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Executive Summary 

Background 
In-patient cardiac monitoring following a stroke or transient ischemic attack (TIA) captures only 
a fraction of occult atrial fibrillation (AF) cases, and substantial evidence suggests that the 
detection rate increases with prolonged monitoring time.1-3 To inform decision-makers about the 
appropriate use of outpatient cardiac monitoring devices in patients who have experienced a 
stroke or TIA, CADTH conducted a health technology assessment (HTA)4 on the clinical 
effectiveness and cost-effectiveness of cardiac monitoring devices in outpatient stroke or TIA 
patients. Patient perspectives and experiences regarding the value and impact of outpatient AF 
cardiac monitoring devices were also considered. 

Methods 
A systematic review of the literature on the clinical effectiveness of outpatient cardiac monitoring 
devices for AF monitoring in discharged stroke and/or TIA patients was conducted. The primary 
outcome of interest was proportion of patients diagnosed with AF post-stroke or TIA. Meta-
analyses were attempted for the primary outcome, but the included studies were deemed too 
heterogeneous to pool. As a result, narrative analyses were performed. With limited data, 
pooled analyses for secondary outcomes such as time to detection of AF post-stroke or TIA, 
stroke recurrence, all-cause mortality, and stroke mortality were not possible. A post-hoc 
analysis was performed for studies that compared the combination of in-hospital 
electrocardiogram (ECG) monitoring plus outpatient cardiac monitoring with each other or no 
monitoring. 
 
As a result of heterogeneity among the studies identified in the clinical review, statistical 
combination of diagnostic yields could not be conducted and estimates of test sensitivity and AF 
prevalence could not be determined. Three separate cost-effectiveness analyses based on 
three recent studies of cardiac monitoring were conducted. The cost-effectiveness of the 
intervention was calculated compared with the alternative in each study in the studied 
population. There was no comparison across populations or technologies that were not directly 
studied because of differences in the study cohorts, including the type of stroke, time since 
index stroke or TIA, and the number and type of previous diagnostic evaluations performed. 
 
A systematic review and thematic synthesis of the literature on patient preferences and 
experience was conducted. Descriptive data and original study results were extracted. A 
descriptive analysis was conducted, with the goal of characterizing the set of included studies in 
terms of important study and patient characteristics. A thematic analysis was conducted, 
proceeding through three stages: coding, developing descriptive themes, and developing 
analytic themes. 

Clinical Evidence 
The systematic review of the clinical effectiveness literature assessed the proportion of post-
stroke and/or TIA patients diagnosed with AF by four different outpatient cardiac monitoring 
devices in 36 studies. There was a substantial increase in diagnostic yield when monitoring for 
greater than 24 hours. Specifically, patients were monitored for the greatest duration with 
implantable loop recorders (ILRs) (ranging between 105 days and 569 days) and demonstrated 
greater numerical diagnostic yields than monitoring patients for shorter durations with other 
devices (i.e., ambulatory Holter, mobile cardiac outpatient telemetry [MCOT] devices, and 
external loop recorder [ELRs]). However, while monitoring patients beyond 30 days 
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demonstrated greater diagnostic yield compared with less than 30 days, improvements were 
modest and may be achieved by changes in monitoring technologies alone. One randomized 
controlled trial (RCT) comparing MCOT to no monitoring did not detect AF in either group and 
therefore demonstrated no differences between interventions. Studies comparing ELRs to 
ambulatory Holters contradicted the trends observed in non-comparative cohort studies. In the 
cohort studies, patients were monitored mostly for greater duration with ELRs (ranging between 
three days and 30 days); however, there was no clear improvement in diagnostic yield 
compared with ambulatory Holters (ranging from one day to 28 days). When compared directly 
in two RCTs,5,6 ELRs demonstrated a statistically superior diagnostic yield compared with 
ambulatory Holters, although the duration of monitoring was longer with ELR than ambulatory 
Holter (seven to 30 days versus one day). In the ambulatory Holter and ELR studies, no pattern 
was observed between diagnostic yield and type of stroke (embolic stroke of undetermined 
source [ESUS] exclusively versus all stroke populations). When comparing studies that used 
ambulatory Holters, the diagnostic yield generally increased with a greater duration of 
monitoring (greater than one day). Longer duration of monitoring appears to result in a greater 
likelihood of detecting AF, for any definition of AF (paroxysms of any duration versus at least 
one paroxysm greater than 30 seconds). It is unclear how much more common AF detection is 
with a definition of less than 30 seconds versus 30 seconds or more, because few studies report 
on the proportion of patients observed to have only paroxysms shorter than 30 seconds. With 
few comparative studies, there was insufficient evidence to distinguish the clinical effectiveness 
between devices or the optimal duration of long-term monitoring. 

Economic Evidence 
The economic findings were based on three individual RCTs, in which it was found that seven-
day cardiac monitoring in patients with a very recent history of stroke or TIA who did not receive 
in-hospital continuous monitoring (patients who received ECG only) is likely to identify a 
substantial number of patients with AF at an acceptable incremental cost compared with 
standard practice.6 The other two longer-term monitoring strategies, including 30-day ELR or 
ILR, are unlikely to be cost-effective in the patient cohorts studied by Gladstone et al.5 or Sanna 
et al.7 Both of these cohorts were selected as higher-risk cohorts based on their stroke type, but 
both cohorts had already undergone at least 24 hours of continuous in-hospital monitoring. As a 
result, the incremental diagnostic yields observed in these studies were not sufficient to 
compensate for the substantial increase in testing costs incurred for all patients. As 
technologies such as ELRs decrease in cost, longer-term monitoring may become cost-effective 
in target populations. ILRs are unlikely to be cost-effective for the purpose of investigating AF in 
a post-stroke population. 

Patient Preference and Experience Evidence 
A review of nine studies that included data regarding patient perspectives and experiences 
suggests that most patients perceive outpatient cardiac monitoring devices to be comfortable 
and easy to use, and satisfaction with outpatient cardiac monitoring is high. Patient preferences 
for one device type over another appear to be based on participant perceptions of overall 
comfort and ease of use, related to such attributes as material, comfort, and fit. Side effects 
experienced include skin irritation (e.g., itching, bleeding, inflammation), pressure, and difficulty 
bathing. It is unclear whether outpatient monitoring has any impact on quality of life or anxiety. If 
outpatient monitoring is to be effective, monitoring devices need to be comfortable and easy to 
use, and have few painful side effects, so that people are more likely to comply with monitoring 
recommendations. While the systematic assessment of compliance was outside the scope of 
this review, the results suggest that negative side effects might result in reduced compliance. 
This suggestion is supported by the results of the studies included in the accompanying Clinical 
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Review Report; these studies report adverse skin reactions, discomfort, irritation, and 
inflammation as reasons for non-compliance with ELRs and ambulatory Holters and refusal to 
provide consent for implantation of an ILR.7-11 

Conclusion 
The overall findings suggest that for discharged ischemic stroke or TIA patients who have 
received no prior in-hospital continuous cardiac monitoring, seven days of continuous outpatient 
cardiac monitoring with ambulatory Holter or ELR may be feasible, as these strategies are likely 
to identify a substantial number of patients with AF at an acceptable incremental cost. Cardiac 
monitoring for the detection of AF is warranted in patients with ESUS, as this subpopulation also 
demonstrated high diagnostic yields. 
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1. Introduction 

Stroke is a leading cause of death and long-term disability in Canada. It is defined as the abrupt 
onset of a neurological deficit that is attributable to a focal vascular cause, such as a clot 
(thrombosis) or hemorrhage (bleed) in a blood vessel of the brain.12 Transient ischemic attacks 
(TIAs) are neurological deficits lasting less than 24 hours, caused by cerebral ischemia.1 The 
risk of stroke in the first 90 days following a TIA is between 10% and 20%.13 Approximately 
62,000 patients with stroke and TIA are treated in Canadian hospitals each year.14

 

 

Ischemic stroke is usually caused by thrombosis of the cerebral vessels themselves or by 
emboli from a proximal arterial source or the heart.12 Atrial fibrillation (AF), a type of cardiac 
arrhythmia,7 may result in stasis or pooling of the blood in the left atrial appendage of the heart, 
which can lead to thrombosis formation and subsequent embolization to the brain or to a 
peripheral arterial site.12 The categorization of AF is determined by the duration of the episode. 
Paroxysmal AF consists of episodes of the arrhythmia that terminate spontaneously within 
seven days and may therefore go undetected and undiagnosed. Persistent AF consists of 
episodes that are sustained longer than seven days and are not self-terminating.15 Patients with 
AF but no history of stroke have a stroke risk of 4.5% per year, but anticoagulation therapy 
reduces this risk to 1.4% per year.16 
 

Roughly 30% to 40% of first-time ischemic strokes are due to an unknown cause,1,17 and are 
referred to as an embolic stroke of undetermined source (ESUS).The following criteria are to be 
met for the diagnosis of ESUS: 

 Stroke detected by computed tomography (CT) or magnetic resonance imaging (MRI) that is 
not lacunar 

 Absence of extracranial or intracranial atherosclerosis causing at least 50% luminal stenosis 
in the arteries that supply the area of ischemia 

 No major risk of cardioembolic source of embolism 

 No other specific cause of stroke identified (e.g., arteritis, dissection, migraine or 
vasospasm, drug misuse).18 

 
Knowledge gaps exist for the treatment, management, and prevention of recurring ESUS — 
leaving patients at risk for disabling strokes or death. As the evidence suggests that AF may be 
one underlying cause of ESUS,2,18 the accurate detection of AF is important. 
In-patient cardiac monitoring following a stroke or TIA captures only a fraction of occult AF 
cases; the detection rate increases with prolonged surveillance time. Long-term 
electrocardiography (ECG) monitoring using outpatient cardiac monitoring devices can identify 
occult AF that is undetectable by other means. To this end, outpatient cardiac monitoring 
devices that provide increased mobility for patients and the ability to transmit data wirelessly 
have been developed, allowing for longer-term surveillance outside the hospital setting. These 
devices include ambulatory Holter monitors, external loop recorders (ELRs), mobile cardiac 
outpatient telemetry (MCOT) devices, and implantable loop recorders (ILRs).1 

1.1 Ambulatory Holter Monitors 
Ambulatory Holter monitors typically have three to eight leads connected to a patient’s chest, 
and a small monitor that is carried in a pouch around the neck or waist.19 Data from the 
monitor’s continuous recording are stored, and then transmitted via the Internet. Patients are 
also able to mark symptomatic events.19 Holter monitors can record up to 72 hours, depending 
upon the particular device. 
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1.2 External Loop Recorders 
These recorders use chest electrodes or a wristband to continuously monitor cardiac activity. 
The device can be set to recognize a certain heart rate range and the recorder is activated by 
changes in the rate. The recorder can also be activated by a hand-held activator when the 
patient perceives symptoms of an arrhythmic event.20 The devices can be worn for up to 
30 days, but most are only capable of storing approximately 10 minutes of activity. The data are 
transmitted to the physician or data centre via telephone.19 

1.3 Implantable Loop Recorders 
ILRs operate similarly to ELRs, but are implanted subcutaneously, through a small incision.20 
They automatically record cardiac arrhythmias or can be patient-activated. The devices can 
remain implanted for about three years and are removed afterward. Storage capacity is up to 50 
minutes.19 

1.4 Mobile Cardiac Outpatient Telemetry 
MCOT devices use three or four electrodes to monitor cardiac activity. The data are sent to the 
patient’s cellphone, then sent in real time to a data centre.21 The sensor can store from six 
hours to 30 days of data and the device is worn for up to 30 days.21 
 
Outpatient monitoring has challenges. Some devices are bulky and uncomfortable, hampering 
patient compliance.22 Certain devices (event recorders) record only symptomatic events and 
may not accurately detect asymptomatic AF.22 Implantable devices require assistant hardware 
and medical procedures associated with significant costs.23 Patients may not be willing to carry 
a device with chest electrodes while performing daily activities, or may not be willing to undergo 
an invasive procedure for the implantation of a monitoring device. The relevance of information 
from cardiac monitoring devices for predicting stroke is debated24 and, thus, guidance on 
monitoring sporadic AF may be necessary. 
 
Patient selection for ambulatory AF monitoring may not be driven solely by the occurrence of a 
first unexplained stroke. In addition, vascular disease history (i.e., the CHA2DS2-VASc score, a 
score that calculates the stroke risk for patients with AF), and prognostic factors — such as 
congestive heart failure, hypertension, age, diabetes, and prior stroke, or TIA — can be used to 
identify patients at high risk of recurrence. 
 
Dussault et al.2 conducted a systematic review and meta-analyses to determine whether the 
duration of ECG monitoring following an ischemic event is related to the detection of AF. The 
authors concluded that longer duration of ECG monitoring after cryptogenic stroke (i.e., ESUS) 
was associated with greater detection of AF. Kishore et al.25 performed a systematic review and 
meta-analyses to determine the frequency of newly detected AF using non-invasive or invasive 
cardiac monitoring after ischemic stroke or TIA, and concluded that the detection of AF was 
highly variable. Sposato et al.3 also conducted a systematic review and meta-analyses to 
estimate the proportion of patients newly diagnosed with AF after cardiac monitoring following 
stroke or TIA. The proportion of patients diagnosed with post-stroke AF was 7.7% with 
emergency room monitoring (admission ECG), 5.1% with in-hospital monitoring (e.g., serial 
ECG, continuous in-patient ECG monitoring, continuous in-patient cardiac telemetry, and in-
hospital Holter monitoring), 10.7% with ambulatory Holter monitoring, 15.3% with MCOT 
devices, 16.2% with ELRs, and 16.9% with ILRs. The reviews indicated that more research is 
needed to clarify issues with heterogeneity stemming from variations in sample sizes, duration 
of monitoring, definitions of AF, limited reporting of baseline characteristics — including the 
number and duration of previous evaluations — and the timing of monitoring.2,3,25 
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2. Objectives 

The aim of this health technology assessment (HTA) is to inform decision-making about the 
appropriate use of outpatient cardiac monitoring devices in patients who have experienced a 
stroke and/or TIA. Issues such as determining whether hospitals should adopt a policy of 
discharging stroke patients with outpatient cardiac monitoring devices, and determining which 
patients should be discharged with these devices, are in need of evidence-based support. This 
HTA addresses these issues by evaluating the clinical effectiveness and cost-effectiveness of 
cardiac monitoring devices in outpatient stroke and/or TIA patients. This HTA also identifies 
patient perspectives regarding the value and impact of outpatient cardiac monitoring devices for 
AF monitoring on their health, health care, and quality of life. A policy framework of this HTA can 
be found in Appendix 1.  

2.1 Research Questions 
1. What is the clinical effectiveness of outpatient cardiac monitoring devices for AF monitoring 

in discharged stroke and/or TIA patients: 

 compared with each other 

 compared with no monitoring? 
 
2. What is the cost-effectiveness of outpatient cardiac monitoring devices for AF monitoring in 

discharged stroke and/or TIA patients: 

 compared with each other 

 compared with no monitoring? 
 
3. What are the perspectives and experiences of adults and their caregivers who have made a 

decision regarding the use of outpatient cardiac monitoring devices regarding the value and 
impact of these devices for atrial fibrillation monitoring on their health, health care, and 
quality of life? 

2.2 Supplementary Questions 
 What are the ethical, legal, and social implications associated with outpatient cardiac 

devices for AF monitoring? 

 What are the implementation considerations — such as technical requirements, staffing, 
training, and accreditation — for outpatient cardiac monitoring devices for AF monitoring? 
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3. Clinical Review 

3.1 Methods 
A systematic review of the literature on the clinical effectiveness of outpatient cardiac monitoring 
devices for AF monitoring in discharged stroke and/or TIA patients was conducted. A protocol 
for this clinical review was written a priori and followed throughout the review process. 
 

3.1.1 Literature searches 

The literature search was performed by an information specialist using a search strategy peer-
reviewed according to the PRESS checklist — an evidence-based checklist for the peer review 
of electronic search strategies.26 Published literature was identified by searching the following 
bibliographic databases: MEDLINE (1946–) with in-process records and daily updates via Ovid, 
Embase (1974–) via Ovid, and The Cochrane Library via Ovid. A limited PubMed search was 
performed to capture records not indexed in MEDLINE. The search strategy comprised both 
controlled vocabulary, such as the National Library of Medicine’s MeSH (Medical Subject 
Headings), and keywords. The main search concepts included cardiac monitoring devices, 
stroke, transient ischemic attack, and atrial fibrillation. See Appendix 2 for the detailed search 
strategy. 
 
No methodological filters were applied to limit retrieval by study design. Retrieval was not limited 
by publication year but was limited to the English language. Conference abstracts were 
excluded from the search results. Regular alerts were established to update the search until the 
publication of the final report. Regular search updates were performed on databases that do not 
provide alert services. 
 
Grey literature (literature that is not commercially published) was identified by searching the 
Grey Matters checklist (https://www.cadth.ca/resources/finding-evidence/grey-matters-practical-
search-tool-evidence-based-medicine), which includes the websites of clinical trial registries, 
regulatory agencies, HTA agencies, clinical guideline repositories, and professional 
associations. Google and other Internet search engines were used to search for additional Web-
based materials. These searches were supplemented by reviewing the bibliographies of key 
papers and through contacts with appropriate experts and industry. See Appendix 2 for more 
information on the grey literature search strategy. 
 

3.1.2 Selection criteria 

The eligibility criteria for Question 1 are reported in Table 1. 
 

Inclusion criteria 

Studies suitable for inclusion were selected from those identified through the literature search, 
using the criteria listed below. 
 

https://www.cadth.ca/resources/finding-evidence/grey-matters-practical-search-tool-evidence-based-medicine
https://www.cadth.ca/resources/finding-evidence/grey-matters-practical-search-tool-evidence-based-medicine
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Table 1: Inclusion Criteria Clinical Review 

Population Adult stroke patients (aged 18 years or older) or patients with clearly documented TIA  

Intervention 

 Outpatient ECG monitoring for a minimum of 24 hours following discharge with one or 
more of the following devices: 

 Ambulatory Holter monitor 

 ELR 

 MCOT 

 ILR 

Comparator 
 Other individual or series of outpatient cardiac monitoring devices 

 No outpatient monitoring 

 No comparator 

Outcome 

Benefits and risks of AF monitoring, such as: 

 Proportion of patients diagnosed with AF
a
 post-stroke or TIA 

 Time to detection of AF
a
 post-stroke or TIA 

 Stroke recurrence 

 All-cause mortality 

 Stroke mortality 

Study Design 
 Randomized controlled trials 

 Non-randomized studies (non-randomized controlled trials, quasi-experimental studies, 
controlled before–after studies, cohort studies, case-control studies) 

AF = atrial fibrillation; ECG = electrocardiogram; ELR = external loop recorder; ILR = implantable loop recorder; MCOT = mobile 
cardiac outpatient telemetry; TIA = transient ischemic attack. 
a
 Defined as any AF event, regardless of duration. 

 

Exclusion criteria 

Studies were excluded if they did not meet the selection criteria outlined in Table 1 or if 
preliminary results were reported only in abstract form. Studies that used only in-patient cardiac 
monitoring devices were excluded. Multiple publications of the same trial were excluded unless 
they provided additional information on the outcomes of interest. If additional information was 
provided and fulfilled the inclusion criteria, the publications were considered companion reports; 
however, they were used for supplementary material and are reported in the study flow diagram. 
Narrative reviews, case series, case reports, theses and dissertations, book chapters, letters to 
the editor, and editorials were excluded. Studies were excluded if they were not published in 
English. 
 

3.1.3 Selection method 

Two reviewers independently screened the titles and abstracts for relevance using a predefined 
checklist (Appendix 3: Full Text Screening Checklist). Any discrepancies between reviewers 
were discussed until consensus was reached. Full texts of relevant titles and abstracts were 
retrieved, and assessed for inclusion. Two independent reviewers, using explicit predetermined 
criteria (Appendix 4: Data Abstraction Form), made inclusion and exclusion decisions. Any 
discrepancies between reviewers were resolved by discussion, consulting a third reviewer 
when necessary. 
 

3.1.4 Quality assessment and data extraction 

One reviewer independently assessed the quality of each study, which was subsequently 
verified by a second reviewer. Disagreements were resolved through discussion. The 
Cochrane Risk of Bias Tool27 was used for the assessment of RCTs. For the assessment of 
the methodological quality of non-randomized studies, other criteria suggested by the Cochrane 
Handbook for Systematic Reviews of Interventions were also considered, such as sample size 
and adequate control of confounding.28 The quality assessment was performed at the study 
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level. No numerical scores were calculated; instead, a narrative description of the strengths and 
limitations of each included study, based on pre-specified methodological criteria, is presented. 
 
From each eligible article, both descriptive data and results were extracted by one reviewer. The 
extraction was subsequently verified by a second reviewer. Data extraction forms for the clinical 
review were designed a priori to document and tabulate relevant study and patient characteristics, 
and study results. Data from figures were not used if they were not explicitly labelled. 
 

3.1.5 Data analysis methods 

Separate narrative analyses were performed by type of outpatient cardiac monitoring device, as 
classified in Sposato et al.3 (i.e., ambulatory Holter monitor, ELR, MCOT, ILR). The primary 
outcome was proportion of patients diagnosed with AF post-stroke or TIA, as reported in each 
individual study (Appendix 7). The narrative analysis consisted of organizing outcome data, by 
device type, in individual tables alongside study characteristics with a plausible association with 
the outcome, to explore patterns. Where possible, an exploration was done of how individual 
study characteristics related to the size of the observed effect across studies. 
 
Before conducting the narrative analyses, meta-analyses were attempted for the primary 
outcome using R software, version 3.2.2,29 with the metaphor package30 to derive pooled 
estimates (results not shown). A random effects model using restricted maximum-likelihood 

estimator to estimate 2 was fitted, given the heterogeneity across studies with regard to study 
populations, diagnostic technologies, timing of monitoring and sequences of screening methods, 
and definitions of AF.31 Fixed effects models using inverse-variance weighting were performed 
for comparison. Model fit was assessed using Bayesian information criterion. 
 
Between-study heterogeneity was assessed using the I² test, with I² ≥ 70% indicating 
considerable heterogeneity across trials, as suggested by the Cochrane Handbook for 
Systematic Reviews of Interventions.32 Cochrane’s Q test statistic — based on chi-squared, 
where I2 = (Q-degrees of freedom)/Q — was used to test for the presence of heterogeneity 
based on a level of significance of 10%. Given the considerable observed statistical 
heterogeneity across all analyses by device type, meta-regression analyses were conducted to 
explore primary sources of heterogeneity. Covariates of mean age, sex, and duration of 
monitoring were included. Furthermore, outlier and influential studies were assessed by 
repeatedly fitting the studies, leaving one study out at a time to determine its impact on the 
effect sizes. When required, medians and interquartile ranges for covariate means were 
converted to means and standard deviations, only when the sample size was greater than 
50 patients,33 using methods by Wan et al. 2014,34 and assuming a normal distribution. Based 
on this exploration of reasons for the observed heterogeneity, including discussions with clinical 
experts, the included studies were deemed too heterogeneous to pool using meta-analysis. 
 
Narrative subgroup analyses were performed for patients with ESUS, as reported in each 
individual study. While there are differences between the terms “ESUS” and “cryptogenic”, for 
the purpose of this report, the term “ESUS” refers to cryptogenic patients, given that it is a more 
clinically useful and positively defined construct.18 Sensitivity analyses were performed by the 
type of ambulatory Holter monitor (24 hours and 72 hours) and AF events with a duration of 
30 seconds or greater, versus events lasting less than 30 seconds. 
 
With limited data, pooled analyses for secondary outcomes such as time to detection of AF 
post-stroke or TIA, stroke recurrence, all-cause mortality, and stroke mortality were not possible. 
Data for secondary outcomes are presented descriptively (Appendix 7: Detailed Outcome Data). 
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A post-hoc analysis was performed for studies that compared the combination of in-hospital 
ECG monitoring plus outpatient cardiac monitoring with each other or with no monitoring. Absolute 
differences and 95% confidence intervals (CIs) for proportion of patients diagnosed with AF post-
stroke or TIA were calculated for each study (Table 6). Due to considerable heterogeneity across 
studies, results are presented in tables accompanied by a narrative synthesis. 

3.2 Results 
3.2.1 Selection of primary studies 

A total of 1,236 potential citations were identified by the systematic search, with 1,141 citations 
being excluded during the title and abstract review, based on irrelevance to the questions of 
interest. The full-text documents of the remaining 95 articles were retrieved. Of these 95 articles, 
58 did not meet the eligibility criteria and were excluded. Two studies were added from alert 
updates of the search. Thirty-nine publications, consisting of 36 original studies and three 
companion reports, met the inclusion criteria and were included in this review. Appendix 5 
shows the PRISMA flow chart of the process used to identify and select studies for the review 
and the main reasons for exclusion. The list of the excluded studies and the reasons for 
exclusion are provided in Appendix 9.  
 

3.2.2 Study characteristics 

Quantity of research available 

Thirty-six studies5-11,17,35-62 and three companion reports63-65 are included in this systematic 
review. Comprehensive tables of study and patient characteristics are provided in Appendix 6.  
 

Study design 

Four studies were RCTs,5-7,46 22 studies were single-arm prospective cohort studies,8-11,36,38-

44,47,49-52,55,57-59,62 and 10 studies were retrospective cohorts.17,35,37,45,48,53,54,56,60,61 
 

Country and year of publications 

Eleven studies were conducted in the US,17,37,39,41,43,45,46,48,50,54,60 three in France,36,40,58 four in 
Germany,42,49,51,52 two in Canada,5,35 two in Italy,11,47 two in the UK,6,38 two in Switzerland,10,57 
one each in Sweden,9 Portugal,44 Pakistan,53 Australia,55 Belgium,56 Japan,59 Czech Republic,62 
Spain,61 and Denmark,8 and one study was conducted in Europe, Canada, and the US.7 
 

Patient population 

All studies included patients with ischemic stroke, but some included only patients with 
ESUS,12,43,55,62 and many also included patients with TIA.5-7,17,35-37,39,41,44,46-48,54,61 Most studies 
enrolled patients of any age, with a few limiting enrolment to specific age groups: for studies of 
ELRs, one study included patients older than 55 years,5 one study was limited to patients aged 
50 years or younger,62 and one study was limited to those younger than 60 years; and one ILR 
study limited the patient population to 40 years or older.7 General comorbidities were well reported 
in most studies, but a majority of studies did not include information on left atrial enlargement or 
CHA2DS2-VASC score; nine studies reported left atrial enlargement,9,10,41,44,49,54,55,58,66 and 
14 studies reported on CHADS2 or CHA2DS2-VASC scores.5,7-9,11,17,38,45,48-51,55,61 Study 
enrolment ranged from 20 patients55 to 1,247 patients.60 
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Duration of atrial fibrillation 

The duration of AF that was accepted as a positive result varied greatly by study: less than 
30 seconds,40 greater than or equal to 30 seconds,7,36,39,44,51,55,59,61,62 greater than or equal to 
10 seconds,9 greater than or equal to one minute,52 greater than or equal to two minutes,8,38,49,60 
greater than or equal to five minutes,11 greater than or equal to six minutes,42 and AF of any 
duration.47,50 Several studies reported both less than 30 seconds and greater than or equal to 
30 seconds;17,35,48,54,58 one study reported on greater than or equal to 30 seconds, greater than 
2.5 minutes, and any duration;5 one reported on both less than and greater than or equal to 
20 seconds;6 one reported on both greater than or equal to five seconds and greater than or 
equal to 30 seconds;43 and five studies did not report the length of AF accepted as a positive 
result.10,41,53,56,57 Below, additional study characteristics are categorized by device (Appendix 6). 
 

Ambulatory Holter 

Ten studies were included for ambulatory Holters.9,35,39,44,47,52,53,55,56,59 None of the studies were 
RCTs, seven studies were single-arm prospective cohort studies,9,39,44,47,52,55,59 and three were 
retrospective cohorts.35,53,56 Five studies reported receiving no industry funding and had no 
author conflicts of interest,39,44,53,55,59 one study reported both receiving funding from industry 
and potential author conflicts of interest,9 and four did not report fully on funding or author 
conflicts of interest.35,47,52,56 Duration of patient monitoring in the studies ranged from one day 
to seven days. Two studies included only patients with ESUS or TIA,47,55 and two studies also 
provided outcome data for a subgroup of patients with ESUS.39,44 
 
An additional three studies provided data on both ambulatory Holter and another device.5,6,51 
These studies are also described under the appropriate device headings below. Regarding 
these three studies, two were RCTs5,6 and one was a prospective cohort study.51 One study 
reported receipt of industry funding,6 and two did not report fully on funding;5,51 two studies 
reported potential author conflicts of interest5,6 and one reported that there were no author 
conflicts.51 Duration of monitoring for the ambulatory Holter was one day for two studies5,6 and 
seven days for the third study.51 Two studies included only patients with ESUS or TIA,5,51 and 
the third study included ischemic stroke or TIA patients.6 While an additional study61 included 
monitoring some patients with one-day or seven-day Holter, or with an ILR, insufficient data on the 
proportion of patients diagnosed with AF were provided to distinguish between the in-hospital and 
outpatient setting for patients monitored with Holter. Therefore, ILR results for this study are 
described below; however, the ambulatory Holter results are not presented in this report. 
 

Mobile cardiac outpatient telemetry 

Seven studies were included for MCOT.17,37,45,46,48,50,54 One study was an RCT,46 one was a 
single-arm prospective cohort study,50 and five studies were retrospective cohorts.17,37,45,48,54 
Four studies reported receiving no industry funding,45,46,48,54 one study received industry 
funding,50 two did not report funding sources,17,37 three studies had no author conflicts of 
interest,37,48,54 two reported potential author conflicts of interest,17,45 and two did not report 
author conflict of interest.46,50 Median duration of patient monitoring was 21 days in five 
studies,37,46,48,50,54 28 days in one study,17 and 30 days in one study.45 All studies consisted 
of patients with ischemic stroke, and five of the studies included only patients with ESUS 
or TIA.17,37,46,48,54 
 

External loop recorder 

Nine studies were included for ELRs.5,6,10,36,41,43,57,58,62 Two studies were RCTs,5,6 seven studies 
were prospective cohort,10,36,41,43,57,58,62 and none were retrospective. Three studies reported 
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receiving no industry funding and had no author conflicts of interest,43,57,62 two studies received 
industry funding,6,58 three reported potential author conflicts of interest,5,6,10 four studies did not 
provide full information on funding,5,10,36,41 and two did not report author conflicts of interest.36,41 
There was a wide range of patient monitoring duration, from three to 30 days. All studies 
consisted of patients with ischemic stroke, and four studies included only patients with ESUS 
or TIA.5,41,43,62 
 

Implantable loop recorder 

Ten studies were included for ILRs.7,8,11,38,40,42,49,51,60,61 One study was an RCT,7 seven studies 
were prospective cohorts,8,11,38,40,42,49,51 and two studies were retrospective cohorts.60,61 Four 
studies reported receiving no industry funding,38,42,49,61 three studies reported they had 
received industry funding,7,8,60 three studies did not report funding sources,11,40,51 and five 
studies reported potential author conflicts of interest.7,8,38,49,60 Mean or median duration of 
patient monitoring with ILRs ranged from 90 days to 569 days. One study included patients 
with ischemic stroke or TIA,61 while the remaining included only patients with ESUS or TIA. 
 

3.2.3 Critical appraisal of individual studies 

Appendix 8: Critical Appraisal, Table 27 summarizes the results of the Cochrane Risk of Bias 
Tool assessments. In the four RCTs,5-7,46 studies had a low risk of selection bias with regard to 
random sequence generation, but there was a high risk of selection bias with regard to 
allocation concealment in three RCTs6,7,46 and an uncertain risk of bias in one RCT.5 There was 
a low risk in Gladstone et al.,5 a high risk in Kamel et al.,46 and uncertain risk in two RCTs6,7 for 
detection bias (blinding of outcome assessors). In all studies (both cohort and RCTs), 
performance bias is a potential concern, as blinding of participants and personnel was not 
possible, given the nature of the monitoring interventions. In all four RCTs,5-7,46 there was a low 
risk of attrition (incomplete outcome data) and reporting (selective reporting) biases. Two 
RCTs6,46 did not receive industry funding, Sanna et al.7 received funding from industry, and the 
source of funding was unclear in Gladstone.5 Two RCTs6,46 were not adequately powered to 
detect meaningful differences, a limitation noted by the authors of both studies. Patient 
adherence to the monitoring devices was poor (64%) in one of the RCTs.46 In Sanna,7 not all 
patients in the control arm received the same follow-up monitoring as in the intervention group. 
Furthermore, in Gladstone,5 the time from index event to monitoring was inconsistent and the 
generalizability of findings is questionable, as the population was limited to patients aged 
55 years or older. 
 
Without a control group, the critical appraisal of the remaining 32 cohort studies is challenging. 
The nature of the non-randomized study designs presents the possibility of selection bias and 
potential confounding. Eight studies11,17,35,49,50,57,60,62 had a low risk and 24 studies8-10,36-45,47,48,51-

56,58,59,61 had an unclear risk of detection bias. Twenty studies17,35,37,38,41,42,44,45,47-54,58,60-62 had a 
low risk, one study56 had an unclear risk, and 11 studies8-11,36,39,40,43,55,57,59 had a high risk of 
attrition bias. Fifteen studies9,11,38,39,43,44,49,50,55,57-62 had a low risk and 17 studies8,10,17,35-37,40-

42,45,47,48,51-54,56 had an unclear risk of reporting bias. Other potential issues related to study 
quality were identified. For instance, 13 studies9,38,39,45,47-49,53,55,57,59,61,62 did not receive industry 
funding, five8,10,50,58,60 received funding from industry, and the source of funding was unclear in 
the remaining 14 studies.11,17,35-37,40-44,51,52,54,56 Twenty studies6,8,11,36-38,40-42,45,46,50-52,54,55,58,59,61,62 
were likely not adequately powered to detect meaningful differences, as the number of patients 
who completed monitoring ranged between 20 and 95. The time from index event to monitoring 
was inconsistent in nine studies,8,11,35,38,40,45,47,48,51 and not reported in one study.61 Patient 
adherence to the monitoring devices was poor (70% and 40%) in two studies.51,55 The 
generalizability of findings is questionable in three studies,50,58,62 as they consisted of specific 
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populations. Specifically, the patient population was limited to patients aged 65 years or older in 
Rabinstein et al.,50 patients aged 50 years or younger with cryptogenic stroke in Sanak et al.,62 
and patients aged 60 years or younger in Yayehd et al.58 In Dion et al.,40 the investigators 
prematurely stopped patient inclusions due to negative results. In Doliwa et al.,9 the age criteria 
changed halfway through the trial due to an initial overrepresentation of patients younger than 
65 years. In Ziegler et al.,60 there is limited information on the time point when devices were 
inserted, and incomplete information presented on patient characteristics. 
 

3.2.4 Primary outcome 

In an attempt to meta-analyze data related to the primary outcome, statistical between-study 
heterogeneity based on the I² test ranged between 82.0% (ELR studies) and 95.4% (ambulatory 
Holter studies). All Cochrane Q tests were statistically significant. Reasons for this substantial 
heterogeneity were explored through meta-regression analyses with mean age, sex, and 
duration of monitoring as covariates, which did not produce any appreciable reduction in 
heterogeneity (results not shown). 
 
Similarly, in an attempt to meta-analyze data from the ESUS subgroup, statistical between-study 
heterogeneity based on the I² test ranged between 61.3% (ELR studies) and 91.8% (ambulatory 
Holter studies). In the sensitivity analyses, between-study heterogeneity based on the I² test 
was 93.0% for studies using a 24-hour Holter and 88.6% for studies using Holters for more than 
24 hours. Only two studies used a 72-hour Holter; therefore, pooled results are not presented. 
Between-study heterogeneity was 75.7% and 75.0% for studies that used MCOT and defined 
AF as an event lasting longer than 30 seconds and an event lasting less than 30 seconds, 
respectively. 
 
Given the considerable amount of statistical and clinical heterogeneity (i.e., differences in 
patient populations, AF definitions used, and monitoring durations), it is not appropriate to 
present pooled estimates. Instead a narrative synthesis was conducted, presenting results by 
outcome in tables, alongside relevant study characteristics that clinically or methodologically 
could contribute to the variation in reported results. 
 

Ambulatory Holter 

A summary of the proportion of patients diagnosed with AF post-stroke or TIA with ambulatory 
Holters is presented in Appendix 7:  and results stratified by ESUS population and AF definition 
in Table 2. In 13 studies using ambulatory Holters,5,6,9,35,39,44,47,51-53,55,56,59 the proportion of 
patients diagnosed with AF post-stroke or TIA ranged between 1.7% and 27.3%. Among these 
studies, the mean ages ranged between 59.7 and 73.2 years, while the proportion of males 
ranged between 43.6% and 70.0% (Table 2). With the exception of one study,51 diagnostic yield 
generally increased when monitoring for greater than one day. There was no pattern observed 
between diagnostic yield and mean age and sex of study participants (Table 2). 
 
Seven cohort studies9,35,44,47,53,56,59 and one RCT6 reported results for populations consisting of 
ischemic stroke, ESUS, and TIA patients. In two studies44,59 that defined AF as an event lasting 
30 seconds or longer, the proportion of patients diagnosed with AF ranged between 25.0% and 
27.3%. In the four studies that defined AF as an event lasting less than 30 seconds,6,9,35,47 the 
proportion of patients diagnosed with AF ranged between 2.0% and 25.4%. In two studies53,56 
that did not define AF, the proportion of patients diagnosed with AF ranged between 2.4% and 
5.1% (Table 2). 
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Six cohort studies39,44,51-53,55 and one RCT5 reported results for ESUS or TIA patients 
exclusively. In six studies5,39,44,51,52,55 that defined AF as an event lasting 30 seconds or longer, 
the proportion of patients diagnosed with AF ranged between 1.7% and 26.5%. AF was defined 
as an event lasting less than 30 seconds in one study,5 which reported that the proportion of 
patients diagnosed with AF was 4.7%. In one study53 that did not define AF, the proportion of 
patients diagnosed with AF was 4.0% (Table 2). 
 
Table 2: Proportion of Patients Diagnosed With AF Post-Stroke or TIA 
With Ambulatory Holter 

First Author, Year of Publication; 
Study Design 

Proportion of 
Patients Diagnosed 
With AF 

Duration of 
Monitoring  

Overall Study Population 

Age (Years) 
Mean, SD  

Males  
(%) 

All Patients (IS, ESUS, or TIA) 

AF Definition < 30 s 

Alhadramy, 2010;
35

 
retrospective cohort 

39/426 (9.2%) 1 day 65.0 ± 14.8 50.0% 

Doliwa Sobocinski, 2012;
9
 

Prospective cohort 
5/290 (2.0%) 1 day 

Median 72 
(range 39 to 91) 

57.0% 

Higgins, 2013;
6,a

 
RCT 

4/50 (8.0%) 1 day 64.6 ± 13.3 64.0% 

Manina, 2014;
47

 
prospective cohort 

29/114 (25.4%) 4 days 63.1 ± 15.1 NR 

AF Definition ≥ 30 s 

Fonseca, 2014;
44

 
prospective cohort 

72/264 (27.3%) Up to 3 days 63.8 ± 12.2 55.7% 

Yodogawa, 2013;
59

 
prospective cohort 

17/68 (25.0%) 3 days 70.3 ± 9.8 54.4% 

AF not Defined 

Shafqat, 2004;
53

 
retrospective cohort 

5/210 (2.4%) 1 day 66.8 ± 15.3 43.6% 

Vandenbroucke, 2004;
56

 
retrospective cohort 

7/136 (5.1%) 1 day NR NR 

ESUS Population Only 

AF Definition < 30 s 

Gladstone, 2014;
5,a

 
RCT 

13/277 (4.7%) 1 day 73.2 ± 8.8 56.1% 

AF Definition ≥ 30 s 

Dangayach, 2011;
39

 
prospective cohort 

13/49 (26.5%) NR 63.2 ± 15.8 56.7% 

Fonseca, 2014;
44

 
prospective cohort 

17/80 (21.3%) Up to 3 days 63.8 ± 12.2 55.7% 

Gladstone, 2014;
5,a

 
RCT 

7/277 (2.5%) 1 day 73.2 ± 8.8 56.1% 

Ritter, 2013;
51,b

 
prospective cohort 

1/60 (1.7%) 7 days 
Median 63 
(IQR 48.5 to 72) 

57.0% 

Schuchert, 1999;
52

 
prospective cohort 

5/82 (6.1%) 3 days 59.7 57.0% 

Tu, 2014;
55

 
prospective cohort 

1/20 (5.0%) 28 days 
Median 66.0 
(IQR 61.5 to 74.3) 

70.0% 

AF not Defined 

Shafqat, 2004;
53

 
retrospective cohort 

4/101 (4.0%) 1 day 66.8 ± 15.3 43.6% 

AF = atrial fibrillation; ESUS = embolic stroke of undetermined source; IQR = interquartile range; IS = ischemic stroke; 
NR = not reported; RCT = randomized controlled trial; s = seconds; SD = standard deviation; TIA = transient ischemic attack. 
a
 Study arms presented under each device compared (Ambulatory Holter and ELR). 

b
 Study arms presented under each device compared (Ambulatory Holter and ILR). 
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Mobile cardiac outpatient telemetry 

A summary of the proportion of patients diagnosed with AF post-stroke or TIA with MCOT is 
presented in Appendix 7:  and results stratified by ESUS population and AF definition in Table 3. 
In seven studies using MCOT devices,17,37,45,46,48,50,54 the proportion of patients diagnosed with 
AF post-stroke or TIA ranged between 0% and 24.2%. Among these studies, the mean ages 
ranged between 61.0 and 68.5 years, while the proportion of males ranged between 42.0% and 
61.7% (Table 3). There was no pattern observed between diagnostic yield and duration of 
monitoring, mean age, and sex of study participants (Table 3). 
 
One cohort study50 reported results for populations consisting of ischemic stroke, ESUS, and 
TIA patients. When AF was defined as an event lasting less than 30 seconds, the proportion of 
patients diagnosed with AF was 18.9% (Table 3). 
 
Six cohort studies17,37,45,48,50,54 and one RCT46 reported results for ESUS or TIA patients 
exclusively. In three studies37,45,46 that defined AF as an event lasting 30 seconds or longer, the 
proportion of patients diagnosed with AF ranged between 0% and 24.2%. In four studies17,48,50,54 
that defined AF as an event lasting less than 30 seconds, the proportion of patients diagnosed 
with AF ranged between 13.7% and 24.2% (Table 3). 
 

Table 3: Proportion of Patients Diagnosed With AF Post-Stroke or TIA With MCOT 

First Author, Year of Publication; 
Study Design 

Proportion of Patients 
Diagnosed With AF 

Duration of 
Monitoring  

Overall Study 
Population 

Age in Years 
Mean (SD) 

Males  
(%) 

All Patients (IS, ESUS, or TIA) 

AF definition < 30 s 

Rabinstein, 2013;
50

 
prospective cohort 

25/132 (18.9%) 21 days 66.2 ± 10.8 61.7% 

ESUS Population Only 

AF definition < 30 s 

Favilla, 2015;
17

 
retrospective cohort 

31/227 (13.7%) 28 days 62.9 ± 13.4 42.0% 

Miller, 2013;
48

 
retrospective cohort 

27/156 (17.3%) 
Median 21 days 
(range 1 to 30) 

68.5 ± 11 50.0% 

Rabinstein, 2013;
50

 
prospective cohort 

16/66 (24.2%) 21 days 66.2 ± 10.8 61.7% 

Tayal, 2008;
54

 
retrospective cohort 

13/56 (23.2%) 21 days 66.0 ± 11.0 51.8% 

AF definition ≥ 30 s 

Bhatt, 2011;
37

 
retrospective cohort 

15/62 (24.2%) 
Median 21 days 
(range 2 to 28) 

61.0 ± 14.0 52.0% 

Kalani, 2015;
45

 
retrospective cohort 

4/85 (4.7%) Median 30 days 65.6 ± 14.7 50.6% 

Kamel, 2013;
46

 
RCT 

0/20 (0) 21 days 65.0 ± 15.0 60.0% 

AF = atrial fibrillation; ESUS = embolic stroke of undetermined source; IS = ischemic stroke; MCOT = mobile cardiac outpatient 
telemetry; RCT = randomized controlled trial; s = seconds; SD = standard deviation; TIA = transient ischemic attack. 
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External loop recorder 

A summary of the proportion of patients diagnosed with AF post-stroke or TIA with ELRs is 
presented in Appendix 7:  and results stratified by ESUS population and AF definition in Table 4. 
In nine studies using ELRs,5,6,10,36,41,43,57,58,62 the proportion of patients diagnosed with AF post-
stroke or TIA ranged between 1.8% and 20.0%. Among these studies, the mean ages ranged 
from 48.0 to 68.0 years, while the proportion of males ranged between 40.0% and 68.0%. 
Diagnostic yield generally increased in studies with a greater mean age. There was no pattern 
observed between diagnostic yield and duration of monitoring and sex of study participants 
(Table 4). 
 
