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Clinical simulation offers a novel, cost-effective 
method of generating evidence for digital health 
technologies (DHTs). This evidence is required by 
regulators to ensure that DHTs are safe and effective 
before they are approved for patient or clinician use. 
However, the nature of clinical simulation and its 
differences to traditional research studies, means 
that we need to change the way that we assess and 
regulate its use for DHTs. 

Understanding this background, this paper aims 
to summarise the challenges of DHTs, introduce 
clinical simulation and then propose and discuss 
the Simulation for Regulation of SaMD (SIROS) 
framework, developed to assess the use of clinical 
simulation in evaluating DHTs.1 Through this 
framework, we aim to further the evidence gap in DHT 
regulation and increase the use of clinical simulation 
methods in regulatory approvals. 

Software as a Medical Device (SaMD) is a category 
of DHT that has transformed the way healthcare 
is delivered, through applications such as remote 
monitoring or clinical decision support tools. 
However, these new technologies also require a new 
approach to regulation, since traditional academic 
research cannot adequately assess SaMD due to 
the technology’s agile nature, along with being 
unfeasible for most organisations developing DHTs to 
undertake. To overcome these challenges, industry 
and regulators are working together to develop 
new regulatory tools and pathways that allow the 
appropriate development and regulation of DHTs. 

Clinical simulation involves creating realistic clinical 
scenarios with real end users. It has traditionally 
been used in medical education to train clinicians, 
however, now is increasingly applied to assess DHT 
scenarios. By putting clinicians and other end-users 
in realistic clinical settings, with synthetic patient 
cases, they can test how they would use a DHT in 
practice without requiring a real healthcare setting 
or putting patients at risk. Clinical simulation is 
uniquely placed to evaluate DHTs due to its speed, 
low cost and ability to replicate clinical scenarios 
with intended end-users of the DHT, therefore 
assessing how it would be used in real-life.  

Executive summary

Following the COVID-19 pandemic, digital health 
technologies (DHTs) have rapidly increased 
in prevalence and have significantly changed 
the landscape of e-healthcare delivery. These 
technologies offer unparalleled benefits to patients 
and clinicians; however, these same attributes 
that differentiate DHTs, such as the use of artificial 
intelligence (AI), also contribute to their challenges. 
This can result in difficulties in generating the 
evidence that is required to provide regulators, 
and ultimately patients, clinicians, and the public, 
the reassurance that these technologies are safe 
and effective for their intended use. Given these 
challenges, there is a significant lack of knowledge 
about how these rapidly evolving DHTs can be 
assessed appropriately.

Much of our recently published work has focused 
on this core issue – how we can generate evidence 
for DHTs that meet regulatory needs. It is a growing 
research area, that requires regulators, industry, 
innovators, and researchers to work together and 
understand the unique complexities of DHTs. This 
paper intends to add to the evidence base and show 
our commitment to working at the forefront of this 
topic alongside international cross-sectoral experts. 

We hope that this paper acts as a comprehensive 
summary of our recent research on the use of clinical 
simulation to generate evidence for DHTs, more 
specifically using Software as a Medical Device 
(SaMD) as a use case. It aims to consolidate and 

share the key findings from our recently published 
eDelphi study, which produced the Simulation 
for Regulation of SaMD (SIROS) framework. This 
framework intends to provide regulatory structure to 
innovators using clinical simulation as an evidence 
generation method. This is complemented with an 
in-depth discussion about clinical simulation and 
DHTs, based on the framework, background literature 
and a round table discussion held with international 
experts on the topic. Therefore, this paper should 
provide readers with a comprehensive overview of 
the clinical simulation landscape and its current 
and future use to evaluate DHTs. We hope that this 
will ensure that DHTs are assessed using the most 
appropriate and cost-effective methods, providing 
the essential evidence for regulators, and resulting in 
transformative healthcare for patients and clinicians. 

The Simulation for Regulation 
of SaMD (SIROS) framework

Working with Roche Information Solutions (RIS), 
the Institute of Global Health Innovation (IGHI) at 
Imperial College London conducted a research study 
to identify the standards and criteria for using clinical 
simulation as a research method to evaluate SaMD 
from a regulatory perspective. This resulted in the 
SIROS framework, which outlines the key criteria 
that regulators should assess against and includes 
seven domains: background & context, overall study 
design, study population, delivery of the simulation, 
fidelity, software & AI, and study analysis. 

Lord Ara Darzi
Co-Director of the Institute of Global 
Health Innovation, Imperial College 
London

Dr Saira Ghafur
Lead for Digital Health at the Institute 
of Global Health Innovation, Imperial 
College London, and Honorary 
Consultant at the Imperial College 
Healthcare NHS Trust

Figure 1: The seven domains of the Simulation 
for Regulation of SaMD (SIROS) framework

1. Background & context

3. Study population

6. Software & AI

2. Overall study design

5. Fidelity

4. Delivery of
the simulation

7. Study analysis

We recommend that the SIROS framework is used by 
industry and regulators to assess clinical simulation 
used for SaMD. It may be iterated to incorporate 
feedback and ensure its continued relevance and 
applicability in the evolving DHT landscape. The 
global network of industry and digital health experts, 
researchers, and regulators (including the FDA and 
NICE) should continue to collaborate on this topic 
and further explore emerging areas such as AI and 
machine and learning, which will continue to change 
and require attention over the coming years.



