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Disclaimer

The recommendations in this guideline represent the view of NICE, arrived at after careful
consideration of the evidence available. When exercising their judgement, professionals are
expected to take this guideline fully into account, alongside the individual needs, preferences
and values of their patients or service users. The recommendations in this guideline are not
mandatory and the guideline does not override the responsibility of healthcare professionals
to make decisions appropriate to the circumstances of the individual patient, in consultation
with the patient and, where appropriate, their carer or guardian.

Local commissioners and providers have a responsibility to enable the guideline to be
applied when individual health professionals and their patients or service users wish to use it.
They should do so in the context of local and national priorities for funding and developing
services, and in light of their duties to have due regard to the need to eliminate unlawful
discrimination, to advance equality of opportunity and to reduce health inequalities. Nothing
in this guideline should be interpreted in a way that would be inconsistent with compliance
with those duties.

NICE guidelines cover health and care in England. Decisions on how they apply in other UK
countries are made by ministers in the Welsh Government, Scottish Government, and
Northern Ireland Executive. All NICE guidance is subject to regular review and may be
updated or withdrawn.
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1 Detecti on diagnostic accuracy

1.1 2 Review question : What are the most accurate methods for
3 detecting atrial fibrillation in people with cardiovascular
4 risk factors for AF and/or symptoms suggestive of AF?

1.2 s Introduction

6 Please see Evidence review A.

1.3 7 PICO table

8 For full details see the review protocol in Appendix A:.

9 Table 1: PICO characteristics of review question

People aged over 18 with symptoms suggestive of AF (including
breathlessness, palpitations, syncope/dizziness, and chest discomfort) and/or
with cardiovascular risk factors for AF (including TIA, stroke, Heart Failure,
hypertension, valve disease).

Departures from this population are allowed, but the evidence will be
downgraded for indirectness.

Atrial fibrillation

Any point of care tests used to detect AF

For example (non-exhaustive list):

Manual pulse checking

Pulse oximeters

US devices

Blood pressure monitors

(o] Microlife BPM

0 Watch BP Home A

Non-portable (but non-12 lead) ECG devices
Portable ECG devices

o] My Diagnostick

0 AliveCor Kardia

A Smart portable devices e.g., phones, watches

A 12 lead ECG (when gold standard is long-term loop recording i see
section below)

Do o o I>

P

Where the same test is used with a differing number of recordings across
studies, these should be regarded as separate test strategies, and should thus
be dealt with separately.

Tests using differing periods of recording will also be dealt with separately. For
example, pulse oximeters for 2 minutes will be in a separate category of index
test to pulse oximeters used for 1 hour, and they could be compared to each
other as separate index tests.

The reference standard that is used will determine the type of AF that the
measured accuracy relates to. The analyses will therefore be stratified by the
reference standards used, as follows:

© NICE 2020. All rights reserved. Subject to Notice of rights
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1. 12 lead ECG, adjudicated by an expert clinician (usually cardiologist).
This will theoretically pick up all constant AF but only a small proportion of
intermittent AF cases. It is therefore really only useful for determining how well
an index test can pick up constant AF.

2. Ambulatory monitoring for >24 hrs [any device that gives a long term
recording]. These should pick up all forms of AF. It is therefore a useful way
gold standard for determining how well a test can pick up any AF.

The ability of the tests to pick up AF vs no AF is being evaluated in this review,
not the ability to differentiate between persistent and paroxysmal.

Outcomes Diagnostic accuracy i sensitivity and specificity
Study design Cross-sectional observational

Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual.>® Methods specific to this review question are
described in the review protocol in Appendix A..

Clinical evidence

Included studies

Sixty five studies were included in this review.> 6 2122, 24, 46,53, 56, 68, 69, 71,73, 78, 79, 84, 89, 92, 104, 110,
113, 116, 117, 122, 124, 127, 132, 135, 138, 142, 143, 145, 146, 152, 154, 159, 167, 176-178, 188-190, 194, 198-200, 202, 213, 217, 220, 223,

233, 238, 245, 248, 251, 255, 258-261, 263, 264, 266, 267

The characteristics of these studies are summarised in Table 2, and evidence from these
studies are summarised in the clinical evidence summary (Table 5). Further details are
available in the study selection flow chart in Appendix C:, sensitivity and specificity forest
plots and receiver operating characteristics (ROC) curves in Appendix E:, and study
evidence tables in Appendix D:.

Analysis was stratified by the gold standard used in the studies: 1)12 lead ECG interpreted
by an expert (such as a cardiologist or electrophysiologist) or 2) ambulatory monitoring for
>24 hours (such as Holter). This stratification was based on the AF that would be detected.
12 lead ECG should detect persistent AF but will only pick up paroxysmal AF during specific
intervals of time, and is therefore only a valid gold standard for persistent AF. Ambulatory
monitoring for >24 hours may be more useful at picking up AF of both persistent and
paroxysmal types and so can be used as a more valid gold standard for any type of AF.
Table 2 provides details of the reference standards used.

For each of the above separate strata, pre-hoc sub-grouping strategies (conditional on
observed heterogeneity) for any diagnostic test meta-analyses were by

1) expertise of index test interpreter (automated reading / expert reader [such as
cardiologist or electrophysiologist] / clinician [clinician such as nurse or GP that was
not deemed to be an expert in analysis of ECG traces] / patient).

2) simultaneity of index and reference tests (yes/no)

Sub-gr ouping was only carried out for the O0AI

where heterogeneity was evident and where there would be at least 3 studies in a sub-group.

For the 6AIl i-greufingmwas cdrredout,usingthddo exper ti sed strat e

the O0simultaneityd variable because there
sub-grouping variable could explain the original heterogeneity.

© NICE 2020. All rights reserved. Subject to Notice of rights
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Only 5 diagnostic meta-analyses were possible because at least 3 studies are required for a

valid pooling of results, and for most index tests only one or two studies were available.

Where diagnostic meta-analysis was possible for a particular test, data from the same study

that involved different interpreters were considered as separate data points. Such data were

therefore entered alongside each other in the meta-analysis. This was necessary because
expertise of examiner s hgardo ubpei enng 6c | (acsosnidfiitei do naasl
variable rathern@@ h@nnaomdaittriadndli cattriaot i fi cat i ¢
meant that we could only stratify the meta-analysis by the expertise of interpreters if there

was observable heterogeneity in the initial non-stratified analysis. This inclusion of more than

one data point from the same study inthe meta-anal ysi s was not deemed
countingé for two reasons. Firstly, the use o
make data points from the same study sufficiently 6 d i f f eeach otherbto the@xtent that
theycoudbe regarded as being from o6dif f-analysie.t st u
Secondly, in many cases the samples of patients used for different interpreters within the

same study were different or only overlapped partially.

In the vast majority of studies the unit of analysis was the person being tested, and if AF was
detected once in that person then this was counted as a positive test result (regardless of
how many times AF was detected in that person using that test) in the 2x2 table. This reflects
the purpose of the tests I to find out if a specific patient has AF or not, and as soon as AF
has been detected a diagnosis may be made. However in 5 studies!3® 152198, 248, 255 'the ynit
of analysis was each of many separate measures done on each person (person-measures).
Thus, if AF was detected on several occasions on one person, each event was considered a
separate positive test. Since this may influence the strength of overall results, care should be
taken with interpretation of these results. Therefore, where such results occur this has been
highlighted (sections 1.5.5 and 1.5.6).

Most studies did not include the exact protocol population. For example, some studies

contained people without symptoms suggestive of AF. Such studies were included with a

quality downgrade for éndirectness§ as stated in the protocol. This flexibility was useful
becausevery few studies were available that exac
requirements. Furthermore, it was felt that the sensitivity and specificity of the devices would

not be greatly influenced by variations in population characteristics, as it was felt implausible

that any of these varying characteristics could significantly affect how easy it is to detect AF.

It was accepted that different populations would have different prevalence of AF, and that

this would therefore affect positive and negative predictive values. However, rather than to

directly evaluate predictive values, the clinical aim of this review was to assess the sensitivity

and specificity of tests, which independently measure their clinically important ability to

di fferentiate peopl e who haveNewnhdessyihwvlmes dondt h
recognised that positive and negative predictive values are of great importance to health

economic analysis, and so these will be calculated from the sensitivity and specificity data

from the studies in conjunction with established UK prevalence rates (rather than the

prevalence rates in individual studies) if tools are found with strong evidence of adequate

sensitivity and specificity. Similarly, although &creeningbis outside the remit of this review,

diagnostic papers with a reference to screening were included if they contained useful data

on the accuracy of tests. The rationale for this is that the determined accuracy of a single

device would be similar, whether it is part of a screening strategy or not.

