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Trust, Identity, Privacy, Security and Safety
(TIPSS) in Healthcare Al

By Abir Awad, Edward Apeh, Yang Lu and Pejman Saeghe

This Explainer focuses on Healthcare Al from the perspective of digital Trust, Identity,
Privacy, Security and Safety (TIPSS). It explains what Healthcare Al is and highlights key
possibilities for developments, outlines potential methods and implications.

What is Al in Healthcare?

Healthcare Al refers to the use of
computational systems and algorithms
including machine learning, deep learning
and increasingly generative Al to support
clinical decision-making, streamline
administrative workflows with the aim of
improving patient outcomes. Not yet a
universal breakthrough, a balanced reading
of evidence suggests notable advances in
specific tasks (e.g., image analysis,
documentation support, and workflow
optimisation) when systems are properly
validated and embedded in clinical
workflows. Examples of current and
emerging applications include:

e Medical diagnostics (e.g. radiology,
dermatology and pathology)

e Predictive analytics for prognosis, and
population health

e Precision medicine (genomics
interpretation, cohort selection)

e Operational optimisation (bed
management, theatre scheduling,
supply chain)

e Drug discovery and development

e Robotic assisted surgery

e Virtual health assistants (see Topol,
2019; Helen, 2024 and Tetteh, 2025 for
more information).

Table 1in the Appendix provides a
comparative overview of how Al is used in
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healthcare in different countries,
highlighting regional priorities,
implementation examples, and strategic
focus areas. This integration of Al into
healthcare has resulted in its increasing
application in areas such as clinical
decision support, patient engagement, and
operational processes. Nonetheless, the
rapid expansion of these technologies has
prompted ongoing concerns regarding
governance, security, safety and ethics.

Critical issues for TIPSS

The adoption of this technology introduces
risks that must be critically assessed. A
useful lens for evaluation is TIPSS which
examines five key domains: Trust, ldentity,
Privacy, Security, and Safety.

The rapid integration of Al into healthcare
systems introduces critical challenges
across all five TIPSS domains.

Below we suggest how each might be
strengthened by clarifying typical risks,
providing concrete healthcare examples,
and outlining practical mitigations that
align with regulators and assurance bodies.

Trust

To foster trust among clinicians, patients
and regulators, healthcare Al systems must
be transparent, explainable and
accountable. Opaque decision-making and
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lack of interpretability erode confidence
and hinder adoption.

Building trust requires explainable Al
techniques, tailored to clinical contexts,
clear audit trails for decision making, and
participatory design involving end users
(Leslie, 2020). Evidence generation should
extend beyond laboratory accuracy to
multi-site trials and ongoing monitoring,
ensuring that systems perform reliably in
real-world settings.

Identity

Robust identity management is essential
to prevent unauthorised access, ensure
traceability and maintain system integrity.
Weak authentication mechanisms can
expose patient records and allow
unauthorised changes to Al models.

To mitigate these risks, healthcare systems
are adopting federated identity systems,
biometric authentication, and zero-trust
architectures (AuthO, 2023). These
approaches reduce identity fraud and
support interoperability across distributed
care environments and ensure secure
access to sensitive systems.

Privacy

Dynamic consent platforms and robust
governance models further empower
patients while ensuring compliance with
legal and ethical standards.

Al systems often require large datasets,
raising significant concerns about data
protection, consent and reidentification,
particularly when data crosses national
borders. Privacy-by-design approaches
combined with technical measures like
differential privacy (Dankar & El Emam
2013) and synthetic data generation
(Gonzales et all 2023), can reduce these
risks. For generative Al tools, additional
safeguards like data residency controls and
prevention of model memorization are
critical. Dynamic consent platforms (Morley
et al,, 2021) and robust governance models
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empower patients while protecting patient
data, ensuring legal compliance and
supporting the ethical deployment of Al.

Security

Healthcare Al systems are vulnerable to
cybersecurity threats such as adversarial
attacks that manipulate inputs and data
poisoning that corrupts models.
Ransomware incidents targeting hospital
health systems (IBM 2024) highlight the
vulnerability of interconnected Al services.

