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1 | INTRODUCTION

Cardiovascular diseases (CVDs) are

leading cause of mortality

| Rajnish JoshiMD, MPH, PhD?

Abstract

Background: Availability of portable and home-based electrocardiography (ECG) is
an important medical innovation, which has a potential to transform medical care.
We performed this review to understand the current state of out-of-hospital porta-
ble ECG technologies with respect to their scope, ease of use, data transmission
capabilities, and diagnostic accuracy.

Methods: We conducted PubMed and Internet searches for “handheld” or “wearable”
or “patch” electrocardiography devices to enlist available technologies. We also
searched PubMed with names of individual devices to obtain additional citations. We
classified available devices as a “single limb lead ECG recording devices” and chest-lead
“ECG recording devices.” If a device used more than three electrodes, it was defined as a
conventional electrocardiography or Holter machine and was excluded from this review.
Results: We identified a total of 15 devices. Overall, only six of these devices (five
single lead and one chest lead) featured in published medical literature as identified
from PubMed search. A total of 13 citations were available for the single limb lead
ECG recording devices and 6 citations for the chest-lead ECG recording devices.
Conclusions: Despite the increase in number of such devices, published biomedical

literature regarding their diagnostic accuracy, reproducibility, or utility is scant.
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the presence of acute chest pain as ST-segment elevation suggests
myocardial ischemia in more than 90% instances, 2 and ST depres-

sion in more than 60% instances. ° In addition, ECG changes also

worldwide, accounting for 17.3 million deaths per year, a number
that is expected to grow to more than 23.6 million by 2030. !
Early recognition of cardiovascular manifestations such as angina,
dyspnea, palpitations, and syncope is emphasized, and patients
with such symptom need to visit their doctors for evaluation. Per-
forming electrocardiography (ECG), a modality that can detect life-
threatening conditions (such as ventricular or atrial arrhythmias, or
ischemic changes in the ST segment), is used in healthcare facili-

ties for initial assessment of such symptoms. ECG is useful as in

suggest abnormalities in cardiac chambers, serum electrolyte levels,
and certain drug toxicities. * Evaluation of cardiac rhythm for
extended periods of time is rewarding for detection of arrhyth-
mias. The diagnostic yield is increased by 15% to 39% by a 24-
hour recording. >

Innovations in sensor technologies have made it possible to record
electric impulses from heart in the absence of conventional ECG
machines. Many such technologies are wearable and can record car-

diac impulses for extended periods of time. This advancement has a

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in
any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2018 The Authors. Journal of Arrhythmia published by John Wiley & Sons Australia, Ltd on behalf of the Japanese Heart Rhythm Society.

Journal of Arrhythmia. 2018;34:129-138.

www.journalofarrhythmia.org | 129


http://orcid.org/0000-0002-6404-7436
http://orcid.org/0000-0002-6404-7436
http://orcid.org/0000-0002-6404-7436
http://creativecommons.org/licenses/by-nc/4.0/

BANSAL anp JOSHI

MW[ LEY— Sowmal of Ceilythmia

potential to enhance utility of this technique in out-of-hospital set-
tings such as within households, endurance trainings, sports training,
and public places. It is also possible to immediately transmit obtained
waveforms for expert interpretation, in addition to already available
computerized reports. 7 Many such sensors are wearable, small in
size, and can be used to monitor rhythms and waveforms over weeks
or months. & Many handheld ECG devices give only limited informa-
tion as compared to conventional 12-lead ECGs. Hence, concerns
about their accuracy and reliability need to be examined. As informa-
tion obtained by ECG invariably needs to be interpreted along with
clinical inputs, it is debated if out-of-hospital use will really be benefi-
cial. More visits to a hospital because of a false-positive test, and
missed opportunities because of false negatives will always be a con-
cern as this technology expands.

We performed this review to understand the current state of
out-of-hospital electrocardiography technologies with respect to
diagnostic accuracy and utility. Diagnostic accuracy of the devices is
represented in Table 1 and utility (pros and cons) in Table 2. To dis-
tinguish this technology from conventional electrocardiography that
could have been performed in an out-of-hospital setting, we focused
only on portable, handheld, or wearable devices.

