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The enclosed documents were considered by the NICE medical technologies
advisory committee (MTAC) when making their draft recommendations:

1.

EAC assessment report — an independent report produced by an
external assessment centre who have reviewed and critiqued the
available evidence.

Assessment report overview — an overview produced by the NICE
technical lead which highlights the key issues and uncertainties in the
company’s submission and assessment report.

Addendum to the assessment report — contains additional work and
economic analyses done by the external assessment centre.

Scope of evaluation — the framework for assessing the technology,
taking into account how it works, its comparator(s), the relevant patient
population(s), and its effect on clinical and system outcomes. The scope
is based on the sponsor's case for adoption.

Adoption scoping report — produced by the adoption team at NICE to
provide a summary of levers and barriers to adoption of the technology
within the NHS in England.

Sponsor submission of evidence — the evidence submitted to NICE by
the notifying company.

Expert questionnaires — expert commentary gathered by the NICE team
on the technology.

Patient survey results — presents results from an online patient survey
conducted by NICE on the use of Zio XT.

Patient organisation submissions — questionnaire responses and
submissions received by patient organisations.
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10.EAC correspondence log — a log of all correspondence between the
external assessment centre (EAC) and the company and/or experts
during the course of the development of the assessment report.

11.Company fact check comments — the manufacturer’s response
following a factual accuracy check of the assessment report.

12.Technical Engagement Report - summarises the outcome, rationale
and considerations that were made during the technical engagement
meeting.

m Please use the above links and bookmarks included in this PDF file to
navigate to each of the above documents.
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Purpose of the assessment report

The purpose of this External Assessment Centre (EAC) report is to review
and critically evaluate the company’s clinical and economic evidence
presented in the submission to support their case for adoption in the NHS.
The report may also include additional analysis of the submitted evidence or
new clinical and/or economic evidence. NICE has commissioned this work
and provided the template for the report. The report forms part of the papers
considered by the Medical Technologies Advisory Committee when it is
making decisions about the guidance.

Declared interests of the authors

The Kaura et al. (2019) study was carried out, in part, at King’s College
Hospital NHS Foundation Trust. The King’'s Technology Evaluation Centre is
part of the King’s Health Partnership network.

Acknowledgements

“Copyright belongs to King’s Technology Evaluation Centre.”

Jacqueline Colwill is a Cardiac Physiologist and Cardiology Service lead at

South Tyneside NHS Foundation Trust, no conflict declared.

Dr Gregory Lip is the Price-Evans Chair of Cardiovascular Medicine and
Director of the Liverpool Centre for Cardiovascular Science at the University

of Liverpool and Liverpool Heart & Chest Hospital, no conflict declared.

Dr Matthew Reed is a Consultant and NRS Fellow in Emergency Medicine at

NHS Lothian, no conflict declared.

Anthony Shannon is a Highly Specialist Cardiac Physiologist at Liverpool

Heart and Chest NHS Foundation Trust, no conflict declared.

Dr Mark Tanner is a Consultant Cardiologist Western Sussex Hospitals NHS

Foundation Trust, no conflict declared.

Dr James Teo is a Consultant Stroke Neurologist at King’s College Hospital
NHS Foundation Trust, no conflict declared.
Rider on responsibility for report

The views expressed in this report are those of the authors and not those of
NICE. Any errors are the responsibility of the authors.

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias
Date: January 2020 3 of 156



Contents

EXeCutive SUMMANY .......coooiiiiiiiieee e 6
1 DeCiSioN Problem .. ... 9
Table 1 DecCision Problem ...........cooo i 9
2 Overview of the technology.........ccooiiiiiiiiiii e, 13
3 Clinical CONtEXL..... .o 15
4  Clinical and economic evidence selection ............ccccoeeeeiii, 17
4.1 Evidence search strategy and study selection .......................ooo. 17
4.2 Included and excluded clinical studies ..............ccooooiiiiiiiiiiiiiiinn. 18
5 Clinical eVIAENCE FEVIEW ........cccciiiiiiiiiiiic e, 52
5.1 Overview of methodologies of all included clinical studies............... 52
5.2  Critical appraisal of clinical studies and review of company’s critical
=] 0] 0] = 1157= | 54
5.3 Results from the clinical evidence base ............ccccveeiiiiiiiiiieeineeeens 58
6 Ongoing use and data collection..............c..ccoooiiiiiiiiii 71
T AQVEISE EVENTS ... 72
8 Evidence synthesis and meta-analysis........ccccccoooviiiiiiiiiiiii e, 72
9 Interpretation of clinical evidence............ccoooveeiiiiiiiiiiii 73
9.1 Integration INtO NHS ... 78
9.2  ONGoING STUAIES ..o 79
10 ECONOMIC EVIAENCE......coiiiiiiiiiie e 81
10.1  Published and unpublished economic evidence ............................. 81
10.2 Company de novo Cost analysSis...........coeuvvuiiiiiieeeeieeiicee e, 89
10.3 Results from the economic modelling ..........cccoovviviiiiiiiiiiiiiiiiinnnnn. 106
10.3.2 Scenario and sensitivity analysis results...........cccccccovvieeiiiiiniiinnn, 107
10.3.3 Additional reSUItS...........coeiiiiii e, 113
10.4 EAC Interpretation of economic evidence...........cccccoceeiieieeiiinnnn, 113
11 CONCIUSIONS ...t e e e e e 115
11.1 Conclusions on the clinical evidence..........cccccceevvveeeiiiiiiiiiiiiieeeeeeee. 115
11.2 Conclusions on the economic evidencCe ...........ccceevvvvveiiiieeeeneeennnns 118
12 Summary of the combined clinical and economic sections................... 120
13 Implications for researCh...........oooeiiiiii i 120
14 REFEIENCES ... 121
LR J A o] 0 1= g To [ o= P 124
151 APPENAIX Ao 124
o Clinical and economic evidence...............ucceiieeeeeiieeiiiiiiiee e 124
. ONgoiNg STUAIES ..o 126
PRISMA 2009 FIOW Diagram............uuuueueuuumeeeenniiinnnneneennnnnnnnnnnnnnnnnnnnnnnnnnns 128
15.2  APPENAIX B...eeee e 129
15.3  APPENAIX C ..o 152

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias
Date: January 2020 4 of 156



ABBREVIATIONS

Term Definition

AF Atrial Fibrillation

CER Continuous event recorder

Cl Confidence interval

caQc Care Quality Commission

DDDRP PPM Dual Chamber Rate Adaptive Permanent Pacemakers

DHSC Department of Health & Social Care

DHT Digital health technology

EAC External Assessment Centre

ECG Electrocardiogram

ESF Evidence standards framework

IQR Interquartile range

KiTEC King’'s Technology Evaluation Centre

MAUDE Manufacturer and User Facility Device Experience

MHRA Medicines & Healthcare products Regulatory Agency

MTEP Medical Technologies Evaluation Programme

NHS National Health Service

NHSFT National Health Service Foundation Trust

NICE National Institute for Health and Care Excellence

NICE CG NICE clinical guideline

NICE MTG NICE medical technology guidance

NICE QS NICE quality standard

OR Odds Ratio

PAF Paroxysmal Atrial Fibrillation

PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

QUORUM Quality of Reporting of Meta-analyses

RCT Randomised Controlled Trial

SD Standard deviation

SVT Supraventricular Tachycardia

TIA Transient Ischaemic Attack

Vs Versus
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Executive Summary

The company included 22 studies as clinical evidence. These were reported
as fulltext. The EAC excluded 6 studies from the company’s selection due to
population and/or outcomes not being relevant to the decision problem. One
further study reported as fulltext was added by the EAC (Rho et al. 2018).
The EAC added 13 abstracts, totaling 30 studies overall. Most of the included
studies were observational in design and lacked direct comparators or were
reported as abstracts. Of the studies reported as fulltext there was 1 UK-
based RCT (Kaura et al. 2019), 3 prospective comparative studies (Barrett et
al. 2014, Eysenck et al. 2019, Rosenberg et al. 2013) which were considered
pivotal studies. Thirteen non-comparative studies were included. The sponsor
included 20 references as economic evidence. Only published studies (Kaura
et al. 2019, Ghosh et al. 2018 and Chandratheva et al. 2017) and 1 grey
literature reference (NICE 2017) assessed Zio XT Service and were
considered for assessment by the EAC. The EAC conducted its own search
for economic evidence and retrieved 5 further publications containing
economic data (Steinhubl et al. 2019, Eysenck et al. 2017a, Eysenck et al.
2017b, Eysenck et al. 2018, Eysenck et al. 2019. Three of these, (Eysenck et
al. 2017a, Eysenck et al. 2017b, Eysenck et al. 2018), were conference
abstracts reporting the study described by Eysenck 2019.

The company did not carry out a meta-analysis, stating that the evidence for
the efficacy and safety of the Zio XT Service is extremely heterogeneous, in
terms of populations, methodology, devices used, and outcomes reported.
The EAC agreed.

The UK based RCT (Kaura et al. 2019) and 2 comparative studies (US
studies: Barrett et al. 2014, Rosenberg et al. 2013) indicated that the use of
14-day Zio XT Service increased diagnostic yield compared with 24-hour
Holter monitoring over total wear time. The diagnostic accuracy of Zio XT
Service compared with Holter monitoring is unclear, however overall clinical
expert opinion suggested that there may be no significant difference in
accuracy. A UK study (Eysenck et al. 2019) indicated that Zio XT Service may

be more accurate in detecting the presence or absence of AF than the
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Novacor R Test (an external event/loop monitor, described as current
standard practice) but less accurate than pacemaker data (described as gold
standard). Patient compliance for Zio XT Service appears high, with mean
wear time ranging from 10.8 days (Rosenberg et al. 2013) to 12.8 days
(Eysenck et al. 2019) out of scheduled 14 days in comparative studies. Barrett
et al. (2014) provided a comparison of patient experience, reporting that
93.7% participants found the monitoring patch comfortable to wear as
opposed to 51.7% for the Holter monitor. A survey into patients from a UK
cardiology clinic (Hall et al. 2019, abstract only) found that Zio XT Service was
significantly preferred to Holter monitoring in terms of shape, comfort,

practicality and returning method.

The company carried out cost modelling in 3 care pathways: for populations of
patients with symptomatic palpitations or syncope (cardiology model), patients
who have had a stroke or TIA (stroke model), and a third model assessing
costs of subsequent stroke treatment of the technology’s diagnostic yield in
comparison to Holter monitors. The cost analysis found that the use of the Zio
XT Service in the 2 patient groups considered results in process cost savings
(due to reductions in repeat testing, referrals or cardiology outpatient review,
and events in stroke populations) of around £55-£85 per patient, compared to
current standard care. The EAC revised the model to address a number of
potential limitations including revision of estimated stroke risk and the
inclusion of test costs (including repeated test costs) and costs of
anticoagulant therapy and its side effects. After developing revised cost
models, the EAC concluded that Zio XT Service is unlikely to be cost saving
when compared with current practice, however, the estimated increase in cost
is small (approximately £20 per patient) and may be offset by benefits of

improved diagnosis of AF.

The EAC highlights that there are limitations with the models. Firstly, the value
proposition of the technology relies on the increased diagnostic yield of Zio XT
Service in comparison with usual practice. The elevated diagnostic yield is
well supported by the body of evidence identified by the EAC, however, there
is little published evidence investigating its diagnostic accuracy (compared
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with 24 hour Holter monitoring against a reference standard). Secondly, there
is a lack of clarity around the clinical pathway currently implemented in the
NHS. As correctly noted by the company there are a number of different
alternatives currently in place. The assumption of no repeat tests with Zio XT
Service is plausible but likely to be an underestimate, if only a modest one.
The number of repeat tests carried out after an inconclusive/negative test for
Holter monitoring has a significant impact on cost, but is unstandardised and
varies by local protocol and clinical opinion, therefore the figure for this
parameter is unclear. In addition, there are some limitations to the supporting
evidence. For example, HES data representing repeat testing incorporates
various tests including 24 and 48 hour ECG monitoring, ambulatory ECG
monitoring and exercise ECG monitoring (NICE TA593). This may artificially

increase the estimated number of repeated Holter tests.

The current evidence would benefit from further research into the diagnostic
accuracy of Zio XT Service against standard practice and an appropriate
reference standard. In addition, further analysis focusing on technology
utilisation and the resultant clinical outcomes would provide greater insight
into the clinical response to newly-detected arrhythmia. The evidence
supports the case for adoption but there are still several unknowns that should

be addressed first.
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1 Decision problem

Table 1 Decision Problem

Decision problem

Scope

Proposed variation
in company
submission

EAC comment

and accuracy (sensitivity
and specificity)

. Number of
symptomatic and
asymptomatic arrhythmia
events detected over total
wear time

. Ability to quantify
atrial fibrillation (AF)
burden (amount of time
spent in AF)

« Health-related
quality of life

Adults (18 years or older) | None.
Population with suspected cardiac
arrhythmia referred for
ambulatory ECG
monitoring.
Zio ECG monitoring Zio XT ECG Addition of “XT” to name of
Intervention service (Zio Service). monitoring service intervention.
(Zio XT Service).
Current pathway for Current pathway for | Company has removed
Comparator(s) ambulatory cardiac ambulatory cardiac “(external and implantable)”.
arrhythmia detection, arrhythmia
which includes Holter detection, which The company states that
and/or event monitoring includes Holter implantable cardiac monitors
(external and implantable). | and/or event are rarely used as a first line
monitoring. of standard care and are not
directly comparable.
Clinical experts agreed that
implantable devices are
rarely used as a first line of
care. They are more likely
used for diagnosis.
Procedure-related The company suggests
Outcomes outcomes: Remove the removing “Health-related
following: quality of life” as an outcome
. Diagnostic yield as there is no evidence to

demonstrate this.

The EAC suggests retaining
this outcome in case future
evidence comes to light.
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. Time to first
arrhythmia event and time
to first symptomatic event

. Time to return
device, analysis and report
production

. Test failure rate

. Signal quality

Clinical management
outcomes:

. Time to diagnosis
or rule out of cardiac
arrhythmia

. Time to initiation of
preventative treatment

. Impact of test
results on clinical decision
making

. Total number of
hospital outpatient
appointments for testing

. Total number of
hospital outpatient
appointments or
admissions for device-
related complications

. Number of
outpatient visits and staff
time for undertaking and
analysing diagnostic tests

. Morbidity (including
stroke, thromboembolism,
heart failure, and
complications associated
with preventative
treatment)
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. Mortality
Patient outcomes:

. Patient compliance
(average wear time and
analysable wear time)

. Ease of use (for
patients and healthcare
professionals), including
training requirements

. Device
acceptability and patient
satisfaction

. Health-related
quality of life

. Device-related
adverse events

Cost analysis

Costs will be considered
from an NHS and personal
social services
perspective. The time
horizon for the cost
analysis will be sufficiently
long to reflect any
differences in costs and
consequences between
the technologies being
compared. Sensitivity
analysis will be
undertaken to address
uncertainties in the model
parameters, which will
include scenarios in which
different numbers and
combinations of devices
are needed.

None.

Subgroups to be
considered

* Adults referred for
ambulatory ECG
monitoring, who
experience asymptomatic
arrhythmia events

* Adults referred for
ambulatory ECG
monitoring in primary care
* Adults referred for
ambulatory ECG
monitoring in secondary
care

Changes to
subgroups:

Adults referred for
ambulatory ECG
monitoring, with
symptoms of
arrhythmia

Adults referred for
ambulatory ECG
monitoring, without

The company states that the
primary care referral pathway
is included within the general
medicine pathway as a route
to diagnostic services but will
not be considered separately
within the economic
modelling.

The company’s suggested
changes include subgroups
with symptomatic or non-
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symptoms of
arrhythmia (e.g.,
patients with
cryptogenic stroke or
TIA)

Adults referred for
ambulatory ECG
monitoring in
secondary care

symptomatic adults. One
RCT and 2 non-comparative
studies were found in
asymptomatic patients.

No evidence was found in
primary care settings.

Special
considerations,
including those
related to equality

The area of skin in which
the Zio XT patch is applied
will need shaving if hair is
present. Some religions
forbid cutting or shaving
bodily hair. Zio XT Service
is not approved for
paediatric use. Religion
and age are protected
characteristics under the
Equality Act.
Contraindications are
listed the instructions for
use for Zio XT Service.

The company notes
that traditional
approaches to ECG
monitoring also
require shaving of
bodily hair for
electrode placement
on the body.

The EAC acknowledges this
note about the comparators
for Zio XT Service.

Special
considerations,
specifically related
to equality

Are there any people with
a protected characteristic
for whom this device has a
particularly
disadvantageous impact
or for whom this device
will have a
disproportionate impact on
daily living, compared with
people without that
protected characteristics?
No

None.

Are there any changes
that need to be considered
in the scope to eliminate
unlawful discrimination
and to promote equality?
No

None.

Is there anything specific
that needs to be done now
to ensure MTAC will have
relevant information to
consider equality issues
when developing
guidance? No

None.
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Cardiac arrhythmias can None.
develop in people of any
age but are more common
in people over 60 years.
Women tend to be at
higher risk of certain
arrhythmias, including
atrioventricular nodal
tachycardia, whereas men
are 3 times more likely to
develop atrial fibrillation at
any age. However, of
those people who develop
atrial fibrillation, women
have a much higher
incidence of morbidity and
mortality. Age and sex are
protected characteristics
under the Equality Act.
People whose first
language is not English or
who cannot write may not
be able to give written
information on their
symptoms while using the
Zio Service.

2 Overview of the technology

The Zio XT Service (iRhythm Technologies) consists of 3 components: the Zio
XT biosensor, the Zio ECG Utilisation Service (ZEUS) system and the Zio XT
technical report. The Zio XT biosensor is an adhesive patch with a I-Lead
ambulatory electrocardiogram (ECG) recorder. The ZEUS system is a
proprietary software platform that is used to store, analyse and sort the
recorded ECG data. The Zio XT technical report is a clinically actionable
summary of the recorded and analysed data, generated by the ZEUS system

and the Zio clinical team.

The Zio XT biosensor is a lightweight and water-resistant patch that has no
external leads or wires. The patch is attached to the left upper chest and
records a continuous beat-to-beat ECG for up to 14 days. Each patch is
intended for single-patient use. Wearers can continue with their usual daily
activities during the monitoring period and can press a trigger button on the
device when a symptom is felt. This highlights the recording for 45 seconds

before and after the button is pressed. A paper-based log should also be kept
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by the wearer to record any symptomatic events along with information on
what they were doing at the time. This allows for a symptom-rhythm

correlation to be included in the Zio technical report.

After the monitoring period, the patch is removed and returned to iRhythm via
Freepost through the Royal Mail. The recording is analysed by the artificial-
intelligence-led ZEUS system and overseen by Zio’s clinical team of
accredited cardiac physiologists. It takes between 9-12 months of training for
1 of Zio’s cardiac physiologists to become fully competent. A technical report
is produced and electronically sent to the wearer’s clinician via Zio’s secure
website. The report contains information regarding arrhythmia episodes, wear
and analysis time and events captured by the wearer. If the wearer’s clinician
has any queries regarding the technical report, they can request more
information or amendments to the report via iRhythm’s secure website. There
are no patient identifiers in or on the Zio XT patch and data cannot be

accessed if the patch was to be physically intercepted.

The main innovative aspect is the extended period of continuous monitoring
when compared to a standard Holter monitor. A standard Holter monitor is
most often used to record for 24 to 48 hours but can be used to record up to 7
days. A Holter monitor is usually worn in a pouch around the waist or neck or
carried in a pocket and has external wires. The Zio XT patch can be worn
under clothing and so may be more discreet and be less susceptible to noise
artefacts. It can also be worn in the bath or shower, allowing the wearer to go
about all of their daily activities as normal. The company claims that the Zio

XT Patch could improve patient compliance and device wear time.

The device is a Class lla CE marked device. The device was originally
approved on the 2 December 2014 and last amended on 26 November 2019.
The CE marking is valid until 26 May 2024.

iRhythm Technologies is registered with the CQC to carry out diagnostic and
screening procedures as of 25 July 2018. The CQC have not yet inspected

the service.
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3 Clinical context

Arrhythmia is described by NHS Choices as the presence of heart rhythm
problems, with main types of arrhythmia being:

e atrial fibrillation (AF) — this is the most common type, where the heart
beats irregularly and faster than normal

e supraventricular tachycardia — episodes of abnormally fast heart rate at
rest

e bradycardia — the heart beats more slowly than normal

e heart block — the heart beats more slowly than normal and can cause
people to collapse

e ventricular fibrillation — a rare, rapid and disorganised rhythm of
heartbeats that rapidly leads to loss of consciousness and sudden
death if not treated immediately

Clinical experts note that it is difficult to compare different types of arrhythmia
as most are distinct diseases with distinct pathophysiologies, syndromes and
populations. Therefore, the corresponding clinical pathways, severity of

condition and clinical outcomes may vary accordingly.

NICE defines AF as atrial tachyarrhythmia characterised by predominantly
uncoordinated atrial activation with consequent deterioration of atrial

mechanical function.

The NICE guidelines on managing atrial fibrillation and transient loss of

consciousness ('blackouts') in over 16s recommend an ECG for the first

assessment. If further assessment of possible cardiac arrhythmia is needed,
ambulatory ECG monitoring is recommended for 24 or 48 hours. The choice
of monitor depends on symptoms and symptom frequency and includes Holter

monitoring and external or implantable event recorders.

If the first 24- to 48-hour Holter monitor test does not give a clear diagnosis,
people are referred for further investigations. This can include event recording
for up to 7 days or admission to hospital for more invasive options, such as

fitting an implantable event recorder.
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NHS Choices states that the most effective way to detect arrhythmia is using
an ECG. If the ECG does not detect arrhythmia, further monitoring may be
carried out using a Holter device for 24 hours or longer. Other tests mentioned

include:

e cardiac event recorder (CER)
e electrophysiological (EP) study
e echocardiogram

The Holter monitor is the method most commonly used in the NHS for
detecting arrhythmia. Holter monitors continuously record the heart rhythm
using several electrode patches, which are stuck on the user's chest. The
ECG signals are recorded to a portable machine. As with the Zio XT patch,
the user can press a button on the front of the recording machine to highlight
when they experienced symptoms. Holter monitoring is used for 24 to 48
hours for people who have regular symptoms or can be used for up to 7 days
for people with symptoms that happen less often, such as if they only have

arrhythmia every 3 to 4 days. Results are analysed by a cardiac physiologist.

Draft NICE guidance (published January 2020, due to be finalised in May

2020) recommends that an implantable cardiac monitor (the Reveal LINQ
monitor) should be used to detect AF after cryptogenic stroke if cause of

stroke is still unknown after ECG.

Experts also mentioned European Society of Cardiology (ESC) syncope

quidelines and ESC Ventricular Arrhythmias and the Prevention of Sudden

Cardiac Death guidelines. These guidelines are in line with the NICE

guidelines regarding management of arrhythmias.

The company describes 3 clinical pathways for the referral and clinical
management for patients undergoing cardiac diagnostic ambulatory
monitoring in the Cardiology, Stroke and General Medicine clinical services.
The EAC believes that the company has appropriately described the current
clinical context as per NHS and NICE guidelines outlined above describing

the 24-hour Holter (or if appropriate a longer term 7-day Holter or event
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recorder) as the main method of carrying out ambulatory monitoring. The
company has validated the pathways described with appropriate UK
healthcare professionals. The pathways described are in line with NICE

guidelines.

Special considerations, including issues related to equality and
improving access

The company notes that applying the Zio Patch may require shaving of body
hair, noting that some religions forbid cutting or shaving body hair. The
company notes that traditional approaches to ECG monitoring also require

shaving of bodily hair for electrode placement.

The company submission states that Zio XT Service may streamline the
patient pathway and improve access to ambulatory ECG monitoring among
hard-to-reach populations (people living in rural areas and those who have
difficulties attending hospital appointments). The biosensor can be placed at
the first appointment so patients theoretically would not have to return to have
a separate monitor fitting. Patients return the Zio XT biosensor by post, so do
not have to return the monitor to the hospital when the monitoring period is
over. The extended length of wear time (up to 14 days) and potential
increased diagnostic yield may minimise the number of appointments for
repeat tests. This issue was discussed within the NICE technical engagement
meeting. One clinical expert noted that there was an ongoing UK regional

study using the Zio XT Service in a rural population.

Zio XT Service may improve access for populations that are less able to
attend hospital appointments, but further published evidence specifically into

these populations would be helpful to support this assumption.

4 Clinical and economic evidence selection

4.1 Evidence search strategy and study selection
The EAC considered the company’s search strategies to be thorough and

appropriate for the topic. However, the EAC ran a new search, which was
designed to identify all records relating to the device specifically. The EAC
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searched for the name of the device (“Zio” and variants) in a variety of
databases and did not limit the results by population, comparator or outcome.
There was no separate search for economic evidence; the results from the

clinical evidence search were filtered in EndNote and reviewed separately.

The database searches revealed 729 records and following deduplication
there were 533 records, in addition to 22 studies from the company’s clinical
submission and 9 other studies from the systematic review by Yenikomshian
et al. (2019). The titles and abstracts of these records were evaluated by 2
reviewers and sifted for relevance. Following the first sift there were 54
records remaining. The full-text versions of the 54 remaining records were
sifted against the inclusion and exclusion criteria and following this second
sift, 30 studies were included (including 13 abstracts). The full search
strategies and a PRISMA flow diagram is included in Appendix A. The
company included studies on a wide range of ambulatory cardiac monitors
and was not specific to Zio XT Service. The EAC only included evidence with
Zio XT Service as an intervention. Otherwise the EAC considered the
company’s inclusion and exclusion criteria to be appropriate given the broad

scope.

In its clinical submission, the company included 22 studies that included Zio
XT Service as an intervention and were reported as fulltext; the EAC included
16 out of these 22 studies. One further study reported as fulltext was added
by the EAC (Rho et al. 2018). The EAC excluded 6 studies from the
company’s selection due to population and/or outcomes not being relevant to
the decision problem (Camm et al. 2015, Chen et al. 2015, Hannun et al.
2019, Lutsey et al. 2016, Mullis et al. 2019, Muse et al. 2018). The EAC
conducted its own search for economic evidence (see Appendix A) to confirm
no relevant papers had been missed out. Following application of cost and
economic filters, the EAC searches retrieved 36 abstracts related to economic

evidence.

4.2 Included and excluded clinical studies
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Table 2 Clinical studies selected by the EAC as the evidence base

Comparative, published as fulltext

Study name
and location

Barrett (2014)
us

Design and
intervention(s)
(including versions)
Prospective within-
participant study
comparing 14-day Zio
XT Service with 24-
hour Holter recording

Partly funded by
company.

Zio XT Service ®

24-hour Holter

monitoring ®

Participants and setting

150 adult patients: 146 completed
(4 were lost to follow-up, 3 in the
Zio XT Service and 1 in the Holter
monitoring group)

Recruited between April 2012 and
July 2012

Patients enrolled for being under
evaluation for cardiac arrhythmia
(supraventricular tachycardia (>4
beats, not including atrial
fibrillation or flutter), atrial
fibrillation/flutter (>4 beats), pause
>3 seconds, atrioventricular block
(Mobitz type Il or third-degree
atrioventricular block), ventricular
tachycardia (>4 beats), or
polymorphic ventricular
tachycardia/ventricular fibrillation).

All patients wore both devices for
the first 24 hours and then
continued with Zio Patch.
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Outcomes

Primary:

Arrhythmia event detection over total

wear time:
Zio XT Service: 96
24-hour Holter: 61
(p <0.001)

Holter detected 61 arrhythmia events
while Zio Patch detected 96. Sixty events
were detected by both Holter monitor and
Zio Patch. Zio Patch detected 36 events

that went undetected by the Holter
monitor primarily as a function of
prolonged monitoring.

Secondary:

Arrhythmia event detection at 24 hours:

Zio Service: 52
24-hour Holter: 61
(p =0.013).

Median wear time:

Holter monitor 1.0 days (range, 0.9— 1.0)
Zio Patch 11.1 days (range, 0.9-14.0)
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EAC Comments

Some participants had pre-
existing arrhythmias and were
referred for reasons other than
symptomatic arrhythmia.

Six types of arrhythmia were
included within the study with no
breakdown.

Calculation by authors suggests
study was adequately powered.

The company partly funded the
study.


https://www.ncbi.nlm.nih.gov/pubmed/24384108

41.8% men, median age 64 years
(range 22-94)

93.7% (134/143) participants found the
monitoring patch comfortable to wear as
opposed to 51.7% (74/143) for the Holter

monitor.
Single centre (US hospital). ®
[
Eysenck Prospective within- 21 Participants with DDDRP UK study
(2019) participant PPMs (Dual Chamber Rate AF burden (R? compared with DDDRP
randomised trial Adaptive Permanent PPMs, MSE): Small population, high
UK comparing 14-day Zio = Pacemakers) of various brands percentage males, high mean

Service (and 3 other
external ambulatory
ECG monitors) with

18 participants had Paroxysmal
AF and 3 had persistent AF

R-test: 0.029, 1556.1
Zio: 0.99, 0.24

age

Randomised order of devices.

permanent
pacemakers Detection accuracy (OR, Wald ClI, p): Primary outcome is AF burden,
. _ 76.2% men, mean age 75 + 7 _ but this is only reported via fit-
Zio XT Service ®, yoirg Zio vs R-test:12.3, 1.4 10 110.3, p = olots, limited data is reported
0.025 (Zio was superior to the Novacor R . .
Test usi K the ref numerically in the paper.
Comparators Participants wore 4 devices in est using pacemakers as the reference

Novacor R-test'
(clinical standard)

Pacemaker (gold

random order (all for 14-day
period)

Minimum of 7-day break between
each device

standard comparator)

Patient Satisfaction:

No significant difference between Zio and

R-test in discomfort scores (VAS)

The statistical analyses may not
be appropriate. Bland-Altman
tests may be more appropriate
than R-test analyses.

Patients all had pacemakers of

Single Centre (UK hospital)

standard) Mean Patient Time Expenditure (total

time spent travelling to and from hospital,
attending appointments and waiting for
device return):

varying brands, first study to
compare pacemakers to

Partly funded by external monitors.

iRhythm

' ECG event recorder monitor test, used for 2 weeks. The standard used at the study setting was the Novacor R Test.
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https://link.springer.com/article/10.1007/s10840-019-00515-0
https://link.springer.com/article/10.1007/s10840-019-00515-0

Kaura (2019)
UK

Mean Patient Wear
Time:

Zio: 307 (95% CI
284.63 to 340.32)
hours

R-test: 223.6 (95% ClI
178.43 to 268.31)
hours

(p=0.016)

RCT comparing 14-
day Zio Service with
24-hour Holter
recording.

Funded by an
independent research
grant. Company
provided support but
was not involved in
study design or
conduct of trial.

Zio XT Service @

116 randomised adult patients: 90
patients completed 90 days follow

up

Inclusion: an ischaemic non-
lacunar stroke or TIA within the
past 72 h by a stroke physician or
neurologist

Recruited between February 2016
and February 2017

All patients enrolled within 72
hours of TIA or ischemic stroke
event
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Zio: 26.5 min (95% CI 20.1-36.0)
R-test: 53 min
(p<0.0001)

Total costs:
Zio significantly more expensive than R-

test (p<0.0001)

Detection of paroxysmal atrial fibrillation
(PAF) with duration = 30s at 90 days:
Zio Service: 7 (16.3%)

24-hour Holter: 1 (2.1%)

Detection of PAF with duration = 30s at
28 days:

Zio Service: 6 (14.0%)

24-hour Holter: 1 (2.1%)

Anticoagulation use at 90 days:
Zio Service: 7 (16.3%)
24-hour Holter: 1 (2.1%)

Second ischaemic stroke or TIA at 90

days:
Zio Service: 1 (2.3%)
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This may limit generalisability,
due to other cardiac pathology
and did not allow assessment of
external ambulatory monitors in
‘healthy’ individuals.

Authors note that the Novacor R
Test is the current standard
practice device for their Trust in
AF burden assessment.

The company partly funded the
study.

Definition of AF unclear.
UK RCT.

High participant drop out rate
(20%), primarily due to patient
refusal for outpatient Holter
monitor placement. Experts note
that there may be high
refusal/drop out for Holter
monitoring (although some
noted that this rate appears
particularly high). It is unclear if
this rate is typical of the clinical
setting.

This study did not directly
compare alternative extended
monitoring systems like


https://www.ncbi.nlm.nih.gov/pubmed/31349792

Rosenberg
(2013)

us
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24-hour Holter
monitoring ®

Mean Zio wear time:
11 days 16 hours (SD
+3.7 days).

One UK NHSFT
across 2 sites

Prospective within
participant study
comparing 14-day Zio
XT Service with 24-
hour Holter recording

Partly funded by
research grant from
company.

Zio XT Service @

24-hour Holter

monitoring ®

55 men, 35 women, mean age
70.4 £ 13.2 years

75 adult participants enrolled: 74
completed

Inclusion: Patients being
managed for AF

All patients were taking

medication (beta blockers,
calcium channel blockers,
antiarrhythmic medication)

Recruited between April 2011 and

May 2012

All patients wore both devices for
the first 24 hours and then
continued with Zio Patch.

24-hour Holter: 1 (2.1%)

Mortality at 90 days:
Zio Service: 1 (2.3%)
24-hour Holter: 0 (0)

Economic modelling: Zio XT Service
would result in 10.8 strokes avoided per
year compared with Holter monitoring.
Yearly saving in direct medical costs of
£113,630, increasing to £162,491 over 5
years.

Agreement during the 24-hour period

All 25 AF episodes recorded on the 24-
hour Holter were identified by the Zio XT
Service).

Mean AF burden:

Zio XT Service: 54.7 + 41.2%
Holter: 58.4 + 42.7%
Correlation r = 0.82, p < 0.0001
Over total wear time:

There was significant agreement

between the two devices (kappa 0.49 £
0.08, P <0.01).
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implantable loop recorders.
Authors chose short-duration
Holter monitoring as a suitable
comparator to the Zio XT
Service to reflect current clinical
practice and for real-world
feasibility.

Calculation by authors suggests
study was adequately powered,

however an independent power

calculation by the EAC suggests
it was underpowered (0.56) due

to high drop out rate.

Pilot study with relatively small
sample size. No power
calculation reported.

The two groups are described
as comparable, but statistical
significance quoted as p<0.0001

Investigators reading the Zio
Patch were blinded to the
reports of the 24-hour Holter
monitor.

Because the study is within
participant, the change in AF
classification and management
solely due to Zio XT Service is



https://www.ncbi.nlm.nih.gov/pubmed/23240827
https://www.ncbi.nlm.nih.gov/pubmed/23240827
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Single centre (US
hospital)

Zio mean wear time
10.8 + 2.8 days

41 men, 33 women, mean age
64.5 £+ 8.1 years

Median time to detection of first event
with Zio Patch: 3.7 days. 90% detected
by day 7.

28.4% of patients had their management
changed as a result of the study: 17.3%
had change in their antiarrhythmic
medication, 5.3% changed oral
anticoagulant use.

Mean Zio Patch wear time: 10.8 + 2.8

days
®
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unclear. The authors do,
however, indicate that 28.4% of
patients had a change in their
clinical management “as a result
of findings from the Zio Patch”.

Partly funded by company.




Non-comparative, published as fulltext

Eisenberg
(2014)

us
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Retrospective cohort
study

No conflicts of interest
for the published
content

Not funded by
company

Zio XT Service ®

No comparator ®

524 consecutive patients referred
to an academic electrophysiology
practice between May 2010 and
January 2013

44% men, mean age 56.7 + 20.2

Patients wore the patch for an
average of 7 days (0.33-14, SD
2.6 days).

Patients referred for monitoring:
most common indication for
monitoring was surveillance for
any unspecified arrhythmia or
palpitations (47%), followed by
known or suspected AF (30%),
syncope (8%), bradycardia
surveillance (4%),
tachyarrhythmia surveillance
(5%), and chest pain (2%)

Arrhythmia detected in 99.5% of patients:

most common was ventricular premature
contraction (93%).

57% had significant arrhythmias: most
common being supraventricular
tachycardia in 231 patients (44%),
followed by atrial fibrillation/flutter in 105
patients (20%), and non-sustained
ventricular tachycardia in 79 patients
(15%).

Over one-third of initial arrhythmias were
recorded after 48 hours.

The majority of AF episodes (62%) were
asymptomatic. Patient-reported
symptoms did not correlate with
arrhythmias, including AF, in half of all
symptom recordings.
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No comparator.

Highly selective population
referred for arrhythmia
consultation and management.
The high yield of arrhythmia
detection may not be applicable
to a broader population.



http://www.innovationsincrm.com/cardiac-rhythm-management/2014/november/654-results-of-a-large-single-center-experience
http://www.innovationsincrm.com/cardiac-rhythm-management/2014/november/654-results-of-a-large-single-center-experience

Go (2018)
us
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Retrospective cohort
study

Study was supported
by a research grant
from company

Zio XT Service @

No comparator ®

Analysable wear time:
14 [11-14] days

1,965 adults with confirmed PAF
55% men, mean age 69+11.8
October 2011 and October 2016

Two US integrated health care
systems

Median burden of AF: 4.4% (IQR,1.1% to
17.23%).

AF burden greater than 11.4% led to a
more than three-fold increase of stroke or
thromboembolism

(AF burden calculated: Incidence of
thromboembolism while not taking
anticoagulants was calculated over 1915
person-years of follow up: 1.51 per 100
person years. This was then stratified by
AF burden and adjusted for ATRIA and
CHA2DS2VASC score).

No association between the duration of

the longest AF episode and the risk of
stroke.
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No comparator.

Study sample had confirmed
PAF, which may limit
generalisability to populations
with suspected arrhythmia.



https://www.ncbi.nlm.nih.gov/pubmed/29799942

Heckbert
(2018)

us
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Prospective, non-
comparative cohort
study

Funded by research
grant

Zio XT Service @

No comparator.

1122 participants wore the device
for 14 days and 580 wore 2
devices in separate 14-day
periods

Overall mean agewas 75+ 8
years

Mean time between devices was
23 + 13 days.

A subset of participants with

atherosclerosis from a study of 6
US centres

Median monitoring duration was 13.8
days (IQR 13.2-14.0).

New AF was detected in 32 (4%) of
participants with 212 days of monitoring.

The agreement for detection vs no
detection of AF between 2 monitoring
periods was Kappa 0.85 (95% CI: 0.75 —
0.94)
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No comparator.

Time between devices could
lead to missed arrhythmias.



https://www.sciencedirect.com/science/article/pii/S002207361830400X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S002207361830400X?via%3Dihub

Reed (2018)
UK

Prospective pilot
study with a
retrospective
unmatched cohort

Company provided
Zio XT Service

Zio XT Service ®

No comparator.

86 participants aged 16 years or = 90-day diagnostic yield for symptomatic
over presenting with unexplained  significant arrhythmia was 10.5% in the
syncope at an emergency prospective group

department within 6 hours of an vs 2.0% in the comparator group
episode wore Zio patches for up

to 14-days Median time to clinical detection of
symptomatic significant arrhythmia was
Recruited between November 19 days (IQR 4-30 days)

2015 and June 2017
91% of respondents to a patient

76 patients returned their Zio questionnaire agreed or strongly agreed
patches that the device was easy to use.

A retrospective cohort of 603 40% indicated that the patch caused skin
unmatched patients from a irritation

previous study of 1067 people
with no obvious diagnosis in the
emergency department, followed
up for 90 days were also included

Single UK emergency department
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No comparator.

Patients aged 16 and 17
included in study

Underpowered for secondary
outcomes (required 85 patients
to reach primary endpoint with
80% power but only 76 patients
returned monitors)



https://emj.bmj.com/content/35/8/477.abstract
https://emj.bmj.com/content/35/8/477.abstract

Rho (2018) Prospective within 30 consecutive adult patients A total of 86.7 £ 0.6 arrhythmias were The patient sample size is small.
participant study referred to a community recorded by Zio-XT and 121.7 £ 2.1 from
us comparing Zio Service @ cardiology CAM, p<0.001 Comparator is not current
with Carnation practice were enrolled, 29 pathway.
Ambulatory completed The ECG clarity was ranked as high in all
Monitoring, CAM 29 CAMs reports (100%) and To minimise unintended bias in
66.6% men, mean age 73.1 £ 7.1  on 4.5 (16%) of the Zio-XT reports comparisons, data was
Not funded by years (average of the 2 electrophysiologist independently reviewed the data
company reviewers), p<0.001 in separate scrambled sets for
Patients were asked to wear both each device.
Zio XT Service @ devices for 7 days
®
Carnation Ambulatory ®
Monitoring, CAM o
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https://www.ncbi.nlm.nih.gov/pubmed/30072027

Schreiber

(2014)
us

Prospective
observational study of
Zio Service

Partly funded by
research grant from
company.

Zio service ®

No comparator o

174 adult participants with
suspected arrhythmia

Recruited between February 2011
and February 2012

All participants wore 14-day Zio
Patch

45% men, mean age 52.2 £ 21.0
years

Three US emergency
departments
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98 arrhythmia events detected over 6.9
days (median device wear time)

Diagnostic yield (percentage of all
patients who had a triggered event
without any arrhythmia found or who had
a significant symptomatic arrhythmia
detected): 63.2%

53.4% of patients who pressed the event
button did not have any arrhythmia at the
time

Median time to first arrhythmia was 1.0
days

Median time-to-first symptomatic event
was 1.5 days.

Median time to event for some types of
arrhythmia was 5.8 days.
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No comparator.

Intervention was only 7 days —
relatively short compared with
other studies.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3966438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3966438/

Schultz (2019)
us
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Retrospective cohort
study comparing Zio

XT Service data from
different time periods
of use

No funding received

Zio XT Service @

No comparator o

314 adults with congenital heart
disease

39% men, median age 31 (25-41)

years

June 2013 to May 2016
Mean wear time was 9.5 + 4.1
days

Single centre

156 patients showed a significant
arrhythmia, 72 of those (46%) were
during the first 48 hours.

For total arrhythmias, arrhythmia
incidence continued to increase over
time: 15% at 1 day, 23% at 2 days, 39%
at 5 days, 47% at 7 days, 52% at 10
days, and 62% at 14 days.

A clinical management change based on

an arrhythmia was made in 49 patients
(16%) following Zio XT Service use.
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Patients acted as their own
controls, comparing the first 48
hours of Zio XT Service to the
full 14-day recording.

There may have been some
selection bias, with standard
monitors being used when
providers required real-time
notification of dangerous
arrhythmias.

Patient management decisions
were made by individual
providers so variations in
practice may be present.



https://www.ncbi.nlm.nih.gov/pubmed/30604934

Steinhubl
(2018)

us

Prospective matched
cohort study

Zio XT Service
o

Participants were
randomised to
immediate monitoring
with Zio or delayed
monitoring 4 months
after enrolling

1738 adults suspected of having
undiagnosed AF were
randomised to an immediate or
delayed (by 4 months) Zio XT
Service intervention group. 3476
matched controls were included in
the observational trial

Inclusion: aged 75 or older, or

male aged 55 or over with 1 or
more comorbidities, or female

aged 65 or over with 1 or more
comorbidities

November 2015 to October 2016,
follow up until January 2018
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New AF detected within 4 months in
3.9% of immediately monitored patients
and 0.9% of patients in whom monitoring
was delayed (absolute difference, 3.0%
[95%CI, 1.8%-4.1%.])

Active monitoring associated with:
Increased initiation of anticoagulants (5.7
vs 3.7 per 100 person-years;

difference, 2.0 [95% ClI, 1.9-2.2]),

Outpatient cardiology visits (33.5 vs 26.0
per 100 person years;

difference, 7.5 [95% CI, 7.2-7.9),
Primary care visits (83.5 vs 82.6 per 100

person-years;
difference,0.9 [95% Cl,0.4-1.5])
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No comparator

Limited number of eligible
individuals invited successfully
enrolled (2.6%).

38% drop out rate. Reasons for
drop out unclear.

Little information provided about
the matched cohort group.

Clinical outcome data were not
included in this analysis but will
be reported when the planned 3-
year follow-up is complete.



https://jamanetwork.com/journals/jama/fullarticle/2687353
https://jamanetwork.com/journals/jama/fullarticle/2687353

Solomon

(2016)
us

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias

Date: January 2020

Retrospective cohort
study

Zio Service o

No comparator.

Funded by the
company

Investigators were
employees of the
company

122,815 Zio recordings from
122,454 patients between
November 2011 and December
2013.

53% women, 48.8% < 65 years

Mean Wear Time 9.6 + 4.0 days

25% of monitors worn for >13.0 days.

High risk arrhythmia detected in 20,685

adults (21.7%)

Ventricular arrhythmias: 52.5% detected
in the first 24 hours and 92.9% were

identified by day 7.

The differences in diagnostic yield

between 2 and 7 days for both ventricular
arrhythmias and bradyarrhythmias were

statistically significant (p<0.01).

Median time-to-first event was between
22 and 74 hours depending on type of

arrhythmia
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No comparator.
Large retrospective population.

No follow up on clinical
outcomes.

A quarter of patients did not
wear the patch for the full 7
days, limiting data for analysis.

No information if data from this
population has been used in any
other studies. The population of
122,454 patients is taken from
all the Zio XT Service long-term
continuous monitors prescribed
from November 2011 to
December 2013 (N=128,401),
so there may be overlap.

Company sponsored the study.



https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-016-0210-x
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-016-0210-x

Tung (2015)
us
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Retrospective cohort
study

Zio XT Service ®

No comparator.

Study received grant
support from company

1171 reports of patients with a
history of stroke or TIA

January 2012 to June 2013

55% men, mean age 67.9 years

Data from company database

Mean wear time 10.9 days, analysable
time 98.7%

Median wear time 13.0 days (IQR 7.2 —
14.0)

66.9% wore the monitor for >10 days.

AF present in 5% of all reports at 14 days
(4.4% PAF and 0.6% chronic AF).

Highest rate of AF detection in the first
days of monitoring and a marked decline
in the yield of AF detection during the
second week.

Mean duration before first PAF 1.5 days

14.3% of first PAF occurred after 48
hours
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No comparator
No further patient characteristics

No record of the number of
patients, only reports

AF detection is relatively low,
authors note that current study
likely consisted of a more
heterogeneous stroke and TIA
population.

Variation in monitoring duration
may also have contributed to
differences in the detection rate
of AF.



https://www.ncbi.nlm.nih.gov/pubmed/25628595

Turakhia

(2013)
us
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Retrospective cohort
study

Zio XT Service ®

No comparator.

One author is the
founder of the
company. The study
received a grant from
the company.

26751 consecutive patients fitted
with a Zio XT Patch

Data from company database
Data from patients receiving their
first-time patches were analysed.
Data for repeated or subsequent
patch monitoring was excluded.

January 2011 to December 2011

45.5% men, 60.2 £ 18.7 years

Mean wear time was 7.6 — 3.6 days

Mean time to:

first arrhythmia = 1.7+£2.2 first symptom-
triggered arrhythmias = 3.0+2.9 days
respectively

29.9% of first arrhythmias and 51.1% of
first symptom-triggered arrhythmias
occurred >48 hours after monitoring
started.

Diagnostic yield: first 48 hours of
monitoring versus entire Zio Patch wear
duration:
- any arrhythmia (43.9% vs 62.2%,
p <0.0001)
- symptomatic arrhythmia (9.7% vs
4.4%, p <0.0001).

Single and multiple arrhythmias were
detected in 16,142 (60.3%) of patients.
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No comparator.
Large sample size.

Some parameters were not
analysed statistically, for
example, whether the diagnostic
yields were different between
early and late monitoring.

Patients' clinical backgrounds
differed.

Some of the arrhythmias
detected may not have been
clinically significant because of
their short duration.

The company supported the
study through a grant.

The mean wear time was short
compared with other studies,
possibly because of clinicians
prescribing different monitoring
durations.



https://www.ncbi.nlm.nih.gov/pubmed/23672988
https://www.ncbi.nlm.nih.gov/pubmed/23672988

Turakhia

(2015)
us

Prospective cohort
study

Zio Service o

No comparator.

Company provided
Zio XT Service

79 participants enrolled: 75
completed

100% men, mean age 69 years.

Inclusion criteria: age 255 years
and 22 of coronary disease, heart
failure, hypertension, diabetes,
sleep apnoea. Patients with prior
AF, stroke, TIA, implantable
pacemaker or defibrillator, or with
palpitations or syncope in the
previous year were excluded. 75
patients completed the
monitoring.

Single centre
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Overall, any arrhythmia of 28
consecutive beats was detected in 36
subjects (48%); 18 subjects (24%) had
no arrhythmias.

Atrial fibrillation was detected in 4
subjects (5.3%; all with CHADS221 and
CHA2DS2-VASc score 22). All 4
patients who were detected with AF had
21 episode in the first 48 hours, and 3 of
4 experienced the longest episode after
the first 48 hours of monitoring. An
additional 26 participants (35%)
experienced an initial arrhythmia other
than AF after the first 48 hours.

No subjects reported symptoms during
AF episodes.
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No comparator.

All participants were male,
which may limit the
generalisability to women.