Finally, there were some features of some of the data that should be clarified.

a. Occasionally, papers reported some data from the index test as unclear, and varied in
whether t hey designatedFbhi §oastbAFpuopoédrenN
such data were designated 6énon AFO6, regard
data. This approach was taken because this review is about detection of AF. If a data
point is unclear then AF cannot be detected, so in a binary classification system it can
only be des-Algdat dofwelea data in papers were only designated

© NICE 2020. All rights reserved. Subject to Notice of rights
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as AF, and there was insufficient information in the paper to allow re-calculation,
those data were used.

b. Sometimes a paper might have several index test interpreters who were at the same
level of expertise (for example cardiologist 1, cardiologist 2, etc.) but their data were
considered separately. In such cases only the first reported observer was included in
this review, to avoid 6édouble countingdé of

c. Destegne, 2017° provided data for a sample including people with pacemakers or
implanted cardiac monitors and data for a sample with such people excluded. The
latter sample was used for this review as people with pacemakers or implanted
cardiac monitors were not part of the population in other studies, and had a significant
effect on results

POOO~NOOTS,WNPE

e

1.5.22 Excluded studies
13 Please see the excluded studies list in Appendix H:.

14

© NICE 2020. All rights reserved. Subject to Notice of rights
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1.5.31 Summary of clinical studies included in the evidence review

2 Table 2: Summary of studies included in the

Study
Antonicelli, 20125

Brito, 201821

Bumgarner, 20182

Caldwell, 201227

Population

107 patients from lItaly. Age 66; 57 men/50 women;
Inclusion: Patients enrolled from the pre-surgical evaluation
unit in the outpatient day surgery service at the National
Research centre in Ancona

Exclusion: None reported

127 patients from Switzerland. Age 62; males 64.6%; MI
22.8%; CABG 6.3%; CorAngio 33.9%; valvular Sx 7.9%;
sinus at baseline 85%

Inclusion: Consecutive patients admitted to the cardiology
ward of Geneva University Hospital for coronarography
17.3%, electrophysiology procedure 26%, pacemaker
implantation 3.9%, cardiac failure 3.9%, other 52%.
Exclusion; Patients with pacemaker or cardioverter
defibrillator

100 patients from USA. Age 68.2; female 17%; warfarin
32%; DOACs 68%; CV performed 85%

Inclusion: Consecutive patients with a diagnosis of AF who
presented for scheduled elective CV with or without a
planned transesophageal echo-cardiogram were screened
for enrolment. Inclusion criteria included all adult patients
age 18 to 90 years who were able to provide informed
consent and willing to wear the KB before and after
cardioversion

Exclusion: Implanted pacemaker; defibrillator

157 patients from UK. Details not reported

Inclusion: Consecutive patients with chronic AF attending
the anticoagulation clinic, and consecutive patients with no
prior diagnosis of AF attending for a routine ECG
Exclusion: None reported

evidence review for detection of atrial fibrillation

Index test(s)
i 3-lead tele-ECG

9 Beurer ME9O device i
a handheld ECG
recorder

I the Kardia Band (KB)
(AliveCor)

A 6 lead ECG from
conventionally positioned
limb electrodes (4 limb-
leads)

A Supine 4-electrode
6-lead frontal plane ECG
recording in supine using
the prototype recorder

(Gold standard = 12 lead ECG stratum)

Reference standard

12 lead ECG, with
interpretation by cardiologist
[electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

Aoeinooe onsoubelp uonodalag
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Study

Cunha, 201946

Desteghe, 201753

Doliwa, 200936

Fallet, 201968

Population

101 patients from Portugal attending an outpatient
cardiology unit.

Inclusion: Aged >40

Exclusion: Previous diagnosis of atrial fibrillation being
medicated with OACSs; inability to communicate with the
researcher; pacemakers; recent bypass; Wolff-Parkinson-
White syndrome

344 patients from Belgium admitted to cardiac wards in a
tertiary hospital in Belgium. Patients with an implanted
device comprised 17.2% of the cardiology population: 60%
was actively paced, 7.3% was intermittently paced, and
32.7% was not being paced during the recordings. Based
on chart review, 35.6% of the screened study population
was known with AF. At the moment of the study, 11.9%
showed AF on their 12-lead ECG. Of the entire AF
population, the majority had paroxysmal AF (54.4%) while
those in AF at the time of screening were mostly
permanently in AF.

Inclusion: Patients admitted to cardiac wards in a tertiary
hospital in Belgium; able to give informed consent
Exclusion: Age <18 years, patients in isolation, and those
who were unable to hold both devices properly.

100 patients from Sweden.

Inclusion: Patients with atrial fibrillation, atrial flutter or sinus
rhythm recruited from cardiology department.

Exclusion: None reported

17 patients from Switzerland. Age 57 years; 12/17 mean;
referred for catheter ablation of cardiac arrhythmia (not all
with AF)

Inclusion: Patients undergoing catheter ablation of various

Index test(s)

placed on the lower
thorax/abdomen

A Seated 4-electrode
6-lead frontal plane ECG
prototype recording with
loosened clothing only

1 AliveCor

1 My Diagnostik
1 AliveCor

 Thumb ECG device -
Zenecor ECG

1  Wrist-type
photoplethysmographic
(PPG) device

Reference standard

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

Aoeinooe onsoubelp uonodalag
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Study

Fan, 2019¢%°

Gandolfo, 20157*

Greg, 200873

Haberman, 201578

Population

arrhythmias

Exclusion: Not reported

112 patients from China. Mean age 58; female 46%; BMI
24.44; HF 4%; hypertension 52%; DM 27%; stroke/TIA/SE
7%; CAD 45%); vascular disease 55%; COPD 2%; renal
dysfunction 4%; hepatic dysfunction 0%; sleep apnea 4%;
hyperthyroidism 2%; current smoking 29%; median
CHADSVASC 2; median HAS-BLED 1; OAC 18%;
antiplatelets 27%;

Inclusion: Aged 18 or over

Exclusion: Patients unable to use mobile phones and smart
bands, with mental or memory problems, or with a
pacemaker or implantable cardioverter defibrillator.

207 stroke unit inpatients from Italy; 103 women; mean age
77.7 years; 86.5% recent ischaemic CVA/TIA; 13.5%
haemorrhagic stroke; within 48 hour window post stroke
Inclusion: Patients admitted to stroke unit because of recent
(<48 hours) TIA/stroke

Exclusion: Patients with rhythm controlled by pacemakers
or defibrillators

1785 patients from USA (1 ECG per patient). Male
1090/1785; age 62 (male) and 63 (female); 109/1785 with
AF on gold standard 12 lead testing; no other information
given, apart from the fact that the 1785 ECGs had been
taken from a random selection of 50000 ECGs collected
from 2 teaching hospitals

Inclusion: Not reported

Exclusion: ECGs with extreme artefact and paced rhythm

130 patients from USA (there were 251 other participants
form other populations also analysed, such as athletes and
asymptomatic students, but the 130 are the cardiology clinic
patients of relevance to this review)

Index test(s)

I Huawei mate 9 mobile
phone i PPG
measurements

1 Huawei Honor 7x
mobile phone i PPG
measurements

I Smart band i Huawei
band 2

9 Microlife AFib BP
device

Using the Philips resting
12-lead ECG algorithm, the
index tests were

1. Computer
interpretation of full 12 lead
ECG V1-V6

2. Computer
interpretation of V2, V5
leads information only

3. Computer
interpretation of V1, V4
leads information only

1 AliveCor device

Reference standard

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

Aoeinooe onsoubelp uonodalag
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Study

Hald, 20177°

Haverkamp, 201984

Kaleschke, 2009104

Kao, 2018110

Population

Age 59; male 56%; mean HR 72

Inclusion: Ambulatory cardiology patients

Exclusion: Not reported

87 from Denmark who had irregular pulse on palpation, who
were also given ECG by GP/nurse (index test) and ECG by
cardiologist (gold standard). The entire study looked at 970
people who were all given pulse palpation. However the
larger group of 970 are not considered here because the
only people given the gold standard (ECG interpreted by AF
specialist) were the 87 with the irregular pulse. Hence the
accuracy of pulse palpation is not determinable as we have
no gold standard data on those who were negative on pulse
palpation.

Data not available for subset who had irregular pulse;
however for our subset all had irregular pulse on palpation
which makes them have a high prevalence of AF (11%)
Inclusion: Any person aged >=65 from the GP practices; no
previous AF; presentation was for a genuine medical
reason and not for the screening itself; also positive
palpation findings, but that is only for the diagnostic
accuracy analysis pertinent to this review.

Exclusion: Not reported

94 patients from Norway.37% female; mean age 58;
Inclusion: People having ongoing scECG cardiac
surveillance who were admitted to the cardiac ward at a
university hospital.

Exclusion: None reported

508 patients from Germany. 66% male; mean age 61.4;
mean BMI 26.6;

Inclusion: Clinical indication for 12 lead surface ECG; No
other details provided.