2 | METHODS

We used multiple overlapping data sources for this review. We per-
formed PubMed and Internet searches for “handheld” or “wearable”
or “patch” electrocardiography devices to enlist available technolo-
gies. We also searched PubMed with names of individual devices to
obtain additional citations. We sought to include only those devices
that were commercially available. Information about many devices
was available only from the manufacturer, and for others from man-
ufacturer and the PubMed citations. We classified available devices
as a “single limb lead ECG recording devices” if they used fingers or
thumb of both hands for capture. These devices typically used a
touch sensation of fingers, thumb, wrist, or palm to capture electrical
signals. Devices that could capture two or more ECG leads used sen-
sors placed on the chest wall. These were classified as chest-lead
“ECG recording devices.” The sensors may have been embedded in a
wearable patch, belt, or a card were so identified. We used the term
electrode for a device that used wires to transmit the electric signal
from the chest wall to the sensing device, as in conventional electro-
cardiography. If a device used more than three electrodes, it was
defined as either a conventional electrocardiography or Holter
machine and was excluded from this review. We also excluded
devices that only analyzed the regularity of the pulse, without evalu-

ating electrocardiograph.

3 | RESULTS

We identified a total of 15 devices, 12 of these were single limb
lead ECG recording devices and remaining 3 were chest-lead ECG

recording devices. Overall, only six of these devices (five single lead
and one chest lead) featured in published medical literature as identi-
fied from PubMed search (Table 1). A total of 13 citations were
available for the single limb lead ECG recording devices and 6 cita-
tions for the chest-lead ECG recording devices. The devices that
have been evaluated for their accuracy, reproducibility, or utility are
described in the following sections. Pros and cons of each device are
described in Table 2. Figure 1 and 2 represent the single-lead and

multiple-lead ECG devices, respectively.

3.1 | Single-lead ECG recording devices

3.1.1 | Alivecor kardia

Alivecor is a smartphone ECG device that consists of phone case,
which attaches to the compatible smartphone or tablet and has
electrodes to transmit ECG rhythms to the smartphone. It displays
ECG trace and also has a feature of enhanced filter that provides
smooth ECG tracing. Alivecor Kardia is currently approved for pur-
chase and use in over 25 countries (Australia, Bangladesh, United
States, UK, India, Pakistan, Netherlands, Germany, Hong Kong,
Chile, Switzerland, Norway, Spain, Jamaica, Poland, France, etc.). Its
utility has been demonstrated in detection of atrial fibrillation in
four studies and for detection of a prolonged QT interval in one
study. In a study by Lau and colleagues,’ the sensitivity of the
device for detection of atrial fibrillation was 98% and specificity of
97%. Similar accuracy estimates were obtained in a study by Low-
ers and colleagues (sensitivity of 98.5% and specificity of 91.4%).1°
The prevalence of atrial fibrillation in these two studies was 35.7%
and 6.7%, respectively. In another large study by Pak-Hei Chan !
where the prevalence of atrial fibrillation was low (2.7%), the sensi-
tivity of the device was only 71.4%. The utility of the device was
demonstrated in a community-based setting for detection of atrial

fibrillation *2 and for detection of QT interval. 3

3.1.2 | Omron heartscan

It is a portable, compact, cordless, user-friendly ECG device with
finger and chest electrodes and a high-resolution screen that dis-
plays the ECG waveform but it lacks a rechargeable battery. Its
utility has been shown in detection of atrial fibrillation in 5 stud-
jes. In a study by Weisel J et al'* the sensitivity for detection of
atrial fibrillation was low, that is, 30%, and specificity was high,
that is, 97%. However, a study by Marazzi G et al*®> demonstrated
100% sensitivity, 92% specificity, and 95% accuracy in detection
of atrial fibrillation. Kearley K et al*® showed similar results in a
large study among elderly age group (sensitivity-98.7% and speci-
ficity-76.2%). A study by de Asmundis C et al'” revealed signifi-
cantly higher detection of symptom-related arrhythmias with
Omron HeartScan compared with Holter monitor (P <.01). In a
study by Gerrit Kaleschke et al*® diagnostic yield of Omron
HeartScan in detection of atrial fibrillation was sensitivity 99% and

specificity 96%.