Four cohort studies10,36,57,58 and one RCT6 reported results for populations consisting of 
ischemic stroke, ESUS, and TIA patients. In two studies36,58 that defined AF as an event lasting 
30 seconds or longer, the proportion of patients diagnosed with AF ranged between 1.8% and 
20.0%. In two studies6,58 that defined AF as an event lasting less than 30 seconds in two 
studies, the proportion of patients diagnosed with AF ranged between 1.8% and 16.0%. In two 
studies10,57 that did not define AF, the proportion of patients diagnosed with AF ranged between 
5.7 and 14.2% (Table 4). 
 
Five cohort studies36,41,43,58,62 and one RCT5 reported results for ESUS or TIA patients 
exclusively. In five studies5,36,43,58,62 that defined AF as an event lasting 30 seconds or longer, 
the proportion of patients diagnosed with AF ranged between 2.6% and 15.7%. In one study58 
that defined AF as an event lasting less than 30 seconds, the proportion of patients diagnosed 
with AF was 2.6%. In one study41 that did not define AF,41 the proportion of patients diagnosed 
with AF was 19.0% (Table 4). 
 
Table 4: Proportion of Patients Diagnosed With AF Post-Stroke or TIA With ELR 

First Author, Year of 
Publication; Study Design 

Proportion of Patients 
Diagnosed With AF 

Duration of 
Monitoring  

Overall Study Population 

Age in Years 
Mean (SD) 

Males 
(%) 

All Patients (IS, ESUS, or TIA) 

AF definition < 30 s 

Higgins, 2013;
6, a 

RCT 
8/50 (16.0%) 7 days 67.1 ± 11.1 48.0% 

Yayehd, 2015;
58

 
prospective cohort 

1/56 (1.8%) 21 days 48.0 ± 9.0 62.0% 

AF definition ≥ 30 s 

Barthelemy, 2003;
36

 
prospective cohort 

12/60 (20.0%) 3 days 64.0 ± 14.0 55.0% 

Yayehd, 2015;
58

 
prospective cohort 

1/56 (1.8%) 21 days 48.0 ± 9.0 62.0% 

AF not defined 

Jabaudon, 2004;
10

 
prospective cohort 

5/88 (5.7%) 7 days 66.9 (range 37 to 93) 68.0% 

Wallmann, 2007;
57

 
prospective cohort 

18/127 (14.2%) 21 days 61.5 ± 14.0 61.4% 

ESUS Population Only 

AF definition < 30 s 

Yayehd, 2015;
58

 
prospective cohort 

1/39 (2.6%) 21 days 48.0 ± 9.0 62.0% 

AF definition ≥ 30 s 

Barthelemy, 2003;
36

 
prospective cohort 

4/28 (14.3%) 3 days 64.0 ± 14.0 55.0% 

Flint, 2012;
43

 
Prospective cohort 

26/236 (11.0%) Median 28 days 
(IQR 20 to 30) 

64.6 ± 13.8 60.5% 
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First Author, Year of 
Publication; Study Design 

Proportion of Patients 
Diagnosed With AF 

Duration of 
Monitoring  

Overall Study Population 

Age in Years 
Mean (SD) 

Males 
(%) 

Gladstone, 2014;
5, a 

RCT 
44/284 (15.7%) 30 days 72.5 ± 8.5 53.8% 

Sanak, 2015;
62

 
prospective cohort 

7/95 (7.4%) 21 days 39.1 ± 8.2 52.0% 

Yayehd, 2015;
58

 
prospective cohort 

1/39 (2.6%) 21 days 48.0 ± 9 62.0% 

AF not defined 

Elijovich, 2009;
41

 
prospective cohort 

4/21 (19.0%) 30 days 68.0 ± 15.0 40.0% 

AF = atrial fibrillation; ELR = external loop recorder; ESUS = embolic stroke of undetermined source; IQR = interquartile range; IS = 
ischemic stroke; RCT = randomized controlled trial; s = seconds; SD = standard deviation; TIA = transient ischemic attack. 
a
 Study arms presented under each device compared (Ambulatory Holter and ELR). 

 

 

Implantable loop recorder 

A summary of the proportion of patients diagnosed with AF post-stroke or TIA with ILRs is 
presented in Appendix 7:  and results stratified by ESUS population and AF definition in Table 5. 
In 10 studies using ILRs,7,8,11,38,40,42,49,51,60,61 the proportion of patients diagnosed with AF post-
stroke or TIA ranged between 4.2% and 46.3%. Among these studies, the mean ages ranged 
between 48.8 and 67.8 years, while the proportion of males ranged between 47.0% and 63.5% 
(Table 5). No pattern was observed between diagnostic yield and duration of monitoring, mean 
age, and sex of study participants (Table 5). 
One cohort study61 reported results for a population consisting of ischemic stroke, ESUS, and 
TIA patients. The study defined AF as an event lasting 30 seconds or longer and the proportion 
of patients diagnosed with AF was 42.1% (Table 5). 
Eight cohort studies8,11,38,40,42,49,51,60 and one RCT7 reported results for ESUS or TIA patients 
exclusively. In eight studies7,8,11,38,42,49,51,60 that defined AF as an event lasting 30 seconds or 
longer, the proportion of patients diagnosed with AF ranged between 8.6% and 46.3%. In one 
study40 that defined AF as an event lasting less than 30 seconds, the proportion of patients 
diagnosed with AF was 4.2%. 
 
Table 5: Proportion of Patients Diagnosed With AF Post-Stroke or TIA With ILR 

First Author, Year of Publication; 
Study Design 

Proportion of 
Patients Diagnosed 
With AF 

Duration of 
Monitoring  

Overall Study Population 

Age in Years 
Mean (SD) 

Males 
(%) 

All Patients (IS, ESUS, or TIA) 

AF definition ≥ 30 s 

Giralt-Steinhauer, 2015;
61

 
retrospective cohort 

 8/19 (42.1%) 
Up to 90 days 
(3 months) 

NR 58.9% 

ESUS Population Only 

AF definition < 30 s 

Dion, 2010;
40

 
prospective cohort 

1/24 (4.2%) 425 days 48.8 ± 13.6 62.5% 

AF definition ≥ 30 s 

Christensen, 2014;
8
 

prospective cohort 
14/85 (16.5%) 569 days  56.7 (NR) 55.2% 

Cotter, 2013;
38

 
prospective cohort 

13/51 (25.5%) 
229 days (in patients 
without AF) 

51.5 ± 13.9 54.9% 

Etgen, 2013;
42

 
prospective cohort 

6/22 (27.3%) 365 days 61.6 (NR) 50.0% 
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First Author, Year of Publication; 
Study Design 

Proportion of 
Patients Diagnosed 
With AF 

Duration of 
Monitoring  

Overall Study Population 

Age in Years 
Mean (SD) 

Males 
(%) 

Jorfida, 2014;
11

 
prospective cohort 

25/54 (46.3%) Median 435 days 67.8 ± 9.4 57.4% 

Poli, 2015;
49

 
prospective cohort 

25/74 (33.8%) 
105 days (range 0 to 
361 days) 

66.4 ± 12.5 47.0% 

Ritter, 2013;
51,a

 
prospective cohort 

10/60 (16.7%) No limit 
Median 63 
(IQR 48.5 to 
72) 

57.0% 

Sanna, 2014;
7
 

RCT 
19/221 (8.6%) 180 to 365 days 61.5 ± 11.3 63.5% 

Ziegler, 2015;
60

 
retrospective cohort 

147/1247 (11.8%) 
Median 182 days 
(IQR 182 to 182) 

65.3 ± 13.0 53% 

AF = atrial fibrillation; ESUS = embolic stroke of undetermined source; ILR = implantable loop recorder; IQR = interquartile range; 
IS = ischemic stroke; NR = not reported; RCT = randomized controlled trial; s = seconds; SD = standard deviation; TIA = transient 
ischemic attack. 
a
 Study arms presented under each device compared (Ambulatory Holter and ILR). 

 

Comparison of devices with each other 

Two RCTs5,6 performed a head-to-head comparison between ELRs and ambulatory Holters 
among ESUS patients (Table 6). Both studies were two-armed trials, in which all patients 
underwent initial in-hospital ECG monitoring. In Gladstone et al. (2014),5 the diagnostic yield with 
ELRs was superior, as the absolute mean difference (95% CI) in the proportion of patients 
diagnosed with AF post-stroke or TIA between devices was 13.0% (95% CI, 8.2% to 17.8%). The 
absolute difference in Higgins et al. (2013)6 was not statistically significant at 8% (95% CI, –4.7% 
to 20.7%). Between studies, there were differences in how AF was defined, mean time to 
monitoring, and mean duration of monitoring (Table 6). 
 
Sanna et al. (2014)7 performed a two-armed, head-to-head RCT comparing ILRs with standard 
of care among ESUS patients (Table 6). Standard of care was defined as conventional follow-up 
with additional ECG monitoring beyond 24 hours, per the hospitals’ procedures. Ritter et al. 
(2013)51 performed a single-arm prospective cohort study comparing ILRs with ambulatory 
Holters among ESUS patients (Table 6). All patients underwent initial in-hospital ECG 
monitoring in both studies. In Sanna et al. (2014),7 the diagnostic yield with ILRs was superior, 
as the absolute mean difference (95% CI) between devices was 7.2% (95% CI, 3.1% to 11.2%). 
The absolute difference in Ritter et al. (2013)51 was not statistically significant at 3.3% (95% CI, 
–3.1% to 9.7%). Between studies, there were differences in how AF was defined, mean time to 
monitoring, and mean duration of monitoring (Table 6). 
 

Comparison of devices with no monitoring 

Kamel et al. (2013)46 performed a two-armed, head-to-head RCT comparing MCOT devices 
with no monitoring among ESUS patients (Table 6). All patients underwent initial in-hospital 
ECG monitoring. No patients were diagnosed with AF in either intervention group. 
 

3.2.5 Secondary outcomes 

A summary of secondary outcome findings is presented in Appendix 7: Detailed Outcome Data. 
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Time to detection of atrial fibrillation post-stroke 

The mean time to detection of AF post-stroke or TIA ranged from three days to seven days for 
MCOT devices (two studies), seven days to 117 days for ELRs (four studies), and 48 days to 
162 days for ILRs (six studies). Time to detection of AF post-stroke or TIA was not measured in 
ambulatory Holter monitor studies. It should be noted that both MCOT studies,50,54 one41 of four 
ELR studies, and four38,48,67,68 of seven ILR studies that assessed time to detection of AF post-
stroke or TIA were summarized using medians rather than means. 
 

Stroke recurrence 

Stroke recurrence ranged from 1.8% to 5.0% for ILRs (three studies). One ambulatory Holter 
study39 reported a stroke recurrence rate of 10.2% (5/49). Stroke recurrence was not measured 
in MCOT and ELR studies. 
 

All-cause mortality 

One ambulatory Holter study44 reported an all-cause mortality rate of 1.1% (2/264), while one 
ILR study7 reported a rate of 1.3% (3/221). One ELR study5 reported a stroke mortality rate of 
0.4% (1/284). 
 
Table 6: Comparison of Proportion of Patients Diagnosed With AF Post-Stroke or TIA 

First Author, 
Year of 
Publication; 
Study Design 

Monitoring Device n/N (%) 
Absolute 
Difference 
(95% CI) 

ESUS 
AF 
Definition 

Mean 
Time to 
Monitoring 
(Days) 

Mean 
Monitoring 
Duration 
(days) 

ELR vs. Ambulatory Holter 

Gladstone, 
2014;

5
 

RCT 

Ambulatory Holter 7/277 (2.5) 
13.0% 
(8.2% to 17.8%) 

Yes ≥ 30 s 75.1 

1 

ELR 
44/284 
(15.5) 

30  

Higgins, 2013;
6
 

RCT 

Ambulatory Holter 4/50 (8.0) 8.0% 
(–4.7% to 
20.7%) 

Yes ≥ 20 s NR 
NR 

ELR 8/50 (16.0) 7  

ILR vs. Standard of Care
a
 

Sanna, 2014;
7
 

RCT 

Standard of care
a
 3/220 (1.4) 7.2% 

(3.1% to 
11.2%) 

Yes ≥ 30 s 

NR NR 

ILR 
19/221 
(8.6) 

38.1
b
 180 to 365  

Ritter, 2013;
51

 
prospective 
cohort 

Ambulatory Holter 1/60 (1.7) 
3.3% 
(–3.1% to 

9.7%) 
Yes > 30 s 

Median 
13 days 
(IQR 10 to 
67) 

7
d
 

ILR 3/60 (5.0)
c
 7

d
 

MCOT vs. No Monitoring 

Kamel, 2013;
46

 
RCT 

No monitoring 0/20 (0) 
0 Yes ≥ 30 s 

NR NA 

MCOT 0/20 (0) 22 21  

AF = atrial fibrillation; CI = confidence interval; ECG = electrocardiogram; ERL = external loop recorder; ESUS = embolic stroke of 
unknown source; ILR = implantable loop recorder; MCOT = mobile cardiac outpatient telemetry; NA = not applicable; NR = not 
reported; RCT = randomized controlled trial; TIA = transient ischemic attack; vs. = versus. 
a
 Conventional follow-up with additional ECG monitoring beyond 24 hours per the hospitals’ procedures. 

b
 Mean time to randomization. 

c
 Proportion after 7 days only. 

d
 Median monitoring duration for ILR alone 382 days. Patients were monitored with ambulatory Holter and ILR simultaneously 

for 7 days. 
 

3.2.6 Companion reports 

In addition to the 36 included studies, three companion reports63-65 were retrieved from the 
literature search. Higgins et al.64 is a companion report and 90-day extension study of an included 
RCT in this report by the same authors.6 Following 90 days of ELR monitoring, 49 of the original 
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100 patients underwent an additional seven-day monitoring period. Episodes of AF (defined as 
> 20 seconds) were detected in 14 of 49 patients (28.6%). Seven of the 14 patients were new 
cases, with no AF detection during the follow-up period of the original trial. Thus, with the 
extended period of monitoring, the detection of AF increased from the original study (21.0%). 
Sanak et al. (2015)65 is a companion report and preliminary analysis of Sanak et al. (2015),65 an 
included prospective cohort study in this report by the same authors.62 The preliminary analysis 
by Sanak et al. (2015)65 consisted of 81 of the 95 ESUS patients in the included cohort study.62 
The findings of the preliminary analyses were generally similar to those of the included cohort 
study, as AF was detected with ELR in 4.9% (four of 81) of patients, while the diagnostic yield in 
the included cohort study62 was 7.4% (seven of 95) of patients. Kochhauser et al. (2014)63 is a 
companion report of the prospective cohort study by Ritter et al. (2013)51 included in this report. 
The study population in Kochhauser et al. (2014)63 consisted of 70 ESUS patients, 61 of whom 
were included from Ritter et al. (2013).51 While the purpose of the study by Kochhauser et al. 
(2014)63 (to determine whether supraventricular premature beats and short supraventricular 
runs are associated with AF risk) differed from and was out of scope for this report, both 
measured detection of AF using an ILR. Using mostly the same patient cohort, the findings in 
Kochhauser et al. (2014)63 were generally similar to those of Ritter et al. (2013),51 as AF was 
detected with ILR in 17.1% (12 of 70) of patients, while the diagnostic yield in Ritter et al. 
(2013)51 was 16.4 % (10 of 61) patients. 

3.3 Summary of Results 
Given the role of AF in helping to predict subsequent stroke risk in patients who have 
experienced a stroke or TIA,3,69 detection of AF can help guide treatment decisions. 
Determining how best to detect AF among post-stroke or TIA patients can ultimately 
result in improved patient outcomes and the prevention of recurrent strokes. 
 
The systematic review of the clinical effectiveness literature assessed the proportion of post-
stroke and/or TIA patients diagnosed with AF by four types of outpatient cardiac monitoring 
devices. The true prevalence of AF in patients with a history of stroke or TIA remains uncertain, 
given the absence of a gold-standard monitoring method. Individual study results were 
presented and synthesized narratively. Pooling estimates of the proportion of patients 
diagnosed with AF post-stroke or TIA for each device through meta-analysis was not possible, 
given the considerable amount of statistical and clinical heterogeneity. 
 
Evidence has shown that prolonged surveillance using outpatient monitoring devices following 
patient discharge is able to capture more AF cases than shorter-duration in-hospital cardiac 
monitoring.1-3 This was generally reflected in the findings of this report, as there was a 
substantial increase in diagnostic yield when monitoring for greater than 24 hours. Specifically, 
patients were monitored for the greatest duration with ILRs (ranging between 105 days and 
569 days) and demonstrated greater numerical diagnostic yields than monitoring patients for 
shorter durations with other devices (i.e., ambulatory Holter, MCOT devices, and ELRs). 
However, while monitoring patients beyond 30 days demonstrated greater diagnostic yield 
compared with less than 30 days, improvements were modest and may be achieved by 
changes in monitoring technologies alone. 
 
Studies comparing ELRs to ambulatory Holters contradicted the trends observed in non-
comparative cohort studies. In the cohort studies, patients were mostly monitored for greater 
duration with ELRs (ranging between three days and 30 days), but there was no clear 
improvement in diagnostic yield compared with ambulatory Holters (ranging from one day to 
28 days). When compared directly in two RCTs,5,6 ELRs demonstrated a statistically superior 
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diagnostic yield compared with ambulatory Holters, although the duration of monitoring was 
longer with ELR than ambulatory Holter (seven to 30 days versus 1 day). 
In ambulatory Holter and ELR studies, no pattern was observed between AF diagnostic yield 
and type of stroke (ESUS exclusively versus all stroke populations). The majority of MCOT and 
ILR studies (all but one for each) consisted of ESUS patients exclusively. There was no pattern 
observed between diagnostic yield and duration of monitoring for MCOT, ELR, and ILR studies. 
When comparing studies that used ambulatory Holters, the diagnostic yield generally increased 
with a greater duration of monitoring (longer than one day). With regard to prognostic factors, no 
pattern was observed between diagnostic yield and mean age for ambulatory Holter, MCOT, 
and ILR studies. For ELR studies, diagnostic yield generally increased in studies with a greater 
mean age. For all devices, no pattern was observed between diagnostic yield and sex. 
Longer duration of monitoring appears to result in a greater likelihood of detecting AF, for any 
definition of AF (paroxysms of any duration versus at least one paroxysm longer than 
30 seconds). It is unclear how much more common AF detection is with a definition of less than 
30 seconds versus 30 seconds or longer because few studies report on the proportion of 
patients observed to have only paroxysms shorter than 30 seconds. A recent meta-analysis 
estimated that if AF was defined based on paroxysms of any duration, more than half (56.3%; 
95% CI, 37.7% to 74.0%) of patients would be diagnosed on the basis of paroxysms shorter 
than 30 seconds.70 The clinical and prognostic significance of short-duration paroxysms is 
unknown and may become important to patients and clinicians as more patients are identified in 
this group through expanded monitoring. With few comparative studies, there was insufficient 
evidence to distinguish the clinical effectiveness between devices or the optimal duration of 
long-term monitoring. 

 

4. Economic Evaluation 

4.1 Methods 
The objective of the economic evaluation is to evaluate the cost-effectiveness of outpatient 
cardiac monitoring devices for the evaluation of AF in discharged patients with a recent history 
of stroke or TIA. Specifically, the aim was: 

 To evaluate the lifetime costs, benefits, and cost-effectiveness of various outpatient 
cardiac monitoring for detection of AF and sequences of diagnostic technologies 
compared with a strategy of no screening 

 To identify robustness of cost-effectiveness to parameter estimates and uncertainty 
using sensitivity analysis. If appropriate, identify key drivers of cost-effectiveness. 

 

4.1.1 Literature review 

Several cost-effectiveness analyses have been performed to evaluate various cardiac 
monitoring technologies. Only one analysis, evaluating 30-day ELR compared with 24-hour 
Holter, was performed from a Canadian public-payer perspective.71 
 
Kamel et al.72 extended a previously published model by O’Brien and Gage73 and used a 
Markov model to evaluate the cost-effectiveness of seven days of ELR compared with standard 
practice (incidental detection in the outpatient setting) in a population of 70-year-old patients 
with a prior stroke from the perspective of a US payer. In their analysis, they assume that seven 
days of ELR would result in a diagnostic yield of 5.9% compared with a diagnostic yield of 
1.45% for standard practice (incremental diagnostic yield of 4.45%) at an incremental cost of 
monitoring of $168. Kamel et al. calculate an incremental cost-effectiveness ratio (ICER) of 
$13,000 per quality-adjusted life-year (QALY) gained (in 2010 US dollars). 
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Mayer et al.74 used a Markov model to evaluate the cost-effectiveness of seven-day Holter 
monitoring (seven-day Holter) alone or in combination with prior selection via transthoracic 
echocardiography (TTE) to a standard 24-hour Holter in patients with a recent history of stroke 
or TIA from the perspective of the German health care system. Using the results of the FIND-AF 
study, Mayer et al. assume a diagnostic yield of 13.3% for seven-day Holter, 11.9% for TTE pre-
screening prior to seven-day Holter, and 6.2% for 24-hour Holter. TTE was assumed to be 
standard practice during hospitalization and so no additional testing costs were assumed in the 
strategy that used the information from TTE to determine whether seven-day Holter should be 
performed. The incremental cost of seven-day Holter compared with 24-hour Holter was €34. 
This study finds that seven-day Holter monitoring costs less and increases QALYs compared 
with 24-hour Holter, and therefore 24-hour Holter is dominated. Compared with TTE pre-
screening and assuming AF prevalence of 13.3%, universal seven-day Holter increases 
average patients costs by €8.9 and increases average QALYs by 0.0017, resulting in an ICER 
of €5,354 per QALY gained. 
 
Levin et al.75 used a Markov model to evaluate the lifetime costs and QALYs of three alternative 
strategies — 24-hour Holter, 30 days of hand-held ECG (intermittent monitoring), and no 
screening — to investigate AF in patients with a recent history of stroke from the perspective of 
the Swedish health care system. Based on a study of two simultaneously implemented 
strategies in 249 patients, the diagnostic yield of these strategies was 2.0% (five of 249 
patients) for 24-hour Holter and 6.0% (15 of 249 patients) for 30-day hand-held ECG. They find 
that 24-hour Holter was dominated by 30-day hand-held ECG because it has a higher sensitivity 
and lower test cost (€108 for 30-day hand-held ECG compared with €271 for 24-hour Holter). 
Comparing 30-day hand-held ECG to no screening decreased lifetime discounted costs 
(average decrease of €44 per person screened) and increased QALYs. Intermittent 
monitoring for 30 days by hand-held ECG is not evaluated in this report. 
 
Diamantopoulos et al.76 used a Markov model to evaluate the cost-effectiveness of an 
implantable cardiac monitor compared with standard practice in patients with a recent history of 
cryptogenic stroke and negative baseline 24-hour Holter from the perspective of the UK National 
Health Service. The diagnostic yield for implantable monitoring and standard care was 
estimated based on the first 36 months of the CRYSTAL-AF cardiac monitoring trial. 
Implantable monitoring increased costs and increased QALYs with an ICER of £17,175 
per QALY gained. 
 
Yong et al.71 used a Markov model to evaluate the cost-effectiveness of 30-day ELR compared 
with 24-hour Holter in patients with a recent history of cryptogenic stroke and negative baseline 
24-hour Holter from the perspective of a Canadian public-payer perspective (reported in 2014 
US dollars). Diagnostic yield was estimated, using the EMBRACE trial, as 3.2% for 24-hour 
Holter and 16.1% for 30-day ELR. Yong et al. find that 30-day monitoring is cost saving for 
patients with an annual risk of recurrent stroke greater than 4.5% per year. 
 

4.1.2 Methods overview 

The initial intent of the authors of this report was to pool the findings of relevant studies to 
estimate both the prevalence of AF in a recently discharged cohort and the sensitivity of each 
diagnostic intervention. With the test sensitivity of each device, the aim was to evaluate the 
cost-effectiveness of each intervention compared with each other and to test sequences not 
directly evaluated in any study. 
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As a result of heterogeneity among the studies identified in the clinical review (e.g., study 
populations, time since stroke or TIA, and the number of prior monitoring efforts), statistical 
combination of diagnostic yields, estimates of test sensitivity, and estimates of AF prevalence 
could not be conducted. As an alternative approach, the focus was on performing economic 
comparisons of alternatives directly studied, relying on the assumption that the prevalence of 
AF in both groups was the same within each study due to similar time since stroke or TIA, 
similar prior monitoring methods before the study initiation, and study randomization. 
 
Three separate cost-effectiveness analyses based on three recent studies of cardiac monitoring 
were conducted (Table 7): 

 Analysis 1: Seven-day cardiac monitoring using ELR versus standard practice in patients 
with an ischemic stroke or TIA within seven days and a previous ECG (based on the 
study of Higgins et al.6) 

 Analysis 2: 30-day ELR versus 24-hour Holter in patients with a cryptogenic stroke or TIA 
within six months and a previous ECG and at least 24 hours of monitoring (based on the 
study of Gladstone et al.5) 

 Analysis 3: ILR versus standard practice in patients with a cryptogenic stroke or TIA within 
90 days and a previous ECG and at least 24 hours of monitoring (based on the study of 
Sanna et al.7). 

 
The cost-effectiveness of the intervention was calculated compared with the alternative in each 
study in the studied population. No comparison was made across populations or technologies 
not directly studied, because of differences in the study cohorts, including the type of stroke, 
time since index stroke or TIA, and the number and type of previous diagnostic evaluations 
performed. 
 

4.1.3 Type of economic evaluation 

The analysis was in the form of a cost-utility analysis. The primary outcome was the ICERs, 
measured in incremental costs per QALY gained of a new patient monitoring strategy or 
monitoring technology compared with an alternative (often the status quo).77 
 
Equation 1 

𝐼𝐶𝐸𝑅 =  
𝐶𝑜𝑠𝑡𝑁𝑒𝑤 − 𝐶𝑜𝑠𝑡𝐴𝑙𝑡

𝑄𝐴𝐿𝑌𝑁𝑒𝑤 − 𝑄𝐴𝐿𝑌𝐴𝑙𝑡
 

 
 

where 𝐶𝑜𝑠𝑡𝑁𝑒𝑤 is the average lifetime discounted cost of patients using the new intervention, 
𝐶𝑜𝑠𝑡𝐴𝑙𝑡 is the average lifetime discounted cost of patients using the comparator, 𝑄𝐴𝐿𝑌𝑁𝑒𝑤 is the 

average lifetime discounted QALY of patients using the new intervention, and 𝑄𝐴𝐿𝑌𝐴𝑙𝑡 is the 
average lifetime discounted cost of patients using the comparator. 
 
When evaluating diagnostic technologies, each component of the ICER equation can be 
rewritten and broken down  into the four diagnostic outcomes: true positive (TP), false negative 
(FN), false positive (FP), and true negative (TN). The proportion of each of these populations in 
each of these groups is determined by the prevalence, 𝑝, of the disease or health state in the 

population and the test characteristics; its sensitivity, 𝑠; and specificity, 𝑞. The sensitivity and 
specificity of the new test and of the comparative option are denoted as 𝑠𝑁, 𝑞𝑁, 𝑠𝐴𝑙𝑡, and 𝑞𝐴𝑙𝑡, 
respectively. As an example, the equation for 𝐶𝑜𝑠𝑡𝑁𝑒𝑤 including the cost of the new test itself 

(denoted 𝐶𝑜𝑠𝑡𝑁𝑒𝑤𝑇𝑒𝑠𝑡) can be written as follows: 
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𝐶𝑜𝑠𝑡𝑁𝑒𝑤 = 𝑝𝑠𝑁𝐶𝑜𝑠𝑡𝑇𝑃 + 𝑝(1 − 𝑠𝑁)𝐶𝑜𝑠𝑡𝐹𝑁 + (1 − 𝑝)(1 − 𝑞𝑁)𝐶𝑜𝑠𝑡𝐹𝑃 + (1 − 𝑝)𝑞𝑁𝐶𝑜𝑠𝑡𝑇𝑁

+ 𝐶𝑜𝑠𝑡𝑁𝑒𝑤𝑇𝑒𝑠𝑡 
 
For the case of evaluating the cost-effectiveness of AF monitoring technologies, there are two 
significant challenges to this approach. First, the prevalence of AF in a post-stroke population is 
dependent on many factors, including the type of stroke; the age and cardiovascular risk factors 
in the population; the prevalence of prior cardiovascular or cerebrovascular events, which may 
have led to prior AF diagnosis; the time since stroke onset; and the number of previous 
monitoring technologies already used to investigate the possibility of AF. Second, test 
sensitivity, the probability that an individual with the condition will be detected, is not known for 
AF monitoring technologies. Both the prevalence of AF in a specific cohort and the test 
sensitivity are difficult to evaluate because there is no “gold-standard” technology for evaluating 
the presence of AF that could be used to estimate prevalence and as a comparison for 
evaluating test accuracy. 
 
Instead of reporting test sensitivity, many studies report diagnostic yield. Diagnostic yield is 
defined as: 

𝐷𝑖𝑎𝑔𝑛𝑜𝑠𝑡𝑖𝑐 𝑌𝑖𝑒𝑙𝑑 (𝑌) =  𝑝𝑠 + (1 − 𝑝)(1 − 𝑞) 
 
Diagnostic yield is a problematic measure because it is often inflated by FP diagnoses. 
However, in the case of AF monitoring, this is less of a concern because once adjudicated by a 
physician, false episodes identified by the diagnostic technology are resolved. As a result, 
perfect specificity for an adjudicated cardiac monitoring device was assumed. Even with perfect 
specificity, diagnostic yield is a combination of prevalence and test sensitivity. Across studies 
evaluating a single technology, diagnostic yield varies widely, implying significant heterogeneity 
in prevalence. 
 
When the result of a diagnostic technology is known immediately or in the first cycle of the 
model, it is mathematically equivalent to calculate the ICER as a function of the change in 
diagnostic yield. This rewriting avoids an assumption about the prevalence of AF or the 
sensitivity of the diagnostic technologies. 
 
First, the equation for the change in diagnostic yield is found as a function of the prevalence and 
the difference in test sensitivity: 
 

𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝐷𝑖𝑎𝑔𝑛𝑜𝑠𝑡𝑖𝑐 𝑌𝑖𝑒𝑙𝑑 (∆𝑌) = 𝑌𝑁 −  𝑌𝐴𝑙𝑡 =  𝑝𝑠𝑁𝑒𝑤 − 𝑝𝑠𝐴𝑙𝑡 = 𝑝(𝑠𝑁 − 𝑠𝐴𝑙𝑡) 
 
Second, the components of the ICER equation above are arranged. For example, the numerator 
now simplifies: 
 

𝐶𝑜𝑠𝑡𝑁𝑒𝑤 − 𝐶𝑜𝑠𝑡𝐴𝑙𝑡

= [𝑝𝑠𝑁𝐶𝑜𝑠𝑡𝑇𝑃 + 𝑝(1 − 𝑠𝑁)𝐶𝑜𝑠𝑡𝐹𝑁 + (1 − 𝑝)𝐶𝑜𝑠𝑡𝑇𝑁 + 𝐶𝑜𝑠𝑡𝑁𝑒𝑤𝑇𝑒𝑠𝑡]
− [𝑝𝑠𝐴𝑙𝑡𝐶𝑜𝑠𝑡𝑇𝑃 + 𝑝(1 − 𝑠𝐴𝑙𝑡)𝐶𝑜𝑠𝑡𝐹𝑁 + (1 − 𝑝)𝐶𝑜𝑠𝑡𝑇𝑁 + 𝐶𝑜𝑠𝑡𝐴𝑙𝑡𝑇𝑒𝑠𝑡]
= [𝑝(𝑠𝑁 − 𝑠𝐴𝑙𝑡)𝐶𝑜𝑠𝑡𝑇𝑃] − [𝑝(𝑠𝑁 − 𝑠𝐴𝑙𝑡)𝐶𝑜𝑠𝑡𝐹𝑁] + [𝐶𝑜𝑠𝑡𝑁𝑒𝑤𝑇𝑒𝑠𝑡 − 𝐶𝑜𝑠𝑡𝐴𝑙𝑡𝑇𝑒𝑠𝑡]
= [𝑝(𝑠𝑁 − 𝑠𝐴𝑙𝑡)(𝐶𝑜𝑠𝑡𝑇𝑃 − 𝐶𝑜𝑠𝑡𝐹𝑁)] + [𝐶𝑜𝑠𝑡𝑁𝑒𝑤𝑇𝑒𝑠𝑡 − 𝐶𝑜𝑠𝑡𝐴𝑙𝑡𝑇𝑒𝑠𝑡]  
= [∆𝑌(𝐶𝑜𝑠𝑡𝑇𝑃 − 𝐶𝑜𝑠𝑡𝐹𝑁)] + [𝐶𝑜𝑠𝑡𝑁𝑒𝑤𝑇𝑒𝑠𝑡 − 𝐶𝑜𝑠𝑡𝐴𝑙𝑡𝑇𝑒𝑠𝑡] 

 
Finally, this can be substituted into the original ICER equation to get an alternative equation for 
the ICER without prevalence or test sensitivity: 
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Equation 2 

𝐼𝐶𝐸𝑅 =  
𝐶𝑜𝑠𝑡𝑁𝑒𝑤 − 𝐶𝑜𝑠𝑡𝐴𝑙𝑡

𝑄𝐴𝐿𝑌𝑁𝑒𝑤 − 𝑄𝐴𝐿𝑌𝐴𝑙𝑡
=

[∆𝑌(𝐶𝑜𝑠𝑡𝑇𝑃 − 𝐶𝑜𝑠𝑡𝐹𝑁)] + [𝐶𝑜𝑠𝑡𝑁𝑒𝑤𝑇𝑒𝑠𝑡 − 𝐶𝑜𝑠𝑡𝐴𝑙𝑡𝑇𝑒𝑠𝑡] 

[∆𝑌(𝑄𝐴𝐿𝑌𝑇𝑃 − 𝑄𝐴𝐿𝑌𝐹𝑁)] + [𝑄𝐴𝐿𝑌𝑁𝑒𝑤𝑇𝑒𝑠𝑡 − 𝑄𝐴𝐿𝑌𝐴𝑙𝑡𝑇𝑒𝑠𝑡] 
 

 
where ∆𝑌 is the change in diagnostic yield between two technologies, 𝐶𝑜𝑠𝑡𝑇𝑃 and 𝐶𝑜𝑠𝑡𝐹𝑁 are 

the average lifetime discounted costs of an AF patient with and without diagnosis, 𝑄𝐴𝐿𝑌𝑇𝑃 and 
𝑄𝐴𝐿𝑌𝐹𝑁 are the average lifetime discounted QALYs of an AF patient with and without diagnosis, 
𝐶𝑜𝑠𝑡𝑁𝑒𝑤𝑇𝑒𝑠𝑡 − 𝐶𝑜𝑠𝑡𝐴𝑙𝑡𝑇𝑒𝑠𝑡 represents the difference in costs between the new test and the 

alternative technology, and 𝑄𝐴𝐿𝑌𝑁𝑒𝑤𝑇𝑒𝑠𝑡 − 𝑄𝐴𝐿𝑌𝐴𝑙𝑡𝑇𝑒𝑠𝑡 represents the difference in QALYs 
associated with the test experience. 𝑄𝐴𝐿𝑌𝑁𝑒𝑤𝑇𝑒𝑠𝑡 − 𝑄𝐴𝐿𝑌𝐴𝑙𝑡𝑇𝑒𝑠𝑡 < 0 when the new test is more 
invasive, uncomfortable, or would cause greater patient anxiety than the alternative. 
 
This new equation focuses only on the change in costs and QALYs. To help with the intuition, 
consider the population being divided into four groups: (1) patients with AF who would be 
diagnosed using either strategy; (2) patients with AF who would not be diagnosed using either 
strategy; (3) patients with AF who would be diagnosed only using the new strategy; and 
(4) patients without AF who would not be diagnosed using either strategy. All four groups 
incur the incremental costs of the new testing strategy and, if the new test is invasive or 
uncomfortable, potentially a loss of quality of life from the change in monitoring strategy. 
Only patients in group 3 — those with AF who would be diagnosed only using the new 
monitoring strategy — experience changes in their average lifetime costs and QALYs 
associated with diagnosis. The proportion of patients in group 3 is identified by the change in 
diagnostic yield between the new strategy and the comparator. 
 
For two of the three economic evaluations, the ICER equation will be used, written as a function 
of change in diagnostic yield (Equation 2). In the third analysis, the diagnostic technology being 
evaluated results in new diagnoses each month over the three-year monitoring period. 
Therefore, the simplified Equation 2 cannot be used to calculate the ICER of this technology. 
For this case, the proportion of the population diagnosed after three years of continuous 
monitoring will be used to estimate prevalence. 
 

4.1.4 Target populations and interventions 

In all three analyses, the target population is 70-year-old patients with a recent history of 
ischemic stroke or TIA and no prior diagnosis of AF. 
 
Except for medical history of no prior diagnosis of AF and a recent history of ischemic stroke or 
TIA, each of the technologies under evaluation were used in patient cohorts that were 
sufficiently different from each other to make comparisons across studies difficult (Table 7). 
Study cohorts specifically varied on the time since stroke or TIA, the type of strokes included 
(all patients or only cryptogenic stroke patients), and the number of prior AF monitoring studies 
performed. As a result, three distinct cohorts were considered, and the cost-effectiveness of the 
technologies studied only within those cohorts was evaluated. 
 
Table 7: Study and Cohort Information 

 Analysis 1 Analysis 2 Analysis 3 

Study Higgins et al. (2013)
6
 Gladstone et al. (2014)

5
 Sanna et al. (2014)

7
  

Cohort  
Patients with an ischemic 
stroke or TIA within 7 days 

Patients with a cryptogenic 
stroke or TIA within 
6 months 

Patients with a cryptogenic stroke or 
TIA within 90 days; 
30% prevalence of AF based on 
diagnostic yield after 36 months of 
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 Analysis 1 Analysis 2 Analysis 3 

monitoring with insertable cardiac 
monitoring 

Prior AF 
monitoring  

12-lead ECG 
12-lead ECG and minimum 
of 24-hour Holter monitoring 

12-lead ECG and minimum of 
24-hour Holter monitoring 

Intervention 
7 day cardiac event 
monitoring (ELR) 

30-day event triggered 
recorder (ELR) 

Insertable cardiac monitor (ILR) 
over 3 years 

Comparator  
Standard practice (60% 
of patients received a 
24-hour Holter) 

24-hour Holter 
Standard practice (30% patients with 
at least one ECG and 8% patients 
with 24-hour Holter within 6 months) 

AF = atrial fibrillation; ECG = electrocardiogram; ELR = external loop recorder; ILR = implantable loop recorder; 
TIA = transient ischemic attack. 

 

4.1.5 Perspective 

This analysis was conducted from the perspective of a provincial Ministry of Health in Canada. 
Societal perspective was considered in a sensitivity analysis. 
 

4.1.6 Time horizon 

The analysis adopted a lifetime horizon (until a maximum age of 130 years, although more than 
99% of the cohort was deceased by age 90) with a monthly cycle length. A lifetime horizon was 
chosen because the diagnostic strategies may have different impacts on short- and long-term 
mortality, resulting in differences in the lifetime costs and lifetime benefits (QALYs). Future costs 
and health benefits were discounted at 5% annually. 
 

4.1.7 Model structure 

A state-transition Markov model was developed in Microsoft Excel for Windows 2013 
(Redmond, Washington). A schematic of the model is provided in Figure 1. In this model, all 
individuals begin with a recent stroke or TIA and no history of AF diagnosis. Depending on the 
diagnostic sequence, patients may be diagnosed. In each monthly cycle, individuals may die 
from other causes or experience an acute event (hospitalization for gastrointestinal [GI] bleed, 
myocardial infarction [MI], intracerebral hemorrhage [ICH], or recurrent stroke). 
 
To reduce model complexity, all combinations of medical histories were not considered. Major 
GI bleed was included only as an event that can occur within a cycle. Health states were 
included for a history of stroke only, history of stroke and MI, history of stroke and ICH, and 
history of recurrent stroke. Individuals transition to the state based on their most severe event to 
date (in the order of MI, ICH, and recurrent stroke). For example, all individuals start in the state 
with only a history of stroke. Individuals who experience an ICH will transition to the history of 
stroke and ICH. Individuals with a history of stroke and ICH may experience an MI in a later 
cycle, incurring a risk of event-related mortality, costs, and utility loss, but the individual will 
remain in the history of stroke and ICH health state. The fraction of these individuals who later 
experience a recurrent stroke will transition to the state for history of recurrent stroke. 
 
If diagnosed with AF, patients may or may not initiate oral anticoagulation (OAC) treatment; 
patients who begin OAC treatment may quit treatment in the future. Upon diagnosis with AF, a 
fraction of patients will initiate OAC treatment as recommended. Five possible OAC treatments 
were considered: none (Aspirin), warfarin, dabigatran, rivaroxaban, and apixaban. Bleeding 
events (major GI bleed and ICH) cause patients taking OAC to quit treatment; embolic events 
(MI and recurrent stroke) cause patients with diagnosed AF to initiate OAC treatment. 
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Figure 1: Model Schematic — Markov Model for Patients With Undiagnosed 
Atrial Fibrillation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AF = atrial fibrillation; Hx = history; ICH = intracerebral hemorrhage; MI = myocardial infarction; OAC = oral anticoagulant; 
TIA = transient ischemic attack. 

Panel A: Markov Model for Patients 
With Undiagnosed Atrial Fibrillation 

Panel B: Markov Model for Patients 
With Diagnosed Atrial Fibrillation 

Hx of Stroke/TIA
No Hx ICH
No Hx MI

Hx of Stroke/TIA
No Hx ICH

Hx MI

Hx of Stroke/TIA
Hx ICH

+/- Hx MI

Hx of Stroke/TIA
Recurrent major stroke

+/-  Hx ICH
+/-  Hx MI

Hx of Stroke/TIA
No Hx ICH
No Hx MI

Hx of Stroke/TIA
No Hx ICH

Hx MI

Hx of Stroke/TIA
Hx ICH

+/- Hx MI

Hx of Stroke/TIA
Recurrent major stroke

+/-  Hx ICH
+/-  Hx MI

True Positive AF Diagnosis
On OAC treatment

True Positive AF Diagnosis
Not on OAC treatment

 

Hx of Stroke/TIA
No Hx ICH
No Hx MI

Hx of Stroke/TIA
No Hx ICH
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4.1.8 Data inputs 

Model parameters were estimated from the medical literature. When available, Canadian 
studies were given priority to ensure representativeness of the population. When Canadian 
studies were not available, studies from the US and Europe were selected. Preference was 
given to large population sample cohorts. In all cases, multiple studies were reviewed for each 
input and values selected for base-case inputs were compared across non-Canadian studies for 
consistency in order to avoid using values that were highly specific to a non-Canadian 
population or health system. 
 
Base-case inputs, ranges for sensitivity analysis, and sources for model parameters determining 
mortality, acute event rates, and OAC treatment adoption and effectiveness are presented in 
Table 8. 
 
