patel MR, Stevens SR, Becker RC, Breithardt G, Carolei A, 
Diener HC, Donnan GA, Halperin JL, Mahaffey KW, et al; ROCKET AF 
Steering Committee Investigators. Rivaroxaban compared with warfarin in 
patients with atrial fibrillation and previous stroke or transient ischaemic 
attack: a subgroup analysis of ROCKET AF. Lancet Neurol. 2012;11:315–
322. doi: 10.1016/S1474-4422(12)70042-X

	23.	 Miyazaki Y, Toyoda K, Iguchi Y, Hirano T, Metoki N, Tomoda M, Shiozawa M, 
Koge J, Okada Y, Terasawa Y, et al. Atrial fibrillation after ischemic stroke 
detected by chest strap-Style 7-Day holter monitoring and the risk pre-
dictors: EDUCATE-ESUS. J Atheroscler Thromb. 2021;28:544–554. doi: 
10.5551/jat.58420

	24.	 Diederichsen SZ, Haugan KJ, Brandes A, Lanng MB, Graff C, Krieger D, 
Kronborg C, Holst AG, Køber L, Højberg S, et al. Natural history of subclini-
cal atrial fibrillation detected by implanted loop recorders. J Am Coll Cardiol. 
2019;74:2771–2781. doi: 10.1016/j.jacc.2019.09.050

	25.	 Aguilar M, Macle L, Deyell MW, Yao R, Hawkins NM, Khairy P, 
Andrade JG. Influence of monitoring strategy on assessment of ablation 
success and postablation atrial fibrillation burden assessment: implica-
tions for practice and clinical trial design. Circulation. 2022;145:21–30. doi: 
10.1161/CIRCULATIONAHA.121.056109

	26.	 Tsivgoulis G, Triantafyllou S, Palaiodimou L, Grory BM, Deftereos S, 
Köhrmann M, Dilaveris P, Ricci B, Tsioufis K, Cutting S, et al. Prolonged 
cardiac monitoring and stroke recurrence: a meta-analysis. Neurology. 
2022;98:e1942–e1952. doi: 10.1212/WNL.0000000000200227

	 27.	 Rose D, Devlin T, Shah R, Adams S, Hilker N, Chandler M, Ziegler P, 
Rosemas S, Carta R, Neisen K, et al. Stroke subtype classification and post-
stroke cardiac monitoring for atrial fibrillation varies significantly among 
academic and community hospitals. Int J Stroke. 2022;17:124.

	28.	 Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable 
in logistic and Cox regression. Am J Epidemiol. 2007;165:710–718. doi: 
10.1093/aje/kwk052

	29.	 Riley RD, Snell KI, Ensor J, Burke DL, Harrell FE Jr, Moons KG, Collins GS. 
Minimum sample size for developing a multivariable prediction model: PART 
II - binary and time-to-event outcomes. Stat Med. 2019;38:1276–1296. doi: 
10.1002/sim.7992

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 2, 2023