131

Sowmal of O%z/;y//mu’ﬂ_wl LEY:

BANSAL anp JOSHI

(senunuo))

%G 6-AdeInddy
% 6-Adiyoads
%00T-ANAIISUSS
|eAdaul ¥y Jensa.ll pue
SOABM d JOUISIP JO 90UISCe Y3} SB Paulyap Sem UOLIe||1ql) [eHy
%€ 6-4V JO dUSJeASId

LYNAV pue eipiedAydey

|eLy ‘elpiedAyoe) snuis ‘SOAd SOV Se paulyap alam SselwylAyaly
(TO" > d) 4J01uoW J33JOH YuM pasedwod

UayM J9)39q SeM UBISLIESH JO AQ SelwylAylie Jo uoina3aQ

(00T 03 Z°66) 6'66-NdN
(L'1€ 01 €712) €92-Add
(€1°0 03 ¥200°0) L10°0-4T—
L9V 03 69°€) ST Y-+
(6'8L 01 £'€£) T9L-ANdyIoads
(00T 03 T°€6) L'86-ANAISUSS
"DD3 uo sw Qo>
U33ua| 9]2Ad |elije ue pue ‘[eAsslul ¥y Jejn3a.uul Ajpnjosge ue
‘SOABM d 12UIISIP JO 92Uase ay] Se pauljop SeM uohe||lql [euly
%6°/-4V J0 ddudjeAald
(%266 01 %5°CT6) %L6-ANdHID3AS
(%T°6% 01 %1'ST) %0E-ANARISUSS
%G T-4V JO 9ousjeAald

(TO" > d) [eAsa3ul 1D SuINSESW U 938INIJE S| J0JBAI|Y

(9%€6-%68) %' T6-Ad1193dS
(9%00T-%26) %S 86-ANAISUSS
%/°9-4V 1O 2dus|eAald

(%00T-%86) %T 66-AdN
(%T16-%95) %6'9L-Ndd
(%00T-%66) %" 66-AHd1109dS
(%£8-%TS) % TL-ANARISUSS
%9/°C-4V JO 9ousjeAald

(%66-%16) %L6-AoeIN2dY
(%66-%E6) %L6-Ad11dS
(%00T-%68) %86-ANAnISUSS
9D3 uo Ajeindall
|EAISIUI ¥¥ PUE SABM d JUSSUE Se pauljop Sem UOLe||liqL [euy
%8°GE-UOLE||1ql} [Bl13e JO SOUS|eAald

[wodnQ

€09

4%

000T

661

61T

000T

€107

60T

9ZIS

o|dwes

sjualjed aAIsusIRdAH

selwyAylie
4O 9A13s233Ns ssauizzip pue suoljeydied jewsAxosed yjm sjualied

J9p|o pue A g/ 93e sjuaned Alojeinquuy

*J03e||1qIap Jo Jaxewaded e Jnoypm A OG< a3y
|0[e30s JO 9pl|32j0p
uo wylAyJ snuis ul syuaied pazijeidsoy pue sisa1unjoA AyljesH

‘pauLaIds
9I9M (SeW %t ‘A £ F 9/ uesw) A o< pade s1awolsnd Adeulieyd

"Pa}INIDRL UM A G9<
page Jo/pue ‘snyijlaw sa3aqelp UM ‘uoisuspadAy ypm sjusied

uonejndod Apms

e
O 1zzeJe|p

B ¥R
D sipunwisy aQq

o1l® 30 M Aspeay

4118 39 [ 19519

erl® 30 d llIPqesen

orl® 3@ N s24m07

L1le 39 ueyD 1H-ed

m_m 1o neT

Apms

uesgpesH
uwolwo ¢

elpey
JOJRAIlY T

921A9p 93 pes|-9j8uIs

2VIN3g  oug

S92IA3pP (HDF) Aydea3oiped043d39)e a|qelod pesj-o|dijnw pue pes|-aj3uls 10} 9dUSPIAD paysiignd jo Alewwns T 3749V .L



