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Ventricular arrhythmia

1.   Ectopic pacemaker
Initiation mechanisms

@Wikimedia Commons

2.   Reentry

3.   Triggered activity

Sudden Cardiac Death Database (www.physionet.org) 

PVC

PVC = Premature Ventricular Complex



Sudden cardiac death – epidemiology
• Cardiovascular disease is a leading cause of death (31% of all global 

deaths) The World Health Organisation

• 50% are cases of ‘sudden cardiac death’ – death within 1 hour after the 
onset of symptoms 

Gerber et al. Secular trends in deaths from cardiovascular diseases: a 25-year community study. 
Circulation.

J. Anthony Gomes. Heart Rhythm disorders: History, Mechanisms, 
and Management Perspectives, Springer.Fibrillation

Tachycardia

Sudden cardiac 
death

Bradycardia

15% 85%



Why analyse PVC dynamics?

• PVC dynamics in patients are rich but poorly understood – still cannot reliably infer 
mechanism from pattern

• Problem of risk stratification for sudden cardiac death

• Frequent PVCs show increased risk of cardiac death
Dukes et al. Ventricular ectopy as a predictor of heart failure and death. JACC (2015)

• Ventricular fibrillation is often preceded by frequent PVCs
Deyell et al. Sudden Cardiac Death Risk Stratification. Circulation research. (2015)

How can we analyse PVC dynamics?



Holter recording
1947 - Norman Holter

Wikipedia. The original Holter biotelemetry 
apparatus in 1947 weighing 85 lb 

H L Kennedy. The history, science and innovation of Holter 
technology. Annals of Noninvasive Electrocard. (2006)

1960 – Tape recorder1954 – Briefcase recorder

Image courtesy of National 
Museum of American History

2010 onwards:  

Icentia cardioSTAT

Apple watch



ECG data processing

Beat detection algorithm (Icentia)

N – normal (sinus) beat

V – premature ventricular 
complex (PVC)

Timing – precise to 250Hz

App demonstration

Beat-to-beat interval plot

NV – coupling interval

VN – compensatory pause

NN – sinus interval



Pure parasystole
• Ectopic pacemaker independent of sinus pacemaker 

1. Ectopic beat blocked if it falls inside refractory period, 𝜃
2. Ectopic beat expressed if it falls outside of refractory period, 𝜃
3. Sinus beat following an expressed ectopic beat is blocked (compensatory pause)

Assumptions

ts

<latexit sha1_base64="DL+HvIzpAzZaChW71azvVWkIHUM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrBv+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOVnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBtgI3q</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

te

<latexit sha1_base64="peRp0yimk6adpBxKtX4QyKf3kB0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+ljv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBYSI3c</latexit>

te

<latexit sha1_base64="peRp0yimk6adpBxKtX4QyKf3kB0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+ljv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBYSI3c</latexit>

NVNV

ts

<latexit sha1_base64="DL+HvIzpAzZaChW71azvVWkIHUM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrBv+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOVnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBtgI3q</latexit>

te

<latexit sha1_base64="peRp0yimk6adpBxKtX4QyKf3kB0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+ljv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBYSI3c</latexit>



Difference equation for phase
ts

<latexit sha1_base64="DL+HvIzpAzZaChW71azvVWkIHUM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrBv+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOVnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBtgI3q</latexit>

te

<latexit sha1_base64="peRp0yimk6adpBxKtX4QyKf3kB0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+ljv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBYSI3c</latexit>

<latexit sha1_base64="h6xuxrBGsAX7ygboB7OlNkBCRt8=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5eMeJ/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vktZF1b+s1u5rlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5MUjyQ=</latexit>

�i
Phase of the ith sinus beat (expressed or not) 
in the ectopic cycle 

te

<latexit sha1_base64="peRp0yimk6adpBxKtX4QyKf3kB0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+ljv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBYSI3c</latexit>