Table 8: Base-Case Inputs, Ranges Used for Sensitivity Analysis, and Sources 

Parameter Base Case Low Value High Value Sources 

Modelling Assumptions 

Cycle length Monthly    

Discount rate 5% 3% 10% 
78

 

Population Characteristics 

Age 70 65 80 
3
 

Mortality 

Effect on mortality (hazard ratios) 

AF 1.4 1.1 1.7 
79-82

 

History of recurrent stroke 1.4 1.1 1.7 
79

 

OAC, 30-day mortality after ischemic stroke 0.7 0.5 0.9 
83

 

OAC, 30-day mortality after ICH 1.5 1.25 1.75 
83

 

OAC, 30-day mortality after MI 1.0 0.7 1.0 Assumed 

Annual rate (per 100,000), no AF 

History of stroke 12,900 5,600 18,600 
79,81

 

History of MI and stroke 12,900 14,000 20,000 
79

 

History of recurrent stroke or ICH 18,100 15,800 28,000 
79

 

Annual rate (per 100,000), AF 

History of stroke 18,100 7,800 26,000 
79

 

History of MI and stroke 18,100 19,600 28,000 
79

 

History of recurrent stroke or ICH 25,300 22,100 39,200 
79

 

Acute death; AF–, OAC– 

Recurrent stroke 28% 12% 35% 
83-85

 

MI 7.6% 6.5% 16.0% 
82,86

 

ICH 31% 25% 42% 
83-85

 

Acute death; AF+, OAC– 

Recurrent stroke 39% 13% 60% Calculated,
a,84

 

MI 11% 7% 27% Calculated,
a,82

 

ICH 31% 25% 42% Calculated,
a, 85,87,88

 

Acute death; AF+, OAC+ 

Recurrent stroke 27% 12% 34% Calculated,
a, 84,85

 

MI 11% 7% 27% Calculated,
 a,82

 

ICH 44% 28% 71% Calculated,
a, 83,85,87-89

 

Effect of AF on Acute Events (Hazard Ratios) 

Recurrent stroke 4.8 2.6 4.5 
90

 

MI 2.0 1.5 2.5 
91

 

Acute Event Rates (Annual per 100,000) 

AF–, OAC– 

Recurrent stroke 10,700 4,200 13,400 
92-94

 

MI 5,200 3,000 8,000 
91,95

 

ICH 290 230 500 
95-98

 

Major non-brain bleeding (e.g., GI) 1,056 580 4,900 
96-98
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Parameter Base Case Low Value High Value Sources 

Stroke severity of recurrent stroke among individuals who survive 30 days 

TIA — mild 60% 50% 65% 
84,85

 

Moderate-severe 40% 35% 50% 
84,85

 

Effect of OACs on Acute Events (Hazard Ratios)  

Warfarin 

Recurrent stroke 0.64 0.55 0.75 
92,94

 

MI 0.96 0.44 2.11 
95

 

ICH 2.28 0.95 5.49 
92

 

Major non-brain bleeding (e.g., GI) 1.70 1.00 3.30 
92

 

Apixaban (compared with Aspirin [compared with warfarin]) 

Recurrent stroke
c
 0.55 (0.86) 0.38 (0.60) 0.78 (1.22) 

92,99
  

MI 0.84 (0.88) 0.63 (0.66) 1.13 (1.18) 
95,100

 

ICH 0.84 (0.37) 0.48 (0.21) 1.54 (0.67) 
92,99

 

Major non-brain bleeding (e.g., GI) 1.61 (0.66) 1.13 (0.66) 2.62 (1.54) 
92,99

 

Dabigatran (compared with Aspirin [compared with warfarin]) 

Recurrent stroke 0.64 (1.0) 0.41 (0.65) 1.00 (1.55) 
92,101

 

MI 1.53 (1.59) 0.80 (0.83) 2.94 (3.06) 
95,101

 

ICH 0.94 (0.41) 0.49 (0.21) 1.83 (0.80) 
92,101

 

Major non-brain bleeding (e.g., GI) 2.14 (1.26) 1.55 (0.91) 2.95 (1.73) 
92,101

 

Rivaroxaban [compared with Aspirin (compared with warfarin)] 

Recurrent stroke 0.66 (1.03) 0.52 (0.82) 0.83 (1.30) 
92,102

 

MI 1.08 (1.13) 0.75 (0.79) 1.55 (1.61) 
95,102

 

ICH 1.68 (0.74) 1.07 (0.47) 2.62 (1.15) 
92,102

 

Major non-brain bleeding (e.g., GI) 1.78 (1.05) 1.41 (0.83) 1.82 (1.07) 
92,102

 

OAC Therapy  

Proportion who initiate OACs at diagnosis 
with AF 

61% 50% 75% 
103

 

Proportion who initiate OACs after MI or recurrent 
stroke if AF present 

61% 50% 75% 
103

 

Probability of discontinuing OACs after a 
bleeding event 

100% 90% 100% Assumption 

Annual rate (per 100,000) of discontinuing OACs 
without a bleeding event 

18,500 15,100 42,600 
104-106

 

Annual rate (per 100,000) of initiating OACs 
without a thromboembolic event 

0 0 5,000 Assumed 

AF = atrial fibrillation; GI = gastrointestinal; ICH = intracerebral hemorrhage; MI = myocardial infarction; OAC = oral anticoagulant; 
TIA = transient ischemic attack. 
a
 Calculated as Event Rate with AF and no OAC = Event rate with no AF and no OAC × Hazard ratio with AF compared to 

no AF and Event Rate with AF and OAC = Event rate with no AF and no OAC × Hazard ratio with AF compared to no AF × Hazard 
rate with OACs compared with Aspirin in patients with AF. 
b
 Calculated as Event Rate with no AF and no OAC = Event rate with AF and no OAC ÷ Hazard ratio with AF compared to no AF. 

c
 Hazard ratios compared with warfarin in clinical trials are presented in brackets. Hazard ratios compared with Aspirin are 

calculated using the base-case hazard ratio of warfarin compared with Aspirin. For example, the ARISTOTLE trial reported a hazard 
ratio of 0.86 for apixaban compared with warfarin for recurrent stroke in their post-stroke subgroup.

99
 The hazard ratio for apixaban 

compared with Aspirin was then calculated by multiplying the hazard ratio for apixaban compared with warfarin by the hazard ratio 
for warfarin compared with Aspirin. 

 

Mortality 

In each monthly cycle, individuals may die from other causes or experience an acute event 
(hospitalization for GI bleed, MI, ICH, or recurrent stroke) that may result in death. The baseline 
annual rate of death for a patient with a history of stroke, history of stroke and MI, and history of 
recurrent stroke was estimated from the Copenhagen Stroke Study, a cohort of 905 ischemic 
stroke patients.79 This study was chosen because all of these rates were available for a single 
population, ensuring consistency in the ordering and magnitude of values when compared with 
each other. The mortality rate after first ischemic stroke was consistent with that in other 
populations, including an Italian cohort of 3,594 stroke patients80 and the age-specific annual 
mortality rate after hospital admission for a US Medicare cohort.107 Consistency in the mortality 
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rates observed across North American and European populations indicates that these values 
are likely representative of long-term mortality rates in Canada as well. 
Further, consistent with studies in other populations, the Copenhagen Stroke Study observed that 
patients with AF have a 1.4-times greater rate of death than patients without a history of AF.79-82 
Mortality within 30 days of an acute event was estimated using large observational cohort 
studies, including the Canadian Stroke Network.82-88 Based on the findings of a large insurance-
based cohort, OAC therapy decreased the 30-day mortality recurrent ischemic stroke, but 
increased mortality from ICH.83 
 

Natural history of atrial fibrillation and effects of oral anticoagulant treatment 

In the model, patients with AF face a monthly risk of recurrent stroke, MI, ICH, and GI bleeding. 
Two meta-analyses published in 2007 found that an annual risk of recurrent stroke in patients 
with AF receiving only Aspirin was about 10%.92,93 This was consistent with the more recent 
findings of a large prospective observational study in the US, following 12,552 AF patients after 
first ischemic stroke, that observed an annual rate of stroke of 11.8% among patients not 
treated with OAC therapy.94 
 
Baseline risk of MI in patients with AF was estimated from the Birmingham Atrial Fibrillation 
Treatment of the Aged Study95 and a large prospective U.S. cohort (n = 23,923).91 
 
Baseline rates of ICH and GI bleeding were estimated using large observational cohorts US,96,97 
which were similar to the rates observed in the Aspirin arm of the Stroke Prevention in Atrial 
Fibrillation II Study.98 
 

Oral anticoagulant treatment effectiveness and safety 

Whenever possible, the effects of OACs were estimated using cohorts of patients with a history 
of stroke or TIA. In a meta-analysis combining international trials, Hart et al.92 found the 
summary hazard ratio of warfarin compared with Aspirin in patients with a prior history of stroke 
or TIA to be 0.64 (95% CI, 0.55 to 0.75). This is consistent with the rate observed by the US Get 
With the Guidelines – Stroke program (12,552 AF patients with a history of ischemic stroke).94 
Hart et al.92 also calculated summary measures for the risk of ICH and major non-brain bleeding 
for patients taking warfarin compared with Aspirin.92 
 
The effect of dabigatran, rivaroxaban, and apixaban compared with warfarin in patients with a 
prior history of stroke or TIA were estimated using the RE-LY, ROCKET-AF, and ARISTOTLE 
trials, respectively.99-102 The hazard ratios compared with Aspirin were calculated by multiplying 
the hazard ratios of the novel OACs compared with warfarin by the base-case estimates for the 
hazard ratios comparing warfarin with Aspirin. 
 

Oral anticoagulant treatment uptake after atrial fibrillation diagnosis and 
rates of discontinuation 

Base-case estimates for the uptake of OAC treatment after diagnosis with AF were based on a 
study using US data from 2007 to 2011.103 Over this period, prescriptions for warfarin decreased 
and prescriptions for novel OACs increased, but the overall rate of any OAC use in AF patients 
remained relatively constant, at 61% of patients.103 This rate was consistent with a study of 
insured US patients diagnosed with AF between 2008 and 2012, in which at least 60% filled at 
least one warfarin prescription.108 Reports of the transition from prescribing warfarin to non–
vitamin K antagonist oral anticoagulants (NOACs) in Ontario indicate slower uptake of NOACs 
in Ontario compared with large US cohorts.109,110 Prescription rates after AF diagnosis and the 
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proportion of all AF patients receiving OACs are likely to be influenced by the health care 
system and the insurance-based access to NOACs. Because Canadian-specific data on the 
rates of OAC prescription after AF diagnosis were not available, the rate of OAC uptake in 
sensitivity analysis was varied from 50% to 100%. 
 
Rates of OAC discontinuation vary widely in the literature, with lower reported rates for novel 
OACs than with warfarin (20% versus 20% to 40% per year with warfarin).104-106 Discontinuation 
rates are also lower for patients with higher CHA2DS2-VASC scores.105 The base-case 
assumption for the discontinuation rate, 17% per year,104-106 represents a comparatively lower 
value because the modelled cohort comprised patients with a history of stroke or TIA (and, 
therefore, higher CHA2DS2-VASC) and because the prescription rates of novel OACs are 
increasing.109,110 
 

Monitoring technologies 

Analysis 1: Seven-day cardiac monitoring versus standard practice 

Higgins et al.6 compared seven-day cardiac event monitoring using ELR to standard practice (in 
which 60% of patients received a 24-hour Holter) in 100 patients with an ischemic stroke or TIA 
in the past seven days and no history of AF. Before study enrolment, patients were evaluated 
with a 12-lead ECG. Among patients who received seven days of cardiac monitoring, AF of any 
duration was diagnosed in 44% (compared with 4% of patients in the standard-practice arm). AF 
defined as at least one paroxysm lasting longer than 20 seconds (labelled “sustained AF”) was 
diagnosed in 18% (compared with 2% in the standard-practice arm). Therefore, this study 
estimates that seven-day cardiac monitoring increases diagnostic yield of any-duration AF by 
40% (95% CI, 25.2% to 54.8%) and sustained AF by 16% (95% CI, 4.7% to 27.3%) compared 
with standard practice. 
 

Analysis 2: External loop recorder versus Holter 

Gladstone et al.5 compared 30-day event triggered ELR to 24-hour Holter monitoring in 
571 patients with a cryptogenic stroke or TIA within the past six months and no history of AF. 
Before study enrolment, patients had been evaluated with a 12-lead ECG and a minimum of 
24 hours of Holter monitoring. AF defined as at least one paroxysm lasting longer than 
30 seconds was detected in 16.1% of patients who received 30-day event triggered recorder 
monitoring. In comparison, 3.2% were diagnosed with AF in the 24-hour Holter strategy. 
Therefore, this study estimates that 30-day event triggered recorder monitoring increases 
diagnostic yield by 12.9% (95% CI, 8.0% to 17.6%) in patients with cryptogenic stroke 
compared with 24-hour Holter monitoring. 
 

Analysis 3: Implantable loop recorder versus standard practice 

Sanna et al.7 compared ILR with standard practice in 441 patients with an ischemic stroke in the 
past 90 days and no history of AF. Before study enrolment, patients had been evaluated with a 
12-lead ECG and a minimum of 24 hours of Holter monitoring. Patients in the standard-practice 
arm received AF monitoring investigations as ordered by their treating physician. In the first six 
months, 30% of standard-practice arm patients had at least one ECG and 8% of patients 
received a Holter; in the second six months, 20% of patients received at least one ECG or Holter. 
After six months of monitoring, 8.9% of patients with an ILR had been diagnosed with AF (defined 
as at least one paroxysm lasting longer than 30 seconds) compared with only 1.4% of patients in 
the standard-practice arm. After 12 months, 12.4% of patients with ILR had been diagnosed with 
AF compared with only 2.0% of patients in the standard-practice arm. After 36 months, 30.0% of 
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patients with ILR had been diagnosed with AF compared with only 3.0% of patients in the 
standard-practice arm. 
 
The prevalence of AF in the study of Sanna et al.7 was estimated to be 30%, based on the 
proportion of patients diagnosed with AF after 36 months of continuous monitoring. This may 
overestimate the prevalence in the period immediately after a stroke because some patients 
may newly develop AF in the months and years following their stroke. However, these cases of 
incident AF will be diagnosed by long-term continuous monitoring and should be included in a 
comparative analysis. 
 
The proportion of undiagnosed AF patients diagnosed in each month was calculated using the 
Kaplan–Meier curves of diagnosis presented in Sanna et al.7 (Figure 2). 
 
In the ILR arm, the authors of this report estimated that the proportion of undiagnosed 
AF patients diagnosed is 12% in the first month of monitoring, 9% in the second month of 
monitoring, 6% in the third month of monitoring, 2% in the fourth through sixth months of 
monitoring, 3% in the seventh through 12th months of monitoring, and 7% per month thereafter. 
This resulted in 8.9% of the total population being diagnosed by six months, 12.6% diagnosed 
by 12 months, 23.2% by 24 months, and 27.4% of the total population being diagnosed by 
36 months (Figure 2). In the standard-care arm, the authors estimated that the proportion of 
undiagnosed AF patients diagnosed is 0.8% per month in the first six months, 0.4% in months 
seven to 12, and 0.2% thereafter. In both cases, it was assumed that all monitoring was stopped 
after 36 months. 
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Figure 2: Comparison of the Kaplan-Meier Curves and the Output of the Markov Model 

This figure compares the Kaplan–Meier curves from Sanna et al.7 and the output of the Markov 
model presenting the proportion of patients diagnosed with AF in the implantable loop recorder 
arm (red line indicates the trial observations; plus signs indicate the model output) and the 
standard-practice arm (blue line indicates the trial observations; cross signs indicate the model 
output). 

 

CI = confidence interval; ICM = insertable cardiac monitor. 
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Analysis 2 and Analysis 3 are performed on similar patient cohorts: individuals with a recent 
history of cryptogenic ischemic stroke or TIA and prior evaluation with ECG and a minimum of 
24 hours of Holter monitoring. However, these analyses were not combined to include all four of 
the monitoring strategies reported on across these two studies. There appear to be important 
differences in the prevalence of AF between the studies, which would make a combined 
evaluation difficult. Specifically, Sanna et al.7 report that 8.9% of patients in the ILR arm were 
diagnosed with AF at six months and 12.4% of patients were diagnosed with AF at 12 months. 
In contrast, Gladstone et al.5 report that 16.1% of patients were diagnosed with AF within 
30 days using ELR. 
 

Utilities 

All quality-of-life inputs are presented in Table 9. 
 
Baseline quality-of-life weights after stroke were estimated from utility studies in populations of 
stroke patients111-114 and multiplicatively lowered to account for additional disability from 
complex medical histories (MI, ICH). 
 
The baseline utility of patients with a history of stroke was estimated using the Canadian 
National Population Health Survey from 1994, which estimated a mean utility of 0.68 for 
individuals with a history of stroke using the Health Utilities Index (HUI).112 This value was also 
consistent with the average quality-of-life weight reported for individuals with a history of stroke in 
the US Medical Expenditure Panel Survey using the EQ-5D113,115 and for patients in the Oxford 
Vascular Study 12 months after stroke, as measured by the EuroQol 5-Dimensions Questionnaire 
(EQ-5D).111 For comparison, the mean utility for individuals aged 70 to 79 years in the US Medical 
Expenditure Panel Survey is 0.79,113,115 the mean utility for individuals with a history of stroke and 
no reported comorbidities in the 1994 Canadian National Population Health Survey is 0.78 
(although the number of individuals with a history of stroke and no comorbidities was very 
small),112 and the mean utility for individuals aged 70 to 79 with a history of stroke is 0.63.112 

 
Table 9: Utility Values for All Health States Within the Economic Model  

Parameter Base Case Low Value High Value Source 

Baseline Utilities (Annualized) 

History of stroke 0.68 0.50 0.90 
111-114

 

History of MI 0.65 0.50 0.90 
111

 

History of ICH 0.62 0.32 0.68 
111,116

 

History of severe recurrent stroke 0.31 0.10 0.50 
111,114,117-119

 

Utility Decrement 

Warfarin –0.013 –0.02 0 
119,120

 

Dabigatran –0.006 –0.01 0 
120

 

Rivaroxaban –0.006 –0.01 0 Assumed 

Apixaban –0.006 –0.01 0 Assumed 

Event-Specific Disutility (in the Month it Occurs) 

Non-fatal MI –0.01 –0.02 0.00 
121

 

Non-fatal ICH –0.05 –0.15 –0.02 
111

 

Non-fatal recurrent stroke, TIA or mild –0.02 –0.06 0.00 
111

 

Non-fatal recurrent stroke, severe –0.13 –0.25 –0.05 
111

 

GI bleed –0.03 –0.05 –0.01 
122

 

GI = gastrointestinal; ICH = intracerebral hemorrhage; MI = myocardial infarction; TIA = transient ischemic attack. 

 
The utility of major stroke was estimated to be 0.31 based on the findings of a recent systematic 
review.117 This value was consistent with reports from the Oxford Vascular Study 12 months to 
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five years after major stroke, as measured by EQ-5D, which were not included in the systematic 
review.111 
 
Disutility associated with acute events, such as MI, ICH, or recurrent stroke, was estimated 
based on the level of utility estimated in the first three months after stroke compared with the 
long-term utility level. For ICH and recurrent ischemic stroke, these were estimated using the 
Oxford Vascular Study, which collected EQ-5D–based utility estimates at one month, six 
months, 12 months, and five years after stroke.111 The short-term disutility of acute MI and for GI 
bleeding were similarly estimated from studies that collected utility measures in the first month 
and at three or six months after the acute event.121,122 For consistency, measures by EQ-5D 
were preferred, when available, for selecting base-case utility values, but it should be noted that 
the study of Bøhmer et al. used SF-6D and SF-15D.121 
 
Utility decrement associated with OAC therapy was estimated using prior cost-effectiveness 
studies.111 
 
In the base-case analysis, it was assumed that there was no disutility from cardiac monitoring 
technologies. This assumption was varied in sensitivity analysis. 
 

Costs 

All cost inputs are presented in Table 10. 
 
Baseline age-specific public sector health care costs, including age-stratified average 
expenditures on hospitals, drugs, physician care, nursing homes, and residential care, were 
estimated based on national averages.123 Baseline costs were increased by a factor of 1.1 to 
account for the higher-than-average costs in patients with AF.107 AF is common in older 
populations, and so the additional costs associated with AF influence the average, but the age-
specific prevalence of AF is likely underestimated because it is underdiagnosed. Because of the 
uncertain age-specific prevalence, the baseline health care costs were not adjusted to account 
for potential double counting; instead, a wide range of baseline health care costs were 
considered in sensitivity analysis. 
 
In the societal perspective analysis, baseline health care expenditures were increased to also 
include the 30% of total health care expenditures that are private (out-of-pocket health spending 
and private health insurance expenditures).123 
 
Table 10: Base-Case Estimates, Ranges for Sensitivity Analysis, and Sources 
for Cost Inputs  

Parameter Base Case 
Low 
Value 

High 
Value 

Source 

Payer-Perspective Costs 

Baseline age-specific health care expenditures (annualized) 

60 to 64 $10,007  $9,000 $16,000 
123

 

65 to 69 $10,977  $9,000 $15,000 
123

 

70 to 74 $10,717  $9,000 $16,000 
123

 

75 to 79 $11,353  $10,000 $17,000 
123

 

80 to 84 $12,169  $9,000 $16,000 
123

 

85 to 89 $11,302  $9,000 $16,000 
123

 

≥ 90 $7,130 $6,000 $10,000 
123

 

Patient with AF (multiplier) 1.1 1.0 1.2 
107
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Parameter Base Case 
Low 
Value 

High 
Value 

Source 

Incremental baseline health care costs (annualized) associated with specific medical history 

History of stroke $18,400 $9,100 $30,900 
120,124

 

History of MI and stroke $18,400 $9,100 $30,900 
120,124,125

 

History of ICH $18,400 $9,100 $30,900 
120,124

 

History of recurrent stroke (severe) $30,900 $18,400 $62,000 
120,124

 

AF treatment (OAC plus monitoring), annualized 

Warfarin $396 $275 $650 
126-128

 

Dabigatran $1,288 $1,100 $1,500 
126-128

 

Rivaroxaban $1,157 $1,000 $1,400 
126-128

 

Apixaban $1,288 $1,100 $1,500 
126-128

 

Acute event costs (30 days in which the event occurs) 

MI $18,400 $9,000 $37,000 
120,125,129

 

ICH $36,000 $16,200 $55,000 
120,124,129

 

Recurrent stroke, TIA or mild IS $16,200 $7,000 $36,000 
120,124,129

 

Recurrent stroke, severe $55,000 $36,000 $75,000 
120,124,129

 

GI bleed $9,975 $5,000 $13,000 
120,129

 

Death from other causes $33,400 $10,000 $45,000 
130,131

 

Diagnostic modalities 

24-hour Holter $73 $50 $150 G650+G651+G652
132

 

7-day monitoring  $183 $100 $300 G659+G684+G685
132

 

30-day ELR $581 $400 $875 G690+G692
132

 

ILR, implantation $2,800 + 146 $1,500 $4,000 Reveal XT
a
 + Z433

132
 

ILR, ongoing monitoring (annualized) $300 $150 $1,500 
Twice monthly 
(G660+G661)

132
 

Incremental Costs for Societal Perspective Analysis 

Proportion of total baseline health care costs that 
are private health care expenditures or patient 
out-of-pocket costs 

30% 25% 35% 
123

 

Unpaid caregiving (annualized) associated with specific medical history 

History of stroke $15,000 $5,675 $25,000 
124,133

 

History of MI and stroke $15,000 $5,675 $25,000 
124,133

 

History of ICH $15,000 $5,675 $25,000 
124,133

 

History of recurrent stroke (severe) $25,000 $15,000 $50,000 
124,133

 

Patient and caregiver time
b
 ($25/hour) 134

 

Warfarin INR testing (annualized) $1,700 $500 $2,600 
INR testing every 
3 weeks (2 hours 
each) 

7-day Holter, ELR $200 $100 $300 
2 physician visits 
(2 hours each) 

ILR, implantation $200 $100 $300 One 4-hour visit  

ILR, ongoing monitoring (annualized) $600 $300 $700 
Monthly physician 
visits 

AF = atrial fibrillation; ELR = event loop recorder; GI = gastrointestinal; ICH = intracerebral hemorrhage; ILR = implantable loop 
recorder; INR = international normalized ratio; IS = ischemic stroke; MI = myocardial infarction; OAC = oral anticoagulant; TIA = 
transient ischemic attack. 
a
 Cost of Reveal XT device (Medtronic Canada, August 17, 2015). 

b
 Assume a caregiver attends all patient visits. 

 
All patients in the model had a history of stroke, which further increased their annual baseline 
health care costs. A recent study of health care costs for stroke patients in Canada found a total 
one-year cost of $74,353 ($107,883 for more severe strokes with modified Rankin scores of 3 to 
5 and $43,339 for strokes with modified Rankin scores of 0 to 2) including hospitalization, 
physician services, rehabilitation services, diagnostics, medications, homecare, paid and unpaid 
caregiver time, and productivity costs (2009 dollars).124 Consistent with CADTH78 and other 
best-practice guidelines77 for performing cost-effectiveness analysis, an attempt was made to 
exclude productivity costs, which Mittmann et al. estimated to be $36,198 per year for the 24% 



 

CADTH OPTIMAL USE REPORT   34 

of patients who were working at the time of their stroke.124 Further, the aim was to separate the 
unpaid caregiver costs from direct health care costs. Unpaid caregiving costs were estimated to 
be $12,131 in the first year based on the proportion of total costs attributed to indirect costs 
(total indirect costs [28% of $74,353] less productivity costs [24% of $36,198] = $12,131). 
Mittmann et al. did not report the amount or intensity of unpaid caregiving stratified by stroke 
severity. However, Matchar et al., reporting on a cohort of 1,256 European stroke patients, 
found that patients with moderate and severe disability receive approximately 4.4 times more 
unpaid caregiving than patients with no limitations to activities of daily living.133 Using this ratio 
and the proportion of mild stroke and severe stroke patients reported in Canadian centres,124 
it was estimated that unpaid caregiving costs were $4,870 per year for mild strokes and 
$21,340 per year for severe strokes. These unpaid caregiving costs were included in the 
societal perspective analysis. 
 
Having removed productivity and unpaid caregiver costs (by time period after stroke and 
stratified by stroke severity to the extent possible) and by subtracting baseline age-specific 
health care costs to avoid double counting, the total cost of the first 30 days after stroke 
including hospitalization was estimated to be $16,200 for a mild or moderate severity stroke, 
$55,000 for a severe or fatal stroke, and $36,000 for an ICH (based on average severity of all 
strokes, presented in 2015 Canadian dollars).124 Similarly, by annualizing the monthly cost for 
patients with a history of stroke four to 12 months after their stroke and removing age-specific 
baseline health care costs, the average annual incremental health care costs associated with a 
history of stroke were estimated to be $18,400 and increase to $30,900 for patients with a 
severe recurrent stroke.124 
 
Acute care and rehabilitation costs associated with MI and GI bleed were estimated based on a 
previous Canadian cost-effectiveness study that used the Ontario Case Costing Initiative and a 
study of the costs of MI care in Canada.120,125,129 
 
Individuals who died from a cause explicitly modelled (recurrent stroke, MI, or ICH) were 
assumed to incur the cost of the acute event. Individuals in the model who died from a cause 
not explicitly modelled (death from other causes) were assigned a cost based on the average 
health care costs in the year of death less baseline health care costs (to avoid double counting). 
The base-case estimate is $33,400, based on the average incremental health care cost in the 
last year of life observed in Alberta for individuals who died between 1999 and 2002 (presented 
in 2015 Canadian dollars).130,131 Estimates from Ontario based on deaths occurring between 
2010 and 2012 are greater, ranging from $37,700 to $51,700 depending on the age of the 
decedent.130,131 The lower estimate was selected, to reduce the impact of double counting, 
because the incremental costs associated with a history of stroke (which is not uncommon in 
the year of death) had already been incorporated. 
 
The physician costs of AF monitoring technologies were estimated using Canadian 
reimbursement levels based on the appropriate codes from the Ontario Health Insurance 
Plan schedule of benefits.132 The cost of implantable cardiac monitor was estimated to be 
$2,800 based on the cost of the Reveal XT device (Medtronic Canada, Brampton, ON: 
personal communication, 2015 Aug 17). 
 
The costs of OACs were estimated using the Ontario Drug Benefits program payment rates.126-128 
 
All costs were adjusted to 2015 Canadian dollars using the Canadian Consumer Price Index.135 
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Sensitivity analysis 

Ranges used in the deterministic sensitivity analysis are listed in the tables reporting base-case 
inputs: natural history and OAC effectiveness parameters (Table 8), quality-of-life parameters 
(Table 9), and cost parameters (Table 10). Ranges considered for evaluation were based on 
95% CIs from a single large-sample-size representative study or, especially when there was 
substantial variation in estimates across the literature, from the range of estimates across 
different studies. 
 

Model validation 

Validation to the Oxford Vascular Study 

The Oxford Vascular Study cohort was a UK population-based cohort that included 748 stroke 
patients and 440 TIA patients, recruited between 2002 and 2007.111 Of these, 17% had a history 
of stroke and 18% had a prior history of AF. Case fatality rate was reported for the same cohort 
to be about 12%136 and, to the knowledge of the authors of this report, the proportion diagnosed 
with AF after stroke was not reported. The Oxford Vascular Study provides several points for 
comparison. The Oxford Vascular Study reported life expectancy of 4.3 years for TIA patients 
and 3.6 years for ischemic stroke patients (overall, 4.0 years). Stratified by stroke severity, the 
Oxford Vascular Study reported life expectancy of 4.1, 2.8, and 1.4 years for mild, moderate, 
and severe strokes. Adjusting for an approximate case fatality rate of 12%, the average life 
expectancy of an individual who survived the incident stroke or TIA event would be 4.4 years. 
In comparison, the model used here predicts undiscounted life expectancy of 7.2 years for a 
patient with no AF, 4.3 years for a patient with undiagnosed AF, 4.5 years for a patient with 
diagnosed AF treated with warfarin, and 4.6 years for a patient with diagnosed AF treated with 
apixaban. 
 
The Oxford Vascular Study also collected utility information over time using EQ-5D. Their 
study estimates undiscounted QALYs to be 3.3 QALY for TIA, 2.5 QALYs for ischemic stroke, 
2.9 QALYs for mild stroke, 1.7 QALYs for moderate stroke, and 0.7 QALYs for severe stroke. 
Adjusting for the case fatality rate of 12%, the average quality-adjusted life expectancy of an 
individual who survived the incident stroke or TIA event would be 3.1 QALYs. The model used 
here predicts undiscounted life expectancy of 4.73 QALYs for a patient with no AF, 2.75 QALYs 
for a patient with undiagnosed AF, 2.88 QALYs for a patient with diagnosed AF treated with 
warfarin, and 2.95 QALYs for a patient with diagnosed AF treated with apixaban. 
 
The Oxford Vascular Study also reported five-year recurrent stroke rates of 20% for stroke 
patients and 16% for TIA patients (overall five-year recurrent stroke rate of 18.5%). Conditioned 
on 30-day survival to make the values comparable to the model output, the five-year rate of 
recurrent stroke was calculated to be 21%. In comparison, the model used here predicts five-
year recurrent stroke rates of 8.1% for a patient with no AF, 31.9% for a patient with 
undiagnosed AF, 24.6% for a patient with diagnosed AF treated with warfarin, and 22.7% for 
a patient with diagnosed AF treated with apixaban. 
 
Without knowing the proportion of patients diagnosed with AF after their stroke or TIA and the 
rate of OAC use after AF diagnosis, it is difficult to make robust comparisons. However, it can 
be concluded that the model predictions about life expectancy, quality-adjusted life expectancy, 
and recurrent stroke rates appear consistent in magnitude to the observations of the Oxford 
Vascular Study. 
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Validation to model-based analyses 

In the published literature, there exist few model-based analyses that focus on evaluating OAC 
treatments or cardiac monitoring technologies exclusively in a post-stroke population. 
 
Kamel et al. evaluated the cost-effectiveness of dabigatran compared with warfarin and 
apixaban compared with warfarin in patients after stroke or TIA.137,138 These studies reported 
4.27 QALYs for patients receiving dabigatran, 4.19 QALYs for apixaban, and 3.91 QALYs for 
patients receiving warfarin (discounted at 3% annually). Assumptions about the utility of patients 
in the initial history of stroke or TIA state in this model are not clear. Further, treatment 
discontinuation rates in this analysis are not clear, nor are life-expectancy estimates (not 
adjusted for quality of life) reported. Using a 3% discount rate, the model used here estimates 
discounted life-years (LYs) of 4.02 and discounted QALYs of 2.56 with warfarin, 4.01 LYs and 
2.57 QALYs with dabigatran, and 4.08 LYs and 2.63 QALYs with apixaban. Assuming no 
treatment discontinuation, the model estimates 4.14 LYs and 2.63 QALYs for warfarin, 4.12 LYs 
and 2.64 QALYs for dabigatran, and 4.24 LYs and 2.74 QALYs for apixaban. Based on the input 
table in the appendix of Kamel et al., it is possible that the utility in the initial health state was 
0.987 for warfarin and 0.994 for dabigatran in their model (in comparison to 0.68 for a history of 
stroke or TIA in this study). If this is the case, then the discounted LY estimates used here 
should be similar to Kamel et al.’s discounted QALY estimates and the QALY estimates used 
here should be about two-thirds of theirs. Other model inputs and general model structures 
appear consistent and so there is no other apparent explanation for the differences in 
discounted QALY estimates. 
 
Coyle et al. considered a population of patients with a history of minor stroke and patients with a 
history of major stroke in a sensitivity analysis of their cost-effectiveness study evaluating novel 
OACs in patients with AF.128 For patients with a history of minor stroke (with a baseline utility of 
0.75), their study estimates 4.45 lifetime discounted (at 5% annually) QALYs for patients treated 
with warfarin. For patients with a history of major stroke (with a baseline utility of 0.33), their 
study estimates 2.2 QALYs for patients treated with warfarin. The model used for this review 
(with a population with an unspecified mix of prior stroke severity and baseline utility of 0.68) 
estimates 3.75 discounted LYs and 2.40 discounted QALYs. A significant difference between 
these two models is the annual rate of recurrent stroke on warfarin. Coyle et al.128 estimates an 
annual rate of 0.035 (the base rate of 0.016 x 2.2 the increase in stroke rate given a previous 
stroke) and an annual rate nearly double this, of 0.068, is estimated. This estimate is based on 
a 10.2% annual rate of stroke per year on Aspirin, based on the observed stroke rate per 
patient-year in the Aspirin arms of four exclusively secondary prevention trials, and a hazard 
rate of warfarin compared with Aspirin of 0.63, both reported in a recent meta-analysis 
evaluating the effectiveness of warfarin compared with Aspirin and placebo.92 
 

Assumptions 

The following key assumptions were made in the analysis: 

 The model evaluates cohorts of patients with a recent history of stroke or TIA and no prior 
diagnosis of AF. 

 Prior screening for AF varies by patient cohort. Health states exist for the following patient 
histories: history of ischemic stroke or TIA, history of ischemic stroke or TIA and MI, history 
of ischemic stroke or TIA and ICH, and history of major recurrent stroke. Health state is 
determined by the worst event experienced by the patient. For example, patients in the 
health state for major recurrent stroke may incur costs and loss of quality of life from an 
MI, but will remain in the history of major recurrent stroke health state. 
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 Non-brain (e.g., GI) bleeding can occur in any cycle, resulting in costs and reduced 
quality of life. 

 61% patients initiate OAC after diagnosis. 

 17% of patients stop OACs annually. Of patients who do not initiate OACs immediately after 
diagnosis or discontinue treatment, 61% reinitiate after a recurrent stroke or MI. 

 100% of patients who experience a bleeding event while on OAC were assumed to 
discontinue treatment. 

 There is a utility decrement associated with warfarin due to monitoring and other OACs due 
to drug side effects (common minor effects not otherwise modelled). 

 In the base case, there is no disutility associated with the monitoring intervention. 

 Patients with an AF diagnosis incur 10% greater age-specific health care costs than the 
general population. 

4.2 Results 
4.2.1 Health and economic implications of atrial fibrillation diagnosis 

The model estimates that patients with undiagnosed AF have an average (undiscounted) life 
expectancy of 4.3 years (Table 11). Furthermore, the model estimates that in a cohort of 10,000 
stroke patients, there will be approximately 1,724 recurrent strokes (1,087 of which will be 
severe or fatal), 47 ICH, and 171 GI bleeds within two years. 
 
Patients with AF who are diagnosed and treated with warfarin have a life expectancy of 4.5 
years. In a cohort of 10,000 stroke patients, there will be approximately 1,223 recurrent strokes 
(709 of which will be severe or fatal), 99 ICH, and 276 GI bleeds within two years. Patients with 
AF who are diagnosed and treated with apixaban have a life expectancy of 4.6 years. In a 
cohort of 10,000 stroke patients, there will be approximately 1,093 recurrent strokes (636 of 
which will be severe or fatal), 42 ICH, and 264 GI bleeds within two years. 
 
The average lifetime discounted cost of patients with AF without diagnosis is $151,275, AF 
patients diagnosed and treated with warfarin is $154,952, and patients diagnosed and treated 
with apixaban is $157,456. The average discounted QALYs are 2.3 for patients with AF without 
a diagnosis, 2.4 for patients diagnosed with AF and treated with warfarin, and 2.5 for patients 
diagnosed with AF and treated with apixaban. 
 
Table 11: Base-Case Lifetime Costs Health Consequences of Atrial Fibrillation 

Outcome 
AF Without 
Diagnosis 

AF With Diagnosis (Excluding the Cost or 
Disutility of Diagnosis) 

Aspirin Warfarin Apixaban 

Survival     

1 year 79.5 80.3 81.0 81.4 

2 year 63.1 64.2 65.3 65.9 

5 year 31.3 32.3 33.4 34.1 

Events (per 10,000)     

Within 2 years 

Recurrent stroke, severe or fatal 1,087 999 709 636 

Recurrent stroke, any 1,724 1,740 1,223 1,093 

ICH 47 47 99 42 

GI bleed 171 172 276 264 

Within 5 years 

Recurrent stroke, severe or fatal 2,002 1,893 1,455 1,345 

Recurrent stroke, any 3,189 3,241 2,459 2,266 

ICH 87 88 170 80 

GI bleed 316 321 487 471 
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Outcome 
AF Without 
Diagnosis 

AF With Diagnosis (Excluding the Cost or 
Disutility of Diagnosis) 

Aspirin Warfarin Apixaban 

Lifetime Discounted Costs     

Baseline 131,627 134,760 137,085 138,821 

OAC 0 0 843 2,870 

Acute events 19,648 19,506 17,024 15,765 

Total 151,275 154,266 154,952 157,456 

Lifetime Benefits     

Undiscounted LYs 4.314 4.410 4.529 4.604 

Discounted LY 3.586 3.660 3.745 3.798 

Discounted QALYs 2.303 2.341 2.393 2.452 

AF = atrial fibrillation; GI = gastrointestinal; ICH = intracerebral hemorrhage; LY = life-year; OAC = oral anticoagulant; 
QALY = quality-adjusted life-year. 

 
Rearranging Equation 2 allows for the calculation of the minimum incremental diagnostic yield 
required to achieve an ICER at various incremental test costs Figure 3. At historical OAC 
prescription rates and at a commonly accepted willingness-to-pay threshold of $50,000 per 
QALY gained, a test that costs $100 to $200 more than standard practice must provide an 
incremental diagnostic yield of 26% to 51% to be considered cost-effective if warfarin remains 
the most common OAC. If apixaban becomes the most common OAC, the incremental 
diagnostic yield must exceed 15% to 29% for a test that costs $100 to $200 more than standard 
practice to be considered cost-effective. A test that costs $500 more than standard practice 
requires an incremental diagnostic yield of 40% to 70% even if 100% of patients diagnosed with 
AF initiate OACs (Table 12). 
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Figure 3: Minimum Incremental Diagnostic Yield Required for an Incremental Cost-
Effectiveness Ratio of $50,000 and $100,000 per QALY Gained for Various Incremental 
Test Costs 
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AF = atrial fibrillation; OAC = oral anticoagulant; QALY = quality-adjusted life-year. 
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Table 12: Minimum Incremental Diagnostic Yield Required for a Cardiac Monitoring 
Test to be Cost-Effective at a Willingness-to-Pay Threshold of $50,000 and $100,000 
per QALY Gained for Various Incremental Test Costs 

Prescribed OAC Warfarin Apixaban 

Proportion of patients who initiate OAC treatment 
after AF diagnosis 

61% 100% 61% 100% 

Willingness-to-Pay Threshold = $50,000 per QALY Gained 

Incremental test cost = $100 26% 14% 15% 8% 

Incremental test cost = $200 51% 27% 29% 16% 

Incremental test cost = $300 77% 41% 44% 25% 

Incremental test cost = $400 DNE 55% 59% 33% 

Incremental test cost = $500 DNE 68% 73% 41% 

Willingness-to-Pay Threshold = $100,000 per QALY Gained 

Incremental test cost = $100 3% 2% 2% 1% 

Incremental test cost = $200 6% 4% 4% 2% 

Incremental test cost = $300 10% 6% 6% 4% 

Incremental test cost = $400 13% 8% 8% 5% 

Incremental test cost = $500 16% 10% 10% 6% 

AF = atrial fibrillation; DNE = does not exist; OAC = oral anticoagulant; QALY = quality-adjusted life-year. 

 

4.2.2 Analysis 1: Seven-day cardiac monitoring versus standard practice 

Base-case analysis 

Higgins et al.6 evaluated the incremental diagnostic yield of seven-day ELR compared with 
standard practice in which 60% of patients received a 24-hour Holter in a cohort of patients 
within seven days of ischemic stroke or TIA who had previously been evaluated using a 12-lead 
ECG. The observed difference in diagnostic yield was 40% (95% CI, 25.2% to 54.8%) for AF of 
any duration and was 16% (4.7% to 27.3%) for sustained AF.6 
 
The cost of seven-day cardiac monitoring was estimated to be $183, based on the cost of 
seven-day Holter monitoring (60 hours to 13 days) because there are no specific billing codes in 
Ontario for ELR monitoring less than 14 days.132 The expected value of the standard-practice 
arm is $44 (60% of patients received a 24-hour Holter with an estimated cost of $73). Therefore, 
the base case assumption for the incremental cost of seven-day cardiac monitoring compared 
with standard practice is $139. 
 
In the base case in which 61% of patients initiate warfarin treatment upon diagnosis with AF, the 
lifetime discounted cost of AF with diagnosis is $153,490 and the lifetime discounted QALYs is 
2.36 (Table 13). Equation 2 was used to calculate the ICER of seven-day cardiac monitoring 
compared with standard practice for sustained AF as $58,807 per QALY gained. In the analysis 
in which 61% of patients initiate apixaban upon diagnosis with AF, the lifetime discounted cost 
of AF with diagnosis is $155,140 and the lifetime discounted QALYs is 2.40. Compared with 
standard practice, the cost of seven-day cardiac monitoring is $52,154 per QALY gained. If 
diagnosis is followed by treatment with dabigatran or rivaroxaban, the ICER of seven-day 
cardiac monitoring is $80,394 per QALY gained and $70,035 per QALY gained, respectively. 
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Table 13: Base-Case Results for the Cost-Effectiveness of 7-Day Cardiac Monitoring 
Compared With Standard Practice for Each OAC Assuming 61% of Patients Initiate 
OAC Treatment After Diagnosis With AF for an Incremental Diagnostic Yield of 
16% (Sustained AF) or 40% (AF of Any Duration) 

 Warfarin Dabigatran Rivaroxaban Apixaban 

Lifetime Costs 

False negative diagnosis $151,148 $151,432 $151,362 $151,435 

True positive diagnosis $153,490 $155,162 $154,739 $155,140 

Incremental cost of correct diagnosis $2,342 $3,731 $3,377 $3,705 

Incremental cost of monitoring $139 $139 $139 $139 

Lifetime Benefits 

False negative diagnosis 2.30 2.31 2.31 2.31 

True positive diagnosis 2.36 2.36 2.37 2.40 

Incremental QALYs of correct diagnosis 0.055 0.057 0.061 0.088 

ICERs ($ per QALY Gained) by Change in ∆𝒀 

Sustained AF (∆𝒀 = 16%) $58,807 $80,394 $70,035 $52,154 

AF of any duration (∆𝒀 = 40%) $49,250 $71,272 $61,427 $46,202 

∆𝑌 = diagnostic yield; AF = atrial fibrillation; ICER = incremental cost-effectiveness ratio; OAC = oral anticoagulant;  
QALY = quality-adjusted life-year. 

 
If AF of any duration is associated with the same risk of recurrent strokes, then the ICER of 
seven-day cardiac monitoring compared with standard practice is $49,250 per QALY gained if 
warfarin is the OAC in use, and $46,202 per QALY gained if apixaban is the primary OAC in use. 
 
Figure 4: The ICER of 7-Day Cardiac Monitoring Compared With Standard Practice 
for Various Incremental Diagnostic Yields (at an Incremental Test Cost of $139) 

 

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year. 
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Deterministic sensitivity analysis 

The cost of seven-day monitoring varies across Canada and will likely vary by the choice of 
monitoring technology used. The cost of seven-day cardiac monitoring was estimated to be 
$183 based on the cost of seven-day Holter monitoring. The cost of 14 days of ELR is $290 
(incremental cost of $250 compared with standard practice).132 If the incremental cost is $250, 
the ICER of seven-day cardiac monitoring is between $60,000 and $95,000 per QALY gained. If 
the incremental cost of seven-day monitoring exceeds $500, the ICER of seven-day cardiac 
monitoring is between $75,000 and $120,000 per QALY gained. 
 
Figure 5: The ICER of 7-day Cardiac Monitoring Compared with Standard Practice for 
Various Incremental Test Costs (at an Incremental Diagnostic Yield of 16%) 

 

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year. 

