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With the recent announcement of the 
excessively hyped Apple Series 
4 smartwatch comes an era of 
transformative mobile biometric 
monitoring. Wearables are ubiquitous 
and have been around a while (e.g., 

heart rate monitors), but the field now seems to be growing 
exponentially. Analysts indicate that so intense is the demand 
for these new gadgets that the health wearable market — 
led by smartwatches — could reach $25 billion worldwide 
in 2019. Apple says that its smartwatch ability to take an 
electrocardiogram could be a game changer for people with 
heart conditions, and thus disrupt how we interact with our 
patients and treat and monitor their conditions. But the growing 
availability of these devices creates its own set of problems for 
clinicians who need to recognize the strengths and limitations of 
these devices and the information they yield. 

TYPES OF WEARABLES
Ambulatory biometric monitors, i.e., “wearables,” fall into two 
broad classifications: fitness trackers and disease sensors.

FITNESS TRACKERS
The most common fitness tracker is a heart rate (HR) monitor 
most frequently worn to estimate caloric expenditure and titrate 
the intensity of exercise. Modern wearables can determine HR 
by two common methodologies: electrocardiography (ECG) and 
photoplethysmography (PPG). 

ECG technology is used in chest straps that are made of an 
elastic band; they fit snugly around the chest and contain a small 
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electrode that sits against the skin. These electrode sensors 
record the electrical activity given off by the heart and send that 
information to a snap-on transmitter on the strap. For this to 
work well, the electrode pad must be wet so the minute electrical 
signals are well-conducted to the sensor. The transmitter contains 
a microprocessor that records and analyzes the electrical signals 
to determine HR. Using Bluetooth technology, the transmitter 
sends HR data to the user’s smartphone or smartwatch, which 
acts as a receiver. 

Wrist-based HR monitors use photoplethysmography, which 
is the process of using light to measure blood flow. These 
devices use the fact that the skin changes in volume with each 
cardiac cycle as blood is pumped into the periphery, and that 
different wavelengths of light interact differently with these 
blood volume changes. These devices have small light-emitting 
diodes (LEDs that shine green light on the skin. Photodiode 

sensors then measure the 
amount of light reflected (or 
transmitted), which varies as 
a function of the amount of 
blood in the tissue with each 
cardiac cycle. (See photo 1.) 

Photo 1. Underside of 
the Apple Watch Series 2 
demonstrating two LED 
photodiodes and two 
photo sensors.
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Using the cyclic variation of the reflected light plus the motion 
information detected by the device’s accelerometer, the device 
can calculate the HR via an algorithm. In the hospital setting, 
pulse oximeters use the same principle to determine HR and 
pulse ox readings. Most fitness trackers sit on the wrist, but 
newer ones are attached to the temple and earbuds, so to avoid 
excessive arm motion, which can cause artifacts and erroneous 
HR calculations.

ACCURACY OF WRIST-BASED VS CHEST STRAP
The accuracy of the methods and devices that measure HR has 
been questioned. The HR accuracy of chest strap electrode-
based monitors under various degrees of rest and exertion 
have compared favorably with medical Holter monitors as the 
gold standard. I have found — as have many of my weekend 
warrior colleagues — that the PPG, optically based HR monitors 
(Fitbit, Apple smartwatch) may be accurate at rest, but at higher 
HR, especially with higher levels of exertion and excessive 
arm motion, the device has much poorer correlation than with 
electrode-based chest strap monitors (e.g., Polar).  

Several factors can cause a wrist-based optical band to be 
inaccurate with exercise:
• Fast-paced arm movements can cause the monitor to move on 

the wrist, leading to errors in capturing reflected light and thus 
errors in determining the HR 

• A band that is too tight can limit blood flow, impairing the 
ability of the sensor picking up reflected light from blood. 
Alternatively, if it is too loose, space and air can prevent the 
optical monitor from detecting blood flow. A band too high or 
too low on the wrist can provide inaccurate information. 
In 2017, JAMA published a research letter detailing a study 

from the Cleveland Clinic comparing the accuracy of five 
common HR monitors. Four of the most popular wrist-based 
optical HR monitors were compared for accuracy with the Polar 
electrode chest strap as subjects wore standard limb lead ECGs 
on a treadmill stress test. The Polar H7 chest strap performed 
the best, with a concordance correlation coefficient of 0.99. The 
four wrist-based devices ranged from 0.83 to 0.91. The best 
performing wrist device had an HR error range of –27 bpm to 
+29 bpm. The wrist-based devices were most accurate when the 
wearer was at rest, and accuracy diminished with exercise. For 
patients with heart conditions who are rehabbing with HR-based 
exercise prescriptions, the accurate assessment of HR is even 
more imperative. In this setting, electrode-based chest strap HR 
determinations are essential.