BANSAL anp JOSHI

el

WILEY— Yowwnal of CHelsyth

132

(senunuo))

pue J91joH Aq U0I1239p UONE||UqY [elie Uesw ‘Y g 34l Sulng
‘leAtsiul ¥y Jen3a.ll pue
S9ABM d 12UIISIP JO 92U3Se SY) Se paulyop SemM uohe||udql [euly
P 87 F 80T 40 pouad 3uliojiuow Ues|n|
‘elpJedApelq d1rewoldwAs pue ‘| A
‘LAS 920|q AY 219|dWw0d JO || ZHGO|A 99439p-puodas ‘s < asned
‘uonje||Lqly |elje :3UIMo||0) 3y} JO SUO Se paulap aJoM SelWYIAYLY
(TO0O" > d) Jojuow Js3oH Y-81
15414 3Y1 Yyum pasedwod uoijeinp Jesm aJijus ayl JoJ usxel usym
1918343 sem ydjedolz Ag uol}d93ap elwylAye Jo plaIA aisoudelq
P 9°C F 9°/ Sem awi} Jeam ues|p|
uolje||qly JejndLuUSA/eIpIedAyde)}
JenoLjusA diydiowAjod Uo ‘(syeaq <) eipiedAyder; JejndLjusA
‘(120]q JejnoruaAoLile 9a13sp-pJiyl Jo || 9dA1 Zaqo|A|) %20|q
Je|NJLUSAOLIIE ‘S £< asned ‘(s1eaq <) 1913nj4/uoie||uqly |eLe
‘(syeaq 1<) elpiedAyoey JenoLiuaAesdns Sulpnoul ‘selwylAylie
9 JO T AUE JO UOI129]13p SE PaUlDP SJOM SIUSAD BIWYIAULIY
(TOO" > d) 403iuow
J31|OH 01 paledwod SJUSAS elwylAyJle Ja1eald pajdslap ydledolz

20|q AY 939|dwod pue ‘e|pJedAyde) snuis ‘eipJedAyoe)
JB|NJLIJUSA ‘DWOIPUAS MM ‘UOIIE||1IqL |eLije ‘SelwylAyLe
21|03SASEIIXD ‘I YNAY ‘SelwyiAylie jeuoizdun( papnjdul selwyAyliy
selwylAyie 3uioalap o) Adediys Jaysiy pamoys siapodal
JUaAS QOT3 ‘Suniopuow 9OF 433 OH Y-17Z YIM uosuedwod uj
“JayANyy [eliie Jo ‘uolje||uqy [eLije
JewsAxoued ‘I YNAVY ‘DAd 410 DV Se pauljap a1am selwuylAyuy
M 1 3511 Ul dposida pey
%06 INoge pue ‘saposida juaundal pey sjuaiied JO Ynoy-2a4y ]

%c6 J0 Apyads
%96 30 AjIAIISUSS
|eAID)ul ¥y Jen3all Alein3aull se paulep Sem uole||lqly [euly
JuedIUSIS A||ED13SIIEIS J0U SEM UOI3IDIP SABM-d INg Aj91eindde
|eAIS1Ul ¥d pUe ‘Uoiednp SYD ‘93ed Heay painseaw 9 Jodjusz
(%66 AolIoads pue %6/ AJAIISUSS) %20]q [EPOU AY
(%SG 7 Aydudads pue %06 ANAIISUSS) Saljljewlouge SABM- |
(%96 AdyIoads pue %66 AAINISUSS) uone||lqly ey
(%56 AMdYIdads pue %T6 ANAIISUSS) DD [eWION
‘903
pesj-zT Yum uosuedwod ul uedsueaH uoJwQ Jo pjaIA onisouselq

awo2NQ

1A

1649¢

9T

44

SS

00T

9¢cc

se|wyjAylie Jo uoi3dalap
J0J 3uLI0}lUOW U}OH J0O) paLlajal 4y |ewsAxosed yim sjusijed

‘TTOZ ‘TE Joqwiada 03 ‘TTOZ ‘T Adenuer wouy suonedipul
|eatulfd Joy Suojuow ydzedolz pajajdwod pey oym syuaized
10} (sa130j0uyd9 | WYIAYY!) Jainjoesnuew 931Asp ayl woly ereq

SelWyYIAYLIe JO UOIEN[EAS JO) PaIISJaI SIUBiFed

JojlUOW J3YOH Y-1Z pue 53 auinol
u| saSueyd ou pue sejwyiAylie Jeay Jo sjuleidwod Yjm sjusired