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="uCxTtG5FZMzijGijmYZaonmR0X8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6kYounFZwT6gCWUynbRDJ5MwcyPUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4JEcA2O820tLa+srq2XNsqbW9s7u/befkvHqaKsSWMRq05ANBNcsiZwEKyTKEaiQLB2MLqZ+O0HpjSP5T2ME+ZHZCB5yCkBI/XsQy8ZcnyFvVARmkGeQY/lPbviVJ0p8CJxC1JBBRo9+8vrxzSNmAQqiNZd10nAz4gCTgXLy16qWULoiAxY11BJIqb9bHp9jk+M0sdhrExJwFP190RGIq3HUWA6IwJDPe9NxP+8bgrhpZ9xmaTAJJ0tClOBIcaTKHCfK0ZBjA0hVHFzK6ZDYnIAE1jZhODOv7xIWmdV97xau6tV6tdFHCV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrY9a6ZBUzB+gPrM8fUgyVKg==</latexit>

� =
t

te

Find the expression for  in terms of
<latexit sha1_base64="h6xuxrBGsAX7ygboB7OlNkBCRt8=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5eMeJ/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vktZF1b+s1u5rlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5MUjyQ=</latexit>

�i
<latexit sha1_base64="f5FmI3iDgL+EhtxM5QlWVkY1aSM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJYPZpygH9GB5CFn1FjpsZsMeS/j596kVyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt4Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ/0uUJmxNgSyhS3txI2pIoyY0Mq2hC8xZeXSfOi4l1WqvfVcu0mj6MAx3ACZ+DBFdTgDurQAAYSnuEV3hztvDjvzse8dcXJZ47gD5zPHzXzkKA=</latexit>

�i+1

and make a cobweb plot.



<latexit sha1_base64="+G0nlqEuurlyYOeJDyxDJ/xG/3g="></latexit>

�i+1 =

(
�i +

ts
te

0  �i < 1� ts
te

�i +
ts
te

� 1 1� ts
te

 �i < 1

Or put more simply…
<latexit sha1_base64="4xZOuQtVXqvoYJuUl7SDYP/kJSE="></latexit>

�i+1 = �i +
ts
te

(mod1)



Glass et al., Dynamics of pure parasystole. American Journal of Physiology (1986).

NIB: Number of intervening sinus beats between two ectopic beats

NIB=1 NIB=4

1. Three different values

2. One of which is odd

3. Sum to two smaller 
values < largest value

Rules

Pure parasystole



Courtemanche et al., Beyond pure parasystole: promises and problems in 
modeling complex arrhythmias. American Journal of Physiology (1989)

te = 1050ms

<latexit sha1_base64="J8YQfp8Jtbd6ZbXtw+ngLL8+fYI=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEfUgBL14jGAekCxhdtJJhsw+mOkVwxJ/xYsHRbz6Id78GyfJHjSxoKGo6qa7y4+l0Og431ZuZXVtfSO/Wdja3tnds/cPGjpKFIc6j2SkWj7TIEUIdRQooRUrYIEvoemPbqZ+8wGUFlF4j+MYvIANQtEXnKGRunYRu0CvqOucOR2ER0wDPenaJafszECXiZuREslQ69pfnV7EkwBC5JJp3XadGL2UKRRcwqTQSTTEjI/YANqGhiwA7aWz4yf02Cg92o+UqRDpTP09kbJA63Hgm86A4VAvelPxP6+dYP/CS0UYJwghny/qJ5JiRKdJ0J5QwFGODWFcCXMr5UOmGEeTV8GE4C6+vEwap2W3Ur68q5Sq11kceXJIjsgJcck5qZJbUiN1wsmYPJNX8mY9WS/Wu/Uxb81Z2UyR/IH1+QNBQpPp</latexit>