 
The results are sensitive to patient characteristics (Table 14). Seven-day cardiac monitoring is 
more cost-effective in patients who are in above-average health for their age, represented by 
lower baseline mortality rate, lower baseline costs, and higher baseline utilities. Seven-day 
cardiac monitoring is also more cost-effective in patients with a higher risk of recurrent stroke 
and a lower baseline risk of bleeding. 
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Table 14: Deterministic Sensitivity Analysis — Cost-Effectiveness ($/QALY Gained) of 
7-Day Cardiac Monitoring Compared With Standard Practice for Each OAC 

 Warfarin Dabigatran Rivaroxaban Apixaban 

Monitoring Strategy 

Incremental ∆𝐘  

16% (base case) $ 58,807 $ 80,394 $ 70,035 $ 52,154 

4.7% $97,105  $116,944  $104,526  $76,000  

27.3% $52,214  $74,101  $64,097  $48,048  

Incremental cost of 7-day cardiac monitoring (base case: $139) 

$70 $50,888  $72,836  $62,903  $47,223  

$250 $71,486  $92,494  $81,454  $60,048  

Incremental QALY of 7-day ELR (base case: 0) 

–0.001 $66,406  $90,250  $78,082  $56,155  

OAC uptake after AF diagnosis (base case: 61%) 

75% $55,467  $77,098  $66,934  $49,948  

85% $53,690  $75,337  $65,279  $48,771  

95% $52,255  $73,912  $63,940  $47,819  

Patient Characteristics 

Baseline risk of recurrent stroke (patient with AF and no OAC [Aspirin only]) (base case: 10.2%) 

High risk: 12.5% $53,268  $70,417  $63,177  $48,214  

Low risk: 4.1% $173,232  $247,286  $158,121  $88,191  

Baseline risk of bleeding (patient with AF and no OAC (Aspirin only)) 
(base case: ICH = 0.3%; non-brain bleeding = 1.1%) 

High risk: ICH = 0.5%; non-brain bleeding = 4.8% $72,776  $95,933  $82,734  $57,764  

Low risk: ICH = 0.2%; non-brain bleeding = 0.6% $56,932  $78,506  $68,299  $51,485  

Mortality with AF and after stroke (base case: HR for AF = 1.4; HR for recurrent stroke = 1.4) 

Higher mortality (HR for AF = 1.7; HR for recurrent 
stroke = 1.7) 

$62,801  $86,630  $74,725  $54,784  

Lower mortality (HR for AF = 1.1; HR for recurrent 
stroke = 1.1) 

$55,564  $74,582  $65,875  $49,748  

Baseline health (base case: baseline mortality = 12.1% per year; incremental cost for history of 
stroke = $18,400; baseline utility = 0.68) 

Above-average health  
(baseline mortality = 10.5% per year; incremental cost for 
history of stroke = $16,075; baseline utility =0.71) 

$50,262  $70,949  $61,205  $45,104  

Substantially above-average health  
(baseline mortality = 8.8% per year; incremental cost for 
history of stroke = $13,750; baseline utility = 0.74) 

$43,065  $62,291  $53,396  $38,918  

Excellent health  
(baseline mortality = 5.5% per year; incr. cost for history 
of stroke = $9,100; baseline utility = 0.80) 

$31,960  $47,209  $40,485  $28,780  

Risks, Benefits, and Costs of OACs 

HR for OAC effect on risk of recurrent stroke (base case: w = 0.64; d = 0.64; r = 0.66; a = 0.55) 

Lower effectiveness 
w = 0.75; d = 1.0; r = 0.83; a = 0.78 

$82,904   $740,819   $118,394  $85,012  

Higher effectiveness 
w = 0.55; d = 0.41; r = 0.52; a = 0.38 

$47,410  $51,110  $52,714  $40,566  

HR for OAC effect on risk of ICH (base case: w = 2.3; d = 0.9; r = 1.7; a = 0.8) 

High risk 
w = 5.5; d = 1.8; r = 2.6; a = 1.5 

$70,403  $84,535  $73,313  $53,037  

Low risk 
w = 1.0; d = 0.5; r = 1.1; a = 0.5 

$55,818  $78,506  $68,167  $51,722  

HR for OAC effect on risk of non-brain bleeding (base case: w = 1.7; d = 2.1; r = 1.8; a = 1.6) 

High risk 
w = 3.3; d = 3.0; r = 1.8; a = 2.6 

$63,864  $82,919  $70,135  $54,130  

Low risk 
w = 1.0; d = 1.6; r = 1.4; a = 1.1 

$56,628  $78,578  $68,947  $51,218  
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 Warfarin Dabigatran Rivaroxaban Apixaban 

HR for OAC effect on risk of any bleeding 

High risk $77,855  $87,303  $73,422  $55,104  

Low risk $53,892  $76,769  $67,137  $50,807  

Cost of OAC (base case: w = $382; d = $1,274; r = $1,143; a = $1,274) 

High cost 
w = $633; d = $1,525; r = $1,394; a = $1,525 

$64,339  $85,632  $75,012  $55,669  

Low cost 
w = $276; d = $1,168; r = $1,037; a = $1,168 

$56,476  $78,186  $67,937  $50,672  

Costs 

Baseline health care cost associated with specific medical histories 
(base case: history of stroke = $43,200; history of recurrent stroke = $65,500) 

High cost: History of stroke = $65,500; history of 
recurrent stroke = $74,000) 

$86,786   $105,272  $95,238  $74,014  

Low cost: History of stroke = $24,500; history of recurrent 
stroke = $43,200) 

$39,853  $63,327  $53,192  $36,853  

Cost of acute events (first 30 days of hospital, physician, drug, and rehabilitation costs) (base case: mild 
stroke = $16,200; severe/fatal stroke = $55,000; MI = $18,400; ICH = $36,000; non-brain bleed = $9,975) 

High cost of recurrent stroke 
Mild stroke = $37,000; severe or fatal stroke = $75,000 

$45,024  $67,114  $58,377  $41,290  

Low cost of recurrent stroke 
Mild stroke = $7,000; severe or fatal stroke = $36,000 

$70,529  $91,667  $80,033  $61,135  

High costs of bleeding 
ICH = $55,000; non-brain bleed = $13,000 

$61,088  $81,253  $71,460  $52,433  

Low costs of bleeding 
ICH = $16,200; non-brain bleed = $5,000 

$56,088  $78,992  $68,208  $51,664  

High cost, all events 
All high costs above, plus MI = $37,000 

$48,110  $80,574  $62,980  $40,769  

Low cost, all events 
All low costs above, plus MI = $9,000 

$67,403  $83,898  $76,601  $61,051  

Utilities 

Baseline utility associated with specific medical histories (base case: history of stroke = 0.68; history of 
stroke and MI = 0.65; history of ICH = 0.62; history of recurrent stroke = 0.31) 

High baseline utility 
History of stroke = 0.80; history of stroke and MI = 0.70; 
history of ICH = 0.68; history of recurrent stroke = 0.50 

$50,042  $76,125  $61,626  $45,072  

Low baseline utility 
History of stroke = 0.65; history of stroke and MI = 0.60; 
history of ICH = 0.55; history of recurrent stroke = 0.12 

$60,395  $84,318  $72,342  $52,473  

Disutility from OAC treatment (base case: w = –0.013; d = r = a = –0.006) 

No OAC disutility $45,728  $71,461  $62,599  $48,117  

High OAC disutility 
w = –0.02; d = r = a = –0.01 

$69,513  $87,702  $76,057  $55,243  

∆𝑌 = diagnostic yield; a = apixaban; AF = atrial fibrillation; d = dabigatran; ELR = external loop recorder; HR = hazard ratio; 
ICH  = intracerebral hemorrhage; MI = myocardial infarction; OAC = oral anticoagulant; QALY = quality-adjusted life-year; 
r = rivaroxaban; w = warfarin. 

 
The results are also sensitive to the choice of OAC and the characteristics of the OAC, with 
warfarin and apixaban being the more cost-effective options. The rate of OAC uptake and 
discontinuation are important, but less so than other factors (Figure 6).  
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Figure 6: The ICER of 7-Day Cardiac Monitoring Compared With Standard Practice 
by (A) Rate of OAC Uptake and (B) Rate of OAC Discontinuation 

 
(A)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(B)  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

ICER = incremental cost-effectiveness ratio; OAC = oral anticoagulant; QALY = quality-adjusted life-year. 
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Societal perspective 

Incorporating costs from the societal perspective — specifically, out-of-pocket costs and costs 
paid by private insurance, unpaid caregiving costs, and patient time costs — increases the 
ICER of seven-day monitoring compared with standard practice. At the incremental diagnostic 
yield of 16%, the ICER of seven-day monitoring ranges from $80,000 to $130,000 per QALY 
gained (Table 15). When the rate of OAC uptake is greater than 95%, the ICER of seven-day 
monitoring is less than $100,000 per QALY gained for each of the novel OACs. 
 
Table 15: Societal Perspective — Cost-Effectiveness of 7-Day Cardiac Monitoring 
Compared With Standard Practice for Each OAC  

 Warfarin Dabigatran Rivaroxaban Apixaban 

Incremental Diagnostic Yield 

16% (base case) $129,440  $110,215  $99,672  $78,748  

4.7% $138,998  $119,336  $108,280  $84,699  

27.3% $126,255  $107,174  $96,803  $76,764  

OAC Uptake After AF Diagnosis (Base Case: 61%) 

75% $125,018  $106,518  $96,153  $76,167  

85% $122,666  $104,544  $94,276  $74,790  

95% $120,767  $102,945  $92,756  $73,676  

Baseline Health (Base Case: Baseline Mortality = 12.1% Per Year; Incremental Cost for 
History of Stroke = $18,400; Baseline Utility = 0.68) 

Above-average health (baseline mortality = 10.5% per 
year; incremental cost for history of stroke = $16,075; 
baseline utility = 0.71) 

$113,522  $100,088  $89,764  $70,576  

Substantially above-average health (baseline 
mortality = 8.8% per year; incremental cost for 
history of stroke = $13,750; baseline utility = 0.74) 

$99,997  $90,844  $81,051  $63,446  

Excellent health (baseline mortality = 5.5% per year; 
incremental cost for history of stroke = $9,100; 
baseline utility = 0.80) 

$78,757  $74,945  $66,887  $51,959  

AF = atrial fibrillation; OAC = oral anticoagulation. 

 

4.2.3 Analysis 2: 30-day event triggered external loop recorder versus 24-hour Holter 

Base-case analysis 

Gladstone et al.5 evaluated the incremental diagnostic yield of 30-day event triggered ELR 
compared with repeat 24-hour Holter in a cohort of cryptogenic stroke patients within six months 
of ischemic stroke or TIA who had previously been evaluated using at least a 12-lead ECG and 
a 24-hour Holter. The observed difference in diagnostic yield was 12.9% (8.0% to 17.6%).5 

 
The estimated cost of 30-day ELR is $581 and the cost of 24-hour Holter is $73.132 Therefore, 
the average incremental cost of 30-day ELR compared with 24-hour Holter is $508. 
In the base case in which 61% of patients initiate warfarin treatment upon diagnosis with AF, the 
ICER of 30-day ELR compared with 24-hour Holter is $114,979 per QALY gained. In an 
analysis in which 61% of patients initiate apixaban upon diagnosis with AF, the cost of 30-day 
ELR is $87,130 per QALY gained. If diagnosis is followed by treatment with dabigatran or 
rivaroxaban, the ICER of 30-day ELR compared with 24-hour Holter is $134,003 per QALY 
gained and $120,624 per QALY gained, respectively. 
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Table 16; Base-Case Results for the Cost-Effectiveness of 30-Day ELR Compared With 
24-hour Holter (Change in Diagnostic Yield of 12.9%) for Each OAC Assuming 61% of 
Patients Initiate OAC Treatment After Diagnosis With AF 

 Warfarin Dabigatran Rivaroxaban Apixaban 

Lifetime Costs 

Cost of false negative diagnosis $151,148 $151,432 $151,362 $151,435 

Cost of true positive diagnosis $153,490 $155,162 $154,739 $155,140 

Incremental cost of correct diagnosis $2,342 $3,731 $3,377 $3,705 

Incremental cost of monitoring $508 $508 $508 $508 

Lifetime Benefits 

QALYs of false negative diagnosis 2.30 2.31 2.31 2.31 

QALYs of true positive diagnosis 2.36 2.36 2.37 2.40 

Incremental QALYs of correct diagnosis 0.055 0.057 0.061 0.088 

ICERs ($ per QALY gained) $114,979  $134,003  $120,624  $87,130  

AF = atrial fibrillation; ELR = external loop recorder; ICER = incremental cost-effectiveness ratio; OAC = oral anticoagulant; 
QALY = quality-adjusted life-year. 

 

Deterministic sensitivity analysis 

In one-way deterministic sensitivity analysis, the cost-effectiveness of 30-day ELR compared 
with 24-hour Holter is robust to the incremental cost of monitoring, and the incremental 
diagnostic yield within the 95% CI of the study by Gladstone et al.5 (Table 17). 
 
Patient discomfort may be substantial with 30 days of monitoring. If the disutility exceeds 0.005 
QALYs (equivalent to 1.83 quality-adjusted life-days), the ICER of 30 days of monitoring 
compared with 24-hour Holter exceeds $150,000 per QALY gained for all OACs. 
 
Similar to the findings for seven-day ELR, 30-day ELR monitoring is more cost-effective in 
healthier patients, such as those with a lower baseline mortality rate, lower baseline costs, and 
higher baseline utilities, as well as in patients with a higher risk of recurrent stroke and a lower 
risk of bleeding. The ICER of 30-day ELR monitoring compared with 24-hour Holter falls below 
$100,000 per QALY gained for all OAC treatments only when all baseline patient health 
characteristics are simultaneously changed to represent a healthier patient. 
 
Table 17: Deterministic Sensitivity Analysis — Cost-Effectiveness ($ per QALY Gained) 
of 30-Day ELR Monitoring Compared With 24-hour Holter Monitoring 

 Warfarin Dabigatran Rivaroxaban Apixaban 

Monitoring Strategy 

Incremental diagnostic yield 

12.9% (base case) $114,979 $134,003 $120,624 $87,130 

8.0% $159,142 $176,151 $160,397 $114,629 

17.6% $95,725 $115,627 $103,283 $75,141 

Incremental cost of 30-day cardiac monitoring (base case:$508) 

$325 $89,006 $109,215 $97,232 $70,957 

$800 $156,424 $173,557 $157,949 $112,937 

Incremental QALY of 30-day cardiac monitoring (base case: 0) 

–0.005 $396,015  $415,239  $334,253  $156,116  

OAC uptake after AF diagnosis (base case: 61%) 

75% $102,275 $121,892 $109,178 $79,150 

85% $95,518 $115,424 $103,070 $74,893 

95% $90,060 $110,186 $98,128 $71,449 
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 Warfarin Dabigatran Rivaroxaban Apixaban 

Patient Characteristics 

Baseline risk of recurrent stroke (patient with AF and no OAC [Aspirin only]) (base case: 10.2%) 

High risk: 12.5% $98,041  $113,496  $104,700  $77,826  

Low risk: 4.1% $436,866  $466,016  $314,742  $167,245  

Baseline risk of bleeding (patient with AF and no OAC [Aspirin only]) 
(base case: ICH = 0.3%; non-brain bleeding = 1.1%) 

High risk: ICH = 0.5%; non-brain bleeding = 4.8% $145,586 $161,008 $145,223 $97,833 

Low risk: ICH = 0.2%; non-brain bleeding = 0.6% $110,334 $130,612 $117,025 $85,789 

Mortality with AF and after stroke (base case: HR for AF = 1.4; HR for recurrent stroke = 1.4) 

Higher mortality (HR for AF = 1.7; HR for recurrent 
stroke = 1.7) 

$133,253  $151,910  $136,733  $97,175  

Lower mortality (HR for AF = 1.1; HR for recurrent 
stroke = 1.1) 

$99,261  $117,607  $106,145  $77,951  

Baseline health (base case: baseline mortality = 12.1% per year; incremental cost for history of 
stroke = $18,400; baseline utility = 0.68) 

Above-average health (baseline mortality = 10.5% per 
year; incremental cost for history of stroke = $16,075; 
baseline utility = 0.71) 

$95,637 $115,961 $103,028 $73,855 

Substantially above-average health (baseline 
mortality = 8.8% per year; incremental cost for history 
of stroke = $13,750; baseline utility = 0.74) 

$79,477 $99,668 $87,651 $62,349 

Excellent health (baseline mortality = 5.5% per year; 
incremental cost for history of stroke = $9,100; 
baseline utility = 0.80) 

$54,656 $71,874 $62,586 $43,775 

Risks, Benefits, and Costs of OACs 

HR for OAC effect on risk of recurrent stroke (base case: w = 0.64; d = 0.64; r = 0.66; a = 0.55) 

Lower effectiveness 
w = 0.75; d = 1.0; r = 0.83; a = 0.78 

$162,686  $1,247,839  $204,971  $142,976  

Higher effectiveness 
w = 0.55; d = 0.41; r = 0.52; a = 0.38 

$92,426  $84,658  $90,430  $67,455  

HR for OAC effect on risk of ICH (base case: w = 2.3; d = 0.9; r = 1.7; a = 0.8) 

High risk 
w = 5.5; d = 1.8; r = 2.6; a = 1.5 

$152,218  $143,040  $128,562  $89,691  

Low risk 
w = 1.0; d = 0.5; r = 1.1; a = 0.5 

$105,371  $129,885  $116,101  $85,881  

HR for OAC effect on risk of non-brain bleeding (base case: w = 1.7; d = 2.1; r = 1.8; a = 1.6) 

High risk 
w = 3.3; d = 3.0; r = 1.8; a = 2.6 

$122,522  $137,708  $120,771  $90,006  

Low risk 
w = 1.0; d = 1.6; r = 1.4; a = 1.1 

$111,729  $131,341  $119,024  $85,769  

HR for OAC effect on risk of any bleeding 

High risk $163,657  $147,119  $128,723  $92,705  

Low risk $102,521  $127,341  $114,590  $84,551  

Cost of OAC (base case: w = $382; d = $1,274; r = $1,143; a = $1,274) 

High cost 
w = $633; d = $1,525; r = $1,394; a = $1,525 

$120,511  $139,242  $125,601  $90,646  

Low cost 
w = $276; d = $1,168; r = $1,037; a = $1,168 

$112,648  $131,796  $118,526  $85,649  

Costs 

Baseline health care cost associated with specific medical histories 
(base case: history of stroke = $43,200; history of recurrent stroke = $65,500) 

High cost: History of stroke = $65,500; history of 
recurrent stroke = $74,000) 

$142,959  $158,881  $145,827  $108,991  

Low cost: History of stroke = $24,500; history of 
recurrent stroke = $43,200) 

$96,026  $116,937  $103,781  $71,830  
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 Warfarin Dabigatran Rivaroxaban Apixaban 

Cost of acute events (first 30 days of hospital, physician, drug, and rehabilitation costs) (base case: mild 
stroke = $17,800; severe/fatal stroke = $55,000; MI = $18,400; ICH = $36,000; non-brain bleed = $9,975) 

High cost of recurrent stroke 
Mild stroke = $37,000; severe/fatal stroke = $75,000 

$101,196  $120,724  $108,966  $76,267  

Low cost of recurrent stroke 
Mild stroke = $7,000; severe or fatal stroke = $36,000 

$126,701  $145,277  $130,622  $96,112  

High costs bleeding 
ICH = $55,000; non-brain bleed = $13,000 

$117,261  $134,863  $122,049  $87,410  

Low costs bleeding 
ICH = $16,800; non-brain bleed = $5,000 

$112,260  $132,602  $118,798  $86,641  

High cost, all events 
All high costs above, plus MI = $37,000 

$104,282  $134,184  $113,570  $75,746  

Low cost, all events 
All low costs above, plus MI = $9,000 

$123,575  $137,508  $127,190  $96,027  

Utilities 

Baseline utility associated with specific medical histories (base case: history of stroke = 0.68; history 
of stroke and MI = 0.65; history of ICH = 0.62; history of recurrent stroke = 0.31) 

High baseline utility 
History of stroke = 0.80; history of stroke and 
MI = 0.70; history of ICH = 0.68; history of recurrent 
stroke = 0.50 

$97,841  $126,888  $106,141  $75,300  

Low baseline utility 
History of stroke = 0.65; history of stroke and 
MI = 0.60; history of ICH = 0.55; history of recurrent 
stroke = 0.12 

$118,084  $140,545  $124,597  $87,665  

Disutility from OAC treatment (base case: w = –0.013; d = r = a = –0.006) 

No OAC disutility $89,407  $119,114  $107,818  $80,387  

High OAC disutility 
w = –0.02; d = r = a = –0.01 

$135,911  $146,186  $130,997  $92,292  

a = apixaban; AF = atrial fibrillation; d = dabigatran; ELR = external loop recorder; HR = hazard ratio; ICER = incremental cost-
effectiveness ratio; ICH = intracerebral hemorrhage; MI = myocardial infarction; OAC = oral anticoagulant; QALY = quality-adjusted 
life-year; r = rivaroxaban; w = warfarin. 

 
The results are sensitive to the choice of OAC and the characteristics of the OAC. If apixaban is 
the prescribed treatment, 30-day ELR has an ICER of $87,130 per QALY gained. The rate of 
OAC uptake is also an important factor affecting the cost-effectiveness of 30-day ELR (Figure 7). 
If more than 85% of patients initiate OAC treatment after AF diagnosis, the cost-effectiveness 
of 30-day ELR is less than $100,000 per QALY gained if the OAC treatments used are 
warfarin or apixaban. 
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Figure 7: The Incremental Cost-Effectiveness Ratio of 30-Day ELR Monitoring Compared 
With 24-hour Holter by (A) Rate of OAC Uptake and (B) Rate of OAC Discontinuation 

 
(A)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(B)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ELR = external loop recorder; OAC = oral anticoagulant; QALY = quality-adjusted life-year. 
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Societal perspective 

Incorporating costs from the societal perspective — specifically, out-of-pocket costs and costs 
paid by private insurance, unpaid caregiving costs, and patient time costs — increases the 
ICER of 30-day ELR monitoring compared with 24-hour Holter. At the incremental diagnostic 
yield of 12.9%,5 the ICER of 30-day ELR monitoring ranges from $114,000 to $186,000 per QALY 
gained (Table 18). At the incremental diagnostic yield of 17.6%, the upper 95% CI from the 
study of Gladstone et al.,5 the ICER of 30-day ELR monitoring ranges from $100,000 to 
$166,000 per QALY gained (Table 18). 
 
Table 18: Societal Perspective — Cost-Effectiveness of 30-Day ELR Monitoring 
Compared With 24-hour Holter for Each OAC  

 Warfarin Dabigatran Rivaroxaban Apixaban 

Incremental Diagnostic Yield 

12.9% (base case) $185,613  $163,824  $150,262  $113,725  

8.0% $229,775  $205,972  $190,034  $141,223  

17.6% $166,358  $145,448  $132,921  $101,736  

OAC Uptake After AF Diagnosis (Base Case: 61%) 

75% $171,826  $151,313  $138,397  $105,369  

85% $164,494  $144,630  $132,067  $100,912  

95% $158,572  $139,219  $126,943  $97,306  

Baseline Health (Base Case: Baseline Mortality = 12.1% per Year; Incremental Cost for History of 
Stroke = $18,400; Baseline Utility = 0.68) 

Above-average health (baseline mortality = 10.5% 
per year; incremental cost for history of stroke = 
$16,075; baseline utility = 0.71) 

$158,898  $145,099  $131,587  $99,327  

Substantially above-average health (baseline 
mortality = 8.8% per year; incremental cost for 
history of stroke = $13,750; baseline utility = 0.74) 

$136,409  $128,221  $115,306  $86,877  

Excellent health (baseline mortality = 5.5% per 
year; incremental cost for history of stroke = 
$9,100; baseline utility = 0.80) 

$101,453  $99,609  $88,988  $66,954  

AF = atrial fibrillation; ELR = external loop recorder; OAC = oral anticoagulant. 

 

4.2.4 Analysis 3: Implantable loop recorder versus standard practice 

Base-case analysis 

Sanna et al.7 evaluated the incremental diagnostic yield of ILR compared with standard practice 
in a cohort of cryptogenic stroke patients within 90 days of ischemic stroke or TIA who had 
previously been evaluated using at least a 12-lead ECG and a 24-hour Holter. Standard practice 
included 30% of patients with at least one ECG and 8% of patients with 24-hour Holter within 
six months. 
 
The estimated cost of the Reveal XT device is $2,800 and the cost of physician time is $146, 
resulting in a total cost of $2,946 for surgical implantation.132 Physician monitoring costs an 
additional $300 per year. The approximate expected value of the standard-practice arm is $40. 
 
In the base case in which 61% of patients initiate OAC treatment upon diagnosis with AF, the 
incremental cost of ILR is $3,832 if warfarin is the OAC treatment and $4,063 if apixaban is the 
OAC treatment (Table 19). When warfarin is the OAC treatment, the ICER of ILR compared with 
standard practice is $414,732 per QALY gained. When apixaban is the OAC treatment, the cost 
of ILR is $273,815 per QALY gained. If diagnosis is followed by treatment with dabigatran or 
rivaroxaban, the ICER of 30-day ILR compared with 24-hour Holter is $420,062 per QALY gained 
and $390,578 per QALY gained, respectively. 
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Table 19: Base-Case Results for the Cost-Effectiveness of ILR Compared With Standard 
Practice in a Cohort of Patients With a Recent History of Cryptogenic Stroke, No Prior 
Diagnosis of AF, and an Undiagnosed Prevalence of AF of 30% 

 Warfarin  Apixaban  

 Standard 
Practice 

ILR Standard 
Practice 

ILR 

Events (per 10,000) 

Within 2 years 

Recurrent stroke, severe or fatal 475 449 474 443 

Recurrent stroke, any 780 746 777 735 

ICH 51 54 50 49 

GI bleed 183 190 183 189 

Within 5 years 

Recurrent stroke, severe or fatal 905 852 901 838 

Recurrent stroke, any 1,493 1,424 1,486 1,399 

ICH 103 110 99 99 

GI bleed 369 385 368 382 

Lifetime Costs 

Baseline $165,348 $165,914 $165,431 $166,158 

Testing $40 $3,474 $40 $3,474 

OAC $41 $118 $138 $402 

Acute events $11,528 $11,283 $11,469 $11,107 

TOTAL $176,957 $180,789 $177,078 $181,141 

Incremental cost of ILR  $3,832  $4,063 

Lifetime benefits 

Undiscounted LY 6.311 6.333 6.314 6.344 

Discounted LY 4.815 4.832 4.818 4.839 

Discounted QALY 3.176 3.185 3.178 3.193 

(ICERs ($/QALY gained)  $414,732  $273,815 

AF = atrial fibrillation; GI = gastrointestinal; ICER = incremental cost-effectiveness ratio; ICH = intracerebral hemorrhage; 
ILR = implantable loop recorder; LY = life-year; OAC = oral anticoagulant; QALY = quality-adjusted life-year. 

 

Deterministic sensitivity analysis 

In one-way deterministic sensitivity analysis, the cost-effectiveness of ILR compared with 
standard practice is robust to the cost of monitoring, the rate of OAC uptake after AF diagnosis, 
and the baseline health of patients (Table 20). 
 
In the base-case analysis, no disutility was assumed for patients to undergo the implantation 
procedure. However, the ICERs were sensitive to this assumption. A one-time disutility of 
0.005 associated with the outpatient implantation procedure greatly increases the ICERs 
such that they exceed $400,000 per QALY for any OAC. 
 
Similar to the findings for seven-day and 30-day ELR, ILR is more cost-effective in healthier 
patients, such as those with a lower baseline mortality rate, lower baseline costs, and higher 
baseline utilities, as well as in patients with a higher risk of recurrent stroke and a lower risk of 
bleeding. However, ILR does not have an ICER less than $100,000 per QALY gained compared 
with standard practice when only a single patient factor is varied. 
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Table 20: Deterministic Sensitivity Analysis — Cost-Effectiveness of ILR Compared 
With Standard Practice 

 Warfarin Dabigatran Rivaroxaban Apixaban 

Base case $414,732  $420,062  $390,578  $273,816  

Monitoring Strategy 

Cost of ILR 
    

High implantation cost $528,804  $528,930  $493,311  $344,845  

Low implantation cost $258,235  $270,704  $249,636  $176,369  

High annual monitoring cost $160,831  $177,742  $161,912  $115,718  

Low annual monitoring cost $643,092  $638,004  $596,240  $416,009  

High implantation and annual monitoring costs $386,187  $392,819  $364,870  $256,041  

Low implantation and annual monitoring costs $757,164  $746,872  $698,974  $487,038  

Incremental QALY of ILR (base case: 0) 

–0.005  $903,825  $868,706  $761,882  $412,964  

–0.01  Dominated   Dominated  $15,439,806  $839,672  

OAC uptake after AF diagnosis (base case: 61%) 

75% $352,102  $360,954  $334,639  $235,050  

85% $318,790  $329,385  $304,791  $214,370  

95% $291,886  $303,820  $280,636  $197,637  

Patient Characteristics 

Baseline risk of recurrent stroke (patient with AF and no OAC [Aspirin only]) (base case: 10.2%) 

High risk: 12.5% $340,916  $347,164  $329,933  $238,489  

Low risk: 4.1% $1,787,616  $1,586,610  $1,117,194  $572,348  

Baseline risk of bleeding (patient with AF and no OAC [Aspirin only]) 
(base case: ICH = 0.3%; non-brain bleeding = 1.1%) 

High risk: ICH = 0.5%; non-brain bleeding = 4.8% $534,717  $508,791  $479,197  $312,031  

Low risk: ICH = 0.2%; non-brain bleeding = 0.6% $395,176  $408,515  $376,914  $268,796  

Mortality with AF and after stroke (base case: HR for AF = 1.4; HR for recurrent stroke = 1.4) 

Higher mortality  
(HR for AF = 1.7; HR for recurrent stroke = 1.7) 

$523,696  $513,661  $480,367  $332,147  

Lower mortality  
(HR for AF = 1.1; HR for recurrent stroke = 1.1) 

$323,479  $338,360  $312,775  $222,701  

Baseline health (base case: baseline mortality = 12.1% per year; incremental cost for history of stroke = 
$18,400; baseline utility = 0.68) 

Above-average health  
(baseline mortality = 10.5% per year; incremental cost 
for history of stroke = $16,075; baseline utility = 0.71) 

$332,582  $350,984  $321,412  $224,020  

Substantially above-average health  
(baseline mortality = 8.8% per year; incremental cost 
for history of stroke = $13,750; baseline utility = 0.74) 

$265,448  $290,555  $262,601  $182,042  

Excellent health  
(baseline mortality = 5.5% per year; incremental cost 
for history of stroke = $9,100; baseline utility = 0.80) 

$165,380  $192,197  $170,407  $116,938  

Risks, Benefits, and Costs of OACs 

HR for OAC effect on risk of recurrent stroke (base case: w = 0.64; d = 0.64; r = 0.66; a = 0.55) 

Lower effectiveness 
w = 0.75; d = 1.0; r = 0.83; a = 0.78 

$588,375  $3,952,212  $666,882  $452,279  

Higher effectiveness 
w = 0.55; d = 0.41; r = 0.52; a = 0.38 

$332,670  $263,712  $291,718  $210,997  

HR for OAC effect on risk of ICH (base case: w = 2.3; d = 0.9; r = 1.7; a = 0.8) 

High risk 
w = 5.5; d = 1.8; r = 2.6; a = 1.5 

$588,735  $455,204  $423,367  $285,317  

Low risk 
w = 1.0; d = 0.5; r = 1.1; a = 0.5 

$369,819  $404,043  $371,892  $268,201  

HR for OAC effect on risk of non-brain bleeding (base case: w = 1.7; d = 2.1; r = 1.8; a = 1.6) 

High risk 
w = 3.3; d = 3.0; r = 1.8; a = 2.6 

$435,537  $430,058  $390,975  $281,490  

Low risk 
w = 1.0; d = 1.6; r = 1.4; a = 1.1 

$405,767  $412,876  $386,246  $270,183  
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 Warfarin Dabigatran Rivaroxaban Apixaban 

HR for OAC effect on risk of any bleeding 

High risk $621,441  $466,273  $423,806  $293,381  

Low risk $362,037  $397,199  $367,816  $264,657  

Cost of OAC (base case: w = $382; d = $1,274; r = $1,143; a = $1,274) 

High cost 
w = $633; d = $1,525; r = $1,394; a = $1,525 

$420,264  $425,300  $395,555  $277,331  

Low cost 
w = $276; d = $1,168; r = $1,037; a = $1,168 

$412,401  $417,854  $388,480  $272,334  

Costs 

Baseline health care cost associated with specific medical histories 
(base case: History of stroke = $43,200; history of recurrent stroke = $65,500) 

High cost: History of stroke = $65,500; history of 
recurrent stroke = $74,000) 

$432,655  $435,854  $406,887  $287,490  

Low cost: History of stroke = $24,500; history of 
recurrent stroke = $43,200) 

$399,144  $406,041  $376,712  $261,268  

Cost of acute events (first 30 days of hospital, physician, drug, and rehabilitation costs) (base case: Mild 
stroke = $17,800; severe/fatal stroke = $55,000; MI = $18,400; ICH = $36,000; non-brain bleed = $9,975) 

High cost of recurrent stroke 
Mild stroke = $36,000; severe or fatal stroke = $75,000 

$400,949  $406,782  $378,920  $262,952  

Low cost of recurrent stroke 
Mild stroke = $14,000; severe or fatal stroke = $36,000 

$426,454  $431,335  $400,576  $282,797  

High costs of bleeding 
ICH = $55,000; non-brain bleed = $13,000 

$417,013  $420,921  $392,003  $274,095  

Low costs of bleeding 
ICH = $16,800; non-brain bleed = $6,000 

$412,013  $418,660  $388,751  $273,326  

High cost, all events 
All high costs above, plus MI = $37,000 

$404,034  $420,242  $383,523  $262,431  

Low cost, all events 
All low costs above, plus MI = $12,000 

$423,328  $423,566  $397,144  $282,713  

Utilities 

Baseline utility associated with specific medical histories (base case: History of stroke = 0.68; history of 
stroke and MI = 0.65; history of ICH = 0.62; history of recurrent stroke = 0.31) 

High baseline utility 
History of stroke = 0.80; history of stroke and MI = 0.70; 
history of ICH = 0.68; history of recurrent stroke = 0.50 

$352,915  $397,758  $343,681  $236,637  

Low baseline utility 
History of stroke = 0.65; history of stroke and MI = 0.60; 
history of ICH = 0.55; history of recurrent stroke = 0.12 

$425,929  $440,566  $403,442  $275,494  

Disutility from OAC treatment (base case: w = –0.013; d = r = a = –0.006) 

No OAC disutility $322,494  $373,387  $349,111  $252,623  

High OAC disutility 
w = –0.02; d = r = a = –0.01 

$490,232  $458,250  $424,165  $290,036  

Societal Perspective 

OAC uptake after AF diagnosis  

75% $528,040  $492,183  $459,871  $327,652  

85% $482,840  $449,705  $419,685  $299,775  

95% $446,333  $415,307  $387,163  $277,218  

a = apixaban; AF = atrial fibrillation; d = dabigatran; ELR = external loop recorder; HR = hazard ratio; ICER = incremental cost-
effectiveness ratio; ICH = intracerebral hemorrhage; ILR = implantable loop recorder; MI = myocardial infarction; OAC = oral 
anticoagulant; QALY = quality-adjusted life-year; r = rivaroxaban; w = warfarin. 

 
OAC uptake affects the cost-effectiveness of ILR, but even at 100% uptake of apixaban 
after diagnosis with AF, the ICER of implantable cardiac monitoring remains above 
$175,000  per QALY gained (Figure 8).  
 



 

CADTH OPTIMAL USE REPORT   55 

Figure 8: ICER of ILR Compared With Standard Practice for Various Costs of ILR 
Implantation: Influence of OAC Uptake on the Cost-Effectiveness of ILR Compared 
With Standard Practice 

 

ICER = incremental cost-effectiveness ratio; ILR = implantable loop recorder; OAC = oral anticoagulant;  
QALY = quality-adjusted life-year. 

 
Even in the scenario in which both the implantation cost and the annual ongoing monitoring 
costs were set to 50% of the base case, the ICER of ILR compared with standard care 
exceeded $100,000 per QALY gained for all OAC treatments. Only when the cost of the device 
and implantation was below $400 did the ICER fall below $100,000 per QALY gained (Figure 9). 
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Figure 9: Incremental Cost-Effectiveness Ratio of ILR Compared With Standard Practice 
for Various Costs of ILR Implantation (Including the Cost of the Device) 

 
 

ICER = incremental cost-effectiveness ratio; ILR = implantable loop recorder; QALY = quality-adjusted life-year. 

 

4.2.5 Comparison with previously published cost-effectiveness analyses 

To the knowledge of this report’s authors, five cost-effectiveness analyses evaluate 
comparisons between monitoring technologies similar to the comparisons evaluated in this 
study (Table 21).71,72,74-76 For similar comparisons, the analysis carried out by the authors 
indicates higher ICERs. For example, for an analysis similar to Kamel et al. with an incremental 
diagnostic yield of 4.45%, incremental testing cost of $168, assuming 100% of patients initiate 
warfarin upon diagnosis with AF, assuming no warfarin treatment discontinuation, and using a 
3% annual discount rate, the model estimates $68,500 per QALY gained. 
 
Table 21: Health Economic Evaluations of Cardiac Monitoring Technologies in Post-
Stroke Populations  

Study Kamel et al.
72

 Mayer et al.
74

 Levin et al.
75

 
Diamantopoulos 
et al.

76
 

Yong et al.
71

 

Region/ 
perspective 

US payer German public 
payer 

Swedish public 
payer 

UK NHS Canadian public 
payer (reported in 
USD) 

Comparison 7-day ELR vs. 
standard 
practice 

7-day Holter 
vs. 24-h Holter 

24-h Holter vs. 
no monitoring

a
 

ILR vs. 
standard practice 

30-day ELR vs. 24-h 
Holter 
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Study Kamel et al.
72

 Mayer et al.
74

 Levin et al.
75

 
Diamantopoulos 
et al.

76
 

Yong et al.
71

 

∆𝒀/ 

incremental 
test cost 

∆𝒀 = 4.45% 

Incremental test 
cost = $168 

∆𝒀 = 7.1% 

Incremental 
test cost = €34 

∆𝒀 = 2% 

Incremental test 
cost = €271 

∆𝒀 = 27% 

(over 3 years) 
Incremental test 
cost ~ £1,836 

∆𝒀 = 12.9% 

Incremental test 
cost = $316 

Disc. LY Undiscounted 
median LE 
= 13.3 years 

NR 24h = 9.54 years 
None = 9.53 
years  

NR 30 d = 6.126 years; 
24 h = 6.113 years 

Disc. QALY NR 7 d = 3.844 
QALY 
24 h = 3.833 
QALY 

24h = 6.442 
QALY 
None = 6.435 
QALY 

ILR = 7.37 QALY 
SP = 7.22 QALY 

30 d = 4.46 QALY 
24 h = 4.45 QALY 

ICER $13,000 per 
QALY gained 

Cost saving € 33,571 per 
QALY gained 

£17,175 per 
QALY gained 

Cost saving 

∆Y = diagnostic yield; d = day; ELR = external loop recorder; h = hour; ICER = incremental cost-effectiveness ratio; ILR = implantable 
loop recorder; LE = life expectancy; LY = life-year; NHS = National Health Service; NR = not reported; QALY = quality-adjusted 
life-year; SP = standard practice; vs. = versus. 
a
 Levin et al. include an alternative of 30-day hand-held ECG, a technology that is outside the scope of this report, which costs less 

and provides more QALYs than either 24-hour Holter monitoring or no monitoring. 

 
There are several differences in input parameters between the model used here and the 
previously published cost-effectiveness analyses. Three major differences are highlighted; it is 
also important to note significant differences in the rate of stroke recurrence,71,72,76 the cost of 
events,74-76 and the effectiveness of OAC treatment to prevent future strokes.71,72,74-76 
 
First, predicted life expectancy in this model is lower than life expectancies reported in other 
analyses. For example, Kamel et al.72 report a median life expectancy of 13.3 years and Yong et 
al.71 report undiscounted average life expectancy of 8.158 years in the cohort receiving 30-day 
ELR and 8.138 years in the cohort receiving 24-hour Holter. Diamantopoulos et al.76 assumed 
that mortality in the initial post-stroke cohort followed the age-dependent UK life tables without 
an increased risk of death associated with a recent history of stroke or TIA. Yong et al.71 
assumed a baseline mortality rate of twice the age-dependent rate in the population, which is 
approximately 5.4% per year for an individual aged 70 to 75. In contrast, the model used in this 
report assumes a baseline mortality rate of 12% per year for an individual with a history of 
stroke with no AF and of 16.5% for an individual with a history of stroke and undiagnosed AF.79 
The life expectancy estimates of this model were validated to the observations of the Oxford 
Vascular Study, which reported life expectancy of 4.3 years for TIA patients and 3.6 years for 
ischemic stroke patients (overall, 4.4 years after adjusting for acute mortality).111 
 
Second, the baseline utility weight for a post-stroke population in this model is lower than the 
utility weight reported in other analyses. For example, the baseline utility rate for the post-stroke 
population considered is 0.93 in Yong et al. and is 0.76 in Diamantopoulos et al. The baseline 
utility in Kamel et al. is unclear, but may be 0.987 adjusting only for the disutility of warfarin 
treatment.73 The baseline utility value used for individuals with a history of stroke is based on 
the 1994 Canadian National Population Health Survey112 and was consistent with other reports 
for average quality of life after stroke or TIA.111,113,115 For additional context, the mean utility for 
all individuals aged 70 to 79 in the US Medical Expenditure Panel Survey is 0.79,113,115 the 
mean utility for individuals aged 70 to 79 with a history of stroke in the 1994 Canadian National 
Population Health Survey is 0.63,112 and the mean utility for individuals with a history of stroke 
and no reported comorbidities is 0.78 (based on 16 individuals with a history of stroke and no 
comorbidities).112 
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Third, not all studies included baseline health care costs72,74 and some studies reported using 
baseline health care costs that appear low. Yong et al. assumed a baseline cost of $4,770 per 
year for individuals without a recurrent stroke or ICH. Assuming that Diamantopoulos et al. 
included the annual cost of the “post mild stroke” statue to their initial post-stroke population, 
their baseline health care costs would be £2,311 per year. In contrast, the average publicly paid 
health care cost for a Canadian older than 60 years is greater than $10,000 per year123 and 
individuals with a history of stroke have greater than average health care costs.124 Omitting or 
assuming low values for baseline health care costs understates the directly attributable costs of 
life-extending interventions.139 Furthermore, no other study specifically reported including a cost 
associated with a death from other causes. This is important because in all of these studies, 
including this one, diagnosis with AF results in stroke prevention efforts that shift the cause of 
death from ischemic stroke (the costs of which are counted) to other age-specific causes (the 
costs of which are not counted). 

4.3 Summary of Results 
The economic findings were based on three separate analyses. The ICER of seven-day cardiac 
monitoring compared with standard practice (in which 60% of patients received 24-hours of 
Holter monitoring) in patients with a very recent history of stroke or TIA who did not receive 
in-hospital continuous monitoring (patients who received ECG only) was between $50,000 
and $80,000 per QALY gained depending on the rate of OAC uptake and the OAC prescribed. 
Targeted monitoring to relatively healthy post-stroke patient cohorts and those with a higher 
suspected likelihood of AF further improves the cost-effectiveness of seven-day cardiac 
monitoring compared with standard practice. 
 
Longer-term monitoring, such as 30-day event loop recording or implantable cardiac monitoring, 
in patient cohorts similar to those studied by Gladstone et al.5 or Sanna et al.7 had ICERs 
greater than $85,000 per QALY gained and are therefore unlikely to be cost-effective based on 
commonly accepted thresholds in Canada. Both of these cohorts were selected as higher-risk 
cohorts based on their stroke type, but both cohorts had already undergone at least 24 hours of 
continuous monitoring. As a result, the incremental diagnostic yields were not sufficient to 
compensate for the substantial increase in testing costs incurred for all patients. As technologies 
such as ELRs decrease in cost, they may become cost-effective technologies in target 
populations. ILRs are unlikely to be cost-effective for the purpose of investigating AF in a 
post-stroke population. 
 
Cardiac monitoring after stroke or TIA for the investigation of AF can be cost-effective. To 
ensure cost-effective use of monitoring, the incremental cost compared with standard practice 
must be relatively small, the diagnostic yield must be substantial, the patient cohort must be 
relatively healthy for a post-stroke patient, and the initiation of OACs in newly diagnosed patients 
must be high. To achieve a high diagnostic yield, the patient cohort must be one with a high 
expected prevalence of AF based on their medical history, type of stroke and stroke symptoms, 
recently discharged after their stroke, and having had few investigations for AF in-hospital. 
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5. Patient Preferences and Experience Review 

5.1 Methods 
A systematic review and thematic synthesis of the literature on patient preferences and 
experience was conducted. The methods follow from the authors’ intentions to synthesize 
results of primary studies to address the research question and yield results that may be useful 
to decision-makers. A protocol for this Patient Preference Review was written a priori and 
followed throughout the review process. The protocol initially focused only on people who have 
experienced a stroke or TIA. After initial screening of the literature results, the population 
considered was broadened to include people with any indication for outpatient cardiac 
monitoring devices. 
 

5.1.1 Literature searches 

In addition to the literature search performed for the clinical portion of this HTA, a separate 
literature search was performed specifically for this review by an information specialist using a 
search strategy that was peer-reviewed according to the PRESS checklist.26 In this literature 
search, published literature was identified by searching the following bibliographic databases: 
MEDLINE (1946–) with in-process records and daily updates via Ovid; Embase (1974–) via 
Ovid; and PsycINFO (1987–) via Ovid. A limited PubMed search was performed to capture 
records not indexed in MEDLINE. The search strategy consisted of both controlled vocabulary, 
such as the National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. 
The main search concepts were cardiac monitoring devices, stroke, AF, patient experiences, 
values, and perspectives. Appendix 10: Literature Search Strategy — Patient Preferences Review 
reports the detailed search strategy. 
 