To strengthen security measures
organisations should implement
adversarial testing, secure deployment
protocols, and continuous monitoring
either human-led or automated (Red Hat,
2023). Incident response plans and
strategies such as fallback to human-only
workflows during incidents will help
maintain system integrity and support
resilience.

Safety

Ensuring Al systems do not cause harm is a
foundational requirement in healthcare.
This goes beyond initial validation; it
requires ongoing vigilance. Bias and
performance drift (Bayram et al 2025) can
lead to inequitable or unsafe outcomes,
while generative models may also
introduce unpredictable errors. Safety can
be promoted through human-in-the-loop
oversight (Kumar et al 2024), rigorous
model validation, and real-world
performance monitoring (Mennella et al,,
2024). Prospective hazard analysis (Potts et
al 2014) and structured change-control
plans help manage adaptive software
updates, ensuring that Al systems remain
reliable and aligned with clinical standards
throughout their lifecycle.

Given the complexity and potential impact
of Al in healthcare, it is essential to conduct
ongoing risk assessments and implement
comprehensive mitigation strategies
within the TIPSS framework. By addressing
these dimensions holistically, stakeholders
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can ensure that Al is deployed in a manner
that is secure, ethical, and aligned with the
values of modern healthcare systems.

The regulation and
assurance landscape

Regulatory bodies such as the Medicines
and Healthcare products Regulatory
Agency (MHRA) are actively developing
frameworks to ensure that Al technologies
are deployed responsibly and safely within
healthcare settings (NHS Confederation,
2021) and several key developments are
shaping this:

¢ Regulatory Innovation: The MHRA's Al
Airlock sandbox enables controlled
testing of Al powered medical devices
prior to full scale deployment (GOV.UK,
2023).

¢ Global Collaboration: Initiatives like the
HealthAl Global Regulatory Network
aim to harmonise international
standards for Al safety, efficacy and
interoperability (NHS Confederation,
2021).

e Ethical Al Strategies: National health
bodies are advocating for coordinated
strategies to ensure that Al is used
responsibly and equitably across
healthcare systems (Health Foundation,
2023).

¢ Technical Advancements: Emerging
tools such as model cards, hazard
tracking systems, and secure APIs are
being developed to support
transparency and traceability and
system integrity (Red Hat, 2023).

¢ Identity Evolution: New identity
solutions including passkeys,
biometrics, and federated identity
systems are being integrated to secure
access and protect sensitive patient
data (AuthO, 2023).
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A Potential Future

Over the next decade, healthcare Al is
poised to develop from experimental
deployments to deep systemic integration
across care pathways. Emerging
innovations — such as generative Al for
clinical documentation, predictive analytics
for population health and real time
decision support will make healthcare
systems more personalised, proactive, and
efficient.

As digital health ecosystems mature, Al will
increasingly serve as the connective tissue
of national health infrastructures, linking
hospitals, commmunity care, and research in
real time. As part of this, it is vital that
healthcare organisations embed Trust,
Identity, Privacy, Security, and Safety
principles throughout the entire Al lifecycle
— from data design and model training to
clinical deployment and post-market
monitoring.

In a positive scenario we might imagine
that:

e Trust is strengthened through
transparent, explainable Al models and
public reporting of outcomes.

¢ Identity is secured through strong
authentication, verifiable digital
credentials, and role-based access to
clinical data and Al systems.

e Privacy is reinforced through federated
learning, secure data enclaves and
data-based methods to protect
sensitive patient information.

e Security is enhanced as Al systems are
used not only to deliver care but also to
detect and respond to cyber-threats in
real time.

e Safety becomes an adaptive process,
with Al continuously learning from
clinical incidents to prevent harm and
improve reliability.
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If realised, this pathway would position Al
not only as an enabler of healthcare
innovation but also as a guardian of its
ethical and operational boundaries —
ensuring that technological progress aligns
with the core values of care equity and
safety.
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