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PRECISION CARDIOLOGY IN 2018

From genetics to smart
watches: developments in
precision cardiology
Natalia Trayanova
Precision cardiology is a vision of a health-care approach that identifies the
optimal course of care for each patient. Although precision cardiology is still
in its nascent stage, new approaches and methodologies are being developed
to achieve this goal and to overcome technical and implementation barriers.
In 2018, several high-impact studies made progress in this direction.
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importance of addressing the heritable component of the CAD risk profile at a young age,
as a complement to conventional risk-factor
assessment in later life.
Obtaining and analysing information
from wearable devices is an important aspect
in realizing the promise of precision medicine. Atrial fibrillation (AF) is the most
prevalent cardiac arrhythmia, and patients
with AF have a higher mortality than healthy
individuals owing to the ~5-fold increase in
b
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Coronary artery disease (CAD) is a leading
cause of death in the industrialized world1.
Identifying individuals who are at high risk
of CAD for the purpose of primary prevention remains a major health-care challenge.
Given that nearly 50% of CAD cases are estimated to be heritable, stratifying patients for
CAD risk could benefit tremendously from
a comprehensive assessment of genetic susceptibility. However, the potential of genomic
risk scores (GRS) to predict CAD outcomes
has not been fully harnessed because previous studies had limited genomic scope and
sample sizes, resulting in low generalizability. Overcoming these limitations, Inouye
et al. constructed a powerful new CAD GRS
with the use of a meta-analytic approach that
combined large-scale, genome-wide and targeted genetic association data2. The utility of
the new GRS as a screening tool for primary
prevention of CAD was evaluated on genome
data from >480,000 individuals included in
the UK Biobank (>22,000 with CAD; 460,000
without CAD). The new GRS had a larger
association with CAD than any other score.
The score stratified individuals into signifi
cantly different trajectories of CAD risk, in
which those in the top 20% of GRS distribution had a hazard ratio of 4.17 compared
with those in the bottom 20%. Furthermore,
the GRS had a higher C-index for CAD than
any of the conventional risk factors. This
study is an important advance in the utility of
genomic data to risk-stratify individuals who
are susceptible to CAD and underscores the

the risk of stroke associated with AF3. For
individuals who have a stroke associated
with AF, the arrhythmia is typically not diagnosed until stroke occurrence. Early identification of AF could result in initiation of
prophylactic anticoagulation, reducing the
risk of stroke. Two novel studies focused
on the use of digital technology for early
detection of AF. The mSToPS randomized
clinical trial4 aimed to determine whether a
home-based, self-applied, wearable electrocardiogram (ECG) patch could improve AF
diagnosis compared with routine care. A total
of 2,659 participants who had an increased
risk of AF were randomly assigned to immediate, home-based monitoring with the ECG
patch for 14 days or to monitoring delayed
for 4 months. Immediate monitoring led to
a significantly higher rate of AF diagnosis at
4 months (3.9% versus 0.9%). Individuals in
the immediate-monitoring group were also
more likely to be prescribed anticoagulation
therapy earlier than unmonitored participants.
The second study on early AF detection with
the use of wearable devices, a multinational,
remote-cohort study, leveraged the ubiquitous nature of smart watches and the new
advancements in data science5. The investigators conducted a series of clinical studies
to derive and validate a deep learning algorithm for automated AF detection using
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Fig. 1 | Computational modelling to guide tissue engineering of personalized replacement
valves. Computational modelling can be used to guide tissue engineering of valve morphologies
that minimize radial compression of the leaflets. a | Simulated deformation of the designed
leaflets demonstrating increased circumferential strain during deformation, without a significant
radial strain. b | Representative flow and pressure curves during in vitro measurements, with
representative images of the opening and closure of the engineered valves during the cardiac cycle.
Adapted with permission from ref.8, AAAS.
www.nature.com/nrcardio

Year in Review
Key advances
• The utility of genomic data to risk-stratify
individuals susceptible to coronary artery
disease (CAD) has been demonstrated
in a study of 480,000 adults, underscoring
the importance of identifying the heritable
component of CAD risk early in life2.
• The mSToPS trial demonstrated that a
home-based, self-applied, wearable
electrocardiogram patch could improve
diagnosis of atrial fibrillation (AF) and
reduce the risk of stroke compared with
routine care; similarly, early detection of AF
could be achieved by a commercially
available smart watch coupled with a deep
neural network4,5.
• The feasibility of using a personalized
virtual-heart methodology to determine the
optimal ablation targets for infarct-related
ventricular tachycardia and to directly
guide patient treatment has been
demonstrated6.
• Computational modelling has been utilized
to guide tissue-engineering of cardiac
valves that uses patient cells, helping to
overcome the limitations of earlier
engineered valves8.
• The concept of utilizing individualized,
3D-printed occluders for the left atrial
appendage has been proven, bringing us a
step closer to the fabrication of durable,
personalized cardiovascular implants9.