Exclusion: <18 years; pacemaker or defibrillator

63 (1 excluded as not fulfilling inclusion criteria) people from
Taiwan, recruited from emergency department; age 67;
56% male; AF 29/62

Inclusion: Aged >20 years; either with AF or no AF

Index test(s)

12 lead ECG carried out
and interpreted by
GP/nurse

1 ECG check

f Omron Heartscan

I Heart Spectrum Blood
Pressure Monitor

Reference standard

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

Aoeinooe onsoubelp uonodalag
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Study

Kearley, 2014113

Koltowski, 2019117

Kristensen, 2016122

Population Index test(s)
(diagnosed by 12 lead ECG).

Exclusion: People exposed to high frequency surgical
equi pment during testingd p:
or implantable defibrillators; pregnant women

1000 patients from UK. mean age 79.7; 49.3% male; Hx of
AF 11%; HF 3.1; hypertension 53%; DM 12.2%; Stroke Omron HCG-801
3.1%; TIA 6.5%; Patients with AF on AADs 8.7% Merlin ECG event
Inclusion: Participants aged 75 or over, living at home from recorder

6 General practices in the UK

Exclusion: People with pacemakers and defibrillators;

unable to give consent; terminal illness; other reasons why

participation is inappropriate at discretion of GP;

100 patients from Poland. Mean age 68; male 66%;  Kardia mobile ECG
patients at a tertiary cardiovascular care center, admitted (Lead I)

for hospital elective and treatment procedures for various

cardiac conditions.; body mass 80.7kg; BMI 28; smoking

history 43.5%; DM 20.4%; hypertension 68.4%;

dyslipidemia 46.4%; CKD 32.7%; thyroid dysfunction

18.4%; COPD 6.12%; Stroke 17.35%; PAD 12.24%; stable

angina 47.4%; ACS 15.31%; MI 25.5%; PCI/CABG 27.6%;

other cardiac surgery 3.1%; HF 43.9%; LVEF 49%; AF

34.7%; CIED implanted 34.7%; pacemaker 24.5%; ablation

6.1%

Inclusion: Undergoing regular 12-lead ECG due to standard

diagnosis on admission in stable state

Exclusion: Need for urgent medical care

93 patients from Denmark. 54% male; age 67; IHD 11%;  Portable ECG monitor
hypertension 54%; DM 21%; known AF diagnosis 36%; (3 lead)

Medication affecting heart rhythm 47%

Inclusion: Patients from a GP clinic in Aalborg, Denmark,

who performed a routine 12-lead ECG were invited to

participate. The invited patients either had known

paroxysmal AF or were invited among patients who came

for an annual routine health check. The aim was to include

301 50% with a diagnosis of AF and 501 70% without AF.

Thus this was not a consecutive sample.

Watch BP

= =] =

Reference standard

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

Aoeinooe onsoubelp uonodalag
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Study

Kvist, 2019124

Langley, 2012127

Lewis, 2011132

Population

Exclusion: Patients with severe dementia, mental illness or
poor ECG readings

1340 people from Denmark. Age 69; 100% male; BMI 27.3;
self-reported AF 7.9%; DM 10.9%; Hypertension 42.4%;
Ischaemic stroke 6.1%; acute Ml 6.2%; PAD 2.2%; CABG
or PCI 8.3%; COPD 6.8%; never smoked 33.9%; OACs
8.5%; AADs 1.1%; statins 35.6%

Inclusion: Men aged 65-74 in Denmark

Exclusion; None applied

2124 patients on a validation database from Tanzania.
There was also a derivation database comprising 167
patients from UK, but these were used to derive the
thresholds of algorithms and not pertinent to this review.
Inclusion; Aged >70; residing in Hai district of Northern
Tanzania;

Exclusion: None reported

594 patients from UK and USA. Aged >60 years; not
specifically patients with cardiac symptoms or diagnoses.
Inclusion and exclusion criteria not reported.

Index test(s) Reference standard

1 12-lead ECG recorded
(Schiller Cardiovit AT-
102, Schiller Cardiovit
AT-102 Plus or Philips
PageWriter Trim II).
The 12-lead ECGs
were examined for AF
by one of four study
nurses

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, using the
following automated
detection algorithms, each
based on a short 10s
recording, were tested:
1. Based on a co-
efficient of variation of the
beat intervals (CV).
Threshold set at 0.12
2. Based on the mean
successive beat interval
difference (defined as the
mean absolute successive
beat interval difference
divided by the mean beat
interval (Delta). Threshold
setat 0.11
3. Based on the co-
efficient of sample entropy
(COSEN). Threshold set at
-1.19
1 Finger-probe
instrument (as used in
pulse oximetry) that

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
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Study

Lin, 2010135

Lown, 2018138

Mant, 2007142
and
Hobbs, 200%

Population

20 people from Taiwan with AF (each with 60 x 6 second
tests, each counting as a single test). Therefore 1200 data
points (person-tests).

Also 10 people with no AF (each with 20 x 15 sec tests,
each counting as a single test). Therefore 200 data points
(person-tests)

AF patients: Age 71.4 (range 50-89 years); AF based on 12
lead ECG

Non-AF: Age 71.6 years (range 57-88 years); No AF based
on 12 lead ECG

Inclusion and exclusion criteria not reported.

418 individuals from 3 general practices in UK aged >65
both with and without a coded diagnosis of AF in their
medical records were invited to attend a single screening
visit at their local general practice. Mean age 73.9; 79 found
to have AF

Inclusion: Aged>=65; from the 3 designated general
practices

Exclusion: a pacemaker, were deemed unsuitable by their
named General Practitioner (GP) (e.g., terminally ill and
bedridden), lacked capacity, or had a previous moderate or
severe skin reaction to electrode gel.

A random sample of 9866 people from UK aged 65 or over
was taken. A random half of these were invited for an ECG,
and the remaining half were invited if opportunistic
screening had previously identified them as having an
irregular pulse. This led to 2595 12 lead ECGs being
recorded, including 238 from opportunistic screening in
2001-3.

Inclusion: Patients taken from 25 General practices in
central England. 1 GP and 1 practice nurse involved in the
study. All practitioners had 1 hour training on AF detection.
Exclusion: None reported

Index test(s)
utilises the principle of
photoplethysmography

9 Wearable and wireless
3-lead ECG device
(Medi-Trace 200,
Kendall)

Watch BP

Alive Cor

PH7

FirstBeat Bodyguard

=) =) =) =

A 12 lead interpretive
software

A 12 lead interpreted
by GP

A Limb lead ECG
interpreted by GP

A Chest lead ECG
interpreted by GP

A 12 lead interpreted
by practice nurse

Reference standard
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist
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Study

Marazzi, 2012143

McManus, 2013146

McManus, 2016145

Population Index test(s)
A Limb lead ECG
interpreted by practice
nurse
A Chest lead ECG
interpreted by practice
nurse
A 12 lead interpretive

software combined with GP
interpretation (positive if
either or both is positive)
550 patients from Italy. Mean age 67 years; 54.3% male; bp q Microlife BP A200 Plus
139.8/86.9 f Omron M6 oscillometric
Inclusion: Patients referred to hypertension clinic device
Exclusion: <18 years; pacemaker; implanted defibrillator
76 (undergoing cardioversion for AF; those in AF on 12 lead ¢
ECG at pre-CV, and those in sinus rhythm on 12 lead ECG
at post-CV measured with iphone device) patients from
USA.
Age 65.3; male 77%; white 96%; hypertension 71%;
hyperlipidaemia 62%; current smoking 8%; DM 28%; CAD
29%; CHF 21%; sleep apnea 16%; 11% CABG; prior
cardioversion 27%; stroke 12%
Inclusion: Patients with persistent AF on a roster of patients
scheduled to have elective cardioversion for AF
Exclusion: Not reported
128 people from USA. Age 66.2yrs ; non-white 7%; 18%
women; hypertension 75.7%; DM 28.2%; CAD 25%; CHF
32.8%; stroke 13.3%
Inclusion: The original PULSESMART cohort included 76
participants with AF scheduled to undergo elective
cardioversion at the University of Massachusetts Medical
Center (UMMC). For the present study, the sample were
enriched with an additional 55 participants (22 adults with
AF, 15 with PACs, and 15 with PVCSs) to create a cohort
comprised of a more representative array of benign (PAC
and PVC) and malignant (AF) causes of an irregular pulse.

iPhone 4S camera
PPG measures on
fingertip

PPG measures on an
iphone 4S

Reference standard

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist
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Study

Nigolian, 2018159

Park, 2015167

Poon, 2005176

Proesmans,
2019178

Renier, 2012188

Population

Patients with frequent PACs or PVCs were identified from a
roster of inpatients on the cardiac telemetry unit at the
UMMC. Study staff performed a review of hospital telemetry
recordings on a daily basis to identify patients with frequent
ectopy.