The sample size of this study

was underpowered to evaluate
individual risk factors or create
risk models for detection of AF.



https://www.ncbi.nlm.nih.gov/pubmed/25873476
https://www.ncbi.nlm.nih.gov/pubmed/25873476

Wineinger
(2019)

us
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Retrospective cohort
study

Zio Service ®

No comparator.

12293 individuals with PAF
referred for extended cardiac
rhythm evaluation

60% men, average age 69 years

Data from company database

November 2014 to September
2016

Median daily rate of paroxysmal AF was
1.21 (IQR 0.31 to 4.95).

13% of patients averaged 1 PAF event
every 2 hours, 6.5% averaged at least 1
PAF event each hour and 13.5%
experienced only a single event.

Average duration was 1.6 minutes
(median 2 minutes IQR 54 s to 6.7
minutes).

After 24 hours of monitoring, 49.4% of
patients with PAF had experienced an
event with this increasing to 63.1% after
48 hours of monitoring.
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The authors note an inability to
relate the subtypes of PAF to
meaningful clinical risk factors
and outcomes.

The lack of clinical data and
subsequent follow-up did not
allow us to assess differences in
stroke occurrence.

Clinical validation tied to AF-
related outcomes is needed.

Data from company’s database.
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Abstracts

Agarwal Retrospective cohort
(2015) study
Zio Service ®

No comparator.
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237, 69 to 89 years old, 54.9%
women

The setting was the US national
Institutes of Health
Atherosclerosis Risk in
Communities (ARIC) Study
population

Mean (SD) wear time 13.0 (2.3) days.

6% (n=14) had AF (7 with 100%
frequency burden, 1 with <1% burden, 6
with 1-3% burden).

Nearly all participants had at least one
premature atrial complex (PAC) (96.6%,
frequency burden - median (IQR) = 0.2%
(0.1% to 0.8%), or one PVC (94.5%,
frequency burden - median (IQR) = 0.1%
(0.0% to 0.5%).

Pauses lasting >3 seconds were

recorded in 3.8% (n=9), SVTs in 85.3%
(n=203), and VTs in 26.9% (n = 64).
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Published as abstract,
therefore limited information.

No comparator.

Country of origin unclear.
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Chandratheva

(2017)
UK
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Prospective cohort
study comparing Zio
XT Service with 72-
hour Holter monitoring

Zio service o

Apoplex, E Patch and
72-hour Holter

monitoring ®

80 patients, (60%) men, mean
age 61.4 years (SD14.4)

Twenty had 72-hour Holter, 20
Zio Patch, 20, 3-day E-patch, 20
had in-clinic monitoring using
Apoplex.

UK hospital
®

Average time to device placement from
clinic (days): Holter 54, Zio Patch 0.2, E-
patch1, Apoplex 1.

Time to reporting from device placement
(days): Holter 13.4, Zio Patch 15.6, E-
patch 9.5, Apoplex 1.2.

Time to reporting from clinic date in days
was significantly shorter for both Zio
Patch 15.0 (SD 4.6) and E-Patch 11

(SD8.9) vs Holter 64.3 (SD26.9), p<0.01.

AF was detected in four patients, Zio: 1
(5%), E-patch:2(10%), Apoplex:1(5%),
Holter 0.
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UK study.

Published as abstract,
therefore limited information.

Time wearing Holter monitor
was longer than other studies
(72 hours)
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Ghosh (2018)
UK
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Prospective cohort
study comparing Zio
XT Service with 24-
hour Holter monitoring

Zio service o

24-hour Holter

monitoring ®

30 patients with minor stroke or
TIA were recruited from a TIA
Clinic

UK hospital

AF was detected in 1 patient using Zio
XT and none on the Holter.

Patients waited a median of 59 days for
the Holter (range 14-102days).

Investigations were completed for 29
patients using Zio XT compared to 18
from Holter.

All Zio XT reports were available in clinic
compared to 6 from the Holter.

Cost of the investigation plus follow up

was £367 and £440 for a Holter and Zio
XT respectively.
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UK study.

Sample characteristics (age,
sex) unclear.

Median wait for Zio XT Service
unreported.

No statistical analyses were
reported.

Published as abstract,
therefore limited information.
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Hall (2019)
UK
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Prospective cohort
study comparing
patient experience
using Zio XT Service
with 24-hour Holter
monitoring

Zio XT Service @

Bardy
Technomed
Holter (Spacelabs)

monitoring ®

250 randomly selected adults
from cardiology clinic: 202
completed

October 2018 to February 2019

No exclusions were made with
regards to age, gender or reason
for referral

Technomed, Zio and Spacelabs
were fitted to 50 patients, and
Bardy were fitted to 100

Results demonstrated significant
differences between all four devices
when comparing the size and shape,
comfort, practicality and returning
method, p < 0.0001

Differences were significant between the
Holter monitor and the three patch
devices. There were no significant
differences between Zio, Bardy and
Technomed.
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UK study.

Published as abstract,
therefore limited information.
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Keibel (2015)
us
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Retrospective cohort
study

Zio XT Service ®

No comparator.

68 patients with prior syncopal
history, 29% men, mean age 52
(range 16-102).

December 2010 to November
2014

Academic cardiology practice

Average monitoring period was 7d 10hrs
(range 2d 9hrs to 14d).

12 arrhythmias were captured in 5
patients (4 patients with 1 arrhythmia, 1
patient with 8).

Two hundred and twenty-two triggers
(3.3 per patient, range 0-33) and 120
diary entries (1.8 per patient, range 0-8)
were recorded.

There were 45 diary entries for pre-
syncope and none for syncope. None of
the triggers or documented symptoms

correlated with the captured arrhythmias.
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Published as abstract,
therefore limited information.

No comparator.
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Malhotra

(2018)
UK
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Prospective cohort
study

Zio XT Service ®

No comparator.

119 athletes (112 completed)
were instructed to wear a Zio
patch following reporting
arrhythmia symptoms

79 men, mean age 33.38 +/-
14.78 years)

Mean period of 11.17+/-3.89 days.

4% of abnormalities were detected within
24 hours, 9% between 24-48 hours and
87% after 48 hours.

Of 89 individuals who did not have any
abnormities detected in the first 24 hours,
37% had abnormalities detected after 24
hours of monitoring.

Of 85 individuals whom did not have any
abnormities detected before 48 hours,
41% had abnormalities detected after 48
hours of monitoring
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UK study.

Published as abstract,
therefore limited information.

No comparator.

Symptomatic athletes — an
atypical study population.
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Miller (2014)
us

Norby 2018
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Prospective cohort
study comparing
patient experience
using Zio XT Service
with 24-hour Holter
monitoring

Zio XT Service ®

24-hour Holter

monitoring ®

Retrospective cohort
study

Zio XT Service @

No comparator.

172 consecutive patients
receiving ambulatory ECG
monitoring for suspected
arrhythmia

Age 66 +/- 15 years

86 received Zio, 86 received 24-
hour Holter monitoring

2010-2011

2260 adults (mean age, 79 £ 5
years; 58% female) from larger
study (into atherosclerosis)

Zio XT Patch worn = 2 days and
up to 14 days in 2016-2017.

AF defined as an irregularly
irregular rhythm with absent P
waves lasting 230 seconds in
participants without clinical AF

Primary outcome:

Frequency of atrial fibrillation (AF)
detection was greater with Zio patch
monitoring, compared to Holter, in all
patients (24.4% vs. 4.7%, P<0.0001) and
in subgroups of patients without a history
of permanent AF (16.7% vs. 3.5%,
P=0.005) or without
permanent/persistent AF (14.1% vs.
2.6%, p=0.01).

Secondary outcomes:

No difference in frequency of medication
changes, invasive arrhythmia treatment,
repeat monitoring, or hospitalisation

[
Mean analysable wear time: 12.5 days
AF was detected in 181 (8.1%)

participants using the Zio XT Patch and
82 (3.6%) had subclinical AF
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Published as abstract,
therefore limited information.

Prospective comparative
study. Consecutive sampling.

No difference in frequency of
medication changes, invasive
arrhythmia treatment, repeat
monitoring, or hospitalisation at
one year. No statistics are
reported for this.

Published as abstract,
therefore limited information.



https://www.sciencedirect.com/science/article/pii/S1547527114003117?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1547527118302480

Salazar 2011

us

Sattar (2012)

Prospective cohort
study

Zio Service ®

No comparator.

Prospective cohort
study

Zio Service ®

No comparator.

48 patients, mean age 54 +/- 18
years and 44% men with the
following indications:
palpitations/bradycardia/ syncope
or surveillance of atrial fibrillation
burden post ablation.

135 patients - 65 males (48%),
mean age 48.6 years who
presented at an emergency
department with suspected
arrhythmia

February to October 2011

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias
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Mean monitoring interval was 4.6 +/- 1.7
days

Symptomatic or asymptomatic
arrhythmias were reported in 83% of all
patients.

The average number of patient triggered
events was 7 +/- 11 and 66% correlated
to an arrhythmia episode. There were an
average of 3 +/- 2 diary entries and 48%
were associated with an arrhythmia.

Average device wear time was 6.1 days
(95%Cl 5.8-6.4; max 14 days).

51 (38%) had 21 significant arrhythmia
and 7 (13.7%) were symptomatic at the
time.

Average time to first arrhythmia episode
was 1.8 days (95%CI 1.6-2.0; max 9.8

days) and first symptomatic arrhythmia
2.1 days (95%CI 1.8-2.4; max 8.6 days).

44 of 156

Published as abstract,
therefore limited information.

Published as abstract,
therefore limited information.
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Su (2014)
us
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Prospective-
retrospective study
design

Zio service ®

24-hour Holter

monitoring ®

303 patients: 150 patients using
Zio XT Service were compared
with a retrospective cohort of 153
patients who had used Holter
monitoring

US cardiology referral centre

Interim analysis of use of the Zio Patch
shows significantly decreased time from
appointment to report in hospital
information system from 119 days to 29
days
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Published as abstract,
therefore limited information.
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Turakhia

(2012)
us
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Retrospective cohort
study

Zio Service ®

No comparator.

18,236 consecutive patients
wearing first-time 14-day
ambulatory ECG Zio patch
monitors

Mean age 60+/-18 years; 46%
men.

October 2010 to October 2011

National registry of ambulatory
ECG data

Mean wear time was 7.1+/-3.3 days

Arrhythmias were identified in 64% of
patients.

After adjustment for age, women
compared to men were more likely to
have SVT detected (OR 1.30, p<0.001)
than any of the other arrhythmias (OR
0.50, p<0.001 for all).

Excluding patients with chronic AF, the
mean time to first arrhythmia and first
symptom-triggered arrhythmia from the
start of monitoring was 40+/-51 hours
and 66+/-64 hours.

27.6% of first arrhythmias and 41.9% of
first symptom-triggered arrhythmias
occurred beyond 48 hours from the start
of monitoring.
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Published as abstract,
therefore limited information.
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Ullal (2013)
us
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Prospective cohort
study

Zio Service ®

No comparator.

57 patients (age 68 +/- 7.4 years,
100% men)

May 2012 to January 2013

Outpatient clinics in a US health
system

AF was detected in 3 patients (5.7%),
who had a mean AF burden of 4.2%.

Common asymptomatic arrhythmias
detected were SVT of >= 4 beats (N=37;
70%), >= 8 beats (N=24; 45%), and >=
60 seconds (N=4, 7.5%). Asymptomatic
NSVT of >= 4 beats (N=16; 30%) and >=
8 beats (N=5, 9.4%) were also detected.
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Table 3: Clinical studies (published as fulltext) included by company and excluded by the EAC
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Study name
and location

Camm (2015)

us

Chen (2015)
us
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Design and
intervention(s)
(including versions)
Prospective
observational study of
Zio XT Service

Partly funded by
Medtronic Inc

Zio XT Service @

No comparator ®

Patients from the ARIC
(Atherosclerosis Risk in
Communities) study
presenting for MRI
scans wore a Zio XT
Patch monitor for up to

2 weeks.

Participants

42 adult patients: 40 completed

Zio Patches applied between
April 2013 to May 2013

Participants asked to wear Zio
Patch for 7 days

Patients with definite or
suspected arrhythmogenic right

ventricular dysplasia/
cardiomyopathy

325 patients

Mean age: 77 years, 47% male.

8% had known AF and 4.6%

had a history of stroke. ®

Outcomes

Thirty-seven (93%) ARVD/C patients
had an implantable cardioverter
defibrillator (ICD) at the time of the
study.

Median 24-hour premature ventricular
contraction (PVC) count was 1,090.5
(IQR=1,711).

Difference between maximum and
minimum PVC count was highly
variable with statistically significant
inter-day variance in mean hourly PVC
counts in 76% of participants (28/37, 3
cases excluded from analysis due to
insufficient data).

Distribution of AF was bimodal: 14% of
patients with AF had an AF burden
ranging from 1% to 6%, and 12 had an
AF burden of 100%. Patients with 100%
AF burden had lower executive and
verbal cognitive test scores then those
without AF.
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EAC comments

Reported outcomes do not focus
on performance or utility of Zio
XT Service.

Reported outcomes do not focus
on performance or utility of Zio
XT Service.



https://www.ncbi.nlm.nih.gov/pubmed/25215858
https://www.ahajournals.org/doi/abs/10.1161/circ.132.suppl_3.11724

Hannun (2019)

Lutsey (2018)
us

A deep neural network
(DNN) was designed to
classify 12 rhythm
classes using ECG
data from patients who
had worn a Zio XT
Patch monitor. The
performance of the
DNN against the gold
standard cardiologist
consensus committee

was compared. ®

Double-blind pilot
randomised trial to
assess adherence to
oral magnesium
supplementation
(400mg of magnesium
oxide daily) and a
matching placebo.

Patients were asked to
wear the Zio XT
Patches for 2 weeks
after each clinic visit.

Training dataset for the DNN
consisted of 91,232 ECG
records from 53,549 patients.
Mean age was 69 years, 57%
were male.

Test dataset used to validate the
DNN consisted of 328 ECG

records collected from 328
patients. Mean age was 70

years, 62% were male.

59 patients; mean age was 62
years; 27% were male; 1
discontinued intervention.

Inclusion: participants aged =55
years

Exclusion criteria included a
prior history of heart disease
(coronary heart disease, heart
failure, AF), stroke, or known

kidney disease. @
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The average F1 score (the harmonic
mean of the positive predictive value
and sensitivity) for the DNN (0.837)
exceeded that of a consensus
committee of expert cardiologists
(0.780). With specificity fixed at the
average specificity achieved by
cardiologists, the sensitivity of the DNN
exceeded the average cardiologist
sensitivity for all rhythm classes.

Zio XT Patch wear time was
approximately 13 of the requested 14
days at baseline and follow-up.

Two patients did not have data for the
Zio XT patch at the end of the study,
one where the device malfunctioned
and one who dropped out of the study.
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This study details the
development and validation of
the newest version of the Zio XT
software but does not report
outcomes relating to the
performance of Zio after the
implementation of the new
software.

Zio XT Service was not the
primary intervention.



https://www.nature.com/articles/s41591-018-0268-3
https://www.ncbi.nlm.nih.gov/pubmed/29996476

Mullis (2018)
us

Muse (2018)
US and

Canada

Prospective cohort
study

Funding unclear

Zio XT Service @

No comparator ®

Prospective cohort
study

Zio XT Service and

Holter monitoring were

used to detect AF
events, but

performance was not

compared

59 adults with an overall mean
PVC burden of 25%

81% men, mean age 69 years

2016 to 2018

Inclusion: 40 years of age or
older with 1 clinical risk factor for
AF, presenting with symptoms
of AF, or with a first diagnosis of
AF.

934 patients were recruited from
an outpatient clinic setting
between set dates

Mean age: 66.2 (SD 11.8)

years; 38% of participants were
male.
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Mean wear time was 11 days 16 hours
(SD 63 days)

43 of 59 patients classified as being in
at least 2 of the 3 categories of PVC
burden (low, <10%; intermediate, 10%
to 20%; or high, >20%)

8 patients were in all 3 categories

Of 904 participants with samples for
genotyping, 85 manifested AF.
Participants in the highest quintile of AF
GRS were more likely (odds ratio 3.11;
95% CI1 1.27-7.58; p = 0.01) to have
had an AF event than participants in the
lowest quintile after adjusting for age,
sex, smoking status, BMI, hypertension,
diabetes mellitus, heart failure, and
prior myocardial infarction.
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Reported outcomes do not focus
on performance or utility of Zio
XT Service.

Reported outcomes do not focus
on performance or utility of Zio
XT Service.
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5 Clinical evidence review

5.1 Overview of methodologies of all included clinical studies
Most of the included studies were observational in design and lacked direct

comparators or were reported as abstracts. Of the studies reported as fulltext
there was 1 UK-based RCT (Kaura et al. 2019), 3 prospective comparative
studies (Barrett et al. 2014, Eysenck et al. 2019, Rosenberg et al. 2013) and
13 non-comparative studies (6 prospective: Heckbert et al. 2018, Reed et al.
2018, Rho et al. 2018, Schreiber et al. 2014, Steinhubl et al. 2018, Turakhia et
al. 2015 and 7 retrospective: Eisenberg et al. 2014, Go et al. 2018, Schultz et
al. 2019, Solomon et al. 2016, Tung et al. 2015, Turakhia et al. 2013,
Wineinger et al. 2019). Of the 13 abstracts, 4 were prospective, directly
comparative studies (3 UK studies: Chandratheva et al. 2017, Ghosh et al.
2018, Hall et al. 2019 and 1 US study: Miller et al. 2014). Of the remaining 9
non-comparative studies reported as abstracts, 4 were prospective (Malhotra
et al. 2018, Salazar et al. 2011, Sattar et al. 2012, Ullal et al. 2013), 4 were
retrospective (Agarwal et al. 2015, Keibel et al. 2015, Norby et al. 2018,
Turakhia et al. 2012), and 1 was prospective-retrospective comparative (Su et
al. 2014).

The highest quality study was a multi-centre UK RCT (Kaura et al. 2019)
comparing 14-day Zio Service with 24-hour Holter monitoring in a stroke/TIA
population (n = 160). The primary outcome of the RCT was detection of PAF
at 90 days. Two comparative studies compared 14-day Zio Service with 24-
hour Holter recording in 146 people under evaluation for cardiac arrhythmia
(Barrett et al. 2014) and 74 people with diagnosed PAF (Rosenberg et al.
2013). One study assessed Zio XT Service against other external ambulatory
ECG monitors in 21 people with pacemakers (Eysenck et al. 2019), using the
pacemakers as a gold standard. Barrett et al. (2014), Eysenck et al. (2019)
and Rosenberg et al. (2013) were within-subject comparative studies.
Diagnostic yield was reported in Barrett et al. (2014), Kaura et al. (2019) and
Rosenberg et al. (2013), although studies reported diagnostic yield during
differing time durations (number of events detected during a fixed period of
time ranged from 24 hours to 90 days). Two studies had information
pertaining to diagnostic accuracy: Eysenck et al. (2019) assessed the
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diagnostic accuracy of Zio XT Service against the reference standard of a
permanent pacemaker (using relative risk calculations) and though Barrett et
al. (2014) did not present diagnostic accuracy statistics, the company
calculated diagnostic accuracy using data presented in the publication (see

section 9 for the EAC'’s critique of this).

The populations included in the 4 comparative studies were heterogenous,
differing in underlying risk factors and co-morbidities (populations included
patients with recent stroke or TIA, people with pacemakers or diagnosed AF,
people with suspected arrhythmia). Outcomes included arrhythmia event
detection over total wear time (diagnostic yield), diagnostic accuracy, AF
burden, and agreement between Zio XT Service and Holter monitoring. The
study population size ranged between 21 (Eysenck et al. 2019) and 146
people (Barrett et al. 2014). The mean age ranged from 60 to 75 years. Two
of the comparative studies (Kaura et al. 2019, Eysenck et al. 2019) were UK

based, which may help generalisability of results to the NHS context.

Non-comparative study populations also varied. Studies included populations
with suspected arrhythmia (due to various indications), confirmed arrhythmia
(including AF, PVC), and also included people with atherosclerosis. The main
outcome was diagnostic yield. The populations included in the prospective
studies ranged from 30 to 934 people and the retrospective study populations
ranged from 314 to 122,454 people. One study (Reed et al. 2018) was set in
the UK and included 86 participants from a single emergency department.

Other studies were set in the US.

Inclusion criteria varied; some studies (Tung et al. (2015)) included patients
with a history of stroke or TIA, while Turakhia et al. (2015) excluded these
patients. Schultz et al. (2019) included adult patients with congenital heart
disease. Some studies (Go et al. 2018) included patients with confirmed PAF
while Schreiber 2014 included patients with suspected arrhythmia. Reed et al.
(2018) included patients aged 16 years or over with unexplained syncope (the

EAC notes that some of the participants would be out of scope due to their

age).
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Diagnostic yield and wear time were the most commonly reported outcomes.
Diagnostic yield was not always reported fully. Often only the number of
patients with a detected arrhythmia was included. Reed et al. (2018) reported
a 90-day diagnostic yield for symptomatic significant arrhythmia of 10.5% for
Zio XT Service vs 2% for the historical matched cohort. Wear time ranged
from 6.9 (median, Schreiber et al. 2014) to 14 (analysable, Go et al. 2018)
days.

Patient-related outcomes such as medication use, stroke incidence and
mortality were not widely reported. Clinical utility and resource use were

similarly absent. Diagnostic accuracy was not clearly derived in any study.

All 4 abstracts describing prospective comparative studies compared Zio XT
Service against Holter monitoring. One study (Chandratheva et al. (2017), n =
80) assessed time to device placement and reporting, 1 assessed AF
detection and number of completed investigations in 30 people with stroke or
TIA (Ghosh et al. 2018), 1 assessed patient experience (Hall et al. 2019, n =
202), and 1 assessed AF detection and changes to treatment (Miller et al.
2014, n=172).

5.2 Critical appraisal of clinical studies and review of
company’s critical appraisal

The company states that the 4 comparative studies had good methodology,
with 3 of the studies considered as having low risk of bias on the Cochrane
Risk of Bias 2 Tool. The RCT was subject to some concerns because of the
high refusal rate for the Holter monitor from participants but was otherwise
deemed to be well designed. The EAC notes that the tool used is specific to
RCTs and may not be suitable for non-randomised studies. The EAC carried
out a quality assessment of the key studies using the NICE checklist for

cohort studies (see Appendix B).

Of 3 key studies directly comparing Zio XT Service with 24-hour Holter
monitoring, only 1 was randomised (Kaura et al. 2019). The population in the
RCT was people with stroke or TIA and therefore results may not be
generalisable to a broader cohort of people with suspected cardiac

arrhythmia. Clinical experts were clear that this population was distinct from
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other arrhythmias. One expert noted that AF burden may be positively
associated with risk of stroke (for example as reported by the Go et al. (2018)
study included in this report). There was a high withdrawal rate from both
arms of the study due to 20% of participants refusing the use the 24-hour
Holter monitor. The authors carried out a power calculation indicating that the
study was adequately powered for the primary outcome. The EAC carried out
an independent power calculation that found the RCT was underpowered
(0.56) due to the high drop out rate. The study is underpowered for the
secondary outcomes that included anticoagulation use and mortality. The
study was carried out in 2 UK hospitals, which may help generalisability to the
NHS.

Barrett et al. (2014) included a broad population from a US hospital which
included people referred for ambulatory monitoring for 6 different types of
arrhythmia. Some participants had pre-existing arrhythmias and were referred
for reasons other than symptomatic arrhythmia. There was no further
breakdown of the results. As noted by the experts, different arrhythmias may
have varying profiles, therefore it is unclear how generalisable results are. The

authors calculated that the study was adequately powered.

The study population in Eysenck et al. (2018) was relatively small (n=21). No
power calculation was reported. There was a high percentage of men and
therefore, results may not be as generalisable to women. The order of devices
was randomised which helps mitigate against order effects. The comparator
was not a 24 hour Holter, as with the other 3 comparative studies; the
performance of Zio XT service was compared with 3 other ambulatory
monitoring devices (1 was an event monitor that was standard care for the
authors’ Trust) and against a reference standard (pacemaker). The primary
outcome was AF burden but was only reported via fit-plots and limited data is
reported numerically in the paper. The statistical analyses may not be
appropriate for the outcome under study, with Bland-Altman tests potentially
being more appropriate than R-test analyses. Patients all had pacemakers of
varying brands (brands not detailed in the report), which may bias results.

This may limit generalisability, due to the presence of other cardiac pathology
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and did not allow assessment of external ambulatory monitors in ‘healthy’
individuals. The study was carried out in a UK hospital, which may help

generalisability to the NHS.

Rosenberg et al. (2013) carried out a study in a US hospital setting where the
experts who determined whether the ECG traces showed AF or not were
blinded to the source technology. Blinding was not mentioned in the other
studies. It is unclear whether the 2 groups within the study were adequately
matched. The groups are described as comparable by the study but reported

as significantly different (p<0.0001). No power calculation was reported.

Many studies were at least in part funded by the company (including the 3

non-randomised comparative studies) which may introduce a source of bias.

The Holter monitor was used as the comparator in most of the included

studies, which reflects current clinical practice.

The individual studies were of moderate quality, however results cannot be
pooled. The EAC broadly agrees with the company’s conclusion that
limitations of the evidence base for the Zio XT Service are that the 4
comparative trials were of variable size, with a total of 357 participants, and
the populations were heterogeneous, so the number of patients from each

population relevant to the decision problem was small.

Several non-pivotal studies may have overlapping populations due to the
retrospective nature of the data. The company provided the following table to

summarise any possible overlaps.

Table 4 Possible overlaps in population, provided by the company

Study Inclusion Criteria Potential Overlap

Turakhia 2013 | All patients who had completed Zio Eisenberg 2014
Patch monitoring from January 1, 2011

| 201
to December 31, 2011 Solomon 2016

Go 2018
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Tung 2015

Patients who were monitored between
January 2012 and June 2013 and

whose indication for monitoring was

Eisenberg 2014

Solomon 2016

TIA or stroke Go 2018
Eisenberg 2014 | Data reviewed from 524 consecutive Turakhia 2013
patients referred to a five-physician,
Tung 2015

academic electrophysiology practice
between May 28, 2010, and January
11, 2013

Solomon 2016

Solomon 2016

Over 120,000 patient records between
November 2011 and December 2013

Turakhia 2013
Tung 2015

Eisenberg 2014

Go 2018
Go 2018 All Kaiser Permanente Solomon 2016
patients identified with PAF between
Winei 2018
October 2011 and October 2016 neinger
Wineinger 2018 | 13,293 individuals identified with Go 2018

PAF from November 2014 through
September 2016
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5.3 Results from the clinical evidence base
Table 5 below details the main outcomes that were reported in the literature.

Diagnostic accuracy should compare the performance of Zio XT Service (or
competitor technologies) against an appropriate reference standard.
Information on diagnostic yield and time-to-event provide information
regarding the number of extra arrhythmias that could be picked up by Zio due
to the extended wear time. The ability to detect AF burden may have
prognostic value and therefore was recorded if studies presented this
information. Patient experience and wear time was generally reported to
investigate how patient compliance differed between the Zio XT Patch and

Holter monitoring.
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Table 5 Selected results from evidence available in full-text

Study Diagnostic

accuracy

Barrett 2014 NR

Diagnostic Time-to-
Yield/arrhythmia event
detection

Arrhythmia event NR
detection over total wear

time:

Zio XT Service: 96
24-hour Holter: 61
(p <0.001)

Sixty events were
detected by both Holter
monitor and Zio Patch.
Zio Patch detected 36
events that went
undetected by the Holter
monitor primarily as a
function of prolonged
monitoring.
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Clinical
pathway
outcomes

NR

59 of 156

AF Burden

NR

Patient
Experience/
Wear Time

Median:

Holter monitor
1.0 days (range,
0.9-1.0)

Zio Patch 11.1
days (range, 0.9—
14.0)

93.7%
participants found
the monitoring
patch
comfortable to
wear as opposed



Eysenck
2019
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Zio XT
Service was
more likely
to detect AF
than the
Novacor R-
Test using
pacemakers
as the
reference
standard

Zio vs R-
test:12.3,1.4
to 110.3,p =
0.025

Arrhythmia event

detection over 24 hours:

Zio XT Service: 52
24-hour Holter: 61

(p = 0.013)

NR

NR

NR

60 of 156

R? compared with
DDDRP PPMs,
MSE:

R-test: 0.029,
1556.1

Zio: 0.99, 0.24

to 51.7% for the
Holter monitor

Mean:

Zio: 307 (95% CI
284.63 to 340.32)
hours [12.8 days]

R-test: 223.6
(95% CI1 178.43
to 268.31) hours
[9.3 days]

(p=0.016)



Kaura 2019 NR Detection of paroxysmal = NR
atrial fibrillation (PAF)
with duration = 30s at 90
days:
Zio Service: 7 patients
(16.3%)
24-hour Holter: 1 patient
(2.1%)

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias
Date: January 2020

Anticoagulation NR
use at 90 days:

Zio Service: 7
(16.3%)

24-hour Holter:
1(2.1%)

61 of 156

Mean patient
discomfort score
on the same 0to 5
scale while
wearing the Zio XT
Patch was 1.86,
compared with
2.84 while wearing
the Novocor R test,
3.95 for the
NUUBO Vest and
0.95 for the
Carnation
ambulatory
monitor.

Mean Zio wear
time: 11 days 16
hours (SD £3.7
days).

Although the Zio
XT Patch could
not be
successfully
applied in only
2% of patients in



Detection of PAF with the UK-based
duration = 30s at 28 RCT, 20% of

dgys: . participants
Zio Service: 6 (14.0%) refused to have

24-hour Holter: 1 (2.1%) the 24-hour

Holter monitor
applied, leading

to high
withdrawal rates
(Kaura et al.,
2019).
Rosenberg NR AF episodes were Median time 21 patients Mean: Mean:
2013 detected in significantly  to detection of (28.4%) had a
more patients (18) on first event change in their 410 XT Service:  Zio Patch: 10.8 £
th.e Zio Patch compgred with Zio clinical 54.7 + 41.2% 2.8 days
W'tz ;t)hgol-cl)cilter monitor  pateh: 3.7 management  Holter: 58.4 &
(p<0. ) days. 90% asaresultof  42.7%
detected by extended
day 7 monitoring with p<0.0001
the Zio Patch.
Eisenberg NR Arrhythmia detected in ~ Over one- NR NR NR
2014 99.5% of patients: most  third of initial

arrhythmias
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Go 2018

Heckbert
2018

NR

NR

common was ventricular
premature beat (93%)

57% had significant
arrhythmias

NR

New AF was detected in
32 (4%) of participants

with 212 days of
monitoring.

were
recorded after
48 hours.

NR NR

New AF NR
detected in

4% of people

with =212 days
monitoring.

38% first

detected
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Median burden of
AF: 4.4%
(IQR,1.1% to
17.23%).

AF burden
greater than
11.4% led to a
more than three-
fold increase of
stroke or
thromboembolism

NR

NR

Analysable wear
time: 14 [11-14]
days



Reed 2018 NR 90-day diagnostic yield
for symptomatic
significant arrhythmia
was 10.5% in the
prospective group

vs 2.0% in the

comparator group

Rho 2018 NR A total of 86.7 £ 0.6

arrhythmias were

121.7 + 2.1 from CAM,
p<0.001

recorded by Zio-XT and

during days 3
to 12 of
monitoring

Median time
to clinical
detection of
symptomatic
significant
arrhythmia
was 19 days
(IQR 4-30
days)

NR

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias

Date: January 2020

NR

NR
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NR

NR

Median
monitoring
duration was 13.6
days (IQR 11.8-
14.0).

91% patients
agreed that the
device was easy
to use. 40%
reported skin
irritation.

NR



98 arrhythmia events Median time

Schreiber NR detected over 6.9 days  to first

2014 arrhythmia
was 1.0 days
Median time-
to-first

symptomatic
event was 1.5
days

Median time
to event for
some types of
arrhythmia
was 5.8 days

156 patients showed a 46% of
Schultz 2019 NR significant arrhythmia patients who
showed
arrhythmia
did so within
the first 48
hours.

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias
Date: January 2020

NR

A clinical
management
change based
on an
arrhythmia was
made in 49
patients (16%)
following Zio
XT Service
use.

65 of 156

NR

NR

Median device
wear time was
6.9 days

Mean wear time
was 9.5+4.1
days



Steinhubl
2018

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias

Date: January 2020

NR

New AF detected within
4 months in 3.9% of
immediately monitored
patients and 0.9% of
patients in whom
monitoring was delayed
(absolute difference,
3.0% [95%CI, 1.8%-
4.1%.])

NR

Active NR
monitoring
associated
with:
Increased
initiation of
anticoagulants
(5.7 vs 3.7 per
100 person-
years;
difference, 2.0
[95% CI, 1.9-
2.2]),

Outpatient
cardiology
visits (33.5 vs
26.0 per 100
person years;
difference, 7.5
[95% CI, 7.2-
7.9),

Primary care
visits (83.5 vs
82.6 per 100
person-years;
difference,0.9
[95% C1,0.4-
1.5])

66 of 156

NR



Solomon
2016

Tung 2015

NR

NR

High risk arrhythmia
detected in 20,685 adults
(21.7%)

Ventricular arrhythmias:
52.5% detected in the

first 24 hours and 92.9%
were identified by day 7

The differences in
diagnostic yield between
2 and 7 days for both
ventricular arrhythmias
and bradyarrhythmias
were statistically
significant (p<0.01).

AF present in 5% of all
reports at 14 days (4.4%
PAF and 0.6% chronic
AF).

Ventricular
arrhythmias:
52.5%
detected in the
first 24 hours
and 92.9%
were identified
by day 7.

Median time-
to-first event
was between
22 and 74
hours
depending on
type of
arrhythmia

Highest rate
of AF
detection
occurred in
the first days
of monitoring
and a marked
decline in the
yield of AF
detection
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NR

Mean PAF
burden was
12.7% of the
total monitoring
duration

Mean wear time
9.6 £ 4.0 days

25% of monitors
worn for >13.0
days.

Mean wear time
10.9 days,
analysable time
98.7%

Median wear time
13.0 days (IQR
7.2-14.0)



Turakhia
2013

NR

Single and multiple
arrhythmias were
detected in 16,142
(60.3%) of patients.

Diagnostic yield: first 48
hours of monitoring
versus entire Zio Patch
wear duration:

any arrhythmia (43.9%
vs 62.2%, p <0.0001),

symptomatic arrhythmia
(9.7% vs 4.4%, p
<0.0001)

during the
second week.

Mean
duration
before first
PAF 1.5 days

14.3% of first
PAF occurred
after 48 days

Mean time to:
first
arrhythmia =
1.74£2.2 first
symptom-
triggered
arrhythmias =
3.0+2.9 days
respectively

29.9% of first
arrhythmias
and 51.1% of
first symptom-
triggered
arrhythmias
occurred >48
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NR

66.9% wore the
monitor for >10
days.

Mean wear time
was 7.6 — 3.6
days



Turakhia
2015

NR

Overall, any arrhythmia
of 28 consecutive beats
was detected in 36
subjects (48%); 18
subjects (24%) had no
arrhythmias.

hours after
monitoring
started.

All 4 patients
who were NR NR
detected with
AF had =1
episode in the
first 48 hours,
and 3 of 4
experienced
the longest
episode after
the first 48
hours of
monitoring.
An additional
26
participants
(35%)
experienced
an initial
arrhythmia
other than AF
after the first
48 hours.
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Wineinger
2019

NR

Median daily rate of
paroxysmal AF was 1.21
(IQR 0.31 to 4.95).

13% of
patients
averaged 1
PAF event
every 2
hours, 6.5%
averaged at
least 1 PAF
event each
hour and
13.5%
experienced
only a single
event.
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Median AF
Burden was 8.9%
(IQR 3.4%—
25.2%

NR



6 Ongoing use and data collection

iRhythm review the performance of the Zio XT Service across every customer
site globally on a quarterly basis through the Zio XT Service Evaluation Tool.
The Zio XT Service Evaluation Tool produces a summary of metrics such as
the total diagnostic yield, the most common indications for monitoring, a list of
detected arrhythmias, and the average and maximum number of days until a
symptomatic arrhythmia is detected. The mean and median patient age is also

recorded. Reports can be produced for individual sites, for the UK, or globally.

In addition, iRhythm states that its clinical operations team performs ongoing
reviews to ensure the quality of the final Zio XT technical reports and urgent
notifications. The company notes that Quality Clinical Managers oversee the
Zio Technical Reports produced by the Zio Clinical Team and review 1-3% of
all reports on a daily basis. They also review 50% of urgent notifications to the
prescribing clinician, 100% of final interpretations completed online by the
prescribing clinician and 100% of all reports completed by new Cardiac
Physiologists prior to them achieving competency. Further, high-risk ECG
outliers, such as a heart rate below 20 beats per minute or over 300 beats per
minute, ventricular tachycardia rates under 100 beats per minute and wearers

aged over 99 years, are overseen.

Outcomes such as wear time, analysable time and the types of arrhythmia
detected are reported in the clinical evidence. Retrospective cohort studies
such as Schultz et al. (2019) and Solomon et al. (2016) have made use of
such data (also see section 9). There is no data recorded on clinical

management of patients or on clinical follow-up including mortality, however.

The EAC believe that iRhythm’s methods are sufficient to demonstrate the
ongoing acceptability, usage and value of the technology. The ongoing usage
data is suitable to generate some of the outcomes reported in the clinical
evidence, but further information is required from the patient’s clinician and
hospital record, plus appropriate follow up.
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7 Adverse events
The company identified no relevant reports from the MHRA. The FDA MAUDE
site yielded 138 results dating from 2014 (search term: iRhythm Technologies

Inc), of which:

e 113 were incidences of contact dermatitis

e 6 were incidences of adhesive failure

e 12 were cases of false negative or incorrect diagnoses being sent
to the patient or clinician

e 8 were cases where the device was faulty, or the patient
management process failed

A search by the EAC confirmed these results. No other site yielded additional

information on adverse events.

In several cases of a false diagnosis being given, iRhythm’s narrative
suggests either a fault in device hardware or an incorrect interpretation of the
technical report. In 1 case it is noted that the incorrect diagnosis did not lead
to a delay in treatment and in another it is noted that the patient did not

receive any therapy.

As long as the Zio XT Patch reliably records data, the EAC does not forsee
significant safety risk of this component of the service. The EAC notes that the
main potential factor that may impact the safety of the technology is the

accuracy of the detection algorithm and of the actionable report.

8 Evidence synthesis and meta-analysis

The company did not carry out a meta-analysis, stating that the evidence for
the efficacy and safety of the Zio XT Service is extremely heterogeneous, in
terms of populations, methodology, devices used and outcomes reported. The
EAC notes that the study population is a particular source of heterogeneity. In
addition, a systematic review of clinical evidence for Zio XT Service
(Yenikomshian et al. 2019) also concluded that the heterogeneity found in the
studies would confound findings and would preclude conducting a meta-
analysis. Yenikomshian et al. (2019) also noted that any advances in the
arrhythmia detection algorithm over time may distort comparisons with newer

studies. The EAC notes that the company states that there have been no
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significant changes to Zio XT Service since 2012. The company also
explained that any updates to the algorithm undergo testing before being
deployed and need to meet threshold requirements. The company therefore
assumes that the accuracylyield will be equivalent or better than previous
versions. The EAC concurs that a meta-analysis carried out with the current

clinical evidence would not be robust.

9 Interpretation of clinical evidence
The EAC agreed with the company submission, considering 4 comparative
studies pivotal to the decision problem. One UK based RCT was included

which meets the requirements for the NICE Evidence Standards Framework

best practice standard for digital health technologies with measurable benefits
through active monitoring. The EAC notes that Zio XT Service contains an Al
component. Any developments to the algorithm may impact the diagnostic
accuracy of the device, however the company has noted that that Zio XT
Service has not changed significantly in the past 6 years, so study results are
generalisable between versions. Two comparative studies were UK based

(including an RCT) which supports generalisability to the NHS population.

Experts noted that extended monitoring may be particularly useful in people
with infrequent arrhythmias. The most important study aimed to detect PAF in
stroke/TIA patients (Kaura et al. 2019) which may be a population that
extended monitoring may particularly benefit. Two other studies included
people with diagnosed (as opposed to suspected) arrhythmia (Eysenck et al.
2019, Rosenberg et al. 2013), which may be less generalisable. Experts noted
that people who have already been diagnosed may be on anticoagulation
therapy. Barrett et al. (2014) included a population that had been referred for
ambulatory monitoring and included detection for 6 types of arrhythmia.
Experts noted that arrhythmia has a broad definition that include any potential
problem with heart rhythm and different types of arrhythmia have different
pathophysiologies and would include different types of population, therefore
this study population may be broad and not necessarily comparable to the
other studies that had more specific populations (stroke patients, people with

pacemakers, people with diagnosed AF).
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Diagnostic accuracy
No studies were found that primarily investigated diagnostic accuracy of Zio

XT Service against the standard care of 24 hour Holter monitoring. Eysenck et
al. (2019) indicates that Zio XT Service may be more accurate in detecting the
presence or absence of AF than the Novacor R Test (an external event/loop
monitor, described as current standard practice) but less accurate than
pacemaker data (described as gold standard). The company calculated
accuracy from data in Barrett et al. (2014), reporting that Zio XT Service had
99% sensitivity, 100% specificity, 98% positive predictive value (PPV) and
98% negative predictive value (NPV) taking the gold standard to be the
decision of clinical investigators. This was calculated over total wear time. The
EAC notes some potential issues with the calculation: the methodology used
for the reference standard comparator (clinician interpretation) is unclear.
Experts note that 12 lead ECG is typically considered the gold standard for
diagnosing arrhythmia. It is also unclear how false positives were identified. In
addition, the EAC notes that the diagnostic accuracy metric is cross-sectional
in nature and the calculations in the submission cover different time durations.
Barrett et al. (2014) notes that “the adhesive patch monitor detected 36 events
that went undetected by the Holter monitor primarily as a function of
prolonged monitoring”. The Barrett et al. (2014) and Rosenberg et al. (2013)
studies carry out some analysis over the same 24 hour period with slightly
differing results. Barrett et al. (2014) noted that over a simultaneous 24-hour
monitoring period, the Holter monitor had a “performance advantage”,
detecting more arrhythmia events than the adhesive patch monitor. The Holter
monitor detected 11 arrhythmia events not detected by the adhesive patch
monitor. The authors explained that 2 were due to an algorithm
misclassification and 7 by a processing error by the report reviewer. The
authors note that reviewer training and parameters for detection in
supraventricular tachycardia were changed as a result. The indication is
perhaps that Zio XT Service was not as accurate as Holter monitoring in this
specific study, but the authors state that this may have been subsequently
corrected for. Rosenberg et al. (2013) notes that in the same 24 hour period,
the Zio XT Service recorded all 25 events recorded by the Holter monitor and
the authors noted a significant agreement between the 2 technologies.
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However it is not clear whether Zio XT Service also recorded additional events
to the Holter monitor. Both studies used judgement of a clinical experts as
reference standard. The company submitted a study by Hannun et al. (2019)
that reported that the Zio deep neural network (DNN) classified a broad range
of distinct arrhythmias from single-lead ECGs with high diagnostic
performance, similar to that of a committee of cardiologists. The EAC notes
that this study was not carried out with the Zio Patch or in a clinical setting and
therefore, findings may not be generalisable. The company submission
included 1 recent study that assessed the diagnostic accuracy of a continuous
ambulatory cardiac monitor (Spyder) versus a loop recorder against ECG
recording as reference standard for detecting AF (Mamchur et al. 2019). The
company stated that the sensitivity of Spyder was 80.1% and the specificity
was 73.1% which is lower than the figures for Zio XT Service reported by
Barrett et al (2014) (as calculated by the company). However, the EAC notes
that there are potential issues with the calculation of accuracy in the Barrett
study (see above) and also that Mamchur (2019) is a very small study (n=32,
n=17 for Spyder arm) and therefore, conclusions cannot be drawn on this

basis.

Overall, clinical experts suggested that there may be no significant difference
in accuracy between Zio XT Service and Holter monitoring. One expert noted
that because of the increased number of leads the Holter may, theoretically,
be more accurate. Barrett et al. (2014) suggests that, in general, the
information provided by additional ECG leads in Holter monitors may be a
benefit to both automatic algorithm analysis and clinician interpretation.
Specifically, 3-lead recordings allow for the detection of arrhythmia events
characterised by a shift in electrical axis that can be missed by single-lead
recordings. Another expert, however, noted that Zio may be more accurate for
a fixed period of time (24 hours), as there is likely to be less artefact and more
analysable rhythm (for example, patients remove the Holter monitors during

showers).
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Given the expert feedback and study results it may be reasonable to assume
there may be little to no significant difference in diagnostic accuracy between

Zio XT Service and Holter monitoring, but published evidence levels are low.

Diagnostic yield
The 3 studies comparing arrhythmia detection rates between Zio XT Service

and 24-hour Holter monitoring indicate that diagnostic yield is generally higher
for patients monitored with Zio XT Service compared with 24 hour Holter
monitoring. This was a function of the extended monitoring period. A number
of non-comparative studies investigated the time-to-event for Zio XT Service,
finding that a significant number of arrhythmias were detected after 48 hours

(see further discussion below).

Time-to-event
The utility of extended monitoring may be demonstrated in a number of

studies and may be particularly relevant to populations suspected of
infrequent arrhythmias. For example, a number of studies found that, though
most arrhythmias are detected within the first 48 hours, a significant number
of arrhythmias were detected after 48 hours of monitoring, indicating the
amount of information that might be missed by a Holter monitor. One large
non-comparative study in people with suspected arrhythmia (using cross-
sectional data from the company’s database) found that Zio XT Service
detected an arrhythmia in 60% of patients with over 70% of these rhythms
occurring by 48 hours (Turakhia et al. 2013). Over 90% of initial recorded
arrhythmias were captured by day 5. Similarly, Eisenberg et al. (2014) found
that a third of arrhythmias were recorded after 48 hours. This finding does,
however, vary. For example, Schultz et al. (2019) found that 46% of patients
who showed arrhythmia did so within the first 48 hours. Reasons for this

variation are likely to include heterogeneity in populations referred for testing.

Clinical pathway outcomes
Potential clinical pathway benefits of Zio XT Service (as measured by time to

diagnosis and initiation of preventative treatment) were investigated as
secondary outcomes in 2 comparative studies (Kaura et al. 2019, Rosenberg

et al. 2013). The studies indicate that patients are more likely to be given
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medication (if asymptomatic) or have medication switched (if symptomatic) to
more appropriate medication, but both are flawed for detecting these
outcomes. Kaura et al. (2019) found that a higher proportion of patients
randomised to the Zio XT Service were taking anticoagulants at 90 days,
16.3% compared with 2.1% of patients who had 24-hour Holter monitoring. No
significant difference was found in clinical outcomes (the authors note there
was a short follow up period of 90 days). In a second study, authors stated
that 18 patients with PAF had a change in their classification of AF and 21
patients (28.4%) had subsequent medication change as a result of findings
from the Zio XT Service, with 17.3% having a change in their antiarrhythmic
medication and 5.3% changing oral anticoagulant use (Rosenberg et al.
2013). The EAC notes that this is an overall figure and does not separate the
change in clinical management made due to result from solely Zio XT Service.
It is assumed that the change is to a more appropriate medication, however,
there was no follow up or related clinical outcomes to confirm this. In a non-
comparative study, Schultz et al. (2019) reported that a clinical management
change based on an arrhythmia was made in 49 patients (16%) following Zio
XT Service use. It should be noted that the population in Kaura et al. (2019)
was likely to be asymptomatic, whereas the population in Rosenberg et al.
(2013) and Schultz et al. (2019) was presumably symptomatic (people with
PAF and congenital heart disease, respectively), therefore results are not
directly comparable. It is unclear whether patients benefitted from changes in

management in these studies.

AF burden
Experts note that there is evidence that AF burden (percentage of time spent

in AF) is linked to increased risk of stroke or thromboembolism. Some studies
indicate that Zio XT Service may be used for detecting AF burden. Eysenck et
al. (2019) reported that Zio XT Service was significantly better at detecting AF
burden compared with the Novacor R Test device (which the authors note is
standard practice at the Trust where the study was set). Go et al. (2018)
reported that AF burden greater than 11.4% led to a more than three-fold

increase of stroke or thromboembolism.

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias
Date: January 2020 77 of 156



Patient experience
Patients appeared to have relatively high levels of acceptance for wearing the

Zio Patch (also see section 5). Mean wear time ranged from 10.8 to 12.8 days
in the comparative studies (from an intended 14 days). In terms of
compliance, in a sample of 21 people Eysenck et al. (2019) found that the Zio
XT Patch was worn for longer compared with 3 other continuous cardiac
monitors. Barrett et al. (2014) reported that 93.7% participants found the
monitoring patch comfortable to wear as opposed to 51.7% for the Holter
monitor. In a non-comparative UK study, Reed et al. (2018) reported that 91%
of respondents to a patient questionnaire agreed or strongly agreed that the
device was easy to use, however 40% indicated that the patch caused skin
irritation. A survey into patients of a UK cardiology clinic (Hall et al. 2019,
abstract only) found that Zio XT Service was significantly preferred to Holter

monitoring in terms of shape, comfort, practicality and returning method.

