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REVIEW

Cardiac arrhythmia detection outcomes among patients monitored with the Zio
patch system: a systematic literature review

Mihran Yenikomshiana, John Jarvisa, Cody Pattonb, Christopher Yeea, Richard Mortimera, Howard Birnbauma

and Mark Topashc

aAnalysis Group Inc., Boston, MA, USA; bAnalysis Group Inc., Menlo Park, CA, USA; ciRhythm Technologies Inc., San Francisco, CA, USA

ABSTRACT
Objective: Cardiac arrhythmias can be serious and life threatening, and can impose a significant bur-
den on healthcare systems. Recent technological advances in ambulatory electrocardiogram recorders
have led to the development of unobtrusive wearable biosensors which allow physicians to study
patients’ continuous cardiac rhythm data collected over multiple weeks. The objective of this system-
atic literature review was to summarize evidence on the clinical effectiveness of the Zio1 patch, a
long-term, continuous, uninterrupted cardiac monitoring system.
Methods: Findings from searches of MEDLINE, Embase and the Cochrane Central Register of
Controlled Trials, as well as grey literature, were screened by two reviewers to identify studies report-
ing cardiac arrhythmia detection outcomes among patients monitored with Zio for an intended dur-
ation �7days.
Results: Twenty-three publications (22 unique studies) were identified. The unweighted mean wear
time was 10.4 days (median ranging from 5 to 14days). The rate of arrhythmia detection increased
with monitoring durations >48h and continued to increase beyond 7days of monitoring. Across the
22 studies, unweighted mean detection rates for atrial fibrillation (AF; n¼ 15), supraventricular tachy-
cardia or supraventricular ectopy (n¼ 15), and ventricular tachycardia (n¼ 15) were 12.2%, 45.5% and
17.3%, respectively. Unweighted mean detection rates for chronic/sustained AF (n¼ 5) and paroxysmal
AF (n¼ 5) were 5.6% and 23.3%, respectively.
Conclusion: Findings from the review suggest that long-term, continuous, uninterrupted monitoring
with Zio results in longer patient wear times and higher cardiac arrhythmia detection rates compared
with outcomes reported in previous reviews of short-duration (24–48h) cardiac rhythm record-
ing studies.
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Introduction

Cardiac arrhythmias encompass any slow, fast, irregular or
abnormal heart rhythms, and can result from a multitude
of mechanisms and causes. While not all cardiac arrhyth-
mias are symptomatic or have prognostic significance,
some can be serious and life threatening and can lead to
stroke and heart failure, including atrial fibrillation (AF),
sustained ventricular tachycardia (VT), ventricular fibrilla-
tion, supraventricular tachycardia (SVT), sinus bradycardia/
pauses and atrioventricular (AV) block1. Symptoms associ-
ated with arrhythmias can have a clinical burden on
patients, affecting their lifestyle and daily activities1,2. In
addition, arrhythmias impose a substantial burden on
healthcare systems; the economic burden of the most
common arrhythmia, AF, is estimated to be as high as
$26 billion annually in the US3,4.

The electrocardiogram (ECG) is a primary tool for diagnos-
ing cardiac arrhythmias; however, the standard 12-lead ECG

does not allow for patient mobility. Ambulatory ECG has
been limited to wearable multi-lead Holter recorders and
wearable event recorders, which can be difficult to use and
can interfere with activities of daily living5. Infrequent or
asymptomatic arrhythmia events can go undetected during
recording or monitoring interruptions that occur during
activities that require removal of the device, such as recharg-
ing the battery or showering if the device is not waterproof.
Furthermore, new research is beginning to discuss and meas-
ure the importance, value and impact of arrhythmia burden,
which is the time an individual is in arrhythmia over the
time the individual is being monitored6. In recent years,
technological advances in ECG recorders such as miniaturiza-
tion and more efficient energy uses have facilitated the
development of wearable biosensors designed to be unob-
trusive and comfortable for patients and to enable longer-
term cardiac rhythm recording when compared with Holter
recorders2. These advanced technologies can allow for
greater comfort, longer periods of ECG recording and higher
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detection rates than was previously possible with traditional
Holter monitoring.

The Zio1 cardiac arrhythmia recording system is a novel,
single-lead, FDA-approved continuously recording ECG
recorder indicated for use up to 14 days in asymptomatic
patients or those who suffer from transient symptoms7,8. It is
a single-use device that continuously records the electrical
activity of the heart and that can be triggered by patients
when they experience symptoms (see Figure 1)9. It is wireless
and waterproof, allowing for uninterrupted recording during
sleep, during light physical activity or when showering; over-
all, it offers improved patient comfort and adherence com-
pared with Holter recording technology, which is the current
standard of care9. Once patients have completed up to
14 days of recording, iRhythm’s Zio ECG Utilization Service
(ZEUS) processes and analyzes the ECG data, which is then
reviewed by a certified cardiographic technician (CCT) before
a detailed summary report is uploaded to a physician web-
portal or into an electronic health record system and shared
with patients’ physicians9. While previous literature reviews
of cardiac monitoring studies have compared arrhythmia
detection among long-term monitoring (i.e. �7 days) and
short-term monitoring (i.e. �72 h)10 or separately evaluated
outcomes by monitoring duration (i.e. �24 h, >24 h to
�7 days, >7 days)11, to the authors’ knowledge no similar
reviews have been conducted on the use of Zio specifically.
Therefore, the objective of this systematic literature review
was to gather and summarize the existing clinical evidence
on diagnostic outcomes (e.g. cardiac arrhythmia detection
rates) among patients whose cardiac rhythm was monitored
with Zio for an intended long-term duration of �7 days.