The potential for digital health technology (DHT) to 
revolutionise health and healthcare has been well 
documented. Communication software enabling the 
delivery of remote care services can reach patients 
previously underserved, offer patients greater 
flexibility, and improve provider efficiency 2,  
while clinical decision support tools have been 
found to reduce medical errors, increase adherence 
to clinical guidelines, and can lead to efficiencies 
with implications for health system cost savings.3 
In both cases, the technology is regulated as 
software as a medical device (SaMD), defined as 
“software intended to be used for one or more 
medical purposes that perform these purposes 
without being part of a hardware medical device”.4 
Despite increasing regulation of SaMD in many 
settings globally, limited progress has been made in 
developing innovative methods for evaluating DHT 
that consider the fast-paced and adaptive nature of 
its development.

The COVID-19 pandemic highlighted the potential for 
DHT to address health challenges on a global scale, 
as technology was utilised for disease surveillance, 
including testing and tracking, maintaining socially 
distanced health services, and developing vaccines. 
The pandemic also highlighted the importance of 
appropriate regulation in enabling innovation, as 
regulatory updates on data sharing allowed large-
scale clinical trials to take place, with tangible 
impacts in addressing COVID-related health 
challenges.5 Such an innovation-driven approach 
to regulation can also be utilised in the context of 
evaluating different types of DHT, including SaMD.

As the use of DHTs is an increasingly essential aspect 
of health service delivery, it is critical that robust 
and novel approaches to evaluating technologies 
are developed and implemented. This will ensure 
that innovations can be adopted more rapidly at 
scale, and ensuring the safety, efficacy, and cost-
effectiveness at a population level. However, the 
growing complexity of DHTs, including artificial 
intelligence and machine learning, presents a 
regulatory challenge.  

Regulating DHTs

Maximizing the potential of DHTs requires  
regulators to develop regulatory pathways that 
support innovation and industry to generate 
evidence in new ways that balance the importance 
of quality and safety with the fast-moving pace of 
DHT innovation. In a 2022 study, nearly half of the 

start-ups in the study cohort (44%) were found to 
have a clinical robustness score of 0, having made 
no FDA filings or clinical trials on ClinicalTrials.
gov.6 While only a snapshot of the larger technology 
industry, such findings indicate the challenges faced 
by technology developers in generating an evidence 
base on the effectiveness of their products. 

The crux of the problem is the difficulty of utilizing 
traditional randomised control trials (RCTs), still 
considered to be the “gold standard” of academic 
research 7, to generate evidence to submit to 
regulators. Historically health technologies, including 
novel drugs and medical devices, have been tested 
and validated through RCTs, but increasingly, DHTs 
have fast cycles of iteration and require constant 
updates and improvements not feasible in the RCT 
setting, which typically requires 5.5 years from 
enrolment to publication and methodology that 
mandates no changes mid-trial.8 Though estimates 
on costs vary 9, RCTs are also expensive which is 
incompatible with the spectrum of companies, 
including startups and small and medium-sized 
enterprises (SMEs), developing DHTs. 

Innovation-enabling regulatory pathways

The challenges faced by innovators in generating 
evidence for DHTs are increasingly clear to regulators 
who are in turn working with relevant stakeholders to 
simplify pathways. In the United States, the Digital 
Medicine Society brought together stakeholders 
including the US Food and Drug Administration (FDA), 
industry, startups, and other stakeholders which 
resulted in the creation of a regulatory compass tool 
(the RegPath Decision Tool) enabling innovators 
to understand whether their DHTs falls within FDA 
regulation, and if so, which regulatory pathway is 
relevant.10 In the United Kingdom, the Innovative 
Devices Access Pathway (IDAP) pilot was launched 
in 2023 to facilitate the development of innovative 
technologies, by providing innovators with a multi-
partner support service to bring new products to 
patients sooner.11 While in Europe, Germany was 
the first country to launch a “fast track” pathway for 
digital health applications (DiGA) to be reimbursed 
by statutory health insurance (e.g., apps on 
prescription),12, 13 although this pathway is limited to 
certain solutions, where applications such as clinical 
decision support are not within its scope. Following 
this approach, France has adopted a similar route 
through the Prise en Charge Anticipée (PEC-AN) 
programme which promotes early reimbursement  
for innovative DHTs.14 
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These recent developments have begun to pave the 
way for the generation of different types of necessary 
evidence. Real-world evidence (RWE), defined by the 
FDA as data relating to patient health status and/or 
the delivery of health care routinely collected from 
a variety of sources (e.g., electronic health records, 
medical claims data, data from digital technologies)15, 
is increasingly being generated in health facilities 
and used as evidence in regulatory approvals.16, 17 
Germany’s DiGA pathway has advanced the use of 
real-world evidence for DHT regulatory approvals 
and actively supports its inclusion in submission 
packages. However, this has been seldom used to 
date, thought to be due to the lack of prior use and 
uncertainty associated with this approach.18 

As DHTs are an increasingly essential aspect of  
health service delivery it is critical that these robust 
novel approaches to evaluating technologies are 
developed and implemented to ensure innovations 
can be adopted more rapidly at scale, and ensuring 
the safety, efficacy, and cost-effectiveness at a 
population level. 