The Zio Patch includes a function where a user can press a button to report if
they feel they are experiencing an event. Studies reported that self-reported
events did not correlate with biosensor recorded events (Eisenberg et al.
(2014), Schreiber et al. (2014), Turakhia et al. (2015), Keibel et al. (2015)
[abstract], Salazar et al. (2011) [abstract]). It is unclear if this function is useful

for clinical outcomes.

9.1 Integration into NHS
Three studies available in full-text were carried out in the UK: 1 RCT (Kaura et

al. 2019), 1 prospective comparative study, (Eysenck et al. 2018) and 1 non-
comparative study (Reed et al. 2018). Two abstracts (Chandratheva et al.
(2017) and Ghosh et al. (2018)) also describe studies performed in UK
populations. The remaining 2 comparative studies were US based. Inclusion
criteria were not the same across studies and the study populations were
heterogeneous, ranging from broad inclusion criteria (referral for cardiac

monitoring) to more specific (people with pacemakers and a history for AF).

Kaura et al. (2019) recruited patients who had been diagnosed with having
had an ischaemic non-lacunar stroke or TIA within the past 72 hours by a

stroke clinician or neurologist. Eysenck et al. (2018) recruited patients with in-
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situ pacemakers and Reed et al. (2018) recruited patients attending an ED
with unexplained syncope. These populations are distinct and heterogenous
and expert opinion suggests that usage of Zio XT Service could be used in

several distinct populations in NHS practice.

The EAC does not believe that significant changes to IT infrastructure would
be required to use Zio XT Service. The clinician is able to access the Zio
technical report and add any queries via the Zio secure website. The company
states that no extra training is required to interpret the Zio technical report.
The EAC does not believe that significant changes to the care pathway would
be required to use Zio XT Service. The company claims that the use of Zio XT
Service may lead to fewer hospital visits within the pathway as “the monitor is
readily available and can be easily fitted at the first appointment”. This
potential advantage may vary between centres depending on local practice
and availability of Holter monitors (clinical experts reported mixed experiences
about whether Holter monitors were fitted at first appointment). The company
also notes that clinical teams would need to develop symptom referral criteria
on the basis of results from Zio XT Service and incorporate this into their
cardiac diagnostic ambulatory monitoring pathway in line with clinical
guidelines. The company provides some training to clinicians regarding the
registration of patient identification details. Minimal training is also required to

learn how to apply the Zio XT patch.

9.2 Ongoing studies
The EAC believes that the company’s description of ongoing studies is

adequate. The table in appendix C outlines the 2 studies in the company
submission. The EAC did not retrieve other relevant ongoing studies (see

appendix A).

The 2 submitted ongoing studies are RCTs and are expected to be completed
in 2019 and 2022-25. Both studies will compare 2 weeks monitoring of the Zio
XT Service with standard care. One trial is based in Canada and Germany
(NCT02392754: to be completed 2019) and the other is UK based. The UK
based study hopes to enroll 2500 total individuals at high-risk for AF, while the

other has enrolled 856 participants aged 75 years or over with a history of
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hypertension and without known AF. The UK study has a primary endpoint of
proportion of participants diagnosed with AF at 2.5 years of follow-up while the
other will measure the rate of new diagnosis of AF (or flutter) within 6 months

of randomisation.
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10 Economic evidence

10.1 Published and unpublished economic evidence
10.1.1 Published and unpublished economic evidence review
The company conducted a literature search of the economic evidence for outpatient
cardiac monitoring alongside their search of the clinical evidence. The same search
strategy was applied with search terms to capture economic data and the same
inclusion criteria for studies were applied. Sixteen published studies were included
as part of the economic evidence submission. Additionally, the sponsor conducted
hand search in a variety of sources including national and international organisations
for cardiology care. The sponsor identified 4 additional references for a total of 20

studies included as part of the evidence base in the economic submission.

The sponsor included 20 references. Only 3 published studies (Kaura et al. 2019,
Ghosh et al. 2018 and Chandratheva et al. 2017) and 1 grey literature reference
(NICE 2017) assessed Zio XT Service. Therefore, the remaining 17 references
presented by the company were excluded by the EAC. The EAC re-ran the search
using the strategy for clinical evidence (see section 5 for more information) and
applied filters for economic terms. Five publications containing economic data were
identified (Steinhubl 2019, Eysenck 2017a, Eysenck 2017b, Eysenck 2018, Eysenck
2019). Three of these, (Eysenck et al. 2017a, Eysenck et al. 2017b, Eysenck et al.
2018), were conference abstracts reporting the study described by Eysenck et al.
2019. Steinhubl et al. 2019 and Eysenck et al. 2019 were included as part of the

clinical evidence by the company (but not the economic evidence).

In total, 5 studies were considered to be relevant to inform the decision problem as
they analysed patients with suspected AF after either cryptogenic stroke or TIA, a
subgroup outlined in the scope of the decision problem. The studies included one
economic evaluation (Kaura et al. 2019), two reports containing resource use or
costs associated with the technology (Steinhubl et al. 2019; Eysenck et al. 2019)
containing cost data only, and two conference abstracts (Ghosh et al. (2018),
Chandratheva et al. (2017).

Kaura et al. (2019) reports a randomised non-blinded clinical trial comparing Zio XT

Service with a 24-hour Holter monitor and includes a budget impact analysis. The
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model estimated the economic savings due to reduction in recurrence of stroke after
introduction of Zio XT Service in a population of 1,053 patients treated at King’s
College Hospital NHS Trust. The methodology of the clinical component of the study
is described in detail in the clinical evidence section of this report. The analysis used
data from the trial on AF detection rates observed in the Zio XT Service and Holter
groups alongside estimates from the literature and assumptions for a number of
parameters. The proportion of patients with ischaemic stroke, the proportion of
patients requiring outpatient monitoring after TIA, and the proportion of patients
requiring outpatient monitoring after ischaemic stroke were retrieved from the
Sentinel Stroke National Audit Programme, Putaala et al. (2015) and Amarenco et al.
(2016) respectively. The detection rates for the technologies were retrieved from Teo
et al. (2017), Jabaudon et al. (2004) and Albers et al. (2016) for Zio, Holter monitor,
5-7-day cardiac external recorder and implantable monitor respectively. Risk of
untreated and treated AF were retrieved from Hart et al. (2008). Costs considered in
the analysis included medical costs of managing stroke, tests costs, and cost of
attending follow-up outpatient visits. Unit costs were retrieved from Xu et al. (2018)
and NHS Reference Costs. The analysis applied a time horizon of one year
considering medical costs only and five years considering medical and social care

costs for managing stroke

Eysenck et al. (2019) is a UK-based study using data from the REMAP-AF ftrial (see
clinical evidence section). The authors compared the use of Zio XT Service, NUUBO
Vest and Carnation Ambulatory against the Novacor ‘R’ monitor in detecting atrial
fibrillation. This study reported mean costs derived from the device unit cost, staff

costs, patient travel costs and the cost of consumables for the Novacor ‘R’ test.

Steinhubl et al. (2019) is a prospective matched cohort study that analysed data from
patients with suspected AF in the US (see clinical evidence section for further
details). The study reported healthcare resource use associated with an active-
monitoring strategy based on Zio in comparison to a matched control group over 1
year. Resource use of AF treatment and management AF-related symptoms

procedures in both groups were quantified and reported.

Ghosh et al. (2018) and Chandratheva et al. (2017) are conference abstracts
presented at the European Stroke Organisation Conference. Ghosh et al. (2018)
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reports a comparison of detection rates between Zio XT Service and traditional 24-
hour Holter monitor. The authors recruited 30 patients with minor stroke or TIA from
Croydon University Hospital in the UK. A cost estimate of the use of the technology
was reported consisting of the cost attributed to the investigation and follow-up
clinics. Chandratheva et al. (2017) is a comparative study assessing non-invasive
cardiac monitoring devices against 72-hour Holter monitor in detecting AF. The study
considered Zio XT Service, 3-day E-Patch, and in-clinic Apoplex monitor as the non-
invasive monitoring devices. Data from 80 patients from University College London’s
TIA clinics were considered to estimate cost and time to report for each of the

technologies included in the study.

10.1.2 Results from the economic evidence
The results of the relevant economic evidence are summarised in table 6. The

results are highly heterogenous due to the variability in the scope and design of each
of the studies included in the review. The cost estimates from Eysenck et al. (2019)
and Ghosh et al. (2018) suggest the technology is more expensive than alternative
technologies. Eysenck (2019) reported a mean cost per patient of £284, £195, £242,
and £15 for Zio XT Service, Nuubo Vest, Carnation Ambulatory test, and Novacor ‘R’
test respectively (derived from figure 3d in the publication). Ghosh et al. (2018)
reported a cost of £367 for the 24-hour Holter monitor compared to £440 for the Zio
XT Service. In contrast, Chandratheva et al. (2017) concluded the technology is
cost-saving when compared with monitoring using 72-hour Holter device. Data
reported is scant but indicates cost savings of £269, over £300 and £370 when
compared against 72-hour Holter, 3 day E-Patch, and in-clinic monitoring,
respectively. All three studies agreed Zio Service is the most efficient in terms of time
from clinic to reporting the diagnosis. Kaura et al. (2019) concluded a strategy based
on Zio XT Service saves £113,630 and £162,491 of medical costs over 1 and 5
years for a population of 1,053 patients when comparted to Holter-based strategies.
After inclusion of social care costs, cost savings rose to £466,598 after five years.
Steinhubl et al. (2018) concluded monitoring patients with the technology increases
the health care resource use of AF-related therapeutic interventions but decreases

all-cause emergency department visits or inpatient stays.

The published economic evidence associated with the use of the technology is

scarce and highly heterogeneous. Only 5 studies containing economic data were
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available, of which two were conference abstracts. In general, there was very little
reporting of any details on methodology to collect and analyse cost data, rendering
an appraisal of quality very difficult. Only one study (Kaura 2019) undertakes an
economic evaluation, and the details of this are limited to screenshots of an Excel
spreadsheet model provided in the appendix. Two studies, including the only
economic analysis, concluded the technology is cost saving. Whereas two analyses
reported the contrary. Nonetheless, the studies included consistently reported the
technology is the most efficient to avoid delays between clinic and diagnosis
confirmation. The EAC considers Kaura et al. (2019) to be the most relevant
publication. This publication provides evidence to support a conclusion that Zio XT
Service is cost saving, but the strength of evidence is weakened by the lack of

detailed reporting.
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Table 6 Economic Evidence

Author, year and | Patient Intervention and Unit costs and resource use | Model outcomes and results EAC Comments
location population comparators

and setting
Kaura (2019) Patients with Zio XT Service- Medical costs of stroke: Number of Strokes prevented The study was poorly

UK suspected AF

stroke or TIA
referred to
outpatient
monitoring
UK hospital

after ischaemic

based monitoring
strategy vs 24-Hour
Holter- and CER-
based monitoring

strategies

1-year: £13,452
5-year: £17,963

Total costs of stroke:
1-year: £22,429
5-year: £46,039

Unit cost of tests:

Zio XT Service: £295

Holter monitor and CER:
£133.43

Implantable monitor: £3,583

Unit cost of follow-up

outpatient appointment; £79

using usual care: 2.2

Number of strokes prevented
using Zio: 13

Incremental strokes avoided using
Zio vs Holter: 10.8

Number of OPD appointments
saved using Zio vs Holter: 711
Incremental 1-year medical cost
of stroke of Zio vs: -£57,481
Overall (including cost attributable
to OPD) 1-year incremental cost
of Zio vs Holter: -£113,630
Incremental 5-year medical cost
of stroke of Zio vs Holter: -
£410,449

Overall (including cost attributable
to OPD) 5-year incremental cost
of Zio vs Holter: -£466,598

reported; only the
results are reported in
the main text and little
detail is provided in the
supplementary

documentation.

The assumptions made
regarding diagnostic
accuracy are not clear,
nor is the model

structure employed.

Cost of use or
complications related to
anticoagulant therapy is
not considered in the

model.
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The authors did not
perform any type of

sensitivity analysis.

Eysenck (2019)
UK

Patients with
suspected AF
UK hospital

Zio XT Service,
NUUBO vest,
Carnation
ambulatory monitor,

Novacor ‘R’ test

Mean test cost inclusive of
administrative and physiologist
staff, cost of patient travel to
and from the hospital, and
electrode costs for usual

practice (Novacor ‘R’ test)

Mean total cost per patient:

Zio XT Service: £284

Nuubo Vest: £195

Carnation Ambulatory test: £242
Novacor ‘R’ test: £15

Strengths
The study reflects UK

practice

Limitations

The study provides little
detail on how total cost
per patient were
calculated; no
information on unit
costs and their
corresponding sources

were provided.

Steinhubl (2018)
us

Patients with
suspected AF
US Hospital

Zio XT Service
monitored group vs
control group (see
table 2 for more

information)

AF-related therapeutic
interventions

Pharmacy fill for anticoagulant
for individuals with AF
Cardioversion procedures

Cardiac ablation

Clinical use:

Difference between Zio group and
control group of:

Pharmacy fill for anticoagulant for
individuals with AF: 2.0 (95% CI
1.9102.2)

Cardioversion procedures: 1.1
(95% Cl1 1.0t0 1.2)

Cardiac ablation: 0.2 (95% CI
0.18 to 0.24)

Strengths

The study provides
estimates of the
consequences in
resource use
associated with the use

of the technology

Limitations
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Any cause ED visit or inpatient
stays
Cardiology or primary care

visits

Any cause ED visit or inpatient
stays: -1.2 (95% CIl -1.5 t0 -0.9)
Cardiology or primary care visits:
0.12 (95% CI 0.01 to 0.23)

The study does not

reflect UK practice

The authors do not
provide information on
the intervention
employed on the

matched control group

Ghosh (2018)
UK

Patients with

suspected AF

Zio XT Service vs
24-hour Holter

Mean cost per patient inclusive

of investigation and follow-up

Mean cost per patient:
Zio XT Service: £440

Strengths
The study reflects UK

monitor

placement

Time to reporting from clinic

Apoplex AF monitor: 1

72-hour Holter monitor: 54

after minor monitor clinics 24-hour Holter monitor: £367 practice
stroke or TIA
UK hospital Limitations
The study provides little
detail on how costs
were estimated; the
authors only report the
aggregated figure
Chandratheva Patients with Zio XT Service, E- | Time delays: Time from clinic to device Strengths
(2017) suspected AF patch, Apoplex in- Time from clinic to device placement (days): The study reflects UK
UK after TIA clinic monitoring vs | placement Zio XT Service: 0.2 practice
UK hospital 72-Hour Holter Time to reporting from device 3-day E-patch: 1

The authors provide a
break-down of the

technologies’ costs
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Cost per patient inclusive of
test unit cost, consumables,

and reporting where applicable

Time to reporting from device
placement (days):

Zio XT Service: 15.6

3-day E-patch: 9.5

Apoplex AF monitor: 1.2
72-hour Holter monitor: 13.4

Time to reporting from clinic
(days):

Zio XT Service: 15

3-day E-patch: 11

Apoplex AF monitor: NR
72-hour Holter monitor: 64.3

Test cost:

Zio XT Service: £300

3-day E-patch: £651 (£600-unit
cost, £16 electrode cost, £35
report cost)

Apoplex AF monitor: £670 (£650-
unit cost and £20 report cost)
72-hour Holter monitor: £569

Limitations
No information on the
sources of the unit

costs is provided
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10.2 Company de novo cost analysis
10.2.1 Economic model structure
The company submitted a cost analysis over a time horizon of one year based on

three separate models.

|
I These

analyses assessed only costs associated with the diagnostic process from an NHS
perspective and therefore did not include any resource use or economic
consequence of subsequent treatment. The third analysis assessed the impact on
the costs of subsequent stroke treatment of the technology’s diagnostic yield in
comparison to Holter monitors (hereafter referred as the stroke downstream model).
This model extrapolated the economic consequences of the extra risk of recurrent
stroke due to delayed or missed diagnosis of AF. All models were validated by

clinical experts and the Health Economics team at Imperial College Health Partners.

Patients
The cardiology model considers a population of patients with symptomatic

palpitations or syncope referred to cardiology outpatient departments for evaluation.
The stroke model considers patients who have experienced ischaemic stroke or TIA
without current evidence of AF, referred for identification of paroxysmal AF. The
stroke downstream model considers the same population as the stroke model

although it estimates the occurrence of further strokes over one year.

Technology
The technology under assessment is Zio XT Service. It consists of 3 components:

the 14-day Zio patch, analysis of the ECG by the company and the report generated

for clinician review.

Comparators
The comparators are blended strategies based on 24-hour Holter monitor or cardiac

event recorder (CER). Both technologies are placed and removed by NHS staff
during outpatient visits. Results are reviewed and reported by consultant

cardiologists.
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Model Structure
All analyses used simple decision trees and undertook an NHS perspective. The

cardiology and stroke models estimate the expected cost associated only with the
diagnostic process. The time horizon is stated as one year, but encompasses the
time required for an investigation of AF to be completed (currently around ten
weeks). The downstream stroke model estimates the expected costs of recurrent
stroke over a 1-year time horizon. The model structure and the approach undertaken
were informed by expert clinical opinion. The EAC considers the model structure and
time horizon to be acceptable for each model. The model structures are shown in
I o' the cardiology and downstream stroke models, respectively.

The core models do not assess the diagnostic performance (i.e. diagnostic accuracy)
of the comparator and the intervention arm. Instead, the models consider test result
proportions as estimated from a variety of sources. The possible test results in both
models are positive, negative and inconclusive. The cost of an assessment using
Holter was estimated from Patient Level Information and Costing System (PLICS)
data and Freedom of Information (FOI) requests. The sponsor was unable to retrieve
the cost of CER and therefore assumed the same cost as Holter. The cost of Zio was
provided by the company. The cost of outpatient visits was based upon NHS
Reference Costs 2017/2018.

Cardiology model

The cardiology model (figure 1) considers the current pathway (the comparator arm)
assuming a proportion of patients are monitored using 24-hour Holter monitors and
the rest are monitored with a 7-day CER. In the intervention arm most patients are
monitored with Zio Service, with the remainder receiving a Holter scan. The model
assumes that positive and negative results of the first test do not require further
testing. Following an inconclusive result, patients may be discharged, undergo a
further test (comparator arm only), or undergo placement of an implantable device. If
a test is to be repeated, a different technology is used. The sponsor estimated a
mean of 1.44 additional tests for patients undergoing additional tests following an

inconclusive result.
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The cardiology model made the following assumptions:

e The majority of patients undergoing testing with either 24 hour Holter or 7-day
CER will receive an inconclusive result. This occurs when a negative scan

coincides with the presence of symptoms.
¢ A small proportion of patients with an inconclusive result will receive an ILR

e Some patient with an inconclusive result will be discharged, others will

undergo further tests using the same device
e Negative results incur only the cost of the test
e Positive results incur the test cost and the cost of an outpatient assessment

e Inconclusive results incur the cost of the original test and an outpatient
assessment if no further testing is undertaken and the cost of multiple tests,
an outpatient assessment and an outpatient follow-up if further testing is

undertaken

e The costs of any diagnostic and therapeutic procedures carried out

subsequent to rhythm monitoring are not included in the model

The EAC did not consider the inclusion of an ‘inconclusive’ result to be a useful
component of the Cardiology model due to a lack of literature data to inform
parameterisation. Consultation and after consultation with the clinical experts also
confirmed that they do who did not distinguish an inconclusive result from a negative
result. The EAC thought that an outpatient assessment would be required regardless

of the result of any test to confirm diagnosis.
Stroke model

As observed in - the stroke model assumes that current care (the comparator
arm) consists of two pathways. The first pathway reflects the monitoring strategies
available for confirmed stroke patients. Patients with possible and definite TIA enter
the second pathway. Patients with confirmed stroke can be monitored in-clinic, with

24-hour Holter monitor, or with a 7-day CER. Positive results from any of these tests
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do not require further testing. Negative results after inpatient monitoring requires the

use of a 24-hour Holter monitor. Negative and inconclusive results after either Holter

devices or CER require additional monitoring, including implantable monitors as an

option. Patients with TIA are monitored with Holter devices or CER only. Zio XT

Service entirely replaces the use of Holter monitors and CER in patients with

confirmed non-haemorrhagic stroke in the sponsor’s stroke model intervention arm.

A quarter of patients with possible/definite TIA are still monitored with either Holter

devices or CER, with the remaining monitored with Zio. Negative/inconclusive results

with Zio XT Service can be further investigated with implantable loop recorders or

discharged in case of no significant suspicion.

The stroke model made the following assumptions:

Patients assessed with any test receive either a positive diagnosis or an

inconclusive/negative diagnosis

A small proportion of patients with an inconclusive/negative result will receive
an ILR

Some patients with an inconclusive/negative result will be discharged, others

will undergo further tests

Inconclusive/negative results with 24 hour Holter or CER which are not

repeated incur the cost of the test and an outpatient assessment

Inconclusive/negative results with Zio Service which are not repeated incur

the cost of Zio service only

Positive results with 24 hour Holter or CER incur the test cost and the cost of

an outpatient assessment

Positive results with Zio XT Service incur the test cost and sometimes incur

the cost of an outpatient assessment

Inconclusive results with 24 hour Holter or CER may be repeated. The repeat

test may be a 24 hour Holter or CER. Where a different test is chosen for the
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second test it is used once. Where the same test is chosen it is used more

than once (but less than twice on average).

The EAC regarded the stroke model as acceptable. The EAC thought that an

outpatient visit would be required regardless of the outcome of any test.

Downstream stroke model

I The model uses an estimate

of the true prevalence of AF in this population based upon the CRYSTAL-AF study

results (Sanna 2014). The sensitivity of the technologies is assumed equal to their
positive diagnostic yield (i.e. perfect diagnostic accuracy). Therefore, there is no risk
of false positives. Due to the lack of supporting published evidence, this assumption
was validated by clinical advice. A second detection pass is specified for Holter
devices and CERs in case of negative results on the first detection pass. The
diagnostic accuracy of the second pass was assumed to be independent from the
first pass. In case of test positive results, anticoagulant therapy is prescribed.
Undetected AF (false negatives) is associated with a higher risk of stroke. Patients
with AF were assumed to be untreated with anticoagulant therapy and hence at
higher risk of stroke during the delay between initiation of testing and the follow-up
outpatient visit. These data on this delay from Holter and CER was taken from
company’s analysis of HES data and Freedom of Information requests. For Zio XT
Service the delay was assumed to be 19 days, 70 days for Holter monitor and 88
days for CER. The company considered the 1-year health care cost for managing
stroke from Xu et al. (2018). This cost was not adjusted to consider the timing of the

stroke over the one-year horizon of the model.

The downstream stroke model made the following assumptions:
e Testing results in two outcomes: AF detected or AF not detected
e The specificity of all tests is 100%.

e A negative test with 24 hour Holter or CER leads to a second test using the

same technology; a negative test with Zio Service is not repeated

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias
Date: January 2020 93 of 156



e The yield of the second 24 hour Holter or CER test is the same as the first test

used.
e Patients receive and adhere to anticoagulation therapy after a positive test

o Patients with AF are at heightened risk of recurrent stroke until they receive

anticoagulation therapy

The EAC thought the overall structure of the downstream model was acceptable.
However, the EAC believes that the downstream model has omitted important
considerations in stroke care. The company’s model does not include the cost
associated with the use of anticoagulant therapy and the potential complications
arising from it, including the risk and cost of intracranial bleeding and other clinical
events. Additionally, the EAC considers it appropriate to include diagnostic costs as
well as the cost of stroke treatment. The EAC believes it is unlikely that all negative
monitoring test would be repeated. In the absence of definitive data, the EAC
assumed a mean of 1.389 tests per patient in accordance with the HES data

provided by the company.
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10.2.2 Economic model parameters
Cardiology and stroke models

Alongside the cost of Zio XT Service and the cost of the Holter and CER tests, the
parameters that drive the overall results in the cardiology and stroke models are the
probability of inconclusive tests and the probability of test repetition. The probability

of an inconclusive test influences the likelihood of utilising an implantable loop
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recorder (ILR). ILRs are the costliest monitoring option considered in the analysis
(£3,221). The probability of test repetition is used in both cardiology and stroke
models. It was estimated using analysis of HES data conducted by the company.
The company’s model estimated a mean of 1.44 additional tests performed in the
group of patients who undergo test repetition. From the HES data provided by the
company, the EAC calculates 1.465 additional tests for the 27% of patients who
undergo more than one test within 12 months. The EAC has some reservations
regarding an assumption that an average of 1.389 tests are undertaken per patient
for symptomatic patients in the cardiology model or for patients in the stroke models.
The HES data provided by the company refers to a group of procedures including
exercise stress tests. The HES data presenting repeat testing incorporates various
tests including 24 and 48 hour ECG monitoring, ambulatory ECG monitoring and
exercise ECG monitoring (NICE TA593). This may artificially increase the estimated
number of repeated Holter tests, for example according to the NICE CG109 people
who have experienced syncope during exercise, need to undergo exercise ECG
monitoring as part of their diagnostic routine. The EAC was unable to source a more
reliable estimate of the number of repeat tests but believes the true figure may be

lower than a mean of 1.389 investigations per patient.

In the cardiology model, the probability of inconclusive test for Holter devices and
CERs was estimated as the remaining probability of the sum of the positive and
negative diagnostic yield. The company was unable to identify a reliable negative
yield estimate for Holter or CER. Therefore, they used the positive diagnostic yields
reported in Tsang (2014) for Holter and CER and the positive to negative ratio of Zio
and of CER from Barnelli (2003) to calculate the negative yields for Holter and CER
respectively. The EAC revised the cardiology model to combine inconclusive and
negative results for 24 hour Holter and CER, negating the need to estimate the

probability of a negative result.

Downstream stroke model

The company’s downstream stroke cost model is mainly driven by the difference in
risk of stroke and its subsequent management cost. The company considered a 1-
year stroke risk of 12.3% for untreated patients with underlying AF. An absolute risk
difference of 8.4% was applied to treated patients. Both values were based upon the
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EAFT study. The company considered a 1-year risk of stroke of 9.9% for patients
without underlying AF. This parameter was calculated using the probability of stroke
in AF untreated patients and an odds ratio of patients with AF in comparison to
patients free of AF of 1.24 based on Burn et al. (1994). The EAC had concerns about
these values. The EAC contacted clinical experts to enquire on the suitability of
these references. The clinical experts suggested they may be appropriate. They
considered the population analysed in this study to be substantially different to the
population in the decision problem. For example, more than 70% of the patients
suffered in the EAFT study suffered from chronic AF and up to 25% suffered multiple
strokes in the year prior to randomisation. Additionally, this study was conducted
before aspirin and oral anticoagulants where implemented as standard practice to
reduce risk of stroke. The EAC considered the data in Diamantopoulos 2016 to be
more relevant to the decision problem. The EAC estimated the risk of stroke for
patients with untreated AF, treated AF and without AF from data in Diamantopoulos
2016.

The company considered the impact of the delay between initiating investigation and
diagnosis confirmation on stroke risk. Specifically, patients were assumed to be
untreated and at higher risk of stroke during this delay. The sponsor company
conducted their own analysis of HES data and retrospective data to estimate these
parameters. The EAC believes that the estimate from HES data is likely to be
representative of clinical practice but notes that the company’s analysis has not been
published or peer reviewed and the EAC has only been provided with summary

results that don’t allow methodological quality assessment.

10.2.3 Clinical parameters and variables
Tables 7, 8 and 9 summarise the clinical parameters and variables of the company’s

cardiology, stroke and downstream cost models, respectively.

Table 7 Clinical parameters used in the company’s cardiology model

Variable Company Source EAC EAC comment
value value
Probability of | 24.2% Tsang (2014) 24.2% The EAC considers this
Holter appropriate
monitor
yielding a
positive result
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Probability of | 11.4% Extrapolated from 75.8% The EAC combined the
Holter clinical evidence using inconclusive and negative
monitor the observed positive: results into a single category.
yielding a negative results ratio
negative of Zio in company’s
result retrospective data and

Tsang et al (2014)
Probability of | 23% Tsang (2014) 23% The EAC considers this
CER monitor appropriate
yielding a
positive result
Probability of | 18.5% Extrapolated from 7% The EAC combined the
CER monitor clinical evidence using inconclusive and negative
yielding a the observed positive: results into a single category.
negative negative results ratio
result of CER reported in

Balmelli (2013) and

positive yield from

Tsang et al (2014)
Probability of | 63.5% Company’s 63.5% The EAC accepts the value
Zio yielding a retrospective audit provided by the company
positive result data
Probability of | 29.9% Company’s 29.9% The EAC accepts the value
Zio monitor retrospective audit provided by the company
yielding a data
negative
result
Probability of | 73% Company’s analysis 73% Estimate derived from data on
not on HES data all patients undergoing
progressing electrocardiogram monitoring
to repeat or stress testing. The EAC has
monitoring some concerns regarding the
given applicability of this data to the
inconclusive population in the company’s
results in models.
Holter
devices and
CERs
Probability of | 2% Clinical advice 2% Company value based on
fitting reasonable assumption
implantable
device given
inconclusive
results in all
tests
Proportion of | 15% Clinical advice 15% Company value based on
patients reasonable assumption
monitored
with CER in
current route
Proportion of | 80% Clinical advice 80% Company value based on

patients who
would have
had a Holter
monitor
switched to
Zio

reasonable assumption
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Table 8 Clinical parameters used in the company’s stroke model

Variable

Company
value

Source

EAC
value

EAC comment

Proportion of
stroke patients
undergoing
monitoring as
in-patient

50%

Clinical advice

50%

Company value based on
reasonable assumption

Proportion of
patients with
positive
diagnosis
monitored in
clinic

5.6%

SSNAP (2019)

5.6%

The EAC considers this
appropriate

Proportion of
patients with
non-
haemorrhagic
stroke

57.6%

Calculated as product of
patients with new stroke

or TIA 66% (Giles 2007),
and 87.3% proportion of

non-haemorrhagic stroke
87.3% (SSNAP 2019)

57.6%

The EAC considers this
appropriate

Proportion of
patients with
stroke/TIA
monitored with
Holter in
current route
arm

50%

Clinical advice

50%

Company value based on
acceptable sources

Proportion of
patients with
TIA monitored
with Zio in
intervention
arm

75%

Clinical advice

75%

Company value based on
reasonable assumption

Probability of
CER yielding a
positive result

7.4%

Gladstone (2014)

7.4%

The EAC considers this
appropriate

Probability of
Holter yielding
a positive
result

21%

Kaura (2019)

21%

The EAC considers this
appropriate

Probability of
Zio yielding a
positive result

16.1%

Kaura (2019)

16.1%

The EAC considers this
appropriate

Probability of
not
progressing to
repeat
monitoring
given negative
results in
Holter devices
and CERs

73%

Company’s analysis on
HES data

73%

Estimate derived from data on all
patients undergoing
electrocardiogram monitoring or
stress testing. The EAC has some
concerns regarding the
applicability of this data to the
population in the company’s
models.

Table 9 Clinical parameters used in the company’s downstream stroke model

Variable Company Source EAC EAC comment
value value
True 30% Sanna (2014) 30% The EAC considers this

prevalence of
AF in

(CRYSTAL AF study)

appropriate
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selected

population

Probability of | 2.1% Kaura (2019) 2.1% The EAC considers this

yielding a appropriate

positive result

with Holter

Probability of | 7.4% Gladstone (2014) 7.4% The EAC considers this

yielding a appropriate

positive result

with CER

Probability of | 16.1% Kaura (2019) 16.1% The EAC considers this

yielding a appropriate

positive result

with Zio

Risk of stroke | 9.9% Calculated from 5.28% The EAC considered the

in AF free clinical evidence estimates retrieved from the

patients using the risk of EAFT study are not valid as the
stroke in patients population considered in such
with untreated AF study is fundamentally different
0f12.3% (EAFT to the one outlined in the
1993) and odds ratio decision problem. The EAC
of 1.24 for stroke with applied the estimates for these
AF from Burn (1994) parameters from

Risk of stroke | 12.3% EAFT (1993) 7.85% Diamantopoulos (2016) as they

in undetected are more representative of the

AF patients population under consideration

Risk of stroke | 3.9% EAFT (1993) 3.1%

in detected

AF patients

Time to make | 70 days Company’s analysis | 70 days | Company value based on

a diagnosis on HES data and FOI acceptable sources

for Holter requests

Time to make | 88 days Company’s analysis | 88 days | Company value based on

a diagnosis on HES data and FOI acceptable sources

for CER requests

Time to make | 19 days Company’s 19 days | Company value based on

a diagnosis retrospective data acceptable sources

for Zio

10.2.4 Resource identification, measurement and valuation

10.2.4.1 Price of the technology
The company provided a cost of £310 per patient attributed to the use of the

technology. This figure includes the device, the cost of analysing and reporting.

10.2.4.2 NHS and unit costs
The company provided unit cost estimates for 24-hour Holter monitor, cardiology

outpatient visits, implantation of implantable loop recorder, based on PLICS data

from 2016/17 and NHS reference costs. The unit cost of CERs was assumed to be

the same as the Holter monitor given the lack of evidence on this parameter.
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The company used PLICS data and Freedom of Information Request to estimate the
unit cost of 24-Hour Holter monitors. The cost estimate of the Holter monitor use in
their model is £185. It is inclusive of the device fitting/removal, reporting, (£158) and
hardware and maintenance components (£27). The company justified the use of
PLICS data after noting the variation in reference cost data across different
specialties for EY51Z: Electrocardiogram monitoring or stress testing. The EAC
notes that over two thirds of procedures across all specialties were conducted in
cardiology in the year 2017/18. The EAC believes the NHS reference cost for
2017/18 for cardiology services of £141 is a more suitable source. The PLICS data
from 2016/17 is based on information gathered voluntarily in a limited number of
NHS Trusts. The NHS reference cost is representative of national practice. The EAC
accepts that the reference cost may exclude hardware and maintenance costs. The
EAC notes that the category EY51Z, used for both the cost estimate from NHS
reference costs and PLICS data, includes a number of different procedures including
exercise stress tests. The EAC was unable to source a better estimate of the cost of
ambulatory electrocardiogram monitoring in the NHS. Hence uncertainty remains

regarding the true cost of 24-hr Holter monitoring or 7-day CER.

The company was unable to find a cost of CER and assumed the cost was the same
as a 24 hour Holter assessment. The EAC undertook its own search for the cost of
CER. The available evidence was very limited. An Italian report estimated the cost of
7-day CER at €39 compared to €62 for 24 hour Holter monitoring (Scalvini 2005).
Details of the cost calculations are lacking. A study from Portugal of the financial
impact of introducing ILR for the diagnosis of syncope provided a cost of €43.70 for
ambulatory ECG monitoring and €47.30 for external loop recording, derived from
Portuguese NHS reimbursement tariffs (Providencia 2014). These studies may not
accurately reflect cost differences between the two technologies in the UK but would

indicate an assumption of similar cost is reasonable.

The cost of a cardiology outpatient visit was derived from NHS reference costs
2017/2018. All the sponsor’'s models applied a value of £142. The EAC considers
this value is appropriate. It was applied only as a consequence of positive or
inconclusive results in the cardiology model. In the stroke model, the cost was not
included for patients using Zio Service except where an ILR was used. The EAC
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revised each model to include an outpatient assessment following testing regardless

of the result or technology.

The unit cost of implantable loop recorders (£3221) was based upon National
Reference Costs 2017/2018 and the cost reported in the Medtech Innovation Briefing
141 - the Reveal LINQ insertable cardiac monitor (NICE 2018). This figure consists
of the cost of the implantation procedure (£308), the unit cost of the device (£1,800),

and an extrapolation of the daily cost of continuous monitoring (£3.05) over 1 year.

The EAC considers this value to be appropriate.

10.2.4.3 Resource use
The company estimated an average resource use of 1.44 additional tests for the

group of patients who undergo test repetition. This value was estimated on analysis
of HES data carried out by the company. The EAC calculated this parameter to be
1.465 from the HES data provided by the company. The EAC notes that this
parameter is derived from data on all patients undergoing electrocardiogram
monitoring or exercise stress tests in the NHS. The EAC was unable to find an
estimate that better matched the population in the company’s models, but the EAC
believes the data may overestimate the number of repeat tests in the cardiology and

stroke populations.

Data on the resource use and associated cost of anticoagulation therapy was not
applied to the downstream stroke cost model by the company. The EAC considers
this element should be incorporated as this an important element in the

consequences of having a confirmed diagnosis of AF.

10.2.4.4 Adverse events
The company’s cardiology and stroke models do not consider adverse events as

they only focus on the cost of the diagnostic process. The downstream stroke model
considers the health care costs of managing stroke over 1-year. The value used in
the company’s model is £13,452 and was retrieved from the analysis conducted by
Xu (2018) of data from the Sentinel Stroke National Audit Programme. This value
has a perspective of the NHS only. The EAC considers this source and figure is

appropriate
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The EAC believes the cost of anticoagulant therapy including the cost of increased

incidence of major bleeds should be included in the model. The EAC considers the

cost projections in the NICE costing report accompanying the Clinical guideline on

the management of atrial fibrillation [CG180] to be the most appropriate source of

data since the guidelines consider oral anticoagulants as well as warfarin and the

proportion of patients given no therapy.

10.2.4.5 Miscellaneous costs, savings, resources and capacity changes
No miscellaneous costs, savings, resources or capacity changes were considered in

the company’s analysis.

10.2.4.6 Total costs

Table 10 summarises the costs employed in the company and the EAC’s base-

cases.

Table 10 Base Case Costs

including cost of bleeds

Parameter Company EAC Source
base-case base-case
Cost of Zio XT Service £310 £310 Company
NHS Reference
24-hour Holter use cost £185.12 £168.12 Costs 2017/2018
and FOI request
Assumed to be
CER use cost £185.12 £168.12 equal to Holter
device cost
NHS Reference
Costs 2017/2018 +
MIB 141 — Reveal
Implantable loop recorder cost £3,221 £3,221 LINQ insertable
cardiac monitor
(NICE)

. . .. NHS Reference
Cardiology outpatient visit £142 £142 Costs 2017/2018
Mean_ pumber of additional tests if 144 1465 Data from HES
repetition is decided
Cost of stroke £13,452 £13,452 Xu (2018)

. . NICE Clinical
Cost of anticoagulation therapy |\ inciuded | £452 Guideline CG180

Atrial fibrillation:
management.
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Costing report
uprated to 2017/18
prices

10.2.6 Scenario and sensitivity analysis
The company conducted deterministic one-way sensitivity analysis on all parameters

in their models, with values varied over the range +/- 20%. The company justified the
range chosen on account of limited availability of evidence on uncertainty for most
parameters. The company’s downstream stroke model described in previous
sections was considered as scenario analysis; the EAC considered it as part of the

company’s base-case analysis.

10.3 Results from the economic modelling

10.3.1 Base case results

Table 11 Summary of base case results
Company’s results EAC’s results
Cost Cost
Intervention | Comparator | saving Technology | Comparator saving
arm arm per per
patient patient
ﬁz:jde'}‘l"ogy £431.33 £516.59 £84.76 £466.78 £465.96 -£0.82
it;‘;‘;‘f £382.69 £437.97 £55.28 £493.94 £42313 | -£70.81
Downstream
stroke £1,256.15 £1,332.65 £76.50 £1237.45 £1216.62* -£20.83
model

*Results for CER comparator, Holter comparator is more expensive

The company estimates a cost saving from the use of Zio XT Service in each of the
3 models. The EAC estimates a very modest cost increase in the revised cardiology
model and cost increases in the stroke and downstream stroke models. In the
company’s cardiology model 40.3% of patients underwent repeat testing after a 24
hour Holter test. In the company’s stroke model 25.9% of patients underwent repeat
testing with 24 hour Holter or CER. The EAC corrected both the stroke and
cardiology models submitted by the company to ensure that 27% of patients

underwent further testing after a 24 hour Holter test (in accordance with the HES
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data). This change will have reduced the cost of the comparator in the cardiology
model and very slightly increased it in the stroke model. The EAC replaced the cost
estimate for a 24-hour Holter assessment from PLICS data of £165 with an estimate
from NHS reference costs of £141. This change reduced the cost of the comparator
in the stroke and cardiology models. The EAC included an outpatient assessment
cost after all test results and regardless of the technology used. The inclusion of an
outpatient assessment prior to discharge following a negative test result in the
cardiology model increased the costs of the technology more than the comparator
since Zio Service produces more negative results. The inclusion of an outpatient
assessment after all Zio results in the stroke model increased the costs of the

technology.

The downstream stroke model was revised to include the costs of anticoagulant
treatment including side-effects. This increased the cost of Zio Service more than the
comparators. The EAC amended parameters on the risk of stroke. The EAC
estimates were lower than those used by the company. This decreased costs in all
three arms (Zio XT Service, 24-hour Holter and CER) but had the biggest impact on
the comparator arms where more patients have undiagnosed AF. However, the
biggest change the EAC made to the downstream stroke model was the inclusion of
additional test costs. This increased the cost of both arms but had a larger impact on
the cost of testing with Zio Service. The company’s model assumed that a negative
test with 24-hr Holter or 7-day CER is repeated (but not a negative test with Zio XT
Service). The EAC assumed that negative investigations with either 24-hr Holter or
7-day CER are sometimes repeated and that investigations with Zio Service are not
repeated. The EAC assumed 1.389 tests with either 24-hr Holter or CER on average
per patient, in line with the data from HES submitted by the company. The overall
impact of these changes is that EAC estimates a modest cost increase with Zio
Service in the downstream stroke model compared to either 24-hr Holter monitoring
or 7-day CER.

10.3.2 Scenario and sensitivity analysis results
The company’s one-way sensitivity analysis of the cardiology model showed that

inference that Zio XT Service is cost saving was robust to all parameters varied over
a range of +/-20%. The company’s one-way sensitivity analysis of the stroke model

showed that inference that Zio Service is cost saving was sensitive to variation in the
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probability of a repeat 24 hour Holter or CER after a negative/inconclusive scan. At
the upper limit of the values tested for this parameter, Zio service was slightly more
expensive than current care. The company did not undertake sensitivity analysis of

the downstream stroke model.

The EAC undertook one-way sensitivity analysis for each of the 3 models. The
figures (3 to 5) below provide the Tornado plots for each of the three models. The
inference from the cardiology model that Zio XT Service is cost incurring is sensitive
to the majority of parameters. This is unsurprising given the small difference in costs
observed in the base case. The results are most sensitive to uncertainty in the costs
of Zio XT Service followed by the costs of 24 hour Holter monitoring and then the
probability of testing with an ILR. Cost differences are not sensitive to the proportion
of patients still using 24 hour Holter in the Zio arm, the proportion of patients
receiving CER under current care or the probability of a positive diagnosis using Zio
Service (when it is assumed that the probability of an inconclusive Zio XT Service
report is fixed). In contrast, inference from the EAC’s stroke model that Zio Service is
cost incurring was robust to parameter uncertainty in one-way sensitivity analysis of
all parameters except the cost of Zio XT Service. The breakeven point for the cost of
Zio XT Service is £229.

The main reason for the difference in sensitivity of inference from the EAC’s revised
cardiology and stroke models is simply the magnitude of the cost difference in the
base case, which is much larger in the stroke model. Whilst there are differences in
the two models, the impact of changes in parameters on the overall costs of Zio

Service and current care were similar across the two models.

The inference from the EAC’s downstream stroke model that Zio service is cost
incurring was sensitive to the costs of Zio Service, the probability that a negative test
is repeated, the costs of 7-day CER, the costs of treating stroke and the probability
of a stroke with untreated AF in one-way sensitivity analysis comparing Zio Service
with 7-day CER. The cost of Zio Service was almost identical to the cost of 24 hour
Holter monitoring in the base case rendering the result sensitive to the majority of

model parameters.
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The findings from the revised downstream stroke model are dependent on the
assumption that conventional testing is repeated for negative tests with a mean of
1.389 tests per patient, whereas Zio XT Service is not repeated after an
inconclusive/negative result. The EAC undertook a scenario analysis in which it
assumed that all monitoring is repeated after a negative test. In this scenario Zio
Service was cost incurring. Costs were £1604 for Zio Service compared to £1395 for
CER and £1422 for Holter monitoring. If all first negative Zio Service tests are
repeated the impact on costs for Zio Service is substantial. In a second scenario
analysis the EAC assumed that monitoring with 24-hr Holter or 7-day CER is
repeated if a negative test is obtained for the first test, but Zio Service is not
repeated. In this scenario Zio XT Service, at £1237 was considerably cheaper than
either 24 hour Holter (£1422) or 7-day CER (£1395).
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Tornado Diagram - Incremental
Current route vs. Zio route
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Figure 4 Tornado plot showing one-way sensitivity analysis for the EAC’s cardiology model.
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Tornado Diagram - Incremental
Current route vs. Zio route
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Figure 5 Tornado plot showing one-way sensitivity analysis for the EAC’s stroke model.
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Tornado Diagram - Incremental
CER vs. Zio
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Figure 6 Tornado plot showing one-way sensitivity analysis for the EAC’s downstream stroke model comparing Zio service with
CER.
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10.3.3 Additional results

No additional sub-group analysis was carried out.

10.4 EAC Interpretation of economic evidence
Briefly summarise how the EAC have revised the company’s economic

model.

The EAC made changes to the cost of monitoring with 24-hour Holter or CER
in each of the company’s models. The EAC considered an estimate of the
cost of £142 derived from the NHS reference cost for electrocardiogram or
stress testing in a cardiology department to be more likely to represent the
true cost than the estimate derived from analysis of PLICs data from 2016/17
since PLICs data was not universally reported during this period. The EAC
applied the cost of an outpatient visit to the cost of monitoring for all patient
regardless of the monitoring technology or result. This cost had been applied

more selectively in the company’s cardiology and stroke models.

The EAC made amendments to the cardiology model submitted by the
company to combine inconclusive and negative results into a single outcome
‘inconclusive/negative’ after a 24 hour Holter or CER test. The EAC made
amendments to the parameters in the cardiology and stroke models governing
the number of patients not undergoing a further test after an inconclusive
result for monitoring with 24 hour Holter or CER. These changes ensured that
73% of the patients did not receive a second test, in line with the supporting
HES data provided by the company. The change was marginal for the stroke
model, but significantly reduced the number of repeat tests in the cardiology
model. The EAC revised the parameter governing the number of repeat tests
to match the HES data provided by the company. The change made was a

very modest increase in the value of the parameter (from 1.44 to 1.465 tests).

The overall impact of these changes was to decrease the cost of current care
in the cardiology model and to increase the cost of Zio service in the stroke
model. The amended cardiology and stroke models indicated the diagnostic
costs of Zio Service are greater than those under current care, albeit the
difference was minimal for the cardiology model. The drivers of diagnostic
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cost are clearly the test cost and the number of test repeats. The company
provided evidence from HES data on the number of repeat tests in the current
pathway. The EAC has some concerns that the data may overestimate the
number of tests undertaken in the cardiology and stroke models. The
assumption of no repeat tests with Zio Service is plausible but likely to be an
underestimate, if only a modest one. The current cost of Zio Service is known;
there is uncertainty in the cost of the comparator. The EAC applied a cost
from NHS reference costs for cardiology services which is lower than the

value the company derived from analysis of PLICS data.

The EAC amendments to the downstream stroke model increased the cost for
Zio Service when compared to current care. The main change was the
inclusion of test costs. These costs are highly dependent on the number of
repeat tests undertaken in current practice. The EAC assumed a mean of
1.389 tests per patient but notes that the data upon which this estimate is
made may overestimate the number of repeat tests for the population in the
downstream stroke model. An assumption of 1.389 tests under current care
generates lower diagnostic costs under the current pathway than those under
Zio Service. The additional costs of Zio Service are offset by the avoidance of
stroke through earlier detection and improved diagnostic yield with Zio
Service. The impact of this is mitigated in the EAC’s model by the inclusion of

anticoagulant therapy costs.

The EAC regards the downstream model as the most informative model after
inclusion of diagnostic costs. The EAC considers diagnostic costs, treatment
costs for AF and the costs of stroke are all relevant costs and should be
included in the analysis. Hence the EAC thinks that the results from the
downstream stroke model should be given most prominence. However, the
EAC notes that the findings of the downstream model are sensitive to
assumptions regarding the number of repeat tests under the current care
pathway. The EAC base its base case on the HES data provided by the
company but has some reservations that these data may have overestimated

the parameter.
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Does the EAC think the results of the economic modelling support the
case for adoption of the technology? Are the system benefits claimed by
the company justified?

On the basis of the revised models, the EAC concludes that Zio XT Service is
unlikely to be cost saving when compared with current practice. The EAC
places most weight on the revised downstream stroke model which
incorporates both diagnostic costs and treatment costs for stoke prevention
and stroke. That analysis indicated a modest cost increase of around £20 per
patient through the introduction of Zio XT Service. The EAC notes that a time
horizon of one year may provide a conservative estimate of the cost savings
from the avoidance of stroke. Set against this is a concern that the HES data
may overestimate the number of repeat tests undertaken in the current care
pathway. The potential benefits to patients of improved diagnosis of AF are
evidently significant. An additional cost of £20 per patient is modest when set
against these benefits. However, there is no available evidence to support that

an increased diagnostic yield with Zio XT Service improves clinical outcomes.