Methods

Search strategy

A systematic literature search for recently published or
released clinical data on the use of Zio among patients
monitored for cardiac arrhythmias was conducted with

methods guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) reporting
guidelines12. Databases searched included Embase, MEDLINE
(including MEDLINE In-Process) and the Cochrane Central
Register of Controlled Trials (all via OvidSP). Search terms
related to Zio as well as long-term, continuous, uninter-
rupted, ambulatory recording of cardiac arrhythmias for the
purpose of detecting, diagnosing or recording patients were
applied (the full search strategy has been provided in
Supplemental Appendix A). Electronic reviews of grey litera-
ture sources, including abstracts from several relevant confer-
ences, and hand searches of referenced publications were
also conducted. Searches were conducted in January 2019;
no date restrictions were applied to database searches of
published literature. Conference proceedings were restricted
to the previous 2 years (2017 and 2018) in order to capture
recent literature that may not have been published at the
time of this review.

Study selection

Titles and abstracts of search results were screened by two
independent reviewers. Studies evaluating patients moni-
tored with Zio for intended durations of �7 days were
included. No age restrictions were applied to screened
patient populations. Studies were excluded if they did not
include patients monitored with Zio and/or if they did not
report relevant outcomes for cardiac arrhythmia detection
rates. Only English-language records were included in the
study selection. A complete list of inclusion and exclusion cri-
teria is provided in Supplemental Appendix B. Studies meet-
ing the inclusion criteria were subsequently assessed for
inclusion based on full-text review. During both rounds of
review, the two independent reviewers were required to
agree on inclusion/exclusion as well as the reason for exclu-
sion. Any disputes were resolved through discussion
between reviewers or consultation with a third reviewer.

Figure 1. Placement of cardiac monitor patch. This cardiac arrhythmia recording system is a novel, single-lead, FDA-approved continuously recording ECG recorder
indicated for use up to 14 days in asymptomatic patients or those who suffer from transient symptoms. (Images courtesy of iRhythm Technologies Inc., San
Francisco, CA, USA).
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Data extraction

Full-text manuscripts or conference abstracts were obtained
for each study meeting the inclusion criteria. Data from
selected articles were extracted and verified for accuracy by
two independent reviewers using a standardized extraction
form, with any disagreements between the two reviewers
adjudicated by consensus. Extracted data included study
design and methodology, patient demographic/clinical char-
acteristics, and relevant outcomes of interest.

Quality assessment

Published checklists were used to assess the quality and risk
of bias of observational studies, retrospective database analy-
ses and randomized controlled trials (RCTs)13–15.

Data synthesis/statistical analysis

Data were synthesized descriptively by study authors across
all included review studies. Microsoft Excel was used to gen-
erate a scatterplot figure. Numeric values were extracted dir-
ectly from the cited studies if they were provided, or
extracted from plots using a software tool (WebPlotDigitizer).
A boxplot was generated in R (R version 3.4.2, RStudio ver-
sion 1.1.392) using the ggplot2 library (version 2.2.1).
Weighted mean detection rate outcomes were weighted by
sample size; for a given arrhythmia, the detection rate
reported by each study was multiplied by the study sample

size, and the sum of these products was divided by the sum
of the sample sizes of the studies. Due to the limited num-
ber of studies and heterogeneous patient populations, a
meta-analysis was not conducted in association with this sys-
tematic review.

Results

Study characteristics

Our initial search strategy identified 780 publications, with
an additional 14 publications identified from hand search.
After removing duplicate publications, 562 records remained
for title/abstract screening based on study eligibility criteria
(eligibility criteria can be found in Supplemental Appendix
B). Of these 562 studies, 112 publications were identified for
detailed full-text review, 89 of which did not meet the sys-
tematic literature review inclusion criteria and were excluded.
The remaining 23 publications (22 unique studies; 17 manu-
scripts and 6 conference abstracts) that met the eligibility cri-
teria were included in the systematic literature review and
relevant outcomes were extracted (refer to Figure 2 for the
PRISMA study flow diagram).