Section 2 
Clinical simulation: 
Providing an opportunity 
to evaluate digital health 
technologies 
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Clinical simulation refers to placing actual end-users, 
such as clinicians, in simulated scenarios to carry 
out realistic tasks that are part of their usual work 
practice. Various inputs may be required to carry out 
the simulation, for example, a realistic simulated 
environment that mimics healthcare facilities, or 
clinical scenarios that are representative of what 
clinicians would commonly face in their day-to-day 
practice. This ensures that regardless of the purpose 
of the clinical simulation, it is placing the right user in 
the right environment to carry out the right task. 

To date, clinical simulation has most commonly 
been used in education, as a training methodology 
for clinicians. This is due to the ability to simulate 
complex activities in a safe environment, such as 
teaching surgical skills. However, more recently it 
has been used to assess DHTs where it would not 
otherwise be feasible to do so in a real-life setting, 
given its relatively low-cost, agility and speed. It is 
this relatively nascent use of clinical simulation as an 
investigative methodology that is the focus of  
our work. 

Clinical simulation as a method 
to assess DHTs 

Clinical simulation can be used to assess DHTs in 
two primary ways: 

• Using scripted clinical scenarios performed
by actors to replicate real-life patient and
clinician interactions.

• Presenting synthetic patient cases to clinicians
for them to assess a DHT.

The focus of our work is in the latter, where we work 
to create realistic synthetic patient cases and present 
them to clinicians for them to use and assess the  
DHT in its intended purpose.19 A helpful case study 
that explains in more detail what this involves is 
provided below. 

Figure 2: Overview of clinical simulation applications and our research focus

CLINICAL SIMULATION
used in

RESEARCH

Assessing DHTs 
in 2 primary ways

1. Using scripted clinical 
scenarios performed by 
actors to replicate real-

life patient and clinician
interactions

2. Presenting synthetic 
patient cases to clinicians 
for them to assess a DHT

EDUCATION
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Case study: 
Assessing a clinical trial 
match solution using clinical 
simulation20 
 
 
Background
Clinical trials in oncology are essential for the 
scientific advancement of treatments and offer 
an opportunity for patients with cancer to try 
alternative new treatments if they are eligible. 
These trials require the enrolment of suitable 
study participants to assess the clinical efficacy 
and safety of novel treatments. The opportunities 
for patients to enrol in clinical trials have 
increased significantly, as evidenced by the 
number of active studies listed on ClinicalTrials.
gov growing from 2,119 in 2001 to over 400,000 
in 2023.21 It can be challenging for clinicians, 
such as oncologists or research nurses, to 
match patients to these cancer clinical trials. 
These trials often have complicated and lengthy 
eligibility criteria, resulting in a labour-intensive 
task and highly manual task completed in 
demanding clinical environments. 

DHT being assessed
The NAVIFY Clinical Trial Match (CTM) application 
was developed by Roche Diagnostic Information 
Solutions to reduce the amount of time it takes 

to match patients to the right cancer 
clinical trials. This aims to improve the 
quality of matching and reduce cognitive 
burden for the decision-maker. NAVIFY CTM 
analyses data on a patient’s condition, genomic 
alterations, and the hospital’s location to 
automatically find relevant clinical trials.
 
Clinical simulation approach
Synthetic oncology patient cases were 
developed with a multidisciplinary clinical 
team, and these were shared with a group of 10 
clinicians. The clinicians were asked to assign 
five patients to a clinical trial using NAVIFY CTM 
and five patients to a trial as per usual practice, 
which is carried out by manually searching 
online trial databases. The clinicians were asked 
to use the same rigour as they would in the usual 
practice. The quality, efficiency, and cognitive 
burden of the matching process was assessed 
for each participant. 
 

Clinical simulation results
Using the NAVIFY CTM tool, participants were 
able to complete trial matches faster, find more 
relevant trials and required lower mental effort 
compared to online trial databases, such as 
ClinicalTrials.gov. 

Expanding the clinical simulation  
evidence base
While we have published other work surrounding 
clinical simulation and DHT, this paper focuses 
on our recent study where we chose to examine 
SaMD,1 more specifically SaMD where the intended 
end-users are clinicians, such as in the case study 
provided above. As mentioned earlier, given the 
increasing use of SaMD in clinical practice and 
the regulatory challenges that it faces in terms 
of evidence generation, it is an important DHT to 
consider. Focusing specifically on SaMD allows us to 
generate more information about a specific area of 
DHT, while also drawing important insights about the 
application of clinical simulation in other areas.



An EHR is a real-time patient record created in the 
health care environment by healthcare providers, 
that allows immediate data access by authorised 
users.30 EHRs can include clinical data, progress 
notes, medications and treatment plans, vital signs, 
past medical history, immunisations, laboratory 
data, radiology reports, and administrative and 
demographic data – and much more.31 These records 
may be shared among healthcare providers within 
the same healthcare organisation or across different 
healthcare settings, including across primary, 
secondary, and acute care.