No methodological filters were applied to limit retrieval by study design. Retrieval was not limited 
by publication year, but was limited to the English language. Conference abstracts were excluded 
from the search results. Regular alerts were established to update the search until the publication 
of the final report. Regular search updates were performed on databases that do not provide 
alert services. 
 
Grey literature (literature that is not commercially published) was identified by searching sources 
identified in the Grey Matters checklist (www.cadth.ca/resources/finding-evidence/grey-matters-
practical-search-tool-evidence-based-medicine). Google and other Internet search engines were 
used to search for additional Web-based materials. These searches were supplemented by 
reviewing the bibliographies of key papers. Additional information on the grey literature search 
strategy is reported in Appendix 10. 
 

5.1.2 Selection criteria 

The eligibility criteria for Question 3 are reported in Table 22. 
 

https://www.cadth.ca/resources/finding-evidence/grey-matters-practical-search-tool-evidence-based-medicine
https://www.cadth.ca/resources/finding-evidence/grey-matters-practical-search-tool-evidence-based-medicine
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Table 22: Inclusion Criteria Patient Preferences Review 

Population
a
 

 Any adult (≥ 18 years of age) who has gone through the decision-making process on the 
use of an outpatient cardiac monitoring device, irrespective of their decision (i.e., to use or 
not to use) 

 Caregivers of any adult who have supported the patient in the decision to use an 
outpatient cardiac monitoring device 

Intervention 

 Outpatient cardiac monitoring devices 

 Ambulatory Holter monitor 

 ELR 

 MCOT 

 ILR 

Comparator 
 Other individual or series of outpatient cardiac monitoring devices approved by Health 

Canada 

 No outpatient monitoring 

Outcome 

 Patient perspectives (e.g., acceptance, preferences) 

 Patient experiences (e.g., clinical and non-clinical experiences) 

 Caregiver perspectives (e.g., acceptance, preferences) 

 Caregiver experiences (e.g., clinical and non-clinical experiences) 

Study Design 

 Descriptive studies: 

 Qualitative studies 

 Surveys 

 Mixed methods studies 

ELR = external loop recorder; ILR = implantable loop recorder; MCOT = mobile cardiac outpatient telemetry. 
a
 After the results of a scoping literature search were reviewed, the eligible population was expanded to include any adult with an 

indication for outpatient cardiac monitoring, as compared with only adult stroke or transient ischemic attack patients. 

 

5.1.3 Selection method 

Two reviewers (of SG, JP, LW, and TR) independently screened the titles and abstracts of all 
citations retrieved from both literature searches, and excluded reports that clearly did not meet 
the inclusion criteria. The full text of all potentially relevant reports was ordered for detailed 
review. Two reviewers (of SG, JP, LW, and TR) then independently reviewed the full-text 
articles based on the detailed eligibility criteria. Any disagreements among reviewers were 
resolved through discussion. 
 

5.1.4 Quality assessment and data extraction 

From each eligible article, both descriptive data and original study results were extracted by one 
reviewer (either SG or TR) into a standardized electronic form developed a priori (Appendix 11: 
Data Extraction Form — Patient Preferences Review). The extracted data were subsequently 
verified by the other reviewer (either SG or TR). Discrepancies were resolved by LW. Data from 
figures were not used unless data points were explicitly labelled. 
 
Descriptive data included such items as first author, article title, study objectives, participant 
characteristics, and study design.66 In addition, verbatim result statements relevant to the 
research question were extracted from each of the included reports into the same standardized 
electronic form. Result statements are typically presented within the “results” section of a report; 
however, before being extracted, each result statement was assessed to ensure it is differentiated 
from raw data, methods, external data, and researchers’ conclusions and implications.140 The 
latter were not extracted. Only results presented within the main report were extracted. 
 
One reviewer (either SG or TR) independently assessed the quality of each study using 
standardized criteria, depending on the study design. The other reviewer (either SG or TR) 
verified the assessments. Disagreements were resolved by LW. Separate critical appraisal 
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forms were developed a priori for both qualitative studies and survey studies, although given the 
nature of the included studies, the qualitative form was used to assess only one included study, 
and the survey form was not used at all. The remaining studies are classified as randomized 
controlled trials (RCTs) or clinical trials, and therefore a post-hoc decision was made to assess 
the quality of those studies using the SIGN (Scottish Intercollegiate Guidelines Network) 
50 checklist for RCTs141 and the Downs and Black checklist142 for clinical trials. The results of 
the critical appraisal process are reported narratively and summarized in a table to highlight 
the strengths and limitations of each study. 
 

5.1.5 Data analysis methods 

Descriptive analysis 

A descriptive analysis was conducted, with the goal to characterize the set of included studies in 
terms of important study and patient characteristics (e.g., PICO, sample size). Study and patient 
characteristics are summarized in Appendix 13 and Appendix 14, respectively, and accompanied 
by a narrative description. 
 

Thematic analysis 

A thematic analysis was conducted, proceeding through three stages: coding, developing 
descriptive themes, and developing analytic themes. The analysis was conducted manually, 
without formal software support, using simple features in Microsoft Word to assist with coding. 
 

Coding (stage 1) 

In the first coding stage, the set of result statements were coded line by line for meaning and 
content. Coding began with an a priori “start list” of codes developed based on the research 
questions, including, for example, perceived benefits and concerns, reasons for using monitors, 
barriers, facilitators, and satisfaction. As coding progressed, other codes not on the start list 
emerged inductively to capture unexpected content grounded in the results themselves, such as 
device- and participant-specific characteristics that influence patient experiences. When new 
codes emerged, all data were recoded to search for further instances of the meaning captured 
by that code. 
 
Coding took place independently by two reviewers (TR and LW), and at least one code was 
applied to each result statement. When all codes were applied to the full sample of results 
statements, all of the text assigned to each code was read to assess consistency in 
interpretation and application and to determine whether any additional levels of coding were 
needed. Discussions among the review team helped refine the coding process, resolve 
differences, and confer authenticity within the emergent categories. 
 

Descriptive themes (stage 2) 

In the second stage of the analysis, the codes developed in the prior stage were organized into 
related areas to construct “descriptive” themes. In this process, two reviewers (LW and TR) 
independently assessed similarities and differences between codes and grouped together 
similar codes. Similarly, reviewers assessed whether emergent themes were transferable 
across different study contexts. By seeking out differences in this way, the range of perspectives 
held by people who had used AF monitors became apparent, and subgroups were identified for 
which certain results apply; for example, by sex and age. 
 
Once descriptive themes were identified, a draft summary of the results across the studies 
organized by each theme was written by one reviewer (LW) and subsequently reviewed by a 



 

CADTH OPTIMAL USE REPORT   62 

second reviewer (TR). A final version was agreed upon following group discussions, which 
represented a synthesis that remained fairly close to the original results of the included studies, 
with minimal interpretation. 
 

Analytic themes (stage 3) 

During the final stage, the “data-driven” descriptive themes from the prior stage were analyzed 
through the theoretical structure provided by the research question to develop a “theory driven” 
analytic theme in direct response to the practical needs of decision-makers. In this stage, two 
reviewers (LW and SG) used the descriptive themes to independently infer an answer to the 
question of value and impact of outpatient cardiac monitoring devices for AF monitoring. After 
each reviewer made these inferences independently, the reviewers met to discuss their results. 
 
Throughout all stages of the analysis, explicit notes were kept to record decisions made 
regarding coding and theme development, as a means to help ensure rigour in the analysis. 
 
Sensitivity analyses to assess the impact of study quality on the thematic results, although 
planned, were not conducted due to the lack of variation in study quality among the 
included studies. 

5.2 Results 
A total of 417 citations were identified from the initial electronic database search that focused 
on patient preferences, values, and experiences, in addition to 19 citations from a related 
grey literature search. Of those, 420 were deemed ineligible and the full text of the remaining 
16 citations was retrieved for eligibility screening. Of those, nine were excluded, leaving seven 
eligible reports for inclusion in this review. When the 1,354 results from the clinical search were 
rescreened to identify articles relevant to this research question, 88 were identified as potentially 
eligible and the full text was subsequently reviewed. Two of these articles were deemed eligible, 
bringing the total number of included studies to nine. The study selection process is represented 
in a PRISMA flowchart (Appendix 12).  
 

5.2.1 Descriptive analysis 

Data relevant to this review were collected as part of nine studies: one qualitative descriptive 
study,143 two RCTs144,145 and six single-arm clinical trials.51,146-150 Study objectives focused on 
assessing the patient experience, acceptability, and feasibility of using outpatient cardiac 
monitors, in terms of comfort, skin irritation, satisfaction, and impact on quality of life or anxiety. 
One study was multinational, conducted in Austria, Australia, Slovakia, and the Netherlands; 
three studies were conducted in Germany; two studies were conducted in the Netherlands; and 
one was conducted in each of Georgia, the US, India, and Australia. A range of devices were 
studied, including ILRs,51,146 MCOT,144,147,149 ELRs,143-145,148 and ambulatory Holter monitoring.150 
In all but two studies, data were collected via questionnaires or structured interviews and 
analyzed descriptively; in the remaining two studies, data collection and analysis methods for 
data relevant to this review were not reported.51,150 
 
All included studies enrolled participants with direct experience with an outpatient cardiac 
monitoring device. No studies were located that described caregiver perspectives or 
experiences, nor perspectives of those with an indication for monitoring but who decided not 
to use a monitoring device. The included studies enrolled participants for a range of cardiac 
monitoring indications, including general cardiology-related problems;144 undiagnosed 
palpitations and/or light-headedness;145,147,148 cryptogenic stroke;51 ischemic stroke;150 
recommended implantable cardiac monitoring;146 or ELR monitoring149 associated with 
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syncope, pre-syncope, palpitations, structural heart disease, paroxysmal AF, post-MI, or 
post-ablation monitoring. Sample sizes ranged from 12 to 244 participants. 
 
Study characteristics are summarized in Appendix 13 and participant characteristics are 
summarized in Appendix 14. 
 

5.2.2 Critical appraisal of individual studies 

The reported data were primarily collected as part of ongoing RCTs or single-arm clinical trials, 
for which assessing patient experiences was not a primary focus. Of the included studies, one is 
a qualitative study,143 which included 12 participants who were given the opportunity to use 
different cardiac monitoring devices for three hours each. No justification was given for the 
sample size of 12. Little information was provided about the sampling procedure and participant 
characteristics, and therefore it was unclear whether the final sample represented people most 
likely to use this device and whether a range of possible perspectives is included. Participants 
had limited exposure to each of the included devices; hence, their assessments do not reflect 
the manner in which they would be used in clinical practice. 
 
Two of the included studies were RCTs.144,145 Allocation concealment and blinding — important 
features to limit potential biases — were not addressed in either study, and appropriate 
randomization was described in only one study.145 As a result, there is potential for both selection 
and measurement bias in reported results for comfort, skin irritation, anxiety, and quality of life. A 
strength of these two RCTs is that standardized, validated outcome measures (i.e., SF-36, State-
Trait Anxiety Inventory, Skindex-29) were used to assess anxiety and quality of life, increasing 
confidence that observed results are a valid representation of the patient experience. 
 
Six of the included studies were single-arm clinical trials51,146-150 that, among other outcomes, 
measured patient satisfaction or other aspects of the patient experience. Two of these studies 
did not report data collection methods, and of the other four studies, none reported measuring 
patient-relevant outcomes using standardized validated questionnaires. Further, selection bias 
is a potential in each of these studies, as sampling procedures were poorly described,146,149 a 
consecutive sample was used,147,148 or non-participation rates were high, due to refusal to 
comply with the monitoring device recommendations.51 
 
Sponsorship bias is a possibility in at least three of the included studies, which are reported to 
be funded by the manufacturer of the monitoring device.144,146,148 A further two studies are 
supported by a federal government and143,150 another by an insurer,145 while three studies do not 
report the source of funding.51,147,149 
 
A summary of the strengths and limitations of each included study is presented in Appendix 15. 
 

5.2.3 Thematic analysis 

Two descriptive themes emerged through the first two stages of analysis: experiences and 
perspectives. Categories within the “experiences” theme include participants’ descriptions of 
what it was like to use an outpatient cardiac monitoring device in terms of comfort, ease of use, 
and side effects, and the resultant impact of using the device on their daily lives. Categories 
within the “perspectives” theme describe how those experiences translated into individualized 
views on the monitoring process, including confidence and satisfaction. Descriptive themes are 
presented in Appendix 16, along with a definition. A summary of the results across the studies 
organized by each category is presented below. 
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Descriptive theme 1: Patient experiences with outpatient cardiac monitoring devices 

Comfort 

Five of the nine included studies reported on participants’ comfort while wearing a cardiac 
monitoring device. Overall, with some minor exceptions due to device design, patients appear 
to find these devices comfortable. 
 
In one RCT, the majority of participants (92.6%) rated comfort of the patch to which a compact 
wireless ELR was clipped as “comfortable, I did not notice it” (58.5%) or “comfortable, but did 
notice it 1 to 10 times daily” (34.1%).144 In comparison, 45% and 30% participants in the control 
group rated the patch of an MCOT monitor as “comfortable, I did not notice it” and “comfortable, 
but did notice it 1 to 10 times daily,” respectively. In this study, comfort ratings did not differ 
between male and female participants, nor did showering or sweating affect comfort scores. 
 
In a single-arm trial assessing satisfaction with an MCOT device, 18 of 24 participants (75%) did 
not mention any kind of discomfort, while six (25%) did mention discomfort.147 Participants 
reported that they considered this MCOT better and more comfortable than a 24-hour Holter 
monitor. In another single-arm trial of an MCOT device, participants were asked to rate their 
comfort level during application of the device, and during the monitoring period.149 During 
application, 91 of 96 participants (95%) rated the device as “very comfortable,” while four (4.2%) 
rated application as “comfortable” and one participant (1%) was neutral. During monitoring, 64 of 
the 86 participants (74.4%) who completed monitoring rated their comfort as “very comfortable,” 
10 (12%) were “comfortable,” three (3.5%) were neutral, three (3.5%) were uncomfortable, and 
six (7%) were “very uncomfortable.” Participants commented that the contouring nature of the 
patch, facilitated by the fabric outer cover and the flexible electronics, fit nicely on their skin and 
did not inhibit normal arm motion. Further, participants reported that the patch was comfortable 
to wear in high-humidity conditions. 
 
In a separate study, during which participants tried two separate ELR devices for up to three 
hours each, participants described their comfort wearing each in terms of the fit and material 
of each device.143 Participants expressed a preference for softer material, and belts that were 
inconspicuous and simple to handle and use. Negative comments were attributed to narrow 
belt width; non-breathable sensor coatings; rough and non-breathable material and related 
perspiration under the belt; a transmitter that was hard and inflexible; a belt that was difficult 
to adjust for length; a feeling of constriction due to many straps; and discomfort caused by 
electrodes on the inside of a belt. 
 
In a single-arm trial using an ILR device, some women reported discomfort from the device 
when wearing a bra.51 
 

Ease of use 

Five studies provided data on participant ratings of ease of use of various cardiac monitoring 
devices, supporting that most people rate these devices as easy to use. In one single-arm trial 
assessing experiences with an ILR, 29 of 30 participants (96.7%) rated the monitor as “very 
easy to use.”146 In a separate single-arm trial assessing experiences with an MCOT device, 
19 of 24 participants (79.2%) considered the device easy to use, while one participant (4.2%) 
rated the device as difficult to use.147 Similarly, in another single-arm trial assessing a “leadless” 
ELR as compared with a standard patient-activated ELR, 17 of 18 participants (94.4%) found 
the “leadless” ELR easier to operate and more user friendly than the standard monitor.148 The 
one person who preferred the standard monitor did so because she had very frequent episodes 
of palpitations occurring daily, and the “leadless” monitor required her to find a private place 
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where she could apply the electrode to her chest. In the study in which the same participants 
tried two separate monitoring devices for three hours each, there was a tendency for older 
participants to experience more difficulties manipulating the devices, with no significant 
difference observed between devices.143 In another single-arm study, ambulatory Holter 
monitors were described as cumbersome by several participants (absolute numbers were 
not reported).150 
 

Side effects 

Three of the included studies described negative side effects experienced during the use 
of an ambulatory Holter, ELR, and MCOT monitors, including skin irritation, skin sensitivity, 
skin bleeds, burning, stinging, itching, pressure, and difficulty bathing.143,144,149 
 

Impact on daily activities — during monitoring 

Three reports described varying impacts of cardiac monitoring device use on participants’ lives. 
In one RCT, participants assigned to wear a compact, wireless MCOT device reported modest 
improvements in quality of life in terms of symptoms, emotions, and functioning, similar to the 
comparison group that wore a standard ELR monitor.144 This effect was significantly greater for 
female participants than for male participants. In a single-arm trial assessing satisfaction with a 
different MCOT device, each of the 24 participants identified that their night sleeping was as 
comfortable as usual, and during the monitoring period 17 of the 24 participants (70.8%) had no 
need to contact a doctor in relation to use of the device. Four of the remaining seven participants 
(16.7%) contacted a doctor once during monitoring, and three (12.5%) contacted a doctor 
several times regarding the device and recording process.147 In another single-arm trial 
assessing experience with another MCOT device, three of 125 (2.4%) people indicated 
they had difficulty bathing (the product being approved for use while showering).149 
 

Impact on daily activities — post-monitoring 

Three reports provided data regarding the impact of cardiac monitoring device use, after the 
monitoring period. One RCT assessed the impact of wearing an ELR on anxiety and quality of 
life for people with palpitations, as compared with usual care. In this trial, both anxiety and 
quality of life improved during the first six weeks, with no significant difference between groups. 
At the six-month follow-up, anxiety had decreased and quality of life had improved in the usual 
care group, while both anxiety and quality of life had remained relatively stable in the ELR 
group.145 In this study, no significant difference in anxiety or quality of life was observed 
between people diagnosed with an arrhythmia and those without an arrhythmia, although it was 
demonstrated that people with palpitations had more anxiety and lower quality of life than a 
general reference population. In a single-arm clinical trial, none of the 30 participants identified 
any limitation to their daily activities related to the use of an ILR.146 In another single-arm trial 
assessing an MCOT device, 43 of 72 respondents (60%) mentioned they were inclined or highly 
inclined to seek treatment following report diagnostics being delivered via their physician.149 
 

Descriptive theme 2: Patient perspectives regarding outpatient cardiac 
monitoring devices 

Satisfaction 

Four reports included data relevant to participant satisfaction, three of which included 
comparative perspectives between different devices. Overall, based on their experiences and 
assessments of comfort, ease of use, side effects, and expectations, patients appear satisfied 
with the use of cardiac monitoring devices. In one study of an ILR, 23 of 30 participants (76.7%) 
identified themselves as “very satisfied” and six (20.0%) were “satisfied” with the device.146 In 
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one study, during which participants could use two separate devices for up to three hours each, 
participants preferred different devices based on an assessment of comfort due to the material 
used, fit, weight and pressure felt.143 In another study, participants were provided with an MCOT 
device, although they had prior experience with 24-hour Holter monitors.147 In this study, 
participants preferred the MCOT monitor over the 24-hour Holter due to enhanced comfort, and 
some (n = 13 of 24; 54.2%) expressed an interest in having permanent access to this device, to 
feel “more protected and safe.” Finally, in one study comparing a standard patient-activated 
ELR and a “leadless” ELR, 17 of 18 (94.4%) participants expressed a preference for the 
“leadless” monitor, as they found it easier to operate and more user friendly than the 
standard event monitor.148 
 

Confidence 

One report included data describing participant confidence in one MCOT device. In this study, 
21 of 24 (87.5%) participants indicated they were sure “that [the] event monitors may explain 
their heart rhythm problems”; 17 of 24 participants (70/8%) said “that there are no other options 
for better recording of their problems”; and 18 of 24 participants (75%) stated “that permanent 
recordings with [the] monitor can change patients’ life quality for better and give more comfort 
to the life.”147 
 

Analytic theme: Negative side effects of device use as it relates to 
monitoring compliance 

Overall, the available data suggest that most people who have experience with outpatient 
cardiac monitoring devices are satisfied with the experience, and find these devices comfortable 
and easy to use. At the same time, reports of side effects and discomfort were recurrent in the 
literature. The impact of these side effects on the patient experience, however, remains unclear. 
It is unclear whether negative experiences lead to non-compliance with the device or whether 
people tolerate the side effects because they see value in the intended outcome, and how 
likely each of these scenarios might be. The high levels of reported satisfaction within the 
included studies suggest that for some people, the value of monitoring outweighs any potential 
discomfort, at least for those who comply with the recommended monitoring. Further, it is 
unclear if there are additional factors related to device consent and compliance that are not 
rooted in the perceived value of monitoring. Given the limited data, it is unclear how patient 
experiences might differ based on device- and patient-specific characteristics. It is possible that 
women experience more discomfort and a greater improvement in quality of life, and that older 
people might experience more difficulty with device use. 

5.3 Summary of Results 
From the perspective of patients, most of the participants in the nine included studies reported 
outpatient cardiac monitoring devices to be comfortable and easy to use, and satisfaction with 
outpatient cardiac monitoring was high among study participants. Two studies provided data 
regarding patient preferences for one device type or another and the results suggest that 
preferences are based on participant perceptions of overall comfort and ease of use, related to 
such attributes as material, comfort, and fit. Side effects that were experienced include skin 
irritation (e.g., itching, bleeding, inflammation), pressure, and difficulty bathing. It is unclear 
whether outpatient monitoring has any impact on quality of life or anxiety. In one RCT, there 
was no difference in reported quality of life or anxiety between an ELR and a usual care 
group,145 and in another RCT, there was no difference in quality of life between participants 
assigned to an MCOT or ELR group.144 Due to the limited data, it is unclear whether there are 
any meaningful differences between the experiences of men and women, although women 
might experience more discomfort when wearing a bra and might face more issues with privacy, 
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and might experience greater improvements in quality of life. Similarly, it is possible, although 
uncertain, that older people experience more difficulty using these devices than younger people. 
 
If outpatient monitoring is to be effective, monitoring devices need to be comfortable and easy to 
use and have few painful side effects, so that people are more likely to comply with monitoring 
recommendations. While the systematic assessment of compliance was outside the scope of 
this review, the results suggest that negative side effects might result in reduced compliance. 
This suggestion is supported by results of studies included in the accompanying clinical review, 
which report adverse skin reactions, discomfort, irritation, and inflammation as reasons for non-
compliance with ELRs and ambulatory Holters and refusal to provide consent for implantation of 
an ILR.7-11 
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6. Supplementary Questions 

6.1 Methods 
Citations arising from the clinical literature search Appendix 2 were screened for information 
related to ethical, legal, social implications, and implementation considerations associated with 
outpatient cardiac devices for AF monitoring. This information was intended to be summarized 
and narratively discussed, and not systematically reviewed. 

6.2 Results 
No studies were identified pertaining to the ethical, legal, and social implications associated with 
outpatient cardiac devices for AF monitoring. In addition, no clinical studies addressed the 
implementation considerations (technical requirements, staffing, training, and accreditation) for 
outpatient monitoring devices for AF monitoring. 
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7. Discussion 

7.1 Generalizability of Findings 
Four systematic reviews with meta-analyses assessed the proportion of patients diagnosed with 
AF post-stroke or TIA using ECG monitoring devices.2,3,25,69 In comparison to the other 
systematic reviews, this report was specific to outpatient cardiac monitoring devices, while 
others included both in-patient and outpatient devices. Furthermore, the objective of this report 
was to compare the clinical effectiveness between devices or no monitoring, while other 
systematic reviews compared long- versus short-duration monitoring to detect AF. Another 
notable difference between this review and the other systematic reviews was the difference in 
study eligibility criteria, specifically the minimum duration of monitoring and study designs. This 
review included RCTs and both prospective and retrospective cohort studies, while one meta-
analysis69 included only RCTs, and two included only RCTs and prospective cohort studies.2,25 
A minimum monitoring duration of 24 hours was chosen as per the recent Canadian 
Cardiovascular Society Guidelines for the Management of Atrial Fibrillation.151 The minimum 
duration of monitoring was 12 hours in two meta-analyses,2,25 and not specified in the other 
two.3,69 With the exception of the one systematic review that included only four RCTs,69 three 
systematic reviews2,3,25 that pooled findings for both cohort studies and RCTs acknowledged 
similar issues concerning a significant amount of heterogeneity between studies. While Dussault 
et al.2, Sposato et al.3 and Kishore et al.25 pooled results when comparing long- versus short-
term monitoring or mean diagnostic yield, this review did not pool the results, due to the clinical 
and statistical heterogeneity between studies. All previous systematic reviews concluded that 
longer duration of ECG monitoring following ischemic stroke or TIA increased the diagnostic 
yield of AF which concurs with the findings of the authors of this report. 
 
Dahal et al.69 and Dussault et al.2 both concluded that cardiac monitoring for seven days or 
more demonstrated a statistically significant greater diagnostic yield of AF compared with 
monitoring for 48 hours or less and 72 hours or less, respectively. The sequential model by 
Sposato et al.3 demonstrated that longer-duration monitoring devices (e.g., MCOT, ELR, and 
ILR) had the greatest diagnostic yield of AF. Consistent with the findings of this report, none of 
the previous systematic reviews were able to distinguish the clinical effectiveness between 
devices or the optimal duration of long-term monitoring. Kishore et al.25 concluded that the 
diagnostic yield was greater in selected patients than in unselected patients. While this report 
did not perform any statistical analyses comparing ESUS patients with non-ESUS patients, the 
narrative synthesis suggests that outpatient cardiac monitoring for the detection of AF is 
warranted in patients with ESUS. 

7.2 Limitations 
With a significant amount of clinical and statistical heterogeneity, due to differences in study 
populations (e.g., age, ESUS, proportion of males and females), timing of monitoring, and 
definitions of AF, it was not appropriate to pool results for the proportion of patients diagnosed 
with AF post-stroke or TIA. Given the limited available data, meta-analyses could not be 
performed for other outcomes such as stroke recurrence, all-cause mortality and stroke 
mortality, and subgroup analyses by stroke risk factors (e.g., left atrial enlargement, patients 
with congestive heart failure, age, sex, and CHA2DS2-VASc scoring). For these same reasons, 
sensitivity analyses for the time-to-detection outcome stratified by duration definition were not 
performed. Given the number of included RCTs (n = 4), a sensitivity analysis comparing data 
from RCTs versus non-RCTs was not performed. With regard to cardiac monitoring with Holter 
monitors, in-patient ambulatory devices were not in scope for this report. Numerous publications 
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provided limited details on the type of Holter monitor used. As such, an effort was made to 
distinguish between ambulatory outpatient and in-patient Holter devices based on the reported 
time to monitoring and language suggesting that the monitoring did not take place in-hospital. 
The interpretation and comparison of diagnostic yield between studies for each outpatient 
cardiac monitoring device was limited, given lack of comparative studies. Of the 35 included 
studies, three studies (two RCTs5,7 and one retrospective cohort study35) were conducted in 
Canada. To ensure that all relevant and available evidence was considered, Health Canada 
approval of the monitoring devices was not used as an exclusion criterion in this report and 
devices in the included studies may not be approved in Canada. Therefore, the generalizability 
of findings to the Canadian setting may be limited. The included studies in this report were of 
variable methodological quality, based on the Cochrane Risk of Bias Tool.27 In the majority of 
included studies, the risk of detection bias, reporting bias, source of funding, and adequate 
power to detect meaningful differences was unclear. 
 
The economic evaluation could not evaluate many strategies of interest, such as additional 
technologies and technology sequences. For example, the cost-effectiveness of 30-day ELR 
monitoring in an unselected patient cohort without prior 24-hour Holter (similar to the patients 
enrolled in the study of Higgins et al.6) may provide additional insight. This could not be 
performed with the available data because patients in Gladstone et al.5 had already undergone 
at least 24 hours of prior monitoring. Further, 30 days of monitoring compared with two 24-hour 
Holters may be relevant and interesting. In practice, monitoring can be targeted to patients with 
a greater risk of AF, higher baseline risk of stroke recurrence due to patient factors not included 
in the model, and exclusively to patients who are eligible for OAC treatment if they are identified 
as having AF. The model considers a post-stroke population at average risk of stroke 
recurrence and average risk of bleeding, and does not explicitly model many of the factors 
affecting OAC eligibility. In sensitivity analysis, this review explored the influence of these 
parameters, but prescriptive guidance identifying specific patient cohorts to target for screening 
is not possible using this model without accounting for the correlation between these patient 
factors. Many limitations of the model structure are common to mathematical models used for 
health economic evaluations. Simplifying assumptions were made, including not modelling all 
possible combinations of health states. Age-specific rates of recurrent stroke, ICH, bleeding, or 
deaths from these causes were not used. The literature on patients with a history of stroke is 
relatively limited, and the rate of these events appears to be largely affected by the history of 
stroke, more so than the effects of aging. Ideally, both medical history and aging would have 
been considered within the analysis. The incidence of AF was not modelled, even though the 
incidence rate of AF in an elderly cohort, with substantial cardiovascular risk factors, and a 
history of stroke may be substantial.152-154 Incidence may be responsible for some of the AF 
cases detected by ILR after six months of continuous monitoring. Whether a post-stroke 
population may be considered for routine screening or long-term monitoring on the basis of 
detecting incident AF was not addressed by this study. 
 
A potential limitation of the patient preference and experience review is that the population 
includes people who have used outpatient monitoring devices for any indication, and not just a 
stroke or TIA, which is the population of interest for the broader HTA. It is possible that people 
experiencing physical limitations post-stroke could have unique experiences using these 
devices, due to a lack of mobility for example. Further, no Canadian studies were found, which 
raises the potential that the results might not be transferrable to the Canadian setting. It is 
possible that socioeconomic variables, such as income or overall well-being, are related 
to experiences with outpatient monitoring. In particular, in some of the included studies, 
participants had to pay out of pocket for use of the monitoring device, which would not apply in 
Canada. In these out-of-pocket studies, more participants with a higher socioeconomic status 
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would likely be included, meaning this relationship could not be explored and experiences of this 
group would be overrepresented. In the two included RCTs, standardized, validated outcome 
measures were used to assess anxiety and quality of life, increasing confidence that the 
observed results are a valid representation of the patient experience. None of the six included 
single-arm clinical trials, however, used validated outcome measures, raising the issue of 
whether these measurements are valid and reliable assessments of the reported outcomes, 
including comfort, ease of use, and satisfaction. Further, due to the potential for selection bias 
across these studies, it is possible that included participants do not adequately represent the 
target population and results are biased in favour of people who are willing to participate, 
perhaps due to their positive experiences. Finally, there were limited data in terms of the range 
of outpatient cardiac monitors available. Given that experiences with each type of device are 
likely different due to device characteristics — such as the invasiveness of the ILR, the 
bulkiness of the Holter, or the reliance on patient input for ELRs — in-depth study of the unique 
experiences with the range of devices and how they might differ or affect overall compliance or 
effectiveness of monitoring would be informative. 

7.3 Directions for Future Research 
Variable results were seen, both between studies using different monitoring devices and those 
that used similar devices. With considerable clinical heterogeneity between studies, it is difficult 
to distinguish the causes of the variable findings. One potential cause of variation was the 
definition of AF, with some studies using a definition of AF that included patients with exclusively 
short paroxysms (< 30 seconds). There remains uncertainty regarding the clinical or prognostic 
relevance of AF durations of less than 30 seconds.155 Current practice, according to the clinical 
experts consulted on this review, is to recommend antithrombotic therapy only when the 
duration of AF is 30 seconds or longer. Expanded monitoring may result in identifying many 
more patients with short-duration AF, providing cohorts for additional research on the prognosis 
of these patients with respect to the risk of developing longer-duration AF and the risk of 
recurrent stroke, as well as the potential benefits of OAC treatment in this population. 
 
The comparative diagnostic yield of various devices can be determined only from comparative 
studies. The ideal study design would be based upon simultaneous recording by two devices in 
each patient, similar to the methods used by Ritter et al.,51 who monitored patients with an ILR 
and ambulatory Holter simultaneously. Thus, further research should focus on the most effective 
sequence of diagnostic methods, rather than individual devices.3 Four RCTs5,6,46,156 were retrieved 
from the literature search. While all four studies performed head-to-head comparisons of two 
devices or a device versus no monitoring, none compared the sequence of devices. Other 
clinically relevant outcomes such as time to detection of AF, stroke recurrence, and stroke 
mortality were rarely reported in the included studies. 
 
In order to determine the diagnostic effectiveness of outpatient cardiac monitoring devices for 
AF (compared with each other or no monitoring), further research with RCTs or studies 
evaluating multiple methods simultaneously are needed. Ultimately, identifying the optimal 
cardiac monitoring technology, sequence of technologies, and duration of monitoring for the 
detection of AF also requires additional knowledge about the risk of recurrent cardioembolic 
stroke in patients with AF, and specifically greater knowledge about the relationship between 
AF burden and the risk of recurrent stroke; the eligibility of patients with post-stroke AF to be 
prescribed OAC; and the comparative effectiveness of OAC treatments specifically in post-
stroke patients. Furthermore, ongoing trials evaluating OAC use in all ESUS stroke patients 
(regardless of AF status) may suggest that monitoring ESUS patients for AF is unnecessary. 
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Without adequate compliance, or consent, any potential benefits that could be offered through 
the use of these devices cannot be realized. Due to the limited nature of the available data, the 
impact of negative side effects on the patient experience could not be adequately explored; for 
example, whether these experiences translate to non-compliance, or a change in quality of life 
or other outcomes. Further, it remains unclear whether the experience and impact of negative 
side effects are related to patient preferences, such as for an implantable device over a 
wearable device, for a longer versus shorter monitoring period, or for manual data transmission 
over wireless data transmission. It also seems important to understand whether experiences 
might differ by device type or by any patient characteristics, such as distance to travel for follow-
up appointments, or physical mobility. Given the importance of consent and compliance in terms 
of intervention effectiveness, this seems to be a fruitful area for future study. What is apparent 
from the available data is that there is a need to assess negative side effects throughout the 
monitoring period and, where possible, intervene early so that people may continue with their 
monitoring. 
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8. Conclusions 

The cause of a substantial proportion of first-time strokes is unknown (ESUS). AF — an 
important cause of stroke and TIA — may be responsible but can be difficult to detect. The 
presence of undiagnosed AF likely increases the risk of recurrence and therefore detecting the 
AF and treating it appropriately can potentially reduce the recurrence risk and stroke mortality. 
Outpatient cardiac monitoring using ambulatory Holters, MCOT devices, ELRs, and ILRs is 
likely to detect more AF than in-hospital monitoring alone. While these results concur with 
observations from other systematic reviews, in which the diagnostic yield of AF increases with 
prolonged duration of monitoring, there was insufficient comparative evidence to distinguish 
which outpatient cardiac monitoring devices may be more effective or the optimal duration of 
long-term monitoring. The overall findings suggest that outpatient cardiac monitoring for the 
detection of AF is warranted in patients with ESUS. Interpretation of clinical findings was limited 
by the significant amount of clinical heterogeneity between studies with regard to different 
patient populations, duration of monitoring, and definitions of AF. Thus, further research 
including well-designed comparative RCTs is needed. 
 
Cardiac monitoring after stroke or TIA for the investigation of AF can be cost-effective if the 
incremental cost of monitoring compared with standard practice is relatively small, the 
diagnostic yield is substantial, the patient cohort is relatively healthy for a post-stroke 
population, and the initiation rate of OACs in newly diagnosed patients is high. A high diagnostic 
yield requires a patient cohort with a high expected prevalence of AF based on their medical 
history and type of stroke, who have recently been discharged after their stroke, and who have 
had few investigations for AF in-hospital. Based on the economic findings, seven-day cardiac 
monitoring compared with standard practice in patients with a very recent history of stroke or 
TIA who received only ECG in-hospital was between $50,000 and $80,000 per QALY gained, 
depending on the rate of OAC uptake and the OAC prescribed. Longer-term monitoring, such 
as 30-day event loop recording or implantable cardiac monitoring, had ICERs greater than 
$85,000 per QALY gained and are therefore unlikely to be cost-effective based on commonly 
accepted thresholds in Canada. As technologies such as ELRs decrease in cost, they may 
become cost-effective in target populations. ILRs are unlikely to be cost-effective for the 
purpose of investigating AF in a post-stroke population. 
 
The lack of published, high-quality, descriptive data related to the experiences of using 
outpatient cardiac monitoring devices means there is little evidence that reflects the perspective 
of adult stroke or TIA survivors that can help to inform decision-making about the appropriate 
use of these devices in this population. Important side effects that are documented to hinder 
compliance include skin irritation, pressure, and difficulty bathing, although some people 
continue to comply with their recommended monitoring despite these discomforts. Some 
characteristics of the monitoring devices, such as soft material and an inconspicuous design, 
could enhance compliance. Compliance with devices for cardiac outpatient monitoring as it 
relates to the perceived value and impact of monitoring remains uncertain, but it appears that 
many patients are tolerant of these devices. 
 
The overall findings suggest that for discharged ischemic stroke or TIA patients who have 
received no prior in-hospital continuous cardiac monitoring, seven days of continuous outpatient 
cardiac monitoring with ambulatory Holter or ELR may be feasible, as these strategies are likely 
to identify a substantial number of patients with AF at an acceptable incremental cost. Cardiac 
monitoring for the detection of AF is warranted in patients with ESUS, as this subpopulation also 
demonstrated high diagnostic yields. 
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Appendix 1: Analytical Framework 

 

ELR = external loop recorder; ILR = implantable loop recorder; MCOT = mobile cardiac outpatient telemetry. 

 
 
 

Outpatient cardiac 
monitoring: 

Ambulatory Holter or 
ELR or ILR or MCOT 

Treatment 

Patients 
discharged from 
the hospital after 
a stroke 

All-cause 
mortality, stroke 
mortality, stroke 
recurrence 

Detection of 
atrial fibrillation; 
time to detection 
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Appendix 2: Literature Search Strategy — 
Clinical Review 

Overview 

Interface: Ovid 
Databases: EBM Reviews — Cochrane Central Register of Controlled Trials May 2015 

Embase 1974 to Present 
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 
Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present  
Note: Subject headings have been customized for each database. Duplicates between 

databases were removed in Ovid. 
Date of Search: July 7, 2015 
Alerts: Monthly search updates until project completion 
Study Types: No study design filters used 
Limits: No date limits used 

Limited to English language 
Conference abstracts excluded 

Syntax Guide 

/ At the end of a phrase, searches the phrase as a subject heading 
MeSH Medical Subject Heading 
exp Explode a subject heading 
* Before a word, indicates that the marked subject heading is a primary topic; 

or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 
ADJ Requires words are adjacent to each other (in any order) 
ADJ# Adjacency within # number of words (in any order) 
.ti Title 
.ab Abstract 
.kw Keywords defined by the author 
.pt Publication type 
pmez Ovid database code; MEDLINE In-Process & Other Non-Indexed Citations, MEDLINE Daily 

and Ovid MEDLINE 1946 to Present 
oemezd Ovid database code; Embase 1974 to present, updated daily 
cctr Ovid database code; Cochrane Central Register of Controlled Trials 

 

Clinical Multi-database Strategy 

Line # Search Strategy 

1 Atrial Fibrillation/ 

2 Arrhythmias, Cardiac/ 

3 ((atrial or auricular or atrium or atria) adj2 fibrillation*).ti,ab,kw. 

4 (a-fib or afib).ti,ab,kw. 

5 (arrhythmia* or arrythmia* or dysrhythmia* or dysrythmia* or disrhythmia* or disrythmia* or 
tachyarrhythmia* or tachyarrythmia*).ti,ab,kw. 

6 or/1-5 

7 exp Stroke/ 

8 Brain Ischemia/ 

9 Ischemic Attack, Transient/ 

10 (stroke or strokes or poststroke or apoplex*).ti,ab,kw. 

11 ((cerebrovascular or cerebro-vascular or cerebral or intracerebral or brain or brainstem or subcortical or 
cortex or ischaemi* or ischemi* or intracranial) adj3 (accident or accidents or infarction or infarctions or 
attack or attacks or insult* or arrest or failure or insufficiency)).ti,ab,kw. 

12 ((ischaemi* or ischemi*) adj3 (brain or seizure* or cerebral)).ti,ab,kw. 

13 (CVA or CVAs or TIA or TIAs).ti,ab,kw. 

14 or/7-13 

15 Electrocardiography/ 

16 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or electro-cardiogram* or electric-
cardiogra* or EKG or EKGs or ECG or ECGs).ti,ab,kw. 

17 or/15-16 
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Clinical Multi-database Strategy 

Line # Search Strategy 

18 Monitoring, Ambulatory/ 

19 Ambulatory care/ 

20 Outpatients/ 

21 (remote or wireless or mobile or ambulatory or outpatient* or out-patient* or out-of-hospital* or wearable 
or portable or ultraportable or hand-held or handheld or pocket or compact or iphone* or i-phone* or 
smartphone* or smart phone*).ti,ab,kw. 

22 or/18-21 

23 17 and 22 

24 Electrocardiography, Ambulatory/ 

25 Holter*.ti,ab,kw. 

26 AECG.ti,ab,kw. 

27 ((continuous or dynamic) adj3 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or 
electro-cardiogram* or electric-cardiogra* or EKG or EKGs or ECG or ECGs)).ti,ab,kw. 

28 ((monitor* or record*) adj3 (continuous or remote or wireless or mobile or ambulatory or outpatient* or 
out-patient* or out-of hospital* or wearable or portable or ultraportable or hand-held or handheld or 
pocket or iphone* or i-phone* or smartphone* or smart phone*)).ti,ab,kw. 

29 ((cardiac or heart or coronary or atrium or auricular or atrial or atria) adj3 monitor*).ti,ab,kw. 

30 ((monitor* or record*) adj3 device*).ti,ab,kw. 

31 ((detect* or diagnos* or screen* or predict*) and monitor*).ti. 

32 (auto-detect* or autodetect* or auto-record* or autorecord*).ti,ab,kw. 

33 ((event or events or postevent* or loop or external) adj5 (recorder* or monitor or monitors or recording or 
monitoring)).ti,ab,kw. 

34 (ELR or ELRs).ti,ab,kw. 

35 exp Telemetry/ 

36 (telemetry or telemonitor* or telemetric or tele-ECG or tele-EKG or tele-electrocardio* or MCOT).ti,ab,kw. 

37 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj3 (monitor* or record*)).ti,ab,kw. 

38 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj2 (cardiac or heart or coronary or atrium or 
auricular or atrial or atria) adj2 device*).ti,ab,kw. 

39 (ILR or ILRs).ti,ab,kw. 

40 or/24-39 

41 "Prostheses and Implants"/ 

42 Electrodes, Implanted/ 

43 or/41-42 

44 Monitoring, Physiologic/ 

45 Monitoring, Ambulatory/ 

46 (monitor* or record*).ti,ab,kw. 

47 or/44-46 

48 43 and 47 

49 23 or 40 or 48 

50 6 and 14 and 49 

51 50 use pmez,cctr 

52 exp heart atrium fibrillation/ 

53 heart atrium arrhythmia/ 

54 heart arrhythmia/ 

55 ((atrial or auricular or atrium or atria) adj2 fibrillation*).ti,ab,kw. 

56 (a-fib or afib).ti,ab,kw. 

57 (arrhythmia* or arrythmia* or dysrhythmia* or dysrythmia* or disrhythmia* or disrythmia* or 
tachyarrhythmia* or tachyarrythmia*).ti,ab,kw. 

58 or/52-57 

59 exp cerebrovascular accident/ 

60 brain ischemia/ 

61 transient ischemic attack/ 

62 (stroke or strokes or poststroke or apoplex*).ti,ab,kw. 

63 ((cerebrovascular or cerebro-vascular or cerebral or intracerebral or brain or brainstem or subcortical or 
cortex or ischaemi* or ischemi* or intracranial) adj3 (accident or accidents or infarction or infarctions or 
attack or attacks or insult* or arrest or failure or insufficiency)).ti,ab,kw. 

64 ((ischaemi* or ischemi*) adj3 (brain or seizure* or cerebral)).ti,ab,kw. 
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Clinical Multi-database Strategy 

Line # Search Strategy 

65 (CVA or CVAs or TIA or TIAs).ti,ab,kw. 

66 or/59-65 

67 electrocardiography monitoring/ 

68 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or electro-cardiogram* or electric-
cardiogra* or EKG or EKGs or ECG or ECGs).ti,ab,kw. 

69 or/67-68 

70 exp ambulatory care/ 

71 outpatient/ 

72 outpatient care/ 

73 telemonitoring/ 

74 home monitoring/ 

75 (remote or wireless or mobile or ambulatory or outpatient* or out-patient* or out-of-hospital* or wearable 
or portable or ultraportable or hand-held or handheld or pocket or compact or iphone* or i-phone* or 
smartphone* or smart phone*).ti,ab,kw. 