Characteristics of included studies are reported in Table 1.
Study designs varied between the 22 included studies. One
study was an RCT that compared Zio with 24 h Holter record-
ing16. Among the five included multi-arm prospective cohort
studies, three compared Zio with 24 or 48 h Holter record-
ing17–19, one compared it with CAM by BardyDx20 and one

Figure 2. PRISMA flow diagram.
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compared it with 72 h Holter recording and E-patch by
BioTelemetry21. Seven studies were single-arm prospective
cohort studies22–28 and 9 were single-arm retrospective
cohort studies29–38. Nineteen studies (20 publications)
reported outcomes among adult patients (defined as
�18 years in 17 studies and �16 years in one study) and
three studies reported outcomes among patients aged
�18 years. Patient baseline characteristics were reported in
all but one study16. Among the 19 studies that evaluated
adult patients, the mean age was reported in 16 studies and
ranged from 52.2 to 80 years old. Among these same 19
studies, the proportion of female patients ranged from 0 to
58.2% female. Nineteen studies (20 publications) were
focused on US populations and three studies were con-
ducted in the UK. Five studies included patient populations
with previous stroke or transient ischemic attack (TIA), two
studies included patients with previous heart failure, and
nine studies included some patients with a previous diagno-
sis of AF.

Device wear time and analyzable data

A summary of studies reporting wear time and analyzable
time for Zio is shown in Table 2. The prescribed wear time
was 14 days in 21 of the 22 included studies, and 7 days in
one study. The mean wear time was reported in 13 studies
and ranged from 7.0 to 12.8 days, with an unweighted over-
all mean of 10.4 days (weighted: 9.5 days)19,22,27–36,38. The
median wear time was reported in nine studies and ranged
from 5.0 to 14.0 days (7.0–14.0 days among the eighteen
studies evaluating adult patients)17,23,25,26,28,30–32,37.

Five studies reported an unweighted mean of 96.4%
(weighted: 96.6%; range: 92.6–98.6%) analyzable time, which
refers to the amount of recording time that was free from
electrical artifacts and other anomalies that would prevent
the processing and analyzing of electrocardiogram signals by
ZEUS22,26,27,29,31.

Cardiac arrhythmia detection rates

Among the 22 included studies, seven studies reported
cumulative cardiac detection rates over time among patients
with a detected arrhythmia during the monitoring period
(illustrated in Figure 3 and Figure 4). Overall, rates of cardiac
arrhythmia detection increased with recording durations
>48 h and continued to increase beyond 7days of recording.
A summary of the detection rates for cardiac arrhythmias
can be found in Tables 3 and 4.

The most frequently reported arrhythmias were AF (15 stud-
ies), SVT or supraventricular ectopy (SVE; 15 studies), and VT
(15 studies), followed by sinus pause (11 studies), atrioventricular
block (9 studies), composite arrhythmias (8 studies, with varying
composite definitions by study), paroxysmal AF (PAF; 6 studies),
chronic/sustained AF (5 studies), and premature ventricular con-
tractions (PVC; 4 studies). The unweighted mean detection rates
for AF, SVT/SVE and VT were 12.2%, 45.5% and 17.3%, respect-
ively (weighted: 13.5%, 44.9% and 17.1%). The unweighted
mean detection rates for chronic/sustained AF and PAF were

5.6% and 23.3%, respectively (weighted: 7.2% and 17.3%). The
unweighted mean detection rates for sinus pause, atrioventricu-
lar block and PVC were 3.8%, 1.4% and 47.4%, respectively
(weighted: 1.8%, 1.2% and 81.6%, respectively). Two studies
evaluated adult patients who were already diagnosed with PAF,
while no other studies identified enrolled patients based on an
enrollment criteria of prior AF diagnosis19,29.

Only two studies identified in the literature review directly
compared arrhythmia detection rates between Holter and
patch monitoring during identical observation windows17,19.
Of these, one study compared patch recording with 24 h
Holter recording and found the same 24 h detection rates
(33.7%); however, among patients who continued to wear
Zio for up to 14 days, AF events were detected in 18 add-
itional patients (total detection rate of 58.1%)19. In this same
study, 21 patients (28.4%) had a change in clinical manage-
ment, the most common being a change in antiarrhythmic
medication for 13 patients19. In a separate non-RCT compara-
tive study of 24 h Holter and 14 day patch recording, Zio
identified significantly more overall arrhythmia events than
Holter recording (96 vs. 61 events, respectively; p< .001), as
well as a higher number of clinically significant non-SVT
arrhythmia events (41 vs. 27 events, respectively, p< .001).
When compared during the first 24 h of monitoring, Holter
monitoring identified a higher number of overall arrhythmia
events (61 vs. 52 events, respectively; p¼ .013) and clinically
significant non-SVT arrhythmia events (27 vs. 24 events,
respectively; p¼ .083); however, when compared over the
total wear time, 14 day patch detected 60 of the 61 arrhyth-
mia events identified by Holter monitoring, with no episode
of AF/atrial flutter detected by the Holter monitor going
undetected by Zio17.

Furthermore, five studies (four observational and one RCT)
evaluated patient populations with previous stroke and/or
TIA at baseline16,24,27,31,38. One study that evaluated patients
who were indicated for cardiac rhythm recording related to
stroke or TIA reported an AF detection rate of 5.0% (0.6%
chronic AF and 4.4% PAF)31. The study noted that 14.3% of
PAF episodes occurred after 48 h of recording31. In an RCT of
patients enrolled within 72 h of TIA or ischemic stroke, the
odds of detecting PAF at 90 days (primary outcome) was sig-
nificantly higher among patients monitored with Zio than
24 h Holter recording (16.3% vs. 2.1% detection rate, respect-
ively; OR 8.9, 95% CI: 1.1–76.0; p¼ .047)16.