EHRs in sub-Saharan Africa

There are a multitude of current examples of EHR 
use in sub-Saharan Africa,32-35 including in PHC, 
highlighting opportunities in advancing health 
care innovation. While efforts to evaluate EHR 
systems are useful in unpicking the strengths and 
weaknesses of their use in SSA,33 the wider health 
care context should not be overlooked. For example, 
EHR systems are often developed as part of vertical 
programmes34,35 programmes with a single focus  
area such as HIV/AIDS programmes focused solely 
on HIV/AIDS care and treatment, with implications  
for facilitating integration with other parts of the 
health system. The technical components of EHR 
systems, including their interoperability and 
cybersecurity, are essential considerations in the 
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Given the lack of evidence related to clinical 
simulation being used to develop regulation for 
digital health technologies (DHTs), the Imperial 
College London team, working with Roche 
Diagnostics colleagues, used Software as a Medical 
Device (SaMD) as a use case to explore this further.1 
We sought to answer the following research question:

 “What are the standards and criteria for using 
clinical simulation as a research method to 
evaluate software as a medical device (SaMD) 
from a regulatory standpoint?” 

Standards and criteria are used to assess DHTs 
and their study methodologies before they are 
approved in a market.22, 23 They ensure that DHTs meet 
minimum pre-defined criteria across safety, quality, 
and efficacy. Using rigorous academic methods, the 
Delphi study approach was taken, using an online 
format (eDelphi) to allow the research team to gain 
consensus from global experts in various sectors 
such as digital health, medical device regulation, 
health policy and health systems.  

Study preparation and recruitment

Prior to commencing the study, a background 
literature review was completed to gain a greater 
understanding of the SaMD and clinical simulation 
landscape. This also led to the development of 
the initial 19 potential items for inclusion in the 
standards and criteria that were proposed to the 
study participants in the Delphi scoping round. 

Recruitment of suitable participants for the study 
took several months to ensure an adequate sample 
size was achieved and efforts were made to ensure 
participation from across geographies and sectors. 
The recruitment was conducted using purposive and 
snowball sampling from the research team’s existing 
networks through digital health work.  

Study design 

Delphi studies are commonly used for developing 
consensus on various topics where no clear guidance 
or evidence may exist. This is carried out using a 
structured communication and deliberation process 
where participants are asked to consider a set of 
questions in each Delphi round. After completing 
each round, the results are compiled and any 
questions that do not meet the set of pre-defined 
criteria are removed. The questions are presented 
again in subsequent rounds to participants until a 
pre-determined endpoint has been reached. 

Four key features of our study that were typical of a 
Delphi consensus approach24 include: 

1. A group of experts with diverse background
irrespective of geographical location were
recruited as panellists

2. Anonymity was preserved throughout
the questionnaire process to ensure no
“bandwagon effect”

3. Iterative rounds were conducted until the pre-
defined criteria of consensus was reached

4. Design of subsequent rounds was informed
by summarising group response in previous
rounds

Participants initially answered questions that related 
to what they thought the standards and criteria for 
using clinical simulation as a research method to 
evaluate SaMD from a regulatory standpoint should 
be, in a Delphi scoping round, and following this, in 
two formal Delphi rounds. The pre-determined criteria 
for including an item for each round was as follows: 

• > 60% of participants rating an item as very
important or important, or

• > 10% of participants rating an item as not
important at all or not important

Study results 

45 participants were initially recruited to take part 
in the study, with 33 participants progressing to the 
end of the Delphi. These participants came from a 
range of geographies and sectors, as represented in 
the figures below. While there was representation 
from three continental regions – Europe, Middle East, 
Africa (EMEA); North America (NA); and Asia, Pacific 
(APAC) – most of all recruited participants worked 
in the United Kingdom (53%) and the United States 
(13%). See figure 3

Participants were recruited from various sectors, 
with the majority being from academia (36%) or 
the pharmaceutical industry (33%), reflecting the 
recruitment strategy used. Of note, some individuals 
had cross-sectoral experience, however, their primary 
sector of employment at the time of the study was 
recorded. See figure 4

In the scoping round, participants were asked if the 
19 pre-defined criteria developed by the research 
team from the literature review were relevant, 
irrelevant or if they were not sure. They were also 

BACK TO CONTENTS
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asked to add any other items that they thought should 
be included also. Over 50% of participants rated 
each criterion as relevant and so they were included 
in round 1 of the Delphi. An additional 36 items 
were added to round 1 also based on the additional 
suggestions provided by participants. The final 55 
items generated were grouped into seven domains 
based on the comments provided and the research 
team’s expertise. 

For round 1, participants were asked to rate each of 
the 55 items brought forward from the scoping round 
on a scale from 1 (not important at all) to 5 (very 
important), along with being asked to provide any 
comment on their thoughts about them. 43 of the 55 
items included met the criteria to progress to the next 
Delphi round. 

In round 2, participants were asked to rate the 43 
items from the previous round on the same scale 
from 1 – 5 and to provide comments on their decision. 
This resulted in all 43 items meeting the same pre-
determined criteria and the Delphi process ended. 
The final agreed criteria were classified based on their 
level of consensus – low (>60%), high (>70%) and very 
high (>80%).  

Research limitations 

There were some limitations in the research 
conducted, such as the geographical spread of the 
participants. While significant effort was made to 
include participants from a range of geographical 
locations, most participants were from high-income 
countries in Europe and North America (91%). This 
may have introduced bias in the results as the 
situation in low- and middle-income countries have 
not been included.  

Development of the Simulation for  
Regulation of SaMD (SIROS) framework

The outputs of this study are the final criteria that 
reached a consensus for inclusion to assess clinical 
simulation as a research method to evaluate SaMD 
from a regulatory standpoint. This is outlined in detail 
in the following section. 