Exclusion; Not reported

52 people from Switzerland. Age 69; male 58%; pacemaker
10%; hypertension 60%; DM 21%; COPD 8%; AF on 12
lead ECG 31%; OACs 40%

Inclusion: Consecutive patients admitted to the cardiology
department at a University Hospital

Exclusion; <18 years; inability or unwilling to consent

17 patients from South Korea with palpitations. No other
details given.

Inclusion: Patients with palpitations

Exclusion: None reported

4297 ECGs had been taken from inpatients and outpatients
in UK over a 3 week period

223 patients from Belgium. Age 77; male 46.6%; median
(IQR) CHADSVASC 4(3-6); CHF 28.7%; DM 20.2%); stroke
or TIA 22.4%; OACs 55.6%; mobile phone ownership
16.1%. From 17 GP centres.

Inclusion: Known paroxysmal or persistent AF; aged >=65;
other subjects without a history of AF.

Exclusion: Active pacemakers

177 patients from Belgium aged 55 years; 45% men
Inclusion: All consecutive patients visiting ED of University
hospital in Belgium; any patients hospitalised in one
respiratory, one gynaecological and one orthopaedic
hospital ward on one day.

Index test(s)

1 Beurer ME 80 device i
a pocket sized
(reconstructing 9 lead)
ECG device

mobile ECG device ER-
2000s

1 12lead ECG
interpreted by
computer-based rhythm
diagnosis (GE
Healthcare
Technologies MUSE
software 005C, version
19)

Fibricheck app (PPG)
Single lead ECG using
ECG-Bone

=) =

 Heartscan hand-held
device

Reference standard

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist
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Study

Rhys, 20131%

Rozen, 2018200

Slocum, 1992217

Population

Exclusion: <18 years; unable to use right hand for
heartscan device; did not understand language used by
HCPs; no consent

68 patients from UK with abnormal pulses, from a screening
study of 573 people, who were not already diagnosed with
AF. The 68 patients with abnormal pulses were all invited to
ECG but only 39 attended.

No inclusion or exclusion criteria reported.

99 patients from USA (but each patient contributed two sets
of data i pre-cardioversion and post-cardioversion).
Patients with paroxysmal AF were referred for Holter
monitoring for arrhythmia detection. 73 men/24 women; age
67.7; 91.8% white; 1% Hispanic/Latino; 1% Black; 1%
Asian

Inclusion: Consecutive patients with a diagnosis of AF who
were scheduled for elective direct current cardioversion.
Exclusion: <18 years

82 patients from USA (for validation study, which is the
relevant part for this review; the developmental study to
develop the algorithm involved 73 different rhythm traces).

Index test(s) Reference standard

1. 12 lead ECG
interpreted by algorithm in
Cardioview interpretive
software (not described)
2. 12 lead ECG
interpreted by GP specialty
trainee (interpretation done
before sent to gold
standard interpretation, so
effectively blinded to gold
standard)
9 Cardio Rhythm Mobile 12 lead ECG, with
Application (CRMA) interpretation by cardiologist
(PPG) /electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

Algorithm for reading 12
lead ECGs. This first tested
for the presence of
noncoupled P waves. If
noncoupled P waves were
detected the rhythm was
considered nonatrial
fibrillation and no further
testing was done. If the
rhythm did not have
noncoupled P waves, and
the percent power in each
lead Il or V1 was >=32%
the rhythm was considered

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist
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Study

Somerville, 2000220

Stergiou, 2009223

Tieleman, 2014238

Vaes, 2014245

Population

Index test(s)

AF. This algorithm was

derived

s et 6 rhythmsin2he
developmental analysis.

86 patients from UK. 30% with AF; no other details provided
Inclusion: The study patients were all recruited from a i
single practice. Patients aged 65 years or over with a q
diagnosis of atrial fibrillation were identified by searching
computerised records using the Read Codes for atrial

fibrillation and digoxin prescription. An equal number of
patients aged 65 years or over, without either code in their
computer records, was sampled. All patients were invited to
attend the surgery by appointment.

Exclusion: None reported

73 patients from Greece. Age 70.5; 65.8% male; BMI 27; Ll
smokers 5.5%; CVD 39.7%; DM 15.1%; hypertension 63%;
systolic bp 138; diastolic bp 80; AF 37%

Inclusion: Subjects with known sustained AF, or other non-

AF arrhythmias, and controls with sinus rhythm were

recruited among those attending an Outpatients

Hypertension Clinic, patients admitted in a University
Department of Medicine wards and healthy volunteers.
Exclusion: age <35 years, presence of a pacemaker, and/or

an implanted defibrillator and refusal to participate.

868 people from Holland. Ll
Inclusion: Patients visiting the outpatient cardiology clinic,

or patients attending 2 GP clinics for influenza vaccination
Exclusion: None reported

191 patients from Belgium. Age 74.2; male 52.4%; BMI Ll
26.6; CHADSVASC 3; DM 21.5%; hypertension 81.7%;

CAD 13.1%; TIA/CVA 11%; PAD 4.2%; AF 53.9%; warfarin
51.8%; DOACs 20.9%; antiplatelets 15.7%

Inclusion: Participating general practitioners were asked to
invite patients with known, paroxysmal or chronic atrial
fibrillation to participate in the study. Furthermore, this
convenience sample was added up with subjects without a

Pulse palpation
Bipolar ECGs

12 lead ECG by non-
expert interpreters

Microlife BPA100 Plus

My Diagnostik

My Diagnostik

from

Reference standard

12 lead ECG, with
interpretation by cardiologist
[electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist
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Study

Vukajlovic, 2010252

Wiesel, 2004261

Wiesel, 2009260

Wiesel, 201425°

William, 2018263

Population

history of atrial fibrillation.

Exclusion: Pacemaker in active mode

18 (but measured pre and post CV so 36 data points)
people from Serbia.

Age 33-77; 12 male;

Inclusion: People with AF undergoing electrical DC
cardioversion

Exclusion: None reported

450 people from USA contributing to 464 office visits (14
attended twice)

59% men; mean age 69; most common associated medical
conditions were hypertension, CAD and DM

Inclusion: Unselected outpatients followed by an urban
cardiology practice who had an ECG performed during
scheduled office visits.

Exclusion: None reported

405 patients from USA. Mean age 73; male 51%; white
82%; black 8%; other 10%; CHF 6.7%; Hypertension
51.6%; DM 14.8%; CAD 37.3%

Inclusion: Unselected general cardiology outpatients seen
for scheduled visits in 2 cardiology centres in NY
Exclusion: Pacemakers; defibrillators

183 patients from USA. Age 74; male 59%; ethnicity:
white/Black/Asian/Hispanic 71%/16%/4%/9%; hypertension
92%; DM 25%; CHF 17%; Stroke 6%; CAD 41%; Hx AF
27%; ACEs 33%; ARBs 17%; diuretics 26%; beta blockers
62%; calcium blockers 33%; digoxin 9%; anticoagulant
23%; AADs 3%

Inclusion: All patients aged >50 attending 2 outpatient
cardiology clinics

Exclusion: Patients with pacemakers or defibrillators

52 participants from USA with 225 sets of measurements
Age 68.1; 67.3% male; PAF 21.2%; persistent AF 78.8%;
palpitations 42.3%; SOB 65.4%; lightheadedness 17.3%;
chest pain 5.8%; fatigue 51.9%

Inclusion: Patients with a diagnosis of AF admitted for AAD

Index test(s)

9 Cardiobip, a portable
handheld system for
remote monitoring of
patients

f  Omron 712C
sphygmomanometer

1 Microlife BP3MQ1-2D
BP monitor

Microlife BP A 200
Omron M6 comfort

=) =)

 Kardia Mobile Cardiac
Monitor

Reference standard

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist
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Study

Williams, 2015264

Winkler, 2011266

Yan, 2018267

Himmelreich,
201989

Population

therapy; aged 35-85; history of PAF or persistent AF;
baseline corrected QT interval <470 or 500 if QRS duration
>120ms

Exclusion: Patients with pacemakers; patients with
defibrillators

99 patients from UK.29 with AF on ECG; other details not
reported

Inclusion: Patients attending regular AF clinic at the North
west heart centre in University hospital in Manchester;
Other patients attending for 12 lead ECG for reasons other
than AF

Exclusion: None reported

60 patients from Germany (details not provided)

Inclusion: patients admitted to the cardiology department
Exclusion: Not reported

233 people from Hong Kong. Mean age 70.3; 71.4% men;
AF present in 34.6% at time of study; BMI 24.6;
CHADSVASC 3.6; history of AF 53.9%; DM 35%; vascular
disease 50.7%; TIA/stroke 18.9%; CHF 31.8%; pacemaker
3.2%; hypertension 5.9%; no antithrombotic treatment
51.2%; DOACS 13.4%; VKAs 15.7%

Inclusion: Patients admitted to the cardiology ward of the
hospital for clinical reasons

Exclusion: None reported

219 people from Holland. Mean age 64.1; 53.7% male;
hypertension 40.7%; DM 30.8%; hypercholesterolaemia
25.2%; known AF or AFL 10.7%; CHD 9.8%; TIA/stroke
6.1%; HF 3.7%; PVD 8.9%; CRF 12.1%; indication for
inclusion: 44.4% palpitations, 43.5% other chest symptoms,
21.3% dyspnea, 14.8% lightheadedness 14.8%; fatigue
13%, collapse 2.8%, other 15.7%

Eligible patients were aged 18 years or older who were
assigned to 12L-ECG for any non-acute indication as
ordered by the local primary care physician in 1 of 10

Index test(s)

Alive Cor

Handheld ECG device
with dry electrodes that
records 3 lead ECG
(Einthiven I, Il and IlI
leads).