Quality assessment

Quality assessment was conducted on all 23 included publi-
cations using a peer-reviewed checklists13–15. Among pro-
spective and retrospective observational studies, most
studies reported adequate information to meet the criteria
for study relevance, credibility of the study design/data
source, and interpretation of results. Among retrospective
observational studies that used large databases for their
analyses, study quality varied with respect to the research
design, variable definitions and reporting of statistical analy-
ses. This review also included one open-label clinical trial.
Due to its open-label design, the risk of bias was assessed to

1662 M. YENIKOMSHIAN ET AL.



Ta
bl
e
1.

Ch
ar
ac
te
ris
tic
s
of

in
cl
ud

ed
st
ud

ie
s
an
d
pa
tie
nt

po
pu

la
tio

ns
.

Fi
rs
t
au
th
or
,y
ea
r;
co
un

tr
y

St
ud

y
de
si
gn

(s
tu
dy
//
fo
llo
w
-u
p
pe
rio

d)
D
es
cr
ip
tio

n
of

st
ud

y
po

pu
la
tio

n
(N
)

Ag
e
in

ye
ar
s,
m
ea
n
(S
D
)

Fe
m
al
e
(%

)
Pr
ev
io
us

st
ro
ke
,H

F,
M
I

an
d/
or

di
ag
no

si
s
of

AF
,

n
(%

)

M
ul
ti-
ar
m

st
ud

ie
s

Ba
rr
et
t,
20
14
;U

S1
7

Pr
os
pe
ct
iv
e
co
ho

rt
(0
4/
20
12
–0
7/
20
12
)

Pa
tie
nt
s
re
fe
rr
ed

fo
r
ev
al
ua
tio

n
of

ca
rd
ia
c
ar
rh
yt
hm

ia
an
d
un

de
rw
en
t
si
m
ul
ta
ne
ou

s
am

bu
la
to
ry

EC
G

re
co
rd
in
g
w
ith

a
co
nv
en
tio

na
l2

4
h
H
ol
te
r
re
co
rd
er

an
d
a
14

da
y
ad
he
si
ve

pa
tc
h
m
on

ito
r
(1
46
)

M
ed
ia
n:

64
Ra
ng

e:
[2
2–
94
]

58
.2

N
R

Ch
an
dr
at
he
va
,2

01
7;

U
K2

1
Pr
os
pe
ct
iv
e
co
ho

rt
(0
9/
20
15
)

Pa
tie
nt
s
w
ho

af
te
r
in
iti
al
br
ai
n
an
d
va
sc
ul
ar

im
ag
in
g

ha
d
un

kn
ow

n
et
io
lo
gy

or
et
io
lo
gy

su
gg

es
tiv
e
of

ca
rd
io
em

bo
lis
m

(2
0)

61
.4

(1
4.
4)

40
N
R

Ka
ur
a,
20
17
;U

K1
6

RC
T

Pa
tie
nt
s
en
ro
lle
d
w
ith

in
72

h
of

TI
A
or

is
ch
em

ic
st
ro
ke

ev
en
t
(9
0)

N
Ra

N
R

TI
A
or

is
ch
em

ic
st
ro
ke
:

90
(1
00
)

Rh
o,

20
18
;U

K2
0

Pr
os
pe
ct
iv
e
co
ho

rt
(N
R)

Pa
tie
nt
s
re
fe
rr
ed

to
a
co
m
m
un

ity
ca
rd
io
lo
gy

pr
ac
tic
e
(2
9)

73
.1

(7
.1
)

33
.3

N
R

Ro
bi
ns
on

,2
01
7;

U
S1

8
Pr
os
pe
ct
iv
e
co
ho

rt
(1
0/
20
14
–2
/2
01
6)

Pa
tie
nt
s
�1

7
ye
ar
s
w
ho

w
er
e
pr
es
cr
ib
ed

a
pa
tc
h

m
on

ito
r
(3
63
)

M
ed
ia
n
12
.7

Ra
ng

e:
[0
.0
1–
17
]

50
N
R

Ro
se
nb

er
g,

20
13
;U

S1
9

Pr
os
pe
ct
iv
e
co
ho

rt
(0
4/
20
11
–0
5/
20
12
)

Pa
tie
nt
s
un

de
rg
oi
ng

m
an
ag
em

en
t
of

AF
(7
4)

64
.5

(8
.1
)

45
.3

AF
:4

9
(6
7.
1)

PA
F:
74

(1
00
)

Si
ng

le
-a
rm

st
ud

ie
s

Bo
lo
ur
ch
i,
20
15
;U

S2
2

Pr
os
pe
ct
iv
e
co
ho

rt
(0
1/
20
11
–1
2/
20
13
)

Ch
ild
re
n
re
ce
iv
in
g
th
ei
r
fir
st

ad
he
si
ve

pa
tc
h
m
on

ito
rs

fo
r
cl
in
ic
al
in
di
ca
tio

ns
(3
20
9)

