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Abstract

Remote patient monitoring (RPM), patient-reported outcomes (PROs), 
and biochemical biomarker monitoring (Mitra® devices) may be use-
ful for early detection of major adverse cardiac events (MACE). This 
case report presents a patient enrolled in a precision medicine study 
in which RPM detected the presence of atrial fibrillation-atrial flutter 
(AFib-Flutter), facilitating prompt treatment. A 64-year-old male with 
a history of ischemic heart disease (IHD) initiated his AliveCor Kar-
dia after noting angina which reported “possible atrial fibrillation”. 
Upon evaluation, AFib-Flutter was confirmed by 12-lead ECG and 
successfully treated. RPM was recorded continuously through (Fitbit 
Charge 2), weekly single-channel electrocardiogram rhythm stripe 
(AliveCor Kardia), PROs through weekly questionnaires, and Mitra® 
devices through monthly fingerpricks. The case report highlights a 
successful case of detecting AFib-Flutter, expediting treatment and 
preventing MACE. Precision medicine using RPM may be useful 
for detecting AFib-Flutter and improving IHD outcomes. Further re-
search is needed.
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Introduction

Cardiovascular disease (CVD) is the leading cause of mortal-
ity, morbidity, and disability in women and men worldwide 
[1]. Ischemic heart disease (IHD) is the most common cause 
of death in the USA, affecting 16.8 million individuals [2]. 

Major adverse cardiac events (MACE), such as myocardial 
infarction, stroke, all-cause mortality, and hospitalizations for 
arrhythmia, angina, and/or heart failure may occur without 
warning. In addition, treatment of MACE is costly, which can 
be a burden for minority populations and those uninsured as 
there are disproportionally higher rates of MACE among eth-
nic minority populations due to IHD [3].

By implementing precision medicine through remote pa-
tient monitoring (RPM), patient-reported outcomes (PROs), 
and home biochemical biomarker monitoring (Mitra® devic-
es), clinicians and researchers may improve risk prediction of 
MACE compared to current risk models. This may also pro-
vide the opportunity to improve outcomes by earlier use of 
pharmaceutical-, procedure-, or device-based therapies [4]. 
This case report presents how RPM provided an early treat-
ment opportunity by detecting the presence of atrial fibrilla-
tion-atrial flutter (AFib-Flutter).

This patient had been enrolled in the “Early Prediction of 
Major Adverse Cardiovascular Event Surrogates Using Re-
mote Monitoring with Biosensors, Biomarkers, and Patient-
Reported Outcomes” for 90 days. This study was designed to 
evaluate 200 IHD patients in a prospective design to deter-
mine early indicators that may predict MACE by measuring 
the correlations between RPM, PROs and established MACE 
biomarker surrogates. During this trial, patients wore wearable 
biosensors, completed patient reported outcome measures, and 
obtained blood samples using home-based blood biomarker 
kits.

Remote patient monitoring wearable biosensors

RPM data were obtained by continuous use of a wrist-worn 
Fitbit Charge 2 (Fitbit, San Francisco, CA), and weekly re-
cordings of a standalone electrocardiogram (ECG) by Alive-
Cor Kardia (AliveCor, Mountain View, CA). The Fitbit 
Charge 2 is a consumer device with an embedded tri-axial 
accelerometer and a photoplethysmography sensor to track 
activity and heart rate, respectively. The AliveCor Kardia 
features a single-channel ECG rhythm strip that detects the 
presence of atrial fibrillation (AFib) and normal sinus rhythm. 
The AliveCor Kardia simultaneously records the pulse gener-
ated by patients after placing their two index fingers on the 
electrodes for 30 s and a voice recording of symptoms expe-
rienced.
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Patient reported outcomes

PROs were collected using short-form subscales of the 
PROMIS® questionnaire to assess depression, emotional dis-
tress/anxiety, fatigue, physical function, sleep disturbance, 
social isolation, global mental health, and global physical 
health each week [5]. The 7-item Seattle Angina Question-
naire (SAQ-7) assessed physical limitation, angina frequency, 
quality of life (QOL), and an angina summary score every four 
weeks [6]. The 12-item Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ-12) assessed physical limitation, symptom 
frequency, QOL, social limitation, and a cardiomyopathy sum-
mary score biweekly [7].