✓/ts = 0.6

<latexit sha1_base64="GMf4mEQMvIqP1SYjlSwk6taXPDs=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwFRMpPhZC0Y3LCvYBbQiT6aQdOpmEmZtCCf0TNy4UceufuPNvnLZZaPXAhcM593LvPWEquAbX/bJKK6tr6xvlzcrW9s7unr1/0NJJpihr0kQkqhMSzQSXrAkcBOukipE4FKwdju5mfnvMlOaJfIRJyvyYDCSPOCVgpMC2ezBkQM4g0PgGu85FYFddx50D/yVeQaqoQCOwP3v9hGYxk0AF0brruSn4OVHAqWDTSi/TLCV0RAasa6gkMdN+Pr98ik+M0sdRokxJwHP150ROYq0ncWg6YwJDvezNxP+8bgbRlZ9zmWbAJF0sijKBIcGzGHCfK0ZBTAwhVHFzK6ZDoggFE1bFhOAtv/yXtM4dr+ZcP9Sq9dsijjI6QsfoFHnoEtXRPWqgJqJojJ7QC3q1cuvZerPeF60lq5g5RL9gfXwDikuSTw==</latexit>

1. Modulation of ectopic focus
2. Conduction time to and from ectopic 

focus
3. Variable refractory period
4. Stochasticity in parameters

Factors not included

Pure parasystole



ts

<latexit sha1_base64="DL+HvIzpAzZaChW71azvVWkIHUM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrBv+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOVnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBtgI3q</latexit>

te

<latexit sha1_base64="peRp0yimk6adpBxKtX4QyKf3kB0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+ljv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVr+9rlfpNHkcRTuAUzsGDS6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBYSI3c</latexit>

Nau et al., Modulation of Parasystolic Activity by 
Nonparasystolic Beats. Circulation (1982)



Modulated parasystole
Pacemakers are influenced by external stimuli

<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="dVaz9innKqR+4GFYi9BAn+lm/TU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02kqCcpePFYobGFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWO7mZ+6wmV5olsmnGKQUwHkkecUWMlv3lhetgrV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKHi+r3lW19lCr1G/zOIpwAqdwDh5cQx3uoQE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AGhsjmw=</latexit>

T/te

<latexit sha1_base64="m9CGuAL8TCZlgunNFzX61FBKd5M="></latexit>

T

te
=

(
k�+ 1 0  � < 0.5

k(�� 1) + 1 0.5  � < 1
<latexit sha1_base64="Umm9uQoXzhx0sUd0UTHq8uiMLZo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mk+HErePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWao775Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+q3mW11qxV6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AdK+jO8=</latexit>

k is the strength of resetting

<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="U7cRXIR1VZjHucH1gOgUXrMhl4c=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgxpJIUVdScOOyQl/QhjKZ3rRDJ5MwM1FK7Ke4caGIW7/EnX/jpM1CWw/cy+Gce5k7x485U9pxvq3C2vrG5lZxu7Szu7d/YJcP2ypKJIUWjXgkuz5RwJmAlmaaQzeWQEKfQ8ef3GZ+5wGkYpFo6mkMXkhGggWMEm2kgV3uB5LQtHmuBzBLszawK07VmQOvEjcnFZSjMbC/+sOIJiEITTlRquc6sfZSIjWjHGalfqIgJnRCRtAzVJAQlJfOT5/hU6MMcRBJU0Ljufp7IyWhUtPQN5Mh0WO17GXif14v0cG1lzIRJxoEXTwUJBzrCGc54CGTQDWfGkKoZOZWTMfEZKFNWiUTgrv85VXSvqi6l9Xafa1Sv8njKKJjdILOkIuuUB3doQZqIYoe0TN6RW/Wk/VivVsfi9GCle8coT+wPn8Aj/2UMw==</latexit>

T � te
te

Normalized change in 
ectopic cycle length 

Nau et al., Modulation of Parasystolic Activity by 
Nonparasystolic Beats. Circulation (1982)



Case 2: Large 
<latexit sha1_base64="NnJOmVdzcEhlUDEMjqob/APz7kw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVL0VvHisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhDd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfea9cZDo9a6LeIowxmcwyV4cA0tuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcTwY4/</latexit>