12
.5

(4
.4
)

56
N
R

Ei
se
nb

er
g,

20
14
;U

S3
8

Re
tr
os
pe
ct
iv
e
co
ho

rt
(0
5/
20
10
–0
1/
20
13
)

Pa
tie
nt
s
fr
om

an
el
ec
tr
op

hy
si
ol
og

y
pr
ac
tic
e
w
ho

w
er
e

pr
es
cr
ib
ed

Zi
o
m
on

ito
r
(5
24
)

56
.7

(2
0.
2)

56
AF

:1
55

(3
0)

TI
A:

6
(1
)

H
ec
kb
er
t,
20
18
;U

S2
3

Pr
os
pe
ct
iv
e
co
ho

rt
(0
9/
20
17
–1
0/
20
17
)

Pa
tie
nt
s
fr
om

th
e
M
ul
ti-
Et
hn

ic
St
ud

y
of

At
he
ro
sc
le
ro
si
s
(9
46
)

75
(8
)

48
.5

AF
/f
lu
tt
er
:1

43
(1
5)

Lo
rin

g,
20
16
;U

S2
4

Pr
os
pe
ct
iv
e
co
ho

rt
(2
01
2–
20
15
)

Pa
tie
nt
s
re
ce
iv
in
g
pa
tc
h
m
on

ito
rin

g
de
vi
ce
s
th
ro
ug

h
th
e

Sa
n
Fr
an
ci
sc
o
Ve
te
ra
ns

Af
fa
irs

M
ed
ic
al
Ce
nt
er

(6
94
)

70
(1
2)

4.
0

AF
/f
lu
tt
er
:2

7
(2
7.
0)

St
ro
ke
/T
IA
:2

2
(2
2.
0)

M
ay
,2

01
8;

U
S3

7
Re
tr
os
pe
ct
iv
e
co
ho

rt
(1
1/
20
13
–6
/2
01
6)

Al
lp

at
ie
nt
s
ag
ed

0–
18

ye
ar
s
w
ho

un
de
rw
en
t
pa
tc
h

m
on

ito
rin

g
or
de
re
d
by

on
e
of

si
x
bo

ar
d-
ce
rt
ifi
ed

pe
di
at
ric

ca
rd
io
lo
gi
st
s
(3
32
)

M
ed
ia
n:

13
IQ
R:

[7
–1
5]

54
.4

H
ea
rt
di
se
as
e:
10
6
(2
8.
4)

N
ar
ay
an
an
,2

01
8;

U
S3

6
Re
tr
os
pe
ct
iv
e
co
ho

rt
(2
01
6–
20
17
)

Pa
tie
nt
s
ag
ed

�7
5
en
ro
lle
d
in

th
e
At
he
ro
sc
le
ro
si
s
Ri
sk

in
Co

m
m
un

iti
es

st
ud

y
(2
26
0)

79
(5
)

58
AF

:2
13

(9
.4
)

N
or
by
,2

01
8b
;U

S3
5

Re
tr
os
pe
ct
iv
e
co
ho

rt
(2
01
6–
20
17
)

Pa
tie
nt
s
ag
ed

en
ro
lle
d
in

th
e
At
he
ro
sc
le
ro
si
s
Ri
sk

in
Co

m
m
un

iti
es

st
ud

y
w
ho

ha
d
no

hi
st
or
y
of

st
ro
ke

an
d

at
le
as
t
2
da
ys

of
pa
tc
h
m
on

ito
rin

g
(2
15
2)

79
(5
)

58
St
ro
ke
:0

(0
)

Re
ed
,2

01
8;

U
K2

5
Pr
os
pe
ct
iv
e
co
ho

rt
(1
1/
20
15
–6
/2
01
7)

Pa
tie
nt
s
16

ye
ar
s
or

ov
er

pr
es
en
tin

g
w
ith

in
6
ho

ur
s
of

un
ex
pl
ai
ne
d
sy
nc
op

e
in

an
em

er
ge
nc
y

de
pa
rt
m
en
t
(8
6)

62
.8

(1
9.
5)

47
H
F:
5
(5
.8
)

M
I:
4
(4
.7
)

Ro
on

ey
,2

01
8;

U
S3

4
Re
tr
os
pe
ct
iv
e
co
ho

rt
(6
/2
01
6–
2/
20
17
)

Pa
tie
nt
s
en
ro
lle
d
in

th
e
At
he
ro
sc
le
ro
si
s
Ri
sk

in
Co

m
m
un

iti
es

st
ud

y
w
ho

un
de
rw
en
t
co
gn

iti
ve

te
st
in
g
(1
11
6)

80
(5
)

55
N
R

Sc
hr
ei
be
r,
20
14
;U

S2
6

Pr
os
pe
ct
iv
e
co
ho

rt
(0
2/
20
11
–0
2/
20
12
)

Pa
tie
nt
s
>
18

ye
ar
s
di
sc
ha
rg
ed

fr
om

em
er
ge
nc
y

de
pa
rt
m
en
t
w
ith

sy
m
pt
om

s
of

ar
rh
yt
hm

ia
(1
74
)

