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Computational Modelling and Simulation (CM&S) 
       in Regulatory Submissions

In Silico Clinical 

Trial

Device performance is 
evaluated using a 
‘virtual cohort’ of 

simulated patients.

CM&S in device 

software

Algorithm in device 
software takes in 
patient data and 

simulates the patient 

In Silico Device 

Testing 

Simulate device to 
generate safety/ 

effectiveness 
evidence

1. Bianchi M, Marom G, Ghosh RP, Rotman OM, Parikh P, Gruberg L, Bluestein D. Patient-specific simulation of transcatheter aortic valve replacement: impact of deployment options on 
paravalvular leakage. Biomech Model Mechanobiol. 2019 Apr;18(2):435-451.

1

CM&S-based 

MDDT

Regulated tool for 
evaluating a device 

All images are indicative



1. Pollard et al. An introduction to QT interval prolongation and non-clinical approaches to assessing and reducing risk. Br J Pharmacol. 2010 Jan;159(1):12-21.

Torsade-de-Pointes: “Pharmageddon”1

Normal ECG

Prolonged QT increases 
the risk of a drug 
causing TdP

Torsade de Pointes (TdP) – a 
rare type of life-threatening 
ventricular arrhythmia

“Prolongation of the QT interval on the 

electrocardiogram (ECG) was the reason for 

around one-third of all drug withdrawals 

between 1990 and 2006”

Withdrawal of drugs from the market: Astemizole , Cisapride, Droperidol, Grepafloxacin, Prenylamine, Sertindole, 
Terfenadine, Terodiline, Thioridazine



• Safety Tests Developed (2005)
• hERG assay (single ion channel) 
• Expensive ($2M+) and intensive ThoroughQT 

Phase II clinical human ECG study (does the 
drug prolong QT interval)

• High sensitivity but Lower specificity.
• Prevented dangerous drugs
• Some known safe drugs failed the test 

• New Test (CiPA initiative)
• engineer an assay for assessment of the 

proarrhythmic potential of new drugs with 
improved specificity 

• Consider mixed ion channel effects and a 
mechanistic understanding of their link to 
proarrhythmic risk,. 

Could we just use pre-clinical testing?

https://www.fda.gov/drugs/regulatory-science-action/impact-story-finding-better-test-predicting-risk-drugs-pose-heart



Ion Channel → In Silico Workflow in CiPA

Phase 1 Clinical 
Evaluation  

Unanticipated 
Effects

Drug Effects on 
Multiple Human 
Cardiac Currents

In Silico Reconstruction                       
Human Ventricular

Cellular 
Electrophysiology

In Vitro Effects          
on Human 
Ventricular 

Myocytes (native or 
hiPSC-CM)

Sager et al. 2014. https://www.sciencedirect.com/science/article/pii/S0002870313007849 

1. Obtain patch clamp data on 
human cardiac ion channels 
contributing to TdP risk

2. Use these data as 
inputs to an in silico 
model of the human 
ventricular myocyte,

3. Run simulations and calculate a metric that classifies 
the level of TdP risk, this is CiPA’s primary risk indicator, 
treated as the compound’s clinical risk score unless 
contradicted in (4)

4. Check predictions of 
electrophysiological 
changes in iPSC-CMs 
and Phase I ECG.

https://www.sciencedirect.com/science/article/pii/S0002870313007849


Outcomes

• Waivers on doing full ThoroughQT studies, based on CiPA approach1. 

This has happened for dozens of compounds already.

• Improved standards and standardisation for performing and reporting 

in-vitro ion channel screening and in-silico modelling:

• Standardised experimental protocols and data analysis2

• Guidelines for in-silico model-based risk assessment3

1. https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/interdisciplinary-review-team-cardiac-
safety-studies-formerly-qt-irt 

2. https://www.fda.gov/media/151418/download?attachment, https://doi.org/10.1016/j.taap.2020.114961 
3. https://doi.org/10.1002/cpt.1647 

https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/interdisciplinary-review-team-cardiac-safety-studies-formerly-qt-irt
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/interdisciplinary-review-team-cardiac-safety-studies-formerly-qt-irt
https://www.fda.gov/media/151418/download?attachment
https://doi.org/10.1016/j.taap.2020.114961
https://doi.org/10.1002/cpt.1647


2005 2022

Development of CM & S Guidelines 

2010

Growing awareness 
that the QT 
prolongation may be 
too conservative

2013 2020

Guidance on the thew use of in-silico 
models in assessing drug arrythmia risk 

2018

Concept paper including in-
silico methods

ICH regulators agree to follow FDA pro-

arrhythmic risk simulation evidence. 

First ICH Guideline to be reopened to allow 

simulation approaches

FDA accepts CiPA in-silico simulation 

evidence as part of ‘New Molecular Entity’ 

submissions.

2019

The International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (IHC)



Can we build a model of a person?



Clinical Trials are research studies in which one or more human subjects are 
prospectively assigned to one or more interventions to evaluate the effects of 
those interventions on health-related biomedical or behavioural outcomes

In-Silico Trials are research studies that uses computer models of cells, 
tissues, organs, or systems of human subjects, assigned to one or more 
interventions to evaluate the effects of those interventions on health-related 
biomedical or behavioural outcomes.