Figure 4: Composition of the participants by sector 

INDUSTRY 
33% of total 
participants

REGULATORY 
16% of total 
participants

ACADEMIA 
36% of total 
participants

POLICY 
16% of total 
participants

Figure 3: Composition of the participants initially recruited by country

UK 
53% of total 
participants

Netherlands 
2% of total 
participants

Germany 
9% of total 
participants

Singapore 
4% of total 
participants

Australia 
4% of total 
participants

Switzerland 
7% of total 
participants

Belgium 
2% of total 
participants

Luxemburg 
2% of total 
participants

USA 
13% of total 
participants

France 
2% of total 
participants
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As outlined in the previous section, the Simulation 
for Regulation of SaMD (SIROS) framework was 
developed as a result of the Delphi process by 
the Imperial College London research team. The 
framework includes seven domains, which each 
include criteria agreed during the Delphi process. 
These seven domains, and their comprising 
criteria, have therefore been chosen by the panel of 
international experts as important to consider when 
assessing clinical simulation as a research method to 
evaluate SaMD from a regulatory standpoint.

1. BACKGROUND & CONTEXT
Background and context describe the general background 
and contextual information that is needed by regulators  
to understand any information that follows, along with  
justifying the regulatory submission. 

LEVEL OF 
CONSENSUS

Clear description of the SaMD being evaluated, including its purpose 
and intended end users

Very high

Description and justification of the clinical simulation performed,  
alongside any other research being conducted to evaluate the SaMD

Very high

Overview of the existing evidence to support the SaMD is provided High

Sources of funding and other conflicts of interest are declared appropriately Low

Figure 4: The seven domains of the Simulation 
for Regulation of SaMD (SIROS) framework

‘Background and context’ is the first domain, given 
its overall importance in setting the scene for the use 
and purpose of the SaMD, as this will justify the use 
of clinical simulation as an evaluation methodology. 
It also acknowledges the importance of providing 
any pre-existing evidence to support the use of the 
SaMD while to a lesser degree it acknowledges the 
importance of disclosing funding and conflicts of 
interest.

1. Background & context

3. Study population

6. Software & AI

2. Overall study design

5. Fidelity

4. Delivery of
the simulation

7. Study analysis
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2.OVERALL STUDY DESIGN
Overall study design describes the aspects of the clinical  
simulation study design to be considered by the regulator.  
 

LEVEL OF  
CONSENSUS

Potential limitations of the study design are discussed Very high

Potential biases associated with the study design are discussed Very high

Strategies to minimise potential study biases are described Very high

Issues on equity have been considered in the overall study design e.g., high risk 
patient profiles, racial disparities

Very high

Digital literacy is considered in the study design e.g., digital literacy of clinicians 
taking part in the clinical simulation or the digital literacy of the intended end users

Low

Risk management in the study is described e.g., impact assessments High

The second domain of ‘Overall study design’ 
considers the importance of various aspects of 
the clinical simulation study design. Several items 
reached very high consensus, that focused on the 
clinical simulation team discussing the study design 
limitations, any potential biases and how they were 
minimised, along with equity being considered 
across the study. Issues on equity in clinical 
simulation approaches and SaMD applications are 
essential for regulators to clearly examine and avoid 
the introduction of any bias in the study process.

‘Study population’ focuses on describing the 
participants of the clinical simulation study which 
has been performed to evaluate the SaMD. This study 
focused on clinicians as study participants to assess 
the SaMD in each clinical scenario. Study participants 
should be representative of the intended end users of 
the SaMD, and therefore the eligibility criteria  
used for recruitment should be tailored to the SaMD 
end users e.g., their level of experience, practice 
area, qualification type. 

 
3. STUDY POPULATION 
Study population describes the way in which clinical  
simulation study participants, in this case clinicians,  
are recruited and took part in the study.  

LEVEL OF  
CONSENSUS

The eligibility criteria for clinicians who took part in the clinical simulation is 
representative of the intended end users e.g., staff level, qualification, experience

Very high

The sampling and recruitment methods used to recruit clinicians who took  
part in the clinical simulation is clearly described

Low

The number of clinicians who took part in the clinical simulation is provided Very high

Issues on equity were considered in the sampling and recruitment process to  
ensure representativeness High

 
4. DELIVERY OF THE SIMULATION 
Delivery of the simulation describes the multiple aspects  
of the clinical simulation and how it took place practically.  
This allows regulators to understand how the study was  
performed.  

LEVEL OF  
CONSENSUS

The environment in which the clinical simulation took place is described e.g.,  
physical or virtual location, type of healthcare facility

Very high

The timing of the clinical simulation is described e.g., time of day, length  
of time taken

Low

The equipment used for the clinical simulation is described Very high

The facilitator (the individual who facilitated the clinical simulation for the  
clinicians), if any, is described e.g., what role they took, how many there were,  
what input they had

Low

The initial orientation and any training provided to the clinicians before taking  
part in the clinical simulation is described

Very high

When the clinical simulation was being performed, the SaMD was described in 
sufficient detail to the clinicians taking part in the clinical simulation to allow  
them to evaluate it

Very high

The fourth domain ‘Delivery of the simulation’ 
refers to clear descriptions of the various aspects 
specifically related to the way in which the clinical 
simulation was performed. The regulator should seek 
information about where, when, and how the clinical 
simulation took place, for example, a description 
of what information and training was provided to 
the study participants before they took part in the 
clinical simulation. This is important to be able to 
replicate any studies and understand what may have 
influenced the results. 