52
.2

(2
1.
0)

55
AF

:4
(2
.3
)

Sc
hu

ltz
,2

01
9;

U
S3

3
Re
tr
os
pe
ct
iv
e
co
ho

rt
(0
6/
20
13
–0
5/
20
16
)

Pa
tie
nt
s
>
18

ye
ar
s
of

ag
e
w
ith

co
ng

en
ita
lh

ea
rt

di
se
as
e
(3
14
)

M
ed
ia
n:

31
IQ
R:

[2
5–
41
]

61
AF

:3
2
(1
0)

So
lo
m
on

,2
01
6;

U
S3

2
Re
tr
os
pe
ct
iv
e
co
ho

rt
(2
01
1–
20
13
)

Pa
tie
nt
s
w
ho

w
er
e
pr
es
cr
ib
ed

pa
tc
h
m
on

ito
rin

g
w
ith

in
th
e
st
ud

y
pe
rio

d
(1
22
,4
54
)

49
.8
%

<
65

35
.6
%

65
–7
9

15
.6
%

�8
0

53
N
R

St
ei
nh

ub
l,
20
18
;U

S2
7

Pr
os
pe
ct
iv
e
co
ho

rt
(1
1/
20
15
–1
/2
01
8)

M
em

be
rs

of
a
la
rg
e
na
tio

na
lh

ea
lth

pl
an

(2
65
9)

72
.4

(7
.3
)

38
.6

St
ro
ke
:3

69
(1
3.
9)

H
F:
12
8
(4
.8
)

M
I:
14
7
(5
.5
)

(c
on
tin
ue
d)

CARDIAC ARRHYTHMIA DETECTION MONITORED WITH PATCH SYSTEM 1663



be high with respect to allocation concealment, blinding or
participants/researchers, and blinding of outcome assess-
ment. However, risk of assessment was deemed to be low
with regards to completeness of data reported, selective
reporting or any other potential sources of bias16. Sixteen of
the 23 included publications were conference abstracts, thus
limiting the ability of reviewers to conduct a thorough qual-
ity assessment of these publications. Findings of the quality
assessment for individual publications are reported in
Supplemental Appendix C and Supplemental Appendix D.

Discussion

The present study is the first systematic literature review to
evaluate cardiac arrhythmia detection rate outcomes among
patients who underwent long-term, continuous, uninter-
rupted cardiac recording with Zio. This review included 23
publications of 22 unique studies that evaluated outcomes
for patients whose cardiac rhythms were recorded with Zio,
six of which were comparative studies (including one RCT)
and 16 of which were single-arm cohort studies (prospective
and retrospective).

Early detection and appropriate clinical management of
cardiac arrhythmias is critical for reducing patient disease
burden and improving patient quality of life. Long-term, con-
tinuous, uninterrupted cardiac recording may provide
improved benefits for patients in detecting cardiac arrhyth-
mias compared with current standard of care recording tech-
nologies. The prescribed recording time for 21 of the 22
included studies was 14 days with Zio, with an unweighted
mean wear time of 10.4 days (weighted: 9.5 days) in the 13
studies that reported actual patient wear time with Zio.

Continuous ECG recording between 24 and 48 h with
multi-lead Holter monitors is commonly utilized as an initial
option for screening and detection of cardiac arrhythmias.
While ECG recording with multi-lead monitors may provide
advantages relative to single-lead monitors in certain cases
(e.g. discriminating ventricular tachycardias from aberrant
atrial rhythms), limitations in patient comfort/adherence and
signal quality issues resulting from lead wire/electrode inter-
action within a 1–2 day recording window may result in
lower arrhythmia detection rates and may necessitate repeat
monitoring relative to single-lead devices. Other external lon-
ger duration monitoring technologies (e.g. external loop
recorder, mobile cardiovascular telemetry [MCT]) may pro-
vide incremental detection benefits compared with Holter
recording due to increased monitoring duration windows,
but their use is limited by the need for patients to recharge/
replace batteries, replace lead wire patches, or remove the
device during activities such as showering or physical activ-
ity. Finally, despite promising initial results from implantable
cardiac monitors in long-term arrhythmia detection, the
invasive nature of these monitoring technologies may
prevent their widespread use and they may not be an
appropriate first-line cardiac monitoring option for
most patients.

Compared with other existing and novel cardiac monitor-
ing technologies which are primarily focused on AFTa
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detection, Zio is able to detect up to 10 distinct classifica-
tions of heart arrhythmias39. Indeed, studies included in this
systematic review reported detection rates for various
arrhythmias, the most frequently reported being AF, SVT/SVE,
VT and sinus pause. Overall, rates of cardiac arrhythmia
detection increased for multiple arrhythmia subtypes with
monitoring durations >48 h and continued to increase fol-
lowing 7 days of monitoring and greater. For one included
study, repeat monitoring with Zio for a subset of study
patients (up to 28 days of total recording) identified add-
itional AF/flutter, AV block and sinus pause events that were
not detected during the first 14 days of continuous record-
ing. These findings are consistent with previous reviews
which have reported greater rates of cardiac arrhythmia
detection associated with longer monitoring durations10,40.