Iphone units installed
with Cardio Rhythm
application for facial
and fingertip
photoplethysmographic
(PPG) measures

KardiaMobile
(AliveCor, Inc) -
smartphone-connected,
1L-ECG device that
displays ECG
recordings in real time
(30 seconds) via a
smartphone application
with a built-in AF
detection algorithm.

Reference standard

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist
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Study

Reverberi, 2019189

Sabar, 2019202

Population

participating general practices across the Netherlands.
Exclusion criteria were a clinically acute indication for ECG
as defined by the local primary care physician (eg,
suspicion of acute coronary syndrome) and presence of a
pacemaker rhythm on 12L-ECG.

100 unselected ambulatory patients from Italy diagnosed
with AF undergoing DC cardioversion; mean age 66.2; 21%
female; CHADSVASC 2.3; successful CV 87.4%

Inclusion: Age >18; AF undergoing CV; CHADSVASC >=2;
Exclusion: Pacemaker/automatic internal cardioverter
defibrillator

752 patients from UK attending a cardiology outpatient
department for a routine 12 lead ECG or outpatient
appointment. Age range 18-97; 51% female; no other
information provided

Inclusion: Age >=18; any patient attending the cardiology
department for a routine 12 lead ECG or for an outpatient
department

Exclusion: Allergies to Velcro or metal used in device;
medical condition affecting the wrists that may be interfered
with by the attachment of the RhythmPad, such as a
fracture necessitating a cast; pacemakers or implantable
cardiac devices

Index test(s)

RITMIA HR monitor
using Bluetooth to
communicate with
iphone app. 10
minutes.

6 lead ECG using
Rhythm Pad device (1
x 10s). The Rhythm
Pad device (Cardiocity,
Lancaster, UK) is a CE-
marked medical device
that consists of electric
potential titanium-
based sensors which
are placed around both
arms of the patient and
the right leg, using
Velcro straps. The
system is attached via
leads to a hardware
device consisting of a
tablet computer that
displays and stores the
six-lead ECG data. An
automated diagnostic
report is generated at
the same time, using a
bespoke algorithm to
determine heart rhythm
and rate.

Reference standard

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist

12 lead ECG, with
interpretation by cardiologist
/electrophysiologist
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Study

1.5.41 Summary of clinical studies included in the evidence review

2 Table 3: Summary of studies included in the

Study
Arevalo-Manso,
20168

Brown, 201922

Kollias, 2018116

Population

Population

76 patients from Spain referred to a stroke centre which
provides expertise to a population of about one million
people, and has a dedicated SU with continuous bedside
ECG monitoring for six patients. There were two samples in
this study.

AStudyo group (n=17)
hypertension; 35.3% DM; 64.7% dyslipidaemia; 23.5%
smokers; 35.3% CAD; 11.8% PAD; 0% TIA; 100% brain
infarction; antiplatelets 52.9%; OACs 5.9%. These were
assigned to one bed in the SU that was equipped with the
AF-RS monitor

AControl o group (n=59) were
hypertension; 25.4% DM; 61% dyslipidaemia; 20.3%
smokers; 15.3% CAD; 5.1% PAD; 11.9% TIA; 88.1% brain
infarction; antiplatelets 39%; OACs 3.4%. These were
assigned to 5 beds in the SU that were equipped with a
standard monitor

Patients assigned non-randomly to these groups on basis
of availability of the bed and the criteria of the neurologists
on call, who were unaware of the study.

Inclusion: Age>18 years and having been admitted to the
SU for an acute TIA or ischaemic stroke.

Exclusion: History of AF

265 patients on a stroke unit in USA.

Inclusion: Ischaemic stroke or TIA in 6 bed stroke unit; 18
or over; discharged with diagnosis of acute ischaemic
stroke or TIA

Exclusion: Pacemaker

100 patients attending a hypertension clinic in Greece. Age

were a.

Index test(s) Reference standard

1

(Gold standard = >24 hours ambulatory monitoring

evidence review for detection of atrial fibrillation

Reference standard
12-lead ECG and 24 hr
Holter ECG

Index test(s)

1. a monitor equipped
with AF-RS (DASH 5000,
General Electric
Healthcare, Milwaukee,
Wisconsin, USA)

2. Standard ECG
monitoring devices without
AF-RS.

>24 hrs telemetry with
6el ectrocardi

>24 hours telemetry

1 Microlife WatchBP O3 24 hour Holter recording

stratum)
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Study

Mulder, 2012153

Muller, 2009154

Poulsen, 2017177

Rizos, 20101%

Population

70.6; BMI 29.1; 52.9% male; 11% stroke; 85%
hypertension; 20% DM; 7% CAD; 82% antihypertensive
treatment; CHADSVASC score 3.06

Inclusion: Patients attending a hypertension clinic for BP
assessment, treated or untreated for hypertension; aged
>=65; aged 50-64 with symptoms suggesting arrhythmias
or with stroke/AF history; clinical indication for ambulatory
blood pressure monitoring

Exclusion: Pacemaker implantation

96 patients from Holland who had undergone PVI 12
months previously for paroxysmal AF; 25% female; 39%
hypertension; 7% LVEF <55%; 13% mitral regurgitation
grade 2; age 59; duration of AF 7 years

Inclusion: Patients who had undergone PVI 12 months
previously for paroxysmal AF

Exclusion: None reported

48 people from Germany. Mean age 62; 29/48 male; 24
with AF; consecutive patients at an internal medicine
department.

Inclusion: Presence of an indication for 24 hr Holter ECG
Exclusion; Antibradycardic pacemakers; implantable
cardioverters and defibrillators

100 patients from Denmark. Age 78; male 43/95; TIA 18/95;
median CHADSVASC 5; median NIHSS 1; median time
from stroke 4 days; median number of thumb ECG
recordings 59; median duration of Holter monitoring 4.8
days

>65 years; no history of AF who suffered an acute stroke or
TIA of unknown origin in past 3 months verified by CT or
MRI or clinically diagnosed; ability to handle thumb ECG
None reported

136 patients from Germany admitted to a tertiary care
stroke unit; age 72; male 58.8%; manifest stroke 88.2%;

TIA 11.8%; duration of bedside ECG monitoring 97hrs; CHF

36%; MI 22.8%; HT 79.4%; DM 30.1%
Inclusion: Patients > 60 years presenting with an acute

Index test(s)

Afib oscillometric
device with
measurements
programmed at 20-
minute intervals for 24
hours.

Holter for 1,2,3,4,5,6
days

Vitaphone 3100 BT
external loop recorder

30s thumb ECG
(Zenicor Medical
Systems AB) twice
daily for 30 days

6 channel Holter
(H12+, Mortara
Instruments) performed
for 24 hours.

12-bit resolution digital

Reference standard

using the SpiderView (ELA
Medical, Sorin Group)
multichannel system recorder
which was performed
simultaneously with 24-hour
ABPM.

7 day Holter

24 hours 3 channel ECG
(Holter).

5 days Holter (Lifecard CF
device).

Continuous ECG bedside
monitoring for duration of
stay in stroke unit
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Study

Ross, 2018198

Roten, 2012199

Sejr, 2019213

Population

ischemic stroke or TIA in the ER and who were
subsequently admitted to the stroke unit of our hospital and
underwent continuous ECG monitoring for a minimum
period of 48 h were enrolled

Exclusion: Patients with AF on the initial 12-channel ECG
(ELI 350; Mortara Instruments, Milwaukee, Wisc., USA) in
the ER or a history of paroxysmal or persistent AF were
excluded

798 patients (409 with stroke known to be due to AF and
389 with cryptogenic stroke) from Germany. Patients with
stroke due to AF: 59% female; 81 years; 5% TIA; 95%
CVA; NIHSS on admission 7

Patients with cryptogenic stroke: 41% female; 68 years;
12% TIA; 88% CVA; NIHSS on admission 7

Inclusion: All patients on stroke unit i those with stroke due
to known or newly diagnosed AF and those with
cryptogenic stroke

Exclusion: None reported

88 patients from Switzerland (12 patients undergoing
ablation included twice, before and after ablation) T
therefore 100 datasets

Age 62.4; male 73%; hypertension 58%; DM 8%; IHD 18%;
LVEF 60; LV diam 49mm; pre-ablation 15%; post ablation
52%; no ablation 46%

Inclusion: Patients attending clinic for assessment of AF
burden prior to ablation, and attending for screening post
ablation; patients with known or suspected paroxysmal AF;
Exclusion: Patients with persistent AF; patients unable to
handle the devices independently.

