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Circulation Physiology: Overview

• Tasks and components:

• Supply and disposal• Supply and disposal

• Pumping organ: the heart

• Systemic circulation (body)Systemic circulation (body)

• Pulmonary circulation (lung)

• Coupled to breathingCoupled to breathing

• Central vessels

• Peripheric vesselsp

• Regulation cycle (Homeodynamic):

• Sensors for detection of information

• Neural means of processing (ZNS, ANS)

• Different actuators and relevant variables

Klinke/Silbernagel (1994)



Circulation Physiology: Sensors

• Baroreceptor Reflex:

• sinus carotis, arcus aortae

• PD regulation properties

• Disorders: neuropathy,  sclerosis

• Chemoreceptors:

• Partial pressures, pH value

• Coupling heart rate and breath

• Local Regulation:

• Afferent heart nerves, thoracic pressure

F k St li l• Frank‐Starling law

• Cellular receptors (peripheral, heart)

Klinke/Silbernagel (1994)



Circulation Physiology: Efferent Nerves and Actuators

Heart Rateea a e

C iliContractility

A t i ti i t ti f d thi
Klinke/Silbernagel (1994)

Vascular Resistance

Antagonistic interaction of n. vagus and n. sympathicus

Vascular Resistance

Catecholamines etc.



Circulation Physiology: Standard Values (Hausbeck 2006)

A l i M H t t d S t Fl t tiAnalysis: Mean Heartrate and Spontaneous Fluctuations



Modelling of Circulation

Equivalent Circuit Windkessel Model

Description and analysis by nonlinear coupled differential equations

Ursino (1995)Ursino (1998)
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Heart Physiology: Basics of Anatomy

• Diastole (Relaxation):
• Atrial filling

Si d i i f i i• Sinus node: origin of excitation
• Beginning of atrial contraction
• Opening of AV valvesp g

• Systole (Contraction)
• Ventricular filling continues

Cl f AV l• Closure of AV valves
• Opening of aortic valve
• Ejection of blood volume

• Disorders:
• Improper valve function

L k f t til f• Lack of contractile force
• Missing chamber coordination
• Excitation disturbances

Klinke/Silbernagel (1994)



Heart Physiology: Origin and Spread of Excitation

Si N d

Physiological Sequence of Excitation

• Sinus Node:
• Proper origin of excitation

• AV Node:
• Delayed spread to chambers

• Tawara branches und Purkinje fibers:
• Homogeneous spread in myocardium• Homogeneous spread in myocardium

• Relevant Disorders:
• Pulmonary vene activity
• Reentry tachycardia (valve level)
• Atrial and ventricular fibrillation• Atrial and ventricular fibrillation
• Ectopic foci, premature excitation
• Block of excitation spread

Klinke/Silbernagel (1994)



Model of the Heart: Mechanical aspects of Contraction

• Objective:Objective:
• Model geometric 

conditions
M d lli f l t i l• Modelling of electrical 
phenomena

• Remarks:
• Finite elementsFinite elements
• Design of anatomical 

fiber structure
C l d i f• Complex dynamics of 
contraction

Lippert (2010)



Heart Physiology: Cellular Level

Klinke/Silbernagel (1994)

• Action Potential of cardiac cells:
• Depends on functionality
• Determines contractility (calcium)• Determines contractility (calcium)
• Action (and rest) potential determined by ion channels
• Parameters: voltage, refractory period, coupling



Modelling the Heart: Cell and Tissue Models

• Objective:

Pathological Excitation Spread

• Objective:
• Modelling of rhythm 

disturbances
• Identification of possible 

therapeutic approaches

• Models:
• Cell specific
• Hodgkin‐Huxley (ion ch )Hodgkin Huxley (ion ch.)
• Nygren (atrium)
• Luo‐Rudy (ventricle)
• Anatomic modelling 

necessary
Krätschmer (2002)Krätschmer (2002)
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Bradycardia: Disturbances of Excitation Generation and Spread

• Disturbance of sinus node:
• Slow substitute rhythmS o subst tute yt
• Irregularities

• AV block of different grade:
• Dissociation atrium/ventricle
• TachyarrhythmiaTachyarrhythmia

• Bundle Branch block:• Bundle Branch block:
• Dissociation of ventricles
• May result in heart failure

Klinke/Silbernagel (1994)



Tachyarrhythmia in Atria and Ventricles

Atrial Fibrillation AV Reentry Sudden Cardiac Death

Kalusche (1996) Miller (1991)Krätschmer (2002)

Atrial Fibrillation AV Reentry Sudden Cardiac Death

• Factors:
• Arrhythmogenic heart muscle (cellular disturbances)Arrhythmogenic heart muscle (cellular disturbances)
• Anatomical abnormalities (block, pathways)
• Triggers: premature beats



Heart Failure: A Vicious Circle

• Characteristics:• Characteristics:
• Progressive pump failure
• Multiple factors, complex 

regulatory mechanismsregulatory mechanisms
• Can be “compensated” for a 

while
• Death by “decompensation”

• Consequences:
• High morbidity and mortality
• Results in extremely high 

costs for health systemy
• Demand for regular 

monitoring

Hauf (1996)
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Surgical Therapies: Revascularisation etc. 

• Types of surgical procedures:

Roberts (2010) Feldmann (2005) Goldstein (1998)

• Elektrophysiological testing, HF ablation

• Valve substitution, vessel surgery, cardiomyoplasty

• Cardiac transplantion (including remote monitoring)

• Cardiac assist devices (temporarily, permanently)



Medication Therapy: Types of Relevant Drugs

•  Blockers:

• Decrease of adrenergic activation

• ACE Blockers, Diuretics:

i f fl id• Maintenance of fluid status

• Antiarrhythmics:• Antiarrhythmics:

• Influence on myocardial status

Topics of analysis e. g.: Monitoring of medication („patient compliance“)



Elektrotherapy of the Heart: Cardiac Rhythm Management

Slow Heart Rhythm:Slow Heart Rhythm:
Bradyarrhythmia

Artificial Pacemaker

Fast Heart Rhythm:
Tachyarrhythmia

Implantable 
Defibrillator

Heart Failure:
Ventricular Dissociation

Cardiac 
Resynchronization 

Ventricular Dissociation Therapy

Several Diseases
Progression

Remote Monitoring



Example: Modern Electrotherapy

Three Chamber Defibrillator with Remote Monitoring

• Measurement of iEGM

• Includes activity sensor• Includes activity sensor

• Stimulation impedance

• Cardiac resynchronization• Cardiac resynchronization

• Defibrillation (ventricles!/atria?)

• Thoracic impedance (feart failure)• Thoracic impedance (feart failure)

• Remote monitoring

• Pacemaker for backup• Pacemaker for backup

Klinke/Silbernagel (1994)



Scope and Consequences of Heart Disease 

• Prevalence of Heart Disease:

• Atrial Fibrillation 1%‐10%, growing with age, many comorbidities

• Sudden cardiac death: >100000 annual cases (Germany)

• More than 10 mio. Europeans suffering from heart failure

• Implant Statistics:

• 100000 surgeries due to pacemaker systems, CRT increasing (DHR 2008)

• ~10000 ICD implantations (2006), poor statistics, increasing

• Proportion of remote monitoring: 22% ICD and 7% pacemaker (2007)

• Important Research Topics:

• Early detection of disease / risk stratification

• Increase of scope of application of electrotherapy

• Full use of modern technological achievements (remote monitoring)