�
Sinus beat is expressed – modulation of ectopic focus

<latexit sha1_base64="Gx9XwTG1jSI9U/cr90EhK/FHU+c=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexK8HELePEYwTwgWcLspDcZMju7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKnV4y4sT0sV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMnueDLhCZsTEEsoUt7cSNqKKMmMjKtkQvOWXV0nroupdVmv3tUr9Jo+jCCdwCufgwRXU4Q4a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AuQ6Pvw==</latexit>

�te

<latexit sha1_base64="/fv0zZxgcXZmsgAr4dniThd2trY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexK8HELePGYQF6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwbZpKgH9Gh5CFn1Fip3ugXS27ZXYCsEy8jJchQ6xe/eoOYpRFKwwTVuuu5ifGnVBnOBM4KvVRjQtmYDrFrqaQRan+6OHRGLqwyIGGsbElDFurviSmNtJ5Ege2MqBnpVW8u/ud1UxPe+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KAJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AK/ijNg=</latexit>

T

<latexit sha1_base64="4Q0iexbOV+fdSPK3CwcePD+DreY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexK8HELePEY0TwgWcLsZDYZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+6ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AFp2Y3e</latexit>

ts

<latexit sha1_base64="ApcuHGEKph3iHrtgGYkfzlv2k1g=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKexK8AEeAl48RjAPSJYwO+lNhszOLjO9QljyEV48KOLV7/Hm3zhJ9qCJBQ1FVTfdXUEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqGXiVHNo8ljGuhMwA1IoaKJACZ1EA4sCCe1gfDfz20+gjYjVI04S8CM2VCIUnKGV2rc9HAGyfrniVt056CrxclIhORr98ldvEPM0AoVcMmO6npugnzGNgkuYlnqpgYTxMRtC11LFIjB+Nj93Ss+sMqBhrG0ppHP190TGImMmUWA7I4Yjs+zNxP+8borhtZ8JlaQIii8WhamkGNPZ73QgNHCUE0sY18LeSvmIacbRJlSyIXjLL6+S1kXVu6zWHmqV+k0eR5GckFNyTjxyRerknjRIk3AyJs/klbw5ifPivDsfi9aCk88ckz9wPn8AJYWPbg==</latexit>

< ✓
<latexit sha1_base64="NYvpSRWPzMbyZ8wA3tPJJjXzTRk=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQD8YZCS7gIeDFYwSzQCYMPZ1K0qRnsbtGCCFHL/6KFw+KePUTvPk3dpaDJj4oeLxXRVU9P5ZCo21/W6mFxaXllfRqZm19Y3Mru71T1VGiOFR4JCNV95kGKUKooEAJ9VgBC3wJNb93PfJrD6C0iMI77MfQDFgnFG3BGRrJy+7n0dPHLnYB2dEJekBdCffUjbvCE/TK8bI5u2CPQeeJMyU5MkXZy365rYgnAYTIJdO64dgxNgdMoeAShhk30RAz3mMdaBgasgB0czB+ZEgPjdKi7UiZCpGO1d8TAxZo3Q980xkw7OpZbyT+5zUSbF80ByKME4SQTxa1E0kxoqNUaEso4Cj7hjCuhLmV8i5TjKPJLmNCcGZfnifV04JzVijeFnOly2kcabJHDkieOOSclMgNKZMK4eSRPJNX8mY9WS/Wu/UxaU1Z05ld8gfW5w9vjphO</latexit>

(ts � ✓)/te  �i < 1

<latexit sha1_base64="i0DkvDmtVs8DOTrxeN1lWxzMg6c=">AAACKHicbVDLSsNAFJ34rPUVdelmsAiVYkmk+FiIBTcuK/QFTQiT6aQdOnkwMxFKyOe48VfciCjSrV/iNMlCWy/McOacc7lzjxsxKqRhzLSV1bX1jc3SVnl7Z3dvXz847Iow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7mf670nwgUNg7acRsT20SigHsVIKsrR76xoTJ2E1swU3sLsQWENWh5HOJGOSNVFUsWY5znXruams1xx9IpRN7KCy8AsQAUU1XL0d2sY4tgngcQMCTEwjUjaCeKSYkbSshULEiE8QSMyUDBAPhF2ki2awlPFDKEXcnUCCTP2d0eCfCGmvqucPpJjsajNyf+0QSy9azuhQRRLEuB8kBczKEM4Tw0OKSdYsqkCCHOq/grxGKk8pMq2rEIwF1deBt2LunlZbzw2Ks2bIo4SOAYnoApMcAWa4AG0QAdg8AxewQf41F60N+1Lm+XWFa3oOQJ/Svv+ATsrpYA=</latexit>