11 Conclusions

11.1 Conclusions on the clinical evidence
The clinical evidence for Zio XT Service comprises 1 RCT, 3 prospective

comparative studies, and 13 non-comparative studies. There were 13 studies
reported as abstracts. The EAC has focused on the 4 comparative studies
that were reported as fulltext publications. The UK based RCT (Kaura et al.
2019) and 2 comparative studies (US studies: Barrett et al. 2014, Rosenberg
et al. 2013) indicated that the use of 14-day Zio XT Service increased

diagnostic yield compared with 24-hour Holter monitoring over total wear time.

The diagnostic accuracy of Zio XT Service compared with Holter monitoring is
unclear. The Barrett et al. (2014) and Rosenberg et al. (2013) studies carry
out some analysis over the same 24 hour period with slightly differing results.
Holter monitoring had a “performance advantage” in Barrett et al. (2014) due
to algorithm misclassification and report reviewer processing errors (the
authors note that the service was subsequently corrected). Rosenberg et al.
(2013) reported significant agreement in event detection between Zio XT
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Service and Holter monitoring. Both studies used judgement of a clinical
experts as reference standard. Overall, clinical experts suggested that there
may be no significant difference in accuracy between Holter monitoring and
Zio XT Service. However, 1 expert also noted that because Holter monitors
make use of more leads, they may be more accurate. Barrett et al. (2014)
suggests that in general, the information provided by additional ECG leads in
Holter monitors may benefit both automatic algorithm analysis and clinician
interpretation. Specifically, 3-lead recordings allow for the detection of
arrhythmia events characterised by a shift in electrical axis that can be missed
by single-lead recordings. Therefore, the diagnostic accuracy of Zio XT
Service may vary by type of arrhythmia. One expert noted that Zio XT Service
may be more accurate for a fixed period of time (24 hours), as there is likely to
be less artefact and more analysable rhythm (for example, patients remove

the Holter monitors during showers).

Experts noted that extended monitoring would be particularly useful for
populations suspected of infrequent arrhythmias by increasing diagnostic
yield. It is unclear how increased diagnostic yield may affect clinical outcomes.
Kaura et al. (2019) reported that a significantly higher proportion of patients
randomised to the Zio XT Service arm were taking anticoagulants at 90 days,
16.3% compared with 2.1% of patients who only had 24-hour Holter
monitoring. The study was, however, underpowered for these outcomes and
did not report the effect of increased anticoagulation use to clinical outcomes.
Rosenberg et al. (2013) stated that 18 patients with PAF had a change in their
classification of AF and 21 patients (28.4%) had subsequent medication
change “as a result of findings from the Zio Patch”, with 17.3% having a
change in their antiarrhythmic medication and 5.3% changing oral
anticoagulant use. This was attributed to longer monitoring time compared to
24 hour Holter monitoring. Without more information about diagnostic
accuracy or resulting clinical outcomes, it is unclear how appropriate these

changes to patient management were.
The EAC agrees with the company’s statement that compliance for Zio XT

Service appears high, with mean wear time ranging from 10.8 days
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(Rosenberg et al. 2013) to 12.8 days (Eysenck et al. 2019) out of scheduled
14 days in comparative studies. Barrett et al. (2014) provided a comparison of
patient experience, reporting that 93.7% participants found the monitoring
patch comfortable to wear as opposed to 51.7% for the Holter monitor. A
survey into patients of a UK cardiology clinic (Hall et al. 2019, abstract only)
found that Zio XT Service was significantly preferred to Holter monitoring in

terms of shape, comfort, practicality and returning method.

Various outcomes were reported by the non-comparative studies (arrhythmia
prevalence, type of arrhythmia) but the lack of a control group makes it

impossible to draw any conclusions about the efficacy of Zio XT Service.

¢ Does the evidence present an unbiased estimate of the
technology’s treatment effect?

The biggest potential source of bias is the heterogeneity of the study
populations. Population and type of arrhythmia varied, therefore no meta-
analysis was carried out by the EAC or the company. Despite the
heterogeneity, results consistently indicate that 14-day Zio XT Service has
increased diagnostic yield compared with 24-hour Holter monitor over total

wear time.

e Was the treatment effect relevant to the population, intervention,
comparators and outcomes in the decision problem?

The scope included a broad population (all adults with suspected cardiac
arrhythmia referred for ambulatory ECG monitoring) and outcomes (including
procedural, clinical management and patient). A relatively large number of
studies were found that investigated Zio XT Service as an intervention, but
this was constrained by the lack of relevant within-study comparators in the

evidence.

¢ Is there evidence on any important subgroups?

Kaura et al. (2019) provided evidence in patients who had an ischaemic
stroke or TIA in the previous 72 hours. These patients were presumably
asymptomatic (although this was not made explicit).
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Two non-comparative studies (Turakhia 2015, Tung 2015) provided evidence

in asymptomatic patients.

e Are there any other important uncertainties in the clinical
evidence?

As mentioned, more information about diagnostic accuracy, and analysis for
different types of arrhythmia in different populations would help inform
conclusions about Zio XT Service’s clinical efficacy. Further comparative
evidence about how Zio XT Service impacts clinical management or patient

outcomes would be helpful.

11.2 Conclusions on the economic evidence
The EAC made a number of amendments to the company’s cardiology and

stroke models. Firstly, the percentage of patients receiving repeat Holter tests
after 24 hour Holter monitoring was amended to 27.0% (as per the HES data
sent by the company) rather than the 40.3% in the company’s cardiology
model and 25.9% in the stroke model. This change reduced the cost of the
comparator in the cardiology model and very slightly increased it in the stroke
model. Secondly, the EAC used NHS reference costs rather than PLICS data
for Holter assessment. The EAC believes the NHS reference cost is a more
suitable source as PLICS data is based on information gathered voluntarily in
a limited number of NHS Trusts. The NHS reference cost is deemed more
representative of national practice. This change reduced the cost of the
comparator in the stroke and cardiology models. Thirdly, the EAC included
outpatient assessment prior to discharge in the costs which increased the cost

of the technology.

For the downstream stroke model, the EAC revised the company model to
include the cost of anticoagulant therapy, to lower the estimated stroke risk,
and, most significantly, to include repeated diagnostic test costs. The overall
impact of these changes is that EAC estimates a modest cost increase with
Zio XT Service in the compared to either 24-hr Holter monitoring or 7-day
CER. However, the EAC notes that the findings of the downstream model are
sensitive to assumptions regarding the number of repeat tests under the
current care pathway.
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The EAC regards the downstream model as the most informative model after
inclusion of diagnostic costs. The EAC believes that diagnostic costs,
treatment costs for AF and the costs of stroke should be included in the
analysis. Hence the EAC suggests that the results from the downstream

stroke model should be given most prominence.

On the basis of the revised models, the EAC concludes that Zio XT Service is
unlikely to be cost saving when compared with current practice. The revised
downstream stroke model incorporates both diagnostic and treatment costs
for stroke prevention and stroke. That analysis indicated a modest cost
increase of around £20 per patient through the introduction of Zio XT Service
(per the downstream stroke model). However, the potential benefits to
patients of improved diagnosis of AF are evidently significant and a small

additional cost per patient may be justified when set against these benefits.

Key uncertainties remain around the cost evidence. Firstly, the value
proposition of the technology relies on the increased diagnostic yield of Zio XT
Service in comparison with usual practice. The elevated diagnostic yield is
well supported by the body of evidence identified by the EAC, however, there
is little published evidence investigating its diagnostic accuracy (compared
with 24 hour Holter monitoring against a reference standard). Secondly, there
is a lack of clarity around the clinical pathway currently implemented in the
NHS. As correctly noted by the company there are a number of different
alternatives currently in place. The assumption of no repeat tests with Zio XT
Service is plausible but likely to be an underestimate, if only a modest one.
The number of repeat tests carried out after an inconclusive/negative test for
Holter monitoring has a significant impact on cost but is unstandardised and
varies by local protocol and clinical opinion, therefore the figure for this
parameter is unclear. In addition, there are some limitations to the supporting
evidence. For example, HES data representing repeat testing incorporates
various tests including 24 and 48 hour ECG monitoring, ambulatory ECG
monitoring and exercise ECG monitoring (NICE TA593). This may artificially

increase the estimated number of repeated Holter tests. In addition, the HES
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data are not published or peer reviewed and the EAC has only been provided

with summary results that don’t allow methodological quality assessment.

12 Summary of the combined clinical and economic sections
The clinical evidence consists of 30 studies — only 4 of which are considered
pivotal as they are comparative and compare 14 day Zio XT Service with 24
hour Holter monitoring or other standard event monitoring devices. The
individual studies are of moderate quality (with some significant flaws),
however the populations are heterogenous and therefore results cannot be
combined. There is adequate evidence to suggest Zio XT Service increases
diagnostic yield compared with 24 hour Holter monitoring. However, there are

gaps in evidence regarding its diagnostic accuracy and clinical outcomes.

In total, 5 studies were considered to be relevant to inform the decision
problem as they analysed patients with suspected AF after either cryptogenic
stroke or TIA, a subgroup outlined in the scope of the decision problem. The
studies included 1 economic evaluation (Kaura et al 2019), 2 reports
containing resource use or costs associated with the technology (Steinhubl et
al 2019; Eysenck et al 2019) containing cost data only, and 2 conference
abstracts (Ghosh et al (2018), Chandratheva (2017). On the basis of the
revised models, the EAC concludes that Zio XT Service is unlikely to be cost
saving when compared with current practice. The downstream stroke model
estimates an increased cost of £20 per patient. However, the potential
benefits to patients of improved diagnosis of AF are evidently significant and a
small additional cost per patient may be justified when set against these

benefits.

13 Implications for research

The main gaps in the current evidence would benefit from research into:

e Better understanding of the diagnostic accuracy of Zio XT Service
against an appropriate reference standard.

¢ A better understanding of the clinical pathway for people referred for
ambulatory cardiac monitoring.
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e Technology utilisation and resulting clinical outcomes to provide greater
insight into clinical response to newly-detected arrhythmia.
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15 Appendices
15.1 Appendix A
° Clinical and economic evidence

Total records retrieved: 729

Total following deduplication: 533

e 22 records from the company submission
e 9records, not also in the submission, from the systematic review by Yenikomshian
et al (2019)

e Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed
Citations and Daily 1946 to September 24, 2019
e Search date: 26" September 2019
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1|(zio or ziotm or zior or ziopatch or zioxt or (zeus and zio)).mp.[172

2 [irhythm*.af. 19
3|1lor2 185

4 |animals/ not (animals/ and humans/) 4585749
5(3 not4 92

6 | (editorial or letter or case report or comment or news).pt. 1947408
7(5not6 91

e Embase 1974 to 2019 Week 38
e Search date: 26" September 2019

1|(zio or ziotm or zior or ziopatch or zioxt or (zeus and zio)).mp. 328
2 [irhythm*.af. 84
3|1or2 354

(animal/ or animal experiment/ or animal model/ or animal tissue/ or
4 [nonhuman/) not ((animal/ or animal experiment/ or animal model/ or animal |5861503
tissue/ or nonhuman/) and exp human/)

5(3 not4 273
6 | (editorial or letter or case report or comment or news).pt. 1720851
7{5not6 267
8 [limit 7 to conference abstract status 112
9(7 not 8 155

e Cochrane (CDSR and CENTRAL)
e Search date: 26" September 2019

ID Search Hits

#1 (zio or ziotm or zior or ziopatch or zioxt or (zeus and zio)) 26
#2 irhythm* 8
#3 #1 or #2 27
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PubMed
Search date: 26™ September 2019

Iltems
Search | Query found
#19 Search (#15 or #16 or #17) Filters: Humans Sort by: [pubsolrl2] 54
#18 Search (#15 or #16 or #17) 170
#17 Search irhythm* 19
#16 Search (zio[Title/Abstract] AND zeus[Title/Abstract]) 1
Search (zio[Title/Abstract] OR ziotm[Title/Abstract] OR zior[Title/Abstract] OR
#15 ziopatch[Title/Abstract] OR zioxt[Title/Abstract]) 157
e Web of Science
e Search date: 26" September 2019

#6 | 187 |(#1 or #2) not #5

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI

Timespan=All years
#5 | 72 #3or#4d

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI

Timespan=All years
#4 | 31 |(#1or#2) AND DOCUMENT TYPES: (Proceedings Paper)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI

Timespan=All years
#3 | 41 |(#1 or #2) AND DOCUMENT TYPES: (Meeting Abstract)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI

Timespan=All years
#2 | 4 |TS=(irhythm¥*)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI

Timespan=All years
#1 | 258 |TS=(zio or ziotm or zior or ziopatch or zioxt or (zeus and zio))

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI

Timespan=All years

Ongoing studies

Total records retrieved: 78

Total following deduplication: 50
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http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=12&SID=C38Iyy9iaJn5LXURQJz&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=10&SID=C38Iyy9iaJn5LXURQJz&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=5&SID=C38Iyy9iaJn5LXURQJz&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=3&SID=C38Iyy9iaJn5LXURQJz&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=1&SID=C38Iyy9iaJn5LXURQJz&search_mode=AdvancedSearch&update_back2search_link_param=yes

e 7 records extracting from the CENTRAL results
e 2 records relevant to currently ongoing studies

e ClinicalTrials.gov
e Search date: 26" September 2019
Search string (expert search)

39 Studies found for (zio OR ziotm OR zior OR ziopatch OR zioxt OR irhythm)

e WHO ICTRP
e Search date: 26" September 2019
Search string (default search)

32 Studies found for (zio OR ziotm OR zior OR ziopatch OR zioxt OR irhythm)

e PROSPERO
e Search date: 26" September 2019
Line Search for Hits

#1 zio 0
#2 ziotm 0
#3 zior 0
#4 ziopatch 0
#5 zioxt 0
#6 irhythm 0

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias

Date: January 2020

127 of 156



PRISMA 2009 Flow Diagram
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15.2 Appendix B
Table 12 Methodologies of company and EAC included studies available in full-text

Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
Comparative
Barrett 2014 US: 150 Zio XT Holter Arrhythmia Some participants had pre- Comparative
Adult Service, 14 monitor, 24 event detection | existing arrhythmias and were
Prospective Patients: days hours over total wear | referred for reasons other than Company included
within subject 146 time symptomatic arrhythmia.
study completed EAC included
Arrhythmia Calculation by authors suggests
April 2012 — event detection | study was adequately powered.
July 2012 at 24 hours
The company partly funded the
41.8% men, Median Wear study.
median age Time
64 years
Pre-2018 version of ZEUS system
Eysenck 2019 21 UK NHS | Zio XT Nuubo vest AF Burden No data on when patients were Comparative
Participants | Service recruited.
Prospective with Carnation Detection Company included
within-subject DDDRP Ambulatory Accuracy Patients all had pacemakers of
randomised trial | PPMs Monitor varying brands, first study to EAC included
(CAM) Patient compare pacemakers to external
76.2% men, satisfaction monitors.
mean age Novacor R-
75 years test Mean Wear
Time
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Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
Kaura 2019 UK 116 Zio XT Holter Detection of High participant drop out rate Comparative
NHS Service, 14 Monitor, 24 PAF duration 2 | (20%), primarily due to patient
RCT randomised | days hours 30s at 90 days refusal for outpatient Holter Company included
adult monitor placement.
patients: 90 Detection of EAC included
patients PAF with
completed duration 2 30s
90 days at 28 days
follow up
Anticoagulation
February use at 90 days
2016 —
February Second
2017 ischaemic
stroke or TIA at
55 men, 35 90 days
women,
mean age Mortailty at 90
70.4 years days
Rosenberg US 75 adult | Zio XT Holter Mean AF Pilot study with relatively small Comparative
2013 participants | Service, 14 Monitor, 24 burden sample size.
with PAF: days hours Company included
74 Agreement The two groups are described as
completed during first 24 comparable, but statistical EAC included
Prospective hours significance quoted as p<0.0001
within subject | 41 men, 33
study women, Median time to | Investigators reading the Zio
mean age detection Patch wereblinded to the reports
64.5 of the 24-hour Holter
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Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
Mean Zio Patch | monitor.
wear time
Partly funded by company.
Agreement
between
devices
Non-Comparative
Camm 2014 42 adult Zio XT None Median 24-hour Non-comparative
patients Service premature
ventricular Company Included
April 2013 contraction
Prospective to May (PVC) count EAC excluded
non- 2013 was 1,090.5
comparative (IQR=1,711).
observational
study
Difference
between

maximum and
minimum PVC
count was highly
variable with
statistically
significant inter-
day variance in
mean hourly
PVC counts in

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias

Date: January 2020

131 of 156




Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
76% of
participants
(28/37, 3 cases
excluded from
analysis due to
insufficient
data).
Chen 2015 325 patients | Zio XT Patch | None Distribution of Non-comparative
were monitor AF was bimodal:
included 14% of patients Company Included
with mean with AF had an
Prospective age of 77 AF burden EAC excluded
cohort study years and ranging from 1%
47% were to 6%, and 12
male. 8% had an AF
had known burden of 100%
AF and (i.e., persistent).
4.6% had a Patients with
history of 100% AF
stroke. burden, but not

those with 1% to
6% burden, had
lower executive
and verbal
cognitive test
scores then
those without
AF.
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Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
Eisenberg 2014 | 524 Zio XT None Detection of Non-comparative
consecutive | Service arrhythmias
Retrospective US patients Company included
cohort study
May 2010 - EAC included
January
2013
44% men,
mean age
56.7
Go 2018 1965 US Zio XT None Analysable wear Non-comparative
adults with | Service time
Retrospective PAF Company included
cohort study Median burden
of AF EAC included
Hannun 2019 91,232 Zio XT None The average F1 Non-comparative
ECG Service score, which is
Retrospective records the harmonic Company Included
pilot study from 53,549 mean ofthe
) positive
patients. predictive value FAC excluded
Mean age and sensitivity,
was 69 for the DNN
years, 57% (0.837)
were male. exceeded that of

a consensus
committee of
expert
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Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
cardiologists
(0.780). With
specificity fixed
at the average
specificity
achieved by
cardiologists,
the sensitivity of
the DNN
exceeded the
average
cardiologist
sensitivity for all
rhythm classes.
Heckbert 2018 | 1122 US Zio XT None Median Non-comparative
participants | Service monitoring
Prospective, wore 1 duration Company included
non- device for
comparative 14 days New AF EAC included
cohort study detection
580 wore 2
devices for Detection
2 separate agreement
14 day between
periods monitoring
periods
Lutsey 2016 59 patients | Zio XT Patch | None Zio XT Patch Non-comparative
were monitor wear time was
randomised approximately Company included
; mean age 13 of the

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias

Date: January 2020

134 of 156




Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
Double-blind was 62 requested 14 EAC excluded
pilot years; 27% days at baseline
randomised trial | were male; and follow-up.
1 More than 90%
discontinue of patients wore
d the patch for =
intervention 12 days. 2
due to side patients did not
effects and have data for
dropped out the Zio XT patch
of study. at the end of the
study, one
where the
device
malfunctioned
and one who
dropped out of
the study.
Mullis 2018 59 adults Zio XT None Mean wear time Non-comparative
with an Service
Prospective overall Number of Company included
cohort study mean PVC patients in PVC
burden of categories EAC included
25%
81% men,
mean age
69 years
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Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
2016 to
2018
Muse 2018 934 patients | Zio XT Patch | None Of 904 Non-comparative
were monitor or participants with
Prospective recruited long-term samples for Company included
multicenter from an Holter genotyping, 85
cohort study outpatient cardiac manifested AF. EAC excluded
clinic setting | rhythm Participants in
between set | monitor the highest
dates. quintile of AF
Eligible GRS were more
patients likely (odds ratio
were 240 3.11; 95% CI
years, able 1.27-7.58; p =
to provide a 0.01) to have
blood had an AF event
sample, than participants
have = 1 in the lowest
clinical risk quintile after
factor for adjusting for
AF and age, sex,
either smoking status,
present with BMI,
symptoms hypertension,
of AF or diabetes
with the first mellitus, heart
diagnosis of failure, and prior
AF on ECG. myocardial
30 patients infarction.
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Study and type

population

intervention

comparator

outcomes

Other (follow-up, setting,
versions of device etc.)

EAC comment

were
excluded
from the
final
analysis.
The mean
age for
participants
with AF
(68.5 years
[SD 11.2])
was greater
than for
participants
without AF
(65.9 years
[SD 11.8],
p=0.046).
Men made
up most of
the
participants
with AF
(52%) and
the minority
of
participants
without AF
(36%).

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias

Date: January 2020

137 of 156




Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
Reed 2018 86 UK NHS | Zio XT None 90-day Non-comparative
participants | Service diagnostic yield
aged 16 Company included
years or Median time to
Prospective over clinical detection EAC included
pilot study presenting
with Patient reported
Retrospective unexplained ease of use
unmatched Syncope
cohort Patient reported
incidence of skin
irritation
Rho 2018 30 Zio XT Carnation Total Comparative, but not
consecutive | Service Ambulatory arrhythmias with Holter
Prospective US patients Monitoring recorded
within (CAM) Company not included
participant 66.6% Men, Physiologist
study mean age reported clarity EAC included
73.1 of ECG
Schreiber 2014 | 174 US Zio XT None median device Non-comparative
Adults with | Service wear time
Prospective suspected Company included
observational arrhythmia Diagnostic yield
study EAC included
February Median time to
2011 - first arrhythmia
February
2012

Median time-to-
first
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Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
45% men, symptomatic
mean age event
52.2
Schultz 2019 314 US Zio XT None Incidence of Non-comparative
adults with | Service significant
congenital arrhythmia Company included
heart
Retrospective | disease Number of EAC included
cohort study clinical
39% men, management
median age changes
31
June 2013
— May 2016
Steinhubl 2018 | 1738 US Zio XT None New AF Non-comparative
adults Service detected within
Randomised suspected 4 months Company included
Cohort Trial of having
with an undiagnose EAC included
observational d AF and
matched cohort | 3476
matched
controls
Mean age
72.4 years,
38.6%
female
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Study and type | population | intervention | comparator | outcomes Other (follow-up, setting, EAC comment
versions of device etc.)
November
2015 —
October
2016
Solomon 2016 122,815 Zio | Zio XT None Wear Time Non-comparative
recordings | Service
from Rate of high-risk Company included
122,454 arrhythmia
Retrospective | Patients detection EAC included
cohort study between
November Rate of
2011 and ventricular
December arrhythmia
2013. detection
53% Diagnostic yield
women,
48.8% < 65 Time-to-first-
years event
Tung 2015 1171 US Zio XT None Mean wear time Non-comparative
reports from | Service
Retrospective | patients Median wear Company included
cohort study with history time

of stroke or
TIA

January
2012 to
June 2013

AF detection

Mean duration
before first PAF

EAC included
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Study and type

population

intervention

comparator

outcomes

Other (follow-up, setting,
versions of device etc.)

EAC comment

55% men,
mean age
67.9 years

Turakhia 2013

Retrospective
cohort study

26751
consecutive
US patients

January
2011 —
December
2011

45.5% men
mean age
60.2 years

Zio XT
Service

None

Mean wear time

Mean time to
first arrhythmia

Diagnostic yield

Non-comparative
Company included

EAC included

Turakhia 2015

Prospective
cohort study

79 US
patients
enrolled, 75
completed

100% men,
mean age
69 years

Zio XT
Service

None

Arrhythmias
detected

AF detected

Non-comparative
Company included

EAC included

Wineinger 2019

Retrospective
cohort study

12993 US
individuals
with PAF
60% men,
mean age
69 years

Zio XT
Service

None

Rate of PAF

Average
duration of PAF

Non-comparative
Company included

EAC included
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Table 13 Summary of the strengths and weaknesses of the trial incorporating internal and external validity

Kaura 2019
Strengths Weaknesses
Study design Prospective Randomised controlled trial Open-label
Patient UK NHS population Specific patient group (ischaemic non-lacunar
selection stroke or TIA within the past 72 h), limits generalisability
Randomisati Generally well matched baseline patient characteristics i
on
No blinding - not feasible to blind patients or treating/assessing
Blinding - clinicians.
Moderate to high risk of performance bias.
:;:;Eg,t] Reasons for patient withdrawal documented. High drop-out rate (20%)
Moderate risk of attrition bias.
. Detection of PAF was measured at multiple time points No patient-related outcomes were reported
Reporting of : o . - .
An economic evaluation is reported No details of clinical utility or resource use
outcomes . L .
Economic evaluation is based on a large number of assumptions
Statistical . . . .
analysis Power calculation for sample size for primary outcome performed. The study is underpowered.
Study Funded by an investigator-led research grant -
company
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https://www.ncbi.nlm.nih.gov/pubmed/31349792

Kaura 2019

Study identification

Guideline topic: Zio XT Service

| Review question no: DHT 005

Checklist completed by: JE

Circle or highlight one option for each question:

A. Selection bias (systematic differences between the comparison groups)

The groups were comparable at baseline, including all major
confounding and prognostic factors

Al The method of allocation to treatment groups was unrelated |Yes |Ne |Unelear |Randomly assigned in 1:1 ratio using a
to potential confounding factors computerised black randomisation generator
A2 Attempts were made within the design or analysis to Yes |Ne |Uneclear |Randomisation generator was stratified for age,
balance the comparison groups for potential confounders gender and history of hypertension
A3

Yes |Ne |Uneclear |Baseline characteristics were comparable
between patients with different treatments from
companies

Based on your answers to the above, in your opinion was selection bias present? If so, what is the likely direction of its effect?

Low risk of bias

Unclear/unknownrisk

b riek ot bi

Likely direction of effect: N/A

B. Performance bias (systematic differences between groups in the care provided, apart from the intervention under investigation)

Individuals administering care were kept 'blind' to treatment
allocation

B1 The comparison groups received the same care apart from |¥es |Ne |Unclear |No information is given regarding patient care
the intervention(s) studied

B2 Participants receiving care were kept 'blind' to treatment ¥es |No |Uneclear |Notfeasible to blind participants
allocation

B3

¥es |No |Unelear |Not feasible to blind those administering care
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http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#A1-The-method-of-allocation-to-treatment-groups-was-unrelated-to-potential-confounding-factors
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#a2-attempts-were-made-within-the-design-or-analysis-to-balance-the-comparison-groups-for-potential
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#a3-the-groups-were-comparable-at-baseline-including-all-major-confounding-and-prognostic-factors-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#b1-the-comparison-groups-received-the-same-care-apart-from-the-interventions-studied-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#b2-participants-receiving-care-were-kept-blind-to-treatment-allocation-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#b3-individuals-administering-care-were-kept-blind-to-treatment-allocation-2

Based on your answers to the above, in your opinion was performance bias present? If so, what is the likely direction of its effect? Paper does not report
this detail.

Lowrisk-of bias Unelearfunknown-risk High risk of bias

Likely direction of effect: not known.

C. Attrition bias (systematic differences between the comparison groups with respect to loss of participants)

c1 All groups were followed up for an equal length of time (or | Yes | Ne | Unclear Patients in both study arms were followed up for
analysis was adjusted to allow for differences in length of 90 days, without direct contact by the research
follow-up) team.

Cc2 a. How many participants did not complete treatment in each group? 13 in treatment group, 13 in the comparator group
b. The groups were comparable for Yes Ne |Uneclear|N/A
treatment completion

C3 a. For how many participants in each group were no outcome data available? 0
b. The groups were comparable with respect to the Yes |Neo |Uneclear |[N/A
availability of outcome data

Based on your answers to the above, in your opinion was attrition bias present? If so, what is the likely direction of its effect?

Low-risk-ofbias Unclear/unknown risk High-risk-of bias

Likely direction of effect: not known.

D. Detection bias (bias in how outcomes are ascertained, diagnosed or verified)

D1 The study had an appropriate length of Yes No | Unelear |90 days
follow-up

D2 The study used a precise definition of Yes Ne | Unclear | Definition of PAF unclear
outcome

D3 A valid and reliable method was used to ¥Yes Ne | Unclear | Not reported

determine the outcome

Eas Investigators were kept 'blind' to participants' | ¥es No |Unelear | No blinding.
exposure to the intervention
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http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#c2a-how-many-participants-did-not-complete-treatment-in-each-group-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#c3a-for-how-many-participants-in-each-group-were-no-outcome-data-available-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#d1-the-study-had-an-appropriate-length-of-follow-up-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#d2-the-study-used-a-precise-definition-of-outcome-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#d3-a-valid-and-reliable-method-was-used-to-determine-the-outcome-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#d4-investigators-were-kept-blind-to-participants-exposure-to-the-intervention-2

Investigators were kept 'blind' to other ¥Yes
important confounding and prognostic
factors

Ne | Unclear | N/A

Based on your answers to the above, in your opinion was detection bias present? If so, what is the likely direction of its effect?

| ik of bi

Unclear/unknown risk

ik rick of bi

Likely direction of effect: not known.

Barrett (2014)

Study identification

Guideline topic: Zio XT Service

| Review question no: DHT 005

Checklist completed by: KG

Circle or highlight one option for each question:

A. Selection bias (systematic differences between the comparison groups)

The groups were comparable at baseline, including all major
confounding and prognostic factors

Al The method of allocation to treatment groups was unrelated to |Yes |Ne |Unelear |Each participant acted as their own control
potential confounding factors subject. Wore both Holter and Zio XT
Service.
A2 Attempts were made within the design or analysis to balance Yes |Ne |Unclear |Each participant acted as their own control
the comparison groups for potential confounders subject. Wore both Holter and Zio XT
Service.
A3 Yes |Ne |Unclear |Each participant acted as their own control

subject. Wore both Holter and Zio XT
Service.

Based on your answers to the above, in your opinion was selection bias present? If so, what is the likely direction of its effect?
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https://www.ncbi.nlm.nih.gov/pubmed/24384108
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http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#a3-the-groups-were-comparable-at-baseline-including-all-major-confounding-and-prognostic-factors-2

Low risk of bias

Unclear/unknownrisk

ik rick ot bi

Likely direction of effect: N/A

B. Performance bias (systematic differences between groups in the care provided, apart from the intervention under investigation)

B1 The comparison groups received the same care apart from the |Yes |Ne |Uneclear |Each participant acted as their own control
intervention(s) studied subject. Wore both Holter and Zio XT
Service.
B2 Participants receiving care were kept 'blind' to treatment ¥es |No |Uneclear |Not feasible to blind participants
allocation
B3 Individuals administering care were kept 'blind' to treatment ¥es |No |UYnelear |Not feasible to blind those administering
allocation care

this detail.

Based on your answers to the above, in your opinion was performance bias present? If so, what is the likely direction of its effect? Paper does not report

| isk of bi

Unclear/unknown risk

ik rick ot bi

Likely direction of effect: not known.

C. Attrition bias (systematic differences between the comparison groups with respect to loss of participants)

c1 All groups were followed up for an equal length of time (or Yes | No | Unclear Total wear time (24 hours and 14 days)
analysis was adjusted to allow for differences in length of
follow-up)
2 a. How many participants did not complete treatment in each group? 150 patients were enrolled, and 4 were lost to follow-up,
3 in the adhesive monitoring patch group and 1 in the Holter monitoring group
b. The groups were comparable for treatment | Yes No |Unclear|N/A
completion
C3

a. For how many participants in each group were no outcome data available? 0

b. The groups were comparable with respect to the availability
of outcome data

Yes |Ne

Uneclear | N/A

Based on your answers to the above, in your opinion was attrition bias present? If so, what is the likely direction of its effect?

Low risk of bias Unelearfunknown-risk High-risk-of bias
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Likely direction of effect: not known.

D. Detection bias (bias in how outcomes are ascertained, diagnosed or verified)

important confounding and prognostic factors

b1 The study had an appropriate length of follow- |Yes Ne | Unclear | Total wear time (24 hours and 14 days)
up
D2 The study used a precise definition of outcome | Yes Ne |Unelear | Arrhythmia events were defined as detection of
any 1 of 6 arrhythmias
D3 A valid and reliable method was used to Yes Ne | Unclear | Not reported
determine the outcome
D4 Investigators were kept 'blind' to participants' |¥es No |Unelear | No blinding.
exposure to the intervention
D5 Investigators were kept 'blind' to other Yes Ne | Unclear | N/A

Based on your answers to the above, in your opinion was detection bias present? If so, what is the likely direction of its effect?

| isk of bi

Unclear/unknown risk

ik rick ot bi

Likely direction of effect: not known.

Eysenck 2019

Study identification

Guideline topic: Zio XT Service

| Review question no: DHT 005

Checklist completed by: KG

Circle or highlight one option for each question:

A. Selection bias

systematic differences between the comparison groups)

Al

The method of allocation to treatment groups was
unrelated to potential confounding factors

Yes |Ne |Unclear

All participants received all
interventions/comparators.
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http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#d4-investigators-were-kept-blind-to-participants-exposure-to-the-intervention-2
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https://link.springer.com/article/10.1007/s10840-019-00515-0
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#A1-The-method-of-allocation-to-treatment-groups-was-unrelated-to-potential-confounding-factors

Attempts were made within the design or analysis to
balance the comparison groups for potential
confounders

Yes |Ne |Unclear

Each participant acted as their own control subject,
wore every ECM for 2 weeks in randomised order.

A3

The groups were comparable at baseline, including all
major confounding and prognostic factors

Yes |Ne |Unclear

Each participant acted as their own control subject,
wore every ECM for 2 weeks in randomised order.

Based on your answers to the above, in your opinion was selection bias present? If so, what is the likely direction of its effect?

Low risk of bias

Uneclear/unknownrisk

ik rick of bi

Likely direction of effect: N/A

B. Performance bias (systematic differences between groups in the care provided, apart from the intervention under investigation)

Individuals administering care were kept 'blind' to
treatment allocation

Yes |No |Unclear

B1 The comparison groups received the same care apart Yes |Ne |Unelear |Each participant acted as their own control subject,
from the intervention(s) studied wore every ECM for 2 weeks in randomised order.
B2 Participants receiving care were kept 'blind’ to treatment |¥es |No |Unelear |Not feasible to blind participants
allocation
B3

Not feasible to blind those administering care

this detail.

Based on your answers to the above, in your opinion was performance bias present? If so, what is the likely direction of its effect? Paper does not report

| ik of bi

Unclear/unknown risk

ik rick of bi

Likely direction of effect: not known.

C. Attrition bias (systematic differences between the comparison groups with respect to loss of participants)

a. How many participants did not complete treatment in each group? None.

¢ All groups were followed up for an equal length of time | Yes | No | Unclear Each participant acted as their own control subject.
(or analysis was adjusted to allow for differences in Mean study duration 77 days.
length of follow-up)

c2

b. The groups were comparable for Yes
treatment completion

Ne |Unclear | N/A

External Assessment Centre report: Zio XT Service for detecting cardiac arrhythmias

Date: January 2020

148 of 156



http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#a2-attempts-were-made-within-the-design-or-analysis-to-balance-the-comparison-groups-for-potential
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#a3-the-groups-were-comparable-at-baseline-including-all-major-confounding-and-prognostic-factors-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#b1-the-comparison-groups-received-the-same-care-apart-from-the-interventions-studied-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#b2-participants-receiving-care-were-kept-blind-to-treatment-allocation-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#b3-individuals-administering-care-were-kept-blind-to-treatment-allocation-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#c1-all-groups-were-followed-up-for-an-equal-length-of-time-or-analysis-was-adjusted-to-allow-for-2
http://publications.nice.org.uk/the-guidelines-manual-appendices-bi-pmg6b/appendix-d-methodology-checklist-cohort-studies#c2a-how-many-participants-did-not-complete-treatment-in-each-group-2

=22 a. For how many participants in each group were no outcome data available? 0

b. The groups were comparable with respect to the Yes |Ne |Unclear |[N/A
availability of outcome data

Based on your answers to the above, in your opinion was attrition bias present? If so, what is the likely direction of its effect?

Low risk of bias Unelearfunknown-risk High-risk-of bias

Likely direction of effect: not known.

D. Detection bias (bias in how outcomes are ascertained, diagnosed or verified)

D1 The study had an appropriate length of Yes Ne |Unclear | Mean 77 days
follow-up

D2 The study used a precise definition of Yes Ne | Unclear | Definition of AF unclear
outcome

D3 A valid and reliable method was used to | ¥es Ne | Unclear | Not reported
determine the outcome

D4 Investigators were kept 'blind' to ¥Yes No | Unelear | No blinding.
participants' exposure to the intervention

D5 Investigators were kept 'blind' to other ¥es Ne |Unclear | N/A
important confounding and prognostic
factors

Based on your answers to the above, in your opinion was detection bias present? If so, what is the likely direction of its effect?

Lowrisk-ofbias Unclear/unknown risk High-risk-of-bias

Likely direction of effect: not known.

| Study identification
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Rosenberg (2013)

Guideline topic: Zio XT Service

] Review question no: DHT 005

Checklist completed by: KG

Circle or highlight one option for each question:

A. Selection bias (systematic differences between the comparison groups)

Al The method of allocation to treatment groups was unrelated to | Yes |Ne |Uneclear [Each participant acted as their own control
potential confounding factors subject. Wore both Holter and Zio XT
Service.
A2 Attempts were made within the design or analysis to balance Yes |Ne |Unelear |Each participant acted as their own control
the comparison groups for potential confounders subject. Wore both Holter and Zio XT
Service.
A3 The groups were comparable at baseline, including all major Yes |Ne |Unelear |Each participant acted as their own control
confounding and prognostic factors subject. Wore both Holter and Zio XT
Service.

Based on your answers to the above, in your opinion was selection bias present? If so, what is the likely direction of its effect?

Low risk of bias

Unelearunknownrisk

ik rick of bi

Likely direction of effect: N/A

B. Performance bias (systematic differences between groups in the care provided, apart from the intervention under investigation)

B1 The comparison groups received the same care apart from the |Yes |Ne |Unelear |Each participant acted as their own control
intervention(s) studied subject. Wore both Holter and Zio XT
Service.
B2 Participants receiving care were kept 'blind' to treatment ¥es |No |Uneclear |Notfeasible to blind participants
allocation
B3 Individuals administering care were kept 'blind' to treatment ¥es |No |Unelear |Notfeasible to blind those administering
allocation care

Based on your answers to the above, in your opinion was performance bias present? If so, what is the likely direction of its effect? Paper does not report

this detail.

Low risk-of bias Unclear/unknown risk High-risk-of bias
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Likely direction of effect: not known.

C. Attrition bias (systematic differences between the comparison groups with respect to loss of participants)

a. For how many participants in each group were no outcome data available? 0

¢ All groups were followed up for an equal length of time (or Yes | No | Unclear Total wear time (24 hours and 14 days)
analysis was adjusted to allow for differences in length of
follow-up)
€2 a. How many participants did not complete treatment in each group? 1 of 75 people
b. The groups were comparable for treatment | Yes No |Unclear|N/A
completion
C3

b. The groups were comparable with respect to the availability
of outcome data

Yes |[Neo |Unclear |N/A

Based on your answers to the above, in your opinion was attrition bias present? If so, what is the likely direction of its effect?

important confounding and prognostic factors

Low-risk-ofbias Unclear/unknown risk High-risk-of bias

Likely direction of effect: not known.

D. Detection bias (bias in how outcomes are ascertained, diagnosed or verified)

D1 The study had an appropriate length of follow- |Yes No | Uneclear | Total wear time (24 hours and 14 days)
up

D2 The study used a precise definition of outcome | ¥es No | Unclear | Definition of AF unclear

BK] A valid and reliable method was used to Yes Ne | Unclear | Not reported
determine the outcome

D4 Investigators were kept 'blind' to participants’ Yes Neo |Unclear | Investigators reading the Zio Patch were blinded
exposure to the intervention to the reports of the 24-hour Holter

monitor.
D5 Investigators were kept 'blind' to other ¥es Ne |Unclear | N/A

Based on your answers to the above, in your opinion was detection bias present? If so, what is the likely direction of its effect?
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| isk of bi

Unclear/unknown risk

Likely direction of effect: not known.

15.3 Appendix C

Table 14 Ongoing Studies
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Principal Year (expected | Study design Patient Intervention Comparator(s) Outcomes
investigator, and completion population, (and version(s))
location date) setting, and
withdrawals/lost
to follow up
Louise Bowman, Primary outcome | Randomised High risk The intervention | Usual care Proportion of
Professor of will be analysed | controlled trial individuals with a | group will receive participants
Medicine and 2.5 years after CHA2DS2-VASc | 2 weeks of diagnosed with AF
Clinical Trials, and randomization score = 3 (men) continuous non- compared to usual
Honorary ) . .
Consultant (approx. mid- or = 4 (women), invasive ECG care at 2.5 years
Physician 2022) and the aged 2 65 years | monitoring using of follow up.
(Lipidology), secondary without known the Zio XT Patch
University of Oxford | outcome will be atrial fibrillation compared to
[www.amalfitrial.org] | analysed 5 years (AF) identified usual care on
post- from primary care | rates and time
randomization records. diagnosed with
(approx. end of Enrolling 2500; AF over a follow
2024/early including 1250 up period of 5
2025). randomized to years.
the Zio XT Patch
and 1250 in the
control arm.
David J. Gladstone, | 2019 SCREEN-AF is The trial targets Eligible The control New diagnosis of

MD PhD FRCPC,
Sunnybrook

an investigator-

patients aged 75

participants will

group will receive

ECG-confirmed
atrial fibrillation or
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Research Institute,
University of
Toronto
[NCT02392754]

initiated,
multicentre,
open-label, two-
group
randomised
controlled trial
investigating
non-invasive,
home-based AF
screening.

Allocation:
Randomized
Intervention
Model: Parallel
Assignment
Masking: None
(Open Label)
Primary
Purpose:
Screening

years or older
with a history of
hypertension and
without known AF
who would be
potential
anticoagulant
candidates if AF
were detected.
Eligible
participants will
be recruited from
primary care
practices. 856
study participants
enrolled.

be randomly
allocated (1:1) to
one of two
groups: control or
intervention.

The intervention
group will
undergo
ambulatory
screening for AF
with a 2-week
continuous ECG
patch monitor
(Zio XT Service)
worn at baseline
and again at 3
months, in
addition to
standard care for
6 months
(including a pulse
check and heart
auscultation by a
physician at
baseline and 6
months). The
intervention
group will also

standard care for
6 months
(including a pulse
check and heart
auscultation by a
physician at
baseline and 6
months).

flutter within 6
months post
randomisation,
defined as at least
one episode of
continuous AF >5
minutes (or AF
documented on 2
separate 12-lead
ECGs >5 minutes
apart).
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receive a home
BP monitor with
automatic AF
detection
capability to be
used twice daily

for 2 weeks
during the ECG
monitoring
blocks.
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NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Medical technology guidance

Assessment report overview
Zio XT Service for detecting cardiac

arrhythmias

This assessment report overview has been prepared by the Medical
Technologies Evaluation Programme team to highlight the significant findings
of the External Assessment Centre (EAC) report. It includes brief descriptions
of the key features of the evidence base and the cost analysis, any additional
analysis carried out, and additional information, uncertainties and key issues
the Committee may wish to discuss. It should be read along with the company
submission of evidence and with the EAC assessment report. The overview
forms part of the information received by the Medical Technologies Advisory

Committee when it develops its recommendations on the technology.

Key issues for consideration by the Committee are described in section 6,

following the brief summaries of the clinical and cost evidence.

This report contains information that has been supplied in confidence and will

be redacted before publication. This overview also contains:

Appendix A: Sources of evidence

Appendix B: Comments from professional bodies

Appendix C: Comments from patient organisations

Appendix D: Decision problem and claimed benefits
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1 The technology

Zio XT ECG monitoring service (Zio XT Service, iRhythm Technologies) is a
remote cardiac monitoring system used to detect cardiac arrhythmias. It is

comprised of 3 components:

e Zio XT biosensor: a wearable single lead ambulatory electrocardiogram
(ECG)

o ZEUS: a proprietary, regulated software platform and online portal that
stores, analyses and sorts the ECG data to generate a report of the
findings

e Zio XT technical report: a clinically actionable summary of the recorded
ECG data

The Zio XT Service is intended to replace or enhance the current assessment
pathway for cardiac arrhythmia detection in people with palpitations, fainting
(syncope) and suspected cardiac arrhythmia. The adhesive Zio XT biosensor
is placed on the person's left upper chest and records a continuous beat-to-
beat ECG for up to 14 days. The device is designed to facilitate patient
compliance and thereby improve data collection. Without external leads or
wires, noise artefacts are reduced in the data and the wearer may go about
normal daily activities, including light exercise or showering, without required
monitor maintenance. Each Zio XT biosensor is intended for single-patient
use. After the monitoring period is completed, the wearer removes the
biosensor and sends it to the company by freepost. The ECG recordings are
analysed using the artificial intelligence led algorithm within ZEUS and
overseen by accredited cardiac physiologists. A technical report is produced,
containing information regarding arrhythmia episodes, wear and analysis time
and patient-captured events, and is sent to the prescribing clinician for final
analysis and interpretation. There are no patient identifiers in or on the Zio XT
Patch and data cannot be accessed if the Zio XT Patch were to be physically

intercepted.
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For the Evidence Standards Framework for digital health technologies, Zio XT

Service is classified as an active monitoring technology and so has a tier 3b

evidence level.

The device is a Class lla CE marked device. The device was originally
approved on the on 2 December 2014 and last amended on 26 November
2019. The CE marking is valid until May 2024. iRhythm Technologies is also
registered with the CQC since July 2018.

2 Proposed use of the technology

2.1 Disease or condition

Cardiac arrythmia covers a number of conditions in which the heartbeat is
irregular, too fast or too slow. Types of arrythmias are categorised by where
they originate in the heart (atria or ventricles) and whether they increase
(tachycardia) or decrease the heart rate (bradycardia). Important examples of
cardiac arrythmia include atrial fibrillation, supraventricular tachycardia,
bradycardia, heart block and ventricular fibrillation (NHS, 2018).

2.2 Patient group

Zio Service is intended for use in people suspected of having cardiac
arrhythmia, specifically those with symptoms or suspected arrhythmic
episodes more than 24 hours apart. Common symptoms include palpitations,
dizziness or light-headedness (presyncope) and fainting (syncope) and are
known to account for a large number of emergency presentations each year in
the UK

2.3 Current management

NICE’s guidelines on transient loss of consciousness (‘blackouts') in over 16s

and guidelines on managing atrial fibrillation provide recommendations on

current methods of arrhythmia detection.

The NICE quideline on transient loss of consciousness (‘blackouts') in over

16s, recommends recording a 12-lead ECG using automated interpretation as

Assessment report overview: Zio XT Service for detecting cardiac arrhythmias

January 2020
© NICE 2020. All rights reserved. Subject to Notice of rights. Page 3 of 32


https://www.nice.org.uk/terms-and-conditions
https://www.nice.org.uk/about/what-we-do/our-programmes/evidence-standards-framework-for-digital-health-technologies
https://www.nice.org.uk/guidance/cg109/
https://www.nice.org.uk/guidance/cg180/
https://www.nice.org.uk/guidance/cg109/
https://www.nice.org.uk/guidance/cg109/

CONFIDENTIAL

the initial assessment. All people with transient loss of consciousness (TLoC)
should be referred for specialist cardiovascular assessment, except those with
a firm diagnosis after initial assessment of uncomplicated faint, situational
syncope or orthostatic hypotension, or people whose presentation is strongly
suggestive of epileptic seizure. For people with a suspected cardiac
arrhythmic cause of syncope, the guideline recommends offering an
ambulatory ECG. The type of device should be chosen on the basis of the
patient’s history and frequency of TLoC. Holter monitoring (up to 48 hours if
necessary) is recommended in people who have TLoC at least several times
a week. In those with TLoC every 1 to 2 weeks an external event recorder
should be offered. An implantable event recorder should be offered to people

with infrequent TLoC (less than once every 2 weeks).

The NICE guideline on managing atrial fibrillation recommends performing

manual pulse palpation to assess for the presence of an irregular pulse in

people presenting with any of the following:

e breathlessness/dyspnoea
e palpitations

e syncope/dizziness

e chest discomfort

e stroke/transient ischaemic attack

It is recommended that an ECG be performed in all people, whether
symptomatic or not, in whom atrial fibrillation is suspected because an
irregular pulse has been detected. Arrhythmias may be missed by a 12-lead
ECG in people with paroxysmal AF (that is, intermittent atrial fibrillation)
because of the occasional nature of the arrhythmic episodes. If arrhythmia is
not detected on the initial 12-lead ECG and further assessment of suspected
paroxysmal atrial fibrillation is needed, ambulatory ECG monitoring is
recommended. The choice of monitor used depends on symptoms and
symptom frequency. The guideline recommends the following:
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e use a 24-hour ambulatory ECG monitor (such as a Holter monitor) in
people with suspected asymptomatic episodes or symptomatic episodes
less than 24 hours apart

¢ use an event recorder ECG (which can be external or implantable) in

people with symptomatic episodes more than 24 hours apart.

2.4 Proposed management with new technology

Zio Service would be used for monitoring up to a 14-day period in place of
current methods of cardiac event detection, such as Holter monitoring or
event recording (external or implantable) in people suspected of having
cardiac arrhythmia. The use of the Zio Service would be prescribed by a
clinician, most often a cardiologist or GP, in primary, secondary or tertiary

care. It may also be prescribed by a stroke clinician or neurologist.