data from commercially available smart
watches. An artificial neural network was
trained to approximate RR intervals from
pulse plethysmography in 9,750 participants.
Validation was performed against 12-lead
ECG in a separate cohort of 51 patients
undergoing cardioversion for AF. In the
validation cohort, the neural network could
detect AF with high accuracy (C-statistic 0.97).
These data support the proof of concept
that a commercially available smart watch
coupled with a deep neural network might
ultimately be applied to perform AF detection at a large scale. The two studies reviewed
above demonstrate that convenient, wearable
devices and digital technologies that considerably increase user acceptance and data
availability could facilitate early detection of
AF and thereby help to prevent stroke.
In 2018, the field of computational modelling also made novel contributions to precision
cardiology. In a proof-of-concept study of ablation of infarct-related ventricular tachycardia
(VT), a personalized, virtual-heart methodology was used to determine the optimal ablation
targets and to guide patient treatment6. The
study included a retrospective validation of
the technology in 21 patients and prospective
precision procedure guidance in five patients.
This new technology seems poised to eliminate
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the need for invasive electrical mapping of VT
circuits to determine the ablation targets. The
virtual-heart approach involved constructing
3D computer models of patients’ hearts with
the use of noninvasive, contrast-enhanced
MRI data and executing simulations to evaluate the patient-specific VTs, from which the
optimal ablation targets were then determined.
Importantly, the virtual-heart approach targeted termination not only of VTs that were
clinically manifested or induced in the patient
at the time of procedure, but also of all VTs that
could arise in the patient’s infarct-remodelled
heart, including those that might arise after
the initial ablation procedure. This technology therefore aims to eliminate the need for
repeated ablations and to offer long-term
freedom from VT. The study is an important
advance in asserting the potential of computational modelling to guide precision treatments
for heart function disorders.
Computational modelling has also been
used to guide engineering of cardiac tissues.
The growth in the number of transcatheter
valve replacement procedures and the dis
appointing performance of prosthetic valves
had spurred interest in tissue-engineered heart
valves generated with the patient’s own cells
and therefore capable of self-repair, remodelling and regeneration7. The tissue-engineering
technique involves implanting a valve scaffold
and allowing the scaffold to be seeded by the
patient’s cells. However, in animal models,
these engineered valves have been shown to
undergo uncontrolled tissue remodelling,
particularly fibrosis and leaflet shortening due
to excessive radial stress, which often translates into valve failure. In a study by Emmert
et al., computational modelling was used to
design valve morphologies that minimize
leaflet radial compression (Fig. 1) and thereby
ensure long-term functionality of the valve8.
Engineered valves were implanted in a sheep
translational model (n = 10) in the pulmonary
valve position, and valve performance was
analysed for 1 year on a monthly basis with
the use of MRI and intracardiac echocardio
graphy. In nine animals, the valves displayed
quantitative measures of valve stenosis and
regurgitation similar to that of native pulmonary valves. Four valves were examined after
explant, revealing that the distribution of
fibrosis corresponded well with that predicted
from the computational model. This study
demonstrated the importance of using computational modelling to optimize the design of
patient-specific, tissue-engineered implants.
The final study reviewed here presented a
proof-of-concept of the design and utility of
an individualized, 3D-printed heart device,
in this case an occluder for the left atrial
appendage (LAA)9. LAA occlusion is now

commonly used to reduce the risk of thromboembolism in patients with AF10. However,
current LAA-occlusion devices are designed
with a fixed, rigid structure, despite the high
variability in size and shape of human LAAs,
frequently resulting in incomplete LAA occlusion. The investigators developed workflows
for the design, fabrication and deployment
of a patient-specific, soft LAA occluder. The
geometry of the occluder was determined
from non-invasive CT imaging so that the
device matched the anatomy of the patient’s
LAA. The workflow included 3D printing of a
model with the patient-specific LAA geometry
and using the model to create a flexible silicone
occluder device, which was then coated with a
polymer to allow endothelial cell attachment.
Several in vitro studies of device deployment
and LAA occlusion demonstrated the feasibility of the approach in a canine in vivo model.
This study brings us one step closer to the
fabrication of durable and haemocompatible
personalized cardiovascular implants.
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