)o9M e uey ss9| suoljeiidied ym sjualjed

21Uld Juairedino ASo|oIpJed B WOl pajinIdal 4/ UMOUY UM Sjudijed
elwylAyIe Jo ‘s@D|/4aewaded ‘s30a9p
Jesy [e31us8uod oYUM Jo YIm A £T-0 pade (spusied) ualp|iyd

800¢ Aeniga4 03 £00T
AIN[ WOy YDIUNA 3 SIS33UD | TNV Y} Ul Pa]|0Jua A]SAINISSUOD
2Jam Bulplodal 5 pes|-ZT 4O UoIedIpul [edlul)d pey oym sjudired

uonejndod Apnis

o1l 39V HIIAYSEIAL Y

zI® 3@ I 81aquasoy

c2I® 3 d BlyfeIn ]

42lB 3 Nd Baueg yredolz T

20IA9p HDJ pes| aJow Jo oM ]

00Te B3Ry  °§

22I® ¥ ¥ Haydnyds adoosiulN -

ozl® 3@ Sd emijod

L8P 1epeESN  9D3Jodwdaz g

SR
MYIS3EY IO

Apmis RN ous

(penupuod) T 374VL



BANSAL anp JOSHI

(Continued)

TABLE 1

Sample
size

Outcome

Study population

Study

Device

Sno

ZioPatch was comparable (P < .0001) but there were additional
arrhythmia events detected by ZioPatch because of longer wear

duration.

The mean monitor wear time was 10.9 d

1171

Patients who were monitored between January 2012 and June

Christie E.Tung et al?”

About 15% of first paroxysmal atrial fibrillation episodes occurred
after 48 h and thus were detected by ZioPatch only.

2013 and whose indication for monitoring was TIA or stroke (data

obtained from manufacturer of ZioPatch)

Atrial fibrillation was defined as RR irregularity for more than 30 s

Diagnostic yield 63%

174

Discharged adult Emergency department patients with symptoms of

Schreiber D et al?®

Significant arrhythmias are defined as follows: ventricular

arrhythmia

tachycardia (VT) >4 beats, supraventricular tachycardia (SVT) >4
beats, atrial fibrillation, >3 s pause, 2nd-degree Mobitz II, 3rd-

degree AV block, or symptomatic bradycardia.

The mean times to first detected and first symptom-triggered
arrhythmias were 2.7 + 3.0 and 3.3 + 3.3 d, respectively.

3209

Children receiving ZioPatch for clinical indications from January

Bolourchi M et al?®

2011 to December 2013.

Sowmal of O%z/gy//mu’tl_wl LEYJﬂ

3.1.3 | Reka health

The E100 is a small, round easily portable ECG recording device with
thumb electrodes. It is capable of storing large number of ECG
recordings, has a built-in rechargeable battery, has a cloud-based ser-
vice but it does not display the ECG tracing. The utility of REKA
Health has been demonstrated in 1 study.’

3.14 | Zenicor ECG

Zenicor ECG is a handheld finger sensor, recorder, and display
device with transmission capability to a smartphone. It is capable of
storing large number of ECG recordings, has a built-in rechargeable
battery, has a cloud-based service but it does not display the ECG
tracing. The utility of Zenicor ECG has been demonstrated in 2 stud-

[?° sensitivity and specificity for

ies. In a study by Doliwa PS et a
atrial fibrillation detection were 96% and 92%, respectively. In a
study among children by Usadel et al?* Zenicor yielded 92% sensitiv-
ity in diagnosing supraventricular tachycardia plus 77% sensitivity

and 92% specificity in identifying abnormal ECGs.

3.1.5 | Schiller miniscope

Schiller Miniscope MS-3 Mini-ECG is a pocket ECG recorder with
chest contact sensor and optional 3-5 ECG leads. Schuchert A

|22

et al** have demonstrated the utility of Miniscope.

3.2 | Multiple-lead ECG devices

3.2.1 | ZioPatch

The ZioPatch is a 14-day, ambulatory ECG monitoring adhesive
patch applied over the left pectoral region of patient’s chest. It is a
3-lead ECG device, water resistant, wireless patch that requires no
battery charging. After wearing the patch for prescribed period of
time, the data are analyzed from the ZioPatch.