3 Company claimed benefits and the decision

problem

Details of the company’s claimed benefits and the decision problem are
described in Appendix D. The company submission proposed some variations
to the decision problem, including minor changes to the comparator,
subgroups to be considered and outcomes. The company preferred the
technology to be referred to as the Zio XT Service. The proposed variations to
the decision problem are described in table 1 of the assessment report (page
9), along with the EAC’s views of these variations. The EAC agreed with the
company removing implantable cardiac monitors as a comparator because
they are rarely used as first line monitors. It also agreed with the company that
traditional ECG monitors require shaving for electrode placement, similar to

that required for Zio XT service.
4 The evidence

4.1 Summary of evidence of clinical benefit

The company presented 22 full text studies (4 comparative and 18 non-

comparative) with Zio XT Service as an intervention. The company included
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several other studies in their submission however these were not considered
by the EAC as they were on a wide range of ambulatory cardiac monitors and

were not specific to Zio XT Service.

The EAC undertook their own literature search and identified 30 relevant
clinical studies. This comprised of 16 of the 22 studies submitted by the
company, as well as an additional full text study and 13 conference abstracts
(see table 1 for details). The rationale for the selection of these studies is in

section 4.1 and 4.2 of the EAC assessment report.

Table 1 Included studies and excluded studies

Studies included by both EAC and company
Publication and 16 studies included by both:
study design e 1 UK-based RCT (Kaura et al. 2019)

e 3 prospective within-subject comparative studies
(Barrett et al. 2014, Eysenck et al. 2019,
Rosenberg et al. 2013)

e 5 prospective non-comparative studies (Heckbert et
al. 2018, Reed et al. 2018, Schreiber et al. 2014,
Steinhubl et al. 2018, Turakhia et al. 2015)

e 7 retrospective non-comparative studies (Eisenberg
et al. 2014, Go et al. 2018, Schultz et al. 2019,
Solomon et al. 2016, Tung et al. 2015, Turakhia et
al. 2013, Wineinger et al. 2019)

Studies in submission excluded by EAC

Publication and 6 studies were excluded by the EAC due to the population
study design and/or outcomes not being relevant to the decision
problem:

¢ 1 randomised trial (Lutsey et al. 2018)
e 1 validation study (Hannun et al. 2019)

e 1 prospective observational study (Camm et al.
2015)

e 3 prospective cohort studies (Chen et al. 2015,
Mullis et al. 2019, Muse et al. 2018)

Studies not in submission included by EAC

Publication and e Prospective within participant study (Rho et al.
study design 2018)

e 13 abstracts (Agarwal et al. 2015, Chandratheva et
al. 2017, Ghosh et al. 2018, Hall et al. 2019, Keibel,
et al. 2015, Malhotra et al. 2018, Miller et al. 2014,
Norby et al. 2018, Salazar et al. 2011, Sattar et al.
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2012, Su et al. 2014, Turakhia et al. 2012, Ullal et
al. 2013)

The EAC considered the 4 comparative studies to be pivotal to the decision
problem (see table 2 for details). A multi-centre UK RCT (Kaura et al. 2019)
was considered to be the highest quality study. The study compared the
diagnostic yield of 14-day Zio XT Service with 24-hour Holter monitoring in a
stroke/TIA population (n = 160). There was a high withdrawal rate because of
20% of the participants refusing to have the 24-hour Holter monitor applied,
and this may have biased results. Calculation by authors suggests the study
was adequately powered for the primary outcome. However, the EAC carried
out an independent power analysis and found the RCT likely to underpowered
(0.56) because of the high withdrawal rate. The EAC judged the other 3
comparative studies to be of adequate quality. Neither the company or the
EAC did a meta-analysis because they considered the evidence to be
heterogeneous in terms of populations, methodology, comparators, and

outcomes reported.

The EAC did not consider that the non-comparative observational studies or
those reported as abstracts provided sufficient information to draw
conclusions about the effectiveness of Zio XT Service. The EAC also
reviewed the ongoing data collection available from the Zio XT Service
Evaluation. It judged that this data are sufficient to demonstrate the ongoing
acceptability, usage and value of the technology however further information
is required from the patient’s clinician and hospital record plus appropriate

follow-up.

Three of the 4 comparative studies compared 14-day Zio XT Service with 24-
hour Holter monitor (Barrett et al. 2014, Kaura et al. 2019, Rosenberg et al.
2013) and 1 compared it with an external loop recorder (Novacor R-test;
Eysenck et al. 2019). The populations in these studies were heterogenous,
differing in underlying risk factors and co-morbidities. Study populations
included patients with recent stroke or TIA, people with pacemakers or

diagnosed atrial fibrillation, and people with suspected arrhythmia. However,
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despite the heterogeneity, results consistently indicated that 14-day Zio XT
Service has increased diagnostic yield compared with 24-hour Holter monitor
over total wear time. Two of the studies were conducted in the UK (Kaura et
al. 2019 and Eysenck et al. 2019). The EAC noted that patient compliance for
Zio XT Service appears high, with median wear time ranging from 10.8 days
(Rosenberg et al. 2013) to 12.8 days (Eysenck et al. 2019) out of a scheduled
14 days. Only Barrett et al. (2014) provided a comparison of patient
experience, reporting that 93.7% participants found the monitoring patch

comfortable to wear compared with 51.7% for the Holter monitor.

In conclusion the EAC considered that there is adequate evidence to suggest
Zio XT Service increases diagnostic yield compared with 24-hour Holter
monitoring. However it considered that there are gaps in evidence regarding
its diagnostic accuracy and clinical outcomes. Clinical expert opinion
suggested that there may be no significant difference in accuracy between Zio

XT Service and Holter monitoring.

NICE developed a patient survey to gather patient experience using Zio XT
Service. There were 26 respondents (mean age: 56.7 years, 58% female and
42% male) and the results are summarised in the patient survey report. The
results showed a mixed response regarding the comfort of wearing the patch,
however 85% wore the patch for the full time it was prescribed (usually 14
days) and the maijority of the responders stated that wearing the Zio patch did
not prevent them taking part in normal activities. The majority of respondents
did not experience side effects from using the device (with the exception of 4
respondents who experiencing skin irritation). Most responders found the
patch easy to apply and remove, and many felt that posting the patch back to

the company was straightforward.
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or conduct of
trial.

days, mortality at 90
days, economic

e 24-hour Holter: 1 (2.1%)

Study name, | Participants/ Intervention & Outcome measures Results EAC Comments
design and | population comparator and follow up

funding

Kaura et al. 116 randomised Intervention: 14-day Detection of Detection of PAF with duration = High participant drop
(2019) adult patients with an | Zio Service paroxysmal atrial 30s at 90 days: out rate (20%),

RCT, UK ischaemic non- Comparator: 24-hour | fibrillation (PAF) with e Zio Service: 7 (16.3%) primarily due to patient
Funded by a Ia.cu.nar stroke or TIA | Holter recording. duration 2 30s at 90 e 24-hour Holter: 1 (2.1%) refusal for Qutpatient
research within jthe past 72 h: days, . _ Holter monitor

grant. 90 patients Detection of PAF with | Detection of PAF with duration > placement.

Company completed 90 days duration 2 30s at 28 30s at 28 days: Experts note that there
provided follow up days, . e Zio Service: 6 (14.0%) may be high

support but Anticoagulation use at e 24-hour Holter: 1 (2.1%) refusal/drop out for
was not 55 men, 35 women, 90 days, Holter monitoring
involved in mean age 70.4 + Second ischaemic Anticoagulation use at 90 days: (although some noted
study design 13.2 years stroke or TIA at 90 «  Zio Service: 7 (16.3%) that this rate appears

particularly high). It is
unclear if this rate is

modelling Second ischaemic stroke or TIA at | typical of the clinical
90 da\ /s: Settlng.
e Zio Service: 1 (2.3%) . :
e 24-hour Holter: 1 (2.1%) | F1is study did not
directly compare
Mortality at 90 days: alternative extended
. . o monitoring systems like
e Zio Service: 1 (2.3%) :
_ implantable loop
* 24-hour Holter: 0 (0) recorders. Authors
h hort-durati
Economic modelling: Zio XT I(zio(l)tZ?' ;:r:itoﬁrrlag Igga
Serylce would result in 10.8 st_rokes suitable comparator to
avoided per year compared with
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Holter monitoring. Yearly saving in
direct medical costs of £113,630,
increasing to £162,491 over 5
years.

the Zio XT Service to
reflect current clinical
practice and for real-
world feasibility.

The EAC did an
independent power
calculation and
suggests it was
underpowered (0.56)
due to high drop out
rate.

Eysenck et
al. (2019
Single
centre,
prospective
study, UK

Partly funded
by the
company

21 participants with
DDDRP permanent
pacemakers of
various brands.

18 participants had
Paroxysmal AF and
3 had persistent AF

76.2% men, mean
age 75 £ 7 years

14-day Zio XT
Service (and 3 other
external ambulatory
ECG monitors)

Comparators:

Novacor R-test
(clinical standard)

Pacemaker (gold
standard)

Participants wore 4
devices in a
randomised order (all
for 14-day period),
with @ minimum of 7-
day break between
each device.

AF burden,
Detection accuracy,
Patient satisfaction,
Mean patient time
expenditure,

Total costs.

AF burden (correlation compared
with DDDRP permanent
pacemakers [R?], MSE):

R-test: 0.029, 1556.1
Zio: 0.99, 0.24

Detection accuracy (OR, Wald Cl,
p):

Zio vs R-test:12.3, 1.4 t0 110.3, p =
0.025 (Zio was superior to the
Novacor R Test using pacemakers
as the reference standard
comparator)

Patient Satisfaction:

UK study

Small population, high
percentage males, high
mean age

Randomised order of
devices.

Primary outcome is AF
burden, but this is only
reported via fit-plots,
limited data is reported
numerically in the

paper.

The statistical analyses
may not be appropriate.
Bland-Altman tests may
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Mean patient wear
time:
o Zio: 307 (95%
Cl 284.63 to
340.32) hours
o R-test: 223.6
(95% Cl
178.43 to
268.31) hours
(p=0.016)

No significant difference between
Zio and R-test in discomfort scores
(VAS)

Mean Patient Time Expenditure
(total time spent travelling to and
from hospital, attending
appointments and waiting for

device return):

Zio: 26.5 min (95% CI 20.1-36.0)
R-test: 53 min
(p<0.0001)

Total costs:

Zio significantly more expensive
than R-test (p<0.0001)

be more appropriate
than R-test analyses.

Patients all had
pacemakers of varying
brands, first study to
compare pacemakers
to external monitors.

Barrett et al.

(2014)
Single
centre,
prospective
within-
participant
study,

us.

Partly funded
by company

150 adult patients
were enrolled for an
evaluation of cardiac
arrhythmia: 146
completed (3 in the
Zio XT Service group
and 1 in the Holter
group did not
complete).

41.8% men, median
age 64 years (range
22-94)

Intervention: 14-day
Zio XT Service
Comparator: 24-hour
Holter recording.

All patients wore both
devices for the first 24
hours and then
continued with Zio
Patch.

Arrhythmia event
detection over total
wear time (primary
outcome),

arrhythmia event
detection at 24 hours,
median wear time,
patient preference.

Arrhythmia event detection over
total wear time (primary outcome):
e Zio XT Service: 96
e 24-hour Holter: 61
(p < 0.001) Sixty events were
detected by both Holter monitor
and Zio Patch.

Arrhythmia event detection at 24
hours:

e Zio Service: 52

e 24-hour Holter: 61
(p =0.013).

Some participants had
pre-existing
arrhythmias and were
referred for reasons
other than symptomatic
arrhythmia.

Six types of arrhythmia
were included within
the study with no
breakdown.
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Median wear time:

Holter monitor 1.0 days (range,
0.9-1.0)

Zio Patch 11.1 days (range, 0.9—
14.0)

Patient preference

93.7% (134/143) participants found
the monitoring

patch comfortable to wear as
opposed to 51.7% (74/143) for the
Holter monitor.

Calculation by authors
suggests study was
adequately powered.

The company partly
funded the study.

Rosenberg et
al. (2013)

Single
centre,
prospective
within
participant
study, US
Partly funded
by the
company

75 adult participants
enrolled: 74
completed

Inclusion: Patients
being managed for
AF

All patients were
taking medication
(beta blockers,
calcium channel
blockers,
antiarrhymic
medication)

14-day Zio XT
Service compared
with 24-hour Holter
recording

All patients wore both
devices for the first 24
hours and then
continued with Zio
Patch.

Zio mean wear time
10.8 £ 2.8 days

Agreement during the
24-hour period,

mean AF burden,
changes in clinical
classification of the AF
over total wear time,
median time to
detection of first event,
mean wear time

Agreement during the 24-hour
period

All 25 AF episodes recorded on the
24-hour Holter were identified by
the Zio Service).

Mean AF burden:

Zio XT Service: 54.7 £+ 41.2%
Holter: 58.4 + 42.7%
p<0.0001

Over total wear time:

Clinical classification of the AF
pattern changed as a result of

Pilot study with
relatively small sample
size. No power
calculation reported.

The two groups are
described as
comparable, but
statistical significance
quoted as p<0.0001

Investigators reading
the Zio Patch were
blinded to the reports of
the 24-hour Holter
monitor.
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Recruited between wearing the Zio Patch in 21 Partly funded by
April 2011 and May patients company.
2012
There was significant agreement
41 men, 33 women, between the two devices (kappa
mean age 64.5 £ 0.49 + 0.08, P < 0.01).
8.1 years

Median time to detection of first
event with Zio Patch: 3.7 days.
90% detected by day 7.

Mean Zio Patch wear time: 10.8 +
2.8 days

Abbreviations: AF, atrial fibrillation; DDDRP, Dual Chamber Rate Adaptive Pacemaker; MSE, mean squared error; PAF, paroxysmal atrial fibrillation;
TIA, transient ischemic attack.
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4.2 Summary of economic evidence

The company submission identified a total of 20 economic studies. The EAC
excluded 17 of these studies because they did not assess Zio XT Service
specifically. The EAC identified 2 additional studies through their own
literature search. In total, the EAC considered 5 economic studies to be
relevant to the decision problem. These studies analysed patients with
suspected AF after either cryptogenic stroke or TIA, a subgroup outlined in the

scope of the decision problem. The economic evidence base consisted of:

¢ 3 published studies containing: a budget impact analysis (Kaura et al.
2019), resource use data (Steinhubl et al. 2019) and cost data only
(Eysenck et al. 2019), and

e 2 conference abstracts (Ghosh et al.2018, Chandratheva et al. 2017).

The results of the relevant economic evidence are summarised in section
10.1.2 (table 6) of the EAC assessment report.

The EAC noted that study results were highly heterogenous because of the
variability in the design of each of the studies. Cost estimates from 2 of the
studies (Eysenck et al. 2019 and Ghosh et al. 2018) suggest the technology is
not cost saving among selected comparators (including Holter monitoring).
Chandratheva et al. (2017) however, concluded the technology is cost-saving
when compared with 72-hour Holter, 3-day E-Patch, and in-clinic monitoring.
All 3 studies concluded that Zio XT Service is the most efficient in terms of
time from clinic to diagnosis reporting. Kaura et al. (2019) concluded that Zio
XT Service is cost-saving against Holter-based strategies when considering
the risk of stroke in 1,053 untreated AF patients (a saving of £113,630 in one
year and after inclusion of social care costs, cost savings, rose to £466,598
after five years). Steinhubl et al. (2018) found that Zio XT Service increases
the health care resource use of AF-related therapeutic interventions but
decreases all-cause emergency department visits or inpatient stays. The EAC

noted that, although relevant to the decision problem, none of the estimates
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from the evidence base were used to populate the company’s economic

model.

De novo analysis

The company presented 2 separate base-case economic models (‘cardiology
model’ and ‘stroke model’). The cardiology model considered a population of
patients with symptomatic palpitations or syncope referred to cardiology
outpatients for evaluation. The stroke model considered patients who had
experienced ischaemic stroke or TIA without current evidence of AF, referred
for identification of paroxysmal AF. Both models were cost-minimisation
analyses comparing 14-day Zio XT Service with blended strategies based on
24-hour Holter monitor or cardiac event recorder. The models assessed the
costs associated with the diagnostic process only. They did not assess the
diagnostic performance of the technologies nor consider the resource use or
assess the economic consequence of subsequent treatment. The company
presented a third model as a scenario analysis which assessed the
consequences of the technology’s diagnostic yield in comparison to Holter
monitors (‘stroke downstream model’). It used the same population as the
stroke model but extrapolated the economic consequences of the extra risk of

recurrent stroke because of delayed or missed diagnosis of AF.

All analyses used a decision tree structure, undertook an NHS perspective
and had a time horizon of 1 year. The model structures are shown in
I i scction 10.2.1 of the EAC assessment report. The company
used clinical opinion to validate the model structure and the approach
undertaken. The EAC considered the model structure and time horizon to be
acceptable for each model. However, the EAC considered the downstream
stroke model to be part of the base-case analysis for the technology, not a

scenario analysis.

The company models make a number of assumptions which are discussed in
section 10.2.1 of the assessment report. The EAC agreed with most of the
assumptions in the cardiology model but it did not consider that an

inconclusive result differed from a negative result. The EAC also considered
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that an outpatient assessment is required regardless of the results. The EAC
accepted all the assumptions in the stroke model except it considered that an
outpatient assessment is required regardless of the results. The EAC also
revised the downstream stroke model to include the costs associated with the
use of anticoagulant therapy and the potential complications associated with

their use, and to include repeated diagnostic test costs.

Model clinical parameters

The main clinical parameters driving the company’s base case models are the
probabilities of each of the devices yielding a positive, negative or
inconclusive result and the probability of test repetition. The clinical
parameters for the models were either sourced from available literature,
extrapolated from clinical evidence or informed by expert advice. A full
description of the parameters is outlined in section 10.2.3 of the EAC

assessment report.

The company’s model estimated a mean of 1.44 additional tests in patients
who undergo test repetition. The EAC reviewed the HES data used by the
company and calculated that 1.465 additional tests would be used for the 27%
of patients who have more than 1 test in 12 months. With the limited data
available and using advice from expert advisers about current clinical practice,
the EAC also revised the cardiology model to merge negative and

inconclusive results.

The EAC agreed with most of the clinical parameters values and sources
used by the company for the downstream stroke model. However, the EAC
considered that the risk of stroke estimates taken from the EAFT study were
not appropriate for the population defined in the decision problem and applied
estimates from Diamantopoulos et al. (2016). The EAC also noted that it was
unable to assess the methodological quality of the company’s analysis of HES
data for the impact on stroke risk of the delay between initiating investigation

and diagnosis confirmation from the summary provided.
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Costs and resource use

The cost parameters of the company base case models include device use
costs and the cost of outpatient visits. The base case cost values and sources
are shown in table 10 of the EAC assessment report. The EAC agreed with
most of the sources used to inform the cost parameters and resource use,

with the following exceptions:

e That NHS reference costs for 2017/2018 are a more appropriate
source for the cost estimate of Holter use than estimates derived from
PLICS and FOI data (£168 instead of £185).

e The EAC included an outpatient assessment after the results from all

tests, regardless of the result or technology.

¢ In the downstream stroke model, the health care costs of managing
stroke over 1 year was £13,452, taken from Xu et al. (2018). The EAC
agreed with the cost of stroke taken from Xu et al. (2018) however it
considered the costs related to the use of anticoagulation therapy and
its potential complications should be included. Table 4 summarises the

parameters and values used by the EAC.

e Table 4 Base case costs

Parameter Company EAC Source
base-case base-case
Cost of Zio XT Service £310 £310 Company

NHS Reference
24-hour Holter use cost £185.12 £168.12 Costs 2017/2018
and FOI request

Assumed to be
CER use cost £185.12 £168.12 equal to Holter
device cost

NHS Reference
Costs 2017/2018 +
MIB 141 — Reveal
LINQ insertable
cardiac monitor
(NICE)

Implantable loop recorder cost £3,221 £3,221
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NHS Reference

Cardiology outpatient visit £142 £142 Costs 2017/2018
Meaq punjber of additional tests if 144 1465 Data from HES
repetition is decided
Cost of stroke £13,452 £13,452 Xu (2018)

NICE Clinical

Guideline CG180
Atrial fibrillation:
Not included £452 management.
Costing report
uprated to 2017/18
prices

Cost of anticoagulation therapy
including cost of bleeds

Results

The company estimates a cost saving from the use of Zio XT Service in each
of the 3 models. The EAC estimates a modest cost increase in the revised
cardiology model and cost increases in the stroke and downstream stroke

models. The company and EAC base case results are presented in table 5.

Table 5 company and EAC base case results

Company’s results EAC’s results
Cost Cost
Intervention | Comparator | saving Technology | Comparator saving
arm arm per per
patient patient
f;if;lo'ogy £431.33 £516.50 | £84.76 £466.78 £465.96 .£0.82
at;‘(’;;? £382.69 £437.97 | £55.28 £493.94 £423.13 .£70.81
Downstream
stroke £1,256.15 £1,332.65 £76.50 £1237.45 £1216.62* -£20.83
model

*Results for CER comparator, Holter comparator is more expensive

Sensitivity analysis

The company’s one-way sensitivity analysis of the cardiology model showed
that Zio XT Service is cost saving was robust to all parameters varied over a

range of +/-20% and Zio XT Service is cost saving was sensitive to variation
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in the probability of a repeat 24hr Holter or CER after a negative/inconclusive

scan.

The EAC undertook one-way sensitivity analysis for each of the 3 models. For
the cardiology model, the results are sensitive to the majority of parameters
especially the costs of Zio XT Service, the costs of 24hr Holter monitoring and
the probability of testing with an implantable loop recorder (ILR). In contrast,
the results from the stroke model were robust to parameter uncertainty in one-
way sensitivity analysis for all parameters except the cost of Zio service. The

breakeven point for the cost of Zio Service is £229.

For the downstream stroke model, the cost of Zio XT Service was almost
identical to the cost of 24hr Holter monitoring so the results are sensitive to
the majority of model parameters. For the comparison with 7-day CER, the
results are sensitive to the costs of Zio Service, the probability that a negative
test is repeated, the costs of 7-day CER, the costs of treating stroke and the

probability of a stroke with untreated AF.
Scenario analysis

The EAC undertook a scenario analysis for the downstream stroke model in
which it assumed that all monitoring is repeated after a negative test. In this
scenario, Zio XT Service was cost incurring. Costs were £1,604 for Zio
Service compared to £1,395 for CER and £1,422 for Holter monitoring. This
scenario shows the substantial impact on costs if all first negative Zio XT

Service tests are repeated.

In a second scenario analysis the EAC assumed that monitoring with 24-hr
Holter or 7-day CER tests are repeated when a negative test is obtained for
the first test, but Zio Service is not repeated. In this scenario Zio Service was
cost-savings compared with either 24-her Holter (£1,237 vs £1,422) or 7-day
CER (£1,237 vs £1,395).

Additional analyses (see the addendum to the assessment report)

Assessment report overview: Zio XT Service for detecting cardiac arrhythmias

January 2020
© NICE 2020. All rights reserved. Subject to Notice of rights. Page 19 of 32


https://www.nice.org.uk/terms-and-conditions

CONFIDENTIAL

In preparation for the committee meeting, the EAC assumptions used in the
modelling were discussed with some of the clinical experts. For the base case
analysis, the EAC assumed that all monitoring tests would be followed up with
an outpatient visit regardless of findings. Advice from clinical experts
regarding follow-up appointments was that variation in practice exists across
England, with most centres inform patients and their GPs of negative findings
by letter following a negative result from the Zio XT service. In order to test
different assumptions regarding outpatient visits following monitoring, the EAC
undertook additional sensitivity analysis on all 3 of the EAC revised models.
Full details of the assumptions and the results are described in the addendum

to the assessment report.

In scenarios in which follow-up outpatient appointments were included for
standard care but not for Zio XT Service, Zio XT Service was cost saving
across all 3 of the EAC’s revised models. However, in scenarios in which
outpatient appointments were included or excluded regardless of the type of

monitoring, Zio XT Service was frequently, but not always, cost incurring.

5 Ongoing research

The company and EAC identified 2 ongoing studies. Both studies are RCTs
which will compare 2 weeks monitoring of the Zio XT Service with standard
care (opportunistic screening or pulse check and heart auscultation by a
physician). One study is based in Canada and Germany and has enrolled 856
participants aged 75 years or over with a history of hypertension and without
known AF. The primary endpoint is the rate of new diagnosis of AF (or flutter)
within 6 months of randomisation and is expected to be completed in 2019.
The other is a UK-based study which plans to enroll 2,500 people at high-risk
for AF. It has a primary endpoint of proportion of participants diagnosed with
AF after 2.5 years of follow-up (see section 9.2 of the EAC assessment report

for further information).
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6 Issues for consideration by the Committee

Clinical evidence

The EAC considered the diagnostic accuracy of Zio XT Service compared
with Holter monitoring is unclear. It noted that Rosenberg et al. (2013)
reported significant agreement in event detection between Zio XT Service and
Holter monitoring. However Holter monitoring had a “performance advantage”
in Barrett et al. (2014) due to algorithm misclassification and report reviewer
processing errors (the authors note that the service was subsequently
corrected). Overall, clinical experts suggested that there may be no significant
difference in accuracy between Holter monitoring and Zio XT Service.
However, 1 expert also noted that because Holter monitors make use of more
leads, they may be more accurate. At technical engagement the company
stated that Zio XT is a diagnostic service not device, and that it is the clinician
who makes the final diagnosis and so it believes that diagnostic yield is a

more relevant measure of effectiveness

It is unclear from the available evidence whether an increase in diagnostic
yield with Zio XT Service is associated with improved clinical outcomes. Kaura
et al. (2019) reported that a significantly higher proportion of patients in the
Zio XT Service arm were taking anticoagulants at 90 days (16.3% vs 2.1%
with 24-hour Holter monitoring). The study was, however, underpowered for
these outcomes. In Rosenberg (2013) 28.4% of patients had a change in
classification of their AF and had their management changed as a result of
using the Zio XT Service, with 17.3% having a change in their antiarrhythmic
medication and 5.3% changing oral anticoagulant use. The EAC considered
that without more information about diagnostic accuracy, it is unclear how
appropriate these changes to patient management were. At technical
engagement the company stated that, based on results from Kaura et al.
(2019), 8 times as many post-stroke patients with AF will be appropriately
treated as a result of monitoring with the Zio Service than would be following
monitoring with Holter. The company believe that the incremental clinical gain
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from treatment is indisputable, given that treating AF in these patients is
known to reduce the risk of further stroke/TIA by 60-70%.

The comparative study populations are heterogenous and so no meta-
analysis has been possible. The EAC considers the specific populations of
some of the studies may limit the generalisability of the results to the broader
population of people being referred for ambulatory monitoring in the NHS. In
their response to technical engagement the company state that despite the
heterogenous nature of the populations studied, there is considerable
consistency across the studies in terms of diagnostic yield, and that this

suggests results are likely to be generalisable.

Cost evidence

There are uncertainties around the cost evidence. The main areas of

uncertainty include:

e The value proposition of Zio XT Service relies on an increased
diagnostic yield which is supported by the clinical evidence, however,
there is little published evidence investigating the diagnostic accuracy
of Zio XT Service compared with 24-hour Holter monitoring against a

reference standard.

e There is a lack of certainty around the clinical pathway and variations in

clinical practice.

e The assumption of no repeat tests with Zio XT Service is plausible but
likely to be an underestimate. The number of repeat tests carried out
after an inconclusive/negative test for Holter monitoring has a
significant impact on cost. This is unstandardised and appears to vary
by local protocol and clinical opinion, making the figure for this
parameter unclear. Also, the HES data used for this parameter
incorporates various tests (including 24- and 48-hour ECG monitoring,
ambulatory ECG monitoring and exercise ECG monitoring [NICE
TA593]), so the figure may be an overestimate of the number of

repeated Holter tests in the current care pathway.
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e The revised downstream stroke model results are dependent on the
assumption that conventional testing is repeated for negative tests with
a mean of 1.389 tests per patient, whereas Zio XT Service is not
repeated after an inconclusive/negative result. The EAC undertook a

scenario analysis to explore the impact of this.

o Clinical advice is that outpatient visits are not usually required following
a negative result from Zio XT service. The EAC undertook additional

analysis to explore the impact of this.
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Appendix A: Sources of evidence considered in the
preparation of the overview
A Details of assessment report:

e Chalkidou A, Erskine J, Goddard K, et al. Zio XT Service for detecting

cardiac arrhythmias, December 2019
B  Submissions from the following sponsors:
¢ iRhythm Technologies Inc
C Related NICE guidance:

Published:
o Atrial fibrillation: management. NICE Clinical guideline CG180 (2014).

e |Lead-l ECG devices for detecting symptomatic atrial fibrillation using single

time point testing in primary care. NICE diagnostics assessment guidance
DG35 (2019).

Under development:

o Atrial fibrillation: management. NICE guideline. Publication expected
September 2020.

e |Implantable cardiac monitors to detect atrial fibrillation after cryptogenic

stroke. NICE diagnostics assessment guidance. Publication expected TBC.
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Appendix B: Comments from professional bodies

Expert advice was sought from experts who have been nominated or ratified
by their Specialist Society, Royal College or Professional Body. The advice
received is their individual opinion and does not represent the view of the

society.

Anthony Shannon
Highly Specialist Cardiac Physiologist, Liverpool Heart and Chest Hospital

Gregory Lip

Price-Evans Chair of Cardiovascular Medicine, University of Liverpool,

Dr Matthew J Reed
Consultant and NRS Fellow in Emergency Medicine, NHS Lothian,

James Teo
Consultant Stroke Neurologist & Clinical Director of Data Science, Kings

College Hospital NHS Foundation Trust,

Jacqueline Colwill
Cardiac Physiologist and Cardiology Service lead, South Tyneside and
Sunderland NHS Foundation Trust

Joseph Mills
Consultant Cardiologist, Liverpool Heart & Chest NHS FT

Mark A Tanner
Consultant Cardiologist and Honorary Clinical Senior Lecturer, Western

Sussex Hospitals NHS Trust and Imperial College London

Please see the clinical expert statements included in the committee pack for

full details.
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Appendix C: Comments from patient organisations

The following patient organisations were contacted:

e Arrhythmia Alliance

¢ Atrial Fibrillation Association

e British Cardiac Patients Association (BCPA)
e British Heart Foundation

e Cardiac Risk in the Young (CRY)

e Cardiovascular Care Partnership

e Children's Heart Federation

¢ Down's Heart Group

e Heart Rhythm Alliance

e Heart Valve voice

e Pumping Marvellous

e The Ashley Jolly SADS Trust (SADS UK)

Responses were received from Arrhythmia Alliance and Atrial Fibrillation

Association, please see the responses in the pack for full details.
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Appendix D: decision problem from scope

Population Adults (18 years or older) with suspected cardiac arrhythmia

referred for ambulatory ECG monitoring

Intervention Zio ECG monitoring service (Zio Service)

Comparator(s) e Current pathway for ambulatory cardiac arrhythmia detection,
which includes Holter and/or event monitoring (external and
implantable)

Outcomes The outcome measures to consider include:

Procedure-related outcomes:
o Diagnostic yield and accuracy (sensitivity and specificity)

e Number of symptomatic and asymptomatic arrythmia events
detected over total wear time

o Ability to quantify atrial fibrillation (AF) burden (amount of time
spent in AF)

e Time to first arrhythmia event and time to first symptomatic
event

e Time to return device, analysis and report production

e Test failure rate

e Signal quality

Clinical management outcomes:

¢ Time to diagnosis or rule out of cardiac arrythmia

¢ Time to initiation of preventative treatment

o Impact of test results on clinical decision making

¢ Total number of hospital outpatient appointments for testing

e Total number of hospital outpatient appointments or
admissions for device-related complications

¢ Number of outpatient visits and staff time for undertaking and
analyzing diagnostic tests

¢ Morbidity (including stroke, thromboembolism, heart failure,
and complications associated with preventative treatment)

e Mortality
Patient outcomes:

o Patient compliance (average wear time and analyzable wear
time)

o Ease of use (for patients and healthcare professionals),
including training requirements

o Device acceptability and patient satisfaction
e Health-related quality of life
o Device-related adverse events
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Cost analysis

Costs will be considered from an NHS and personal social
services perspective.

The time horizon for the cost analysis will be sufficiently long to
reflect any differences in costs and consequences between the
technologies being compared.

Sensitivity analysis will be undertaken to address uncertainties in
the model parameters, which will include scenarios in which
different numbers and combinations of devices are needed.

Subgroups to
be considered

Adults referred for ambulatory ECG monitoring, who experience
asymptomatic arrhythmia events

Adults referred for ambulatory ECG monitoring in primary care
Adults referred for ambulatory ECG monitoring in secondary care

Special
considerations,
including those

The area of skin in which the Zio patch is applied will need
shaving if hair is present. Some religions forbid cutting or shaving
bodily hair. Zio service is not approved for paediatric use. Religion

related to and age are protected characteristics under the Equality Act.
equality Contraindications are listed the instructions for use for Zio Service.
Special Are there any people with a protected characteristic for | No
considerations, | whom this device has a particularly disadvantageous

specifically impact or for whom this device will have a

related to disproportionate impact on daily living, compared with

equality people without that protected characteristics?

Are there any changes that need to be considered in No
the scope to eliminate unlawful discrimination and to
promote equality?

Is there anything specific that needs to be done nowto | No
ensure MTAC will have relevant information to consider
equality issues when developing guidance?

Cardiac arrhythmias can develop in people of any age but are
more common in people over 60 years. Women tend to be at
higher risk of certain arrhythmias, including atrioventricular nodal
tachycardia, whereas men are 3 times more likely to develop atrial
fibrillation at any age. However, of those people who develop atrial
fibrillation, women have a much higher incidence of morbidity and
mortality. Age and sex are protected characteristics under the
Equality Act. People whose first language is not English or who
cannot write may not be able to give written information on their
symptoms while using the Zio Service.
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1. Review of Hannun et al. (2019)
The Hannun et al. (2019) study is a technical evaluation of the Zio XT Service deep neural network
algorithm using retrospective data (from January 2013 to March 2017) from adults who were
clinically indicated to use the Zio monitor. The study did not compare results with standard care and
was not carried out in a clinical setting. The reference standard was clinical consensus and rather
than 12 lead ECG (the latter is typically considered a more objective gold standard).

The authors developed an algorithm to classify 10 arrhythmias as well as sinus rhythm and noise for
a total of 12 output rhythm classes from a training dataset consisting of 91,232 ECG records from
53,549 patients. A median of one 30s record per patient was extracted to construct the training
dataset. The mean age of patients was 69 * 16 years and 43% were women. The 12 classes included
atrial fibrillation, atrioventricular block, bigeminy, ectopic atrial rhythm, idioventricular rhythm,
junctional rhythm, noise, sinus rhythm, supraventricular tachycardia, ventricular tachycardia, and
Wenckebach.

The algorithm was validated using a test dataset that consisted of 328 ECG records collected from
328 unique patients. Mean age of patients in the test dataset was 70 + 17 years and 38% were
women. This was annotated by a consensus committee of eight cardiac electrophysiologists and one
cardiologist (all referred to as cardiologists by the authors) who were divided into three groups of
three. The mean inter-annotator agreement on the test dataset was 72.8%. To obtain estimates of
how the algorithm compared to an average cardiologist, the characteristics of cardiologist
performance were averaged across the six cardiologists who individually annotated each record.
Every record in the test dataset received one committee consensus annotation from a group of
three cardiologists and six individual cardiologist annotations.

Compared with committee consensus, the algorithm achieved an average area under the receiver
operating characteristic curve of 0.978 against the test dataset (range: 0.913 for ectopic atrial
rhythm to 0.998 for trigeminy). The algorithm’s F1? score was compared to the average individual
cardiologist F1 score. The average F1 score for the algorithm (0.837) exceeded that of cardiologists’
average score (0.780). Diagnostic performance was highest in both the algorithm and average
cardiologist for trigeminy, sinus rhythm and bigeminy and lowest for supraventricular tachycardia,
ectopic atrial rhythm, and ventricular tachycardia. With specificity fixed at the average specificity
achieved by cardiologists, the sensitivity of the algorithm exceeded the average cardiologist
sensitivity for all rhythm classes. These results need to be confirmed in a clinical setting.

2. Additional cost modelling - exploring the impact of outpatient appointments
In their base case analysis, the EAC assumed that all monitoring tests would be followed up with an
outpatient visit regardless of findings. Clinical experts indicated heterogeneity of practice regarding
follow-up appointments around England with many centres informing patients and their GPs of
negative findings by letter. The EAC undertook additional sensitivity analysis to test different
assumptions on the use of outpatient visits following monitoring. The EAC reran analysis on all three
of the company’s models (stroke, cardiology and downstream stroke model) and the EAC revised
versions of each model. The EAC examined the following assumptions

e SA1 - No outpatient appointment after any monitoring regardless of result

1F1is the harmonic mean of the positive predictive value and sensitivity (the harmonic mean is the number of
observations by the reciprocal of each number in the series)



e SA2 - Outpatient visit after all monitoring with Holter or CER, no outpatient visit after any
monitoring with Zio Service

o SA3 — No outpatient appointment after a negative result (which is not repeated) following
monitoring with any device

e SA4 — Outpatient visit after all monitoring with Holter or CER, no outpatient visit after a
negative result following monitoring with Zio Service

e SAS5 — No outpatient appointment after any negative result (whether or not it is repeated)
following monitoring with any device

The results of the sensitivity analysis are reported in Tables 2-5. Table 1 provides the base case
analysis for comparison. The findings of the company’s downstream stroke model are included for
completeness. However, the results are invariant to assumptions on outpatient visits as these costs
were not included in the model. The costs were included in the EAC’s revised version of the model.

SA1 - No outpatient appointment after any monitoring regardless of result

Costs fall for both Zio Service and current care when it is assumed that there are no follow-up
appointments. The impact is larger for current care because in all models patients undergo more
monitoring under current care than they do with Zio Service (due to repeat tests). If no outpatient
assessment is undertaken after monitoring Zio Service remains cost saving in the company’s
cardiology model but not in its stroke model.

SA2 - Outpatient visit after all monitoring with Holter or CER, no outpatient visit after

any monitoring with Zio Service

Unsurprisingly, an assumption of no outpatient visit after Zio Service but an outpatient visit after
current care has a substantial impact on incremental costs in favour of Zio Service. In this scenario
Zio Service is cost saving in all models (both the company’s and the EAC’s revised models).

SA3 — No outpatient appointment after a negative result following monitoring with

any device

An assumption of no outpatient visit after a negative test potentially reduces costs for both Zio
Service and current care. The impact is different across different models and reflects assumptions on
decisions to repeat the test following an inconclusive or negative test. The impact is also modified by
changes in the structure of the in the EAC’s revised cardiology model in which inconclusive and
negative results were combined. The assumption has no impact on the company’s cardiology model.
In the company’s cardiology model a negative finding with any monitoring device is associated only
with the cost of monitoring. Hence no changes to the model were made. In the EAC’s revised
cardiology model the reduction in savings in the current care pathway is larger than that for Zio
Service. In both the company’s and the EAC’s revised stroke model the impact of assuming no
outpatient appointment after negative monitoring results is larger for current care than for Zio
Service. Both the company’s stroke model and the EAC’s stroke model find Zio Service is cost
incurring in this scenario. In the EAC’s revised downstream stroke model which included the costs of
monitoring, an assumption of no outpatient visit after a negative finding has a larger impact on
Service than on monitoring with either Holter or CER. The EAC assumed that all negative tests which
were subsequently repeated would incur an outpatient visit. Consequently, the removal of
outpatient visit costs after a negative result (which is not repeated) has a larger impact on the costs
of Zio Service than it does on monitoring with Holter or CER, and Zio Service becomes cost saving in
this scenario



SA4 — Qutpatient visit after all monitoring with Holter or CER, no outpatient visit after

a negative result following monitoring with Zio Service

Again, not surprisingly, an assumption of no outpatient visit following a negative assessment with Zio
service leads to changes in inference on relative costs. In this scenario all six models find that Zio
service is cost saving. Note that there is no change to the results for any of the company’s models as
none of the company’s models included an outpatient visit after a negative finding with Zio Service.

SAS5 — No outpatient appointment after any negative result (whether or not it is

repeated) following monitoring with any device

This scenario represents a slight alteration to SA3. Here the EAC assumed that all negative results
would be communicated to patient’s and GPs by letter with the exception of negative results which
proceeded to fitting of an ILR. The assumption resulted in no changes to the company’s cardiology
model, but led to significant reductions in the cost of current care in the company’s stroke model
with the result that Zio Service was no longer cost saving. In each of the EAC’s models Zio Service
remained cost incurring but the assumption increased the magnitude of the difference in costs
between current care and Zio Service.

Assumptions in which monitoring results are followed up with an outpatient appointment after
current care but not after Zio Service generated analysis in which Zio Service was cost saving
compared to current care across the company’s and the EAC’s revised models. When assumptions
were applied regardless of the type of monitoring used Zio Service was frequently, but not always
more expensive than current care.



Base case — outpatient appointment after all test results

Company'’s results

EAC’s results

Cost Cost
Intervention | Comparator | saving Technology | Comparator saving
arm arm per per
patient patient
zi:;je"l"ogy £431.33 £516.59 £8476 | £466.78 £465.96 -£0.82
itg‘;‘: £382.69 £437.97 | £5528 | £493.94 | £42313 | -£70.81
Downstream
stroke £1,256.15 £1,332.65* £76.50 £1237.45 £1216.62* -£20.83
model
*Results for CER comparator, Holter comparator is more expensive
SA1 — no outpatient appointment after any test
Company'’s results EAC’s results
Cost Cost
Intervention | Comparator | saving Technology | Comparator saving
arm arm per per
patient patient
ﬁif;‘l"ogy £317.62 £333.37 | £1575 | £315.01 £283.50 | -£31.51
it;‘;‘: £347.83 £262.07 | -£85.76 | £345.83 £24345 | -£102.38
Downstream
stroke £1,256.15 £1,332.65* £76.50 £1095.45 £1026.74* -£68.71
model

*Results for CER comparator, Holter comparator is more expensive




SA2 — no outpatient visit following Zio

Company'’s results

EAC’s results

Cost Cost
Intervention | Comparator | saving Technology | Comparator saving
arm arm per per
patient patient
zi:;je"l"ogy £349.21 £516.50 | £167.48 | £346.16 £465.96 | £119.80
itg‘;‘: £368.84 £437.97 £69.13 | £369.28 £42313 | £53.85
Downstream
stroke £1,256.15 £1,332.65* £76.50 £1095.45 £1216.62* £121.17
model
*Results for CER comparator, Holter comparator is more expensive
SA3 — no outpatient appointment after any negative test provided it is not repeated
Company'’s results EAC’s results
Cost Cost
Intervention | Comparator | saving Technology | Comparator saving
arm arm per per
patient patient
ﬁif;‘l"ogy £431.33 £516.59 £84.76 | £420.11 £398.53 | -£21.58
it;‘;‘: £382.69 £340.08 | -£42.61 | £381.14 £326.71 | -£54.43
Downstream
stroke £1,256.15 £1,332.65* £76.50 £1,118.31 £1,145.86* £27.55
model

*Results for CER comparator, Holter comparator is more expensive




SA4 - no outpatient appointment after negative Zio service test

Company'’s results

EAC’s results

Cost Cost
Intervention | Comparator | saving Technology | Comparator saving
arm arm per per
patient patient
zi:;je"l"ogy £431.33 £516.59 £84.76 | £431.54 £465.96 | £34.42
itg‘;‘: £382.69 £437.97 £5528 | £391.44 £42313 | £31.69
Downstream
stroke £1,256.15 £1,332.65 £76.50* £1118.31 £1216.62* £98.31
model
*Results for CER comparator, Holter comparator is more expensive
SAS5 — no outpatient appointment after any negative test regardless of whether it is
repeated
Company'’s results EAC’s results
Cost Cost
Intervention | Comparator | saving Technology | Comparator saving
arm arm per per
patient patient
ﬁz:jde'}‘l’bgy £431.33 £516.59 £8476 | £354.52 £319.77 | -£34.75
it;‘;‘: £365.02 £26840 | -£96.62 | £371.07 £252.10 | -£118.97
Downstream
stroke £1,256.15 £1,332.65 £76.50* £1118.31 £1039.52* -£78.79
model

*Results for CER comparator, Holter comparator is more expensive




3. Additional cost modelling with modified model structure

The economic models submitted by the company, and amended by the EAC, did not explicitly
estimate the sensitivity and specificity of either Zio Service or conventional monitors. Instead
estimates were taken from the literature of the diagnostic yield. This raises concerns of bias where
underlying rates of AF differ due to different populations used to inform the estimates of diagnostic
yield. This was a concern for the cardiology, stroke and downstream stroke models before and after
modification by the EAC. In the cardiology model the same observational source (American hospital
administrative data) is used to inform estimates of the diagnostic yield for 24-h Holter and 7-day CER
(Tsang 2014). We cannot be certain that the underlying event rate was the same in patients selected
for each type of monitor, but the authors matched populations on age, diagnosis and other patient
characteristics. Data on the diagnostic yield for Zio Service is taken from a different source. In both
stroke models the diagnostic yield of Zio Service and 24h Holter are taken from the same source —
the EPACS study which randomised the patients to either Zio Service or Holter (Kaura 2019). For
these data we can be confident that the underlying rate of AF is the same, at least in expectation.
The diagnostic yield of 7day CER in the stoke models is taken from a different source.

The EAC searched the literature to try to find evidence on the sensitivity and specificity of Zio
Service, 24-hour Holter and 7-day CER. Data on symptomatic patients relevant to the cardiology
model was limited and no data allowed a direct comparison between Zio Service and either 24-hour
Holter or 7-day CER. Therefore, the EAC did not undertake any further amendments to the
cardiology model. The literature on cryptogenic stroke was more abundant. The recent HTA
assessment by Edwards at al. provides a summary of the evidence comparing ILR with both Holter
and event recorders. Sensitivities for Holter and event recorders are calculated from the CRYSTAL-AF
trial and an observational study (Zeigler et al.) on the assumption that the sensitivity of the ILR is
100%. The data from Zeigler indicates a sensitivity for 24-hour Holter and 21-day CER of 2.9% and
22.0%. The data from CRYSTAL-AF trial indicates a sensitivity for 24-hour Holter and 21-day CER of
1.3% and 14.0% (Choe 2015).

The EAC undertook further modification of the stroke model and the downstream stroke model. The
EAC retained the underlying assumption that incidence of AF in the cryptogenic stroke population is
30%. The EAC further assumed a specificity of 100% for all tests. The EAC then calculated a sensitivity
of 7% for 24-hour Holter and 53.7% for Zio Service based on diagnostic yields of 2.1% for 24-hour
Holter and 16.1% for Zio Service from the EPACS study. Applying a sensitivity of 7% for 24-hour
Holter to the data from Zeigler generates an underlying incidence of AF of 41.4%. The comparable
figure from CRYSTAL-AF is 18.6%. In turn, these incidences of AF provide an estimate of sensitivity
for 21-day event recorders of 53.1% from Zeigler and 75.3% from CRYSTAL-AF.

A further calculation is required to estimate sensitivity for 7-day CER from the data for 21-day CER.
Edwards reports diagnostic yields for 7-day Holter and 30-day Holter from both Zeigler and CRYSTAL-
AF trial. The yields from Zeigler are 11.0% and 25.0%. The yields from CRYSTAL-AF trial were 8.0%
and 22.8%. The EAC applied the ratio of the 7-day and 30-day yields for Holter from Zeigler to the
diagnostic yield over 21 days for CER of 22.0% to estimate a 7-day CER diagnostic yield of 6.2%. The
same calculation was undertaken on the data from CRYSTAL-AF trial to generate a 7-day CER
diagnostic yield of 4.9%. Applying the estimated incidence of AF in the two studies generates a
sensitivity of 15.0% from data in Zeigler and a sensitivity of 26.3% from CRYSTAL-AF trial.



The EAC modified both the stroke and the downstream stroke model to include the sensitivity of the
three tests assuming a specificity of 100% for all tests. The EAC applied sensitivity estimates for 7-
day CER based on data from Zeigler and form CRYSTAL-AF trial.

3.1. Results
The table below shows the results before and after modification of the model. The impact of
parameterising sensitivity of CER at either 15.0% or 26.3% is very modest. The results are mostly
unchanged from the original analysis. The relatively large change in the sensitivity of CER has little
difference on the overall costs. Whilst the cost of stroke is high at £13,452 the incidence over one
year is only around 2% if the entire cohort is untreated, reducing to around 1% if all patients with AF
(30%) are identified and treated. Hence moving from a sensitivity of 0% to 100% reduces stoke costs
by around £135. It also increases the cost of anticoagulation therapy for the cohort from £0 to about
£135 - the net effect on costs is zero. The higher sensitivity does reduce overall costs. This is because
it reduces the proportion of patients with a negative result who are retested.