Fidelity refers to the degree of exactness with which 
something is reproduced, and therefore may occur on 

a spectrum ranging from a feature that is replicated 
to a high or low degree of fidelity. The fidelity should 
also relate to the intended end use of the SaMD. For 
example, high healthcare facilities fidelity is where 
the clinical simulation took place in an oncology 
outpatient clinic if that is where the SaMD is intended 
to be used by the clinician. There was a very high 
level of consensus for high fidelity being required for 
the concept in which the clinical simulation is being 
used, the synthetic patient cases, and the clinical 
scenarios used in the simulation. Whereas less 
people agreed on the importance of high fidelity for 
healthcare facilities in the clinical scenario. 

 
5. FIDELITY
Fidelity describes the multiple aspects of the clinical  
simulation that are designed to produce a study  
environment that is as close to real-life as possible or as  
deemed appropriate by the researchers. Fidelity is not a  
single one-off consideration, but there are many components  
to it, such as physical, conceptual and clinical fidelity.  

LEVEL OF  
CONSENSUS

There is a clear analysis, considering the risk and impact, of the different  
levels of fidelity, e.g., high, medium and low, required for various aspects  
of the clinical simulation

High
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Software and AI related to SaMD are important areas 
for regulators to be aware and informed of, as shown 
by the results of this study, with all four criteria within 
this domain reaching very high levels of consensus. 
These criteria relate to clear descriptions provided 
of any continuous machine learning algorithms, 
how they were developed and how they are being 
monitored over time, along with any software 
changes to the SaMD.

The final domain is the study analysis, which 
includes various aspects of how the clinical 
simulation study was analysed that should be 
considered by the regulator. This includes the 
outcome measures that were chosen for the study, 
which should meet the end use and indication of 
the SaMD. It should also clearly describe how the 
analysis was performed along with any sensitivity 
analysis to examine any assumptions and assess  
the robustness of the findings.

A lack of fidelity in any aspect of the clinical simulation is explained and  
justified e.g., fidelity in one aspect of the scenario may not be required for  
the SaMD being assessed

High

The clinical simulation has high conceptual fidelity, that meets the intended  
use of the SaMD

Very high

The clinical simulation uses high fidelity synthetic patient cases, that meet  
the intended use of the SaMD

Very high

The clinical simulation has high clinical scenario fidelity, that meets the  
intended use of the SaMD

Very high

The clinical simulation has high healthcare facilities fidelity, that meets  
the intended use of the SaMD

High

The methodology and rationale for developing the synthetic patient cases  
is described

Very high

The overall representativeness of the synthetic patient cases is described Very high

Potential limitations of the synthetic patient cases are discussed Very high

Potential data bias in development of the synthetic patient cases is discussed Very high

Strategies to minimise potential data bias associated with synthetic patient  
cases are discussed

High

 
6. SOFTWARE & AI
Software & AI describes the various aspects of machine  
learning and AI that are a part of the SaMD being evaluated  
and that should be considered by the regulator.  

LEVEL OF  
CONSENSUS

Any continuous machine learning algorithms embedded in the SaMD are described Very high

The design and development of any continuous machine learning algorithms 
embedded in the SaMD are described

Very high

Any continuous machine learning algorithms are reviewed at regular intervals to 
monitor their changes from the initial set-up

Very high

Any software updates to the SaMD made since the clinical simulation study are 
described and justified

Very high

 
7. STUDY ANALYSIS
Study analysis describes the process that was taken to  
analyse the results of the study. This includes initially  
setting out what will be measured at the start of the study,  
along with data analysis and any other study outcomes.   

LEVEL OF  
CONSENSUS

The primary and secondary outcome measures are clearly defined, including  
how and when they were assessed

Very high

Rationale and justification for the chosen primary and secondary outcome  
measures is provided

Very high

The usability of the SaMD is assessed as part of the clinical simulation High

The feasibility of the SaMD is assessed as part of the clinical simulation High

The impacts of any unintended consequences e.g., harm/clinical risk from  
the study are described

Very high

The data analysis performed is clearly described e.g., statistical methods and  
the unit of analysis used (e.g., individual, team, group)

Very high

The generalisability of the study findings is discussed, e.g., to other populations  
or clinical scenarios

Very high

Sensitivity analysis is performed to assess the robustness of the clinical  
simulation findings

Very high
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Section 5 
Discussing the  
framework 
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Following the Delphi study and development of the 
SIROS framework, a round table discussion was held 
that included a small group of study participants as 
representatives from academia, healthcare, industry, 
and regulatory bodies. The purpose of the round 
table event, held virtually to facilitate international 
participation, was to present and discuss the 
framework, generating in-depth conversation about 
clinical simulation, DHTs and the regulatory process. 
Round table discussions are commonly conducted 
to gain consensus through an informal, facilitated 
discussion and provide space for discussing areas of 
contention. The discussion was therefore not meant 
to be exhaustive and cover all framework domains. 
Instead, attendees were presented with unusual 
findings or questions arising from the Delphi study 
and this is reflected in the summary below, with 
support provided by background literature and team 
knowledge. 

Using clinical simulation to enhance 
evidence generation across the DHT 
development lifecycle 

Clinical simulation is a research methodology that 
can be used at various stages of the development of 
DHTs to provide evidence supporting the technology, 
depending on the knowledge required at that stage.