Biochemical biomarker monitoring (Mitra® microsam-
pling device)

The Mitra® microsampling device was used to collect blood 
from a self-administered fingerprick using absorptive sam-
pling tips at four time points: Day 0, Day 30, Day 60, and Day 
90. Day 0 and Day 90 samples were collected on site (four 
replicates), whereas Day 30 and Day 60 samples were col-
lected at-home (two replicates) and mailed to and stored in 
the laboratory at -80 °C until analysis. The target biomarkers 
(including nine apolipoproteins (apo): apoA-I, apoA-II, apoA-
IV, apoB, apoC-I, apoC-II, apoC-III, apoE, and apoJ) were 
extracted from the Mitra® devices (n = 2 for each time point) 
using an automated mass spectrometry digestion protocol [8]. 
Liquid chromatography coupled to tandem mass spectrometry 
(6500 triple quadrupole LC-MS/MS, Sciex) was used for pro-
tein quantification using stable-isotope labeled peptides (New 
England Peptides) as internal standards. Samples from four 

other participants, randomly selected in the trial, were used to 
perform intra- and inter-individual comparisons.

Case Report

A 64-year-old Caucasian male with a past medical history of 
percutaneous transluminal coronary angioplasty of the right 
posterolateral branch in 2016, paroxysmal AFib, hypertension, 
dyslipidemia and human immunodeficiency virus on antiretro-
viral treatment was enrolled in a 3-month observational cohort 
study assessing the value of continuous risk assessment identi-
fied by RPM, PROs, and Mitra® devices. The patient had no 
known family history of heart disease or diabetes and no his-
tory of smoking, alcohol or drugs.

Following feelings of angina and palpitations, using the 
RPM, the patient completed his initial ECG rhythm stripe as-
sessment using his AliveCor Kardia (Fig. 1a). Patient complet-
ed a second ECG rhythm stripe assessment 3 min later, voic-
ing into his device “I’m feeling as if I have … some pressure 
on my chest”. A combination of his initial symptoms, detec-
tion of “possible AFib”, and elevated heart rate of 139 beats 
per minute (bpm) on his AliveCor Kardia, led him to call the 
paramedics and he was taken by ambulance to the emergency 
department (ED). An EKG conducted upon arrival showed a 
heart rate of 133 bpm, AFib-Flutter with rapid ventricular re-
sponse and nonspecific ST abnormality (Fig. 1b). Shortly after 
this initial evaluation, the patient was admitted to the hospital 
with the diagnosis of AFib-Flutter with rapid ventricular heart 
rate and chest pain.

Upon admission, cardiac troponin I was negative (refer-
ence range: ≤ 0.30 ng/mL) and Pro-B-type natriuretic peptide 
(Pro-BNP) was elevated at 240 pg/mL (reference range: 0 - 

Figure 1. EKG data indicating abnormal arrhythmia as classified by ambulatory and standard EKG. (a) AliveCor Kardia Mobile 
Device, ambulatory (11:23 PM). (b) 12-lead EKG, hospitalized (12:26 AM).
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123 pg/mL). All other labs were within normal range including 
white blood count of 4.9 × 103/µL (reference range: 4.8 - 10.8 
× 103/µL), hemoglobin 13.1 g/dL (reference range: 14.2 - 18.0 
g/dL), hematocrit of 39.1% (reference range: 42.0-52.0%), and 
platelet count was 108 × 103/uL (reference range: 150 - 450 × 
103/uL). A chest X-ray showed no signs of acute cardiopulmo-
nary disease and echocardiogram showed normal left ventricu-
lar chamber with ejection fraction of 55%, mild left ventricular 
hypertrophy, and moderate aortic and mitral regurgitation. A 
second EKG conducted in the ED showed a heart rate of 93 
bpm, AFib-Flutter with variable atrioventricular (AV) block, 
and nonspecific ST abnormality. The patient was monitored 
on telemetry and was started on anticoagulation therapy with 
enoxaparin and then managed with calcium channel blocker 
(diltiazem hydrochloride), converting to sinus rhythm within 
12 h from admission. Due to the rapid improvement in condi-
tion, the patient was discharged after 1 day.