Previous model results

Sensitivity of CER 15.0%

Sensitivity of CER 26.3%

Zio Service Comparator Cost saving Zio Service Comparator | Costsaving | Zio Service Comparator | Cost saving
Stroke model | £493.94 £423.13 -£70.81 £494.13 £424.43 -£69.70 £493.91 £422.91 -£71.00
Downstream
stroke model £1237.45 £1216.62 -£20.83 £1237.43 £1227.35 -£10.08 £1237.43 £1214.85 -£22.58
vs CER
Downstream
stroke model £1237.45 £1236.18 -£1.27 £1237.43 £1236.18 -£1.25 £1237.43 £1236.18 -£1.25

vs Holter
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Medical technology guidance
SCOPE
Zio Service for detecting cardiac arrhythmias

1 Technology

1.1 Description of the technology

Zio ECG monitoring service (Zio Service, iRhythm Technologies) is a remote
cardiac monitoring system used to detect cardiac arrhythmias. It is comprised

of 3 components:

e Zio biosensor: a wearable single lead ambulatory electrocardiogram (ECG)

e ZEUS: a proprietary, regulated software platform and online portal that
stores, analyses and sorts the ECG data to generate a report of the
findings

e Zio technical report: a clinically actionable summary of the recorded ECG

data

The Zio Service is intended to replace or enhance the current assessment
pathway for cardiac arrhythmia detection in people with palpitations, fainting
(syncope) and suspected cardiac arrhythmia. The adhesive Zio biosensor is
placed on the person's left upper chest and records a continuous beat-to-beat
ECG for up to 14 days. The device is designed to facilitate patient compliance
and thereby improve data collection. Without external leads or wires, noise
artefacts are reduced in the data and the wearer may go about normal daily
activities, including light exercise or showering, without required monitor
maintenance. Each Zio biosensor is intended for single-patient use. After the
monitoring period is completed, the wearer removes the biosensor and sends
it to the company by freepost. The ECG recordings are analysed using the

artificial intelligence led algorithm within ZEUS and overseen by accredited
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cardiac physiologists. A technical report is produced, containing information
regarding arrhythmia episodes, wear and analysis time and patient-captured
events, and is sent to the prescribing clinician for final analysis and
interpretation. There are no patient identifiers in or on the Zio Patch and data

cannot be accessed if the Zio Patch were to be physically intercepted.

For the Evidence Standards Framework for digital health technologies, Zio

Service is classified as an active monitoring technology and so has a tier 3b

evidence level.

1.2 Regulatory status

Zio Service received a CE mark in December 2014 as a Class lla device.

1.3 Relevant diseases and conditions

Cardiac arrythmias are experienced by more than 2 million people a year in
the UK. The term covers a number of conditions in which the heartbeat is
irregular, too fast or too slow. Types of arrythmias are categorised by where
they originate in the heart (atria or ventricles) and whether they increase
(tachycardia) or decrease the heart rate (bradycardia). Important examples of
cardiac arrythmia include atrial fibrillation, supraventricular tachycardia,

bradycardia, heart block and ventricular fibrillation (NHS, 2018).

Zio Service is intended for use in people suspected of having cardiac
arrhythmia, specifically those with symptoms or suspected arrhythmic
episodes more than 24 hours apart. Common symptoms include palpitations,
dizziness or light-headedness (presyncope) and fainting (syncope) and are
known to account for a large number of emergency presentations each year in
the UK. Cardiovascular events including arrhythmia are among the most

serious causes of syncope.

Atrial fibrillation is the most common sustained cardiac arrhythmia. It causes
an irregular and often abnormally fast heart rate which can lead to symptoms
such as breathlessness, heart palpitations and dizziness or temporary loss of
consciousness. Atrial fibrillation can also be asymptomatic. It has been

estimated that 1.4 million people in England have atrial fibrillation, equating to
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2.5% of the population (Public Health England, 2017). The likelihood of atrial

fibrillation increases with age, with 80.5% of the total estimated atrial

fibrillation in the population occurring in people over 65 years. The prevalence
of atrial fibrillation is higher in men than women (2.9% compared with 2.0%),
with 825,000 men expected to be living with it compared with 580,000 women.
Public Health England also estimate that around 425,000 people in England
have undiagnosed and untreated atrial fibrillation. Atrial fibrillation is
associated with an increased risk of stroke, hospitalisation, and mortality.

According to the European Society of Cardiology guidelines for the

management of atrial fibrillation, untreated atrial fibrillation is associated with a

5-fold increased risk of stroke and a 3-fold increased risk of heart failure

(European Society of Cardiology, 2012).

1.4 Current management

NICE’s guidelines on transient loss of consciousness (‘blackouts') in over 16s

and guidelines on managing atrial fibrillation provide recommendations on

current methods of arrhythmia detection.

The NICE quideline on transient loss of consciousness (‘blackouts') in over

16s, recommends recording a 12-lead ECG using automated interpretation as
the initial assessment. All people with transient loss of consciousness (TLoC)
should be referred for specialist cardiovascular assessment, except those with
a firm diagnosis after initial assessment of uncomplicated faint, situational
syncope or orthostatic hypotension, or people whose presentation is strongly
suggestive of epileptic seizure. For people with a suspected cardiac
arrhythmic cause of syncope, the guideline recommends offering an
ambulatory ECG. The type of device should be chosen on the basis of the
patient’s history and frequency of TLoC. Holter monitoring (up to 48 hours if
necessary) is recommended in people who have TLoC at least several times
a week. In those with TLoC every 1 to 2 weeks an external event recorder
should be offered. An implantable event recorder should be offered to people

with infrequent TLoC (less than once every 2 weeks).
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The NICE guideline on managing atrial fibrillation recommends performing

manual pulse palpation to assess for the presence of an irregular pulse in

people presenting with any of the following:

e breathlessness/dyspnoea
e palpitations

e syncope/dizziness

e chest discomfort

e stroke/transient ischaemic attack

It is recommended that an ECG be performed in all people, whether
symptomatic or not, in whom atrial fibrillation is suspected because an
irregular pulse has been detected. Arrhythmias may be missed by a 12-lead
ECG in people with paroxysmal AF (that is, intermittent atrial fibrillation)
because of the occasional nature of the arrhythmic episodes. If arrhythmia is
not detected on the initial 12-lead ECG and further assessment of suspected
paroxysmal atrial fibrillation is needed, ambulatory ECG monitoring is
recommended. The choice of monitor used depends on symptoms and

symptom frequency. The guideline recommends the following:

e use a 24-hour ambulatory ECG monitor (such as a Holter monitor) in
people with suspected asymptomatic episodes or symptomatic episodes
less than 24 hours apart

e use an event recorder ECG (which can be external or implantable) in

people with symptomatic episodes more than 24 hours apart.

Zio Service would be used for monitoring up to a 14-day period in place of
current methods of cardiac event detection, such as Holter monitoring or
event recording (external or implantable) in people suspected of having
cardiac arrhythmia. The use of the Zio Service would be prescribed by a
clinician, most often a cardiologist or GP, in primary, secondary or tertiary

care. It may also be prescribed by a stroke clinician or neurologist.
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1.5 Claimed benefits

The benefits to patients claimed by the company are:

e Improved diagnostic yield, minimising the number of repeat tests needed to
confirm or rule out arrhythmia

¢ Greater diagnostic accuracy and efficiency in detecting clinically relevant
arrhythmias, including symptomatic and silent atrial fibrillation

e Earlier diagnosis and initiation of preventative treatment (such as
anticoagulants), potentially leading to a reduction in the occurrence of
clinical sequelae of arrhythmia such as syncope, stroke and heart failure

¢ Minimal disruption to patients’ daily activities leading to improved patient
compliance and data collection (wear time, analysable time and signal
quality)

e Streamlined patient pathways reduced number of outpatient visits (aligned
to NHS Long Term Plan objectives), thereby increasing patient access and

reducing health inequalities

The benefits to the health and social care system claimed by the company

are:

¢ Reduction in costs and resources that could be avoided through earlier
diagnosis and treatment, such as repeat hospital admissions related to the
clinical sequelae of arrhythmia, such as syncope, stroke or heart failure

¢ Reduction in staff, estate and capital equipment resource use in the
ambulatory ECG monitoring pathway, due to reduced repeat testing,
reduced in-clinic analysis of ECG recordings and reduced outpatient
appointments

e Standardisation and efficiency gains in cardiac diagnostic services within
and across NHS trusts through simplified processes, supported by Atrtificial
Intelligence and service evaluation tools

e Ease of implementation; minimal changes in facilities or infrastructure
needed when Zio Service adopted in standard practice, including in rural

areas
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2 Statement of the decision problem

Population Adults (18 years or older) with suspected cardiac arrhythmia

referred for ambulatory ECG monitoring

Intervention Zio ECG monitoring service (Zio Service)

Comparator(s) e Current pathway for ambulatory cardiac arrhythmia detection,
which includes Holter and/or event monitoring (external and
implantable)

Outcomes The outcome measures to consider include:

Procedure-related outcomes:
o Diagnostic yield and accuracy (sensitivity and specificity)

e Number of symptomatic and asymptomatic arrythmia events
detected over total wear time

o Ability to quantify atrial fibrillation (AF) burden (amount of time
spent in AF)

e Time to first arrhythmia event and time to first symptomatic
event

e Time to return device, analysis and report production

e Test failure rate

e Signal quality

Clinical management outcomes:

¢ Time to diagnosis or rule out of cardiac arrythmia

¢ Time to initiation of preventative treatment

o Impact of test results on clinical decision making

¢ Total number of hospital outpatient appointments for testing

e Total number of hospital outpatient appointments or
admissions for device-related complications

¢ Number of outpatient visits and staff time for undertaking and
analyzing diagnostic tests

¢ Morbidity (including stroke, thromboembolism, heart failure,
and complications associated with preventative treatment)

e Mortality
Patient outcomes:

o Patient compliance (average wear time and analyzable wear
time)

o Ease of use (for patients and healthcare professionals),
including training requirements

o Device acceptability and patient satisfaction
e Health-related quality of life
o Device-related adverse events

Medical technology scope: Zio Service for detecting cardiac arrhythmias

September 2019

© NICE 2019. All rights reserved. Subject to Notice of rights. Page 6 of 11



https://www.nice.org.uk/terms-and-conditions

Cost analysis

Costs will be considered from an NHS and personal social
services perspective.

The time horizon for the cost analysis will be sufficiently long to
reflect any differences in costs and consequences between the
technologies being compared.

Sensitivity analysis will be undertaken to address uncertainties in
the model parameters, which will include scenarios in which
different numbers and combinations of devices are needed.

Subgroups to
be considered

o Adults referred for ambulatory ECG monitoring, who
experience asymptomatic arrhythmia events

o Adults referred for ambulatory ECG monitoring in primary
care

o Adults referred for ambulatory ECG monitoring in secondary
care

Special
considerations,
including those
related to
equality

The area of skin in which the Zio patch is applied will need
shaving if hair is present. Some religions forbid cutting or shaving
bodily hair. Zio service is not approved for paediatric use. Religion
and age are protected characteristics under the Equality Act.
Contraindications are listed the instructions for use for Zio Service.

Special
considerations,
specifically
related to
equality

Are there any people with a protected characteristic for | No
whom this device has a particularly disadvantageous
impact or for whom this device will have a
disproportionate impact on daily living, compared with
people without that protected characteristics?

Are there any changes that need to be considered in No
the scope to eliminate unlawful discrimination and to
promote equality?

Is there anything specific that needs to be done nowto | No
ensure MTAC will have relevant information to consider
equality issues when developing guidance?

Cardiac arrhythmias can develop in people of any age but are
more common in people over 60 years. Women tend to be at
higher risk of certain arrhythmias, including atrioventricular nodal
tachycardia, whereas men are 3 times more likely to develop atrial
fibrillation at any age. However, of those people who develop atrial
fibrillation, women have a much higher incidence of morbidity and
mortality. Age and sex are protected characteristics under the
Equality Act. People whose first language is not English or who
cannot write may not be able to give written information on their
symptoms while using the Zio Service.

3 Related NICE guidance

Published

e | ead-l ECG devices for detecting symptomatic atrial fibrillation using single

time point testing in primary care. NICE diagnostics assessment guidance

DG35 (2019).
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e |Leadless cardiac pacemaker implantation for bradyarrhythmias. NICE

Interventional procedures guidance IPG626 (2018).

e Subcutaneous implantable cardioverter defibrillator insertion for preventing

sudden cardiac death. NICE Interventional procedures guidance IPG603
(2017).

e Atrial fibrillation and heart valve disease: self-monitoring coaqulation status

using point-of-care coagulometers (the CoaguChek XS system). NICE
Diagnostics guidance DG14 (2017).

o ENDURALIFE powered CRT-D devices for treating heart failure. NICE
Medical technologies guidance MTG33 (2017).

e Percutaneous endoscopic laser balloon pulmonary vein isolation for atrial
fibrillation. NICE Interventional procedures guidance IPG563 (2016).

e Edoxaban for preventing stroke and systemic embolism in people with non-

valvular atrial fibrillation. NICE Technology appraisal guidance TA355
(2015).

e Dual-chamber pacemakers for symptomatic bradycardia due to sick sinus

syndrome and/or atrioventricular block. NICE Technology appraisal
guidance TA88 (2014).
e Atrial fibrillation: management. NICE Clinical guideline CG180 (2014).

e |Implantable cardioverter defibrillators and cardiac resynchronisation

therapy for arrhythmias and heart failure. NICE Technology appraisal
guidance TA314 (2014).

e Apixaban for preventing stroke and systemic embolism in people with

nonvalvular atrial fibrillation. NICE Technology appraisal guidance TA275
(2013).
o WatchBP Home A for opportunistically detecting atrial fibrillation during

diagnosis and monitoring of hypertension. NICE Medical technologies
guidance MTG13 (2013).

e Dronedarone for the treatment of non-permanent atrial fibrillation. NICE

Technology appraisal guidance TA197 (2012).
e Percutaneous balloon cryoablation for pulmonary vein isolation in atrial
fibrillation. NICE Interventional procedures guidance IPG427 (2012).
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e Rivaroxaban for the prevention of stroke and systemic embolism in people
with atrial fibrillation. NICE Technology appraisal guidance TA256 (2012).

e Dabigatran etexilate for the prevention of stroke and systemic embolism in
atrial fibrillation. NICE Technology appraisal guidance TA249 (2012).

e Thoracoscopic exclusion of the left atrial appendage (with or without

surgical ablation) for non-valvular atrial fibrillation for the prevention of

thromboembolism. NICE Interventional procedures guidance IPG400
(2011).

e Percutaneous occlusion of the left atrial appendage in non-valvular atrial

fibrillation for the prevention of thromboembolism. NICE Interventional
procedures guidance [IPG349 (2010).

e Percutaneous (non-thoracoscopic) epicardial catheter radiofrequency

ablation for atrial fibrillation. NICE Interventional procedures guidance
IPG294 (2009).

e Percutaneous (non-thoracoscopic) epicardial catheter radiofrequency

ablation for ventricular tachycardia. NICE Interventional procedures
guidance IPG295 (2009).

e Thoracoscopic epicardial radiofrequency ablation for atrial fibrillation. NICE

Interventional procedures guidance IPG286 (2009).

e High-intensity focused ultrasound for atrial fibrillation in association with

other cardiac surgery. NICE Interventional procedures guidance IPG184
(2006).

e Percutaneous radiofrequency ablation for atrial fibrillation. NICE

Interventional procedures guidance IPG168 (2006).
¢ Cryoablation for atrial fibrillation in association with other cardiac surgery.
NICE Interventional procedures guidance IPG123 (2005).

e Microwave ablation for atrial fibrillation in association with other cardiac

surgery. NICE Interventional procedures guidance IPG122 (2005).

e Radiofrequency ablation for atrial fibrillation in association with other

cardiac surgery. NICE Interventional procedures guidance IPG121 (2005).

e Laser sheath removal of pacing leads. NICE Interventional procedures
guidance IPG63 (2004).
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Under development

NICE is developing the following guidance (details available from

www.nice.org.uk):

e Implantable cardiac monitors to detect atrial fibrillation after cryptogenic

stroke. NICE diagnostics assessment guidance. Publication expected
December 2019.

e TYRX Absorbable Antibacterial Envelope for preventing infection from

cardiac implantable electronic devices [ID1440]. NICE technology appraisal

guidance. Publication expected February 2020.

o Atrial fibrillation: management. NICE guideline. Publication expected
September 2020.

e Atrial fibrillation - idraparinux sodium [ID375]. NICE technology appraisal

guidance. Publication expected TBC.

o Atrial fibrillation - vernakalant [ID454]. NICE technology appraisal guidance.

Publication expected TBC.
4 External organisations

4.1 Professional organisations

The following societies have been alerted to the availability of the draft scope

for comment:

e British Association for Nursing Cardiovascular Care
e British Cardiovascular Society

e British Heart Rhythm Society

¢ Royal College of Emergency Medicine

¢ Royal College of General Practitioners

¢ Royal College of Nursing

¢ Royal College of Physicians

e Society for Cardiological Science and Technology
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4.2 Patient organisations

NICE’s Public Involvement Programme contacted the following organisations
for patient commentary and alerted them to the availability of the draft scope

for comment:

¢ Arrhythmia Alliance

o Atrial Fibrillation Association

e British Cardiac Patients Association (BCPA)
¢ British Heart Foundation

e Cardiac Risk in the Young (CRY)

e Cardiovascular Care Partnership

e Children's Heart Federation

e Down's Heart Group

e Heart Rhythm Alliance

e Heart Valve voice

e Pumping Marvellous

e The Ashley Jolly SADS Trust (SADS UK)
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Adoption report: DHT Zio XT Service for detecting cardiac

arrhythmias

Summary - for first meeting

Adoption levers

Longer recording time has the potential for a greater diagnostic yield
compared with the commonly used external ambulatory monitors.

May improve the speed of diagnosis allowing initiation of appropriate
treatment and reduce unnecessary investigations, treatment and follow up
Good patient acceptance. It is discreet, practical, and is self-removed (no
appointment required).

Adoption barriers

Cost. Reimbursement tariffs do not account for increased technology cost
compared with external ambulatory monitors

Duplication of effort. NHS Trusts already employ cardiac technicians to
interpret ambulatory monitoring

Staff with skills and experience in cardiology are needed for suitable
patient selection and to interpret results alongside other clinical factors.
Limited long-term adoption from those who have piloted.

1

Introduction

The adoption team has collated information from healthcare professionals working

within NHS organisations, 6 of whom have experience of using the Zio XT service.

This adoption report includes some of the adoption considerations for the routine

NHS use of the technology.

2

Current practice in clinical area

Across all the clinical pathways in which ambulatory cardiac monitoring is used

contributors reported:
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e Variation in whether external ambulatory monitoring is initiated in primary or
secondary care. Some GPs organise an ECG and 24 hour Holter prior to referral
whereas others refer without testing.

e Variation in monitoring options available. Some only have access to 24 hour
monitors whilst others offer 5 day monitoring as standard (post stroke).

e Repeat testing being common because ambulatory monitoring for a short period
of time may not identify an arrhythmia

e Delays in reporting results because of capacity in cardiology departments.

e Shortage of devices at some sites which meant delays in patients accessing the
test (by which time symptoms may be less marked or frequent).

e Patients unable to wear ambulatory monitoring for the prescribed length of time

due to the impact on activities of daily living.

3 Contributors and the use of the Zio XT Service in

practice

Table 1 below provides more detail about the contributors and how the Zio XT
Service had been adopted at their trust. All 6 sites who had adopted the Zio XT

Service did so as part of a pilot or trial and only 1 had secured ongoing funding.
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NIC

National Instliute for

Health and Care Excellence
Job title Adoption Care pathway Site reported Current use of Zio
type findings XT Service at site
Consultant | Pilot Assessment of 82.1% (108/132 Ongoing trust
Cardiologist | January patients with patients) had a funded during the
& Physician | 2017 palpitations or documented
suspected arrhythmia
cardiac 1 patch lost
arrhythmias.
Clinical Pilot Adults presenting | 93% (13/14) had | No. Currently
Cardiac to primary care symptoms and a | redefining pathway
Physiologist with symptoms of | positive report
arrhythmia 0 patches lost
Neurologist, | Research | Feb 2016 — Feb 16.3% (7/43) Funding secured
Clinical study 2017 detection of from research and
Director of (RCT) Monitoring paroxysmal AF at | innovation funds
Data immediately 90 days only. Continued
Science following 0 patches lost NHS funding not
TIA/stroke for available due to lack
detection of AF of economical HRG
(applied in
hospital prior to
discharge)
Consultant | Research | November 2015 — | 27.9 (24/86) had | No. Request for
in study June 2017 a significant funding rejects from
Emergency | (Prospecti | Adults presenting | arrhythmia emergency
Medicine ve pilot) to ED within 6 10 patches lost department finance
hours of and management
unexplained
syncope
Associate Not Cardiology offers | N/A
Professor a | adopted 24 hour
nd monitoring, 7 day
Consultant monitoring or
Cardiologist implantable
cardiac monitors.
Consultant | Pilot January 2018 50% (5/10) of No. Business case
Cardiologist Patient referred to | reports identified | has been submitted
/ cardiology with a clinically to the trust finance
Electrophysi signs and significant finding | and management
ologist symptoms of 0 patches lost teams awaiting
arrhythmia
including
Transient Loss of
Consciousness
(TLoC).
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Consultant | Pilot Monitoring for AF | 10% (1/10) had No, however the site
Neurologist. immediately AF continue to seek
following stroke 0 patches lost funding.
or TIA (applied
prior to
discharge)

The adhesive Zio biosensor is placed on the person's left upper chest, generally by a
nurse, as soon as the decision is made to use it. After 2-weeks use, the patient
removes it and posts it back to the company. Patients are provided with a box and
preaddressed envelope. The company say that the envelope is pre-paid for first-

class Royal Mail (no tracking or recording).

When the result is available the clinician responsible for requesting the test is notified

by email.

Only a very small number of devices are reported to be ‘lost’ in transit (i.e. not
received at the Zio XT Service analysis centre) and the greatest number lost were
from a pilot in patients presenting to the emergency department where 10 of 86 were
not returned. Where a sensor was ‘lost’ patients reported they had returned them. At
1 site, a patient removed the patch before the 2-week monitoring period had finished
because they got their dates confused. At another site 2 patients (in a trial of 43

people) preferred to bring the patch back to hospital rather than post it.

4 Reported benefits

The potential benefits of adopting the Zio XT Service, as reported to the adoption

team by the healthcare professionals using the technology are that:

¢ |t offers longer, continuous monitoring time compared with the commonly used
external ambulatory monitors. This may offer a greater diagnostic yield which can:
— improve the speed of diagnosis allowing initiation of appropriate treatment and
re-assurance for patients
— reduce unnecessary investigations, treatment and follow up
e ltis a single use item meaning there are no delays waiting for monitoring

equipment to be returned.

Adoption report: DHT Zio XT Service Page 4 of 8
Issue date: 12/2019
© NICE 2019. All rights reserved. Subject to Notice of rights.


https://www.nice.org.uk/terms-and-conditions

NICE N Stetonce

e There are no ongoing maintenance costs.
¢ |t releases cardiac physiologists time for other tasks within cardiology.
— There is increased patient satisfaction because it should not get in the way of
normal daily activities, and
— ltis discreet with no need to return to a healthcare professional for removal and

it can be returned by post.
5 Insights from the NHS

Care pathway

The care pathway within which the Zio XT Service fits is important for ensuring it is
being used in the most cost-effective way. Contributors said adoption should happen
as part of a review and update of the existing cardiac monitoring care pathway. The
overall pathway should be integrated between primary and secondary care.
However, most contributors thought the Zio XT Service should be used by those with

the skills and experience to select the most suitable patients and make a clinical

diagnosis from the results.

Contributors report having a small number of Zio patches in stock. When required
the person responsible logs on to the Zio IT system, activates a test for the patient,
inputs the relevant information and assigns the Zio patch serial number to that test.

The company then replace the patch in the trust’s stock.

Due to the nature of the pilots only a small number of patients used the Zio XT
Service with 1 or 2 clinicians registered to receive results. If the Service was to be
adopted on a larger scale, contributors said processes at their trusts would need to
be established to cope with an increased workload and ensure all results were

reviewed, including identification of red flags, and actioned in a timely manner.

Patient selection

Contributors agreed that appropriate patient selection is important for using this
technology cost-effectively. Contributors identified the following groups of patients as
potentially suitable for the Zio XT Service:
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¢ Those who have had a TIA or stroke where cardiac causes are being investigated
(AF or other arrhythmia). However, one contributor thought that when monitoring
for AF following stroke, 2 weeks was not long enough.

e People presenting with symptoms of palpitations or suspected cardiac
arrhythmias.

e People who experience transient loss of consciousness (including syncope,
blackouts). However, one contributor said TLoC is not commonly a weekly event
and therefore unlikely to be picked up by the Zio XT Service.

e Children and young people being investigated for cardiac arrhythmias (children

under age 3 may too small for the patch because of the relative sizes).

Across all groups the following factors were important for decision making about

whether to use Zio XT Service:

e Whether the result would change the patient’s clinical management plan. If not it
may not be worth doing it. For example, identifying AF in a patient following stroke
who cannot take anticoagulants.

e Frequency and duration of symptoms.

e The patients’ social situation; whether they can travel easily between home and
hospital (required for Holter monitor appointments) and the degree to which they

would tolerate a Holter monitor.

Patient experience

All contributors reported that patients who used the Zio XT Service had a positive
experience. The positioning site for the patch must be shaved and cleaned before
application (both men and women). No patients’ experienced skin irritation.

Compliance with wearing the monitor was greater than for Holter monitors.

Cost

Cost is cited as the main barrier to adoption as most trusts employ cardiac
technicians to interpret ambulatory monitoring results and already own Holter
equipment. However, contributors thought these could be off-set by a reduction in
multiple appointments and the re-monitoring and maintenance associated with the

Holter monitors.
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Of the 6 sites where Zio XT Service has been used as part of a trial or pilot, only one
had secured funding from the trust to continue to offer the service. Reasons included
uncertainty about whether use of the technology would reduce mortality, facilitate

faster discharge or prevent admissions.

Contributors said that whilst the Zio XT Service costs more than using a Holter
monitor the reimbursement for both is the same. The NICE resource impact
assessment (RIA) team identified that 24 hr electrocardiography (U192), 48hr
electrocardiography (U1930) and Holter extended electrocardiography (U195) all
map to the same HRG code EY51 which achieves a reimbursement of £122.The RIA
team said the Zio XT Service would be coded as a Holter extended
electrocardiography. The NICE MIB says the manufacturer has given an example list
price of £800 per unit for the Zio XT Service, this compares with the documented
price of a Holter monitor including monitoring and interpretation of £118.60 (with

overheads).

Clinician confidence/acceptance

Contributors were aware that IT software was supporting cardiac technicians to
analyse the recordings. This process did not pose any concerns to contributors. All
contributors are positive about the technology. They said it worked well with a quick
turnaround time from the patch being received at the company to them being alerted

that the report was available (2 days). Reports were of a high quality.

Two contributors highlighted that it does not offer ‘live feedback’ which means there
would be a delay in action and treatment if an arrhythmia had occurred during the
monitoring period. Implantable cardiac monitors can send an alert on the same day

as an arrhythmia has occurred.

Contributors said that potentially cardiac technicians could feel apprehensive about

adopting the Zio XT Service because interpretation of results is part of their role.

Training in patient selection and diagnosis

The free training in how to apply the Zio patch and how to use the Zio XT Service

database was said to be quick and easy.
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Zio users should have, or have access to, the cardiac skills and experience to:

e undertake a clinical cardiac assessment to decide if the Zio XT Service is most
suitable. Two contributors said that healthcare professionals in primary care could
initiate the Zio XT Service but this would need to be as part of a strict protocol,

¢ interpret from the report (which will detail all arrhythmias) what is clinically

significant within the context of the patient.

Those with these skills are most likely cardiac physicians, cardiac nurse specialists

and cardiologists, or a member of the stroke medical team.

IT and information governance

As part of their adoption planning contributors’ trusts considered if there were any
data protection and governance risks. All were satisfied by the assurance from the
company and allowed adoption to proceed. One contributor said their trust-level
firewalls needed to be adapted to allow access to the Zio website, but this was easily

done.

Adoption report: DHT Zio XT Service Page 8 of 8
Issue date: 12/2019
© NICE 2019. All rights reserved. Subject to Notice of rights.


https://www.nice.org.uk/terms-and-conditions

NATIONAL INSTITUTE FOR HEALTH AND
CARE EXCELLENCE

Medical technologies guidance

DHTO005 Zio XT Service for detecting cardiac
arrhythmia

Company evidence submission

Part 1: Decision problem, clinical evidence and
outline of economic evidence

Company name iRhythm Technologies

Submission date | 25/09/2019

Regulatory CE Certificate
documents Clinical Reference Manual
attached Declaration of Conformity
Contains Yes

confidential

information

August 2019 v1.0

Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia

© NICE 2019. All rights reserved. Subject to Notice of rights. 1 of 236


https://www.nice.org.uk/terms-and-conditions

Contents

Abbreviations used in this SUDMISSION.........cooiiiiiiiiii 4
N B 7= o7 =T o T o] o] o] 1= o P 6
2 The tECNNOIOGY. ... . i 9
2.1 Overview of the technology ..........ccoooeiiiiiiiii e, 9
2.2 Claimed benefits of the technology ...........ouveiiiiiiiiii 11
2.3 Other conSIAErationS ........ccooeiiiiiiiiiie e 18
K T O {101 o= | I oo o (=1« S 22
3.1 Clinical care pathways ............oooomimiiiiiiii e 22
Validation of pathways........cccoooiiiii e 30
3.2 System Changes........cooo oo 31
3.3 Reducing health inequalities and improving access.........cccccevveeeevveeeevnnnnnnn. 31
4 EVIAENCE SEAICKN... .o 33
5  CliNICal @VIAENCE ......uuiiiiiii e nnnnnnes 34
5.1 List of relevant clinical StUdI€S..........ccooeiiiiiiiiiiiii e 34
5.2 Details of relevant clinical studies ............coooviiiiiiiiiiiiii e, 89
5.3 Results of relevant clinical studies .............ccccoe 123
6 Ongoing use and data colleCtion..............ccoeiiiiiiiiiiiicc e 163
T AAVEISE EVENLS ...t e et e e e e e e e e et a e e e e e eeannae 164
8 Evidence synthesis and meta-analysis ............ccccociiiiiiiiis 165
8.1  Quantitative reVIieW...........ooooiiiiiii 165
8.2 Qualitative revieW.........cooooiiiii 166
9 Summary and interpretation of clinical evidence...............ccccevvviiiiieiiieiiiieen, 173
10  Outline of ecONOMIC EVIAENCE ......evvveiiiiieiieeeeece e 177
10.1 Population benefiting ... 177
10.2  List price of teChnology .........ccovviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee e 177
10.3  Value of patient and system benefits ... 178
10.4  Training and pathway COSES .........ccoviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee 180
10.5 Other annual NHS costs and Savings ........ccceevvviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee 180
10.6 Total costs and SAVINGS .....coeeuueiiiiie e 181
10.7 ECONOMIC EVIAENCE.... .o 182
11 REFEIENCES ... e 190

Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia

© NICE 2019. All rights reserved. Subject to Notice of rights. 2 of 236


https://www.nice.org.uk/terms-and-conditions

L2 o] 01T T Lo = S
Appendix A: Study identification for clinical and economic evidence...................
Appendix B: Search strategy for adverse events..........cccccocceeiiiiiiiiiiiiiccceeee
Appendix C: Checklist of confidential information................cccooooiii

Appendix D: iRhythm Supporting Materials ...

Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia

© NICE 2019. All rights reserved. Subject to Notice of rights. 3 of 236


https://www.nice.org.uk/terms-and-conditions

Abbreviations used in this submission

Abbreviation | Full Text

24HM 24-Hour Holter Monitor

ACHD Adults with Congenital Heart Disease
AF Atrial Fibrillation

AFP Pause During Atrial Fibrillation

AHM AliveCor Heart Monitor

ARVD/C Arrhythmogenic Right Ventricular Dysplasia/Cardiomyopathy
ASD Atrial Septal Defect

AUD Australian Dollars

AV Av Block

AVT Atrial Ventricular Tachycardia

CAM Carnation Ambulatory Monitor

Cl Confidence Interval

CS Cryptogenic Shock

CvD Cardiovascular Disease

DDDRP Atrial Preventive Pacing And Atrial Antitachycardia Pacing
DNN Deep Neural Network

ECAM Extended Continuous Ambulatory Rhythm Monitors
ECG Electrocardiogram

ECR Episodic Card Recorder

ED Emergency Department

EKG Electrocardiogram

ELCR External Cardiac Loop Recorder
ELR External Loop Recorder

EP Electrophysiology

ER Emergency Room

GP General Practitioner

GRS Genetic Risk Score

HGHB High-Grade Heart Block

HR Hazard Ratio

HTA Health Technology Assessment
ICER Incremental Cost-Effectiveness Ratio
ICM Insertable Cardiac Monitor

ILR Implantable Loop Recorder

IM Intermittent Monitoring

IMD Intermittent Monitoring Device

IQR Interquartile Range

LTCM Long Term Cardiac Monitoring
MCOT Mobile Cardiac Outpatient Telemetry
MESA Multi-Ethnic Study Of Atherosclerosis
MRI Magnetic Resonance Imaging
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NA

Not applicable

NIAM Non-Invasive Ambulatory ECG Monitor
NPV Negative Predictive Value

NR Not reported

MVP Managed Ventricular Pacing

NSVT Non-Sustained Ventricular Tachycardia
OPD Out Patient Department

OR Odds Ratio

PAF Paroxysmal AF

PAPVR Partial Anomalous Pulmonary Venous Return
PDS Pds Heart Event Monitor

POIP Policardiografo IP

PPV Positive Predictive Value

QALY Quality Adjusted Life Years

RCT Randomised Controlled Trial

RFC Radiofrequency Current

RR Relative Risk

RT Real Time

SD Standard Deviation

SOC Standard Of Care

SP Sinus Pause

SVT Sustained Ventricular Tachycardia
TELE-ECG Telephone Electrocardiogram

TIA Transient Ischemic Attack

TT Trans-Telephonic

TTECG Trans-Telephonic Electrocardiogram
TT™M Trans-Telephonic Monitor

VT Ventricular Tachycardia
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1 Decision problem

Scope issued by NICE

Variation from

Rationale for

o Diagnostic yield
and accuracy
(sensitivity and
specificity)

 Health-related
quality of life

scope (if variation
applicable)

Population Adults (18 years or
older) with suspected
cardiac arrhythmia
referred for ambulatory
ECG monitoring

Intervention Zio XT ECG monitoring
service (Zio XT Service)

Comparator(s) Current pathway for Current pathway Although
ambulatory cardiac for ambulatory implantable
arrhythmia detection, cardiac arrhythmia | cardiac monitors
which includes Holter detection, which are recommended

. . for ambulatory
and/or event monitoring includes Holter ECG monitoring in
(external and and/or event specific clinical
implantable) monitoring scenarios (in

particular in
patients
presenting with
infrequent TLoC),
in reality
implantable
cardiac monitors
are rarely used
first line. Verified
patient pathways
suggest
implantable event
recorders are not
standard of care
and are only used
second or third
line, when other
methods of ECG
ambulatory
monitoring have
failed to diagnose
or rule out
arrhythmia

Outcomes Procedure-related Remove the No evidence to
outcomes: following: demonstrate this

outcome.
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e Number of
symptomatic and
asymptomatic
arrhythmia events
detected over total
wear time

o Ability to quantify
atrial fibrillation
(AF) burden
(amount of time
spent in AF)

e Time to first
arrhythmia event
and time to first
symptomatic
event

e Time to return
device, analysis
and report
production

e Test failure rate

e Signal quality

Clinical management
outcomes:

¢ Time to diagnosis
or rule out of
cardiac arrhythmia

¢ Time to initiation
of preventative
treatment

e Impact of test
results on clinical
decision making

e Total number of
hospital outpatient
appointments for
testing

e Total number of
hospital outpatient
appointments or
admissions for
device-related
complications

e Number of
outpatient visits
and staff time for
undertaking and
analysing
diagnostic tests

e Morbidity
(including stroke,
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thromboembolism,
heart failure, and
complications
associated with
preventative
treatment)

e Mortality

Patient outcomes:

e Patient
compliance
(average wear
time and
analysable wear
time)

o Ease of use (for
patients and
healthcare
professionals),
including training
requirements

¢ Device
acceptability and
patient
satisfaction

¢ Health-related
quality of life

e Device-related
adverse events

Cost analysis

Costs will be considered
from an NHS and
personal social services
perspective.

The time horizon for the
cost analysis will be
sufficiently long to reflect
any differences in costs
and consequences
between the technologies
being compared.
Sensitivity analysis will be
undertaken to address
uncertainties in the model
parameters, which will
include scenarios in
which different numbers
and combinations of
devices are needed.
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Subgroups to be | Adults referred for Adults referred for | The primary care
considered ambulatory ECG ambulatory ECG | referral pathway is
monitoring, who monitoring, with included within the
experience asymptomatic symptom.s of general medicine
arrhythmia events arrhythmia
pathway as a
Adults referred for Adults referred for | route to diagnostic
ambulatory ECG ambulatory ECG | services but will
monitoring in primary monitoring, without | not be considered
care symptoms of separately within
arrhythmia (e.g., | the economic
Adults referred for patients with modelling.
ambulatory ECG cryptogenic stroke
monitoring in secondary or TIA)
care Adults referred for
ambulatory ECG
monitoring in
secondary care
Functional Zio XT Service is
classification and | classified as an active
risk category monitoring technology
and so has a tier 3b
evidence level.
Risk category is low
Special The area of skin in which | Note: Traditional
considerations, the Zio XT patch is approaches to
including issues applied will need shaving | ECG monitoring
related to equality | if hair is present. Some also require
religions forbid cutting or | shaving of bodily
shaving bodily hair. Zio hair for electrode
XT Service is not placement on the
approved for paediatric body
use. Religion and age are
protected characteristics
under the Equality Act.
Contraindications are
listed the instructions for
use for Zio XT Service.

2 The technology

21

Overview of the technology

Give the brand name, approved name and details of any different versions of the

same technology (including future versions in development and due to launch within
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12 months). Please also provide links to (or send copies of) the instructions for use

for each version of the technology.

Brand name Zio XT Service
Approved name Zio XT ECG Monitoring System
CE mark class and | CE Mark Class lla
date of Original approval: 2 December 2014
authorisation Last amended: 25 June 2019
Main function Electrocardiographic ambulatory recorder
Development Post-launch
stage
Current Commercially available
availability in the
UK
Version(s) Launched | Features
The Zio XT Service is intended to record, store, and report
Zio XT continuous electrocardiogram (ECG) rhythms for long-term
Service 2016 monitoring. The Zio XT Service is comprised of the Zio XT

biosensor, ZEUS software platform and the Zio XT
technical report.

Briefly describe the technology (no more than 1,000 words). Include details on how
the technology works, functionality, integration with other systems, any innovative
features, and if the technology must be used alongside another treatment or

technology. Include diagrams if appropriate.

Zio XT ECG monitoring service (Zio XT Service, iRhythm Technologies) is a remote
cardiac monitoring system used to detect cardiac arrhythmias. It is comprised of 3
components:

e Zio XT biosensor: a wearable single lead ambulatory electrocardiogram (ECG)

e ZEUS: a proprietary, regulated software platform and online portal that stores,

analyses and sorts the ECG data to generate a report of the findings

e Zio XT technical report: a clinically actionable summary of the recorded ECG data
The Zio XT Service is intended to replace or enhance the current assessment pathway for
cardiac arrhythmia detection in people with palpitations, fainting (syncope) and suspected
cardiac arrhythmia. The adhesive Zio XT biosensor is placed on the person's left upper

chest and records a continuous beat-to-beat ECG for up to 14 days. The device is
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designed to facilitate patient compliance and thereby improve data collection. Without
external leads or wires, noise artifacts are reduced in the data and the wearer may go
about normal daily activities, including light exercise or showering, without required
monitor maintenance. Each Zio XT biosensor is intended for single-patient use. After the
monitoring period is completed, the wearer removes the biosensor and sends it to the
company by freepost. The ECG recordings are analysed using the artificial intelligence led
algorithm within ZEUS and overseen by accredited cardiac physiologists. A technical
report is produced, containing information regarding arrhythmia episodes, wear and
analysis time and patient-captured events, and is sent to the prescribing clinician for final

analysis and interpretation. There are no patient identifiers in or on the Zio XT Patch and

data cannot be accessed if the Zio XT Patch were to be physically intercepted.

Zio Service Process

Clinician receives
the Zio patient
report via a secure
7\ website within 4

. |™ business days of

] biosensor receipt
and submits final
interpretation

Patient posts
(FREEPOST) the Zio
biosensor to iRhythm
UK data collection
center & ECG data is
uploaded to iRhythm
cloud server

Zio biosensor fitted
and patient
registered online

[ Clinic or o Postal iRhythm UK Data Secure

Hospital service Centre website

ECG data analysed

by proprietary,
Patient wears Zio cloud-based artificial
biosensor for up to intelligence
14 days; minimal algorithm and
interruption to daily reviewed by
life iRhythm Cardiac
Technicians

2.2 Claimed benefits of the technology

What are the claimed benefits for patients and the NHS of using the technology for

the decision problem described in Section 1?

Claimed benefit Supporting Rationale
evidence

Patient benefits

Improved diagnostic yield, e Rosenberg 2013 | Compared with the 24-hour Holter
minimising the number of e Barrett 2014 monitor, studies have shown the Zio
repeat tests needed to e Kaura 2019 XT Service significantly increased the
detection of cardiac arrhythmias
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confirm or rule out
arrhythmia

e Zio XT Service
Evaluation Tool

e Zio XT Service in
Primary Care
Pilot Project

e Clinical
pathways (with
vs. without Zio
XT)

¢ Hospital Episode
Statistics (HES)

(please refer to section 8.2 for more
detail)

In the current pathway patients are
often required to have repeat tests
due to suboptimal diagnostic yield of
current monitoring modalities. As
shown across clinical studies and in
real world findings, improved
diagnostic yield of the Zio XT Service
reduces the number of repeat tests
required to diagnose or rule out.

Greater diagnostic accuracy
and efficiency in detecting
clinically relevant
arrhythmias, including
symptomatic and silent atrial
fibrillation

e Eysenck 2019
e Barrett 2014

e Eisenberg 2014
e Turakhia 2015
e Steinhubl 2018

Zio XT clinical studies show greater
diagnostic accuracy, sensitivity and
specificity in detecting arrhythmias,
than the comparator (please refer to
Section 8.2 for more detail). Zio XT
Service Evaluation Tools echo these
findings, with high rates of
symptomatic and asymptomatic
arrhythmia detection.

Earlier and increased
diagnosis helps to close the
detection gap, enabling more
patients to receive
appropriate preventative
strategies. This reduces the
occurrence of the clinical
sequelae of arrhythmia such
as syncope, stroke and heart
failure

e Rosenberg 2013

e Kaura 2019

e AF High Impact
Intervention Tool

In the current pathway, patients must
frequently undergo repeat ambulatory
monitoring tests before a diagnosis of
arrhythmia is reached and they can
commence treatment. The Ealing
pilot has shown in some areas,
patients typically wait up to 11 weeks
between initial referral and result
becoming available to their GP.

Greater detection of AF leads to
stroke reduction, as shown by the
ICHP High Impact Tool. National
programmes by Rightcare are
focusing on strategies to increase
detection of AF in order to reduce the
burden of stroke.

The Zio XT Service leads to earlier
diagnosis and initiation of
preventative treatment. In Kaura et
al, a significantly higher proportion of
patients randomised to the Zio XT
Service were taking anticoagulants at
90 days, 16.3% compared with 2.1%
of patients who only had 24-hour
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Holter monitoring (Kaura et al.,
2019).

In Rosenberg et al, 28.4% of
patients had a change in
classification of their AF and had their
management changed as a result of
using the Zio XT Service., with 17.3%
having a change in their
antiarrhythmic medication and 5.3%
changing oral anticoagulant use
(Rosenberg et al., 2013).

Minimal disruption to
patients’ daily activities
leading to improved patient
compliance and data
collection (wear time,
analysable time and signal

quality)

e Rosenberg 2013
e Eysenck 2014

e Barrett 2014

e Kaura 2019

Several studies comparing Zio XT
with other monitors reference ease of
use of the Zio XT biosensor by a
wide range of patients. High patient
compliance yields consistently high
wear time compared to prescribed
time as well as high analysable time.

Median wear time for the Zio XT
Service was 10.8 days (Rosenberg et
al., 2013), 11.1 days (Barrett et al.,
2014), 11.8 days (Kaura et al., 2019)
and 12.8 days (Eysenck et al., 2019)
out of the scheduled 14 days. This
was longer than the mean 22.5 to 25
hours’ wear time for the 24-hour
Holter monitor in these three studies.

Please refer to Section 8.2 for more
detail.

Streamlined patient
pathways reduced number of
outpatient visits (aligned to
NHS Long Term Plan
objectives), thereby
increasing patient access
and reducing health
inequalities

e Rosenberg 2013

e Barrett 2014

e Kaura 2019

e Zio XT Service
Evaluation Tool

e Clinical
pathways (with
vs. without Zio
XT)

The Zio XT Service enables the Zio
XT biosensor to be placed at the first
appointment so patients do not have
to return to have a separate monitor
fitting. Also, patients return the Zio
XT biosensor by post, so do not have
to return the monitor to the hospital
when the monitoring period is over.
The extended length of wear time (up
to 14 days ) and the improved
diagnostic yield achieved with the Zio
XT Service also minimises the
number of appointments for repeat
tests needed to confirm or rule out
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arrhythmia. Therefore, overall the Zio
XT Service can be expected to
streamline the patient pathway and
improve access to ambulatory ECG
monitoring among hard-to-reach
populations, both those populations
living in rural areas and those who
have difficulties in attending frequent
hospital appointments.

System benefits

Reduction in costs and
resources that could be
avoided through earlier
diagnosis and greater rate of
detection of AF, such as
repeat hospital admissions
related to the clinical
sequelae of arrhythmia, such
as syncope, stroke or heart
failure

e Kaura 2019

e Clinical
pathways (with
vs. without Zio
XT)

e AF High Impact
Intervention Tool

e Economic
analysis (Part 2)

¢ Hospital Episode
Statistics (HES)

Economic modelling is expected to
show the Zio XT Service to be cost
neutral relative to existing current
pathways using current technologies,
when considered at a system level.
This reflects savings in the cost of
hardware, maintenance and
consumables, out-patient
appointments for fitting and removal
of the standard device (single
attendance assumed for the Zio XT
pathway), cardiac physiologist time to
analyse and report on the result
(bundled into Zio XT Service charge),
repeat testing (the diagnostic yield of
existing technologies is substantially
lower than for the Zio XT Service,
necessitating repeat testing for many
patients).

Improved diagnostic yield with the Zio
XT Service is likely to result in earlier
diagnosis and greater detection of
arrhythmias. This is particularly
important for patients with
undiagnosed atrial fibrillation, in
whom prompt treatment with
anticoagulation can be expected to
yield a reduction in stroke risk.
Economic modelling is expected to
demonstrate long-term savings from
reduced risk of stroke.

In Kaura et at, an economic
evaluation concluded that there
would be an estimated 10.8 fewer
strokes per year for the NHS Trust
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with use of Zio XT Service, which
could save healthcare costs of up to
£162,491 over 5 years and societal
costs of £410,449 over 5 years.

Reduction in staff, estate
and capital equipment
resource use in the
ambulatory ECG monitoring
pathway, due to reduced
repeat testing, reduced in-
clinic analysis of ECG
recordings and reduced
outpatient appointments

e Kaura 2019

e Zio XT Service
Evaluation Tool

e Clinical
pathways (with
vs. without Zio
XT)

e Zio XT Service in
Primary Care
Pilot Project

e Economic
analysis (Part 2)

¢ Hospital Episode
Statistics (HES)

The Zio XT Service results in system
savings that come about as a result
of:

The Zio XT biosensor can be fitted at
the first appointment, reducing the
need for additional outpatient
appointments for monitor fitting.

Outsourced cardiac physiologist time
is included in the Zio XT Service,
reducing the time required for in-
house staff to analyse and report on
the test result

The diagnostic yield of existing
technologies is substantially lower
than for the Zio XT Service,
necessitating repeat testing for many
patients. With the Zio XT Service, a
diagnosis (or rule out) is mostly
reached in a single test.

Standardisation and
efficiency gains in cardiac
diagnostic services within
and across NHS trusts
through simplified
processes, supported by
Artificial Intelligence and
service evaluation tools

e Zio XT Service
Evaluation Tool

e Clinical
pathways (with
vs. without Zio
XT)

Current cardiac diagnostic services
workforce supports the fitting,
removal and analysis of the
ambulatory recording. There is a
current national shortage of qualified
cardiac physiologists across all
grades and services are
supplementing with locum and
agency staff. A cardiac diagnostic
service using the Zio XT Service
would free qualified staff from
sessions they would normally
analyse ambulatory monitoring to
support other areas of the service in
need of qualified staff.

Zio XT's Al led algorithm reduces the
involvement of hospital medical staff
in the creation and review of the Zio
XT patient reports. As shown in
Hannun's paper, the Zio XT algorithm
met or exceeded the ECG
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interpretation of expert cardiologists.
In the current pathway today, medical
staff must carefully review and
correct each patient report. The Zio
XT Service lifts that burden as it
requires no staff input or oversight
and eliminates the potential for
inadvertent human error in the
creation of the report.