DISEASE SENSORS
The biometric use of wrist-based wearables for cardiac 
monitoring purposes thus seemed to be doomed to semi-accurate 
HR determinations at low to moderate physical activity for 
low- to moderate-level fitness enthusiasts. That seems to be 
changing with the emergence of the Apple watch Series 4, which 
is embedded with electrode technology from a company named 
Alivcor to record electrical rhythm signature of the heart in the 
form of a single-lead ECG. Until several years ago, electrode-
based technology for ambulatory cardiac monitoring mostly was 
limited to HR determinations in a chest strap. That changed in 
2011 when Alivcor was founded based on its 1998 patent for 

wireless transmission of ECGs in hand-held devices. In 2012 
it developed an FDA-approved smartphone case that works 
as a single-lead ECG. Embedded on the back cover were two 
electrodes upon which the user would place two fingers from 
each hand for about 30 seconds. The electrical signal would be 
transmitted via Bluetooth to the app, where the tracing would 
be filtered and recorded, and voila, you have a medical-grade 
single-lead ECG. The case was coupled with a proprietary app 
called Kardia. The company later released a credit-card sized 
device version called the Kardia Mobile. I keep mine in my 
wallet. (See photo 2.)

I purchased the case and the card when they first came out. 
Initially, I used them more as a type of parlor trick to record 
ECG tracings of friends and family members. But on at least 
two occasions, I recorded tracings of friends of my parents 
and identified unrecognized atrial fibrillation. For my patients 
with paroxysmal atrial fibrillation who need ongoing disease 
management, I recommend they purchase the Kardia Mobile 
card. 

INTERPRETATION OF RESULTS
In the initial study of 54 healthy subjects in 2012, the device 
diagnosed WPW, Vtach and SVT. It especially was useful in 
identifying and managing atrial fibrillation. These early versions 
required a physician to interpret the tracing, which limited its 
adaptability. Most people can appreciate the significance of 
an excessively slow or fast HR, but with a rhythm strip, most 
people cannot translate the images into meaningful information; 
a physician still was needed for interpretation. Initially, and for 
a small fee, the Alivcor app would send the tracing to the cloud, 
where a staff physician would read it within a few minutes. 
While its first ECG devices relied on physicians to analyze the 
readings, in 2015, the company received multiple FDA 

Photo 2. Kardia Mobile device records a single-lead ECG of the 
author’s heart rhythm. 
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clearances to offer algorithmic analysis of readings to determine 
certain heart rhythm problems. This is one of the first examples 
of AI replacing the functions performed by living and breathing 
physicians. The current version takes about 5 seconds to process 
the information using this AI algorithm, and then makes a 
determination of sinus rhythm, afib, or unclassified. 

Before this technology was available, patients called me in 
the middle of the night saying they were having palpitations 
and wondered if their afib had re-emerged. The only advice I 
could give was to go to the ED and get a tracing (and a nice big 
bill, to boot). But with this device, they can make a recording 
in 30 seconds, take a screen shot of the image, and text me the 
picture of their rhythm. On many occasions, I helped a patient 
avoid an inconvenient, anxiety-provoking and expensive trip 
to the ED. With the emergence of the AI algorithm for on-the-
spot interpretations, those middle-of-the-night phone calls are 
less frequent. Alivcor can forward and share patients’ tracings 
with their physician in a HIPAA-compliant portal platform 
called Kardia Pro. Some cardiologists who have enrolled in the 
service say it is a less-expensive alternative to long-term rhythm 
monitors.

AND TWO BECOME ONE
So now you have two somewhat helpful cardiac biometric 
technologies: a smartwatch-enabled optical HR monitor whose 
accuracy is limited from rest to low levels of activity, and an 
electrode-based smartcard called the Kardia Mobile for single-
lead ECG recordings. Both of these communicate with your 
smartphone via Bluetooth, but if you could marry the two sensor 
technologies into one wrist-based wearable, you’d have a game 
changer!

And that’s exactly what Apple has done. Initially, Apple 
paired the two via the Kardia Band (KB) from Alivcor. (See 
photo 3.)

The KB is a wrist-band ECG reader for the Apple Watch, 
cleared by the FDA in November 2017 as a medical device. In 
the KB, the electrodes now are embedded in a special Apple 
watch band instead of in a case or a card. Being able to 
conveniently carry around the sensors and record the tracings on 
the wrist has made this cardiac biometric device exponentially 
more usable and applicable. But wait — there’s more! With the 

Apple Watch Series 4, the Kardia technology is embedded in the 
watch itself. (See photo 4.)

COMPARING SMARTWATCH DATA 
TO STANDARD ECG RESULTS
But is it accurate? In March 2018 in the Journal of the American 
College of Cardiology, a study was published comparing the 
accuracy of the smartwatch/phone compared to the standard 
electrocardiogram. At the Cleveland Clinic, 100 patients were 
studied who presented to an EP clinic for elective cardioversion 
from afib to sinus rhythm (NSR). In this study they used the 
smartwatch KB. Smartwatch-KB ECG strips were recorded 
and compared with the 12-lead ECG before and after 
cardioversion — in other words, in afib and NSR. The Kardia 
diagnostic AI algorithm correctly interpreted afib versus 
NSR with 93% sensitivity, 84% specificity. With a physician 
interpreting the KB recordings, sensitivity increased to 99%. 
Another study using the smartwatch KB ECG tracings and 
the Kardia interpretative algorithm, also published in March 
2018, demonstrated that Alivcor’s ECG device can perform 
noninvasive detection of hyperkalemia, via analysis of the  
T waves from the rhythm strips. The sensitivity is 90% to 
94%. This is important in conditions in which high potassium 
levels are frequent, such as in heart failure, chronic kidney 
disease and diabetes, and with various medications. These high 
potassium levels could be life-threatening, providing another 
example where a wearable recorded ECG tracing coupled 
with AI technology could be life-saving. In September 2018, 
Alivcor received FDA approval for this high potassium detection 
function using the KB. 