76 or/70-75 

77 69 and 76 

78 Holter monitoring/ 

79 Holter monitor/ 

80 Holter*.ti,ab. 

81 AECG.ti,ab. 

82 ((Continuous or dynamic) adj3 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or 
electro-cardiogram* or electric-cardiogra* or EKG or EKGs or ECG or ECGs)).ti,ab,kw. 

83 ((monitor* or record*) adj3 (continuous or remote or wireless or mobile or ambulatory or outpatient* or 
out-patient* or out-of hospital* or wearable or portable or ultraportable or hand-held or handheld or 
pocket or iphone* or i-phone* or smartphone* or smart phone*)).ti,ab,kw. 

84 ((cardiac or heart or coronary or atrium or auricular or atrial or atria) adj3 monitor*).ti,ab,kw. 

85 ((monitor* or record*) adj3 device*).ti,ab,kw. 

86 ((detect* or diagnos* or screen* or predict*) and monitor*).ti. 

87 (auto-detect* or autodetect* or auto-record* or autorecord*).ti,ab,kw. 

88 ((event or events or postevent* or loop or external) adj5 (recorder* or monitor or monitors or recording or 
monitoring)).ti,ab,kw. 

89 (ELR or ELRs).ti,ab,kw. 

90 exp telemetry/ 

91 (telemetry or telemonitor* or telemetric or tele-ECG or tele-EKG or tele-electrocardio* or MCOT).ti,ab,kw. 

92 implantable cardiac monitor/ 

93 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj3 (monitor* or record*)).ti,ab,kw. 

94 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj2 (cardiac or heart or coronary or atrium or 
auricular or atrial or atria) adj2 device*).ti,ab,kw. 

95 (ILR or ILRs).ti,ab,kw. 

96 or/78-95 

97 "prostheses and orthoses"/ 

98 cardiac implant/ 

99 electrode implant/ 

100 or/97-99 

101 physiologic monitoring/ 

102 electrocardiography monitoring/ 

103 (monitor* or record*).ti,ab,kw. 

104 or/101-103 

105 100 and 104 

106 77 or 96 or 105 

107 58 and 66 and 106 

108 107 not conference abstract.pt. 

109 108 use oemezd 

110 51 or 109 

111 remove duplicates from 110 

112 limit 111 to English language 
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OTHER DATABASES 

PubMed Searched to capture records not indexed in MEDLINE. Same MeSH, keywords, limits, 
and study types used as per MEDLINE search, with appropriate syntax used. 

Grey Literature 

Date of Search: July 2015  
Keywords: Included terms for atrial fibrillation, stroke, transient ischemic attack, and cardiac monitoring 

devices 
Limits: Limited to English language 

No date limits used 

 
Relevant websites from the following sections of the CADTH grey literature checklist, Grey 
Matters: a practical tool for searching health-related grey literature 
(https://www.cadth.ca/resources/finding-evidence/grey-matters-practical-search-tool-evidence-
based-medicine), were searched: 

 HTA Agencies 

 Health Economics 

 Clinical Practice Guidelines 

 Clinical Trials (ongoing) 

 Databases (free) 

 Internet Search 

 Open Access Journals. 
 
 

https://www.cadth.ca/resources/finding-evidence/grey-matters-practical-search-tool-evidence-based-medicine
https://www.cadth.ca/resources/finding-evidence/grey-matters-practical-search-tool-evidence-based-medicine
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Appendix 3: Full Text Screening Checklist — 
Clinical Review 

Reviewer: ________________________________  Date: ________________________ 
 

Ref ID: 
Author: 
Publication Year: 

Did the Study Include: Yes (Include) 
Unclear 
(Include)

a
 

No (Exclude) 

1) Discharged stroke patients       

2) AF monitoring using post-discharge cardiac 
monitoring devices? 

      

3) Any of the following as the study outcomes? 

 Proportion of patients diagnosed with post-
stroke or TIA AF 

 Time to detection of post-stroke or TIA AF 

 Stroke recurrence 

 All-cause mortality 

 Stroke mortality 

      

4) Any of the following study designs: 

 RCT 

 Non-randomized study 

 (e.g., non-RCTs, quasi-experimental 
studies, controlled before–after studies, 
cohort studies, case-control studies) 

      

Decision for Including the Study in the Review: Yes   No  

Reason(s) for Exclusion:  Inappropriate study population 

 No intervention of interest 

 No/inappropriate comparator 

 No relevant outcomes 

 Irrelevant study type 

 Not primary report of study 

 Study description only 

 Other: ______________________  

AF = atrial fibrillation; HTA = health technology assessment; RCT = randomized controlled trial; TIA = transient ischemic attack. 
Note: If all items are answered “yes” or “unclear”, then the study is included. 
a 
Discuss with a second reviewer. 
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Appendix 4: Data Abstraction Form — 
Clinical Review 

Reviewer: ________________________________  Date: ________________________ 
 

Study 

Ref ID:  

Author:  

Publication Title:  

Publication Year:  

Country (Where Data Were 
Generated): 

 

Funding:  

Methodology 

Study Design: 

 RCT 

 Controlled clinical trial 

 Non-randomized study 

 Systematic review/MA/HTA 

 Other: ______________________  

Total Sample Size:  

Eligibility Criteria:   

Reported Outcomes 

Primary:  

Secondary:  

Results 

Outcome 
Outpatient Cardiac 
Monitoring 

No Monitoring 
RR/HR 
 (95% CI) 

P Value 

Clinical outcomes N # Event % N # Event %   

Outcome 1: ________________          

Outcome 2: ________________          

Outcome 3: ________________          

Outcome 4: ________________          

Clinical characteristics N % N %  

Patients with ESUS      

Patients with TIA      

Patients with left atrial enlargement      

Mean age (SD)    

Mean CHA2DS2-VASc score (SD)    

AF duration definition ☐ ≥ 30 seconds    ☐< 30 seconds    ☐ Any duration 

AF = atrial fibrillation; CI = confidence interval; ESUS = embolic stroke of undetermined source; HR = hazard ratio;  
MA = meta-analysis; RR = relative risk; SD = standard deviation; TIA = transient ischemic attack. 

 
Did the article report any data relevant to other study questions? 

 Yes: Q # _____     No 
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Appendix 5: Study Selection Flow Diagram — 
Clinical Review 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Records identified through 
database searching and  
after duplicates removed 

(n = 1,236) 

Records excluded  
(n = 1,141) 

Full-text articles assessed for 
eligibility  
(n = 95) 

Full-text articles excluded  
(n = 58) 

 
Reasons for exclusion: 

 irrelevant population (18) 

 irrelevant intervention (34) 

 other (letter, editorial, 
conference abstract, 
language other than 
English) (5) 

 duplicate study (1) 

Articles included  
(n = 39) 

original studies (36) 
companion reports (3) 

 

Relevant reports retrieved 
from other sources (grey 
literature, hand search, 
supplemental search, 

alerts) 
(n = 2) 
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Appendix 6: Study and Patient Characteristics — Clinical Review 

Table 23: Study Characteristics 

First Author, Year 
of Publication; 
Country; 
Study Design 

Funding Source; 
Author Conflicts 
of Interest 

Device Inclusion and Exclusion Criteria 
Duration of AF 
Defined as a 
Positive Result 

Duration of 
Monitoring  

Time from Index 
Event to 
Initiation of 
Monitoring 

Ambulatory Holter 

Alhadramy, 2010;
35

 
Canada; 
retrospective cohort 

NR; 
NR 

NR Inclusion: Patients referred to stroke 

prevention clinic with neurologist 
diagnosis of ischemic stroke or TIA 
plus acute focal neurological 
dysfunction; stroke deficits lasting > 24 
h or brain imaging confirmation of 
acute infarction; TIA resolution within 
24 h and no evidence of infarction on 
imaging 
 
Exclusion: Patients with no diagnosis 

of ischemic stroke or TIA; patients with 
history of chronic AF or PAF 

Both ≥ 30 s and 
< 30 s 

1 day From a few days 
to up to 3 months 

Dangayach, 2011;
39

 
US; 
single-arm 
prospective cohort  

No funding; 
no conflicts of 
interest 

48-h Holter Inclusion: Patients diagnosed with a 

first ischemic stroke or TIA 
 
Exclusion: Patients with 

hemorrhagic stroke 

≥ 30 s NR Monitored at 
6-month intervals 

Doliwa Sobocinski, 
2012;

9
 

Sweden; 
single-arm 
prospective cohort 

Industry funding; 
one author 
consults for 
industry 

24-h Holter Inclusion: Patients diagnosed with 

an ischemic stroke or TIA, and study 
inclusion within 14 days of index 
event 
 
Exclusion: Hemorrhagic stroke, 

inability to perform recordings, 
presence of a continuous pacement 
rhythm 

> 10 s 1 day NR 

Fonseca, 2014;
44

 
Portugal; 
single-arm 
prospective cohort 

Government 
funding; 
no conflicts of 
interest 

24-h Holter Inclusion: Patients with ischemic 

stroke or TIA admitted to the stroke 
unit within 72 h of stroke onset 
 
Exclusion: Patients with acute renal 

failure or chronic renal insufficiency 

≥ 30 s Up to 3 days NR 
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First Author, Year 
of Publication; 
Country; 
Study Design 

Funding Source; 
Author Conflicts 
of Interest 

Device Inclusion and Exclusion Criteria 
Duration of AF 
Defined as a 
Positive Result 

Duration of 
Monitoring  

Time from Index 
Event to 
Initiation of 
Monitoring 

Gladstone, 2014
5
 

Canada; 
RCT

a
 

Funding not fully 
reported; 
authors have 
received support 
and fees from 
industry 

24-h Holter Inclusion: Patients aged > 55 years 

with ischemic stroke or TIA within 
past 6 months 
 
Exclusion: Patients with previous AF 

or whose etiologic diagnosis had 
already been determined 

≥ 30 s; also 
measured any 
duration and 
> 2.5 min 

1 day 75.1 days ± SD 
38.6 (time to 
randomization) 

Higgins, 2013,
6
 and 

Higgins, 2014:
64

 
UK; 
RCT

a
 

Government 
funding with 
industry-provided 
monitors and on-
site training; 
some authors 
have received 
fees and 
honorariums from 
industry 

24-h Holter Inclusion: Patients within 7 days of 

transient or persistent symptoms of 
acute ischemic stroke, no history of 
AF or atrial flutter, or any irreversible 
contraindication of long-term 
anticoagulation 
 
Exclusion: NR 

≥ 20 s 
(sustained) and 
< 20 s (non-
sustained) 

I day NR 

Manina, 2014;
47

 
Italy; 
single-arm 
prospective cohort 

NR; 
NR 

96-h Holter 
(Spider View) 

Inclusion: Patients with cryptogenic 

ischemic stroke or TIA 
 
Exclusion: Patients with any 

identifiable cardiac, aortic, carotid, or 
intracranial cause of cerebrovascular 
ischemic events, or with a history of 
AF 

Any duration 4 days Within 30 days 

Ritter, 2013,
51

 
and Kochhauser, 
2014;

63
 

Germany; 
single-arm 
prospective cohort

b
 

NR; 
no conflicts  

72-h Holter Inclusion: Patients with acute 

cryptogenic stroke 
 
Exclusion: Patients with lacunar 

stroke or potential sources of brain 
embolism 

≥ 30 s 7 days Median 13 days 
(IQR 10 to 67) 

Schuchert, 1999;
52

 
Germany; 
single-arm 
prospective cohort 

NR; 
NR 

72-h Holter 
(Oxford Medical) 

Inclusion: Patients with acute 

ischemic stroke and no history of AF 
or flutter, and sinus rhythm in resting 
ECGs 
 
Exclusion: Evidence of carotid 

lesions or an intracardiac thrombus 

> 1 min 3 days 2 to 3 weeks 
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First Author, Year 
of Publication; 
Country; 
Study Design 

Funding Source; 
Author Conflicts 
of Interest 

Device Inclusion and Exclusion Criteria 
Duration of AF 
Defined as a 
Positive Result 

Duration of 
Monitoring  

Time from Index 
Event to 
Initiation of 
Monitoring 

Shafqat, 2004;
53

 
Pakistan; 
retrospective cohort 

No funding; 
no conflicts 

24-h Holter Inclusion: Patients aged ≥ 18 years 

old admitted with acute ischemic 
stroke 
 
Exclusion: Patients with 

subarachnoid hemorrhage, cerebral 
venous thrombosis, TIA, space-
occupying lesion, retinal infarction or 
transient monocular blindness, 
cerebral venous thrombosis, or those 
who had not had brain imaging 

NR 1 day NR 

Tu, 2014;
55

 
Australia; 
single-arm 
prospective cohort 

No funding; 
no conflicts 

Combined Holter 
and ELR 
(DR200H/E, 
NorthEast 
Monitoring) used 
in Holter mode 

Inclusion: Patients with acute 

cryptogenic ischemic stroke 
 
Exclusion: NR 

≥ 30 s 28 days Median 22 (IQR 
7 to 53) days 

Vandenbroucke, 
2004;

56
 

Belgium; 
retrospective cohort 

NR; 
NR 

24-h Holter Inclusion: Patients with acute 

ischemic stroke 
 
Exclusion: NR 

NR 1 day NR 

Yodogawa, 2013;
59

 
Japan; 
single-arm 
prospective cohort 

No funding; 
no conflicts 

24-h Holter Inclusion: Patients with acute 

ischemic stroke presenting in sinus 
rhythm, without a history of AF 
 
Exclusion: AF documented within 

5 days of admission to hospital; 
patients with known cardiac diseases 
or serious neurological sequelae 

≥ 30 s 3 days NR 

ILR 

Christensen, 2014;
8
 

Denmark; 
single-arm 
prospective cohort 

Partially funded by 
industry; 
2 authors have 
received 
honorariums and 
grants from 
industry 

ILR (Reveal XT, 
Medtronic) 

Inclusion: Patients with a verified 

ischemic vascular event or acute 
ischemic lesion, post-stroke modified 
Rankin score ≤ 2, > 18 years of age, 
no known prior AF or AF during 
admission period, and diagnosis of 
cryptogenic stroke based on a 
standardized workup 
 
Exclusion: NR 

> 2 min Mean 
569 days ± 
SD 310  

Mean 107 days ± 
SD 117 
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First Author, Year 
of Publication; 
Country; 
Study Design 

Funding Source; 
Author Conflicts 
of Interest 

Device Inclusion and Exclusion Criteria 
Duration of AF 
Defined as a 
Positive Result 

Duration of 
Monitoring  

Time from Index 
Event to 
Initiation of 
Monitoring 

Cotter, 2013;
38

 
UK; 
single-arm 
prospective cohort 

No funding; 
3 authors have 
received funding 
or honorariums 
from industry 

ILR (Reveal XT, 
Medtronic) with 
orientation 
confirmed by 
Vector Check Tool 

Inclusion: Patients with cryptogenic 

brain infarcts according to the A-S-C-
O criteria and TOAST; and no 
previous history of atrial arrhythmia 
 
Exclusion: Patients with TIA or 

documented cause of stroke before 
ILR implantation. Patients with 
infarcts suggestive of intrinsic small-
vessel disease 

> 2 min Mean 
229 days ± 
SD 116 (in 
patients 
without AF) 

Mean 174 days ± 
SD 134  

Dion, 2010;
40

 
France; 
single-arm 
prospective cohort 

Funding NR; 
No conflicts 

ILR (Reveal Plus, 
Medtronic) 

Inclusion: Patients aged 18 to 75 

years who had been diagnosed with 
cryptogenic stroke within the last 4 
months and had recovered 
neurological status (Rankin score 0 to 
2) 
 
Exclusion: Patients with cerebral 

hemorrhage, or a history of cardiac 
arrhythmias and ineffectively 
controlled pre-stroke hypertension 

< 30 s Mean 
425 days 

Mean 90 days ± 
SD 33  

Etgen, 2013;
42

 
Germany; 
single-arm 
prospective cohort 

No funding; 
no conflicts 

ILR (Reveal XT, 
Medtronic) 

Inclusion: Patients with cryptogenic 

stroke who were implanted with an 
ILR 
 
Exclusion: NR 

> 6 min 365 days Mean 9.5 (95% 
CI, 6.4 to 13.4) 

Giralt-Steinhauer, 
2015;

61
 Spain; 

retrospective cohort 

Government 
funding; 
no conflicts of 
interest 

ILR 
 
 

Inclusion: Patients with ischemic 

stroke or TIA admitted to the stroke 
unit, normal 12-channel ECG on 
admission, complete vascular study 
and 3-month follow-up 
 
Exclusion: Pre-existent AF or 

previous known cardiac pathology 
(cardiac-valve replacement or severe 
dilated cardiopathy with left-
ventricular ejection fraction ≤ 35%), 
stroke of undetermined cause 
because of incomplete study, stroke 
of uncommon cause 

≥ 30s Up to 
90 days 
(3 months) 

NR 
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First Author, Year 
of Publication; 
Country; 
Study Design 

Funding Source; 
Author Conflicts 
of Interest 

Device Inclusion and Exclusion Criteria 
Duration of AF 
Defined as a 
Positive Result 

Duration of 
Monitoring  

Time from Index 
Event to 
Initiation of 
Monitoring 

Poli, 2015;
49

 
Germany; 
single-arm 
prospective cohort 

University funding; 
authors have 
received fees and 
grants from 
industry 

ILR (Reveal XT or 
Reveal LINQ, 
Medtronic) 

Inclusion: Patients with cryptogenic 

stroke who had undergone insertion 
of an ILR, with implantation based on 
an algorithm estimating the risk of AF 
 
Exclusion: NR 

≥ 2 min Up to 
365 days; 
mean 
105 days ± 
SD 135 days 
(range 0 to 
361 days) 

Mean 27 days ± 
SD 24 days 

Ritter, 2013,
51

 
and Kochhauser, 
2014;

63
 

Germany; 
single-arm 
prospective cohort

b
 

NR; 
no conflicts  

ILR (Reveal XT, 
Medtronic) 

Inclusion: Patients with acute 

cryptogenic stroke 
 
Exclusion: Patients with lacunar 

stroke or potential sources of brain 
embolism 

≥ 30 s No limit Median 13 days 
(IQR 10 to 67) 

Sanna, 2014;
7
 

Europe, Canada, 
US; 
RCT 

Industry funding; 
authors have 
received fees and 
grants from 
industry 

ILR (Reveal XT, 
Medtronic) 

Inclusion: Patients aged ≥ 40 years, 

with cryptogenic stroke or TIA within 
the previous 90 days 
 
Exclusion: History of AF or atrial 

flutter, indication or contraindication 
for permanent OAT at enrolments, or 
indication for a pacemaker or 
implantable cardioverter-defibrillator 

≥ 30 s 180 to 
365 days 

Mean time to 
randomization 
38.1 days ± SD 
27.6; 88.5% of 
ILR patients had 
device inserted 
within 10 days of 
randomization 

Ziegler, 2015;
60

 
US; 
retrospective cohort 

Industry funding; 
Most authors are 
industry 
shareholders and 
employees 

ILR (Reveal LINQ, 
Medtronic) 

Inclusion: Patients in the Medtronic 

Discovery Link database who 
received an ILR following a 
cryptogenic stroke 
 
Exclusion: NR 

> 2 min Median 
182 days 
(IQR 182 to 
182) 

NR 

ELR 

Barthelemy, 2003;
36

 
France; 
single-arm 
prospective cohort 

Funding and 
conflicts of interest 
NR 

ELR (R.Test 
Evolution, 
Novacor) 

Inclusion: Patients admitted to 

hospital with a stroke or TIA 
 
Exclusion: Patients without stroke or 

TIA 

≥ 30 s 3 days Mean 10 days ± 
SD 2 

Elijovich, 2009;
41

 
US; 
single-arm 
prospective cohort 

Funding and 
conflicts of interest 
NR 

ELR (Dual Alert 
Afib, PDS Heart 

Inclusion: Patients diagnosed with 

cryptogenic stroke or TIA 
 
Exclusion: NR 

NR 30 days NR 
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First Author, Year 
of Publication; 
Country; 
Study Design 

Funding Source; 
Author Conflicts 
of Interest 

Device Inclusion and Exclusion Criteria 
Duration of AF 
Defined as a 
Positive Result 

Duration of 
Monitoring  

Time from Index 
Event to 
Initiation of 
Monitoring 

Flint, 2012;
43

 
US; 
single-arm 
prospective cohort 

No funding or 
conflicts of interest 

ELR (CardioPAL 
SAVI, Medicomp) 

Inclusion: Recent diagnosis of 

cryptogenic ischemic stroke 
 
Exclusion: NR 

> 5 s and ≥ 30 s Median 
28 days 
(IQR 20 to 
30) 

Median 29 days 
(IQR 17 to 50) 

Gladstone, 2014
5
 

Canada; 
RCT

a
 

Funding not fully 
reported; 
authors have 
received support 
and fees from 
industry 

ELR (ER910AF 
Cardiac Event 
Monitor, Braemar) 

Inclusion: Patients aged > 55 years 

with ischemic stroke or TIA within 
past 6 months 
 
Exclusion: Patients with previous AF 

or whose etiologic diagnosis had 
already been determined 

≥ 30 s; also 
measured any 
duration and ≥ 
2.5 min 

30 days 75.1 days ± SD 
38.6 (time to 
randomization) 

Higgins, 2013,
6
 and 

Higgins, 2014:
64

 
UK; 
RCT

a
 

Government 
funding with 
industry-provided 
monitors and on-
site training; 
some authors 
have received 
fees and 
honorariums from 
industry 

ELR (R.Test 
Evolution 3, 
Novacor) 

Inclusion: Patients within 7 days of 

transient or persistent symptoms of 
acute ischemic stroke, no history of 
AF or atrial flutter, or any irreversible 
contraindication of long-term 
anticoagulation 
 
Exclusion: NR 

≥ 20 s 
(sustained) and 
< 20 s (non-
sustained) 

7 days NR 

Jabaudon, 2004;
10

 
Switzerland; 
single-arm 
prospective cohort 

Funding NR; 
lead author 
supported by 
industry 

ELR (R.Test 
Evolution 2, 
Novacor) 

Inclusion: Patients with acute stroke 

or TIA 
 
Exclusion: Patients with previous 

persistent AF, recent (< 12 months) 
AF paroxysm, primarily hemorrhagic 
stroke, or acute large vessel 
dissection 

NR 7 days Median 55 days 

Sanak, 2015,
62

 and 
Sanak, 2015;

65
 

Czech Republic; 
single-arm 
prospective cohort 

Government and 
institutional 
funding; 
no conflicts of 
interest 

ELR (MDT 
Vitaphone Loop 
3100 BT) 

Inclusion: Young patients (aged ≤ 50 

years) with cryptogenic stroke, who 
were enrolled in the HISTORY study 
 
Exclusion: NR 

≥ 30 s 21 days Median 42 days 
(IQR 25 to 96) 
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First Author, Year 
of Publication; 
Country; 
Study Design 

Funding Source; 
Author Conflicts 
of Interest 

Device Inclusion and Exclusion Criteria 
Duration of AF 
Defined as a 
Positive Result 

Duration of 
Monitoring  

Time from Index 
Event to 
Initiation of 
Monitoring 

Wallmann, 2007;
57

 
Switzerland; 
single-arm 
prospective cohort 

Funding through a 
research 
foundation; 
no conflicts of 
interest 

ELR (CardioDay, 
Getemed) 

Inclusion: Patients with an acute 

ischemic stroke, without known 
paroxysmal AF 
 
Exclusion: Patients with persistent 

severe cognitive deficits, severe 
aphasia, or life expectancy < 6 
months 

NR 21 days NR 

Yayehd, 2015;
58

 
France; 
single-arm 
prospective cohort 

Industry funding; 
no conflicts of 
interest 

ELR (Spiderflash-
t, Sorin Group) 

Inclusion: Patients with ischemic 

stroke on MRI, aged < 60 years 
 
Exclusion: Patients with history of 

AF or any supraventricular 
tachycardia, those presenting with AF 
on resting ECG recording or 24-h 
ECG, and those taking antiarrhythmic 
agents 

Both ≥ 30 s and 
< 30 s 

21 days Median 34 days 
(IQR 22 to 57) 

MCOT 

Bhatt, 2011;
37

 
US; 
retrospective cohort 

Funding NR; 
no conflicts of 
interest 

MCOT 
(CardioNet) 

Inclusion: Consecutive patients with 

cryptogenic stroke or TIA who 
underwent up to 28 days of MCOT 
monitoring post-discharge 
 
Exclusion: NR 

≥ 30 s Median 
21 days 
(range 2 to 
28) 

On admission 

Favilla, 2015;
17

 
US; retrospective 
cohort 

Funding NR; 
one author 
consults for 
industry 

MCOT 
(CardioNet, 
Biotelemetry) 

Inclusion: Patients with cryptogenic 

stroke or TIA by TOAST criteria 
 
Exclusion: Patients who were 

undergoing repeat MCOT monitoring, 
patients with silent chronic infarction 
without symptoms 

Both ≥ 30 s and 
< 30 s 

28 days Patients with AF: 
median 52 days 
(IQR 42 to 90); 
no AF: median 
65 days (IQR 7 
to 136) 

Kalani, 2015;
45

 
US; retrospective 
cohort 

No funding; 
authors are 
consultants for or 
have received 
fees from industry 

MCOT (LifeStar 
ACT, LifeWatch; 
LifeStar AF 
Express, 
LifeWatch; or 
Cardiomedix, 
Cardiomedix) 

Inclusion: Patients with cryptogenic 

stroke or TIA, no history of AF or 
atrial flutter, completing 14 to 30 days 
of monitoring unless AF was found 
earlier, and completed monitoring 
within 90 days of the event 
 
Exclusion: NR 

≥ 30 s Median 
30 days 

Median 10 days 
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First Author, Year 
of Publication; 
Country; 
Study Design 

Funding Source; 
Author Conflicts 
of Interest 

Device Inclusion and Exclusion Criteria 
Duration of AF 
Defined as a 
Positive Result 

Duration of 
Monitoring  

Time from Index 
Event to 
Initiation of 
Monitoring 

Kamel, 2013;
46

 
US; 
RCT 

Funding through a 
foundation; 
conflict of interest 
NR 

MCOT 
(CardioNet) 

Inclusion: Patients with ischemic 

stroke or high-risk TIA 
 
Exclusion: Patients with lacunar 

infarcts, ≥ 50% stenosis of relevant 
arteries, likely cardioembolism, or 
other apparent cause; patients 
ineligible to receive anticoagulation, 
and those with onset of symptoms 
> 60 days previously 

≥ 30 s 21 days 22 days ± SD 12  

Miller, 2013;
48

 
US; 
retrospective cohort 

No funding; 
no conflicts of 
interest 

MCOT 
(CardioNet) 

Inclusion: Patients with cryptogenic 

stroke or TIA, evaluated by MCOT 
monitoring within 6 months 
 
Exclusion: NR 

Both ≥ 30 s and 
< 30 s 

Median 21 
(range 1 to 
30) 

Mean 32.7 days 
± SD 36; 
median 16 days 
(range 3 to 180) 

Rabinstein, 2013;
50

 
US; 
single-arm 
prospective cohort 

Industry funding; 
Conflicts of 
interest NR 

MCOT 
(CardioNet) 

Inclusion: Adult patients with 

ischemic stroke within the previous 3 
months 
 
Exclusion: Patients with a history of 

AF or atrial flutter, planned closure of 
a patent foramen ovale within the 
next month, use of antiarrhythmic 
agents, or incomplete stroke workup 

Any duration 21 days NR 

Tayal, 2008;
54

 
US; 
retrospective cohort 

No funding or 
conflicts of interest 

MCOT 
(CardioNet) 

Inclusion: Patients with cryptogenic 

TIA or stroke within the last 3 months, 
aged > 18 years. Patent foramen 
ovale or ASA allowed if no evidence 
of DVT or hypercoagulability 
 
Exclusion: History of AF, 

demonstrated AF prior to initiation of 
MCOT, or prothrombotic state 

Both ≥30 s and 
<30 s 

21 days Median 20 days 
(range 1 to 122)  

AF = atrial fibrillation; ASA = acetylsalicylic acid; CI = confidence interval; DVT = deep vein thrombosis; ECG = electrocardiogram; ELR = external loop recorder; h = hours; ILR = 
implantable loop recorder; IQR = interquartile range; MCOT = mobile cardiac outpatient telemetry; min = minutes; NR = not reported; OAT = oral anticoagulation therapy; PAF = 
paroxysmal atrial fibrillation; s = seconds; RCT = randomized controlled trial; SD = standard deviation; TIA = transient ischemic attack; UK = United Kingdom; US = United States. 
a
 Study arms presented under each device compared (Ambulatory Holter and ELR). 

b
 Study arms presented under each device compared (Ambulatory Holter and ILR). 
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Table 24: Patient Characteristics 

First Author, 
Year of 
Publication 

Study Arms 

Number 
Enrolled/ 
Number 
Completed 

Number of 
Patients With IS, 
ESUS, TIA; n (%) 

Age, Mean, 
SD 

Males, 
n (%) 

Previous Stroke 
or TIA, n (%) 

Left Atrial 
Enlargement, 
n (%) 

CHA2DS2-VASC 
Score, Mean, SD 

Other Comorbidities, n 

Ambulatory Holter 

Alhadramy, 
2010

35
 

Overall 
population 

426/413 IS: 199 (46.7%) 
ESUS: NR 
TIA: 227 (53.3%) 

65 ± 14.8 212 (50%) Stroke: 27 (6.3%) 
TIA: 34 (8%) 

NR NR 2 valve disease, 1 mechanical heart valve, 4 porcine 
valves, 7 CHF, 248 hypertension, 196 hyperlipidemia, 
60 CAD, 29 previous MI, 60 DM, 48 smoking 

Patients with 
AF 

39  IS: 23 (59%) 
ESUS: NR 
TIA: 16 (41%) 

75.4 ± 8.1; 
(P < 0.1) 

19 (49%); 
(P < 0.1) 

Stroke: 4 (10.3%) 
TIA: 4 (10.3%) 

NR NR 31 (79%) hypertension, 22 (56%) hyperlipidemia, 
7 (18%) CAD, 5 (13%) MI, 2 (5%) CHF, 6 (15%) DM, 
1 (11%) smoking, 0 mechanical valve, 0 porcine valve 

Dangayach, 
2011

39
 

Overall 
population 

298/NR IS: 298 (100%) 
ESUS: 51 (17%) 
TIA: 32 (11%) 

63.2 ± 15.8 169 
(56.7%) 

Stroke: 0 
TIA: NR 

NR NR 154 hypertension, 151 hyperlipidemia, 20 previous MI, 
53 diabetes, 42 CAD 

Patients with 
AF + ESUS 

49 IS: 100% 
ESUS: 100% 
TIA: NR 

61.53 ± 
16.28 
(P = 0.375) 

8 (53.3%) 
(P = 0.371) 

Stroke: 0 
TIA: NR 

NR NR 6 (40%) hypertension, 8 (53%) hyperlipidemia, 1 (7%) 
previous MI, 4 (27%) diabetes, 4 (27%) CAD — no 
statistical significance for any compared with no 
AF+CS 

Doliwa 
Sobocinski, 
2012

9
 

Overall 
population 

290/249 NR Median 72 
(range 39 to 
91) 

142 (57%) Stroke or TIA: 62 
(25%) 

32 (13%) CHADS2: 3 (5 to 2) 40 DM, 10 CHF, 50 ischemic heart disease, 
162 hypertension, 37 previous palpitations 

Patients with 
AF 

17  NR Median 75 
(range 66 to 
84) 

8 (47%) Stroke or TIA: 6 
(35%) 

4 (24%) CHADS2: 3 (5 to 2) 2 (12%) DM, 0 CHF, 2 (12%) ischemic heart disease, 
11 (65%) hypertension, 6 (35%) previous palpitations 

Fonseca, 
2014

44
 

Overall 
population 

264/264 IS: 164 (62%) 
ESUS: 75 (28%) 
TIA: 25 (10%) 

63.8 ± 12.2 147 
(55.7%) 

Stroke or TIA: 69 
(26%) 

104 (39%) NR 184 hypertension, 70 diabetes, 109 dyslipidemia, 
50 smoking, 39 previous MI or angina 

Patients with 
AF + IS 
known 
etiology 

55  IS: 53 (96%) 
TIA: 2 (4%) 

70.3 ± 7.8 
(P ≤ 0.0001) 

24 (43.6%) 
(P = 0.02) 

Stroke or TIA: 21 
(38.2%) 
(P = 0.04) 

21 (38.2%) 
(P = 0.09) 

NR 36 (66%) hypertension, 10 (18%) diabetes, 29 (53%) 
dyslipidemia, 4 (7%) smoking, 12 (22%) previous MI 
or angina — P = 0.001 for smoking; no statistical 
significance for others compared with no AF 

Patients with 
AF + ESUS 

17  ESUS: 17 (100%) 
TIA: 0 (P = 0.58) 

74 ± 7 
(P = 0.006) 

4 (24%) 
(P = 0.12) 

Stroke or TIA: 3 
(17.6%) 
(P = 0.75) 

10 (58.8%) 
(P = 0.06) 

NR 12 (71%) hypertension, 4 (24%) diabetes, 8 (47%) 
dyslipidemia, 0 smoking, 2 (12%) previous MI or 
angina — no statistical significance for any compared 
with no AF 
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First Author, 
Year of 
Publication 

Study Arms 

Number 
Enrolled/ 
Number 
Completed 

Number of 
Patients With IS, 
ESUS, TIA; n (%) 

Age, Mean, 
SD 

Males, 
n (%) 

Previous Stroke 
or TIA, n (%) 

Left Atrial 
Enlargement, 
n (%) 

CHA2DS2-VASC 
Score, Mean, SD 

Other Comorbidities, n 

Gladstone, 
2014

5a
 

Overall 
population 

572 /557  
Note: 1 patient 
was excluded 
from analysis; 
therefore N = 571 

ESUS: 360 
(62.9%) 
TIA: 211 (36.9%) 

72.5 ± 8.5 314 (55%) Stroke: 81 (14%) 
TIA: 88 (15%) 

NR CHADS2: median 3 
(range 2 to 6) 

395 hypertension, 110 diabetes, 368 hyperlipidemia, 
43 current smoker, 12 CHF, 90 MI, 102 previous 
coronary surgery (95 previous intervention for CAD) 

Patients 
monitored by 
24-h Holter 

285/277 ESUS: 172 
(60.4%) 
TIA: 113 (39.6%) 

73.2 ± 8.8 160 
(56.1%) 

Stroke: 36 
(12.6%) 
TIA: 46 (16.1%) 

NR NR 191 (67%) hypertension, 55 (19%) diabetes, 
177 (62%) hyperlipidemia, 24 (8%) current smoker, 
7 (2%) CHF, 42 (15%) MI, 23 (8%) coronary 
angioplasty or stenting, 1 (0.4%) cardiac-valve surgery 

Higgins, 2013,
6
 

and Higgins, 
2014

64
,
a
 

Overall 
population 

100/100 IS: 68 (68%) 
TIA: 32 (32%) 

65.8 ± 12.3 56 (56%) NR NR NR 16 ischemic heart disease, 58 hypertension, 15 DM, 
32 smoking 

Standard-
care 
population 
(24-h Holter) 

50/50 IS: 33 (66%) 
TIA: 17 (34%) 

64.6 ± 13.3 32 (64%) NR NR NR 8 (16%) ischemic heart disease, 30 (60%) 
hypertension, 11 (22%) DM, 20 (40%) smoking 

Manina, 
2014

47
 

Overall 
population 

114/NR ESUS: 104 
(91.2%) 
TIA: 10 (8%) 

63.1 ± 15.1 NR NR NR NR 60 (53%) hypertension, 11 (10%) DM, 15 (13%) 
smoking, 31 (27%) hyperlipidemia, 6 (5%) obesity 

Patients with 
AF 

29/NR ESUS: 29 (100%) 
TIA: 0 

73.2 ± 8.8 
(P = NS) 

NR NR NR NR 17 (59%) hypertension, 3 (10%) DM, 4 (14%) 
smoking, 9 (31%) hyperlipidemia, 1 (3%) obesity — no 
statistical significance of any compared with no AF 

Ritter, 2013,
51

 
and 
Kochhauser, 
2014

63
,
b
 

Overall 
population 

61/60 ESUS: 100% Median 63 
(IQR 48.5 
to 72) 

34 (57%) NR NR median 4 (IQR 3 to 5) 42 (70%) hypertension, 7 (12%) DM, 4 (7%) vascular 
disease 

Patients with 
AF 

10  ESUS: 100% Median 66 
(IQR 30 to 
85) 
(P = NS) 

4 (40%) (P 

= NS) 
NR NR median 4 (IQR 3 to 5) 

(P = NS) 
7 (70%) hypertension, 0 DM, 0 CHF, 0 vascular 
disease — no statistical significance of any compared 
with no AF; except DM P = 0.1 

Schuchert, 
1999

52
 

Overall 
population 

82/82 IS: 82 (100%) 59.7 47 (57%) NR NR NR 30 (37%) hypertension, 14 (17%) CAD 

Patients with 
AF 

5 IS: 5 (100%) 70.5 2 (40%) NR NR NR 3 (60%) hypertension, 2 (40%) CAD 

Shafqat, 
2004

53
 

Overall 
population 

210/196 ESUS: 101 (51%) 66.8 ± 15.3 85 (43.6%) NR NR NR NR 

Patients with 
AF 

5  IS: 1 (20%) 
ESUS: 4 (80%) 

77.6 ± 8.0 
(P = 0.04) 

2 (40%) NR NR NR NR 

Tu, 2014
55

 Overall 
population 

20/20 ESUS: 100% Median 66 
(IQR 61.5 
to 74.3) 

14 (70%) Stroke or TIA: 5 
(25%) 

5 of 16 (31.3%) Pre-stroke CHADS2: 
median 2 (IQR 1 to 3) 

14 (70%) hypertension, 1 (5%) diabetes, 13 (65%) 
hyperlipidemia, 2 (10%) ischemic heart disease, 
3 (15%) CHF 
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First Author, 
Year of 
Publication 

Study Arms 

Number 
Enrolled/ 
Number 
Completed 

Number of 
Patients With IS, 
ESUS, TIA; n (%) 

Age, Mean, 
SD 

Males, 
n (%) 

Previous Stroke 
or TIA, n (%) 

Left Atrial 
Enlargement, 
n (%) 

CHA2DS2-VASC 
Score, Mean, SD 

Other Comorbidities, n 

Vanden-
broucke, 
2004

56
 

Overall 
population 

136/114 NR NR NR NR NR NR NR 

Yodogawa, 
2013

59
 

Overall 
population 

68/68 IS: 100% 70.7 37 (54.4%) NR NR NR 10 (15%) DM, 45 (66%) hypertension, 14 (21%) 
smoking 

Patients with 
AF 

17  IS: 100% 73.5 ± 10.2 
(P = 0.064) 

8 (47%) 
(P = 0.422) 

NR NR NR 4 (24%) DM, 14 (82%) hypertension, 5 (29%) 
smoking — no statistical significance of any compared 
with  no AF 

MCOT 

Bhatt, 2011
37

 Overall 
population 

62/62 ESUS: 50 (81%) 
TIA: 12 (19%) 

61 ± 14 32 (52%) NR NR NR 16 hypertension, 8 CAD, 3 DM, 26 dyslipidemia 

Patients with 
AF 

15  NR 64 7 (48%) NR NR NR 4 (27%) hypertension, 3 (20%) CAD, 1 (6%) DM, 7 
(45%) dyslipidemia 

Favilla, 2015
17

 Overall 
population 

227/227 ESUS: 179 (79%) 
TIA: 48 (21%) 

62.9 95 (42%) Stroke: 36 (16%) 
TIA: NR 

NR Median 5 51 history of palpitations 

Patients with 
AF 

31  ESUS: NR 
TIA: 6 (19%) 

69.1 ± 9.6 
(P = 0.005) 

15 (49%) 
(P = 0.34) 

Stroke: 5 (17%) 
(P = 0.98) 

NR median 5 (IQR 4 to 6) 8 (27%) history of palpitations (P = 0.59) 

Kalani, 2015
45

 Overall 
population 

85/85 NR 65.6 ± 14.7 43 (50.6%) Stroke or TIA: 16 
(18.8%) 

NR median 4 (IQR 3 to 6) 50 (59%) hypertension, 13 (15%) DM, 43 (51%) 
dyslipidemia, 13 (15%) CAD, 6 (7%) PAD, 2 (2%) 
CHF, 5 (6%) obstructive sleep apnea, 26 (31%) 
tobacco exposure 

Kamel, 2013
46

 Overall 
population 

40/15 completed 
monitoring 

ESUS: 27 (67%) 
TIA: 13 (33%) 

67 ± 12 23 (57%) Stroke or TIA: 14 
(35%) 

NR NR 29 (73%) hypertension, 10 (25%) DM, 18 (45%) 
hyperlipidemia, 2 (5%) CHD, 1 (3%) heart failure, 
10 (25%) smoking 

MCOT 
population 

20/15 ESUS: 12 (60%) 
TIA: 8 (40%) 

65 ± 15 
(P = 0.30) 

12 (60%) 
(P = 0.99) 

Stroke or TIA: 6 
(30%) 
(P = 0.74) 

NR NR 15 (75%) hypertension, 4 (20%) DM, 8 (40%) 
hyperlipidemia, 1 (5%) CHD, 1 (5%) heart failure, 
5 (25%) current/former tobacco use 

No 
monitoring 
population 

20/NR ESUS: 15 (75%) 
TIA: 5 (25%) 

69 ± 9 11 (55%) Stroke or TIA: 8 
(40%) 

NR NR 14 (70%) hypertension, 6 (30%) DM, 10 (50%) 
hyperlipidemia, 1 (5%) CHD, 0 heart failure, 5 (25%) 
current or former tobacco use 

Miller, 2013
48

 Overall 
population 

156/156 ESUS: 124 (79%) 
TIA: 32 (21%) 

68.5 ± 11 78 (50%) Stroke: 36 (23%) 
TIA: 19 (12%) 

NR CHADS2: 3.7 ± 0.8 136 (87%) hypertension, 66 (42%) DM, 98 (63%) 
hyperlipidemia, 37 (24%) CAD, 12 (8%) CHF, 
33 (21%) smoking 

Rabinstein, 
2013

50
 

Overall 
population 

132/128 IS: 64 (50%) 
ESUS: 64 (50%) 

66.2 ± 10.8 79 (61.7%) Stroke or TIA: 39 
(30.5%) 

NR CHADS2 ≥ 2: 60 
(46.9%) 

94 (73%) hypertension, 20 (16%) DM, 6 (5%) CHF, 
21 (16%) previous MI, 105 (82%) hyperlipidemia, 
20 (16%) obstructive sleep apnea, 59 (46%) smoking 
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First Author, 
Year of 
Publication 

Study Arms 

Number 
Enrolled/ 
Number 
Completed 

Number of 
Patients With IS, 
ESUS, TIA; n (%) 

Age, Mean, 
SD 

Males, 
n (%) 

Previous Stroke 
or TIA, n (%) 

Left Atrial 
Enlargement, 
n (%) 

CHA2DS2-VASC 
Score, Mean, SD 

Other Comorbidities, n 

Tayal, 2008
54

 Overall 
population 

56/56 ESUS: 48 (86%) 
TIA: 8 (14%) 

66 ± 11 29 (51.8%) NR 8 (15%) NR 43 (77%) hypertension, 42 (75%) hyperlipidemia, 20 
(36%) smoking, 9 (16%) DM, 10 (18%) history of 
palpitations, 8 (14%) CAD, 5 (9%) coronary artery 
bypass graft, 5 (9%) MI, 1 (2%) CHF 

Patients with 
AF 

13  ESUS: 9 (69%) 
TIA: 4 (31%) 

69 ± 11 
(P = 0.308) 

4 (31%) 
(P = 0.116) 

NR 2 (15%) 
(P = 1.00) 

NR 11 (85%) hypertension, 5 (38%) DM, 0 CHF — no 
statistical significance of any compared with no AF 

ELR 

Barthelemy, 
2003

36
 

Overall 
population 

60/60 IS: 32 (53%) 
ESUS: 19 (32%) 
TIA: 9 (15%) 

64 ± 14 
(range 27 to 
89) 

33 (55%) NR NR NR 10 diabetes, 30 hypertension, 30 dyslipidemia, 
22 tabagism (smoking), 34 family history of CVD, 
12 Aspirin therapy 

Elijovich, 
2009

41
 

Overall ESUS 
population  

21/20 ESUS: 14 (70%) 
TIA: 6 (30%) 

68 ± 15 8 (40.0%) NR 5 (25%) NR 15 hypertension, 7 diabetes, 3 CAD, 8 hyperlipidemia, 
1 smoking, 12 Aspirin 

Flint, 2012
43

 Overall 
population 

239/236 ESUS: 236 
(100%) 

64.6 ± 13.8 145 
(60.5%) 

Stroke or TIA: 45 
(18.8%) 

NR NR 25 cardiovascular disease, 11 CHF, 158 hypertension, 
35 DM, 217 dyslipidemia 

Patients with 
AF 

29  ESUS: 100% 69.3 ± 14.0 
(P = 0.06) 

19 (64.3%) 
(P = 0.84) 

Stroke or TIA: 3 
(10.3%) 