What is an In-Silico Trial?

oir.nih.gov/sourcebook/intramural-program-oversight



Cardiac resynchronisation therapy

LBBB

BIV-epi Conduction system pacing

HOT-CRT LOT-CRTBIV-endo



What could this look like?

mesh 03 mesh 04

mesh 05 mesh 06 mesh 07 mesh 08

mesh 09 mesh 10 mesh 11 mesh 12

mesh 13 mesh 14 mesh 15 mesh 16

mesh 01 mesh 02

mesh 17 mesh 18 mesh 19 mesh 20

Generate virtual population Simulate trialCreate models from patient data

Create models from patient distributions



In-Silico Simulated Clinical Trial 

Left Bundle 
Branch Block

Left Bundle 
Pacing

His Bundle 
Pacing

Epi Lateral 
pacing

Endo Lateral 
pacing

Endo Septal 
pacing

Physiological pacing for cardiac resynchronization therapy  



Methods Who does not respond Alternate pacing Alternate indications Device settings

In-Silico Simulated Clinical Trials 



How do we move to wider adoption?

CM & S for device 
development 

CM & S for Research
Flickr.com



Doctor X is writing 
a fellowship for a 
feasibility clinical 
study and wants 
to generate pilot 
data but does not 
have ethics, time 
or budget

Device company 
employee Y wants to 
get internal support 
to develop a new 
pacing therapy

Drug company safety 
pharmacologist Z wants 
to know if they need to 
preform additional 
safety tests for a new 
compound in pre-
clinical development  

Pre-regulatory use Cases of In-Silico Trials 



Growing awareness 
in devices 
community (incl. 
CDRH) of need for 
standardized 
credibility 
assessment

ASME V&V40 
subcommittee 
formed

CDRH M&S Reporting 
Guidance

ASME V&V40 
Standard

OSEL Credibility of Models 
Regulatory Science Program

~2010 2013 2016 2018 2020

Draft
Guidance

2021 2023

Final
Guidance

Informed by FDA Insilco UK 2024  presentation  

Development of CM & S Guidelines 



Credibility 

*The COU defines

Define Context of Use (COU), 
the specific role and scope of 
the computational model used 
to address the question of 
interest



Credibility 

RST: Workflow for patient-specific models
ṉ  Credibility evidence that could be collected

ṉ Credibility factors and gradations appropriate for PSMs

▪ See main RST page: https://cdrh-rst.fda.gov

Galappaththige S, Gray RA, Costa CM, Niederer S, Pathmanathan P. Credibility assessment of patient-specific computational modeling using patient-specific cardiac modeling as an exemplar. PLoS 
Comput Biol. 2022 Oct 10;18(10):e1010541. doi: 10.1371/journal.pcbi.1010541. PMID: 36215228; PMCID: PMC9550052.

https://cdrh-rst.fda.gov/


Credibility 

Galappaththige S, Gray RA, Costa CM, Niederer S, Pathmanathan P. Credibility assessment of patient-specific computational modeling using patient-specific cardiac modeling as an exemplar. PLoS 
Comput Biol. 2022 Oct 10;18(10):e1010541. doi: 10.1371/journal.pcbi.1010541. PMID: 36215228; PMCID: PMC9550052.

PSM-CT: Patient specific 
model clinical tool

PSM-VC: Patient specific 
model virtual cohort



Credibility 



Credibility 
▪ Example workflow for evaluating different components to an in silico clinical trial

Pathmanathan P, Aycock K, Badal A, Bighamian R, Bodner J, Craven BA, Niederer S. Credibility assessment of in silico clinical trials for medical devices. PLoS Comput Biol. 2024 Aug 
8;20(8):e1012289. doi: 10.1371/journal.pcbi.1012289. PMID: 39116026; PMCID: PMC11309390.



Reproducibility Study: Create Heart Model from Image

Complicated 
research pipeline

Implementation in CemrgApp

Reproducibility Study

Exemplar workflows



At 1mm my solution is 
converged

All your results are 
numerical artefacts



Reference Simulations

N-version verification
N>1 (10-12) groups complete same simulation on different implementations. Agree on ground truth solution for 
testing future methods / implementations  

Niederer SA, Kerfoot E, Benson AP, Bernabeu M, Bernus O, Bradley C, Cherry EM, Clayton R, Fenton FH, Garny A, Heidenreich E, Land S, Maleckar M, Pathmanathan P, Plank G, Rodríguez JF, Roy I, Sachse FB, Seemann 
G, Skavhaug O, Smith NP. Verification of cardiac tissue electrophysiology simulators using an n-version benchmark. . Philosophical Transactions of the Royal Society A: Mathematical, . 2011 
Land, S., et al. (2015). "Verication of cardiac mechanics software: Benchmark problems and solutions for testing active and passive material behaviour." Philosophical Transactions of the Royal Society A: 
Mathematical, Physical and Engineering Sciences

Electrophysiology
Mechanics



M F

C H
F

Reference Virtual Patients   



What Next: People Don’t Live in Hospitals

We diagnose people based on 

hospital measurements. 

Yet people live their 

lives in the community. 
We need to include more 

community measurements in 

diagnosing and monitoring 

patients. 



2022 Frontiers for Young Minds Human Health 

Cardiac simulations: computer games to mend broken hearts  
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