1412 patients from Denmark. 56% male; age 72.8; TIA
39.8%; Ischaemic stroke 60.2%; hypertension 58.4%; LVEF
<40% 1.4%; DM 14.3%; current smoker 24.6%; OACs
0.78%;

Inclusion: Acute ischaemic stroke or transient ischaemic
attack (TIA) with first
years, no AF on 12-lead admission ECG, no prior AF

Sy mj

Index test(s)

ECG recoding for 1-2
hours.

1 SRAclinic, Apoplex

medical Technologies.
Stroke Risk Analysis
(SRA) 1 software
analysis of every hourly
ECG snippet of
continuous (non 12
lead) ECG monitoring

7 day triggered ECG
(R.Test Evolution 3).

R.Test Evolution 4
(NorDiaTech, Paris,
France) was device
used as External loop
recording (ELR).

Reference standard

Patients with stroke due to
AF: repetitive 12 lead ECG

Cryptogenic stroke: 24 Hour
Holter

7 day continuous Holter
(Lifecard CF).

Continuous ECG monitoring
for 48 hours
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Study

Velthuis, 2013248

Wiesel, 2013258

Wasserlauf,
2019255

Population

according to International Classification of Diseases codes
(ICD-10) from outpatient clinic visits, hospitalisations or
review of medical records, no active cancer, no implanted
pacemaker, no expected low compliance or precedent
participation in this study and written informed consent.
Exclusion: See above

153 patients from Holland. Age 67; HT 59.5%; DM 19%;
COPD 5.9%; TIA 10.5%; iCVA 7.8%; CAD 6.5%; HF 1.3%;
Valve disease 6.5%; Bradytachy syndrome 0.7%; other
arrhythmia 0.7%

Inclusion: Consecutive patients aged >18 years admitted
with a provisional diagnosis of acute ischaemic stroke
Exclusion: Patients with known history of AF

160 patients from USA. Age 67; male 37%; white 71%;
black 5%, Hispanic 5%; Asian 4%; hypertension 85%; DM
12%; CHF 6%; stroke 3%; AF 12%; CHADS2 1.4; ACEI
27%; ARB 16%; Ca channel blocker 15%; beta blocker
27%; diuretic 28%; warfarin 10%

Inclusion: Patients attending general internists offices; more
than or equal to 1 of the following criteria: Age >=65;
hypertension, DM, CHF, stroke; patients allowed to have
AF

Exclusion: Pacemakers; defibrillators

26 patients from USA with an implanted cardiac monitor.
Mean age 72.1; female 34.6%; stroke 15.4%; TIA 7.7%;
CHF 0%; DM 7.7%; Hypertension 69.2%; CAD 15.4%; prior
MI 7.7%; CHADSVASC 2 or more 92.2%; AADs 34.6%;
OACs 84.6%

Inclusion: Patients with previously implanted ICMs and a
history of paroxysmal AF were eligible for enrolment.
Exclusion: not reported

1 See Appendix D: for full evidence tables.

Index test(s)

24 hour external loop
recorder (single
channel device 3100
BT, Vitaphone,
Mannheim) using
automated settings

AF-BP monitor for 30
days

Kardia-Band (KB;
AliveCor, Mountain
View, CA) - smartwatch
accessory that allows a
patient to record a 30-
second lead | rhythm
strip. Watch worn
during waking hours
(mean 11.3 hrs/day,
over a mean of 110
days)

Reference standard

24 hour external loop
recorder, interpreted by 2
blinded qualified analysts

Electrocardiographic event
monitor (Hearttrack 2)
[regarded as a Holter
equivalent] for 30 days

Insertable Cardiac Monitor
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1.5.51 Quality assessment of clinical studies included in the evidence review
2 For measurement of imprecision, clinical decision thresholds for sensitivity and specificity were set at 0.90 and 0.60.

3 STRATUM 1: 12 lead ECG interpreted by expert cardiologist/electrophysiologist as gold standard

4 Table 4: Clinical evidence summary : diagnostic test accuracy for = mobile ECG devices ( 12 lead ECG interpreted by expert

5 cardiologist/electrophysiologist as gold standard ). Where 95% Cls are provided in round brackets (or no 95% Cls are
6 given), raw data were not available a nd Forest Plots or pooled analyses were not possible.
Index Test Number of studies n Sensitivity (95% ClI) Specificity
~ (95% Cl)
© % 3 g n %) c
5y  28g g 4 g g
o9 sS<3 2 = 7} 0 ]
5% 2 ) 3 z & [a)
g8 BEs % 5 8 s B
Ec 053 @ £ £ E o
Alive Cor handheld lead 8 1544 Sensitivity
| ECG Cunha, 2019% auto no 0.91[0.71-0.99] 0.97[0.91-1.00]
Desteghe, 2017% auto no 0.55 [032, 076] 0.98 [095, 099] Very Seriousb No serious Serious® VERY
1 measure of 30s (for Desteghe, 20175 expert no 1.00 [0.83, 1.00] 0.98 [0.95, 0.99]  serious? inconsiste LOW
Lown,2018 it lasted a Haberman, 201578 expert no 0.94 [0.73, 1.00] 0.99 [0.95, 1.00] ncy
single bp cycle which is Himmelreich, 2019% auto yes 0.87 [0.66-0.97] 0.98 [0.95,1.00]
assumed to be similar) Himmelreich, 2019% expert yes 1.00 [0.85, 1.00] 1.00[0.98, 1.00]  specificity
Koltowski, 2019 expert no 0.928f 1.000f i i
Lown, 20183 auto no 0.88[0.79, 0.94] 0.99[0.97,1.00] Very serious®  No serious  no- VERY
William, 2018263 auto no 0.71[0.60, 0.81] 0.67 [0.59, 0.75]  serious? inconsiste  serious  LOW
William, 2018263 expert no 0.94 [0.86, 0.98] 0.87 [0.80, 0.92] ncy imprecisi
Williams, 201524 clinician  yes 0.90 [0.73, 0.98] 0.86 [0.76, 0.94] on
Williams, 20152%4 expert yes 0.93[0.77, 0.99] 0.76 [0.64, 0.85]
Pooled: 0.91(0.82 - Pooled:
0.96)° 0.96(0.90-0.99)°
5 AUTO Sensitivity
Desteghe, 20175 SUBGR 0.55 [0.32, 0.76] 0.98 [0.95, 0.99]
Lown, 2018138 ouP 0.88 [0.79, 0.94] 0.99 [0.97, 1.00] ——r —
William, 201822 0.71 [0.60, 0.81] 0.67[059,0.75] sopuse S Lo o Serews Ve
Himmelreich, 2019%° 0.87 [0.66-0.97] 0.98 [0.95,1.00]  onsiste
Cunha, 2019 0.91[0.71-0.99] 0.97 [0.91-1.00] ne
Pooled: 0.81(0.61 - Pooled: y
0.92)° 0.96(0.83-0.99)¢  Specificity
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Index Test

Kardia band (Alive Cor)
watch device (equivalent

to Lead I)

1 measure for 30s

Beurer ME9QO device i
lead | ECG

Number of studies

6

Desteghe, 2017%
Haberman, 201578
Williams, 2015254
Koltowski, 2019 7
William, 2018253
Himmelreich, 2019%°

1
Williams, 2015254

1
Bumgarner, 20182
Bumgarner, 20182

1
Brito, 2018%*

169

126

Interpreter of
index test

EXPER

SUBGR
OouP

CLINICI
AN
SUBGR
OouP

auto
expert

auto

Gold standard
simultaneous

no
no

no

with index test?

Sensitivity (95% ClI)

1.00 [0.83, 1.00]
0.94[0.73, 1.00]
0.93[0.77, 0.99]
0.928'

0.94 [0.86, 0.98]
1.00 [0.85, 1.00]
Pooled: 0.95(0.88 -
0.99) ¢

0.90 [0.73, 0.98]

0.69 [0.59, 0.78]
0.88 [0.79, 0.94]
Median?: 0.69[0.59,
0.78]

0.89 [0.65, 0.99]

Specificity
(95% ClI)

0.98 [0.95, 0.99]
0.99 [0.95, 1.00]
0.76 [0.64, 0.85]
1.000f

0.87 [0.80, 0.92]
1.00 [0.98, 1.00]
Pooled:
0.96(0.81-0.99) ©

0.86 [0.76, 0.94]

0.91 [0.82, 0.96]
0.86 [0.76, 0.93]
0.91 [0.82, 0.96]

0.62 [0.52, 0.71]

Risk of bias

Very
serious?®

Sensitiv ity

Very
serious?®

Specificity

Very
serious?