Among the five multi-arm studies that compared cardiac
arrhythmia detection rates between Zio and 24, 48 or 72 h
Holter recording, detection rates were generally higher for
patients monitored with Zio across a number of arrhythmias,
particularly for AF and PAF. The reported rates of AF detec-
tion by Holter recording in these five studies were consistent
with findings from previous literature reviews11,41–43.
Notably, one study included in this review found that 53.4%
of patients who experienced symptoms and marked the

timing of the event (when the patient noticed symptoms)
with Zio did not actually have an arrhythmia, suggesting the
ability of long-term, uninterrupted, continuous monitoring to
also rule out cardiac arrhythmias as the cause of symptom-
atic events26. Such patients have previously been shown to
impose a substantial cost burden when repeat Holter record-
ing failed to detect a clinical event or diagnose an underly-
ing disease44.

Results from the present study can also be placed in con-
text with findings from previous systematic literature reviews
of cardiac monitoring that have focused on AF detection.
Across the 22 studies identified in the current review, 15
studies (16 publications) reported AF detection with a mean
unweighted AF detection rate of 12.2% (weighted: 13.5%).
Among studies limited to adult patient populations, the AF
detection rates ranged from 3.5% to 58.1% for prescribed
recording durations up to 14 days with an unweighted mean
pooled rate of 12.7% (weighted: 14.7%). Two prior systematic
reviews of monitoring durations �7 days following ischemic
stroke or TIA have reported AF detection rates of 6%11 and
15%10. Both studies reported that detection rate increased
with longer monitoring durations10,11, with one study report-
ing that mean AF detection rates for continuous ECG moni-
toring �72 h was markedly lower at 5.1%10. While differences

Table 2. Summary of studies reporting device wear time and analyzable time.

First author, year Wear time, days Analyzable timea

Device(s) Prescribed Mean (SD) Median [IQR] Range Mean, % Median, % Median [IQR], days

Multi-arm studies
Barrett, 201417 24 h Holter 1 1.0 0.9–1.0

Zio 14 11.1 0.9–14.0
Chandratheva, 201721 72 h Holter 3

E-patch 3
Zio 14

Kaura, 201716 24 h Holter 1
Zio 14

Rho, 201820 CAM 7
Zio 7

Robinson, 201718 48 h Holter 1 NR
Zio 14 1–14

Rosenberg, 201319 24 h Holter 1 0.9 (0.08) NR
Zio 14 10.8 (2.8) 4–14

Single-arm studies
Bolourchi, 201522 Zio 14 7.8 (4.4) 92.6
Eisenberg, 201438 Zio 14 7 (2.6) 0.33–14
Heckbert, 201823 Zio 14 14 [13.2–14.0] 99.6
Loring, 201624 Zio 14 11.6 [10.8–13.8]
May, 201835 Zio 14 5 1–14
Narayanan, 201836 Zio 14 12.5 (2.6)
Norby, 201835 Zio 14 12.5 (2.6)
Reed, 201825 Zio 14 13.6 [11.8–14.0]
Rooney, 201834 Zio 14 12.8 (2.4)
Schreiber, 201426 Zio 14 6.9 [5.8–9.2] 98.6
Schultz, 201933 Zio 14 9.5 (4.1)
Solomon, 201632 Zio 14 9.6 (4.0) 9.9 [6.8–13.8] 9.1 [6.4–13.1]
Steinhubl, 201827 Zio 14 11.7 (4.1) 97.8
Tung, 201531 Zio 14 10.9 13.0 [7.2–14.0] 95.8 98.7
Turakhia, 201330 Zio 14 7.6 (3.6) 7.0 [5.9–9.3] 99
Turakhia, 201528 Zio 14 10.4 (4.5) 13 [7.8–14] 98
Wineinger, 201929 Zio 14 11.4 97.4
aAnalyzable time was defined as the amount of recording time that was free from electrical artifacts and other anomalies that would prevent interpreting the
electrocardiogram signal. The numbers reported here appear as they were reported in the text of each study, either as a percentage of the total wear time, or
as median and interquartile range in days.
Abbreviations. h, Hour; IQR, Interquartile range; SD, Standard deviation.
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across reviews and the design of included studies
preclude direct comparison of AF detection rates, the gener-
ally comparable or higher AF detection rates reported in the
present review suggest the potential advantages in AF
detection that may be derived from cardiac rhythm record-
ing with Zio relative to other monitoring and record-
ing modalities.

Finally, results from the current review also have import-
ant implications for findings from previous studies of the Zio
technology that evaluated AF burden but did not focus on
cardiac arrhythmia detection. In an analysis of 1965 Kaiser
Permanente members diagnosed with PAF, patient AF bur-
den (defined as the percentage of analyzable wear time in
AF/atrial flutter during the cardiac monitoring period) greater
than 11.4% was associated with a three-fold risk of thrombo-
embolism among patients not taking oral anticoagulants6.
Similarly, in an evaluation of 325 patients enrolled in the
Atherosclerosis Risk in Communities (ARIC) study who were
monitored with Zio, a correlation between higher AF burden
and lower cognitive functioning was reported45. In addition
to the potential arrhythmia detection benefits from cardiac
monitoring with Zio, improved insights into patient AF bur-
den may lead to enhanced clinical decision-making and
long-term health outcomes. Indeed, one study reported a
change in clinical management among patients studied with

Zio, but not among those studied with 24 h Holter recording,
after the longer duration of patch recording identified add-
itional arrhythmias19.

