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Heart: Pathophysiology of Arrhythmias
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Heart failure can be classified as disease with one of four basic pathophysiologies:
A. Pump failure (contractile myocyte)
B. Arrhythmias (conducting/automatic myocyte)
C. Afterload (hypertensive emergency, shock)
D. Filling (restrictive cardiomyopathy, pericardial disease)
Arrhythmias are diseases of the conducting myocytes and occur as defects in
automaticity and/or conduction of the system cells: sinoatrial node > atrioventricular
node > bundle of His > bundle branches > Purkinje cells (for more, see: Heart, Structure:
Cells, Ultrastructure & Proteins)
- Arrhythmias are divided into those of rate (<60 or >100 /min) and rhythm.
In clinical medicine, arrhythmias are treated by specialist cardiologists and so are
problematic to teach at the medical student level.
A. First order treatments are used by sub-specialist cardiologists (e.g. radiofrequency
ablation, implantable pacemakers and defibrillators)
B. Anti-arrhythmic drugs are themselves arrhythmogenic:
• Class I drugs (Na+ channel blockers) are proarrhythmogenic, if the underlying
heart is abnormal
• Class II drugs (β blockers) can cause bradycardia
• Class III drugs (K+ channel blockers) prolong repolarization (↑QT segment →
Torsade de Pointe)
The medical student should know
A. Pathophysiology
• Abnormal impulse formation
1. Altered automaticity (e.g. vasovagal response)
2. Triggered activity (e.g. torsade de pointe)
• Abnormal conduction
1. Accessory pathways (e.g. WPW)
2. Blocks (AV blocks)
3. Re-entry (e.g. post-MI)
B. Clinical presentation (See Heart, Arrhythmias: Clinical Aspects and Heart,
Arrhythmias: Bradycardias & Tachycardias)
Pathophysiology of depolarization (for more, See: Heart, Structure: Cells, Ultrastructure
& Proteins)
A. Automatic myocytes (SA node is the model cell)
• The resting potential is -60 mV, which is below the -70 mV activating level of the
Na+ fast channels found in the contractile myocyte
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The leakage from the pacemaker Na+ channel (If) raises the membrane potential
to -40 mV (Figure A phase 4), which opens the Ca+2 channels (Figure A phase 0)
Delayed K+ channel restores membrane potential

A. SA node automaticity

B. Effect of SNS on heart rate

Regulation of heart rate uses the ANS with the β1 receptor of the SNS
increasing the slope of the If and decreasing the threshold level, while the M2
receptor of the PNS does the opposite. See Figure, B.
• Different conducting cells have different rate of depolarization. The SA node is
the fastest and it therefore sets the heart rate, called overdrive suppression.
o SA node……………… 60-100 beats/min
o AV node……………...50-60 beats/min
o Purkinje cell…………30-40 beats/min
• Any abnormal myocyte can depolarize and cause depolarization of the
conducting system. Abnormalities of the SA node lead to escape beats and are
typical in bradycardias.
o Ectopic beat: depolarization supersedes the SA node
o Escape beat: depolarization when the SA node fails
B. Contractile myocyte ectopic depolarization
• Resting state has a maximum negative potential of -90 mV, established by the
Na+/K+ ATPase and the inward rectifying K+ channel (Figure, phase 4).
• The wave of Na+ through the gap junctions raises the potential to -70 mV, which
opens the fast Na+ channels (Figure, phase 0). This raises the potential to -40 mV,
which opens the Ca+2 channels and the delayed K+ channels (Figure, phase 2).
Continued K+ efflux after the calcium channels close restores membrane
potential (Figure, phase 3).
•
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A. Contractile myocyte depolarization