Clinical simulation offers a unique capability to 
reduce the burden of evidence and costly clinical 
trials for innovators, while still maintaining the level 
of evidence required to demonstrate safety and 
effectiveness. The application of clinical simulation 
may be more relevant at various stages of the 
DHT development, depending on the product and 
evidence requirements at any given time, which is 
supported by the first section of the SIROS framework 
where justification of the clinical simulation must be 
provided along with any existing evidence. Based 
on the product phase, different evidence generation 
methods will be required and as a result, there are 
likely ‘different tiers of good application for clinical 
simulations,’ with clinical simulation being available 
as a low-cost, agile option for specific products or at 
certain stages.

Therefore, regardless of its use, clinical simulation 
should not be seen as a replacement for methods 
such as randomised controlled trials (RCTs), which 
may be the essential requirement to provide the 
relevant data in certain cases. Instead, it should be 
considered amongst the toolkit of other research 
methods for appropriate DHTs and their use cases. 
For example, clinical simulation may be a strategic 
choice at earlier stages of evidence generation, 
allowing the company to iterate the tool before 
entering a costly trial or used at different time points 
in a product development.20Post-launch, clinical 
simulation offers a unique opportunity to assess 
updated algorithms in pre-determined change control 
plans.25 and identify safety issues. 

Innovators and regulators should continue to 
consider the ‘applicability and appropriateness’ of 
using clinical simulation to generate evidence for 
SaMD along with identifying which DHTs are most 
suitable to assess with clinical simulation based 
on their classification,22 thus increasing its use and 
acceptability for regulatory evidence. 

Simulating real-life healthcare 
environments to assess DHTs 
appropriately 

Clinical simulation allows innovators to create 
realistic healthcare environments to test DHTs 
within, by putting the right end user in the right 
place to test the right product. 

Due to logistics or technological constraints, 
it is often not possible to test a SaMD, or other 
DHT, within a real-world setting. However clinical 
simulation offers the unique opportunity to evaluate 
DHTs within an environment that is as close to reality 
as possible, based on various elements such as the 
healthcare facilities, staffing, or clinical scenario 
used. 

Along with high conceptual fidelity, the SIROS 
framework outlines that to evaluate a SaMD 
appropriately for its intended end use using clinical 
simulation methods, high fidelity synthetic patient 

A lot of it comes down to the product type, the 
use statement and therefore the classification of 
the product. Perhaps then we can be more specific 
about those types of products where simulation 
could be applicable.

Clinical trials rarely actually simulate the real 
world themselves. You can introduce a lot  of 
situations into simulations that you would not 
see even if you ran a 10-year clinical trial.
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cases, clinical scenarios and healthcare facilities 
are all required. Using these carefully designed and 
data-driven inputs will result in a highly accurate 
testing environment in which to safely evaluate 
a DHT in an agile, scalable and low-cost way, as 
evidenced by our previous work.19 However, given the 
innate complexity and unpredictability of healthcare 
scenarios, our round table experts also discussed 
the importance of evaluating broader effects, such as 
the significant cognitive burden placed on clinicians 
as they are faced with complex treatment decisions 
in high-pressure, fast-paced environments. This can 
be carried out through measures such as assessing 
cortisol levels,26 or cognitive burden when carrying 
out tasks.27 Designing specific stresses into the 
clinical simulation scenarios could also simulate 
realistic healthcare environments of device alerts, 
interruptions and interacting digital systems, further 
differentiating clinical simulation from the highly 
controlled RCT environments.

The ability to develop synthetic patient cases for 
specific high-risk or vulnerable patient groups also 
provides the opportunity to test DHTs for populations 
that may be challenging to recruit or not possible 
to include in RCTs. Therefore, the ability to replicate 
multiple clinical scenarios in a simulated healthcare 
environment or include different patient groups 
ensures that clinical simulation is a practical and 
insightful method of assessing DHTs to provide 
evidence that would not otherwise be possible to 
obtain.  

Avoiding bias within the delivery 
of the clinical simulation 

As with all research, it is important that bias is 
minimised in clinical simulation. However, particular 
care should be given to how the synthetic patient 
cases used in the simulation are developed. 

Avoiding bias in research is a fundamental principle 
of well-designed studies to ensure validated research 
findings, however, it is particularly relevant for 
clinical simulation. Bias is where systematic error has 
been introduced to the study process, which affects 

the research outcomes.28 Given the nature of clinical 
simulation, with numerous inputs such as clinical 
scenarios, study facilities and synthetic patient 
cases, strategies to identify and minimise potential 
biases within the study design, and more specifically 
the development of patient cases, are essential. 

This is also important given the use case of SaMD 
in the SIROS framework, where algorithmic bias in 
DHTs is a well-recognised issue and can introduce or 
exacerbate health inequities.29 This was a key focus 
area of the round table discussion, which highlighted 
the need to mitigate against bias in the development 
of synthetic patient cases. The cases used in clinical 
simulation studies are developed by the research 
team to represent various patient groups for the 
specific clinical scenario, such as synthetic oncology 
patient cases used to evaluate a clinical decision 
support tool that matches patients to oncology 
clinical trials.27 Historically, clinical case vignettes 
used to inform online symptom checkers have been 
developed by clinicians based on their clinical 
knowledge and experience.30 However, the inherent 
bias due to different clinicians’ experiences or 
descriptions and lack of direct patient involvement, 
has resulted in recommendations for a standard way 
to develop these vignettes,30 an approach which 
could be replicated for synthetic patient cases. 