The utility of ZioPatch has been demonstrated in various stud-

% it was found that

ies. In a large study by Turakhia MP et a
compared with first 48 hours of monitoring, the overall diagnostic
yield was greater when data from the entire ZioPatch wear dura-
tion were included for any arrhythmia (P <.0001) and for any
symptomatic arrhythmia (P <.0001). In another study by Barrett
PM et al®® it was shown that adhesive patch monitor detected
more arrhythmia events compared with the Holter monitor over
the total wear time (P <.001), although the Holter monitor
detected more events during the initial 24-h monitoring period
(P = .013). Michael A Rosenberg et al®® revealed that during first
24-hour period, atrial fibrillation burden on the 24-hour Holter
and the ZioPatch device was comparable (P < .0001). Because of
longer monitoring in ZioPatch, additional individuals were detected
to have atrial fibrillation. Schreiber D 2¢ and colleagues in their
study found a diagnostic yield of 63.2% in detection of atrial fib-

|27

rillation. A study by Christine E Tung et al®” showed that about
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TABLE 2 Pros and cons of all commercially available devices in this review

Sno
1

10

11

12

13

14

15

15% of first paroxysmal atrial fibrillation occurred after 48 hours, 4 |

Name of Device

Kardia Mobile

Omron HeartScan (HCG 801)

REKA E100

Zenicore EKG

Miniscope M3

AfibAlert

InstantCheck

ReadMyHeart

Dimetek Micro Ambulatory
ECG Recorder

ECG check

HeartCheck Pen

PC80B color

ZioPatch

Nuvant mobile
cardiac telemetry

CardioLeaf

Pros

Displays ECG trace

Easy to carry

Filter that smoothens ECG tracing
FDA approved

Comes with built-in both chest
and finger electrodes, which
makes it more user-friendly

Recording and storage device

Can store more than 1,000 records
Built-in rechargeable battery
Cloud-based analysis service (paid)
FDA approved

Recording and storage device
Cloud-based analysis service

Displays ECG trace
Optional 3-5 ECG leads

Small in size
Two finger recording device
FDA approved

Display of actual ECG record
Storage capability
FDA approved

Recording and storage device
FDA approved

It can be used for quick
recording as well as long
Holter monitoring

Can send ECG
recordings as an Email
attachment

Low cost, simple
Automatic beat to beat heart rate measurement

Lighted Display screen

It has cloud-based

ECG interpretation service
FDA approved

Lighted color display
Allows for variable

lengths of recordings

3-lead ECG device

No battery charging, no electrode changes are necessary

FDA approved
3-lead ECG device, Wireless patch

Automatically detects and transmits ECG to external lab

3-lead ECG device, wearable electrodes
LED visual display, audio alert present
Recorded data can be sent to cloud

which will not be detected by conventional Holter monitor but

can be detected by ZioPatch. The results in a large study among
the pediatric age group 2

detected and first symptom-triggered arrhythmias were 2.7 + 3.0

8

and 3.3 + 3.3 days, respectively.

showed that the mean times to first

DISCUSSION

Cons

There is necessity of
android/iPhone with this device

A stand-alone gadget
No built-in rechargeable battery

Does not display ECG recordings
Available only by prescription from
physician

Does not display ECG tracings

Does not display ECG recordings
No built-in rechargeable battery

Relatively short auto turnoff time
No built-in rechargeable battery

Does not display ECG recordings
No built-in rechargeable battery

No built-in rechargeable battery

Can only be used with iPhone
No built-in rechargeable battery

No built-in rechargeable battery

No built-in rechargeable battery

Requires prolonged application
by individuals to obtain true readings

Requires prolonged application
by individuals to obtain true readings

Of a total of 15 devices identified in our review, only 6 have been
evaluated and published in biomedical literature. Despite a limited

number of publications, sufficient literature exists to prove the con-

cept and utility of such devices. There is a heterogeneity in terms of
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Aliyecor Kardja Omron Heart Scan REKA E100

SINGLE-LEAD ECG DEVICES

AfibAlert Dimetek Microambulatory ECG recorder
{ﬁr‘-’\
| t
" -‘. ‘l\ s |
. T
Heart Check Pen PC 80B color Schiller Miniscope

Zenicor ECG InstantCheck ECG

FIGURE 1 Single-lead electrocardiography (ECG) devices
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MULTIPLE-LEAD ECG DEVICES

(A) (B)

Symgptom Trigger Bunion

FIGURE 2 Multiple-lead electrocardiography (ECG) devices

available devices, and broadly these can be classified as single limb
lead and multiple-lead devices. Single-lead devices maybe with or
without a display of ECG and have a capability to detect abnormal
rhythms. Multiple-lead devices use chest patch/electrodes and may
have a utility to detect both abnormal rhythms and localization of
ischemic abnormalities.