The Kardia technology records only when you purposefully 
hold your fingers on the sensors. So, except when you’re having 
symptoms, how do you know when to get a recording? Many 
episodes of afib are asymptomatic. This is another breakthrough 
offered by the Apple Watch Series 4. Transparency alert: The 
Series 4 smartwatch was not available at the time of this writing, 
so I have not tried it. The Series 4 algorithm created specifically 
for afib monitoring will be out later this year, so I cannot report 
that its advertising claims are accurate. But I can relate it is 
reported that, using the new Series 4 algorithm, the Apple Watch 

Photo 4. The 
underside of 
the new Apple 
Watch Series 4 
shows a simplified 
photodiode and an 
ECG electrode.  

Photo 3. The Kardia Band has the electrodes embedded on the 
underside and on top of the band.
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Series 4 continuously will monitor your HR via the optical HR 
sensor, and analyze the rate for irregularities and abnormal rates 
suggestive of afib. If your optical HR exceeds any of the preset 
parameters, you will be alerted about the possible presence of 
afib and prompted to get an ECG tracing on the watch. (See 
photos 5 and 6.) 

So, in effect, you have a device that continuously monitors for 
afib via use of the combined biometric technologies. The FDA 
approved this software — Irregular Rhythm Notification Feature 
— only in September 2018 as a Class II device for over-the-
counter use. FDA approval was made possible by a study Apple 
conducted with Stanford University called the Apple Heart 
Study. The study included 588 people (half were healthy, half 
had afib), and identified with 98% accuracy the patients who 
had afib, and with 99% accuracy the patients who had healthy 
heart rates. Cardiologists also were able to read 90% of the total 
measurements; the other 10% were unreadable. The ECG app is 
not yet out, so I haven’t been able to test this.

CONCERNS WITH WEARABLES
For years cardiologists and patients have asked for an 
ambulatory method to monitor patients who have chronic 
diseases such as afib. The real question is whether we should be 
careful what we ask for. Ambulatory ECG (AECG) monitoring 
clearly provides real and powerful benefits about population-
wide AECG monitoring and subsequent mass screening. Benefits 
to society could be enormous, with the promise to use biometric 
big data to advance epidemiologic knowledge of disease. 

But accompanying the benefits are worrisome issues of bias, 
privacy and data ownership. For all the hype, these devices still 
have not proven that they improve outcomes. Mobile cardiac 
monitoring devices offer big promise to improve the quality of 
the management of cardiac-related diseases and lower costs. But 
they just as likely could exacerbate cost by vastly exploding the 
noise relative to the signal that they are purported to refine. 

Use of this test in an asymptomatic population typically opens 
a statistical Pandora’s box in terms of false-positive results. 
Testing in such low-risk groups tends to lead to more false 
positives than true positives. For this reason, I limit the use of 
these mobile ECG devices to patients with established rhythm 
conditions such as paroxysmal afib or SVT for chronic disease 
monitoring and management only. These patients tend to be 
educated about their disease and can participate in monitoring 
their condition. A patient with recurrent symptoms can get an 
immediate wearable ECG tracing, which, if normal, can be 
reassuring to them. Alternatively, a tracing that shows a re-
emergence of afib can lead to appropriate therapy. I worry that 
in the hands of the average layperson who is asymptomatic 
with no diagnosis, self-administered ECG tracings without the 
focused instruction, guidance and caution from supervising 
clinicians could significantly expand the need for more in-
depth, unnecessary and expensive follow-up tests. False- 
positive readings from misinterpreted rhythms due to imperfect 
algorithms or excessive artifact could lead to misdiagnosis, 
excessive anxiety and unnecessary ED visits out of an abundance 
of caution — or worse, calls to covering physicians in the middle 
of the night! I have received multiple calls to my office in the 
last few months from anxiety-filled patients who had purchased 
a Kardia ECG device on their own and were alarmed by the 
tracings they had recorded. At least in the short term, this new 
technology could unleash a tidal wave of self-referrals from 
well-meaning users who are concerned that the common and 
ubiquitous PAC is a malignant arrhythmia and a sign of a serious 
condition. In the study I reported on earlier, the KB algorithm 
was most accurate in the setting of physician oversight. Thus, 
in regard to the arrival of these over-the-counter wearable AI 
biomonitors, we must tread cautiously. As one commentator said 
in regard to the emergence of these devices: A smart device can 
be smart only if used intelligently.     DMJ

Photo 5. The new 
Apple watch uses 
the optical HR 
monitor feature 
in the background 
to screen for 
abnormalities 
suggestive of Afib.

Photo 6. Example of how to take an ECG on the new Series 4 by 
touching your opposite hand to the dial.