NR NR 1 (4%) cardiovascular disease, 2 (7%) CHF, 22 (75%) 
hypertension, 7 (25%) DM, 27 (93%) dyslipidemia — 
no statistical significance of any compared with no AF 

Gladstone, 
2014

5a
 

Overall 
population 

572/557 
Note: 1 patient 
was excluded 
from analysis; 
therefore N = 571 

ESUS: 360 
(62.9%) 
TIA: 211 (36.9%) 

72.5 ± 8.5 314 (55%) Stroke: 81 (14%) 
TIA: 88 (15%) 

NR CHADS2: median 3 
(range 2 to 6) 

395 hypertension, 110 diabetes, 368 hyperlipidemia, 
43 current smoker, 12 CHF, 90 MI,102 previous 
coronary surgery (95 previous intervention for CAD) 

Patients 
monitored by 
ELR 

286 /284  ESUS: 188 
(65.7%) 
TIA: 98 (34.3%) 

72.5 ± 8.5 154 
(53.8%) 

Stroke: 45 
(15.7%) 
TIA: 12 (4.2%) 

NR NR 204 (71%) hypertension, 55 (19%) diabetes, 191(67%) 
hyperlipidemia, 19 (7%) current smoker, 5 (2%) CHF, 
48 (17%) MI, 24 (8%) coronary angioplasty or 
stenting, 29 (10%) coronary bypass surgery, 6 (2%) 
cardiac-valve surgery 

Higgins, 2013,
6
 

and Higgins, 
2014

64,a
 

Overall 
population 

100/100 IS: 68 (68%) 
TIA: 32 (32%) 

65.8 ± 12.3 56 (56%) NR NR NR 16 ischemic heart disease, 58 hypertension, 15 DM, 
32 smoking 

ELR 
population 

50/50 IS: 35 (70%) 
(P = 0.67) 
TIA: 15 (30%) 
(P = 0.67) 

67.1 ± 11.1 
(P = 0.32) 

24 (48%) 
(P = 0.10) 

NR NR NR 8 (16%) ischemic heart disease, 28 (56%) 
hypertension, 4 (8%) DM, 12 (24%) smoking — no 
statistical significance for any compared with standard 
care 

Jabaudon, 
2004

10
 

Overall 
population 

149 enrolled/ 
88 monitored 

NR 66.9 (range 
37 to 93) for 
149 patients 

101/149 
(68%)  

Stroke: 25/149 
(17%) 
TIA: NR 

16/86 (17%) NR 87 hypertension, 83 hypercholesterolemia, 
52 smoking, 25 diabetes, 9 acute palpitations, 
16 history of palpitations, 7 history of paroxysmal AF, 
25 history of heart disease, 13 family history of stroke 
or heart disease 
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First Author, 
Year of 
Publication 

Study Arms 

Number 
Enrolled/ 
Number 
Completed 

Number of 
Patients With IS, 
ESUS, TIA; n (%) 

Age, Mean, 
SD 

Males, 
n (%) 

Previous Stroke 
or TIA, n (%) 

Left Atrial 
Enlargement, 
n (%) 

CHA2DS2-VASC 
Score, Mean, SD 

Other Comorbidities, n 

Sanak, 2015,
62

 
and Sanak, 
2015

65
 

Overall 
population 

95/95 ESUS: 95 (100%) 39.1 ± 8.2 49 (52%) Stroke or TIA: 2 
(2%) 

NR NR 7 (7%) hypertension, 1 (1%) DM, 13 (14%) 
hyperlipidemia, 0 CAD, 0 PAD 

Patients with 
AF 

9  ESUS: 100% 43.1 ± 3.2 
(P = 0.903) 

5 (56%) 
(P = 1.000) 

None NR NR 0 hypertension, 0 DM, 1 (11%) hyperlipidemia, 0 CAD, 
0 PAD, 2 (22%) smoking — no statistical significance 
of any compared with no AF 

Wallmann, 
2007

57
 

Overall 
population 

127/127 IS: 127 (100%) 61.5 78 (61.4%) NR 42 (33%) NR 86 (68%) hypertension 

Yayehd, 
2015

58
 

Overall 
population 

56/56 IS: 17 (30%) 
ESUS: 39 (70%) 

48 ± 9 35 (62%) Stroke or TIA: 3 
(5%) 

4 (7%) NR 8 (14%) BMI >25 kg/m
2
, 15 (27%) hypertension, 

4 (7%) DM, 16 (29%) hyperlipidemia, 20 (37%) 
smoking, 3 (5%) CAD, 3 (5%) CVD, 1 (2%) obstructive 
sleep apnea 

ILR 

Christensen, 
2014

8
 

Overall 
population 

95/85 ESUS: 85 (100%) 56.7 47 (55.2%) NR NR Median 3.2 39 hypertension, 6 diabetes, 52 smoking 

Patients with 
AF 

18  ESUS: 100% 66.9 
(P < 0.0001) 

8 (44.4%) 
(P = 0.425) 

NR NR Median 4 11 (61%) hypertension, 2 (11%) diabetes, 8 (46%) 
smoking — no statistical significance for any 
compared with no AF 

Cotter, 2013
38

 Overall 
population 

54/51 ESUS: 51 (100%) 51.5 ± 13.9 28 (54.9%) None NR Median 3 (IQR 2 to 4) NR 

Patients with 
AF 

13  ESUS: 100% 59.2 ± 11.0 
(P = 0.018) 

6 (46.2%) 
(P = 0.5) 

None NR Median 4 (IQR 3.5 to 
4) 

NR 

Dion, 2010
40

 Overall 
population 

24/24 ESUS: 24 (100%) 48.8 ± 13.6 
(range 18 to 
75) 

15 (62.5%) NR NR NR 7 hypertension, 8 dyslipidemia, 10 smoking, 4 
overweight, 5 hereditary vascular ischemia  

Etgen, 2013
42

 Overall 
population 

22/22 ESUS: 22 (100%) 61.6 11 (50%) NR NR NR 14 hypertension, 2 DM, 16 hyperlipidemia, 7 smoking 

Patients with 
AF 

6  ESUS: 100% 65.8 (95% 
CI, 45.3 to 
86.4) 
(P = 0.373) 

4 (66.7%) 
(P = 0.338) 

NR NR NR 4 (67%) hypertension, 0 DM, 4 (67%) hyperlipidemia, 
2 (33%) smoking — no statistical significance for any 
compared with no AF 

Giralt-
Steinhauer, 
2015

61
 

Overall 
population 

1,240/1,240 IS: 1,005 (81.0%) 
TIA: 235 (18.9%) 

NR 730 
(58.9%) 

243 (19.6%) NR NR 63 (5%) CHF, 109 (78%) hypertension, 43 (31%) 
diabetes, 69 (50%) hyperlipidemia, 20 (14%), 
21 (15%) coronary heart disease, 13 (9%) peripheral 
arterial disease 

Jorfida, 2014
11

 Overall 
population 

54/54 ESUS: 54 (100%) 67.8 ± 9.4 31 (57.4%) Stroke: 15 
(27.8%) 
TIA: NR 

NR 4.5 ± 1.2 10 DM, 47 hypertension, 12 cardiomyopathy, 
8 dysthyroidism 

Patients with 
AF 

25  ESUS: 100% 70.1 ± 5.8 
(P = 0.2) 

16 (64%) 
(P = 0.4) 

Stroke: 9 (36%) 
(P = 0.2) 
TIA: NR 

NR 4.7 ± 1.2 
(P = 0.3) 

3 (12%) DM, 24 (96%) hypertension, 6 (24%) 
cardiomyopathy, 4 (16%) dysthyroidism — no 
statistical significance of any compared with no AF 
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First Author, 
Year of 
Publication 

Study Arms 

Number 
Enrolled/ 
Number 
Completed 

Number of 
Patients With IS, 
ESUS, TIA; n (%) 

Age, Mean, 
SD 

Males, 
n (%) 

Previous Stroke 
or TIA, n (%) 

Left Atrial 
Enlargement, 
n (%) 

CHA2DS2-VASC 
Score, Mean, SD 

Other Comorbidities, n 

Poli, 2015
49

 Overall 
population 

75/74 ESUS: 100% 66.4 ± 12.5 33 (47%) NR LA > 45 mm: 18 
(24%) 

Median 5 (IQR 4 to 6) 11 (15%) DM, 59 (79%) hypertension, 27 (36%) 
vascular disease 

Patients with 
AF 

25/25 ESUS: 100% 72.5 ± 8.1 
(P = 
0.0005) 

14 (56%) 
(P = 0.252) 

NR LA > 45 mm: 13 
(52%) 
(P = < 0.0001) 

Median 5 (IQR 4 to 7) 
(P = 0.044) 

5 (20%) DM, 22 (88%) hypertension, 9 (36%) vascular 
disease — no statistical significance of any compared 
with no AF 

Ritter, 2013,
51

 
and 
Kochhauser, 
2014

63
,
b
 

Overall 
population 

61/60 ESUS: 100% Median 63 
(IQR 48.5 
to 72) 

34 (57%) NR NR Median 4 (IQR 3 to 5) 42 (70%) hypertension, 7 (12%) DM, 4 (7%) vascular 
disease 

Patients with 
AF 

10  ESUS: 100% Median 66 
(IQR 30 to 
85) 
(P = NS) 

4 (40%) (P 
= NS) 

NR NR median 4 (IQR 3 to 5) 
(P = NS) 

7 (70%) hypertension, 0 DM, 0 CHF, 0 vascular 
disease — no statistical significance of any compared 
with no AF, except DM P = 0.1 

Sanna, 2014
7
 Overall 

population 
441/416 (441 
included in ITT) 

ESUS: 401 (91%) 
TIA: 40 (9%) 

61.5 ± 11.3 280 
(63.5%) 

Stroke: 65 (15%) 
TIA: 49 (11%) 

NR CHADS2: range 2 to 
6 

271 (61%) hypertension, 72 (16%) diabetes, 
253 (57%) hypercholesterolemia, 87 (20%) smoking, 
25 (6%) CAD 

ILR 221 (ITT) ESUS: 200 
(90.5%) 
TIA: 21 (9.5%) 

61.6 ± 11.4 
(P = 0.84) 

142 
(64.3%) 
(P = 0.77) 

Stroke: 37 
(16.7%) 
(P = 0.28) 

TIA: 22 (10%) 
(P = 0.45) 

NR CHADS2 range 2 to 6 
(P = 0.17) 

144 (65%) hypertension, 34 (15%) diabetes, 
125 (57%) hypercholesterolemia, 43 (20%) smoking, 
16 (7%) CAD — no statistical significance of any 
compared with conventional monitoring 

Conventional 
monitoring 

220 (ITT) ESUS: 201 
(91.4%) 
TIA: 19 (8.6%) 

61.4 ± 11.3 138 
(62.7%) 

Stroke: 28 
(12.7%) 
TIA: 27 (12.3%) 

NR CHADS2: range 2 to 
5 

127 (58%) hypertension, 38 (17%) diabetes, 
128 (58%) hypercholesterolemia, 44 (20%) smoking, 
9 (4%) CAD 

Ziegler, 2015
60

 Overall 
population 

1,247/1,247 ESUS: 100% 65.3 ± 13.0 661(53%) NR NR NR NR 

Patients with 
AF 

147  ESUS: 100% 71.3 ± 10.9 
(P < 0.001) 

NR NR NR NR NR 

AF = atrial fibrillation; CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CS = cryptogenic stroke; CVD = cardiovascular disease; DM = diabetes mellitus; ECG = electrocardiogram; ELR = external loop 
recorder; ESUS = embolic stroke of undetermined source; h = hours; ILR = implantable loop recorder; IQR = interquartile range; IS = ischemic stroke; ITT = intention-to-treat; LA = left atrial; MCOT = mobile cardiac outpatient telemetry; 
MI = myocardial infarction; n = number (subpopulation); NR = not reported; NS = not significant; PAD = peripheral artery disease; SD = standard deviation; TIA = transient ischemic stroke. 
a
 Study arms presented under each device compared (Ambulatory Holter and ELR). 

b
 Study arms presented under each device compared (Ambulatory Holter and ILR). 
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Appendix 7: Detailed Outcome Data — 
Clinical Review 

Table 25: Proportion of Patients Diagnosed With AF Post-Stroke or TIA 

First Author, Year of Publication 

Patients Diagnosed With AF Post-Stroke or TIA 
n/N (%) 

All Patients ESUS 

Ambulatory Holter 

Alhadramy, 2010
35

 39/426 (9.2) NA 

Dangayach, 2011
39

 13/49 (26.5) 13/49 (26.5) 

Doliwa Sobocinski, 2012
9
 5/249 (2.0)  NA 

Fonseca, 2014
44

 72/264 (27.3) 17/80 (21.3) 

Gladstone, 2014
5
 7/277 (2.5) 7/277 (2.5) 

Higgins, 2013
6
  4/50 (8.0) NA 

Manina, 2014
47

 29/114 (25.4) 29/114 (25.4) 

Ritter, 2013
51

 1/60 (1.7) 1/60 (1.7) 

Schuchert, 1999
52

 5/82 (6.1) NA 

Shafqat, 2004
53

 5/210 (2.4) 4/101 (4.0) 

Tu, 2014
55

 1/20 (5.0) 1/20 (5.0) 

Vandenbroucke, 2004
56

 7/136 (5.1) NA 

Yodogawa, 2013
59

 17/68 (25.0) NA 

MCOT 

Bhatt, 2011
37

 15/62 (24.2) 15/62 (24.2) 

Favilla, 2015
17

 31/227 (13.7) 31/227 (13.7) 

Kalani, 2015
45

 4/85 (4.7) 4/85 (4.7) 

Kamel, 2013
46

 0/20 (0) 0/20 (0) 

Miller, 2013
48

 27/156 (17.3) 27/156 (17.3) 

Rabinstein, 2013
50

 25/132 (18.9) 16/64 (25.0) 

Tayal, 2008
54

 13/56 (23.2) 13/56 (23.2) 

ELR 

Barthelemy, 2003
36

 12/60 (20.0) 4/28 (14.3) 

Elijovich, 2009
41

 4/36 (11.1) 4/21 (19.0) 

Flint, 2012
43

 26/236 (11.0) 26/236 (11.0) 

Gladstone, 2014
5
 44/284 (15.5) 44/284 (15.7) 

Higgins, 2013
6
  8/50 (16.0) NA 

Jabaudon, 2004
10

 5/88 (5.7) NA 

Sanak, 2015
62

  7/95 (7.4) 7/95 (7.4) 

Wallmann, 2007
57

 18/127 (14.2) NA 

Yayehd, 2015
58

 1/56 (1.8) 1/39 (2.6) 

ILR 

Christensen, 2014
8
 14/85 (16.5) 14/85 (16.5) 

Cotter, 2013
38

 13/51 (25.5) 13/51 (25.5) 

Dion, 2010
40

 1/24 (4.2) 1/24 (4.2) 

Etgen, 2013
42

 6/22 (27.3) 6/22 (27.3) 

Giralt-Steinhauer, 2015
61

 8/19 (42.1) NA 

Jorfida, 2014
11

 25/54 (46.3) 25/54 (46.3) 

Poli, 2015
49

 25/74 (33.8) 25/74 (33.8) 

Ritter, 2013
51

 10/60 (16.7) 10/60 (16.7) 

Sanna, 2014
7
 19/221 (8.6) 19/221 (8.6) 

Ziegler, 2015
60

 147/1247 (11.8) 147/1247 (11.8) 

AF = atrial fibrillation; ELR = external loop recorder; ESUS = embolic stroke of undetermined source; ILR = implantable 
loop recorder; MCOT = mobile cardiac outpatient telemetry; NA = not applicable; TIA = transient ischemic attack. 
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Table 26: Summary of Secondary Outcome Findings 

First Author, Year of 
Publication 

Time to Detection of AF 
Post-Stroke or TIA 
Mean Time in Days (SD) 

Stroke 
Recurrence 
n/N (%) 

All-Cause 
Mortality 
n/N (%) 

Stroke 
Mortality 
n/N (%) 

Ambulatory Holter 

Alhadramy, 2010
35

 NR NR NR NR 

Dangayach, 2011
39

 NR 5/49 (10.2) NR NR 

Doliwa Sobocinski, 2012
9
 NR NR NR NR 

Fonseca, 2014
44

 NR NR 3/264 (1.1) NR 

Gunalp, 2006
157

 NR NR NR NR 

Manina, 2014
47

 NR NR NR NR 

Ritter, 2013
51

 NR NR NR NR 

Schuchert, 1999
52

 NR NR NR NR 

Shafqat, 2004
53

 NR NR NR NR 

Tu, 2014
55

 NR NR NR NR 

Vandenbroucke, 2004
56

 NR NR NR NR 

Yodogawa, 2013
59

 NR NR NR NR 

MCOT 

Bhatt, 2011
37

 NR NR NR NR 

Favilla, 2015
17

 NR NR NR NR 

Kalani, 2015
45

 NR NR NR NR 

Kamel, 2013
46

 NR NR NR NR 

Miller, 2013
48

 NR NR NR NR 

Rabinstein, 2013
50

 3
a
 (NR) NR NR NR 

Tayal, 2008
54

 7
a
 (NR) NR NR NR 

ELR 

Barthelemy, 2003
36

 NR NR NR NR 

Elijovich, 2009
41

 6.92
a
 (NR) NR NR NR 

Flint, 2012
43

 11.4 (8.6) NR NR NR 

Gladstone, 2014
5
 NR NR NR 1/284 (0.4) 

Higgins, 2013
6
  NR NR NR NR 

Jabaudon, 2004
10

 117 (NR) NR NR NR 

Sanak, 2015
62

  11.5 (3.4) NR NR NR 

Wallmann, 2007
57

 NR NR NR NR 

Yayehd, 2015
58

 NR NR NR NR 

ILR 

Christensen, 2014
8
 109 (48) 4/85 (4.7) NR NR 

Cotter, 2013
38

 48
a
 (NR) NR NR NR 

Dion, 2010
40

 NR 0 NR NR 

Etgen, 2013
42

 152.8 (218) NR NR NR 

Giralt-Steinhauer, 2015
61

 NR NR NR NR 

Jorfida, 2014
11

 162
a
 (NR) 1/54 (1.8) NR NR 

Ritter, 2013,
51

 64
a
 (NR) NR NR NR 

Sanna, 2014
7
 NR 11

b
/221 (5.0) 3/221 (1.3) NR 

Ziegler, 2015
60

 58
a
 (NR) NR NR NR 

Poli, 2015
49

 105 (135) NR NR NR 

AF = atrial fibrillation; ELR = external loop recorder; ILR = implantable loop recorder; MCOT = mobile cardiac outpatient 
telemetry; NR = not reported; SD = standard deviation; TIA = transient ischemic attack. 
a
 Reported as median. 

b
 Included recurrent stroke and TIA during first 6 months. 
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Appendix 8: Critical Appraisal — Clinical Review 

Table 27: Critical Appraisal of Clinical Studies (Cochrane Collaboration Tool 
for Assessing Risk of Bias) 

Study Strengths Limitations 

Randomized Controlled Trials 

Gladstone 
et al.

5
 

Selection 

 Method used to generate random 
sequence is described 

Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Attrition 

 Few missing data with reasoning 
provided 

Reporting 

 Clear that published report 
includes all expected outcomes 

Selection 

 Unclear whether intervention allocation was concealed 
Other 

 Unclear whether study received funding from industry 

 Generalizability of findings is unclear, as population 
was limited to ≥ 55 years of age 

 Time from index event to monitoring was inconsistent 

Higgins et al.
6
 Selection 

 Method used to generate random 
sequence is described 

Attrition 

 Few missing data with reasoning 
provided 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry, but devices were 
provided by industry 

Selection 

 Intervention allocation was not concealed 
Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Other 

 Small sample size; study lacked power for clinical 
outcomes 

Kamel et al.
46

 Selection 

 Method used to generate random 
sequence is described 

Attrition 

 Few missing data with reasoning 
provided 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry 

Selection 

 Intervention allocation was not concealed 
Detection 

 Outcome assessors were not blinded to patients’ 
demographic and clinical characteristics 

Other 

 Small sample size; study lacked power for clinical 
outcomes 

 Patient adherence was poor 

Sanna et al.
7
 Selection 

 Method used to generate random 
sequence is described 

Attrition 

 Few missing data with reasoning 
provided 

Reporting 

 Clear that published report 
includes all expected outcomes 

Selection 

 Intervention allocation was not concealed 
Detection 

 Outcome assessors were not blinded to patients’ 
demographic and clinical characteristics 

Other 

 Study received funding from industry 

 Not all patients in the control arm received the same 
follow-up monitoring 
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Study Strengths Limitations 

Observational Studies 

Alhadramy 
et al.

35
  

Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Attrition 

 No missing data, given 
retrospective design  

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

 Time from index event to monitoring was 
inconsistent 

Barthelemy 
et al.

36
 

 Attrition 

 Missing data and limited information provided on 
dropouts 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

 Small sample size 

Bhatt et al.
37

 Attrition 

 No missing data, given nature of 
retrospective study design 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

 Small sample size 

Christensen 
et al.

8
 

Reporting 

 Clear that published report 
includes all expected outcomes 

Attrition 

 Analysis included numerous missing and/or 
incomplete data 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Study received funding from industry 

 Small sample size 

 Time from index event to monitoring was inconsistent 

Cotter et al.
38

 Attrition 

 Few missing data with reasoning 
provided 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Other 

 Small sample size 

 Time from index event to monitoring was inconsistent 

Dangayach 
et al.

39
 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry 

Attrition 

 Analysis included numerous missing and/or 
incomplete data 

Detection 

 Unclear whether outcome assessors were blinded 
to patients’ demographic and clinical characteristics 
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Study Strengths Limitations 

Dion et al.
40

  Attrition 

 Analysis included numerous missing and/or 
incomplete data 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

 Small sample size 

 Authors prematurely stopped patient inclusions due to 
negative results 

 Time from index event to monitoring was inconsistent 

Doliwa 
Sobocinski 
et al.

9
 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry, but devices were 
provided by industry 

Attrition 

 Analysis included numerous missing and/or 
incomplete data 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Other 

 Age criterion was changed halfway through the trial 

Elijovich et al.
41

 Attrition 

 No missing data, given nature of 
retrospective study design 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

 Small sample size 

Etgen et al.
42

 Attrition 

 No missing data, given nature of 
retrospective study design 

Reporting 

 Clear that published report 
includes all expected outcomes  

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Other 

 Unclear source of study funding 

 Small sample size  

Favilla et al.
17

 Attrition 

 No missing data, given nature of 
retrospective study design 

Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

Flint et al.
43

 Reporting 

 Clear that published report 
includes all expected outcomes 

Attrition 

 Analysis included numerous missing and/or 
incomplete data 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Other 

 Unclear source of study funding  
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Study Strengths Limitations 

Fonseca et al.
44

 Reporting 

 Clear that published report 
includes all expected outcomes 

Attrition 

 No missing data, given nature of 
retrospective study design 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Other 

 Unclear source of study funding  

Giralt-
Steinhauer 
et al.

61
 

Attrition 

 No missing data, given nature of 
retrospective study design 

Other 

 Study did not receive funding from 
industry 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Insufficient information was provided for ambulatory 
Holter monitoring; thus, could not distinguish between 
in-hospital and outpatient setting 

Other 

 Small sample size 

 Time from index event to monitoring was not reported  

Jabaudon 
et al.

10
 

 Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Attrition 

 Analysis included numerous missing and/or 
incomplete data 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Study received funding from industry 

Jorfida et al.
11

 Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Reporting 

 Clear that published report 
includes all expected outcomes 

Attrition 

 Analysis included numerous missing and/or 
incomplete data 

Other 

 Unclear source of study funding 

 Small sample size 

 Time from index event to monitoring was inconsistent 

Kalani et al.
45

 Attrition 

 No missing data, given nature of 
retrospective study design 

Other 

 Study did not receive funding from 
industry 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Selection 

 Authors indicate there may have been patient 
selection bias by the recruiters 

Other 

 Small sample size 

 Time from index event to monitoring was inconsistent 

Manina et al.
47

 Attrition 

 Few missing data with reasoning 
provided 

Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 
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Study Strengths Limitations 

Miller et al.
48

 Attrition 

 No missing data, given nature of 
retrospective study design 

Other 

 Study did not receive funding from 
industry 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Time from index event to monitoring was inconsistent  

Poli et al.
49

 Attrition 

 Few missing data with reasoning 
provided 

Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry 

Other 

 Small sample size 

Rabinstein 
et al.

50
 

Attrition 

 Few missing data with reasoning 
provided 

Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Generalizability of findings is unclear, as patient age 
was limited to ≥ 65 years 

 Authors indicated study may have been 
underpowered to detect differences between groups 

 Study received funding from industry 

Ritter et al.
51

 Attrition 

 Few missing data with reasoning 
provided 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

 Small sample size 

 Time from index event to monitoring was inconsistent 

 Patient adherence was poor 

Sanak et al.
62

 Attrition 

 Few missing data with reasoning 
provided 

Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry 

Other 

 Generalizability of findings is unclear, as patient 
population was limited to ≤ 50 years of age with 
cryptogenic stroke 

 Small sample size 
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Study Strengths Limitations 

Schuchert 
et al.

52
 

Attrition 

 No missing data, given nature of 
retrospective study design 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

 Small sample size 

Shafqat et al.
53

 Attrition 

 No missing data, given nature of 
retrospective study design 

Other 

 Study did not receive funding from 
industry 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Tayal et al.
54

 Attrition 

 No missing data, given nature of 
retrospective study design 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

 Small sample size 

Tu et al.
55

 Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry 

Attrition 

 Analysis included numerous missing and/or 
incomplete data 

Selection 

 Potential selection bias, as non-consecutive patients 
were recruited 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Other 

 Small sample size 

 Patient adherence was poor 

Vandenbroucke 
et al.

56
 

 Attrition 

 Patient attrition was unclear, as there were 
contradictory or missing data 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Reporting 

 Unclear whether published report includes all 
expected and/or pre-specified outcomes 

Other 

 Unclear source of study funding 

Wallmann 
et al.

57
 

Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry 

Attrition 

 Limited information provided on dropouts and missing 
data 
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Study Strengths Limitations 

Yayehd et al.
58

 Attrition 

 Few missing data with reasoning 
provided 

Reporting 

 Clear that published report 
includes all expected outcomes  

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Other 

 Study received funding from industry 

 Generalizability of findings is unclear, as patient 
population was limited to ≤ 60 years of age 

 Small sample size 

Yodogawa 
et al.

59
 

Reporting 

 Clear that published report 
includes all expected outcomes 

Other 

 Study did not receive funding from 
industry 

Attrition 

 Limited information provided on dropouts and missing 
data 

Detection 

 Unclear whether outcome assessors were blinded to 
patients’ demographic and clinical characteristics 

Other 

 Small sample size 

Ziegler et al.
60

 Attrition 

 No missing data, given nature of 
retrospective study design 

Detection 

 Outcome assessors were 
unaware of patients’ demographic 
and clinical characteristics 

Reporting 

 Clear that published report 
includes all expected outcomes  

Other 

 Study received funding from industry 

 Information lacking on the time point when devices 
were inserted 

 Incomplete information presented on patient 
characteristics and potential confounders 

a Performance bias not presented in this table, as blinding of participants and personnel was not possible, given the nature of the 
interventions. 

 
Based on the AMSTAR checklist,158 the overall methodological quality in all systematic reviews 
with meta-analyses2,3,25,69 presented a low risk of bias. All systematic reviews provided an “a 
priori design” and conducted a comprehensive literature search with duplicate study selection 
and data extraction. The authors searched for additional sources of information by accessing 
clinical trial registries2,25,69 or by contacting corresponding authors when necessary.3 A list of 
included studies along with study characteristics was provided in all systematic reviews,2,3,25,69 
but a list of excluded studies was not provided in two.3,69 Publication bias was assessed in three 
systematic reviews3,25,69 and the scientific quality of the included studies was assessed in two — 
Dahal et al.69 and Sposato et al.3 — using the Jadad scale159 and Cochrane Risk of Bias Tool, 
respectively. Conflicts of interest were provided in all reports and sources of support were 
clearly acknowledged.2,3,25,69 With the exception of Dahal et al.,69 which pooled the results of 
four RCTs, the interpretation of meta-analyses pooling findings from both RCTs and non-
randomized studies2,3,25 was limited by the significant amount of statistical heterogeneity 
between studies. While the authors used random effects models and assessed between-study 
statistical heterogeneity using the Q statistic and I2 test, it remains uncertain whether it was 
appropriate to pool results. The overall interpretation of findings from Dahal et al.69 was limited, 
given the number of included studies (n = 4). While the authors reported no statistical 
heterogeneity in outcome measures (I2 = 0%), clinical heterogeneity, similar to that seen in this 
report, regarding the type of device used, patient population, and different duration of follow-up, 
was not considered. Secondary outcomes (i.e., recurrent stroke or TIA, mortality, and patients 
receiving anticoagulation) were likely not adequately powered to detect meaningful differences. 
Dussault et al.2 attempted to identify potential sources of heterogeneity a priori by conducting 
subgroup analyses. The sole source of statistical heterogeneity that was identified was whether 
studies had a pre-specified criterion for diagnosing AF with ECG monitoring. Similar to Dahal et 
al.,69 interpretation of findings from the subanalysis of RCTs by Dussault et al.2 is limited by the 
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paucity of included studies. Kishore et al.25 acknowledged that there was significant 
heterogeneity, stating that there were diverse approaches to patient selection and study 
designs, and variation in timing, methodology, duration of monitoring, and definitions of AF. 
They also noted that vascular risk factors and ischemic stroke subtypes were insufficiently 
reported. One of the strengths in the systematic review by Sposato3 was the sequential 
monitoring model, which took into consideration the diagnostic yield of various cardiac 
monitoring devices. The authors noted limitations when interpreting findings, including 
heterogeneity between studies with various age and risk factors in the patient populations, 
which were inconsistently reported.3 The authors also felt that the proportion of patients 
diagnosed with AF may have potentially been underestimated, as it was assumed that patients 
with a negative test not continuing on to the next phase of monitoring did not have AF, without 
considering other reasons such as death, severe comorbidities, or refusal of additional testing. 
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Appendix 9: List of Studies Excluded and the 
Reasons for Exclusion — Clinical Review 

Table 28: List of Excluded Studies 

Study 
Reason for 
Exclusion 

Amara W, Montagnier C, Cheggour S, Boursier M, Gully C, Georger F, et al. Strategy of early 
detection and active management of supraventricular arrhythmia with remote monitoring: The 
SETAM trial. Eur Heart J. 2014;35:269-70. 

Other (letter, 
editorial, conference 
abstract, language 
other than English) 

Arponen O, Muuronen A, Taina M, Sipola P, Hedman M, Jakala P, et al. Acute phase IL-10 
plasma concentration associates with the high risk sources of cardiogenic stroke. PLoS ONE 
[Internet]. 2015 [cited 2015 Aug 10];10(4):e0120910, 2015. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4414573 

Intervention 

Bansil S, Karim H. Detection of atrial fibrillation in patients with acute stroke. J Stroke 
Cerebrovasc Dis. 2004 Jan;13(1):12-5. 

Intervention 

Beaulieu-Boire I, Leblanc N, Berger L, Boulanger JM. Troponin elevation predicts atrial 
fibrillation in patients with stroke or transient ischemic attack. J Stroke Cerebrovasc Dis. 2013 
Oct;22(7):978-83. 

Intervention 

Brambatti M, Connolly SJ, Gold MR, Morillo CA, Capucci A, Muto C, et al. Temporal 
relationship between subclinical atrial fibrillation and embolic events. Circulation [Internet]. 
2014 May 27 [cited 2015 Aug 10];129(21):2094-9. Available from: 
http://circ.ahajournals.org/content/129/21/2094.full.pdf+html 

Population 

Bugnicourt JM, Flament M, Guillaumont MP, Chillon JM, Leclercq C, Canaple S, et al. 
Predictors of newly diagnosed atrial fibrillation in cryptogenic stroke: a cohort study. Eur J 
Neurol. 2013;20(10):1352-9. 

Intervention 

Dary P. Telemonitoring of atrial fibrillation: feasibility study and results of 200 patients. 
European Research in Telemedicine. 2013;2(3-4):113-20. 

Population 

Dogan U, Dogan EA, Tekinalp M, Tokgoz OS, Aribas A, Akilli H, et al. P-wave dispersion for 
predicting paroxysmal atrial fibrillation in acute ischemic stroke. Int J Med Sci [Internet]. 2012 
[cited 2015 Jul 30];9(1):108-14. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3245420/pdf/ijmsv09p0108.pdf 

Intervention 

Douen AG, Pageau N, Medic S. Serial electrocardiographic assessments significantly 
improve detection of atrial fibrillation 2.6-fold in patients with acute stroke. Stroke [Internet]. 
2008 Feb [cited 2015 Jul 30];39(2):480-2. Available from: 
http://stroke.ahajournals.org/content/39/2/480.full.pdf+html 

Intervention 

Gaillard N, Deltour S, Vilotijevic B, Hornych A, Crozier S, Leger A, et al. Detection of 
paroxysmal atrial fibrillation with transtelephonic EKG in TIA or stroke patients. Neurology. 
2010 May 25;74(21):1666-70. 

Intervention 

Gandolfo C, Balestrino M, Bruno C, Finocchi C, Reale N. Validation of a simple method for 
atrial fibrillation screening in patients with stroke. Neurol Sci. 2015 Sep;36(9):1675-8. 

Intervention 

Gladstone DJ, Dorian P, Spring M, Panzov V, Mamdani M, Healey JS, et al. Atrial premature 
beats predict atrial fibrillation in cryptogenic stroke: results from the EMBRACE trial. Stroke. 
2015 Apr;46(4):936-41. 

Duplicate study 

Gladstone DJ, Sharma M, Spence JD, EMBRACE Steering Committee and Investigators. 
Cryptogenic stroke and atrial fibrillation. N Engl J Med. 2014 Sep 25;371(13):1260. 

Other (letter, 
editorial, conference 
abstract, language 
other than English) 

Gonzalez Toledo ME, Klein FR, Riccio PM, Cassara FP, Munoz GF, Racosta JM, et al. Atrial 
fibrillation detected after acute ischemic stroke: evidence supporting the neurogenic 
hypothesis. J Stroke Cerebrovasc Dis. 2013 Nov;22(8):e486-e491. 

Intervention 

Grond M, Jauss M, Hamann G, Stark E, Veltkamp R, Nabavi D, et al. Improved detection of 
silent atrial fibrillation using 72-hour Holter ECG in patients with ischemic stroke: a 
prospective multicenter cohort study. Stroke [Internet]. 2013 Dec [cited 2015 Jul 
29];44(12):3357-64. Available from: 
http://stroke.ahajournals.org/content/44/12/3357.full.pdf+html 

Intervention 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4414573
http://circ.ahajournals.org/content/129/21/2094.full.pdf+html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3245420/pdf/ijmsv09p0108.pdf
http://stroke.ahajournals.org/content/39/2/480.full.pdf+html
http://stroke.ahajournals.org/content/44/12/3357.full.pdf+html
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Study 
Reason for 
Exclusion 

Gumbinger C, Krumsdorf U, Veltkamp R, Hacke W, Ringleb P. Continuous monitoring versus 
HOLTER ECG for detection of atrial fibrillation in patients with stroke. Eur J Neurol. 2012 
Feb;19(2):253-7. 

Intervention 

Gunalp M, Atalar E, Coskun F, Yilmaz A, Aksoyek S, Aksu NM, et al. Holter monitoring for 24 
hours in patients with thromboembolic stroke and sinus rhythm diagnosed in the emergency 
department. Adv Ther. 2006 Nov;23(6):854-60. 

Intervention 

Haft JI, Teichholz LE. Echocardiographic and clinical risk factors for atrial fibrillation in 
hypertensive patients with ischemic stroke. Am J Cardiol. 2008 Nov 15;102(10):1348-51. 

Intervention 

Hobbs FD, Fitzmaurice DA, Mant J, Murray E, Jowett S, Bryan S, et al. A randomised 
controlled trial and cost-effectiveness study of systematic screening (targeted and total 
population screening) versus routine practice for the detection of atrial fibrillation in people 
aged 65 and over. The SAFE study. Health Technol Assess (Winch Eng ). 2005 Jan 
7;9(40):iii-iiv. 

Intervention 

Hohnloser SH, Healey JS, Gold MR, Israel CW, Yang S, van Gelder I, et al. Atrial overdrive 
pacing to prevent atrial fibrillation: insights from ASSERT. Heart Rhythm. 2012 
Oct;9(10):1667-73. 

Population 

Horer S, Schulte-Altedorneburg G, Haberl RL. Management of patients with transient 
ischemic attack is safe in an outpatient clinic based on rapid diagnosis and risk stratification. 
Cerebrovasc Dis. 2011;32(5):504-10. 

Intervention 

Kallmunzer B, Breuer L, Kahl N, Bobinger T, Raaz-Schrauder D, Huttner HB, et al. Serious 
cardiac arrhythmias after stroke: incidence, time course, and predictors--a systematic, 
prospective analysis. Stroke [Internet]. 2012 Nov [cited 2015 Aug 10];43(11):2892-7. 
Available from: http://stroke.ahajournals.org/content/43/11/2892.full.pdf+html 

Intervention 

Kallmunzer B, Breuer L, Hering C, Raaz-Schrauder D, Kollmar R, Huttner HB, et al. A 
structured reading algorithm improves telemetric detection of atrial fibrillation after acute 
ischemic stroke. Stroke [Internet]. 2012 Apr [cited 2015 Jul 30];43(4):994-9. Available from: 
http://stroke.ahajournals.org/content/43/4/994.full.pdf+html 

Intervention 

Kearley K, Selwood M, Van Den BA, Thompson M, Mant D, Hobbs FR, et al. Triage tests for 
identifying atrial fibrillation in primary care: a diagnostic accuracy study comparing single-lead 
ECG and modified BP monitors. BMJ Open [Internet]. 2014 [cited 2015 Aug 
10];4(5):e004565, 2014. Available from: 
http://bmjopen.bmj.com/content/4/5/e004565.full.pdf+html 

Population 

Khan ZA, Ismail M, Awan ZA, Faheem. Frequency of asymptomatic atrial fibrillation in 
patients attending cardiology opd. Journal of Medical Sciences (Peshawar). 2012;20(2):55-8. 

Intervention 

Lazzaro MA, Krishnan K, Prabhakaran S. Detection of atrial fibrillation with concurrent Holter 
monitoring and continuous cardiac telemetry following ischemic stroke and transient ischemic 
attack. J Stroke Cerebrovasc Dis. 2012 Feb;21(2):89-93. 

Intervention 

Le Page P, MacLachlan H, Anderson L, Penn LA, Moss A, Mitchell ARJ. The efficacy of a 
smartphone ECG application for cardiac screening in an unselected island population. Br J 
Cardiol [Internet]. 2015 [cited 2015 Aug 11];22(1):31-3. Available from: 
http://bjcardio.co.uk/files/uploads/2015/03/Mitchell_CiD1-ASP-ONLINE.pdf 

Population 

Merce J, Garcia M, Ustrell X, Pellise A, de CR, Bardaji A. Implantable loop recorder: a new 
tool in the diagnosis of cryptogenic stroke. Rev Esp Cardiol (Engl) [Internet]. 2013 Aug [cited 
2015 Jul 30];66(8):665-6. Available from: 
http://pdf.revespcardiol.org/watermark/ctl_servlet?_f=10&pident_articulo=90210387&pident_u
suario=0&pcontactid=&pident_revista=255&ty=21&accion=L&origen=cardio&web=www.reve
spcardiol.org&lan=en&fichero=255v66n08a90210387pdf001.pdf 

Other (letter, 
editorial, conference 
abstract, language 
other than English) 

Miller DJ. Randomised controlled trial: prolonged cardiac monitoring after cryptogenic stroke 
superior to 24 h ECG in detection of occult paroxysmal atrial fibrillation. Evid Based Med. 
2014;19(6):235. 

Other (letter, 
editorial, conference 
abstract, language 
other than English) 

Moulton AW, Singer DE, Haas JS. Risk factors for stroke in patients with nonrheumatic atrial 
fibrillation: a case-control study. Am J Med. 1991 Aug;91(2):156-61. 

Intervention 

Plas GJ, Bos J, Velthuis BO, Scholten MF, den Hertog HM, Brouwers PJ. Diagnostic yield of 
external loop recording in patients with acute ischemic stroke or TIA. J Neurol. 2015 
Mar;262(3):682-8. 

Population 

Prefasi D, Martinez-Sanchez P, Rodriguez-Sanz A, Fuentes B, Filgueiras-Rama D, Ruiz-Ares 
G, et al. Atrial fibrillation in young stroke patients: do we underestimate its prevalence? Eur J 
Neurol. 2013 Oct;20(10):1367-74. 

Population 

http://stroke.ahajournals.org/content/43/11/2892.full.pdf+html
http://stroke.ahajournals.org/content/43/4/994.full.pdf+html
http://bmjopen.bmj.com/content/4/5/e004565.full.pdf+html
http://bjcardio.co.uk/files/uploads/2015/03/Mitchell_CiD1-ASP-ONLINE.pdf
http://pdf.revespcardiol.org/watermark/ctl_servlet?_f=10&pident_articulo=90210387&pident_usuario=0&pcontactid=&pident_revista=255&ty=21&accion=L&origen=cardio&web=www.revespcardiol.org&lan=en&fichero=255v66n08a90210387pdf001.pdf
http://pdf.revespcardiol.org/watermark/ctl_servlet?_f=10&pident_articulo=90210387&pident_usuario=0&pcontactid=&pident_revista=255&ty=21&accion=L&origen=cardio&web=www.revespcardiol.org&lan=en&fichero=255v66n08a90210387pdf001.pdf
http://pdf.revespcardiol.org/watermark/ctl_servlet?_f=10&pident_articulo=90210387&pident_usuario=0&pcontactid=&pident_revista=255&ty=21&accion=L&origen=cardio&web=www.revespcardiol.org&lan=en&fichero=255v66n08a90210387pdf001.pdf
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Study 
Reason for 
Exclusion 

Rastas S, Verkkoniemi A, Polvikoski T, Juva K, Niinisto L, Mattila K, et al. Atrial fibrillation, 
stroke, and cognition: a longitudinal population-based study of people aged 85 and older. 
Stroke [Internet]. 2007 May [cited 2015 Aug 10];38(5):1454-60. Available from: 
http://stroke.ahajournals.org/content/38/5/1454.full.pdf+html 

Population 

Rizos T, Guntner J, Jenetzky E, Marquardt L, Reichardt C, Becker R, et al. Continuous stroke 
unit electrocardiographic monitoring versus 24-hour Holter electrocardiography for detection 
of paroxysmal atrial fibrillation after stroke. Stroke [Internet]. 2012 Oct [cited 2015 Aug 
10];43(10):2689-94. Available from: 
http://stroke.ahajournals.org/content/43/10/2689.full.pdf+html 

Intervention 

Rizos T, Rasch C, Jenetzky E, Hametner C, Kathoefer S, Reinhardt R, et al. Detection of 
paroxysmal atrial fibrillation in acute stroke patients. Cerebrovasc Dis. 2010;30(4):410-7. 

Intervention 

Roche F, Gaspoz JM, Pichot V, Costes F, Isaaz K, Ferron C, et al. Accuracy of an automatic 
and patient-triggered long-term solid memory ambulatory cardiac event recorder. Am J 
Cardiol. 1997 Oct 15 [cited 2015 Aug 10];80(8):1095-8. 

Population 

Salvatori V, Becattini C, Laureti S, Baglioni G, Germini F, Grilli P, et al. Holter monitoring to 
detect silent atrial fibrillation in high-risk subjects: the Perugia General Practitioner Study. 
Intern Emerg Med. 2015 Aug;10(5):595-601. 

Population 

Sanna T, Diener HC, Passman RS, Crystal AF Steering Committee. Cryptogenic stroke and 
atrial fibrillation. N Engl J Med. 2014 Sep 25;371(13):1261, 2014. 

Other (letter, 
editorial, conference 
abstract, language 
other than English) 

Sheldahl LM, Wilke NA, Dougherty S, Tristani FE. Cardiac response to combined moderate 
heat and exercise in men with coronary artery disease. Am J Cardiol. 1992 Jul 15;70(2):186-
91. 

Population 

Shteinshnaider M, Dorit-Almoznino-Sarafian D, Alon I, Tzur I, Berman S, Cohen N, et al. 
Atrial fibrillation at an internal medicine ward: clinical and prognostic implications. J Atr 
Fibrillation. 2012;5(1). Available from: 
http://www.jafib.com/published/webFormat/Miriam/miriam.pdf 

Intervention 

Sposato LA, Klein FR, Jauregui A, Ferrua M, Klin P, Zamora R, et al. Newly diagnosed atrial 
fibrillation after acute ischemic stroke and transient ischemic attack: importance of immediate 
and prolonged continuous cardiac monitoring. J Stroke Cerebrovasc Dis. 2012 Apr;21(3):210-
6. 