Sensitiv ity
serious?
Specificity
serious?
Sensitivity
serious?
Specificity

serious?

Sensitivity

Indirectness

serious®

serious®

serious®

serious®

serious®

serious®

serious®

Inconsistency

No serious
inconsiste
ncy

No serious
inconsiste
ncy

No serious
inconsiste
ncy

Not

applicable

Not
applicable

Serious*

No serious

inconsiste
ncy

Imprec ision

Serious®

Serious®

Serious®

Serious®

Serious®

Very

serious®

Serious®

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW
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Index Test Number of studies n Sensitivity (95% ClI) Specificity
. (95% ClI)
5 48 2 g
= %) c =3
5y EZ3 < 2 2 {2
L O = o = o 1)
8 % & % £ S 2 ) & [a)
gf 3is g3 : :
£ c On 2 [0 = = = O
1 measure of 30s Brito, 2018%* expert no 0.84 [0.60, 0.97] 1.00[0.97, 1.00] Very serious®  No serious Serious® VERY
Median¢: 0.84[0.60, 1.00[0.97, 1.00] serious? inconsiste LOW
0.97] ncy
Specificity
Very serious®  Serious® No VERY
serious? serious LOW
imprecisi
on
Beurer MEQO device i 1 126 Sensitivity
lead | and mv4 leads Brito, 2018% auto no 0.88 [0.64, 0.99] 0.84 [0.76, 0.91]
1 measure of 30s Very serious®  Not Serious® VERY
serious? applicable LOW
Specificity
Very serious® Serious® VERY
serious? Not LOW
applicable
Beurer MEQO device i 1 126 Sensitivity
mv4 lead Brito, 2018 auto no 0.94 [0.71, 1.00] 0.76 [0.67, 0.84] —r - .
1 measure of 30s Brito, 20182 expert  no 0.84 [0.60, 0.97] 1.00 [0.97, 1.00] ;/:r%usa SEES .'iﬁffsrﬁgt”es BRLE \L’gsvy
Median9: 0.84[0.60, 1.00 [0.97, 1.00] ne
0.97] y
Specificity
Very serious®  Serious® no VERY
serious? serious LOW
imprecisi
on
Beurer ME 80 devicei a 1 52 Sensitivity
pocket sized Nigolian, 2018%° clinician  no 0.75 [0.48, 0.93] 0.89[0.74,0.97]  gerious®  serious®  No serious  Very VERY
(reconstructing 9 lead) Nigolian, 2018%° expert no 1.00 [0.79, 1.00] 0.94 [0.81, 0.99] inconsiste  serious® LOW
ECG device. Median?: 0.75 [0.48, 0.89[0.74, 0.97] ncy

1 measure of unknown 0.93]
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Index Test Number of studies n
duration

ECG Check, an FDA- 1 94
approved mobile heart Haverkamp, 20198

monitor manufactured
by Cardiac Designs. By
putting two fingers on
the ECG Check, it
registers a lead | ECG
1 measure of 30s

Merlin ECG event 1 1000
recorder (single lead) Kearley, 20143
1 measure of 30s

My Diagnostik handheld 2 1125
lead | ECG Desteghe, 2017%
1 measure of 60s Desteghe, 2017%

Tieleman, 20142

Y— -E
5] S
|
(%]
o9 i)
= %]
o x o
B) o
O o
£ c ]
auto no
expert no
auto no
expert no
auto no

simultaneous

Sensitivity (95% ClI)

with index test?

1.00 [0.72, 1.00]

0.939'

0.82 [0.60, 0.95]
0.85 [0.62, 0.97]
1.00 [0.97, 1.00]
Pooled:0.94(0.52 -
0.99)°

Specificity
(95% ClI)

0.94 [0.86, 0.98]

0.901'

0.94 [0.91, 0.97]
0.95 [0.92, 0.98]
0.98 [0.97, 0.99]
Pooled:0.97(0.8
5-0.99) ¢

Risk of bias

Specificity

serious?®

Sensitivity

Very
serious?

Specificity

Very
serious?

Sensitivity

serious?

Specificity

serious?

Sensitivity

serious?

Specificity

serious?

Indirectness

serious®

serious®

serious®

serious®

serious®

serious®

serious®

Inconsistency

No serious
inconsiste
ncy

Not
applicable

Not
applicable

Not
applicable

Not
applicable

No serious
inconsiste
ncy

No serious
inconsiste

Imprec ision

Serious®

Serious®

Serious®

Not
assesse
d

Not
assesse
d

Very
serious®

Serious®

GRADE

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW
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Index Test

My Diagnostik handheld

lead | ECG
3 measures of 60s
(majority rule)

Omron Heartscan HCG
801 E single lead device

1 measure of 30s
(though duration not
stated in Kearley,
2014113

ECG Bone i single lead

Unclear reps and
duration

Zenicor ECG thumb

device (bipolar lead I)

1 measure of 10s

Number of studies

1
Vaes, 2014%%

3

Kearley, 20143
Kearley, 201413
Renier, 2012188
Renier, 2012188
Kaleschke, 200914

1
Proesmans, 20197

1
Doliwa, 2009

181

1684

223

100

Interpreter of
index test

auto

auto
expert
auto
clinician
expert

expert

expert

Gold standard
simultaneous

no

no
no
no
no
no

no

no

with index test?

Sensitivity (95% ClI)

0.94 [0.87, 0.98]

0.99 [0.93, 1.00]
0.944f

0.92 [0.64, 1.00]
0.69 [0.39, 0.91]
0.99(0.96-1.00)"
Pooled:0.93(0.50 -
0.99)°

0.90(0.824-0.951)

0.96 [0.86, 1.00]

Specificity
(95% ClI)

0.93 [0.85, 0.97]

0.76 [0.73, 0.79]
0.946°

1.00 [0.98, 1.00]
0.95 [0.90, 0.97]
0.96(0.94-0.98)f
Pooled:0.95(0.5
2-0.99)°

0.968(0.919-
0.991)

0.92 [0.81, 0.98]

Risk of bias

Sensitivity

Very
serious?®

Specificity
Very
serious?®
Sensitivity
serious?®

Specificity

serious?®

Sensitivity

Very
serious?®

Specificity
Very
serious?

Sensitivity

serious?

Specificity

serious?

Indirectness

serious®

serious®

serious®

serious®

serious®

serious®

serious®

serious®

Inconsistency

>
Q

y

Not
applicable

Not
applicable

No serious
inconsiste
ncy

Serious®

Not
applicable

Not
applicable

Not
applicable

Not

Imprec ision

Serious®

Serious®

Very
serious®

Very
serious®

Serious®

no
serious
imprecisi
on

Serious®

Serious®

GRADE

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
LOW

VERY
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Index Test

Polar H7 heart rate
monitor i heart rate
sensor derives ECG
data via chest
electrodes. Can detect
RR intervals accurately

1 measure over duration
of a bp measurement
cycle

RITMIA HR monitor
1 measure over 10
minutes

Firstbeat Bodyguard 2 i

delivers single lead data

1 measure over duration

of a bp measurement
cycle

Number of studies n

1 418
Lown, 2018%8

1 100
Reverberi, 2019%8°

1 418
Lown, 2018%38

Interpreter of
index test

auto

auto

auto

Gold standard
simultaneous

no

no

no

with index test?

Sensitivity (95% ClI)

0.96 [0.90, 0.99]

0.97 [0.91, 0.99]

0.96 [0.90, 0.99]

Specificity
(95% ClI)

0.98 [0.96, 0.99]

0.96 [0.89, 0.99]

0.99 [0.97, 1.00]

8 g

2 =

-

S 3

X =

7] S

¢4 <
Sensitivity
Very serious®
serious?®
Specificity
Very serious®
serious?®

Sensitivity
serious®  serious®
Specificity
serious®  serious®
Sensitiv ity

Very serious®
serious?

Inconsistency

applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Imprec ision

no
serious
imprecisi
on

no
serious
imprecisi
on

No
serious
imprecisi
on

Serious®

no
serious
imprecisi
on

GRADE

—

ow

VERY
LOW

VERY
LOW

LOW

VERY
LOW

VERY
LOW
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Index Test

Cardiobip, a portable 5
lead handheld ECG
system for remote
monitoring of patients.
1-3 measures of
unknown duration

Mobile ECG device ER-
2000s. Mode 1 uses
three ECG electrodes
that are attached to the
anterior chest wall.
patients were instructed
to push the record
button when they
believed they were
experiencing a cardiac
symptom.

