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Introduction

Once a futuristic concept born in aerospace and
automotive industries, digital twins are now reshaping
healthcare. These real-time virtual replicas of organs,
patients, or entire hospital systems continuously sync
with real-world data from sources like electronic health
records, wearable devices, and imaging." In doing

so, they enable highly personalized treatment, faster
innovation, and smarter operations.

Their evolution in healthcare has been marked by
pivotal moments: from the 2011 study by Niederer

et al. demonstrating mechanical modeling for predicting
CRT outcome,? to the 2017 introduction of HeartFlow
Analysis—a breakthrough in non-invasive cardiac
diagnostics using CT and AL.2 These milestones paved
the way for tools like Philips’ HeartNavigator in 20184
and Takeda's integration of patient-specific simulations
into drug development in 2020.°

The development of digital twins in healthcare has been marked by several pivotal milestones

CRT mechanical

model

Niederer et al.
pioneered mechanical
models to predict CRT,

highlighting the
potential of digital
twins in cardiology.

Al in cardiac

diagnostics

The introduction of
HeartFlow Analysis by
Cone Health combined
CT, AL, and compu-
tational physiology
to revolutionize
non-invasive cardiac
diagnostics.

Real-time CT

Philips launched the
HeartNavigator, that
integrates CT imaging
to provide real-time,
3D insights for cardiac
surgery planning.
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Data-driven

digital twin
models

FEops advanced
patient-specific cardiac
care by transforming
traditional cardiac
imaging into
data-driven digital
twin models.

Digital twins in

pharmaceuticals

Takeda Pharmaceuticals
adopted digital twin
technology to optimize
drug development
processes, significantly
reducing research
timelines and costs.
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From concept to care:
How digital twins work
in healthcare

Digital twins operate by integrating real-time data
with advanced simulation technologies to mirror the
behavior of biological systems. They collect structured
data from CT scans, lab results, wearable devices, and
EHRs to simulate organs or physiological functions.®’

How does a digital twin work?

These models are then used to test treatment options
virtually, predict disease progression, and support
clinicians in delivering personalized care.

For example, in cardiovascular care, a digital twin of

a patient’s heart can simulate how different stents
would behave pre-surgery.” These models evolve
continuously, updating with new data to remain
relevant over time. They're not just digital blueprints—
they're active tools for clinical insight.

Data storage

Data collection from imaging
scanners, laboratory tests,

wearable monitoring devices,
and electronic health records
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Simulation software based

on established numerical to the real twin

techniques, predicts the

outputs from given inputs
creating the “digital twin”

Source: npj- The health digital twin to tackle cardiovascular disease

Digital twin behave similarly

DATA UPDATES

Data reflecting biological

system behavior informs

clinical decision-support
systems, aiding healthcare
professionals in making
informed decisions.
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Real-world applications,
market drivers, and industry
momentum

Across the globe, hospitals, MedTech innovators, and life
sciences firms are already putting digital twin technology
to work. HeartFlow’s Al-powered heart simulations
help cardiologists plan interventions more precisely.
Philips’ HeartNavigator gives surgeons a virtual look at
a patient’s anatomy before they even make an incision.*
FEops' HEARTguide enables physicians to simulate and
optimize transcatheter valve implantations, cutting down
on procedural risks and costs.®

Applications of DT in healthcare

Healthcare systems, supported by partners like GE
Healthcare, are using digital twins to manage workflows,
streamline staffing, and reduce emergency room
bottlenecks.’ Pharmaceutical giants like Takeda are
adopting the technology to accelerate drug development
timelines by simulating human responses before a
single clinical trial participant is enrolled.®

This uptake is being driven by several converging forces:
demand for personalized care,'® breakthroughs in AI
and IoT,"" and rising pressure to reduce costs while
improving outcomes." Regulatory openness—especially
in Europe and Asia—is also creating a supportive

environment for clinical-grade digital twin solutions."

Personalized medicine
Digital twins of patients
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Behavioral and mental
health digital twins
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In-silico clinical trials

Surgical ; \ Biomarkers
planning and drug
Digital twins | £53 R3 Diait I t development

of anatomical Igl a WlnS Digital twins
structures in healthcare of drugs
Hospital A Bio-manufacturing
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Digital twins of
healthcare facilities

®

Device design
Digital twins of medical devices

Source: npj- Digital twins for health
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Challenges and considerations

As promising as digital twins are, they are not plug-and-
play. Implementing them at scale involves overcoming
hurdles like data silos, lack of interoperability,'? and
privacy regulations.” Ethical questions also surface:
Who owns the twin? Who controls the data? Smaller
health systems may also face resource constraints
when building and maintaining digital twin models."

Still, as platforms mature and frameworks evolve, these
barriers are becoming more manageable. The key is
strategic investment, cross-sector collaboration, and

a focus on ethical, transparent innovation.”™

The road ahead: Future
outlook and strategic
recommendations

Looking ahead, digital twins are poised to expand well
beyond cardiology and hospital ops. Mental health,
immunology, and even public health planning are areas
where digital twins could thrive.” They're also evolving
to integrate “multi-omics” data—genomic, proteomic,
and metabolic layers—offering a truly holistic view of
patient biology."

By acting now, MedTech companies and care providers
can position themselves at the forefront of this next
healthcare revolution.

Building partnerships between

clinicians, tech developers,

and regulators
Investing in secure,

interoperable digital
infrastructure

Preparations

healthcare leaders

should take

Prioritizing patient
é@ consent and
transparency

Upskilling teams in Al, data
science, and digital ethics
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Final words: How IQVIA MedTech can support

IQVIA MedTech is uniquely positioned to help MedTech Whether you're looking to personalize diagnostics,

innovators turn digital twin potential into clinical and streamline hospital operations, or launch next-
commercial reality. With deep expertise in real-world generation medical devices, IQVIA MedTech brings the
data, Al-driven analytics, and regulatory strategy, insights, tools, and partnership to make it happen.

IQVIA MedTech supports the full lifecycle—from model
development and validation to implementation and
market access.

n

Navigate complex global
regulations around digital
health tools

How
IQVIA
empower
clients

Use predictive analytics Integrate diverse data
to accelerate R&D sources into dynamic
and improve clinical digital models

trial design
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