�i+1 = �i +
ts
te

+ 1� T (�i)

te

<latexit sha1_base64="OlBWGwaM3k0vdPJjDuKmXl+/G7Y=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIpPnYFNy4r2AekoUwmk3boTCbM3Igl9DPcuFDErV/jzr9x2mahrQcuHM65l3vvCVPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaMyTVmbKqF0LySGCZ6wNnAQrJdqRmQoWDcc38787iPThqvkASYpCyQZJjzmlICV/D6wJ8iliqbeoFpz6+4ceJV4BamhAq1B9asfKZpJlgAVxBjfc1MIcqKBU8GmlX5mWEromAyZb2lCJDNBPj95is+sEuFYaVsJ4Ln6eyIn0piJDG2nJDAyy95M/M/zM4ivg5wnaQYsoYtFcSYwKDz7H0dcMwpiYgmhmttbMR0RTSjYlCo2BG/55VXSuah7l/XGfaPWvCniKKMTdIrOkYeuUBPdoRZqI4oUekav6M0B58V5dz4WrSWnmDlGf+B8/gCa9ZFy</latexit>

mod1

<latexit sha1_base64="4Q0iexbOV+fdSPK3CwcePD+DreY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexK8HELePEY0TwgWcLsZDYZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+6ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AFp2Y3e</latexit>

ts

<latexit sha1_base64="2ADS4v9h02A7UMfi7UtmmpzomoA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexK8HELePEY0TwgWcLspDcZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD6aP/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AFUoY3Q</latexit>

te

<latexit sha1_base64="Gx9XwTG1jSI9U/cr90EhK/FHU+c=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexK8HELePEYwTwgWcLspDcZMju7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKnV4y4sT0sV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMnueDLhCZsTEEsoUt7cSNqKKMmMjKtkQvOWXV0nroupdVmv3tUr9Jo+jCCdwCufgwRXU4Q4a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AuQ6Pvw==</latexit>

�te
<latexit sha1_base64="p6ij7PBeOyr8A3RHN782OmGN3LU=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKexK8HGRgBePEcwDkiXMTnqTIbOzy0yvEJZ8hBcPinj1e7z5N06SPWhiQUNR1U13V5BIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41RyaPJax7gTMgBQKmihQQifRwKJAQjsY38389hNoI2L1iJME/IgNlQgFZ2il9m0PR4CsX664VXcOukq8nFRIjka//NUbxDyNQCGXzJiu5yboZ0yj4BKmpV5qIGF8zIbQtVSxCIyfzc+d0jOrDGgYa1sK6Vz9PZGxyJhJFNjOiOHILHsz8T+vm2J47WdCJSmC4otFYSopxnT2Ox0IDRzlxBLGtbC3Uj5imnG0CZVsCN7yy6ukdVH1Lqu1h1qlfpPHUSQn5JScE49ckTq5Jw3SJJyMyTN5JW9O4rw4787HorXg5DPH5A+czx8omY9w</latexit>

> ✓

Difference equation Courtemanche et al., American Journal of Physiology (1989)

Case 1: Small
<latexit sha1_base64="NnJOmVdzcEhlUDEMjqob/APz7kw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVL0VvHisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhDd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfea9cZDo9a6LeIowxmcwyV4cA0tuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcTwY4/</latexit>