Additionally, iRhythm provides the
Zio XT Service Evaluation Tool to
each customer on a quarterly basis.
This comprehensive summary of Zio
XT utility and clinical results assists
the hospital in monitoring arrhythmia
findings, determining which patients
with which indications are best suited
for Zio XT and in evaluating the
service overall.

Ease of implementation;
minimal changes in facilities
or infrastructure needed
when Zio XT Service
adopted in standard practice,
including in rural areas

e Rosenberg 2013

e Eysenck 2019

e Barrett 2014

e Kaura 2019

e Clinical
pathways (with
vs. without Zio
XT)

The Zio XT Service is easily
implemented and does not require
changes in facilities or infrastructure.
The number of visits to hospital that
the patient is required to make to
undergo ambulatory ECG monitoring
are also reduced because the
monitor is readily available and easily
fitted at the first appointment, and
then can be returned by post.
Improved diagnostic yield also
minimises the number of repeat tests
needed to confirm or rule out
arrhythmia. Therefore, the Zio XT
Service can be expected to improve
access to ambulatory ECG
monitoring among hard-to-reach
populations, both those populations
living in rural areas and those who
have difficulties in attending frequent
hospital appointments. NHS Western
Isles (Scotland) has seen a reduction
in patient visits and extended
transport time by adopting the Zio XT
Service.
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Cost benefits

Reduction in cardiac
arrhythmia detection
pathway costs compared to
current pathway

e Kaura 2019

e Zio XT Service in
Primary Care
Pilot Project

e Economic
analysis (Part 2)

e Hospital Episode
Statistics (HES)

Current care pathways based on the
use of standard Holter monitors are
associated with a substantially lower
diagnostic yield than is seen with Zio
XT, as evidenced by Kaura et al. This
results in a higher proportion of
Holter patients returning for re-
monitoring on multiple occasions
(HES data). This multiple cycling
through the pathway results in similar
or higher overall costs for Holter
tested patients, compared with Zio
XT patients. Even with multiple Holter
monitoring, the net diagnostic yield
for Zio XT remains higher, with
consequent potential for clinical gain
(see below)

Reduction in costs
associated with stroke

e Kaura 2019

e Hart 2007

e Xu 2018

e Economic
analysis (Part 2)

The higher diagnostic yield achieved
by Zio XT compared with Holter
monitoring is likely to result in a)
earlier diagnosis of paroxysmal AF
and b) fewer missed diagnoses of
paroxysmal AF. The impact of
effective management of AF has
been well documented in the
literature (Hart 2007). By ensuring
rapid diagnosis with a reduction in
false negatives, Zio XT may be
expected to minimise the number of
avoidable strokes attributable to
untreated AF. After offsetting the cost
consequences of these avoided
strokes (Xu 2018), the use of Zio XT
can be shown to be cost saving.

Sustainability benefits

Reduction in transportation-
related pollution due to

¢ Hospital Episode
Statistics (HES),

By minimising patient visits to
hospital and/or clinic, transportation-

decreased hospital visits NHS Digital related environmental pollution is
reduced.
See Section 2.3 for additional
information.

Reduction in waste due to e iRhythm The Zio XT biosensor is designed to

fewer cardiac tests and
iRhythm's recycling practices

recycling policies
and practices

maximize re-usage and recycling of
its component parts. Additionally, the
Zio XT Service reduces waste by
decreasing the number of ambulatory
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monitors required and thereby single-
use disposable equipment such as
electrodes.

See Section 2.3 for additional
information.

2.3 Other considerations

Describe any training (for healthcare professionals and patients or their carers) that

would be needed if the NHS were to adopt the technology (no more than 500 words).

For healthcare professionals (Cardiac Physiologists and Assistant Cardiac Physiologists)
no additional training would be required as the training for the clinical tasks and duties
associated with the Zio XT Service is already delivered through in-house training for
bands 1 — 4, and through the practical modules of the BSc (Hons) Healthcare Science
degree for all bands 5 and above required to practice. Any technical instructions,
specifically for the registration of the patients’ identification details are delivered by
iRhythm market sales representatives to any healthcare service staff involved with the
fitting of the Zio XT biosensor, as well as being fully explained in the product packaging,
which every Zio XT biosensor comes enclosed.

For patients and carers all instructions for wear and removal of the Zio XT biosensor are
delivered during the fitting procedure by the healthcare professional. Instructions for wear,
removal and symptom recognition are also clearly outlined in the Patient Instructions &
Button Press Log (please see Appendix D) given to the patient or carer to take home.

Briefly describe the environmental impact of adopting the technology across the
NHS, including for example the impact of the manufacturing process and waste

disposal process, and any sustainability considerations (no more than 500 words).
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The existing ambulatory cardiac monitoring industry uses tens of thousands of disposable
AA or AAA batteries each year to power their devices. Lead wires, electrode patches and
antiquated or broken devices also end up in landfills. Conversely, iRhythm designed the
Zio XT biosensor with the environment in mind. iRhythm recycles 100% of each device
returned following patient wear; no part of the device ends up in a landfill. Below are a
few examples of what the recycled Zio XT biosensors may be used for:
o Plastic Case: The plastic case will be recycled into park benches, trash
containers, non-critical plastic uses, drums and parking blocks, to name a few.
¢ PCB Board: The metals from the board and components are recovered. The list of
metals includes gold, copper, silver and iron. The plastic and fiber of the PCB
Board can be used for coasters, drums, golf clubs, and packaging fillers among
other commercial uses.
e (Cables: The metals from the cable are recovered, while the plastic and PVC are
recycled for reuse in the plastic industry.
e Batteries: The metals and elements from the batteries are recovered and sold
back to their respective industries. The metals and elements in batteries include
lead, polypropylene, gypsum, nickel, steel, cadmium, zinc and manganese.

Additionally, the Zio XT Service may reduce the number of visits to hospital that the
patient is required to make to undergo ambulatory ECG monitoring because the monitor
is readily available and easily fitted at the first appointment, and then can be returned by
post. As a result, patients travel fewer miles and the environmental impact of transport is
decreased. To calculate approximate miles saved due to a reduction in required
appointments, a cohort of 765,469 patients from across England who had a cardiac
monitoring appointment between April 2017 to March 2018 was examined using Hospital
Episode Statistics. To estimate miles traveled per appointment, analysis was performed
on the distance between the patients’ GP office and hospital in which the cardiac
monitoring appointment was held. An average distance of 8.95 miles was traveled per
appointment, a total of 6.8 million miles per year.

Source: Hospital Episode Statistics (HES), NHS Digital, analysed by Imperial College
Health Partners.

If the technology provides any health information, such as advice to users, briefly
describe how this is aligned with best available sources such as NICE guidance or
guidance from other relevant professional organisations or bodies. Describe how this
is kept up to date and accurate (no more than 500 words).
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The Zio XT technical report is provided to the prescribing clinician for final review and
clinical interpretation following ECG analysis by the Al based algorithm and Cardiac
Technician review. The arrhythmias are classified in the report according to guidelines
from the British Society of Cardiology (BSC), the European Society of Cardiology (ESC),
the American College of Cardiology (ACC), the Heart Rhythm Society (HRS) and the
American Heart Association (AHA). Additionally, input into the report is sought on an
ongoing basis from global clinical experts through iRhythm’s Scientific Advisory Board and
Medical Directors composed of cardiologists and electrophysiologists.

iRhythm also contacts the prescribing clinician when an urgent arrhythmia is detected in a
patient’'s ECG data, for example ventricular tachycardia or a pause over 6 seconds in
duration. iRhythm Cardiac Technicians place an immediate phone call when these
arrhythmias appear in a Zio XT technical report to alert the clinician prior to publishing the
report. The criteria for urgent notification was also determined based on guidelines from
the professional societies.

Please see the sample Zio XT technical report and Urgent Notification form in Appendix D.

iRhythm does not provide health information to patients.

If peer-support or other similar communication functions are available within the
technology please describe what safeguarding measures are in place to ensure the
safety of users, for example user agreements or moderation. Describe who has
access to the platform and their roles and why these people are suitable and

qualified to have access (no more than 500 words).

Not applicable.

Does the technology use recognised behaviour change techniques or frameworks? If
yes, please provide details of these and provide academic references supporting the
use of these techniques or frameworks. Please state how the principles of these
techniques or frameworks have been incorporated into the technology and how the
technology will be updated/aligned with best practice going forward (no more than
1,000 words).

Not applicable

Does the effectiveness of the technology rely on the use of artificial intelligence
(AD? If yes, please describe how Al is embedded into the technology, the type(s) of
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Al used and how the technology will be updated/aligned with best practice going
forward (no more than 1,000 words). Provide any relevant references.

The Zio XT Service is powered by ZEUS, the Zio XT ECG Utilisation System, a
regulated data analysis and reporting software platform. ZEUS consists of a collection of
software modules responsible for the download, storage, analysis and reporting of
electrocardiogram data captured by the Zio XT biosensor, including Al-based algorithms
for rhythm and beat classification.

Zio XT biosensors applied at the clinic are registered into the Zio XT Service by clinical
staff using the secure website provided by ZEUS. Upon receipt at the data collection
center, the ECG data recorded by the Zio XT biosensor across the wear period is
extracted by a technician using ZTrans, the intake software module provided by ZEUS.

Extracted ECG data is provided to the ZEUS ECG Analysis software module to identify
beats, beat types (Normal, PVCs, PACs), and rhythms present in the recording. Analysis
is performed across a pool of machines, managed by a scaling service that expands the
number of processing servers based on the count of ECG recordings to be analyzed.

In total fourteen rhythm categories, plus artifact/noise, are classified by the ZEUS ECG
Analysis software:

Atrial fibrillation

Complete heart block

Second degree AV block —Type |
Second degree AV block —Type Il
Pause >3 seconds
Supraventricular tachycardia
Ventricular fibrillation

Ventricular bigeminy

Ventricular trigeminy

10. Ventricular tachycardia

11.  Ectopic atrial rhythm

12.  Junctional rhythm

13. Idioventricular rhythm

14.  Sinus rhythm

15.  Artifact/Noise

©CoNoOOOR®N=

At the core of the ECG Analysis software module is a deep-learned Al algorithm
designed to provide expert-level rhythm annotations. Developed in conjunction with the
Stanford University Open Al laboratory, the algorithm leverages data from iRhythm’s
massive curated database of over 400 million hours of ECG data and arrhythmia labels
from over 1.5 million patient records, as well as advances in artificial intelligence,
specifically Deep neural networks (DNNs).

DNNs are computational models comprised of several processing layers, each of which
can learn increasingly abstract representations of the input data. DNNs have been
utilized in the fields of speech and image recognition as well as medical applications.
DNNs recognize patterns and learn from raw input data; the more training data
consumed, the better the performance, making them well suited for ECG interpretation.
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The rhythm classification DNN utilised within ZEUS is a 34-layer neural network based
on techniques used in speech recognition and trained against a targeted curated set of
over 90,000 labels from 50,000 de-identified Zio XT patient records. In a head-to-head
study described in Nature Medicine, the deep-learned algorithm met or exceeded
individual expert cardiologist rhythm classification performance (Hannun, 2019; see
Table 2 in Section 5.1 for more detail). In 2018, iRhythm deployed the FDA cleared
deep-learned algorithm for clinical use.

Through sophisticated pattern recognition, ZEUS’s Al-based algorithms enable more
accurate, efficient and consistent identification of arrhythmias than rules-based rhythm
classification approaches commonly used in Holter and event monitor data analysis.
These attributes make the algorithm essential to the Zio XT Service by providing
accurate findings consistently for extended ECG recordings (up to 14 days) across
population variations observed when processing several thousands of patient records
yearly. With Al-based algorithms, in particular deep neural networks, the company has
overcome the major challenge with rules based approaches, in particular incomplete
sets of detection rules resulting in poorer classification performance (Shah, 2007). In the
new paradigm, iRhythm is able to continually improve the algorithm through training on
additional data extracted from its expansive and growing curated database. The
company ensures that updates to the algorithm improve the quality of the results
produced, by managing changes through the company design control process, including
performing formal verification testing prior to release into production.

Following algorithmic analysis, iRhythm’s certified cardiac physiologists use the Quality
Assurance Tool, a ZEUS software module, to conduct a quality review before posting a
report for physician review. The Zio XT technical report is made available using the
same secure website used to enroll patients in the Zio XT Service.

Clinicians receive this report from the secure website through which they may raise
queries if needed and can enter their interpretation, if desired, to finalise the report. Once
the pending interpretation is complete, ZEUS posts a final report of the analysis findings
that can be retrieved and filed to patient records.

3 Clinical context

3.1 Clinical care pathways

Describe the existing clinical care pathway(s) and the new clinical care pathway(s)
that includes the proposed use of the technology, ideally using a diagram or
flowchart. If there are multiple options for new care pathways all should be detailed

below.
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Outlined below are six clinical pathways.

Three current clinical pathways for the referral and clinical management for
patients undergoing cardiac diagnostic ambulatory monitoring:

1.

2.

3.

Current Cardiology clinical services referral for cardiac diagnostic
ambulatory monitoring pathway

Current Stroke / Trans Ischaemic Attack clinical services referral for cardiac
diagnostic ambulatory monitoring pathway

Current General Medicine clinical services, and all other clinical service
referral routes, for cardiac diagnostic ambulatory monitoring pathway

Three proposed clinical pathways for the referral and clinical management for
patients undergoing cardiac diagnostic ambulatory monitoring including Zio XT
Service:

4.

5.

6.

Cardiology clinical services referral for cardiac diagnostic ambulatory
monitoring, including Zio XT Service, pathway

Stroke / Trans Ischaemic Attack clinical services referral for cardiac
diagnostic ambulatory monitoring, including Zio XT Service, pathway
General Medicine clinical services, and all other clinical service referral
routes, for cardiac diagnostic ambulatory monitoring, including Zio XT
Service, pathway
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1. Current Cardiology clinical services referral for cardiac diagnostic ambulatory monitoring pathway

Outpatient appointment  SYMPTOM AMBULATORY MONITOR

for 24 hour or Known AF -rate control review 24HR Holter

prolonged Specific prognostic review pre EP 24 HR/ 7 Day Holter Evaluate if pharmacological

ECG monitor interventions needed. Follow-up
&/for appointment or review at Cardiology

Echocardiogram outpatients (if needed).

Definite (if required)
rhythm

abnormality

(pre existing

diagnosis)

Clinical Assessment of
symptoms + 12 Lead
ECG at outpatient
appointment. :0:_5i!’t'e or Outpatient appointment  SYMPTOM AMBULATORY MONITOR
Gl for 24 hour or Palps (symptoms dail 24 Hr Holter
rhythm Prolonged PrePSy[n:opz {svmpto:?s daily) 24 Hr Holter Report to FD"O‘.N-UP
abnormality - ECG monitor Palps (symptoms less than daily) 7 Day Holter / Event rec GP/ within ::\5:$t£2f;;JT;
new diagnosis Echocardiogram Pre-Syncope (symptoms less than daily 7 Day Holter / Event rec 48Hrs Df_tESt T e rg:
(if required) Syncope 7 Day Holter / Event rec completion I lusi refeprral et
Embolic Event ? cause 7 Day Holter / Event rec AEONCILSIVE or prolonged
? AF 7 Day Holter / Event rec ambulatory
Dizziness 7 Day Holter / Event rec monitoring if

Benign rhythm needed.

disturbance -
no abnormality

Negative

Outpatient appointment to
reassure & discharge back to
GP without investigation

Reassure and
discharge back to
GP
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2. Current Stroke / Trans Ischaemic Attack clinical services referral for cardiac diagnostic ambulatory monitoring pathway

Clinical
assessment of
symptoms + 12
Lead ECG at
outpatient
appointment
or inpatient
admission

/
\

Definite Stroke
with abnormal
recorded cardiac
rhythm.

Definite stroke
with no detected
or recorded
abnormal cardiac
rhythm.

Possible or
definite TIA with
abnormal
recorded cardiac
rhythm.

Possible or
definite TIA with
no detected or
recorded
abnormal cardiac
rhythm.

/

\

Evaluate recording, if no abnormal cardiac rhythm detected re refer for further
prolonged Holter monitoring / Event recorder.

If abnormal rhythm recorded follow-up appointment or review at Secondary
Cardiology service for pharmacological interventions and rhythm review /
intervention, if required.

Inpatient referral for prolonged cardiac monitoring,
if available, and / or echocardiogram if required.

If abnormal cardiac rhythm not documented as in
patient 24 Hr Holter / 7 Day Holter / Event recorder
as inpatient or immediate post discharge for Atrial
Fibrillation detection and rate control review.

Positive detection and recorded abnormal
cardiac rhythm. Follow-up appointment or
review at Secondary Cardiology service for
pharmacological interventions and rhythm
review / intervention, if required.

/

Outpatient referral for cardiac ambulatory monitoring for diagnosis of

cardiac rhythm abnormality.
Outpatient
appointment for

SYMPTOM AMBULATORY MONITOR R '“°°;‘°'“ls::°f:f:_l°|:"'di"9'l S"'ggdes‘
e —— . T re referral for er prolonge
Palpitations (symptoms daily) 24 HR Holter fitting and removal. T T E\?ent g
Pre-Syncope (symptoms daily) 24 HR Holter Cardiac monitoring 9

7 Day Holter / Event Rec Recorder

7 Day Holter / Event Rec

Palpitations (symptoms less than daily)
Pre-Syncope (symptoms less than daily)
Syncope 7 Day Holter / Event Rec
Embolic Event? cause 7 Day Holter / Event Rec
? AF 7 Day Holter / Event Rec
Dizziness 7 Day Holter / Event Rec \

report sent back to
referring clinician.

Negative recording. Suggest re
referral for further prolonged
Holter monitoring / Event
Recorder.
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3. Current General Medicine clinical services, and all other clinical service referral routes, for cardiac diagnostic ambulatory monitoring
pathway

Outpatient referral for cardiac ambulatory monitoring for

prognosis of cardiac rhythm abnormality. Evaluate, pharmacological interventions needed.

Follow-up appointment or review at Community or
SYMPTOM AMBULATORY MONITOR Secondary Cardiology service.
Known AF -rate control review 24HR Holter
Specific prognostic review 24 / 7 Day Holter

Definite rhythm
abnormality
(pre-existing diagnosis)

Clinical Assessment of Report to referring service /
symptoms 1 Lead + 12 Lead Clinician within 48Hrs of test
ECG recording, at outpatient completion. F.'ossible
appointment or inpatient pharmacological

admission interventions needed.
Referral from: Possible or definite Outpatient referral for cardiac ambulatory monitoring for Follow-up appointment or
Primary care rhythm abnormality - diagnosis of cardiac rhythm abnormality. review at Community or
e GlaErIOS Secondary Cardiology
service.

Community care

GP open AGceSe SYMPTOM AMBULATORY MONITOR Outpatient
General me.dlcme Palpitations (symptoms daily) 24 HR Holter appointment for
Pre-Operative Assessment Pre-Syncope (symptoms daily) 24 HR Holter ambulatory
Urgent Emergency Care Palpitations (symptoms less than daily) 7 Day Holter / Event rec monitor fitting and
Pre-Syncope (symptoms less than daily) 7 Day Holter / Event rec removal.
Syncope 7 Day Holter / Event rec Cardiac monitoring
Embolic Event? cause 7 Day Holter / Event rec report sent back to INCONCLUSIVE
? AF 7 Day Holter / Event rec referring clinician. Report to referring
Dizziness 7 Day Holter / Event rec service / Clinician
within 48Hrs of test
completion. Suggest re
Benign rhythm referral for prolonged
disturbance - no cardiac ambulatory

i NEGATIVE monitoring for definite
ety Outpatient appointment to reassure ok 5 Mk

& discharge back to referring service et
without investigation, or 24 Hr PELSSL:
Holter for documented rule out.
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4. Cardiology clinical services referral for cardiac diagnostic ambulatory monitoring, including Zio XT Service, pathway

o BN =
= i
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5. Stroke / Trans Ischaemic Attack clinical services referral for cardiac diagnostic ambulatory monitoring, including Zio XT Service,
pathway
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6. General Medicine clinical services, and all other clinical service referral routes, for cardiac diagnostic ambulatory monitoring, including
Zio XT Service, pathway

s
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Validation of pathways

Provide information for new pathways to demonstrate that UK health/social care
professionals have been involved in the design/development/testing and/or sign-off
of the technology, and that the technology has been successfully piloted or

implemented within the NHS (no more than 500 words).

Sources for the three new pathways have been validated by the professionals listed
below:
e Cardiology clinical services referral for cardiac diagnostic ambulatory monitoring,
including Zio XT Service, pathway:

o Clare Appleby — Consultant Cardiologist, Liverpool Heart and Chest
Hospital.

e Stroke / Trans Ischaemic Attack clinical services referral for cardiac diagnostic
ambulatory monitoring, including Zio XT Service, pathway - validation has been
authorised by:

o Dr Andrew Hill — Clinical Director for Stroke service, Stroke Physician, St

Helens & Knowslei Hospital Trust, Knowsley, Merseyside.

e General Medicine clinical services, and all other clinical service referral routes, for
cardiac diagnostic ambulatory monitoring, including Zio XT Service, pathway —
validation has been authorised by:

o Mrs Nicola Williams — Cardiac Clinical Service Manager, St Catherine’s
Hospital Foundation Trust, Birkenhead, Cheshire. _
Sources for successful sites within the NHS have been validated by the professionals
listed below:
e Gloucestershire Hospitals NHS Trust
o Dr. Mrinal Saha, Consultant Cardiology. | GccNGN
e Liverpool Heart and Chest Hospital NHS Foundation Trust
o Dr. Derick Todd, Consultant Cardiologist.
o NHS Western Isles (Scotland)

o Lynne Whitaker, Healthcare Scientist in Cardiology. | EGcIcEIzINEG
e South Tyneside and Sunderland NHS Foundation Trust

o Dr Mickei Jachuck, Clinical Director, Cardio Thoracic Medicine.

e St. George’s University Hospitals NHS Foundation Trust

o Dr. Anthony Pereira, Consultant Neurologist. || GczczczEINININE
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3.2 System changes

Describe any system changes (for example staff changes, IT infrastructure and
changes to clinical protocols) that would be needed if the NHS were to adopt the

technology (no more than 500 words).

No clinical application or IT implementation changes needed to incorporate the Zio XT
Service into NHS services as Zio XT Service has no additional needs that the NHS
services don’t already support within the current clinical services and IT infrastructure.

Clinical referral protocols and pathways would need to be redesigned to incorporate the
system referral pathway for any specific NHS service who will adopt the Zio XT Service
into their cardiac diagnostic ambulatory monitoring service. Clinical teams within NHS
services will decided on the symptom referral criteria and incorporate into their cardiac
diagnostic ambulatory monitoring pathway in line with clinical guidelines.

3.3 Reducing health inequalities and improving access

Describe any contribution the technology makes to improving health inequalities in
the UK health and social care system, or improving access to care among hard-to-

reach populations (no more than 500 words).

Variations in the extent to which atrial fibrillation (AF) is detected and managed is one of
the leading causes of health inequalities associated with CVD. In some parts of England,
as many as 40% of people with AF remain undiagnosed [Source: AF High Impact

Intervention Tool http://afhiit.imperialcollegehealthpartners.com/afimpact ]. Without a

diagnosis, these people do not have access to optimal management and are at increased
risk of stroke. The Zio XT Service is associated with a greater diagnostic yield than the
current pathway. It therefore reduces health inequality by increasing the number of people
with AF being diagnosed and being appropriately detected as needing treatment to reduce

the risk of stroke.

The Zio XT Service is easily implemented and does not require changes in facilities or
infrastructure. The number of visits to hospital that the patient is required to make to
undergo ambulatory ECG monitoring are also reduced because the monitor is readily

available and can be easily fitted at the first appointment (compared with the current
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pathway where the patient is often required to return for a separate appointment to have
the monitor fitted see Section 3.1), and then can be returned by post. Improved diagnostic
yield also minimises the number of repeat tests needed to confirm or rule out arrhythmia.
Therefore, the Zio XT Service can be expected to improve access to ambulatory ECG
monitoring among hard-to-reach populations, both those populations living in rural areas

and those who have difficulties in attending frequent hospital appointments.
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4 Evidence search

Undertake a systematic literature search to identify clinical and economic evidence

on the technology. Also present any unpublished evidence.

Identification and selection of studies

Complete the following information about the number of studies identified.

Please provide a detailed description of the search and study identification strategy

used, and a detailed list of any excluded studies, in appendix A.

in company submission part 2).

Number of studies identified in a systematic search. 8071
Number of clinical studies identified as being relevant to the decision 85
problem.
Number of economic studies identified as being relevant to the decision 16
problem”.
Of the relevant Number of published clinical studies (included in 47
clinical studies table 1).
identified: Number of clinical abstracts, unpublished clinical 32
studies or other clinical data sources (included in
table 2).
Number of clinical ongoing studies (included in table | 6
3).
Of the relevant Number of published economic studies (to be 13
economic included in company submission part 2).
studies identified: | Number of economic abstracts, unpublished 3
economic reports (to be included in company
submission part 2).
Number of economic ongoing studies (to be included | 0

" Further detail about economic studies is required in Section 10
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5 Clinical evidence

5.1 List of relevant clinical studies

In the following tables, give brief details of all studies identified as being relevant to

the decision problem.

e Summarise details of published clinical studies in table 1.

e Summarise details of clinical abstracts, unpublished clinical studies and other
clinical data sources in table 2.

e Summarise details of ongoing clinical studies in table 3.

e List the results of all clinical studies and data sources (from tables 1, 2 and 3) in
table 4

Economic studies will be presented in part 2 of the submission. An overview of

economic evidence is required in Section 10.

For any unpublished clinical studies, please provide a structured abstract in
appendix A. If a structured abstract is not available, you must provide a statement

from the authors to verify the data.

Any data that is submitted in confidence must be correctly highlighted. Please see
section 1 of the user guide for how to highlight confidential information. Include any

confidential information in appendix C.
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arrhythmias. Of these:

Service.

cardiac event recorders.

continuous ambulatory cardiac monitors.

cardiac monitors or loop recorders.

The search identified 47 publications of 45 comparative studies on the efficacy and

safety of the Zio XT Service or a relevant comparator to detect cardiac

e 4 publications of 4 studies involving 366 patients assessed the Zio XT

e 22 publications of 22 studies involving 4,403 patients assessed external

¢ 5 publications of 5 studies involving 393 patients assessed external

e 15 publications of 13 studies involving 1,639 patients assessed implantable

The relevant technologies are summarised below and the details of the relevant
studies are then described in the following section.

store up to 55 episodes each lasting 40 to
60 seconds.

Technology | Category Description of technology Relevant
name citations
Zio XT Patch/ Described in section 2 Barrett 2014
Service Cutaneous Eysenck 2019
continuous Kaura 2019
monitor Rosenberg
2013
AliveCor Handheld AliveCor Kardia Mobile Heart Monitor Halcox 2017
Kardia event consists of a pair of electrodes Narashima
recorder incorporated into a smartphone case 2018
capable of recording a standard lead 1 of | Reed 2019
a 12 lead ECG. One finger from each Tarakji 2015
hand is placed on the electrodes and the
tracing is downloaded wirelessly for
immediate interpretation.
BioMonitor, Implantable | A leadless ILR that is implanted Ciconte 2017
BioMonitor 2 | loop subcutaneously and uses three electrodes | Lauschke
recorder to continuously monitor the ECG. The 2016
BioMonitor can store a maximum of 35.8 Piorkowski
minutes of recordings. BioMonitor2 can 2019

Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia

© NICE 2019. All rights reserved. Subject to Notice of rights.

35 of 236



https://www.nice.org.uk/terms-and-conditions

CardioBip Handheld CardioBip monitor is a hand-held wireless | Gussak 2012
event device with 5 electrodes producing a 3-
recorder lead ECG acquisition suitable for 12 lead

ECG reconstruction.

Cardiomemo | Handheld Cardiomemo is applied to the precordium. | Kamvaland
event ECG recordings are stored in a 32-second | 1997
recorder digital memory that can be transmitted via

telephone.

CardioNet Patch/ The CardioNet system includes a 2-lead Rothman

Mobile Cutaneous | ECG monitor and pocket-sized wireless 2007

Cardiac event recorder/transmitter in a personal data

Outpatient recorder assistant (PDA). It operates via a home

Telemetry internet base unit to transmit ECG rhythm

System strips continuously, which are screened

continuously by technicians and
physicians alerted when arrhythmias are
detected.

Carnation Patch/Cuta | A P-wave centric ECG patch that is placed | Eysenck 2019

ambulatory neous event | on the sternum for 7 days of continuous

monitor monitor recording. Patients can also press the

button to record clinical events. All data
are recorded and analysed for the entire
duration of wear.

CONFIRM Implantable | Implantable cardiac monitor that detects Nolker 2016
cardiac arrhythmias based on R-R interval
monitor analysis. The device stores up to 147

episodes each lasting 10 to 60 seconds for
up to 18 months.

Event Handheld Patients push a button when they beginto | Ad 2009

recorder event experience symptoms and the recorder Gladstone

(unspecified) | recorder will begin recording. Results are 2014

transmitted to a smartphone or computer Kinlay 1996
for analysis. Scalvini 2005
Scherr 2008

External Patch/Cuta | An external loop recorder can record data | Narashima

Loop neous for up to seven days. It consists of a patch | 2018

Recorder continuous | and a transmitter. The patch is placed on Sejr 2017
monitor the chest, and the transmitter is worn or Rothman

carried by the patient for the duration of 2007
monitoring. The patch records and sends

data to the transmitter, which relays it via a
cellular network to an ECG monitoring

centre.

HeartScan Handheld A portable ECG recording device with an De Asmundis

(Omron) event LCD display that collects data on a 2014
recorder storage card for offline analysis. To start
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recording a 30-second ECG trace the
patient places the lower surface of the
device on the chest and the right index
finger on the other end and presses the
button.

signal via Bluetooth to a computer with a
shirt that captures the ECG signal via
textile electrodes. The nECG minder must
be charged for 30 minutes a day. Patient
triggered clinical events can be recorded

Heartwave Handheld A PDA-sized, battery powered, 5-lead Tan 2010
500 event recording device that can record up to 3
recorder events at any one time. Recordings are
downloaded onto a computer. If it detects
an abnormal rhythm, a text message is
sent to the technician or physician.
Hertcard Handheld Hertcard recorder can store up to 12 ECG | Makowska
ECG event recordings, each lasting 32 seconds. 125 | 2000
recorder samples are taken per second is used and
the system bandwidth is 0.05 to 40 Hz.
The patient applies a reusable electrode to
each wrist, connects the two electrodes
with the recorder using the patient cable,
and then presses the activation button.
Kardia Wearable The Heartwatch takes 30-second ECG Kamvaland
Heartwatch event recordings when the patient applies the 1997
recorder palm of the right hand to the recording Wasserlauf
electrode of the device. Recordings can be | 2019
transmitted over the telephone.
King of Handheld The King of Hearts records a single lead Zimetbaum
Hearts event ECG rhythm strip continuously in a 5- 1998
recorder minute loop and for an additional minute
after the patient freezes the recording due
to symptoms. Recordings are sent via
telephone for analysis.
Novacor R- Patch/ The Novacor R-Test is a reusable monitor | Eysenck 2019
Test monitor | Cutaneous | that can store data for up to 31 days but Higgins 2013
continuous | battery life is only 7-14 days. Continuous Sejr 2017
monitor analysis of every heartbeat enables
arrythmia detection. The patient activation
button allows the capture of corresponding
symptoms. Patients are required to
change their chest electrodes daily.
NUUBO vest | Wearable A 5-electrode system consisting of an Eysenck 2019
event electronic device (hnECG minder) attached
recorder to the garment that transmits the ECG
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by pressing the device. The device can be
used for up to 90 days.

Reveal LINQ | Implantable | Enhanced version of the Reveal XT with Sanders 2016
cardiac an improved AF detection algorithm and Wasserlauf
monitor smaller size, which is inserted using a 2019

standardised technique into a tight
subcutaneous pocket to improve the signal
quality.

Reveal PLUS | Implantable | Implantable loop recorder that can record | Giada 2007
loop for at least 12 months.
recorder

Reveal XT Implantable | Small leadless device that is implanted Brachmann
loop subcutaneously in the left pectoral area 2016
recorder and is programmed to automatically store | Damiano 2016

ECG data on the detection of arrythmia Davtyan 2018
through analysis of R-R intervals. Hanke 2009
Hindricks
2009
Sanna 2014
Phillippsen
2017
Ritter 2013
Eitel 2011

Spyder NIAM | Patch/ A waterproof, external monitor that Mamchur
Cutaneous | analyses three leads of the ECG and 2019
continuous | selects the one of the highest amplitude
monitor with the least noise for recording. Data is

continuously transmitted during recording
via Bluetooth to a smartphone.

Vitaphone Handheld An episodic card recorder that is attached | Chovancik
event to the chest and has embedded electrodes | 2019
recorder and buttons for manual activation by the

patient. The Vitaphone can store three 30-
second recordings at a time.

Zenicor Handheld Patients register their ECG data by placing | Doliwa

thumb ECG event their thumbs on two electrodes for 30 Sobocinski
recorder seconds. Readings are transferred via a 2012

mobile network to a central ECG Hendrickx
database. 2014

Poulson 2017
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Table 1 Summary of all relevant published clinical studies

Mean age: 75 years

Author, year Study design Patient population, Intervention (and | Comparator(s) Main Risk of bias
and location setting, and version(s)) outcomes
withdrawals/lost to
follow up
Studies evaluating the Zio XT Service
Barrett 2014, Prospective Enrolled = 150 Zio XT Service for | 24-hour Holter Detection rate Low risk
United States single-arm study | Population: adults up to 14 days monitor Accuracy of
evaluating 2 aged 218 years under detection
interventions evaluation for cardiac Rate of missed
simultaneously arrhythmia arrhythmia
in each Median age: 64 years Wear time
participant Male: 42% Patient
Setting: patients satisfaction
recruited from hospital
cardiac investigations
laboratory
Withdrawals = 3%
Eysenck 2019, Prospective, Enrolled = 21 Zio XT Service for | Novacor ‘R’ Test4 | AF detection Low risk
United Kingdom | randomised, Population: Patients up to 14 days (RT) external rate
within-person with a history of AF monitor for 14 Wear time
comparative who already had a days; Patient
study dual chamber NUUBO Vest for 14 | satisfaction
permanent days;
pacemaker and Carnation
implantable Ambulatory Monitor
cardioverter- (CAM) for 14 days
defibrillator
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Male: 76%

Setting: patients
recruited from hospital
clinic

Withdrawals: 0

Kaura 2019, Randomised Enrolled = 120 Zio XT Service for | 24-hour Holter Detection rate Some concerns
United Kingdom | controlled trial Population: patients 14 days monitor AF burden
with ischaemic non- Wear time
lacunar stroke or TIA Compliance
within the past Mortality
72 hours Stroke/ TIA rate
Mean age: 70 to 71 OAC use
years Safety
Male: 61% Cost-
Setting: patients effectiveness
recruited from hospital
Withdrawals: 22%
Rosenberg Prospective Enrolled = 75 Zio XT Service for | 24-hour Holter Detection rate Low risk
2013, United single-arm study | Population: patients 14 days monitoring Wear time
States evaluating 2 with paroxysmal AF AF burden
interventions Mean age: 64 years Time to
simultaneously Male: 55% detection
in each Setting: patients OAC use
participant recruited from hospital Antiarrhythmic
clinic use
Withdrawals: 1% Safety
Studies evaluating external event recorders
Kinlay 1996, Crossover Enrolled = 45 Aerotel event 48 hr Holter Detection rate Low risk
Australia randomised Population: patients monitor used for 3 | monitoring with Wear time
controlled trial with previously un- months or until 2 | symptoms recorded | Compliance
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investigated
palpitations who were
referred for Holter
monitoring.

Mean age: 45 years
Male: 12%

Setting: patients
recruited from a
hospital diagnostic
service
Withdrawals: 4%

recordings were
obtained during
symptoms

in a diary during the
recording period

Economic
evaluation

Narasimha Prospective Enrolled = 38 AliveCor Kardia LifeWatch external | Detection rate Some Concern
2018, United single-arm study | Population: adults Mobile loop recorder used | Compliance
States evaluating 2 with palpitations with smartphone case | continuously for 14 | Patient
interventions prior nondiagnostic and app, used to 30 days and satisfaction
simultaneously ECGs or Holter twice a day for 30 | activated during the | Safety
in each monitoring to 60 seconds at a | presence of
participant Mean age: 48years time plus symptoms, plus
Male: 47% whenever symptom diary
Setting: patients symptoms
recruited from occurred, plus
outpatient cardiology | symptom diary or
clinics to record the
Withdrawals: 13% symptoms on the
smartphone app
Halcox 2017, Randomised Enrolled = 1004 AliveCor Kardia Standard of care Detection rate Low risk
UK controlled trial Population = adults smartphone ECG Stroke/ TIA rate
aged >65 years with monitor used Patient
CHADS-VASCc score twice weekly plus preference
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22, with no prior AF
diagnosis

Mean age = 73 years
Male = 46%

Setting: patients
recruited via GP
records or attendance
at study clinic
Withdrawals: 1%

when
symptomatic for
12 months

Safety

Reed 2019,
United Kingdom

Randomised
controlled trial

Enrolled = 243
Population: patients
presenting to an
emergency
department with
palpitations or
presyncope with a
nondiagnostic
underlying ECG
rhythm

Mean age: 40 years
Male: 43%

Setting: patients
recruited from
emergency
departments and
acute medical units of
10 tertiary and district
general hospitals
Withdrawals: 1%

AliveCor
smartphone case
and app, patients
asked to email
recordings taken
during episodes of
palpitations or
presyncope, plus
symptom diary

Standard of care

Detection rate
Resource use/
costs

Patient
satisfaction
Safety

Low risk
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simultaneously

arrhythmias at least 6
months before

Tarakji 2015, Prospective Enrolled = 60 AliveCor Traditional trans Accuracy of Low risk
United States single-arm study | Population: patients smartphone telephonic monitor | detection
evaluating 2 with a history of heart monitor (TTM) with Patient
interventions paroxysmal or (AHM). ECGs recordings sent to satisfaction
simultaneously persistent AF and were recorded at | Holter laboratories.
in each scheduled for AF least once a week | Patients recorded
participant ablation plus during data whenever they
Mean age: 60 years symptoms had symptoms or at
Male: 78% least once a week
Setting: patients
recruited at a single
tertiary hospital centre
Withdrawals: 8%
Gussak 2012, Prospective Enrolled = 25 CardioBip 12 lead ECG or 24- | Detection rate Low risk
Serbia single-arm study | Population: patients wireless hand- hour Holter monitor | Time to
evaluating 2 with recurrent held monitor used diagnosis
interventions paroxysmal or for 2 months after Wear rate
simultaneously persistent AF ablation then for 1
in each Mean age: 51years month at 6
participant. Male: 84% months after
Setting: patients ablation
recruited from a single
clinical centre
Withdrawals: 8%
Ad 2009, United | Prospective Enrolled = 76 CardioNet or 24-hour Holter Detection rate Low risk
States single-arm study | Population: patients Medicomp cardiac | monitor or standard
evaluating 2 who had a Cox-Maze | event monitors ECG
interventions procedure for atrial used for 5 days
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in each
participant

Mean age: not
reported

Male: not reported
Setting: patients
recruited from hospital
clinic

Withdrawals: 0

Rothman 2007,
United States

Randomised
controlled trial

Enrolled = 305
Population: patients
with a high clinical
suspicion of a
significant arrhythmia,
or symptoms of
syncope, presyncope,
or severe palpitations
occurring less than
every 24 hours and
nondiagnostic 24-hour
Holter

Mean age: 55 to 57
years

Male: 31% to 37%
Setting: unclear;
patients recruited from
17 centres
Withdrawals: 13%

CardioNet Mobile
cardiac outpatient
telemetry system

(MCOT) for up to

30 days

External loop
monitors
(unspecified)

Detection rates
Time to
diagnosis
Compliance

High risk

Kimura 2017,
Japan

Prospective
single-arm study
evaluating 2
interventions

Enrolled = 30
Population: patients
undergoing catheter
ablation for AF

Cardiophone
telemonitoring
ECG device, with
30-second

24-hour Holter
monitoring every
month for 6
months; standard

Detection rate,
Accuracy of
detection
OAC use

Low risk
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simultaneously
in each

Mean age: 59 years
Male: 87%

recordings twice
daily plus at the

ECG taken at every
clinic follow-up visit

Antiarrhythmic
use

participant Setting: patients time of any

recruited from hospital | symptoms for 6
cardiology department | months
Withdrawals: 7%

Gladstone 2014, | Randomised Enrolled = 572 ER910AF 30-day | 24-hour Holter Detection rate Low risk

Canada controlled trial Population: patients event recorder monitor Time to
with cryptogenic worn for 30 days diagnosis
ischemic stroke or TIA | or until a Accuracy of
of unknown cause diagnosis was detection
within the previous 6 made, with OAC use
months without known | telephone Compliance
AF transmission of Safety
Mean age: 72 t0 73 recorded ECG
years data
Male: 45%
Setting: patients
recruited from stroke
centres within
Canadian Stroke
Consortium
Withdrawals: 4%

Scalvini 2005, Randomised Enrolled = 310 Event recorder for | 24-hour Holter Detection rate Some concern

Italy controlled trial Population: patients 7-days or until 2 monitor
with palpitations recordings were
Mean age: 52 to 53 obtained during
years symptoms
Male: 24%

Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia
© NICE 2019. All rights reserved. Subject to Notice of rights. 45 of 236



https://www.nice.org.uk/terms-and-conditions

Setting: unclear;
probably patients
attending hospital
department of

in each
participant

had been previously
implanted with Reveal
LINQ ICM

Mean age: 72 years
Male: 65%

SmartRhythm 2.0,
a convolutional
neural network

cardiology

Withdrawals: not

reported
Kamalvand Crossover Enrolled = 24 HeartWatch event | Cardiomemo ECG | Detection rate Low risk
1997, United randomised Population: patients monitor that recorder, which Patient
Kingdom controlled trial who had undergone records for 30 records for 32 satisfaction

cardioversion for seconds when seconds when Safety

chronic AF triggered, ECG triggered and ECG

Mean age: reported data transmitted data transmitted via

as 5 years (seems wirelessly to telephone

unlikely) telephone

Setting: patients receiving centre

recruited from hospital

cardiology department

Withdrawals: none

reported
Wasserlauf Prospective Enrolled = 26 HeartWatch with Reveal LINQ ICM Detection rate Low risk
2019, United single-arm study | (validation cohort) Kardia band worn Accuracy of
States evaluating 2 Population: patients during waking detection

interventions with history of hours; data AF burden
simultaneously paroxysmal AF who analysed by
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Setting: patients
recruited from a single

palpitations occurring
at least once a month
Mean age: 50 years
Male: 27%

Setting: patients
recruited from a
hospital arrhythmia
centre

weeks

in a diary during the
monitoring period

hospital
Withdrawals: 8%
Tan 2010, Randomised Enrolled = 120 HeartWave500 Standard Rhythm Detection rate Low risk
Singapore controlled trial Population: patients (HW) web-based | Card trans- Time to
having palpitations or | ambulatory ECG | telephonic event detection
episodes of monitoring device, | recorder, and
presyncope, (light- and symptom symptom diary for 2
headedness or diary for 2 weeks | weeks
dizziness) or syncope
Mean age: 44 to 50
years
Male: 38%
Setting: patients
recruited from
National Heart Centre
Withdrawals: 0
Makowska Crossover Enrolled = 33 Hertcard ECG 48-hour Holter Detection rate Some concern
2000, Poland randomised Population: patients event recording monitor with Time to
controlled trial with undiagnosed system for 4 symptoms recorded | detection
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Withdrawals: none
reported

Sivakumaran
2003, Canada

Randomised
controlled trial

Enrolled = 100
Population: patients
who had episodes of
syncope, presyncope,
or both and were
referred for
ambulatory ECG
monitoring

Mean age: 56 years
Male: 56%

Setting: patients
recruited from a
Health Sciences

King of Hearts
Express loop
recorder used for
1 month or until 2
episodes of
symptoms had
been recorded

48-hour Holter, with
date stamping
when patients
experienced
symptoms and a
symptom diary

Detection rate
Rule out rate
Time to
detection
Patient
preference

Low risk

Centre
Withdrawals: 0
De Asmundis Prospective Enrolled = 625 OMRON 24-hour Holter Detection rate Some concern
2014, Belgium single-arm study | Population: patients HeartScan monitor Time to
evaluating 2 with paroxysmal patient-activated detection
interventions symptoms suggestive | event recording
simultaneously of cardiac arrhythmias | system for up to
in each Mean age: 37 years 15 days
participant Male: 48%
Setting: patients
recruited from a Heart
Rhythm Management
Centre
Withdrawals: not
reported
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Setting: patients
recruited from hospital

seconds once
daily for 90 days
and during

Senatore 2005, | Prospective Enrolled = 72 Trans-telephonic | 24-hour Holter Detection rate Low risk
Italy single-arm study | Population: patients electrocardiogram | monitor at 30 and
evaluating 2 undergoing (TTECG) worn by | 120 days after
interventions radiofrequency the patients for 90 | ablation
simultaneously catheter ablation for days; recordings
in each symptomatic, were taken for 30
participant refractory, paroxysmal | seconds once
or persistent AF who | daily and during
had already symptomatic
undergone =3 palpitations.
electrical
cardioversions
Mean age: 62 years
Male: 60%
Setting: patients
recruited from hospital
cardiology department
Withdrawals: none
reported
Liu 2010, China | Prospective Enrolled = 92 Trans-telephonic | Standard 12-lead Detection rate Low risk
single-arm study | Population: patients external loop ECG and 24-hour
evaluating 2 with paroxysmal or recorder (TTECG) | Holter monitor
interventions persistent AF worn by the
simultaneously undergoing primary patients for 12
in each catheter ablation months;
participant Mean age: 54 years recordings were
Male: 78% taken for 30
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Denmark

single-arm study

evaluating 2

Population: patients
admitted to hospital

ECG monitor
used twice daily

Holter monitor

Accuracy of
detection

Withdrawals: none symptomatic
reported palpitations
Chovancik 2019, | Prospective Enrolled = 105 Vitaphone Vitaphone Tele- Detection rate Low risk
Czech Republic | single-arm study | Population: patients episodic card ECG Loop recorder | Accuracy of
evaluating 2 undergoing their first | recorder, with 30- | applied for at least | detection
interventions catheter ablation for second recordings | 7 days at months 6 | Time to
simultaneously paroxysmal AF transmitted twice | and 12 diagnosis
in each Mean age: 58 years daily plus during Wear time
participant Male: 61% arrhythmia Compliance
Setting: patients episodes for 12 Antiarrhythmic
recruited from hospital | months use
Withdrawals: 3%
Hendrikx 2014, Prospective Enrolled = 108 Zenicor EKG 24-hour Holter Detection rate Low risk
Sweden single-arm study | Population: patients thumb intermittent | monitor Time to
evaluating 2 with ambiguous hand-held ECG diagnosis
interventions palpitations or monitor, used Accuracy of
simultaneously dizziness/presyncope | twice daily plus detection
in each but no known during cardiac Compliance
participant arrhythmia symptoms for 28
Mean age: 54 years days
Male: 39%
Setting: patients
recruited from hospital
physiology
department
Withdrawals: 12%
Poulsen 2017, Prospective Enrolled = 100 Zenicor thumb- Lifecard 5-day Detection rate Low risk

Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia

© NICE 2019. All rights reserved. Subject to Notice of rights.