The patient’s discharge medications included antiplatelet 
medications (clopidogrel, 75 mg and aspirin 81 mg), statin 
(atorvastatin 80 mg), beta blocker (carvedilol 3.125 mg), al-
pha blocker (tamsulosin hydrochloride 0.4 mg), angiotensin II 
receptor blocker (valsartan 80 mg), and his antiretroviral medi-
cations (abacavir). Although there was an indication for anti-
coagulation treatment through the CHA2DS2-VASC score for 
AFib stroke risk [9], the patient declined oral anticoagulation 
as he wanted to discuss any changes to his treatment with his 
primary cardiologist. No new medications were added upon 
discharge. The patient completed a final ECG rhythm stripe on 
his AliveCor Kardia (92.3% adherence) post discharge from 
the hospital which showed normal rhythm and a heart rate of 

70 bpm.
The patient’s Fitbit reported continuous valid wear time 

across 90 study days (100%), with a daily average of 18.9 h 
(SD = 4.8) of sedentary time defined as intensity less than 1.5 
metabolic equivalents (METs), 3.7 h (SD = 3.5) of sleep, 1.4 h 
(SD = 1.3) of light activity (3.0 > METs > 1.5), and 0.1 h (SD 
= 0.1) of moderate-vigorous physical activity (METs > 3.0) 
[10]. The Fitbit also remotely recorded that the patient slept for 
7 h and 37 min the night before hospitalizaton, 2 h the night of 
hospitalization, and 13 h after discharge. The patient recorded 
approximately 2,400 steps the day prior to hospitalization, 
classified as average in special populations with chronic ill-
ness; additional Fitbit activity and heart rate data leading up 
to hospitalization (Fig. 2) [11]. PROs (100% response rate) 
indicated a substantial decline in self-reported QOL immedi-
ately following the hospitalization event. Despite the patient’s 
subjective report regarding improvement in physical limitation 
throughout the study, the object measurement of step count 
data showed no difference (Fig. 2). There were no significant 
differences regarding the remaining PROs throughout the du-
ration of the study.

The patient completed his Mitra® devices at all four desig-
nated time points (100%). Apolipoprotein measurements from 
the dried Mitra® tips were evaluated intra-individually (four 
points) and inter-individually (four randomly selected patients) 
(Fig. 3). Apolipoproteins are determinants of atherosclerotic 
risk and also clinically established biomarkers for cardiovas-
cular risk prediction [12]. For the nine measured apolipopro-
teins, only the signal for apoC-II at baseline and apoA-IV at 
30 days were outside a ± 20% deviation from the individual’s 

Figure 2. Patient-reported outcomes (PROs) and remote patient monitoring (RPM) measured over 12 weeks. X-axis represents 
time in weeks. Solid box in legend indicates Kansas City Cardiomyopathy Questionnaire (KCCQ); dotted box in legend indicates 
Seattle Angina Questionnaire (SAQ). KCCQ and SAQ measures are coded such that low scores indicate poorer outcome, all 
other measures are coded such that low scores indicate less of a construct. Sleep is in units of minutes per day. A vertical dashed 
line marks confirmed AFib-Flutter with subsequent hospitalization.
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mean. Otherwise, all signals of all nine apolipoproteins were 
within ± 20% deviation from the overall mean. The ratio of 
apoB/apoA-I is an established marker surrogate for the tradi-
tional lipid panel [12]. When comparing this ratio, the largest 
inter-individual variability was observed with this patient, + 
30.4% higher than all other individuals. The observed higher 
ratio apoB/apoA-I ratio is important as it has been proposed 
as clinically better marker for cardiovascular risk prediction 
than current lipid (TC/HD) tests [13, 14]. Nonetheless, intra-
individual changes were minor (between -8.4% to 4.5% devia-
tion from the individual’s mean). Further analysis of the entire 
patient cohort (n = 200) is required to draw any conclusions 
on the predictive value of any of the measured biomarkers and 
their ratios.