� Sinus beat is blocked – no modulation of ectopic focus

<latexit sha1_base64="YAknISx24hze5hGAU/E9kJb9u+0=">AAACB3icbVDJSgNBEO2JW4xb1KMgjUGIB+OMBBfwEPDiMYJZIBOGnk4ladKz2F0jhJCbF3/FiwdFvPoL3vwbO8tBEx8UPN6roqqeH0uh0ba/rdTC4tLySno1s7a+sbmV3d6p6ihRHCo8kpGq+0yDFCFUUKCEeqyABb6Emt+7Hvm1B1BaROEd9mNoBqwTirbgDI3kZfdtV8K9G3eFJ+gVzaOnj13sArKjE/TAy+bsgj0GnSfOlOTIFGUv++W2Ip4EECKXTOuGY8fYHDCFgksYZtxEQ8x4j3WgYWjIAtDNwfiPIT00Sou2I2UqRDpWf08MWKB1P/BNZ8Cwq2e9kfif10iwfdEciDBOEEI+WdROJMWIjkKhLaGAo+wbwrgS5lbKu0wxjia6jAnBmX15nlRPC85ZoXhbzJUup3GkyR45IHnikHNSIjekTCqEk0fyTF7Jm/VkvVjv1sekNWVNZ3bJH1ifPwz8mCM=</latexit>

0  �i < (ts � ✓)/te

<latexit sha1_base64="rOGENKDQQmdlQ+kLIKF265nDOKs=">AAACDnicbVDLSgMxFM34rPU16tJNsBSEQpmR4mMhFNy4rGAf0ClDJr3ThmYeJBmhDPMFbvwVNy4UcevanX9jOp2Fth5IODnnXm7u8WLOpLKsb2NldW19Y7O0Vd7e2d3bNw8OOzJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643uZn53QcQkkXhvZrGMAjIKGQ+o0RpyTWrTjxmbspqdoavcf5guIYdXxCaKldm+oLMNStW3cqBl4ldkAoq0HLNL2cY0SSAUFFOpOzbVqwGKRGKUQ5Z2UkkxIROyAj6moYkADlI83UyXNXKEPuR0CdUOFd/d6QkkHIaeLoyIGosF72Z+J/XT5R/OUhZGCcKQjof5CccqwjPssFDJoAqPtWEUMH0XzEdE52E0gmWdQj24srLpHNWt8/rjbtGpXlVxFFCx+gEnSIbXaAmukUt1EYUPaJn9IrejCfjxXg3PualK0bRc4T+wPj8AR7tm4k=</latexit>

�i+1 = �i +
ts
te

<latexit sha1_base64="OlBWGwaM3k0vdPJjDuKmXl+/G7Y=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIpPnYFNy4r2AekoUwmk3boTCbM3Igl9DPcuFDErV/jzr9x2mahrQcuHM65l3vvCVPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaMyTVmbKqF0LySGCZ6wNnAQrJdqRmQoWDcc38787iPThqvkASYpCyQZJjzmlICV/D6wJ8iliqbeoFpz6+4ceJV4BamhAq1B9asfKZpJlgAVxBjfc1MIcqKBU8GmlX5mWEromAyZb2lCJDNBPj95is+sEuFYaVsJ4Ln6eyIn0piJDG2nJDAyy95M/M/zM4ivg5wnaQYsoYtFcSYwKDz7H0dcMwpiYgmhmttbMR0RTSjYlCo2BG/55VXSuah7l/XGfaPWvCniKKMTdIrOkYeuUBPdoRZqI4oUekav6M0B58V5dz4WrSWnmDlGf+B8/gCa9ZFy</latexit>

mod1

Shift in phase due to 
modulation



Difference equation Courtemanche et al., American Journal of Physiology (1989)
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Investigate dynamics of modulated parasystole using online app
https://modulated-parasystole-cobweb.herokuapp.com/

How does this differ qualitatively from pure parasystole (k=0)?

k=0 : Pure parasystole k=0.5 : Modulated parasystole

https://modulated-parasystole-cobweb.herokuapp.com/


Entrainment

Courtemanche et al., American Journal of 
Physiology (1989)

2:1 entrainment zone

3:1 entrainment zone

Modulated ectopic period is an 
integer multiple of sinus period
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2:1 entrainment

3:1 entrainment