Taking a data-driven approach to developing patient 
cases also requires close examination, as healthcare 
data may have systemic collection and recording 
issues which mean that it is not representative 
of the population.29 However, once these issues 
are accounted for, clinical simulation can be used 
to counter-act the existing structural bias within 
research, by designing patient cases directly with 
and for underrepresented patient groups and public 
members. This would ensure that an equitable 
and unbiased approach is adopted, with clinical 
simulation championing the novel use of synthetic 
patient cases in this way. 

Ensuring transparency in the  
development of software and AI

International regulation around AI-enabled DHTs is 
changing to ensure that regulators understand how 
algorithms change over time and what impact they 
may have on patient care. 

Artificial intelligence is increasingly being used to 
modify and enhance DHTs, with the field transforming 
rapidly and offering unprecedented benefits for 
patients and healthcare workers.31 However, some 

round table panellists noted the lack of transparency 
around AI algorithm development as an issue for 
its regulation, in particular ‘black box’ AI where the 
machine learning process cannot be explained. 

Transparency in AI development is required to 
monitor and mitigate potential risks to the public, 
such as inequitable health outcomes or patient 
safety concerns. Regulators must be aware of how 
algorithms have been developed and how they 
change over time, with regulatory oversight now seen 
as an ongoing process post-launch due to their ever-
changing nature. 

Regulatory bodies are working to address this, with 
the FDA proposing new guidance that supports 
continuous AI improvements in software through the 
submission of Predetermined Change Control Plans 
(PCCP), ultimately aiming to improve patient access 
and safety to AI-enabled technologies.25 There are 
clear information requirements to submit as part 
of the PCCP to promote transparency, including the 
planned changes and how they will be implemented 
and assessed. While several international regulatory 
bodies, including the FDA, the Medicines and 
Healthcare products Regulatory Agency (MHRA) in the 
UK and Health Canada worked together to publish 
Good Machine Learning Practice for Medical Device 
Development: Guiding Principles,32 the European 
Union (EU) is currently preparing the world’s first 
comprehensive AI law that aims to regulate the use 
of AI throughout the EU.33 The AI Act takes a risk-
based approach, with medical devices classified 
as high-risk as they already are regulated by EU 
product safety legislation, and therefore are subject 
to prohibited practices. Whilst this regulation is a 
much-needed structure to ensure better healthcare 
products and outcomes, our experts also highlighted 
that the nature of AI requires a sufficiently flexible 
framework to adapt to ongoing innovation, while 
maintaining appropriate risk management. This 
adaptability will promote DHT innovation within a 
safe framework while ensuring that transparent AI 
practices benefit patients and clinicians. 

From a regulatory perspective, we need to see that 
the population that something has been based on 
is relevant to the population of the product that it 
is being applied to.

How do we handle these products in post-
market world, especially when you have a 
machine learning AI algorithm that could 
continuously change?
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Clinical simulation provides a cost-effective and agile 
approach to evaluating SaMD, given its ability to 
replicate real-life clinical scenarios and test products 
with intended end users. Novel methods such as 
clinical simulation are required for innovators and 
regulators alike, to adapt to the ever-changing DHT 
and regulatory landscape. DHT features such as 
continuous machine learning and rapid innovation 
pathways have resulted in expanded patient and staff 
benefits, however, they cause regulatory challenges 
due to the inability of existing regulatory processes 
to adapt to their assessment. The current lack of clear 
regulatory frameworks for SaMD, and other DHTs, 
is a major cause for concern and one that we aim 
to address through the Simulation for Regulation of 
SaMD (SIROS) framework. The development of the 
SIROS framework has provided an initial regulatory 
structure for the application of clinical simulation 
to generate evidence for SaMD. The framework’s 
seven domains will provide innovators with the 
information required to generate sufficient evidence 
demonstrating safety and effectiveness to regulators, 
and future SaMD users. However, additional work 
is needed to expand the use of clinical simulation 
in evaluating DHTs and provide further regulatory 
pathways to adopt similar novel methods of evidence 
generation. 

To build upon the SIROS framework, we advise that 
it be used in practice by innovators and regulators to 
evaluate SaMD. To successfully apply the framework, 
we recommend that it is operationalised into a 
checklist that provides a user-friendly interface and 

support structure. Case studies that showcase its 
use could be developed by innovators to encourage 
adoption and expand the use of clinical simulation 
to assess DHTs across other areas. The framework 
should also be iterated based on real-world feedback 
over time, creating a comprehensive refined version 
to support adoption and real-world applicability. 
Furthermore, we believe that the SIROS framework 
should be modified and adopted to other DHTs 
like SaMD, given that they also may face the same 
evidence generation issues and require new 
regulatory approaches. 

Novel evidence generation techniques, such as 
clinical simulation, offer benefits to all those involved 
in the development of DHTs and require a usable, 
regulatory structure to support their approval. The 
SIROS framework aims to bridge this gap between 
innovators and regulators and support the continued 
rapid development of new DHTs. We look forward to 
seeing how this area continues to evolve and work 
with others in this space to further expand the use of 
clinical simulation for DHTs. 

Conclusion and next steps 

BACK TO CONTENTS
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