B. Myocyte arrhythmia and after-depolarizations

Abnormal automaticity of myocytes can occur when damage causes “leakiness”
that allows the membrane potential to rise above the threshold potential during
the repolarization phase. This is called “triggered activity”.
o Early after-depolarization (Figure B, red): are most commonly seen with
prolonged repolarizations, such as the long QT syndrome. They lead to
torsade de pointes.
o Late after-depolarizations (Figure B, blue): seen with high intracellular
calcium such as SNS stimulation and digitalis toxicity.
C. The EKG
• This is a foundational test in heart disease and books are written on its use and
interpretation. The medical student should know the following:
i. Correlation of the EKG to depolarization and the heart sounds (for more,
see Heart, Valvular disease)
ii. Correlation of the components of the EKG to pathophysiology (see
Figure)
iii. The following diseases (for more, See: Heart, Bradycardias &
Tachycardias):
1. Atrial fibrillation
2. Ventricular fibrillation (monomorphic and polymorphic)
3. Wolff-Parkinson-White syndrome
4. AV blocks
5. Myocardial ischemia
•
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Clinical pathologic correlation of arrhythmias (see Heart, Bradycardias & Tachycardias)
- Outline
o Abnormalities of impulse formation
A. Increased automaticity (e.g. vasovagal syncope)
B. Triggered impulses (e.g. long QT syndrome, digitalis toxicity)
o Abnormalities of conduction
A. Blocks (e.g. AV blocks)
B. Accessory pathways (e.g. WPW syndrome)
C. Re-entry impulses (e.g. atrial and ventricular fibrillation)
- Vasovagal syncope (for more, see Heart, Arrhythmias, Clinical aspects and
Bradycardias & Tachycardias)
o This is part of the family of neutrally-mediated bradycardias
o Increased parasympathetic stimulation from things like strong emotion as well
as dehydration, fasting and prolonged standing can induce a bradycardia that
leads to a critical drop in blood pressure
A. Contractility will also decrease due to a decrease in intracellular calcium
BP = CO X TPR
CO = HR X SV
SV ≈ contractility / preload / afterload

-
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Atrioventricular block (AV block)
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o Any disease process that degrades the pathways between the SA node and AV
node can affect the normal heart rhythm. With the loss of the SA node impulse
(i.e. overdrive suppression), there will eventually be escape beats from the AV
node (automaticity of 50-60 bpm) or Purkinje cells (30-40 bpm)
o Pathologic processes include:
A. Ischemia
B. Inflammation: sarcoidosis connective tissue diseases (e.g. SLE, RA)
C. Fibrosis: scleroderma, RA
D. Medications
o Classified as:
A. 1st degree: prolongation of PR interval (i.e. >200mSec)
B. 2nd degree: progressive increase in PR interval leading to a dropped P wave
C. 3rd degree: complete lack of connection of P waves to QRS complexes
Atrial fibrillation
o Seen in conditions that lead to atrial chamber dilation and/or fibrosis. These
include ischemia, hypertension, valvular disease (especially mitral valve
stenosis), cor pulmonale and the connective tissue diseases like rheumatoid
arthritis.
o Caused by multiple re-entrant impulses that go through the AV node in an
irregular manner (hence the peripheral pulse is “irregularly irregular).

Ventricular tachycardia
o Defined as >3 consecutive premature ventricular contractions (PVCs)
o Ventricular origin can be seen in the EKG as a wide QRS complex (i.e. > 120
mSec)
o Due to
A. Re-entry impulse: post myocardial infarction
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1. Two channels with
different speeds
4. Re-entry loop allows for
ectopic focus to propagate
an impulse to the
surrounding myocytes

•

2. Retrograde conduction:
Fast channel has repolarized,
allow slow channel impulse
to depolarize it

3.Re-entry loop:
Impulse can recycle down
slow channel as it has now
cleared its refractory period

These re-entry foci occur in an area of scarring post-MI and
usually cause a monomorphic ventricular tachycardia as the
abnormal focus remains constant.

B. Triggered activity: these are ion channel defect that occur in two basic
patterns: (1) early after-potential in long QT syndrome or (2) late afterpotential in digitalis toxicity.
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Torsade de pointes (Fr. “braiding or twisting
of the pointes”) is a type of stitch in knitting
made by twisting wool around the knitting
needles. In English, it is a cable stitch.

• These are multifocal and so have a variable depolarization
pattern on EKG called a polymorphic ventricular
tachycardia.
• A specific type of polymorphous V. tach is the torsade de
pointe, which is associated with ion channel defects. It
has a high risk of going into ventricular fibrillation.

For more complete clinical pathologic correlation, go
to:
٠ Heart, Arrhythmias: Clinical Aspects
٠ Heart, Arrhythmias: Bradycardias & Tachycardias
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Do You Know It?
Heart: Pathophysiology of Arrhythmias
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-

Classify the pathophysiology of arrhythmias

-

Describe the abnormality at the cellular level for each:
o Abnormal impulse formation
• Altered automaticity…….include ion channels and membrane potential
• Triggered activity………….include ion channels and membrane potential
o Abnormal conduction
• Accessory pathways (e.g. WPW)……draw gross anatomy
• Blocks (AV blocks)
• Re-entry (e.g. post-MI)

-

Draw and label a normal EKG; correlate to commonest diseases
o P wave
o PR interval
o QRS complex
o ST segment
o QT interval
o T wave

-

For each disease, describe the pathophysiology:
o Vasovagal syncope
o AV block
o Atrial fibrillation
o Ventricular tachycardia
• Monomorphic
• Polymorphic
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