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Physiological review 



 Heart = complex muscular pump with self organized 
autogenerating and conducting electrical system 

 Cardiomyocyte meshwork  = loose reticular organisation 
of cells (not tighly packed) differing from smooth & 
skeletal muscles 

- Cell to cell trasmission of electric activity (conductivity) 
against skeletal (nerve synapse) + smooth (hormone)  

- Use of elastic recoil forcers after filling + actve 
contraction 

- Oxygen diffusion from the cavity into subemdocardial 
muscle  
 





 Cardiomyocytes can conduct electric currents from the cell to 
cell;  intercalated discs elecrtical synapses 

 Conductive system = not nerves but preformed muscle cells; 
specific anatomy  to organize  (direction, speed) heart 
exitability = basic rhythm  

 Atria and ventricles are electrically isolated; AV gateway 
control (+ abnormal bypasses) 

 Vegetative nerves + homones modulate chromotropy, 
dromotropic, batmotropic, inotropic action in the heart  



Principal ion channels 



Principal ion currents in the heart cells 

 
Calcium spikes, Pacemaker channel  Sodium spikes, Plateau channel  

If = „funny“ current 
pacemaking 



Principal ion channels - commentary 

Sinoatrial node - primary pacemaker of the heart  (resting membrane potential  -60mV). 
a) If (�funny current �) initiation of diastolic depolarization - 60 mV  
b) ICa (T,L) calcium currents are activated − 40mV,  
c) Outward potassium (K+) currents are activated and Ca2+ currents are inactivated 

 
Cardiomyocyte (resting membrane potential  −90mV).  
a) Inflow of positive charge (Ca2+ and Na+) through the gap junction to -65 mV threshold 
b) Inward quickly inactivated Na+ current  (−65 mV) (phase 0)  
c) Outward K+ current initiating repolarization (+ 30 mV) (phase 1).  
d) Inward Ca2+current (ICa(L)) opposing the K+ current. = AP plateau 0 mV; (phase 2),   
(main route for Ca2+ influx and triggers Ca2+ release from the sarcoplasmic reticulum,  
initiating contraction of the myocyte) 
e) Outward delayed rectifier K+ current (IKDR) = repolarization (phase 3) 
f)  Outward K+ channels mediate the final repolarization (phase 4). 



Principles of ECG 



Standard 12- lead ECG recording  



Electrode placement 



ECG waves and intervals 



Generation of ECG waveforms   

Movement of summary vector of electrical heart activity: P wave = depolarization of righ  left 
atrium + return to right side; PQ interval = passing through AV nodal area to Hiss bundle; Q wave = 
right septum + right heart start; uprise R = left septum + left apex + anterior wall; downfall R + S wave 
= rear; diaphragm. left heart; T wave= repolarisatrion of righ + left chmbers; U wave =  left chamber wall 



 

Normal 12- lead ECG recording  

ECG from student era (1983) 



Arrhythmias - basics 



Cardiac arrhythmias (dysrrhythmias) 
 Definition: Cardiac dysrhythmias = group of disorders of cardiac electrical rhythm 

autopacing and distribution in which the heartbeat may show irregularities or ECG 
abnomalities with no change in normal frequency, or too fast or too slow. 
 

 Epidemiology: affect millions of people, occur at any age incl. children; more common 
among older people; sudden cardiac death is the cause 1/2 of deaths due to 
cardiovascular disease or about 15% of all deaths globally. About 80% of sudden 
cardiac death ← ventricular arrhythmias; Atrial fibrillation & atrial flutter   >100,000 
deaths (2015). 
 

 Clinical manifestations: 
 Many types of arrhythmia have no symptoms and are not serious. 
 Typical symptoms include -  palpitations, feeling a pause between heartbeats, 

lightheadedness, shortness of breath, chest pain, etc.  
 Serious complications – asystolia,  acute/chronic heart failure, cardiac arrest. 