Intervention 

Stahrenberg R, Weber-Kruger M, Seegers J, Edelmann F, Lahno R, Haase B, et al. 
Enhanced detection of paroxysmal atrial fibrillation by early and prolonged continuous Holter 
monitoring in patients with cerebral ischemia presenting in sinus rhythm. Stroke [Internet]. 
2010 Dec [cited 2015 Jul 30];41(12):2884-8. Available from: 
http://stroke.ahajournals.org/content/41/12/2884.full.pdf+html 

Population 

Sugihara C, Veasey R, Freemantle N, Podd S, Furniss S, Sulke N. The development of AF 
over time in patients with permanent pacemakers: objective assessment with pacemaker 
diagnostics demonstrates distinct patterns of AF. Europace. 2015 Jun;17(6):864-70. 

Population 

Suissa L, Lachaud S, Mahagne MH. Optimal timing and duration of continuous 
electrocardiographic monitoring for detecting atrial fibrillation in stroke patients. J Stroke 
Cerebrovasc Dis. 2013 Oct;22(7):991-5. 

Intervention 

Thakkar S, Bagarhatta R. Detection of paroxysmal atrial fibrillation or flutter in patients with 
acute ischemic stroke or transient ischemic attack by Holter monitoring. Indian Heart J 
[Internet]. 2014 Mar;66(2):188-92. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4017570/pdf/main.pdf 

Population 

Tung CE, Su D, Turakhia MP, Lansberg MG. Diagnostic yield of extended cardiac patch 
monitoring in patients with stroke or TIA. Front Neurol [Internet]. 2015 [cited 2015 Aug 
24];5:266. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4290477 

Intervention 

Velthuis BO, Bos J, Kraaier K, Stevenhagen J, van Opstal JM, van der Palen J, et al. 
Performance of an external transtelephonic loop recorder for automated detection of 
paroxysmal atrial fibrillation. Ann Noninvasive Electrocardiol. 2013 Nov;18(6):564-70. 

Population 

Vivanco Hidalgo RM, Rodriguez CA, Ois SA, Cuadrado GE, Pont SC, Roquer J. Cardiac 
monitoring in stroke units: importance of diagnosing atrial fibrillation in acute ischemic stroke. 
Rev Esp Cardiol [Internet]. 2009 May [cited 2015 Jul 30];62(5):564-7. Available from: 
http://pdf.revespcardiol.org/watermark/ctl_servlet?_f=10&pident_articulo=13138435&pident_u
suario=0&pcontactid=&pident_revista=255&ty=163&accion=L&origen=cardio&web=www.rev
espcardiol.org&lan=en&fichero=255v62n05a13138435pdf001.pdf 

Intervention 

http://stroke.ahajournals.org/content/38/5/1454.full.pdf+html
http://stroke.ahajournals.org/content/43/10/2689.full.pdf+html
http://www.jafib.com/published/webFormat/Miriam/miriam.pdf
http://stroke.ahajournals.org/content/41/12/2884.full.pdf+html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4017570/pdf/main.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4290477
http://pdf.revespcardiol.org/watermark/ctl_servlet?_f=10&pident_articulo=13138435&pident_usuario=0&pcontactid=&pident_revista=255&ty=163&accion=L&origen=cardio&web=www.revespcardiol.org&lan=en&fichero=255v62n05a13138435pdf001.pdf
http://pdf.revespcardiol.org/watermark/ctl_servlet?_f=10&pident_articulo=13138435&pident_usuario=0&pcontactid=&pident_revista=255&ty=163&accion=L&origen=cardio&web=www.revespcardiol.org&lan=en&fichero=255v62n05a13138435pdf001.pdf
http://pdf.revespcardiol.org/watermark/ctl_servlet?_f=10&pident_articulo=13138435&pident_usuario=0&pcontactid=&pident_revista=255&ty=163&accion=L&origen=cardio&web=www.revespcardiol.org&lan=en&fichero=255v62n05a13138435pdf001.pdf
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Study 
Reason for 
Exclusion 

Wachter R, Weber-Kruger M, Seegers J, Edelmann F, Wohlfahrt J, Wasser K, et al. Age-
dependent yield of screening for undetected atrial fibrillation in stroke patients: the Find-AF 
study. J Neurol [Internet]. 2013 Aug [cited 2015 Jul 30];260(8):2042-5. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3734596/pdf/415_2013_Article_6935.pdf 

Intervention 

Wang SH, Kang YC, Wang CC, Wen MS, Hung KC, Wang CY, et al. Annual atrial 
tachyarrhythmia burden determined by device interrogation in patients with cardiac implanted 
electronic devices is associated with a risk of ischaemic stroke independent of known risk 
factors. Eur J Cardiothorac Surg. 2015 May;47(5):840-6. 

Intervention 

Weber-Kruger M, Groschel K, Mende M, Seegers J, Lahno R, Haase B, et al. Excessive 
supraventricular ectopic activity is indicative of paroxysmal atrial fibrillation in patients with 
cerebral ischemia. PLoS ONE [Internet]. 2013 [cited 2015 Jul 29];8(6):e67602, 2013. 
Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3695922/pdf/pone.0067602.pdf 

Population 

Wohlfahrt J, Stahrenberg R, Weber-Kruger M, Groschel S, Wasser K, Edelmann F, et al. 
Clinical predictors to identify paroxysmal atrial fibrillation after ischaemic stroke. Eur J Neurol. 
2014;21(1):21-7. 

Intervention 

Yu EH, Lungu C, Kanner RM, Libman RB. The use of diagnostic tests in patients with acute 
ischemic stroke. J Stroke Cerebrovasc Dis. 2009 May;18(3):178-84. 

Intervention 

Ziegler PD, Glotzer TV, Daoud EG, Wyse DG, Singer DE, Ezekowitz MD, et al. Incidence of 
newly detected atrial arrhythmias via implantable devices in patients with a history of 
thromboembolic events. Stroke [Internet]. 2010 Feb [cited 2015 Aug 10];41(2):256-60. 
Available from: http://stroke.ahajournals.org/content/41/2/256.full.pdf+html 

Population 

Zoppo F, Facchin D, Molon G, Zanotto G, Catanzariti D, Rossillo A, et al. Improving atrial 
fibrillation detection in patients with implantable cardiac devices by means of a remote 
monitoring and management application. Pacing Clin Electrophysiol. 2014 Dec;37(12):1610-8. 

Population 

 
 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3734596/pdf/415_2013_Article_6935.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3695922/pdf/pone.0067602.pdf
http://stroke.ahajournals.org/content/41/2/256.full.pdf+html
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Appendix 10: Literature Search Strategy — 
Patient Preferences Review 

Overview  

Interface: Ovid 
Databases: Embase 1974 to present 

MEDLINE Daily and MEDLINE 1946 to present 
MEDLINE In-Process & Other Non-Indexed Citations 
PsycINFO 1987 to present 
Note: Subject headings have been customized for each database. Duplicates between 

databases were removed in Ovid. 
Date of Search: July 27, 2015 
Alerts: Monthly search updates until project completion 
Study Types: No study design filters used 
Limits: No date limits used 

Limited to English language 
Conference abstracts excluded 

Syntax Guide 

/ At the end of a phrase, searches the phrase as a subject heading 
MeSH Medical Subject Heading 
.fs Floating subheading  
exp Explode a subject heading 
* Before a word, indicates that the marked subject heading is a primary topic; 

or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 
ADJ Requires words are adjacent to each other (in any order) 
ADJ# Adjacency within # number of words (in any order) 
.ti Title 
.ab Abstract 
.kw Keywords defined by the author 
.pt Publication type 
.jw Journal title word  
px Psychology subheading 
freq Frequency of word 
pmez Ovid database code; MEDLINE In-Process & Other Non-Indexed Citations, MEDLINE Daily 

and Ovid MEDLINE 1946 to Present 
oemezd Ovid database code; Embase 1974 to present, updated daily 
psyf Ovid database code; PsycINFO 1987 to present 

 

Patient Preferences Multi-database Strategy  

Line # Strategy 

1 Atrial Fibrillation/ 

2 Arrhythmias, Cardiac/ 

3 ((atrial or auricular or atrium or atria) adj2 fibrillation*).ti,ab,kw. 

4 (a-fib or afib).ti,ab,kw. 

5 (arrhythmia* or arrythmia* or dysrhythmia* or dysrythmia* or disrhythmia* or disrythmia* or 
tachyarrhythmia* or tachyarrythmia*).ti,ab,kw. 

6 or/1-5 

7 exp Stroke/ 

8 Brain Ischemia/ 

9 Ischemic Attack, Transient/ 

10 (stroke or strokes or poststroke or apoplex*).ti,ab,kw. 

11 ((cerebrovascular or cerebro-vascular or cerebral or intracerebral or brain or brainstem or subcortical or 
cortex or ischaemi* or ischemi* or intracranial) adj3 (accident or accidents or infarction or infarctions or 
attack or attacks or insult* or arrest or failure or insufficiency)).ti,ab,kw. 

12 ((ischaemi* or ischemi*) adj3 (brain or seizure* or cerebral)).ti,ab,kw. 

13 (CVA or CVAs or TIA or TIAs).ti,ab,kw. 
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Patient Preferences Multi-database Strategy  

Line # Strategy 

14 or/7-13 

15 Electrocardiography/ 

16 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or electro-cardiogram* or electric-
cardiogra* or EKG or EKGs or ECG or ECGs).ti,ab,kw. 

17 or/15-16 

18 Monitoring, Ambulatory/ 

19 Ambulatory care/ 

20 Outpatients/ 

21 (remote or wireless or mobile or ambulatory or outpatient* or out-patient* or out-of-hospital* or wearable 
or portable or ultraportable or hand-held or handheld or pocket or compact or iphone* or i-phone* or 
smartphone* or smart phone*).ti,ab,kw. 

22 or/18-21 

23 17 and 22 

24 Electrocardiography, Ambulatory/ 

25 Holter*.ti,ab,kw. 

26 AECG.ti,ab,kw. 

27 ((continuous or dynamic) adj3 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or 
electro-cardiogram* or electric-cardiogra* or EKG or EKGs or ECG or ECGs)).ti,ab,kw. 

28 ((monitor* or record*) adj3 (continuous or remote or wireless or mobile or ambulatory or outpatient* or out-
patient* or out-of hospital* or wearable or portable or ultraportable or hand-held or handheld or pocket or 
iphone* or i-phone* or smartphone* or smart phone*)).ti,ab,kw. 

29 ((cardiac or heart or coronary or atrium or auricular or atrial or atria) adj3 monitor*).ti,ab,kw. 

30 ((monitor* or record*) adj3 device*).ti,ab,kw. 

31 ((detect* or diagnos* or screen* or predict*) and monitor*).ti. 

32 (auto-detect* or autodetect* or auto-record* or autorecord*).ti,ab,kw. 

33 ((event or events or postevent* or loop or external) adj5 (recorder* or monitor or monitors or recording or 
monitoring)).ti,ab,kw. 

34 (ELR or ELRs).ti,ab,kw. 

35 exp Telemetry/ 

36 (telemetry or telemonitor* or telemetric or tele-ECG or tele-EKG or tele-electrocardio* or MCOT).ti,ab,kw. 

37 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj3 (monitor* or record*)).ti,ab,kw. 

38 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj2 (cardiac or heart or coronary or atrium or 
auricular or atrial or atria) adj2 device*).ti,ab,kw. 

39 (ILR or ILRs).ti,ab,kw. 

40 or/24-39 

41 "Prostheses and Implants"/ 

42 Electrodes, Implanted/ 

43 or/41-42 

44 Monitoring, Physiologic/ 

45 Monitoring, Ambulatory/ 

46 (monitor* or record*).ti,ab,kw. 

47 or/44-46 

48 43 and 47 

49 23 or 40 or 48 

50 6 and 14 and 49 

51 exp patient acceptance of health care/ or caregivers/ or qualitative research/ or focus groups/ 

52 (qualitative or ethnon* or ethnograph* or participant observ* or focus group* or grounded theory or 
narrative analysis or lived experience* or life experience* or theoretical samp* or action research).ti,ab. 

53 ((patient or patients or proband* or individuals or survivor* or family or families or familial or kindred* or 
relative or relatives or care giver* or caregiver* or carer or carers) and (preference* or input or experience 
or experiences or value or values or perspective* or expectation* or choice* or choose* or choosing or 
"day-to-day" or participat* or symptom or symptoms or limitations or survey* or lives or burden or attitude* 
or knowledge or lessons or reaction* or motivation* or intention* or involv* or engag* or consult* or 
interact* or dialog* or conversation* or decision* or decide* or deciding)).ti. 

54 (acceptance or acceptability or quality of life or satisfaction or compliance or adherence or cooperation or 
co-operation or nonadherence or noncompliance or interview*).ti. 
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Patient Preferences Multi-database Strategy  

Line # Strategy 

55 ((patient or patients or proband* or individuals or survivor* or family or families or familial or kindred* or 
relative or relatives or care giver* or caregiver* or carer or carers) adj2 (preference* or input or experience 
or experiences or value or values or perspective* or expectation* or choice* or choose* or choosing or 
"day-to-day" or participat* or acceptance or acceptability or limitations or survey* or lives or interview* or 
quality of life or satisfaction or burden or attitude* or knowledge or lessons or reaction* or motivation* or 
intention* or involvement or engag* or consult* or interact* or dialog* or conversation* or decision* or 
decide* or deciding or compliance or adherence or cooperation or co-operation or nonadherence or 
noncompliance)).ab. 

56 ((patient or patients or proband* or individuals or survivor* or family or families or familial or kindred* or 
relative or relatives or care giver* or caregiver* or carer or carers) adj7 (preference* or input or experience 
or experiences or value or values or perspective* or expectation* or choice* or choose* or choosing or 
"day-to-day" or participat* or acceptance or acceptability or limitations or survey* or lives or interview* or 
quality of life or satisfaction or burden or attitude* or knowledge or lessons or reaction* or motivation* or 
intention* or involvement or engag* or consult* or interact* or dialog* or conversation* or decision* or 
decide* or deciding or compliance or adherence or cooperation or co-operation or nonadherence or 
noncompliance)).ab. /freq=2 

57 patient*.jw. 

58 ("ease of use" or usability or barrier or barriers or convenience).ti,ab. 

59 px.fs. 

60 or/51-59 

61 50 and 60 

62 61 use pmez 

63 exp heart atrium fibrillation/ 

64 heart atrium arrhythmia/ 

65 heart arrhythmia/ 

66 ((atrial or auricular or atrium or atria) adj2 fibrillation*).ti,ab,kw. 

67 (a-fib or afib).ti,ab,kw. 

68 (arrhythmia* or arrythmia* or dysrhythmia* or dysrythmia* or disrhythmia* or disrythmia* or 
tachyarrhythmia* or tachyarrythmia*).ti,ab,kw. 

69 or/63-68 

70 exp cerebrovascular accident/ 

71 brain ischemia/ 

72 transient ischemic attack/ 

73 (stroke or strokes or poststroke or apoplex*).ti,ab,kw. 

74 ((cerebrovascular or cerebro-vascular or cerebral or intracerebral or brain or brainstem or subcortical or 
cortex or ischaemi* or ischemi* or intracranial) adj3 (accident or accidents or infarction or infarctions or 
attack or attacks or insult* or arrest or failure or insufficiency)).ti,ab,kw. 

75 ((ischaemi* or ischemi*) adj3 (brain or seizure* or cerebral)).ti,ab,kw. 

76 (CVA or CVAs or TIA or TIAs).ti,ab,kw. 

77 or/70-76 

78 electrocardiography monitoring/ 

79 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or electro-cardiogram* or electric-
cardiogra* or EKG or EKGs or ECG or ECGs).ti,ab,kw. 

80 or/78-79 

81 exp ambulatory care/ 

82 outpatient/ 

83 outpatient care/ 

84 telemonitoring/ 

85 home monitoring/ 

86 (remote or wireless or mobile or ambulatory or outpatient* or out-patient* or out-of-hospital* or wearable 
or portable or ultraportable or hand-held or handheld or pocket or compact or iphone* or i-phone* or 
smartphone* or smart phone*).ti,ab,kw. 

87 or/81-86 

88 80 and 87 

89 Holter monitoring/ 

90 Holter monitor/ 

91 Holter*.ti,ab. 
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Patient Preferences Multi-database Strategy  

Line # Strategy 

92 AECG.ti,ab. 

93 ((Continuous or dynamic) adj3 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or 
electro-cardiogram* or electric-cardiogra* or EKG or EKGs or ECG or ECGs)).ti,ab,kw. 

94 ((monitor* or record*) adj3 (continuous or remote or wireless or mobile or ambulatory or outpatient* or out-
patient* or out-of hospital* or wearable or portable or ultraportable or hand-held or handheld or pocket or 
iphone* or i-phone* or smartphone* or smart phone*)).ti,ab,kw. 

95 ((cardiac or heart or coronary or atrium or auricular or atrial or atria) adj3 monitor*).ti,ab,kw. 

96 ((monitor* or record*) adj3 device*).ti,ab,kw. 

97 ((detect* or diagnos* or screen* or predict*) and monitor*).ti. 

98 (auto-detect* or autodetect* or auto-record* or autorecord*).ti,ab,kw. 

99 ((event or events or postevent* or loop or external) adj5 (recorder* or monitor or monitors or recording or 
monitoring)).ti,ab,kw. 

100 (ELR or ELRs).ti,ab,kw. 

101 exp telemetry/ 

102 (telemetry or telemonitor* or telemetric or tele-ECG or tele-EKG or tele-electrocardio* or MCOT).ti,ab,kw. 

103 implantable cardiac monitor/ 

104 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj3 (monitor* or record*)).ti,ab,kw. 

105 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj2 (cardiac or heart or coronary or atrium or 
auricular or atrial or atria) adj2 device*).ti,ab,kw. 

106 (ILR or ILRs).ti,ab,kw. 

107 or/89-106 

108 "prostheses and orthoses"/ 

109 cardiac implant/ 

110 electrode implant/ 

111 or/108-110 

112 physiologic monitoring/ 

113 electrocardiography monitoring/ 

114 (monitor* or record*).ti,ab,kw. 

115 or/112-114 

116 111 and 115 

117 88 or 107 or 116 

118 69 and 77 and 117 

119 exp patient attitude/ or patient preference/ or patient participation/ or patient satisfaction/ or patient 
decision making/ or caregiver/ or relative/ or caregiver burden/ or caregiver support/ or qualitative 
research/ or qualitative analysis/ 

120 (qualitative or ethnon* or ethnograph* or participant observ* or focus group* or grounded theory or 
narrative analysis or lived experience* or life experience* or theoretical samp* or action research).ti,ab. 

121 ((patient or patients or proband* or individuals or survivor* or family or families or familial or kindred* or 
relative or relatives or care giver* or caregiver* or carer or carers) and (preference* or input or experience 
or experiences or value or values or perspective* or expectation* or choice* or choose* or choosing or 
"day-to-day" or participat* or symptom or symptoms or limitations or survey* or lives or burden or attitude* 
or knowledge or lessons or reaction* or motivation* or intention* or involv* or engag* or consult* or 
interact* or dialog* or conversation* or decision* or decide* or deciding)).ti. 

122 (acceptance or acceptability or quality of life or satisfaction or compliance or adherence or cooperation or 
co-operation or nonadherence or noncompliance or interview*).ti. 

123 ((patient or patients or proband* or individuals or survivor* or family or families or familial or kindred* or 
relative or relatives or care giver* or caregiver* or carer or carers) adj2 (preference* or input or experience 
or experiences or value or values or perspective* or expectation* or choice* or choose* or choosing or 
"day-to-day" or participat* or acceptance or acceptability or limitations or survey* or lives or interview* or 
quality of life or satisfaction or burden or attitude* or knowledge or lessons or reaction* or motivation* or 
intention* or involvement or engag* or consult* or interact* or dialog* or conversation* or decision* or 
decide* or deciding or compliance or adherence or cooperation or co-operation or nonadherence or 
noncompliance)).ab. 
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Patient Preferences Multi-database Strategy  

Line # Strategy 

124 ((patient or patients or proband* or individuals or survivor* or family or families or familial or kindred* or 
relative or relatives or care giver* or caregiver* or carer or carers) adj7 (preference* or input or experience 
or experiences or value or values or perspective* or expectation* or choice* or choose* or choosing or 
"day-to-day" or participat* or acceptance or acceptability or limitations or survey* or lives or interview* or 
quality of life or satisfaction or burden or attitude* or knowledge or lessons or reaction* or motivation* or 
intention* or involvement or engag* or consult* or interact* or dialog* or conversation* or decision* or 
decide* or deciding or compliance or adherence or cooperation or co-operation or nonadherence or 
noncompliance)).ab. /freq=2 

125 patient*.jw. 

126 ("ease of use" or usability or barrier or barriers or convenience).ti,ab. 

127 px.fs. 

128 or/119-127 

129 118 and 128 

130 129 not conference abstract.pt. 

131 130 use oemezd 

132 exp "Arrhythmias (Heart)"/ 

133 ((atrial or auricular or atrium or atria) adj2 fibrillation*).ti,ab. 

134 (a-fib or afib).ti,ab,kw. 

135 (arrhythmia* or arrythmia* or dysrhythmia* or dysrythmia* or disrhythmia* or disrythmia* or 
tachyarrhythmia* or tachyarrythmia*).ti,ab. 

136 or/132-135 

137 exp Cerebrovascular Accidents/ 

138 (stroke or strokes or poststroke or apoplex*).ti,ab. 

139 ((cerebrovascular or cerebro-vascular or cerebral or intracerebral or brain or brainstem or subcortical or 
cortex or ischaemi* or ischemi* or intracranial) adj3 (accident or accidents or infarction or infarctions or 
attack or attacks or insult* or arrest or failure or insufficiency)).ti,ab. 

140 ((ischaemi* or ischemi*) adj3 (brain or seizure* or cerebral)).ti,ab. 

141 (CVA or CVAs or TIA or TIAs).ti,ab. 

142 or/137-141 

143 Electrocardiography/ 

144 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or electro-cardiogram* or electric-
cardiogra* or EKG or EKGs or ECG or ECGs).ti,ab. 

145 or/143-144 

146 Outpatient Treatment/ 

147 (remote or wireless or mobile or ambulatory or outpatient* or out-patient* or out-of-hospital* or wearable 
or portable or ultraportable or hand-held or handheld or pocket or compact or iphone* or i-phone* or 
smartphone* or smart phone*).ti,ab. 

148 or/146-147 

149 and/145,148 

150 (Holter* or AECG).ti,ab. 

151 ((continuous or dynamic) adj3 (electrocardiograph* or electrocardiogram* or electro-cardiograph* or 
electro-cardiogram* or electric-cardiogra* or EKG or EKGs or ECG or ECGs)).ti,ab. 

152 ((monitor* or record*) adj3 (continuous or remote or wireless or mobile or ambulatory or outpatient* or out-
patient* or out-of hospital* or wearable or portable or ultraportable or hand-held or handheld or pocket or 
iphone* or i-phone* or smartphone* or smart phone*)).ti,ab. 

153 ((cardiac or heart or coronary or atrium or auricular or atrial or atria) adj3 monitor*).ti,ab. 

154 ((monitor* or record*) adj3 device*).ti,ab. 

155 ((detect* or diagnos* or screen* or predict*) and monitor*).ti. 

156 (auto-detect* or autodetect* or auto-record* or autorecord*).ti,ab. 

157 ((event or events or postevent* or loop or external) adj5 (recorder* or monitor or monitors or recording or 
monitoring)).ti,ab. 

158 (ELR or ELRs).ti,ab. 

159 Telemetry/ 

160 (telemetry or telemonitor* or telemetric or tele-ECG or tele-EKG or tele-electrocardio* or MCOT).ti,ab. 

161 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj3 (monitor* or record*)).ti,ab. 

162 ((implant* or insert* or subcutaneous* or sub-cutaneous*) adj2 (cardiac or heart or coronary or atrium or 
auricular or atrial or atria) adj2 device*).ti,ab. 



 

CADTH OPTIMAL USE REPORT   126 

Patient Preferences Multi-database Strategy  

Line # Strategy 

163 (ILR or ILRs).ti,ab. 

164 or/149-163 

165 136 and 142 and 164 

166 exp Client Attitudes/ or Treatment Compliance/ or Treatment Barriers/ or preferences/ or Caregivers/ or 
Caregiver Burden/ or exp Family Members/ or Qualitative Research/ 

167 (qualitative or ethnon* or ethnograph* or participant observ* or focus group* or grounded theory or 
narrative analysis or lived experience* or life experience* or theoretical samp* or action research).ti,ab. 

168 ((patient or patients or proband* or individuals or survivor* or family or families or familial or kindred* or 
relative or relatives or care giver* or caregiver* or carer or carers) and (preference* or input or experience 
or experiences or value or values or perspective* or expectation* or choice* or choose* or choosing or 
"day-to-day" or participat* or symptom or symptoms or limitations or survey* or lives or burden or attitude* 
or knowledge or lessons or reaction* or motivation* or intention* or involv* or engag* or consult* or 
interact* or dialog* or conversation* or decision* or decide* or deciding)).ti. 

169 (acceptance or acceptability or quality of life or satisfaction or compliance or adherence or cooperation or 
co-operation or nonadherence or noncompliance or interview*).ti. 

170 ((patient or patients or proband* or individuals or survivor* or family or families or familial or kindred* or 
relative or relatives or care giver* or caregiver* or carer or carers) adj2 (preference* or input or experience 
or experiences or value or values or perspective* or expectation* or choice* or choose* or choosing or 
"day-to-day" or participat* or acceptance or acceptability or limitations or survey* or lives or interview* or 
quality of life or satisfaction or burden or attitude* or knowledge or lessons or reaction* or motivation* or 
intention* or involvement or engag* or consult* or interact* or dialog* or conversation* or decision* or 
decide* or deciding or compliance or adherence or cooperation or co-operation or nonadherence or 
noncompliance)).ab. 

171 ((patient or patients or proband* or individuals or survivor* or family or families or familial or kindred* or 
relative or relatives or care giver* or caregiver* or carer or carers) adj7 (preference* or input or experience 
or experiences or value or values or perspective* or expectation* or choice* or choose* or choosing or 
"day-to-day" or participat* or acceptance or acceptability or limitations or survey* or lives or interview* or 
quality of life or satisfaction or burden or attitude* or knowledge or lessons or reaction* or motivation* or 
intention* or involvement or engag* or consult* or interact* or dialog* or conversation* or decision* or 
decide* or deciding or compliance or adherence or cooperation or co-operation or nonadherence or 
noncompliance)).ab. /freq=2 

172 patient*.jw. 

173 ("ease of use" or usability or barrier or barriers or convenience).ti,ab. 

174 or/166-173 

175 165 and 174 

176 175 use psyf 

177 62 or 131 or 176 

178 ((Holter* or electrocardiograph* or electrocardiogram* or electro-cardiograph* or electro-cardiogram* or 
electric-cardiogra* or EKG or EKGs or ECG or ECGs or AECG) and (continuous or remote or wireless or 
mobile or ambulatory or outpatient* or out-patient* or out-of hospital* or wearable or portable or 
ultraportable or hand-held or handheld or pocket or iphone* or i-phone* or smartphone* or smart 
phone*)).ti. 

179 ((cardiac or heart or coronary or atrium or auricular or atrial or atria) and (telemetry or telemonitor* or 
telemetric)).ti. 

180 ((loop or implant* or insert* or subcutaneous* or sub-cutaneous*) adj2 (record* or monitor*)).ti. 

181 ((event or events or postevent*) and (cardiac or heart or coronary or atrium or auricular or atrial or atria) 
and (record* or monitor*)).ti. 

182 (ELR or ELRs or ILR or ILRs or MCOT).ti. 

183 or/178-182 

184 183 and (60 or 128 or 174) 

185 184 not conference abstract.pt. 

186 177 or 185 

187 remove duplicates from 186 

188 limit 187 to english language 
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Other Databases 

PubMed Searched to capture records not indexed in MEDLINE. Same MeSH, keywords, limits, and 
study types used as per MEDLINE search, with appropriate syntax used. 

Grey Literature 

Search date: July 27, 2015 

Keywords: Included terms for atrial fibrillation, stroke, and cardiac monitoring devices, and patient 
preferences 

Limits: No date limits used 
Limited to English language 
Conference abstracts excluded 

 
Sites Searched: 

 James Lind Alliance: http://www.lindalliance.org/ 

 National Institute for Health Research Clinical Research Network National Coordinating 
Centre: http://www.crn.nihr.ac.uk/ 

 Patient-Centered Outcomes Research Institute: http://www.pcori.org/ 

 National Institute for Health and Care Excellence: 

 https://www.nice.org.uk/about/nice-communities/public-involvement/patient-and-public-
involvement-policy 

 COMET (Core Outcome Measures in Effectiveness Trials) Initiative: http://www.comet-
initiative.org/ 

 Health Canada — current patient safety organizations in Canada: 
http://healthycanadians.gc.ca/health-system-systeme-sante/services/quality-qualite/safety-
securite/organizations-organisations-eng.php 

 Health and Social Care Alliance Scotland (the ALLIANCE): http://www.alliance-
scotland.org.uk/ 

 PSC Patients Europe: http://www.pscpatientseurope.org/about_us.html 

 healthtalk.org: http://www.healthtalk.org/ 

 Google: www.google.ca 
 
 

http://www.lindalliance.org/
http://www.crn.nihr.ac.uk/
http://www.pcori.org/
https://www.nice.org.uk/about/nice-communities/public-involvement/patient-and-public-involvement-policy
https://www.nice.org.uk/about/nice-communities/public-involvement/patient-and-public-involvement-policy
http://www.comet-initiative.org/
http://www.comet-initiative.org/
http://healthycanadians.gc.ca/health-system-systeme-sante/services/quality-qualite/safety-securite/organizations-organisations-eng.php
http://healthycanadians.gc.ca/health-system-systeme-sante/services/quality-qualite/safety-securite/organizations-organisations-eng.php
http://www.alliance-scotland.org.uk/
http://www.alliance-scotland.org.uk/
http://www.pscpatientseurope.org/about_us.html
http://www.healthtalk.org/
http://www.google.ca/
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Appendix 11: Data Extraction Form — Patient 
Preferences Review 

Reviewer:  _______________________________________ Date:  ______________________  
 
Study Characteristics 

Ref ID  

First author  

Publication title  

Publication year  

Country (where data were generated)  

Setting (where data were generated)  

Funding sources  

Ethics approval 

 Yes 

 No 

Comments: 

Study design 

 Descriptive survey 

 Ethnography 

 Phenomenology 

 Grounded theory 

 Qualitative description 

 Other (specify):  

Study objectives  

Eligibility criteria   

Recruitment method  

Sample size  

Participant characteristics  

Age  

Sex  

Income  

Education  

Relationship status  

Other  

Data collection methods 

 Questionnaire 

 Interview 

 Focus group 

 Observation 

 Document review 

 Other (specify): 

Data analysis methods  

 

Study Results 

In the following table, extract verbatim result statements. Result statements will typically, but not always, be 
presented within the “results” section of a report. Result statements do not include raw data, study methods, external 
data, and researchers’ conclusions and implications. 

Result statements 
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Appendix 12: Study Selection Flow Diagram — 
Patient Preferences Review 

 
 

104 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

95 reports excluded: 

 Irrelevant population (7) 

 Irrelevant intervention (4) 

 Irrelevant outcomes (69) 

 Other (review articles, 
editorials)(12) 

 Duplicate (1) 

 Non-English (1) 

 Full text not available (1) 

9 reports included in review 

30 potentially relevant reports 
retrieved from other sources 
(grey literature, handsearch) 

1,702 citations excluded 

1,776 citations identified from 
electronic literature search 
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Appendix 13: Characteristics of Included Studies — Patient 
Preferences Review 

Table 29: Characteristics of Included Studies — Patient Preferences Review 

Author, 
Publication 
Year, Country 

Study Objective 
Study 
Design 

Intervention (and Control) 
Data Collection 
Strategy 

Data Analysis Strategy 

Ackermans, 
2012, 
Netherlands

144
 

To assess performance of a new heart 
rate monitor in terms of skin-comfort and 
quality of life 

RCT Intervention: Up to 30 days’ 
monitoring using a 
prototype compact, 
wireless MCOT 
 
Comparator: Up to 30 days 
monitoring using an ELR  

Patient-reported 
rating of daily 
comfort, skin 
irritation, quality of 
life (Skindex-29) 

Comparisons between 
groups using Wilcoxon rank 
sum tests or X

2
 test with 

continuity correction, 2-
sample t tests  

Ehmen, 2012, 
Germany

143
 

To evaluate the usability of two mobile 
ECG devices in order to identify important 
aspects for acceptance and usability by 
older people 

Qualitative 
description 

Two ELR monitors for 
3 hours each  

Structured, 
interview, 
investigator-
developed 
questionnaire 

Interviews analyzed by 
recursive abstraction; user 
ratings using descriptive 
statistical methods; Fisher 
exact and Cramer’s V used 
for significance of difference 
and coefficient of 
contingency 

Hoefman, 2007, 
Netherlands

145
 

To assess the impact of wearing a 
continuous event recorder on anxiety and 
health-related quality of life for people with 
palpitations 

RCT Intervention: ELR up to 1 
month or diagnosis 
 
Comparator: Usual care 

State-Trait Anxiety 
Inventory, Short 
Form-36  

Repeated measurement 
analyses 

Pürerfellner, 
2015 
Austria, 
Netherlands, 
Australia, 
Slovakia

146
 

To assess patient experience with the 
Reveal LINQ insertable monitor  

Single-arm 
clinical trial  

ILR for 1 month  Investigator-
developed 
questionnaire 

Descriptive statistics 

Rekhviashvili, 
2012, 
Georgia

147
 

To assess adherence and satisfaction 
with REKA E100 

Single-arm 
clinical trial 

MCOT; mean duration of 
the 
recording period was 
4.8±1.7 days 

Investigator-
developed 
questionnaire 

Descriptive statistics 

Ritter, 2013, 
Germany

51
 

To assess whether the use of implantable 
cardiac monitors is feasible in patients 
with cryptogenic stroke  

Single-arm 
clinical trial 

ILR for at least 12 months NR NR 
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Author, 
Publication 
Year, Country 

Study Objective 
Study 
Design 

Intervention (and Control) 
Data Collection 
Strategy 

Data Analysis Strategy 

Scherr, 2008, 
USA

148
 

To compare a new “leadless” ambulatory 
monitor with a standard event monitor in 
the evaluation of patients with palpitations 

Single-arm 
clinical trial 

Both a standard patient-
activated ELR and a 
“leadless” ELR for 30 days  

Investigator-
developed 
questionnaire 

Descriptive statistics 

Shrivastav, 
2014, India

149
 

To assess patient experience with an ELR 
in terms of comfort, ease of use, clarity of 
diagnostic report and value 

Single-arm 
clinical trial 

MCOT for up to 21 days Structured 
interview 

Descriptive statistics, 
content analysis 

Stahrenberg, 
2010, 
Germany

150
 

To assess the feasibility of detecting atrial 
fibrillation with continuous 7-day Holter 
monitoring applied early in the emergency 
department in patients presenting with 
symptoms of ischemic stroke 

Single-arm 
clinical trial 

Ambulatory Holter for 
7 days 

NR NR 

ECG = electrocardiogram; ELR = external loop recorder; ILR = implantable loop recorder; MCOT = mobile cardiac outpatient telemetry; NR = not reported; RCT = randomized 
controlled trial. 
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Appendix 14: Characteristics of Study Participants — Patient 
Preferences Review 

Table 30: Characteristics of Study Participants — Patient Preferences Review 

First Author, 
Publication Year, 
Country 

Number of 
Participants 

Age (Mean Years) Sex Indication for Monitoring 

Ackermans, 2012, 
Netherlands

144
 

62 Investigational device: 
59 (SD 13) 
 
Control: 
61 (SD 10) 

Investigational device: 
30 males (71%) 
12 females (29%) 
 
Control: 
13 males (65%) 
7 females (35%) 

Cardiology-related problem 

Ehmen, 2012, 
Germany

143
 

12 71 (range: 55 to 90) 8 males (66.6%) 
4 females (33.3%) 

NR 

Hoefman, 2007, 
Netherlands

145
 

244 Event recorder: 
50 (SD 14) 
 
Usual care: 
49 (SD 13) 

Event recorder: 
33 males (26%) 
94 females (74%) 
 
Usual care: 
31 males (26%) 
86 females (74%) 

Community-dwelling people with palpitations 
and/or light-headedness 

Pürerfellner, 2015 
Austria, Netherlands, 
Australia, Slovakia

146
 

30 
 
 

54.9 (SD 14.8) 11 males (36.7%) 
19 females (63.3%) 

Indication for ICM implantation: syncope (n = 
19), suspected AF (n = 2), AF ablation 
monitoring (n = 2), AF management (n = 3),  
palpitations (n = 3),  
or cryptogenic stroke (n = 1) 

Rekhviashvili, 2012, 
Georgia

147
 

24 54.4 (14.8) 10 males (41.6%) 
14 females (58.3%) 

Complaints of heart arrhythmias and/or 
palpitations and no abnormalities on multiple 
routine ECG and/or 24-hour Holter ECG 
monitoring 

Ritter, 2013, Germany
51

 60 No AF (median, IQR): 61, 
30 to 81 
 
AF (median, IQR): 66, 30 to 85 

No AF: 
30 males (60%) 
20 females (40%) 
 
AF: 
4 males (40%) 
6 females (60%) 

Cryptogenic stroke 
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First Author, 
Publication Year, 
Country 

Number of 
Participants 

Age (Mean Years) Sex Indication for Monitoring 

Scherr, 2008, USA
148

 18 56 (SD 16) 7 males (39%) 
11 females (61%)  

Referred to arrhythmia clinic for evaluation of 
undiagnosed palpitations after at least one 
standard 24-h ECG Holter monitor 

Shrivastav, 2014, India
149

 125 62.5 (SD 16.7) 76 males (61%) 
49 females (39%) 

Physician referral: syncope, palpitations, pre-
syncope, structural heart disease, AF 
monitoring, paroxysmal AF, non-syncope, 
post-MI/low EF, non-diagnostic Holter, post-
ablation monitoring 

Stahrenberg, 2010, 
Germany

150
 

229 68 (SD 13) 133 males (58.1%) 
96 females (41.9%) 

Ischemic stroke 

AF = atrial fibrillation; ECG = electrocardiogram; EF = ejection fraction; h = hour; ICM = insertable cardiac monitor; IQR = interquartile range; MI = myocardial infarction; 
NR = not reported; SD = standard deviation. 
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Appendix 15: Quality Assessment of Included 
Studies — Patient Preferences Review 

Table 31: Quality Assessment of Included Studies — Patient Preferences Review 

First Author, 
Publication 
Year, Country 

Strengths Limitations 

Ackermans, 
2012, 
Netherlands

144
 

 Research questions and 
objectives appropriate for 
study design 

 Standardized, validated 
outcome measures used 

 All patients randomized were 
included in the analysis 

 Method of randomization not reported 

 Allocation concealment not reported 

 Neither participants, researchers, nor outcome assessors 
blinded to treatment allocation 

 Study participants are more likely to be male, 
unrepresentative of target population 

 Range of cardiology (unspecified) indications for monitoring 
included: unclear generalizability 

 Researchers are staff of the manufacturer: study took place at 
the Philips lab 

 Not necessarily generalizable to post-stroke patients 

 Industry-supported 

Ehmen, 2012, 
Germany

143
 

 Research questions and 
objectives appropriate for 
study design 

 Data analysis strategies were 
congruent with the study 
design and data collected 

 Results supported by and 
consistent with data reported 

 Results rooted in participants’ 
own perspectives: verbatim 
quotes provided to support 
results 

 Insufficient detail regarding the sampling procedure, how 
people were recruited, what the response was like 

 Sample size justified in terms of acceptability for qualitative 
research, although no mention of data saturation; thus, it is 
unclear whether the sample size is appropriate 

 Lack of description of who conducted the structured 
interviews, who conducted the analysis, and how they might 
have influenced the research process 

 Role of the researcher is not clearly described 

 Biases not fully described: expert observation could have 
influenced patients during the experimental phase 

 Limited participant demographic data reported 

 Not necessarily generalizable to post-stroke patients 

Hoefman, 2007, 
Netherlands

145
 

 Appropriate randomization 
between groups 

 Standardized, validated 
outcome measures used 

 Response rate was > 80% in 
all groups at all time points 

 Some potential biases (e.g., 
sex, diagnostic differences) 
were addressed in the 
analysis 

 All significant and non-
significant results were 
reported 

 Ethics approval unclear 

 Allocation concealment not reported 

 Neither participants, researchers, nor outcome assessors 
blinded to treatment allocation 

 Per-protocol analysis (not intention-to-treat) conducted 

 Sampling strategy appropriate for research questions and/or 
objectives, and target population 

 Range of cardiology (unspecified) indications for monitoring 
included: unclear generalizability 

 A pilot test was not completed 

 Study population more likely to be female: unrepresentative of 
target population 

 Not necessarily generalizable to post-stroke patients 

Pürerfellner, 
2015 
Austria, 
Netherlands, 
Australia, 
Slovakia

146
 

 Research questions and 
objectives appropriate for 
study design 

 Sampling strategy not clearly defined: possible selection bias, 
as it is unclear how people were selected for device use 

 Questionnaire was not reliable or valid and actual items 
and/or questions were not reported 

 Range of cardiology indications for monitoring included: 
unclear generalizability 

 Not all results reported: one patient experience not reported, 
with no mention of loss to follow-up, or if they were not 
satisfied with the device 

 Not necessarily generalizable to post-stroke patients 

 A pilot test not completed 

 Industry-supported 
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First Author, 
Publication 
Year, Country 

Strengths Limitations 

Rekhviashvili, 
2012, Georgia

147
 

 Research questions and 
objectives appropriate for 
study design 

 Descriptive data analysis 
strategies were appropriate for 
the type of data collected 

 Potential selection bias: consecutive sample and reasons for 
unproductive previous Holter monitoring not explained 

 Questionnaire was not reliable or valid and actual items 
and/or questions were not reported 

 Sample size not justified 

 Total responses for each item were not reported 

 A pilot test not completed 

 Not necessarily generalizable to post-stroke patients 

 Funding source not reported 

Ritter, 2013, 
Germany

51
 

 Research questions and 
objectives appropriate for 
study design 

 Potential for selection bias: a small proportion of patients 
diagnosed with cryptogenic stroke were eligible for 
implantation and consented to the procedure 

 Methods for data collection and analysis for feasibility data not 
reported 

 Sample size not justified nor discussed 

 Funding source not reported 

Scherr, 2008, 
USA

148
 

 Research questions and 
objectives appropriate for 
study design 

 Ethics approval unclear 

 Potential selection bias: consecutive sample and reasons for 
unproductive previous Holter monitoring not explained 

 Range of cardiology (unspecified) indications for monitoring 
included: unclear generalizability 

 Not necessarily generalizable to post-stroke patients 

 Sample size not justified 

 Questionnaire was not reliable or valid and actual items 
and/or questions were not reported 

 A pilot test not completed 

 Industry-supported 

Shrivastav, 
2014 
India

149
 

 All analyses planned a priori 

 Research questions and 
objectives appropriate for 
study design 

 Ethics approval unclear 

 Unclear how many people from a prior study, through which 
these participants were recruited, participated in this study 
and how they might differ 

 Questionnaire was not reliable or valid and actual items 
and/or questions were not reported 

 Range of cardiology indications for monitoring included: 
unclear generalizability 

 Not necessarily generalizable to post-stroke patients 

 As this device is patient-paid in India, this could be a wealthy, 
highly educated population: not generalizable 

 Funding source not reported 

Stahrenberg, 
2010, 
Germany

150
 

 Research questions and 
objectives appropriate for 
study design 

 A consecutive sample was 
developed over a 1-year 
period, which likely reflects the 
population intended to use the 
monitoring device 

 Methods for data collection and analysis for feasibility data not 
reported 

 Sample size not justified nor discussed 
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Appendix 16: Descriptive Themes and 
Associated Categories 

Experiences 

Comfort Direct patient experience with cardiac monitoring device use in terms of comfort levels 

Ease of use Direct patient experience with cardiac monitoring device use in terms of ease of use 

Side effects Direct patient experience with cardiac monitoring device use in terms of side effects 

Impact on daily activities — 
during monitoring 

The range of impacts that use of a cardiac monitor has on the daily lives of patients, 
during the monitoring process. This category includes impact on daily activities, and 
quality of life 

Impact on daily activities — 
post-monitoring 

The range of impacts that use of a heart rate monitor has on the daily lives of patients, 
after the monitoring process. This category includes impact on daily activities, quality 
of life, and motivation to make subsequent treatment decisions as a result of 
monitoring 

Perspectives 

Confidence 
Confidence in the process of using cardiac monitors for their intended purpose, 
including perspectives regarding the inherent value to using these devices based on 
an assessment of direct experience using a device 

Satisfaction 

Includes either direct patient evaluations of satisfaction, or beliefs regarding whether 
expectations were met in terms of their experience of device use. Also includes 
preferences between devices when participants had experience with more than one 
device  

 