50 of 236



https://www.nice.org.uk/terms-and-conditions

interventions after an ischaemic plus during any Time to
simultaneously stroke or TIA palpitations for 30 diagnosis
in each Mean age: 78 to 79 days Patient
participant years preference
Male: 45%
Setting: patients
recruited from hospital
neurology ward
Withdrawals: 17%
Doliwa Prospective Enrolled = 290 Zenicor-EKG 24-hour Holter Detection rate Low risk
Sobocinski single-arm study | Population: patients hand-held ECG monitor Time to
2012, Sweden evaluating 2 with ischaemic stroke | recorder with diagnosis
interventions or TIA in the previous | thumb sensors Accuracy of
simultaneously 14 days with no prior | used twice a day detection
in each diagnosis of AF plus any time they Wear time
participant Mean age: 72 years experienced
Male: 57% symptoms for 30
Setting: patients days
recruited from stroke
units at 3 hospitals
Withdrawals: 14%
Studies evaluating continuous ambulatory cardiac monitors
Sampaio 2018, Prospective Enrolled = 52 Ambulatory ECG | 24-hour Holter Detection rate Low risk
Brazil single-arm study | Population: adults monitoring system | monitor
evaluating 2 with a cryptogenic with mobile data
interventions stroke or TIA in the transmission
simultaneously previous 14 days, (PolP) used for 7
in each controls with no stroke | days
participant or TIA but with risk
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factors for these
events

Mean age: 71 years
Male: 52%

Setting: patients
recruited from hospital
wards or outpatient
clinics

Withdrawals: 0

Higgins 2013, Randomised Enrolled = 100 Novacor R-test Standard of care: Detection rate Low risk
United Kingdom | controlled trial Population: patients in | Evolution loop 12-lead ECGs, 24- | Compliance
sinus rhythm within 7 | recorder, used at | hour Holter monitor | OAC use
days of an ischaemic | 24, 72 and 168 and Stroke/ TIA rate
stroke or TIA with no | hours after echocardiography Safety
history of AF or flutter | randomisation,
Mean age: 66 years plus 12-lead
Male: 56% ECGs at 24 and
Setting: patients 72 hours
recruited from 2 acute
stroke services
Withdrawals: 0
Sejr 2017, Prospective Enrolled = 191 R-Test Evolution | 48-hour Holter Detection rate Low risk
Denmark single-arm study | Population: patients external loop monitor Wear time
evaluating 2 aged 60 years and recorder that Compliance
interventions older with stroke or triggers a
simultaneously TIA within the recording when
in each previous week, no an arrhythmia is
participant history of AF and no detected, used for
AF on baseline ECG 7 days
Mean age: 71 years
Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia
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Male: 57%

Setting: patients
recruited from hospital
neurology department
Withdrawals: 0

for catheter ablation

used continuously

and used for up to

Scherr 2008, Prospective Enrolled = 18 Omron leadless PDS Heart event Detection rate Low risk
United States single-arm study | Population: patients monitor used for monitor used Accuracy of
evaluating 2 referred for evaluation | 30 days simultaneously for | detection
interventions of palpitations that 30 days Patient
simultaneously had remained satisfaction
in each undiagnosed after at
participant least one standard
24-h ECG Holter
monitor
Mean age: 56 years
Male: 61%
Setting: patients
recruited from a
hospital arrhythmia
clinic
Withdrawals: 0
Mamchur Randomised Enrolled = 32 Spyder non- Reveal XT Accuracy of Low risk
2019,Russia controlled trial Population: patients invasive implantable loop detection
with paroxysmal AF ambulatory ECG | recorder implanted | AF burden
who were scheduled monitor (NIAM) subcutaneously

Mean age: 57 to 59 for up to 14 days, | 3 months
years with patient
Male: 62% recording the time
Setting: unclear when symptoms
Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia
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Withdrawals: O

were experienced,
transmitting data
for analysis via a
smartphone

Studies evaluating implantable car

diac monitors versus Holter monitors or standard of care

Piorkowski
2019, Germany

Prospective
single-arm study
evaluating 2
interventions
simultaneously
in each

Enrolled = 92

Population: patients
with indication for ICM
such as unexplained
syncope, paroxysmal

AF, or catheter

BioMonitor 2
implantable
cardiac monitor
for 3 months

48-hour Holter-
monitor between 1-
week and 3-month
follow-ups.

Detection rate
Accuracy of
detection
Compliance
Safety

Low risk

participant ablation of persistent
AF
Mean age: 63 years
Male: 64%
Setting: patients
recruited from a heart
centre department of
invasive
electrophysiology
Withdrawals: 11%
Lauschke 2016, | Prospective Enrolled = 153 BioMonitor 48-hour Holter Detection rate Some concern
Austria, Czech single-arm study | Population: patients Implantable monitor Accuracy of
republic, evaluating 2 with accepted cardiac monitor detection
Denmark, interventions indication for ICM, for 12 months Safety
Germany, simultaneously including suspected
Hungary and in each cardiac arrhythmia,
Slovakia participant AF diagnosis or stroke
of unknown origin
Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia
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Mean age: 62 years
Male: 51%

Setting: patients
recruited from 17

participant

with the CONFIRM
ICM

Mean age: 66 years
Male: 61%

clinical sites
Withdrawals: 24%
Ciconte 2017, Prospective Enrolled = 66 BioMonitor 48-hour Holter Detection rate Low risk
Germany single-arm study | Population: patients subcutaneous monitor Accuracy of
evaluating 2 who had an implanted | implantable detection
interventions ICM and who had cardiac monitor AF burden
simultaneously documented or
in each symptomatic AF
participant Mean age: 60 years
Male: 86%
Setting: patients
recruited from hospital
arrhythmia
department
Withdrawals: 4%
Nolker 2016, Prospective Enrolled = 90 CONFIRM Holter monitoring Detection rate Low risk
Germany, single-arm study | Population: patients Implantable for 4 days, fitted Wear time
Netherlands, evaluating 2 with diagnosed or cardiac monitor with an electronic Accuracy of
United States interventions suspected paroxysmal | (ICM) fitted with symptom marker detection
simultaneously | AF who had an electronic AF burden
in each previously been fitted | symptom marker Safety
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Setting: 12 clinical
centres
Withdrawals: 0

Sanders 2016, Prospective Enrolled = 151 Reveal LINQ ICM | 24-hour Holter Detection rate Low risk
Australia, single-arm study | Population: phase 1: | with 1-month monitoring at 1- Accuracy of
Austria, Russia, | evaluating 2 patients with any follow-up month post detection
Netherlands interventions indication for an insertion
simultaneously internal cardiac
in each monitor; phase 2:
participant. patients with a
documented history of
AF and candidate for
ablation
Mean age: 57 years
Male: 67%
Setting: patients
recruited from
participating clinical
centres
Withdrawals: 1%
Giada 2007, Multicentre Enrolled = 50 patients | Reveal Plus 24-h Holter monitor | Detection rate Some concerns
Italy crossover Population: patients implantable loop plus 4-week Time to
randomised with clinically recorder for at ambulatory ECG diagnosis
controlled trial significant sustained least 12 months event recorder if Safety

palpitations and non-
diagnostic
investigation

Mean age: 43 to 51
years

Male: 34%

Holter was negative
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Setting: patients
recruited from

hospitals
Withdrawals: 0
Philippsen 2017, | Prospective Enrolled = 82 Reveal XT ICM 72 Holter monitor Detection rate Low risk
Denmark single-arm study | Population: patients implanted used 1 month after | Time to
evaluating 2 with no known or subcutaneously, ICM implantation diagnosis
interventions suspected AF, but and data OAC use
simultaneously | with hypertension or transmitted once Antiarrhythmics
in each diabetes mellitus every month for use
participant Mean age: 71years median 588 days
Male: 63%
Setting: patients
recruited from a
hospital diabetic
outpatient clinic
Withdrawals: 18%
Ritter 2013, Prospective Enrolled = 61 Reveal XT 7-day Holter Detection rate Low risk
Germany single-arm study | Population: patients implantable monitor Time to
evaluating 2 admitted with cardiac monitor diagnosis
interventions cryptogenic stroke for a median of Stroke/ TIA rate
simultaneously and embolic stroke 382 days
in each patterns on cerebral
participant imaging
Mean age: 63 years
Male: 57%
Setting: patients
recruited from a
hospital inpatient
stroke unit
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Withdrawals: 2%

United States

single-arm study

Implantable loop

Holter monitor at 0,

Serious

Davtyan 2018, RCT comparing | Enrolled = 108 Reveal XT ECG and 24-hour Detection rate Some concerns
Russia 2 methods of Population: patients implantable loop Holter monitor Compliance
ablation; also with non-valvular recorder
evaluated 2 symptomatic
devices paroxysmal AF
simultaneously undergoing ablation
in each Mean age: 56 to 58
participant years
Male: 46%
Setting: patients
recruited from a single
clinical centre
Withdrawals: 18%
Hindricks 2010, | Prospective Enrolled = 247 Reveal XT 46-hr Holter plus Detection rate Low risk
Europe and single-arm study | Population: patients implantable loop expert evaluation of | Accuracy of
Canada (linked | evaluating 2 with frequent or recorder surface ECG detection
publication to interventions symptomatic AF and recordings from the | AF burden
Eitel 2011) simultaneously an implanted loop Holter to give true Safety
in each recorder who were positive rate
participant scheduled for surgical
ablation
Mean age: 57 years
Male: 67%
Setting: patients
recruited from 24
medical centres
Withdrawals: 5%
Damiano 2016, | Prospective Enrolled = 47 Reveal XT ECG and 24-hour Detection rate, | High risk
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in each
participant

surgery
Mean age: 70 years
Male: 82%

promptly after
chest surgery for
3 years

evaluating 2 Population: patients recorder for 12 3,6,and 12 adverse events,
interventions receiving surgical months months Rate of missed
simultaneously ablation for cardiac arrhythmia
in each arrhythmia episodes,
participant Mean age: 65 years compliance and
Male: 57% symptoms of
Setting: patients trigger
recruited from hospital
cardiology department
Withdrawals: 28%
Eitel 2011, Prospective Enrolled = 64 Reveal XT 7-day Holter Detection rate Some concern
Germany single-arm study | Population: patients implantable loop monitor, used at 3, | Accuracy of
(Linked evaluating 2 with paroxysmal AF recorder inserted | 6 and 12 months detection
publication to interventions Mean age: 60years subcutaneously, after ablation
Hindricks 2010) | simultaneously Male: 69% with upgraded
in each Setting: patients who | software for
participant had been recruited to | arrhythmia
the XPECT study detection to
Withdrawals: 20% reduce noise in
the signal.
Hanke 2009, Prospective Enrolled = 45 Reveal XT 24-hour Holter Detection rate Low risk
Germany single-arm study | Population: patients implantable monitor every 3 Accuracy of
evaluating 2 undergoing ablation monitoring device | months detection
interventions for AF with or without | implanted AF burden
simultaneously additional cardiac subcutaneously Safety

Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia

© NICE 2019. All rights reserved. Subject to Notice of rights.

59 of 236



https://www.nice.org.uk/terms-and-conditions

Setting: patients
recruited from a
department of cardiac
and thoracic vascular

Setting: patients
recruited from 55
clinical centres
Withdrawals: 8% at 6
months, 89% by 36
months

surgery
Withdrawals: 9%
Brachmann Randomised Enrolled = 441 Reveal XT Standard of care Detection rate Some concerns
2016, Europe, controlled trial Population: patients implantable Time to
Canada and who had cryptogenic | cardiac monitor detection
United States stroke or TIA within AF burden
(and Sanna the previous 90 days OAC use
2014) Median age: 61 years Stroke/ TIA rate
Male: 63% Safety
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Author, year | Study design Patient population, Intervention Comparator(s) | Main outcomes
and location setting, and (and version(s))

withdrawals/lost to

follow up
Comparative clinical trials only available as abstracts
Coutinho Prospective clinical | 34 patients (mean age 65 | 72-hour ePatch® | 24-hour Holter | Significantly more quality recordings
Cruz 2017 trial comparing years, 49% male) (wearable monitor were available for analysis with
Unknown monitoring devices | referred for ECG continuous ePatch® versus Holter (99.6% and
location concurrently monitoring, of whom 31 recording 97.7%, p=0.017). ePatch® identified

were analysed device) 87% of patients with supraventricular

premature beats and 92% of patients
with ventricular premature beats.

Francisco- Cost-benefit 96 patients with non- External loop Clinical Diagnostic yield was significantly
Pascual analysis documented palpitations | recorder (ELR) practice higher in the ELR group compared to
2017 referred to an outpatient the control group (86.5% vs. 20.7%,
Unknown arrhythmia clinic, mean p<0.01)
location age 47 years, 26% male,

plus a historical cohort of

58 patients, mean age 45

years, 26% male
Garcia Prospective clinical | 96 patients with 1-week HOLTIN | 24-hour Holter | The HOLTIN yields more clinically
Quintana trial unexplained palpitations | (ambulatory monitor relevant diagnoses, had a higher
2011 or syncope, mean age 48 | monitor) sensitivity for bradycardia detection,
Unknown years, 40% male and was deemed more comfortable
location
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devices and cost
comparisons

referred to an ER or
outpatient centre, mean
age 75 years, 38% male

Hendrikx Prospective clinical | 108 patients referred for | Twice-daily Holter ECG Handheld ECG identified 9 patients

2012 trial comparing Holter ECG were invited | handheld ECG with AF, 6 patients with

Unknown monitoring devices | to the study, 92 patients supraventricular tachycardia and 1

location were included in the patient with AV-block Il (17.4%

analysis (45% male, relevant arrhythmias [95% CI 11 to
mean age 54 years) 26.4]), compared to 2 patients with

AF, 1 patient with a broad
tachycardia and 1 patient with AV-
block Il identified using Holter (4.3%
relevant arrhythmias [95% Cl 1.8 to
10.6]).

Howlett 2014 | Prospective clinical | 69 patients were enrolled, | 12-week 1-week Significantly more arrhythmias were

United trial comparing mean age of 68 years, OMRON Novacor R detected over a 12-week monitoring

Kingdom consecutive 32% male. 90% handheld period compared to a 1-week

monitoring devices | completed the study. monitor monitoring period (23 vs. 13,

p=0.04). 35% of cases were
identified using the standard device,
48% using the handheld ECG
monitor and 17% with both devices.

Interian 2011 | Observational study | 98 patients with recurrent | Implantable Targeted Of 21 patients with implantable loop

United States | ©f monitoring syncope or pre-syncope | Loop Recorder | approach recorder data, the average cost of

medical testing and workup was
$12,577 (SD = $4,268).
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Locati 2016 Prospective clinical | 104 patients with Wearable Wearable For patients with unexplained
Unknown trial comparing unexplained palpitations | continuous continuous palpitations and syncope, the
location monitoring devices | or syncope, median age recording recording diagnostic yield was significantly
57 years, 64% male device; 7-days device; 21-day | more with 21-day vs 7-day
3-channel vest 1-channel belt | recordings (p < 0.01), while in
recorder recorder patients with history of paroxysmal
performing ECG | performing RR | atrial fibrillation or unsustained
morphologic analysis ventricular tachycardia the increase
analysis was not significant.
Locati 2017 Prospective clinical | 300 patients with Wearable Wearable For patients with unexplained
Unknown trial comparing unexplained palpitations | continuous continuous palpitations and syncope, the
location monitoring devices | or syncope, 60% male recording recording diagnostic yield was significantly
(median age 65 years), device; 7-day 3- | device; 21-day | more with 21-day vs 7-day
40% female (median age | channel vest 1-channel belt | recordings (p < 0.01), while in
59 years) recorder recorder patients with history of paroxysmal
performing ECG | performing R-R | atrial fibrillation or unsustained
morphologic analysis ventricular tachycardia the increase
analysis was not significant.
Proesmans Cost-effectiveness Hypothetical cohort of 3-month Opportunistic 3-month intermittent PPG monitoring
2019 Markov model 1000 post-cryptogenic monitoring PPG | screening and | resulted in 26 quality-adjusted life-
Location stroke patients, aged 265 | (photoplethys- usual care years and an ICER of €-1,189 per
unknown years mography) QALY gained, compared to
based conventional follow-up.
smartphone
application
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Reed 2019 Open label, 243 patients presenting to | AliveCor Standard of Secondary publication of Reed 2019,

United randomised UK emergency (smartphone- care alone included in the full review.

Kingdom controlled trial departments with based event

palpitations and pre- recorder) with
syncope but with no standard of care
obvious cause at initial

consultation

Reiffel 2018 | Model simulation 385 patients, mean age Insertable Various AF incidence rate via ICM at 12

Location 71 years, 52% male cardiac monitor | intermittent months was 27.1% which exceeded

unknown monitoring the estimated rates from all forms of

strategies (IM) | IM (0.8 to 10.5%).

Weerathunga | Prospective clinical | 131 patients recruited 7-day 24-hour Holter | Of 16 patients with AF, 24-hour

2014 trial comparing two | over 2 years ambulatory ECG | monitor Holter detected 2 and 7-day ECG

Location monitoring detected 5. Routine ECG plus 24-

unknown techniques hour tape found 11 cases of AF and

7-day ambulatory monitoring found
the additional 5. 60% of AF cases
were detected on day 4.

Yinman 2011 | Clinical trial 72 patients (39 persistent | Trans-telephonic | 24-hour Holter | After 3 months significantly more
comparing two AF and 33 paroxysmal ECG (TTECG) monitor patients with AF recurrence were
monitoring AF) received ablation detected using TTECG (31 versus
techniques during 2009 to 2010 17, p = 0.004) as well as after an

average of 11 months (18 versus 9,
p = 0.033).
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patients fitted with a
Zio XT Patch. Data
from patients
receiving their first-
time patches were
analysed. Data for
repeated or
subsequent patch
monitoring was
excluded. Interval to
arrhythmia
detection and
diagnostic yield
were among the
outcomes
assessed.

monitoring patch for
clinical indications
(categorised into
palpitations, AF, syncope
or presyncope,
bradycardia, SVT,
unspecified tachycardia,
VT, pause, second
degree Mobitz Il or third
degree AVT block,
polymorphic VT, and
other). Mean age was 60
years and 46% were
male.

Yong 2015 Cost-effectiveness | Hypothetical cohort of 30-day non- Not reported 30-day monitoring was estimated to
analysis using a patients after cryptogenic | invasive ECG detect an additional 128 cases of AF
decision analytic stroke or TIA based on monitors per 1000 patients and to prevent 14
model the EMBRACE RCT more recurrent ischemic strokes. 18
life-years and 13 QALY's would be
gained. 30-day ECG monitoring is
predicted to save $8 per patient.
Non-comparative studies of the Zio XT Service
Turakhia et A cross-sectional Patients receiving a Zio XT Patch None Mean time to first arrhythmia and first
al. 2013, study of 26,751 single-use, long-term, monitor symptom-triggered arrhythmias was
u.S. consecutive continuous, cardiac 1.7+£2.2 days and 3.0£.29 days

respectively; 29.9% of first
arrhythmias and 51.1% of first
symptom-triggered arrhythmias
occurred >48 hours after monitoring
started. Single and multiple
arrhythmias were detected in 16,142
(60.3%) of patients.
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Schreiber et
al.2014.,
U.S.

An observational
study to determine
the diagnostic yield
of the Zio XT Patch
and to determine
the value of
prolonged
monitoring of low-
risk discharged ED
patients with
possible cardiac
arrhythmias. Eligible
patients were given
a Zio XT Patch on
being discharged
from ED, asked to
wear it for up to 14
days and return it
by post.

174 discharged adult ED
patients >18 years with
symptoms suggestive of
possible cardiac
arrhythmia who were
deemed candidates for
outpatient ambulatory
cardiac monitoring were
enrolled. Average age
was 52 years and 45%
were male. Palpitations
(78, 44.8%), syncope (42,
24 1%) and dizziness (11,
6.3%) were the most
common indications for
ambulatory device
placement.

Zio XT Patch
monitor

None

Diagnostic yield of triggered events
without arrhythmias (n=93) and
significant symptomatic arrhythmias
(n=17) was 63.2%. Eighty-three
patients (47.7%) had 21 arrhythmias
and 17 (9.8%) were symptomatic at
the time of their arrhythmia. Median
time to first arrhythmia was 1.0 days
(IQR 0.2 to 2.8) and median time to
first symptomatic arrhythmia was 1.5
days (IQR 0.4 to 6.7). The median
time to the first triggered arrhythmia
for potentially serious arrhythmias
(ventricular tachycardia and pauses
>3 seconds) was 3.1 and 4.2 days.
Seven (4.0%) patients required
immediate physician notification for
serious arrhythmias. 53% of patients
with symptoms, as noted by
depressing the event button on the
Zio XT monitor, did not have an
arrhythmia present at the time.
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an academic
electrophysiology
practice were
reviewed.
Arrhythmias were
classified into 2
groups, brief ectopy
and significant
arrhythmias.

electrophysiology practice
and subsequently fitted
with a patch monitor were
included. Mean age was
57 years, 44% were male
and the most common
indications for monitoring
were surveillance for
unknown
arrythmia/palpitations
(47%), AF (30%), and
syncope (8%).

Tung et al. This study analysed | 1171 reports from Zio XT Patch None The frequency of AF at 14 days was
2015, U.S. ECG data from patients who underwent monitor 5.0% (4.4% PAF and 0.6% chronic
patients whose monitoring with the ZIO AF). The mean duration before the
indication for Service in the U.S. and first episode of PAF was 1.5 days
monitoring was TIA | whose indication for and the median duration before the
or stroke. The monitoring was stroke or first episode was 0.4 days. 14.3% of
duration of TIA were included and first PAF episodes occurred after 48
monitoring, analysed. Average age hours. Median wear time was 13.0
analysable signal was 68 years and 55% days and analysable time was
time, the number were male. 98.7%.
and type of
arrhythmias, and
the time to first
arrhythmia were
documented.
Eisenberg et | In this retrospective | 524 patients who had Zio XT Patch None An arrhythmia was detected in
al. 2014, study, data from been referred to an monitor 99.5% of patients with the most
U.S. patients referred to | academic common being ventricular premature

beat (93%). 57% had significant
arrhythmias with the most common
being supraventricular tachycardia in
231 patients (44%), followed by atrial
fibrillation/flutter in 105 patients
(20%), and non-sustained ventricular
tachycardia in 79 patients (15%).
Over one-third of initial arrhythmias
were recorded after 48 hours. The
maijority of AF episodes (62%) were
asymptomatic. Patient-reported
symptoms did not correlate with
arrhythmias, including AF, in half of
all symptom recordings.
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Turakhia et
al. 2014,
U.S.

A single-centre
prospective
screening study to
assess whether
continuous
ambulatory ECG
monitoring can
detect silent AF in
asymptomatic
patients with known
risk factors. Patients
wore the Zio XT
patch for up to 2
weeks.

79 patients were enrolled
from an outpatient
setting. Inclusion criteria
were age =55 years and
22 of coronary disease,
heart failure,
hypertension, diabetes,
sleep apnoea. Patients
with prior AF, stroke, TIA,
implantable pacemaker or
defibrillator, or with
palpitations or syncope in
the previous year were
excluded. 75 patients
completed the monitoring.
Mean age was 69 years
and all patients were
male.

Zio XT Patch
monitor

None

Overall, any arrhythmia of 28
consecutive beats was detected in
36 subjects (48%); 18 subjects
(24%) had no arrhythmias. Atrial
fibrillation was detected in 4 subjects
(5.3%; all with CHADS2=1 and
CHA2DS2-VASc score 22). All 4
patients who were detected with AF
had =1 episode in the first 48 hours,
and 3 of 4 experienced the longest
episode after the first 48 hours of
monitoring. An additional 26
participants (35%) experienced an
initial arrhythmia other than AF after
the first 48 hours. No subjects
reported symptoms during AF
episodes.
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Solomon et
al. 2016,
U.S.

In this retrospective
study data from
122,815 Zio XT
Patch monitors
were examined and
potentially high-risk
arrhythmias were
categorised into 2
types (1) ventricular
arrhythmias
including non-
sustained and
sustained
ventricular
tachycardia and (2)
bradyarrhythmias
including sinus
pauses >3 s, atrial
fibrillation pauses
>5 s, and high-
grade heart block
(Mobitz Type Il or
third-degree heart
block).

122,454 Zio XT Patch

records were identified as

suitable for inclusion.

47% of the devices were

worn by men.

Zio XT Patch
monitor

None

Incidence: 22,443 (18.3 %) records
had at least one episode of non-
sustained ventricular tachycardia
(NSVT), 238 (0.2 %) had sustained
VT, 1766 (1.4 %) had a sinus pause
>3 s (SP), 520 (0.4 %) with a pause
during atrial fibrillation >5 s (AFP),
and 1486 (1.2 %) with high-grade
heart block (HGHB).

The differences in diagnostic yield
between 2 and 7 days for both
ventricular arrhythmias and
bradyarrhythmias were statistically
significant. Median time to first
arrhythmia was 74 h (IQR 26 to 149
h) for NSVT, 22 h (IQR 5 to 73 h) for
sustained VT, 22 h (IQR 7 to 64 h)
for SP, 31 h (IQR 11 to 82 h) for
AFP, and 40 h (SD 10 to 118 h) for
HGHB.
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Chen et al.
2015,

Patients from the
ARIC
(Atherosclerosis
Risk in
Communities) study
presenting for MRI
scans wore a Zio
XT Patch monitor
for up to 2 weeks.
Data from the
monitor were
analysed for burden
of AF and patients
also underwent a
series of
neuropsychological
tests.

325 patients were

included with mean age

of 77 years and 47%
were male. 8% had

known AF and 4.6% had

a history of stroke.

Zio XT Patch
monitor

None

Distribution of AF was bimodal: 14%
of patients with AF had an AF burden
ranging from 1% to 6%, and 12 had
an AF burden of 100% (i.e.,
persistent). Patients with 100% AF
burden, but not those with 1% to 6%
burden, had lower executive and
verbal cognitive test scores then
those without AF.

Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia

© NICE 2019. All rights reserved. Subject to Notice of rights.

71 of 236



https://www.nice.org.uk/terms-and-conditions

Muse et al.
2018, U.S.
and Canada

A patch-based or
long-term Holter
cardiac rhythm
monitor was fitted to
eligible individuals
without AF on ECG,
and they were
monitored for up to
2 weeks. DNA was
isolated from a
blood sample, and
an AF genetic risk
score (GRS) was
calculated for each
participant. An AF
event was the first
diagnosis of AF by
ECG, patch
monitor, or long-
term Holter monitor.
The AF GRS was
determined for each
participant based on
the weighted
contribution of 12
genetic risk loci.

934 patients were
recruited from an
outpatient clinic setting
between set dates.
Eligible patients were 240
years, able to provide a
blood sample, have = 1
clinical risk factor for AF
and either present with
symptoms of AF or with
the first diagnosis of AF
on ECG. 30 patients were
excluded from the final
analysis. The mean age
for participants with AF
(68.5 years [SD 11.2])
was greater than for
participants without AF
(65.9 years [SD 11.8],
p=0.046). Men made up
most of the participants
with AF (52%) and the
minority of participants
without AF (36%).

Zio XT Patch
monitor or long-
term Holter
cardiac rhythm
monitor

None

Of 904 participants with samples for
genotyping, 85 manifested AF.
Participants in the highest quintile of
AF GRS were more likely (odds ratio
3.11; 95% Cl 1.27-7.58; p = 0.01) to
have had an AF event than
participants in the lowest quintile
after adjusting for age, sex, smoking
status, BMI, hypertension, diabetes
mellitus, heart failure, and prior
myocardial infarction.
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Go et al.
2018, U.S.

A retrospective
cohort study that
used the Zio XT
Patch to identify
adults who were
found to have
paroxysmal atrial
fibrillation on 14-day
continuous
ambulatory
electrocardiographic
monitoring.
Ischemic stroke and
other arterial
thromboembolic
events occurring
while patients were
not taking
anticoagulation
were identified
through using
electronic medical
records and were
validated by manual
review.

1,965 eligible adult
patients who had
paroxysmal AF were
identified at 2 large
integrated health care
delivery systems. Mean
age was 69 years, 55%
were male, mean ATRIA
stroke risk score was 4.3
(SD 2.8, p = 0.61), mean
CHA2DS2-VASc score
was 2.6 (SD 1.6,p =
0.97)

Zio XT Patch
monitor

None

The median burden of atrial
fibrillation was 4.4% (IQR,1.1% to
17.23%). During follow-up, 29 valid
thromboembolic events were
identified while patients were not
taking anticoagulation. During 1,915
person-years of follow-up while
patients were not taking
anticoagulation, the unadjusted
thromboembolism incidence was
1.51 per 100 person-years (95%
Cl,1.05t0 2.18).

AF burden greater than 11.4% led to
a more than three-fold increase of
stroke or TE events. This is while the
PAF individuals were not on
anticoagulants.

Data showed no association
between the duration of the longest
AF episode and the risk of stroke.
Other standard risk scores

(CHA2DS2-VASc, ATRIA) were also
not associated with the risk of stroke.
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Reed et al.
2018, U.K.

A prospective pilot
study conducted in
a single tertiary ED.
Eligible patients
were fitted in the ED
with an ambulatory
patch ECG recorder
(Zio XT monitor)
which continuously
records a single-
lead ECG for up to
14 days. Primary
endpoint was
symptomatic
significant
arrhythmia at 90-
day follow-up.

Patients aged =216 years
who presented to an ED
within 6 hours of an
episode of syncope and
whose syncope remained
unexplained after ED
assessment were
enrolled (n=86). Patients
with an obvious
underlying cause of
syncope after ED
assessment were
excluded. An unmatched
historical group of 603
syncope patients with no
obvious diagnosis in ED,
recruited to a prior cohort
study, were used as a
comparator.

Zio XT Patch
monitor

None

Nine of 86 patients had a
symptomatic significant (including
serious) arrhythmia endpoint.
Diagnostic yield of the patch monitor
for symptomatic significant/serious
arrhythmia was 10.5% (95% C1 4.0
to 16.9; 9 of 86) compared with 2.0%
(95% C1 0.9 to 3.1; 12 of 603) in the
comparator group.
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Steinhubl et
al. 2018,
U.S.

A direct-to-
participant
randomised clinical
trial and prospective
matched
observational cohort
study were
conducted among
members of a large
national health plan.
For the clinical trial,
individuals were
randomised to
active home-based
monitoring to start
immediately or
delayed by 4
months. For the
observational study,
2 deidentified age-,
sex-and CHA2DS2-
VASc—matched
controls were
selected for each
actively monitored
individual.

Patients were enrolled
from the Aetna Fully
Insured Commercial and
Medicare Advantage
populations. Eligibility for
the study included age of
275 years, or a male age
=55 years or female 265
years with =1
comorbidities (e.g.,
hypertension, diabetes,
sleep apnoea). Exclusion
criteria included any
current or prior diagnosis
of AF, atrial flutter, or
atrial tachycardia. For the
routine care,
observational cohort, 2
matched controls were
selected for each of the
actively monitored
participants.

Zio XT patch
monitor

None

In the randomised study, new AF
was identified by 4 months in 3.9%
(53/1366) of the immediate group vs
0.9% (12/1293) in the delayed group
(absolute difference, 3.0% [95%
Cl1,1.8%-4.1%]). At 1 year, AF was
newly diagnosed in 109 monitored
(6.7 per 100 person-years) and 81
unmonitored (2.6 per 100 person-
years; difference, 4.1 [95% ClI, 3.9 to
4.2]) individuals. Zio XT monitoring
also detected other actionable
arrhythmias, including ventricular
tachycardia (VT), pause, AV block
and symptomatic supraventricular
tachycardia (SVT).

Active monitoring was associated
with the increased initiation of
anticoagulants (5.7%), antiarrhythmic
medication (0.8%) and new
pacemakers (0.8%).
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Lutsey et al.
2016, U.S.

This was a double-
blind pilot
randomised trial to
assess adherence
to oral magnesium
supplementation
(400mg of
magnesium oxide
daily) and a
matching placebo,
estimate the effect
on circulating
magnesium
concentrations, and
evaluate the
feasibility of using
an ambulatory heart
rhythm monitoring
device (Zio XT
Patch) for
assessing
premature atrial
contractions. The
patients were asked
to wear the Zio XT
Patches for 2 weeks
after each clinic
visit.

Participants aged =55
years were recruited
using fliers, the University
of Minnesota StudyFinder
website, invitations to
individuals enrolled in the
ResearchMatch research
volunteer database, and
invitations to University of
Minnesota School of
Public Health employees.
Exclusion criteria
included a prior history of
heart disease (coronary
heart disease, heart
failure, AF), stroke, or
known kidney disease. 59
patients were
randomised; mean age
was 62 years; 27% were
male; 1 discontinued
intervention due to side
effects and dropped out
of study.

Zio XT Patch
monitor

None

Zio XT Patch wear time was
approximately 13 of the requested 14
days at baseline and follow-up. More
than 90% of patients wore the patch
for 2 12 days. 2 patients did not have
data for the Zio XT patch at the end
of the study, one where the device
malfunctioned and one who dropped
out of the study.
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Heckbert et
al. 2018,
U.S.

In this ancillary
study to the Multi-
Ethnic Study of
Atheroslicerosis
study (MESA),
patients completed
one or two
monitoring episodes
using the Zio XT
Patch XT.
Recordings were
then analysed for
AF, atrial flutter,
atrioventricular
block, pauses and
supraventricular
and ventricular
ectopy.

A subset of 1122 MESA
patients were enrolled.
Patients with and without
a history of heart disease
or clinically-recognised
AF were included. Mean
age was 75 years; 52%
were men and 15% had a
prior history of clinically-
recognised AF/flutter

Zio XT Patch XT
monitor

None

AF/flutter was detected in 32 out of
804 patients with no previous clinical
history of AF/flutter and at least 12
days monitoring; AF/flutter was
detected during days 3 through to 12
of monitoring in 38% of these 32 pts.
For patients with data from 2 ECG
patch monitors (n=439), the kappa
statistic for AF/flutter was 0.85 (95%
Cl; 0.75 to 0.94), for AV block: 2
degree Mobitz Il and 3" degree it
was 0.36 (0.27 to 0.45) and for
pauses>3s it was 0.46 (0.37 to 0.55).
Median monitoring duration was 13.8
days.
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Mullis et al.
2019, U.S.

This study
evaluated the extent
of variability in 24-
hour premature
ventricular
contraction (PVC)
burden during 14-
day ambulatory
cardiac monitoring
in patients with
significant PVC
burden. Patients
referred for PVS
evaluation received
a Zio XT Patch
monitor. The
recordings were
then analysed for
mean 14-day
burden, min and
max 24-hour PVC
burden and
absolute change in
24-hour PVC
burden.

All patients presenting in
a cardiology or
electrophysiology clinic
for the evaluation of
PVCs were evaluated. 59
patients with an overall
mean PVC burden of
25% were taken forward.
Mean age was 69 years,
81% were male, the 3
most common
comorbidities were
hypertension (n=44),
heart failure (n=27) and
diabetes mellitus (n=24)

Zio XT Patch
Monitor

None

43 of 59 patients could be classified
as being in at least 2 of the 3
categories of PVC burden (low,
<10%; intermediate, 10% to 20%; or
high, >20%) depending on the 24-
hour period considered during the
14-day monitoring period. 8 patients
were in all 3 categories again
depending on the 24-hour period
considered.
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Wineinger et
al. 2018,
u.s.

This study was a
retrospective
analysis of
longitudinal rhythm
data obtained from
12,293 individuals
with paroxysmal AF
(PAF). Data were
analysed to identify
rhythm patterns.

Patients who had worn a
Zio XT Patch monitor for
up to 2 weeks and were
considered to have PAF
based on the Zio XT
Service proprietary
algorithm with
confirmation by certified
cardiographic technicians
were included
(n=13,293). Average age
was 69 years and 60%
were male.

Zio XT Patch
monitor

None

Median daily rate of PAF was 1.21
(IQR 0.31 to 4.95). 13% of patients
averaged 1 PAF event every 2
hours, 6.5% averaged at least 1 PAF
event each hour and 13.5%
experienced only a single event.
Average duration was 1.6 minutes
(median 2 minutes IQR 54 s to 6.7
mins). After 24 hours of monitoring,
49.4% of patients with PAF had
experienced an event with this
increasing to 63.1% after 48 hours of
monitoring.
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Camm et al.
2014, U.S.

This study
assessed the
variability of
premature
ventricular
contractions (PVC)
in arrhythmogenic
right ventricular
dysplasia/
cardiomyopathy
(ARVD/C). Eligible
patients were given
Zio XT Patch
monitors to wear for
up to 7 days. PVC
counts were
analysed to
evaluate variability.

Patients from the John
Hopkins arrhythmogenic
right ventricular
dysplasia/cardiomyopathy
(ARVD/C) registry who
had undertaken genotype
analysis and met the
2010 Task Force criteria
were included (n=42)

Zio XT Patch
monitor

None

Median 24-hour PVC count was
1,090.5 (IQR=1,711). The difference
between maximum and minimum
PVC count was highly variable with
statistically significant inter-day
variance in mean hourly PVC counts
in 76% of participants (28/37, 3
cases excluded from analysis due to
insufficient data).
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Schultz et al.
2019, U.S.

This was a single
centre,
retrospective cohort
study. Patient data,
data from the Zio
XT Patch and
follow-up were
collected and
analysed. The
primary aim was to
determine if
arrhythmia
monitoring for >48
hours would identify
more clinically
significant
arrhythmias than
typical 24 to 48
hours of monitoring
in adults with
congenital heart
disease (ACHD).

Patient data was taken
from ACHD patients
followed at the Adult
Congenital Heart program
at Stanford who had
extended cardiac
ambulatory monitoring
(ECAM, n=314). Patients
with a different type of
monitoring were
excluded. Median age
was 31 years, 39% were
male. The most common
indication for monitoring
was patient-reported
symptoms in 39% of
patients. The most
common diagnoses
included tetralogy of
Fallot, atrial septal defect
(ASD) and/or partial
anomalous pulmonary
venous return (PAPVR).

Zio XT Patch
monitor

None

156 patients (50% of ECAM) showed
a significant arrhythmia, 72 of those
(46%) were during the first 48 hours.
For total arrhythmias, arrhythmia
incidence continued to increase as
time went on: 15% at 1 day, 23% at
2 days, 39% at 5 days, 47% at 7
days, 52% at 10 days, and 62% at
14 days. A clinical management
change based on an arrhythmia was
made in 49 patients (16%) following
ECAM.
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Hannun et al.
2019, U.S.

A deep neural
network (DNN) was
designed to classify
12 rhythm classes
using ECG data
from patients who
had worn a Zio XT
Patch monitor. This
was validated
against an
independent test
dataset annotated
by cardiologists.
The performance of
the DNN against the
gold standard
cardiologist
consensus
committee was
compared.

Training dataset for the
DNN consisted of 91,232
ECG records from 53,549
patients. Mean age was
69 years, 57% were
male.

Test dataset used to
validate the DNN
consisted of 328 ECG
records collected from
328 patients. Mean age
was 70 years, 62% were
male.

Zio XT Patch
monitor

None

The average F1 score, which is the
harmonic mean of the positive
predictive value and sensitivity, for
the DNN (0.837) exceeded that of a
consensus committee of expert
cardiologists (0.780). With specificity
fixed at the average specificity
achieved by cardiologists, the
sensitivity of the DNN exceeded the
average cardiologist sensitivity for all
rhythm classes.
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Principal Year (expected | Study design Patient Intervention Comparator(s) Outcomes
investigator, and completion population, (and version(s))
location date) setting, and
[ClinicalTrials withdrawals/lost
Identifier where to follow up
appropriate]
Louise Bowman, Primary outcome | Randomised High risk The intervention | Usual care Proportion of
Professor of will be analysed | controlled trial individuals with a | group will receive participants
Medicine and 2.5 years after CHA2DS2-VASc | 2 weeks of diagnosed with AF
Clinical Trials, and randomization score = 3 (men) continuous non- compared to usual
Honorary ) . .
Consultant (approx. mid- or = 4 (women), invasive ECG care at 2.5 years
Physician 2022) and the aged 2 65 years | monitoring using of follow up.
(Lipidology), secondary without known the Zio XT Patch
University of Oxford | outcome will be atrial fibrillation compared to
[www.amalfitrial.org] | analysed 5 years (AF) identified usual care on
post- from primary care | rates and time
randomization records. diagnosed with
(approx. end of Enrolling 2500; AF over a follow
2024/early including 1250 up period of 5
2025). randomized to years.
the Zio XT Patch
and 1250 in the
control arm.
David J. Gladstone, | 2019 SCREEN-AF is Thg trial targets Eligible The control New diagr_losis of
g/lanE;tl)Dr O';ECPC’ an investigator- patients aged 75 | participants will | group will receive Eﬁgﬁggﬂ';?::or
) initiated, years or older be randomly standard care for e
Research Institute, multicentre, with a history of | allocated (1:1) to | 6 months flutter within 6
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University of
Toronto
[NCT02392754]

open-label, two-
group
randomised
controlled trial
investigating
non-invasive,
home-based AF
screening.

Allocation:
Randomized
Intervention
Model: Parallel
Assignment
Masking: None
(Open Label)
Primary
Purpose:
Screening

hypertension and
without known AF
who would be
potential
anticoagulant
candidates if AF
were detected.
Eligible
participants will
be recruited from
primary care
practices. 856
study participants
enrolled.

one of two
groups: control or
intervention.

The intervention
group will
undergo
ambulatory
screening for AF
with a 2-week
continuous ECG
patch monitor
(Zio XT Service)
worn at baseline
and again at 3
months, in
addition to
standard care for
6 months
(including a pulse
check and heart
auscultation by a
physician at
baseline and 6
months). The
intervention
group will also
receive a home
BP monitor with
automatic AF

(including a pulse
check and heart
auscultation by a
physician at
baseline and 6
months).

months post
randomisation,
defined as at least
one episode of
continuous AF >5
minutes (or AF
documented on 2
separate 12-lead
ECGs >5 minutes
apart).

detection
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capability to be
used twice daily

2. Kardia Mobile
smartwatch +
pulsewatch
testing system
for 30 days

30 days

for 2 weeks
during the ECG
monitoring
blocks.
Mephulan A. QCRIC 2020 Open label RCT Patie.nts after VITAPHONE Conventional AF recurrence at 3
g::g\ézeal Hospital, ablation for mobile ECG follow-up to 6 months
[NCT03966976] paroxysmal AF | recorder
Fitzgibbons TR. 2021 RCT Patients aged 1. Cardea Solo 1. Cardea Solo Usability of
UMass Memorial >50 years with cardiac monitor + | cardiac monitor | Pulsewatch
Mgiical Center, stroke or TIAor | Pulsewatch for 14 days system
[NCT03761394] atrisk of stroke | smartwatch Kardia mobile AF detection rate
(CHA2DS2-VASCc | testing system 2 No device for Change in anxiety
score 23) for 14 days

symptoms (GAD-
7)

Change in general
health (SF-12)

Change in Patient
Activation Score
(CHAI)

Change in disease
management self-
efficacy (GDM)

Change in
medication
adherence
(ARMS)
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Park H-S. 2018 (no results RCT Patients aged 20 | Smartphone 24-hour Holter at | Arrhythmia
Keimyung available) to 80 years ECG monitor for | 3, 6 and 12 detection rate
University Dongsan undergoing 12 months months Hospital visits
Medical Center, ablation for non-
Korea [ Recurrence rate of
NCT03256812] valvular AF or AF or atrial
sustglned AI_: tachycardia
despite medical
therapy or prior
ablation
Trlpes S Lelde.n 2020 Open label RCT Adults after. Slngle-lgad ECG 7-day Holter AF detection rate
University Medical symptomatic TIA | device via monitor Pro-BNP levels
Center, Netherlands or ischaemic smartphone :
[NCT02507986] Atrial ectopy rate
stroke o
Left atrial diameter
Recurrent stroke
or TIA
Major bleeds
Left atrial volume
Buck BH. University | 2018 (no results Adults with Sorin Medtronic Cost-effectiveness
. Open label RCT || , , ,
of Alberta, Canada | available) ischaemic stroke | Spiderflash-t Reveal-LINQ for AF detection
[NCT02428140] or TIAin the external loop implantable loop | AF/Flutter
previous 90 days | recorder recorder detection
with negative Compliance
ECGs
Costs
Duration of AF/
flutter
Adverse events
Ischaemic stroke/
TIA recurrence,
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death,
haemorrhagic
stroke, major
bleed
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5.2 Details of relevant clinical studies

Please give details of all relevant clinical studies (all studies in tables 1, 2 and 3).
Copy and paste a new table into the document for each study. Please use 1 table

per study.

This section includes summaries of all the full-text publications included in the
review. We have not included additional summaries of efficacy publications that are
only available as conference abstracts. Due to the sparse data available for these,
they have not been included in the model and it is difficult to address the questions in

these tables.

Studies evaluating the Zio XT Service

Barrett 2014

How are the findings | The study assessed detection rates of AF with the Zio XT Service
relevant to the for up to 14 days compared with 24-hour Holter monitor in 146
decision problem? patients who were referred for investigation of cardiac arrhythmias
in the USA. This is a key study on the efficacy of the Zio XT

Service.
Does this evidence | Improved diagnostic yield: The Zio XT Service detected
support any of the arrhythmias in significantly more patients than the 24-hour Holter
claimed benefits for | monitor over the total wear time. The 24-hour Holter monitor
the technology? If detected significantly more patients as having one or more of 6
s0, which? arrhythmias than the Zio XT Service over just the initial 24-hour

simultaneous monitoring period, but the difference was not
statistically significant when the 5 most clinically important
arrhythmias were assessed. All the clinically significant
arrhythmias that were undetected by the Zio XT Patch were later
detected during prolonged monitoring with the patch.

Greater diagnostic accuracy: Zio XT Service sensitivity was
99%, specificity 100%, PPV 98% and NPV 98%, compared with
63% sensitivity, 100% specificity, 100% PPV and 58% NPV with
the Holter monitor.

Minimal disruption to daily life and improved compliance and
data collection: Patients were more likely to find the patch
comfortable to wear and fewer reported that it interfered with daily
life than with the Holter monitor. When offered a choice, 81% of
patients said they preferred the Zio XT Service to the 24-hour
Holter monitor.

Is any information Yes (supportive)

from this study likely
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Barrett 2014

to be used in the
economic model?

What are the
strengths and
limitations of this
evidence?

Strengths: prospective study with both devices used
simultaneously in the same patients; large sample size;
Weaknesses: included a heterogeneous population of all patients
referred for ambulatory ECG monitoring.

Risk of Bias: Low risk

How was the study
funded?

The study was funded by both Clinical and Translational Science
Award funding to the Scripps Translational Science Institute and
the device manufacturer iRhythm Technologies Inc.

Eysenck 2019

How are the findings
relevant to the
decision problem?

The study assessed detection rates of AF with the Zio XT Service,
NUUBO Vest, Carnation Ambulatory Monitor and Novacor R Test
4 external cardiac monitor compared with a DDDRP pacemaker in
21 patients with a history of AF. The other external cardiac
monitors are relevant comparators for the Zio XT Service as they
all allow continuous monitoring for 7 to 90 days with patient-
triggered symptomatic event recording.

Does this evidence
support any of the
claimed benefits for
the technology? If
so, which?

Improved diagnostic yield: compared with the Novacor R test 4,
detection rates for AF were significantly 12-times higher with Zio
XT Service, five times higher with the Carnation Ambulatory
Monitor and not significantly different with the NUUBO Vest.
However, the Zio XT Service detected significantly fewer episodes
of AF over 6 minutes than the pacemaker. The Zio XT Service also
had excellent performance in AF burden compared to the
pacemaker, with excellent R-square and very low MSE.

Minimal disruption to daily life and improved compliance and
data collection: use of the Zio XT Service was associated with
low rates of discomfort attaching the device that were comparable
with the Novacor R Test and NUUVO Vest. Patients reported
significantly less discomfort wearing the Zio XT Patch than the
NUUVO Vest.

The total patient time needed was significantly shorter with the Zio
XT Service, CAM and NUUBO Vest than the Novacor R Test.

Is any information
from this study likely
to be used in the
economic model?

No

What are the
strengths and

Strengths: prospective study with both devices used
simultaneously in the same patients who were randomised to
receive each of the external devices in turn;

Company evidence submission (part 1) for DHT005 Zio XT Service for detecting cardiac arrhythmia

© NICE 2019. All rights reserved. Subject to Notice of rights.

90 of 236



https://www.nice.org.uk/terms-and-conditions

Eysenck 2019

limitations of this
evidence?

Limitations: a small study with only 21 participants; patients used
the external monitors in series rather than contemporaneously so
differences in detection rates may reflect changes in arrhythmia
rate over time rather than device accuracy; all patients also had
permanent pacemakers in place so the results may not be
generalisable to other populations; data on the primary outcome of
AF burden is only reported graphically as a fit plot, so is difficult to
compare across studies.

Risk of Bias: Low risk

How was the study
funded?

Funding was not specifically reported but one author had received
unrestricted research grants from the manufacturers iRhythm,
NUUBO Smart Solutions and Bardy Diagnostics Ltd.

Kaura 2019

How are the findings
relevant to the
decision problem?

The study assessed detection rates of AF with the Zio XT Service
for 14 days compared with 24-hour Holter monitor in 90 patients
who had an ischaemic stroke or TIA in the previous 72 hours. This
is consistent with the decision problem.

Does this evidence
support any of the
claimed benefits for
the technology? If
so, which?

Improved diagnostic yield: the study demonstrates significantly
more patients diagnosed with paroxysmal AF with the Zio XT
Service than 24-hour Holter monitor at 28 and 90 days.

Earlier diagnosis and initiation of preventative treatment: more
patients were started on anticoagulation therapy within 90 days
with the Zio XT Service than 24-hour Holter monitor. There were
no significant differences in recurrent ischaemic strokes, TIAs or
mortality at 90 days.

Minimal disruption to patients’ daily activities: of the 26
withdrawals, 23 were due to patient refusal to use the Holter
monitor. No patient refused to use the Zio XT Service.

Reduction in costs and resources: an economic evaluation
concluded that there would be an estimated 10.8 fewer strokes per
year for the NHS Trust with use of Zio XT Service, which could
save healthcare costs of up to £162,491 over 5 years and societal
costs of £410,449 over 5 years.

Is any information
from this study likely
to be used in the
economic model?

Yes (primary source)

What are the
strengths and
limitations of this
evidence?

Strengths: adequately sized RCT.

Limitations: Drop-out rate was high, mainly due to Holter ECG
service provision, which may have biased the outcomes.

Risk of Bias: Some concern as 88.5% of withdrawals were due to
refusal to comply with comparator
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How was the study
funded?

The study was funded by Bristol-Myers Squibb-Pfizer alliance.

Rosenberg 2013

How are the findings
relevant to the
decision problem?

The study assessed detection rates of a