This innovation is encouraging as it can expand availability of a

measurement to diverse settings 2°

such as primary care facilities
(especially in low-health resource regions), health promotion industry
(gymnasiums, sports clubs, physical activity promotion centers), and
households (individuals at a higher risk of cardiovascular events).
While we may still need to wait for the technology to become more
robust, it is useful to reflect and debate potential pitfalls especially
in settings where physician opinion is not immediately available.

In past years, many medical devices are now widely available
beyond hospitals and clinics. Sphygmomanometers and glucometers
are two such devices, which have enabled individuals to obtain self-
measured blood pressure (SMBP) and self-measured blood glucose
(SMBG) measurements. 3° This expansion has undoubtedly led to
improved awareness, detection, and control of hypertension and dia-
betes. Electrocardiography could be another such device that in com-
ing years could expand to nonhospital settings, and it can be debated
if this change will indeed be useful. While SMBP and SMBG both have
simple numeric outputs, ECG is a waveform based on a complex analy-
sis of rate, rhythm, and patterns of these waveforms. 3 While auto-
mated computerized interpretations of ECGs are available in hospital-
based devices, false-positives and need for a physician confirmation
are invariably required. Further, a conventional ECG interpretation is
made in light of symptoms and evaluation of multiple leads.

Single-lead devices have a potential utility among patients with
a known episodic rhythm disorders such as atrial fibrillation,
supraventricular, and ventricular tachycardia. While symptoms such

ZioPatch ECG device

Nuvant mobile Cardiac telemetry

as palpitations, dyspnea, or syncope are useful to screen these con-
ditions, availability of home-based rhythm recognition devices can be
useful in prioritizing visits to the emergency room. While prevalence
of these episodic rhythm disturbances is low, early treatment has a
high immediate impact in preventing mortality and morbidity. 32 This
is in contrast to hypertension or diabetes, which are high-prevalence
but low immediate impact situations. External auto-triggered loop
recorder (ELR) is another option to screen patients with recurrence
of syncope or palpitations. 3°

Chest pain is common life-threatening cardiovascular symptom
that requires emergency care. While ECG is a mainstay in diagnostic
algorithm of chest pain, a single ECG has limited sensitivity. Often
serial ECGs with a cardiac biomarker study is required to make an
accurate diagnosis. Utility of a single-lead ECG is highly questionable
in this setting with a potential for false-negative test results. While
false-positive result could cause more visits to the emergency room,
a false-negative result is worse, as it may lead to potentially fatal
missed diagnosis. Multiple-lead wearable devices are likely to be bet-
ter than a single-lead device in this regard, but interpretation of the
presence or absence of ischemia will still be uncertain as compared
to a 12-lead ECG. In a recent study, clinic-based triage in acute
coronary syndrome was better than ECG-based triage. 34 Multiple
chest-lead wearable devices however will have an unparalleled utility
in diagnosis of stable angina, when individuals have chest pain or
equivalent symptoms on exertion. There could be a potential to sup-

plant exercise-electrocardiography in these situations.

5 | CONCLUSION

The number of available devices that can record and analyze electric
signals emitting from the cardiac conduction system is on the rise. A
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number of first-generation devices using a single lead to record car-

diac rhythm have been manufactured, tested and are approved by

regulatory agencies. These devices are best suited for a short-term

rhythm analysis. Second generation devices that can record multiple

leads are available as both wearable and nonwearable devices.

Wearable devices are better suitable as ambulatory cardiac rhythm

analysis devices and could be the future of Holter monitoring sys-

tems. Despite an explosion of such devices, published biomedical lit-

erature about their diagnostic accuracy, reproducibility, or utility is

scant. The potential reasons for scant literature include early phase

of development of such devices, regulatory environment not man-

dating robust studies prior to launch of such devices, devices being

developed in engineering domain, and disconnect with biomedical

research.
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