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Assessing and Improving the Credibility of Multiscale Cardiac Electrophysiology Models

CREDIBILITY ASSESSMENT 1: RESULTS

CREDIBILITY ASSESSMENT 1 – CELLULAR PERTURBATION

• 10-20 ion channels, pumps, 
and transporters

• 20-60 ordinary differential 
equations

Models typically are built from data from multiple cell types, from many labs, 

under varying conditions – composite models can struggle to reproduce biology

1

model of Livshitz & Rudy (2009) 

Biophys. J. 97:1265-76.

Dynamic Clamp: real-time approach to alter ionic current levels

A Genetic Algorithm was used to correct the 

discrepancy between experiments and simulations and 

produce a more predictive model

CREDIBILITY ASSESSMENT 2: POPULATION BEHAVIOR

CREDIBILITY ASSESSMENT 3: EXTERNAL VALIDATION

OVERALL PROJECT GOALS
Aim 1: Develop improved cellular models through rigorous experimental calibration protocols.

Aim 2: Calibrate models of cell populations to infer variation and co-variation in ionic currents

Aim 3: Develop and experimentally test models that map behavior between species 

Aim 4: Predict tissue-level physiological consequences of cellular heterogeneity.

Testing multiple ionic current perturbations in each 

cell allows us to develop more credible models

Heterogeneous populations are generated through parameter 

randomization – calibrating population results with experimental 

data will provide inferences about molecular-level variability. 

Dynamic Clamp approach allows a complete set of 

perturbations to be tested in each cardiac myocyte

… also shared directly as 

requested (Beatriz Trenor, 

Universitat de Valencia; 

Colleen Clancy, UC Davis)

Third-party validation will ensure that results are 

reproducible, and that code is clear and understandable. 

Model predictions: augmenting/inhibiting guinea pig ionic currents

MODEL-CREDIBILITY SUMMARY

U01HL136297: ”Multiscale modeling to map cardiac electrophysiology 

between species”

• The traditional paradigm of building cardiac cell models from data

collected from many cell types, from many labs, under varying

experimental conditions has led to a few decades of published

models that, while useful, often fail in one or more ways.

• This project utilizes intact cardiac myocytes and dynamic

experimental/computational protocols to acquire rich data sets that,

coupled with global parameter fitting algorithms, produce more

credible models.

• Thus, in addition to open model-sharing practices (github) to

enable third-party validation, model credibility is essentially “baked

into” the very goals of this project.

Ortega et al. (2014) Methods Mol Biol. 

1183:327-54.

Devenyi, Ortega et al. (2017) J 

Physiol. 595:2301-17.

model of ten Tusscher & Panfilov (2006) AJP Heart 291:H1088-100.

model of O’Hara et al (2011) PLOS Comp. Bio. 7:e1002061.