From this precision medicine study, the patient appreci-
ated the ability to track his activity, heart rate, ECG rhythm 
stripe, and record his symptoms in real time. He realized how 
useful his data were towards self-assessing potentially harm-
ful symptoms and immediately addressing them by calling 
emergency medical services. Upon exiting the trial, the patient 
purchased his own RPM wearable biosensors to independently 
monitor his heart rate and he continued to monitor for arrhyth-
mias through his AliveCor Kardia.

Discussion

This case highlights the importance of predicting AFib-Flutter 
using remote monitoring in IHD patients. Through RPM that 
detected an arrhythmia, this patient sought medical care when 
he otherwise may have not. Prior to the event, self-reported 
PROs showed decreased QOL which has been shown in prior 

studies as an important determinant for further risk. The use of 
PROs to capture quality-of-life factors such as functional sta-
tus, depression and anxiety, and pain intensity in real-time may 
be useful in improving clinical outcomes. Novel to this report 
is the use of a self-administered finger stick Mitra® microsam-
pling device allowing for the collection of novel biochemical 
biomarkers, such as apolipoproteins, which may be additive to 
the RPM data in assessing personalized cardiac risk.

By managing care at earlier stages in IHD, RPM may pre-
vent the need for a costly subsequent therapy and unplanned 
re-hospitalizations if involving AFib-Flutter. Clinical manage-
ment and therapy provided in person remains standard of care, 
however, the use of RPM to conduct remote follow-up and the 
ability to transfer physiological data such as blood pressure 
and electrocardiographic directly to the health care provider 
may alleviate the burden of geographic or funding barriers 
[15]. Additionally, RPM may also enable better management 
of IHD risk factors by monitoring populations that are dispro-
portionately impacted by race, ethnicity, socioeconomic status, 
which accounts for up to 55% of uninsured [3]. Implementa-
tion of consumer-grade wearables in the health system remains 
a challenge while the adoption of wearable technology favors 
affluent, young, and relatively healthy individuals [16]. One 
study noted a potential barrier to RPMs is that patients at high-
est risk are the least likely to data share when provided with 
an option to import data from their trackers to an electronic 
health record [17]. It was unclear as to whether the low uptake 
was due to the lack of awareness with the patient portal, short 
monitoring duration, patient trust, or feasibility of use. Never-
theless, other studies have revealed that older adults, including 
those with chronic disease, are open to using RPM [18]. This 
precision medicine study observed patient adherence rates up 

Figure 3. Overview of intra- and inter-individual (n = 5) biomarker measurements for nine apolipoproteins and the ratio of apoli-
poprotein B to apolipoprotein A-I. The five clusters of columns represent five different subjects: 1) No events; 2) Confirmed AFib-
Flutter (Day 49), not admitted; 3) No events; 4) No events; 5) Confirmed AFib-Flutter (Day 64), admitted (case patient, outlined 
in red). The four bars within each cluster represent the four sampling time points obtained by Mitra® devices (baseline, 1 month, 
2 months, and 3 months). Error bars indicate the standard deviation between duplicate measurements (two tips per time point).
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to 90.0% in Fitbit use, demonstrating that RPM interventions 
may be successful when the devices are free or inexpensive 
and easy to use [19].

Conclusions

The case study further elucidates how precision medicine by 
utilizing changes in RPM, PRO measure scores, and biomark-
ers obtained from the Mitra® devices has the potential to impact 
health-related outcomes beyond current established guidelines 
and predict MACE. RPM devices may also provide timely in-
tervention triggers by allowing researchers and clinicians to 
assess continuous data collected between office visits. RPM 
can address the disparities that exist in healthcare by providing 
a greater range of physiological parameters to more accurately 
assess and optimize treatments. Further research conducted in 
RPM, PROs, and Mitra® devices may be useful in evaluating 
known risk factors and leveraging cost effective strategies in 
real time, allowing for action to improve health.
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