1 measure of unknown
duration

Mobile ECG device ER-
2000s. Mode 2 uses the
side chest channel and
finger channel. Patients
were instructed to push
the record button when
they believed they were
experiencing a cardiac

Number of studies

1
Vukajlovic, 2010%*

1
Park, 201567

1
Park, 20157

36

17

17

Interpreter of
index test

expert

expert

expert

Gold standard
simultaneous

no

yes

yes

with index test?

Sensitivity (95% ClI)

1.00 [0.85, 1.00]

1.000f

1.000

Specificity
(95% ClI)

1.00 [0.77, 1.00]

1.000f

1.000

8 g
2 =
=

S )
Ao =
] 5
x £
Specificity
Very serious®
serious?
Sensitiv ity

serious®  serious®

Specificity

serious®  serious®

Sensitiv ity

Very No

serious®  serious
indirectn
ess

Specificity

Very No

serious®  serious
indirectn
ess

Sensitiv ity

Very No

serious®  serious
indirectn
ess

Specific ity

Inconsistency

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Imprec ision

no
serious
imprecisi
on

Serious®

Serious®

Not
assesse
d

Not
assesse
d

Not
assesse
d

GRADE

VERY
LOW

VERY
LOW

LOW

LOW

LOW
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Index Test Number of studies n Sensitivity (95% ClI) Specificity
& (95% ClI)
Y— -E (%] ‘l?)‘ P
° g3& 9 @ 2 5
88 558 5 2 : (2
Q2 58S 2 5 3] ‘D I3} L'DJ
2 x o= ~ Qo < o <
23 S ES ) 5 3 =3 I
Ec 0% = @ £ £ E G}
symptom.
1 measure of unknown Very No Not Not LOW
duration serious®  serious applicable  assesse
indirectn
ess
1 624 Sensitiv ity
Fan, 2019%° auto yes 0.92 [0.88, 0.95] 1.00 [0.98, 1.00]
serious®  serious®  Not Serious® VERY
applicable LOW
Specific ity
serious®  serious®  Not No VERY
Huawei band 2 applicable  serious LOW
smartband imprecisi
1 measure of 3mins on

(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and
downgraded by 2 increments if the majority of studies were rated at very high risk of bias.

(b) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were
seriously indirect, and downgraded by 2 increments if the majority of studies are very seriously indirect

(c) Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted,
assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around
the point estimate crossed one of the clinical thresholds (0.90 or 0.60), and downgraded by 2 increments when the confidence interval around the point estimate
crossed both of the clinical thresholds. The upper clinical threshold marked the point above which recommendations would be possible, and the lower clinical threshold
marked the point below which the tool would be regarded as of little clinical use.

(d) Inconsistency was assessed by visual inspection of the sensitivity/specificity plots, or data (if 2 studies). The evidence was downgraded by 1 increment if there was no
overlap of 95% confidence intervals. For single studies no evaluation was

(e) Pooled sensitivity/specificity from diagnostic meta-analysis

(f) indicates that because the raw data were not provided by the paper, and were also not able to be calculated by the reviewer, these were not able to be included in any
diagnostic meta-analyses

(g) For non-pooled analyses, the median sensitivity and the paired specificity were reported. If there were an even number of studies the lower middle value was given

ma
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1 Table 5: Clinical evidence summary : diagnostic test accuracy for
). Where 95% Cls are provided in round brackets (or no 95% Cls are

2
3

cardiologist/electrophysiologist as gold standard
and Forest Plots or pooled analyses were not possible.

given), raw data were not available
Number of studies

Index Test

Microlife BP3MQ1-2D 2

oscillometric device Gandolfo, 2015™
3 readings, with Wiesel, 2009%%°
6majority ru

intervals

Microlife BP3MQ1-2D 1

oscillometric device Wiesel, 2009%%°
Single readings of 10

beat intervals

Microlife BPA 200 2

oscillometric device Marazzi, 201243
3 readings, with majority ~ Wiesel, 2014%°
rule of 10 beat intervals

n

612

1215

686

Interpreter of index
test

O Q
= =
= =
o O

auto

auto
auto

simultaneous with

Gold standard
index test?

no

yes
no

blood pressure monitors

Sensitivity (95% ClI) Specificity
(95% ClI)
0.89[0.75, 0.97] 0.99 [0.96, 1.00]

0.97 [0.91, 0.99]
Median?: 0.89 [0.75,
0.97]

0.89 [0.85, 0.92]
0.99 [0.96, 1.00]

0.95 [0.92, 0.97] 0.86 [0.84, 0.89]

0.97 [0.95, 0.98]
0.92 [0.87, 0.96]
0.97 [0.95, 0.98]

0.92 [0.85, 0.97]
1.00 [0.88, 1.00]
Median9: 0.92 [0.85,
0.97]

(12 lead ECG interpre ted by expert

Risk of bias

Sensitivity

serious?

Specificity
serious?

Sensitivity

serious?

Specificity

serious?

Sensitivity
Serious?

Specificity

Serious?

Indirectness

serious®

serious®

serious®

serious®

No
serious
indirectn
ess

No
serious

Inconsistency

No
serious
inconsist
ency

serious®

Not
applicabl
e

Not
applicabl
e

No
serious
inconsist
ency

No
serious

Imprec ision

Serious*

No serious
imprecisio
n

No serious
imprecisio
n

No serious
imprecisio
n

serious?

No serious
imprecisio

GRADE

VERY
LOW

VERY
LOW

LOW

LOW

LOW

MOD
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Index Test

Microlife BPA100 Plus
BP oscillometric device
3 readings (majority
rule) of 10 beat intervals

Microlife BPA100 Plus
BP oscillometric device
3 readings ( minority
rule) of 10 beat intervals

Microlife BPA100 Plus
BP oscillometric device
1% reading only of 10
beat intervals

Number of studies

1
Stergio, 2009%%

1
Stergio, 2009?23

1
Stergio, 2009?%3

n
x
()
°
=
=
o
=
o
o
o
2
2H
cQ
Eg
72
auto
72
auto
72
auto

Gold standard
simultaneous with

yes

yes

yes

index test?

Sensitivity (95% ClI)

1.00 [0.87, 1.00]

1.00 [0.87, 1.00]

0.93 [0.76, 0.99]

Specificity
(95% ClI)

0.89 [0.76, 0.96]

0.69 [0.53, 0.82]

0.89 [0.76, 0.96]

Risk of bias

Sensitivity
Serious?

Specificity

Serious?

Sensitivity

Serious?

Specificity

Serious?

Sensitivity

Serious?

Indirectness

serious
indirectn
ess

No
serious
indirectn
ess

No
serious
indirectn
ess

No
serious
indirectn
ess

No
serious
indirectn
ess

Inconsistency

inconsist
ency

Not
applicabl
e

Not
applicabl
e

Not
applicabl
@

Not
applicabl
e

Not
applicabl
®

Imprec ision

=

serious?

serious®

serious?

serious?

serious?

GRADE

LOW

LOW

LOW

LOW

LOW
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Index Test

Microlife BPA100 Plus
BP oscillometric device
1 2 readings of 10 beat

intervals

Microlife Watch BP
oscillometric device

Readings over up to 3
bp measurement cycles

Heart Spectrum Blood

Pressure Monitor
algorithm 1 (see
evidence tables)

1 reading(unknown

Number of studies

1
Stergio, 2009%%

2
Kearley, 201413
Lown, 201838

1
Kao, 2018

n

72

1417

62

Interpreter of index

test

auto

auto
auto

expert

Gold standard
simultaneous with

yes

no
no

yes

index test?

Sensitivity (95% ClI)

1.00 [0.87, 1.00]

0.95 [0.88, 0.99]
0.96 [0.90, 0.99]
Median9: 0.95 [0.88,
0.99]

0.97 [0.82, 1.00]

Specificity
(95% ClI)

0.76 [0.60, 0.87]

0.90 [0.88, 0.92]
0.93 [0.90, 0.96]
0.90 [0.88, 0.92]

0.97 [0.84, 1.00]

Risk of bias

Specificity

Serious?

Sensitivity
Serious?

Specificity

Serious?

Sensitivity

Very
serious?

Specificity

Very
serious?

Sensitivity

Very
serious?

Indirectness

No
serious
indirectn
ess

No
serious
indirectn
ess

No
serious
indirectn
ess

serious®

serious®

serious®

Inconsistency

Not
applicabl
e

Not
applicabl
e

Not
applicabl
e

No
serious
inconsist
ency

No
serious
inconsist
ency

Not
applicabl
e

Imprec ision

serious?

serious?

No serious
imprecisio
n

serious®

serious?

serious?

GRADE

LOW

LOW

MOD

VERY
LOW

VERY
LOW

VERY
LOW
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