Limitations

The findings reported in the current systematic literature
review are subject to several limitations. Most of the
reviewed studies included cohorts that were selected based
on patients having risk for arrhythmias, including AF, which
is a potential source of bias. In particular, a subset of studies
selected cohorts specifically based on AF risk and/or prior AF
diagnosis. At the same time, heterogeneity in underlying risk
factors and comorbidities existed across the different study
populations, which could be a confounding factor contribu-
ting to the prevalence of cardiac arrhythmias and contribute
to observed variation in arrhythmia detection rates. This het-
erogeneity complicates the ability to make direct compari-
sons across included studies, and precludes conducting a
meta-analysis. Additionally, as the Zio cardiac arrhythmia
detection algorithm continues to advance, it is possible that
the arrhythmia detection rates observed in older studies may
be underestimated relative to more recent studies. This also
potentially limits the ability to directly compare arrhythmia

Figure 3. Cumulative arrhythmia detection rate over time, by study (among patients with a detected arrhythmia). Scatterplot shows cumulative percentages from
studies that reported arrhythmia detection over the entire monitoring period. Data reported in this figure are restricted to patients who had a detected arrhythmia
during the monitoring period (i.e. cumulative detection rate will reach 100% by the end of the monitoring period). The first author of each study is indicated in the
figure legend, along with the type of arrhythmia in parentheses23,25,29–32,38. Studies varied in the types of arrhythmias that were monitored. Abbreviations. AF,
Atrial fibrillation; PAF, Paroxysmal atrial fibrillation; SVT, Supraventricular tachycardia; VT, Ventricular tachycardia.
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detection rates across studies conducted in different years.
Furthermore, several studies had heterogeneous patient pop-
ulations who were referred for cardiac monitoring for a var-
iety of indications that were not specified. Since there is no
standardized risk score across multiple cardiac arrhythmias,
and because risk scores such as CHA2DS2-VASc and the
Canadian Syncope Risk Score are specific to stroke and syn-
cope, respectively, adjusting for arrhythmia risk across such
populations is not currently possible. Overall, diverse

etiologies of cardiac arrhythmias may have resulted from the
variation in indications and cohort selection, resulting in dif-
fering arrhythmia detection rates across the included studies.
Furthermore, this current review did not specifically aim to
compare arrhythmia detection with Zio with other forms of
cardiac monitoring, highlighting an important area for future
research. Finally, the exclusion of studies that were not pub-
lished in English may have overlooked studies conducted
outside of English-speaking countries.

Figure 4. Cumulative arrhythmia detection rate over time, overall (among patients with a detected arrhythmia). The boxplot summarizes the cumulative arrhyth-
mia detection across the studies shown in Figure 3. There is a set of box and whiskers for each day of monitoring. For each set of box and whiskers, the center
horizontal line represents the median, and the top and bottom edges of the rectangle represent the 75th and 25th percentiles, respectively. The whiskers end at
the minimum and maximum values for each day, excluding outliers. Outliers are shown as dots. Data reported in this figure are restricted to patients who had a
detected arrhythmia during the monitoring period (i.e. cumulative detection rate will reach 100% by the end of the monitoring period).

Table 3. Mean arrhythmia detection rates across included studies.

Number of studies Total number of patients Mean detection rate, %

Unweighted Weighteda

AF 15 40,220 12.2 13.5
PAF 5 2033 23.3 17.3
Chronic/sustained AF 5 28,245 5.6 7.2
SVT/SVE 15 35,184 45.5 44.9
VT 15 155,441 17.3 17.1
Sinus pause 11 154,627 4.8 1.8
Atrioventricular block 9 154,086 1.6 1.2
PVC 4 1579 50.2 39.2
aThe weighted mean detection rates were weighted by sample size; for a given arrhythmia, the detec-
tion rate reported by each study was multiplied by the study sample size, and the sum of these prod-
ucts was divided by the sum of the sample sizes of the studies.
Abbreviations. AF, Atrial fibrillation; PAF, Paroxysmal atrial fibrillation; PVC, Premature ventricular contrac-
tion; SVE, Supraventricular ectopy; SVT, Supraventricular tachycardia; VT, Ventricular tachycardia.
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Conclusions

Long-term, continuous, uninterrupted external ambulatory
cardiac rhythm recording with Zio for �7days results in lon-
ger patient wear times and higher rates of cardiac arrhyth-
mia detection compared with outcomes reported in previous
reviews of short-term cardiac rhythm monitoring (24–48 h).

Notes

1. Zio is a registered trade name of iRhythm Technologies Inc., San
Francisco, CA, USA
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