 



Cardiac arrhythmias (cont.) 
 Etiology:   
 Specific cardiac and non-specific chanellopathies ( inborn & acuired) 
 Congenital/acquired defects in electrical conduction system of the heart ( e.g. 

abnormalities of resting ECG, pre-excitation (short PR interval) 
 Structural cardiac diseases = mitral valve dis., LV aneurysm, congenital heart diseases 
 Ischemic heart disease  = mother of many arrhythmias (conductive system & myocard); 

angina, recent myocardial infarction 
 Internal milieu disturbances = ↓ or ↑ K+  hyper-/hypokalemia;  ↓ or ↑ Ca2+ 

hypo/hypercalcemia; ↓ Mg2+, acidosis/alkalosis; hypoxia, hypercarbemia ↓ PaO2, ↑ PaCO 
 Miscellaneous =  Febrile illness, Emotional stress, Smoking, Fatigue 
 Hormonal dysbalances (thyroid hormones = hyperthyroidism, growth hormone (gigantism), 

estrogenes, testosterone 
 Vegetative dystonias = sympathetic hyper-reractors (tachycardic arrhythmias); vagal 

hyperresponsivenes (bradycardia); Pheochromocytoma ( catecholaminerg. tumor) 
 Drugs =  Anti-arrhythmics, Para/ sympathomimetics (β2 agonists, cocaine), 

antidepressants, caffeine, alcohol 



 Classification: 
 According to the origin: a) Nomotopic (sinus rhythm) = generated in sinoatrial node ; b) 

Ectopic = released from locations elsewhere 
 According to ectopic location: a) Supraventricular arrhythmias (incl.  Atrial arrhythmias 

+ Nodal arrhythmias= atrioventricular node area) b) Ventricular dysrrhythmia (generated in 
conductive system (Hiss bundle, Tawara bundles + myocardium of ventricles) 

 According to stability of pacing : a) Rhythms (= paroxysms/ or longer periods (minutes) 
with out of normal rhythmicity, ECG wave composition, etc.) b) Extrabeats (captured beats, 
short  periods, several or individual QRST complexes) Extra beats include premature atrial, 
ventricular contractions and/or junctional contractions. 

 According to the regularity:  a) Regular (equal RR intervals), (e.g. sinus bradycardia, 
tachycadia), b) Irregular (non-equal RR int.; e.g. sinus arrhythmia, extrasystoles) 

 According to contraction frequency: a) Normocardic rhythms  60 - 100 b/ min in adults; 
b) Tachycardic  rhythms  >100 b/ min (hypoxia, ischemia to the heart !!) c) Bradycardic 
rhythms < 60 b/ min in adults.   

Cardiac arrhythmias (dysrhythmias) 



Mechanisms:  
 Abnomal / hidden , protected pacemakers (revived 

upon pathologic conditions) 
 Abnormal automaticity – enhanced pacing (efects 

of hormones, nervous drive) 
 Triggered activity – EAD, DAD (tetanic activity, 

refractery phases) 
 Reentry circuits – small or long loops,  
 Channelopathies – specific disorders 

Cardiac arrhythmias (cont.) 



Sinus Arrhythmias 

P wave has normal 
morphology  
QRS and T wave are of 
normal morphology 
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Athletes (longs stamina sports) 
Normal in sleep   
Acute MI (protective, benefitial) 
Drugs (beta blockers) 



Any exercise 
Stress, Anxiety, Fever,  
Hypoxia, hypoxemia 
Cardiac failure 



Rate of SA node varies with respiration  
(respiratory arrhythmia) manily in kids ands 
elderly = analyzed by HRV 



Atrial Arrhythmias 

P wave is different from that 
generated in SA node 
QRS and T wave are of 
normal morphology 
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Extrasystoles with full compensatory phase 

Premature Atrial Contractions (PAC) 

Extrabeat  occurs prior to next expected sinus complex;  
Obviuously, sinus rhythm is resumed after PAC  
PAC may preceede patoxysmal supraventricular tachycardia, 

Atrial fibrilation or Atrial flutter   















Junctional 
Arrhythmias 

The atria and SA node loss their 
pacemaking functions 
A junctional escape rhythm 
begins 
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Junctional Escape Beats (Extrasystoles) 



Premature Junctional Contractions (PJC) 

Extrasystoles with full compensatory phase 



Junctional Rhythm 



Junctional Tachycardia 







Conduction blocks 

The atria and SA node loss their 
pacemaking functions 
Ventricular loci drive the rhythm 













Atrioventricular blockade 



Ventricular  
Arrhythmias 

The atria and SA node loss their 
pacemaking functions 
Ventricular loci drive the rhythm 





Ventricular Escape Beats (Extrasystoles) 



Ventricular Escape Beats (Extrasystoles) 



Ventricular Escape Beats (Extrasystoles) 



Ventricular Escape Beats (Extrasystoles) 





















ECG praxis 
Patterns that every medical 
student has to know: 
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