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Pathology of Arrhythmias and Conduction Defects

· Key Anatomy and Relationships

· Sino-Atrial Node (SAN)

· Location, structure, vascular supply an innervation

· Atrioventricular Node (AVN)

· Location, structure, vascular supply and innervation

· Key anatomic features of His bundles and branches
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Key anatomic features of Purkinje fibres
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[Diagram: The Sinus Node]
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[Picture: The Sinus Node]
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[Diagram: The Sinus Node]
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    [Picture: Sinus Node Artery]

The sinus node has whorled, interlacing, small, pale myofibers


with interspersed collagenous matrix.  It is typically circumscribed,


with transitional areas.
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[Diagram: The Atrioventricular Node]

· At the anterior-leftward apex of Koch’s triangle

· Anterior to the coronary sinus

· Superior to the membranous septum, both subendocardial and subepicardial
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[Picture: The Atrioventricular Node]
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 [Diagram: The Atrioventricular Node]

· More spherical than the SAN

· Projects into the penetrating His bundle

· The node and His bundle have a critical relationship to the central fibrous body (CFB)

· The subjacent connective tissue is essential to insulate the node

[Diagram: The Atrioventricular Node]
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[Picture: The Atrioventricular Node]

The Atrioventricular Node

· AV nodal axis:

( Comprised of compact node, transitional zones, and 

     penetrating bundle

( Point at which nodal cells penetrate the annulus 

     fibrosis distinguishes  compact node and penetrating 

     bundle
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The His Bundle and Branches
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Purkinje Fibers

· Purkinje fibers are fine, trabecular extensions of bundle branches

· Proximally, the fibers are extensions of the bundle branches; the fibers are only slightly larger than working myofibers

· Distally, Purkinje fibers are large with cleared cytoplasm and numerous mitochondria

· Purkinje fibers are generally in the immediate subendocardium

The Essential Components of the Conduction System

[image: image16.png]


[Diagram]

Innervation

· The sinus node is innervated by post-ganglionic para-sympathetic nerve fibers

· The atrioventricular node is innervated by neural projections in the lower atrial septum

Fundamental Patho-Anatomical Defects

( 
Congenital




( 
Acquired

> Atresia





> Infection

> Displacement




> Inflammation

> Duplication




> Infarction

> Infiltration
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Acquired Fundamental Patho-Anatomical Defects

· Infection

( All forms of infection which include a predilection

     for the heart may result in conductive or 

     arrhythmogenic alterations

( The presence of the infectious agent, viruses,




     bacteria and parasites, can lead to automaticity

     problems, conductive problems or both

( The role of the infectious agent versus the role


of the associated immune response depends on 


the agent and the stage of disease
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Acquired Fundamental Patho-Anatomical Defects

· Inflammation

( Other inflammatory conditions of unknown,


autoimmune or postinfectious etiologies may


result in conductive problems





( These conditions include:

· Sarcoidosis

· Hypersensitivity Reactions

· Myocarditis

· Infarction
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( The consequences of ischemic heart disease

 
include acute, subacute and chronic processes


of myocardial injury and repair will be reflected




as variable degrees of conduction abnormalities

     ( The risk of infarction to the AV conduction is


greater for the posterior wall, while a larger


infarct is required in the anterior wall
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Infiltration

( Amyloidosis

· Deposits of eosinophilic amorphous amyloid

protein is seen with all forms of amyloid

deposits









· Association of amyloid deposits with 
conduction disturbances is related to direct infiltration of the

conduction system, inclusion of intramural coronary

arteries with subsequent infarction, or infiltration
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of cardiac nerves

     ( Iron Overload

· Iron deposits in hemochromatosis occur in all



cardiac tissues producing a spectrum of 

arrhythmogenic disturbances

Acquired Fundamental Patho-Anatomical Defects

     ( Tumors

· Common tumors of the conduction system
include rhabdomyomas, mesotheliomas or 

secondary tumors

     ( Fibrosis









· Fibrous tissue from injury, unexplained

proliferation and the aging process participate

in the attenuation of nodes as well as bundle

and Purkinje tissues

Arrhythmias, Pre-excitation, and Radiofrequency Ablation

· Bradyarrhythmias

( Sinus Bradycardia

· No pathological correlate, may have aberrant innervation

( Sick Sinus Syndorme

· SAN atrophy, fibrosis, rarely amyloidosis
· Variable abnormalities in AVN system
· Normal SAN artery
( Sino-Atrial Block

· Intrathoracic tumor, invasion of the vagus nerve
( Atrio-Ventricular Block

· First and second degree block are without anatomic defects

· Third degree block may reflect:

· congenital block with VSD, pulmonary atresia, transposition, or aneurysm of the membranous system

· congenital block with AVN interruption, dispersion or SAN atresia

· maternal SLE with anti-Rh antibodies

· Kearns-Sayre Syndrome (mitochondriosis)

· Acute injury – MI, trauma, surgery, infection, autoimmunity, tumor

· Chronic progressive incursion -- calcification, fibrosis

· Bilateral bundle-branch fibrosis – particularly in the elderly

( Right bundle branch block

· may be familial

· right ventriculotomy may induce

( Left bundle branch block

· concomitant of hypertrophy

· occurs in association with bilateral bundle branch fibrosis

· Tachyarrhythmias

( Supra-ventricular Arrhythmias: Atrial Fibrillation

· Often associated with mitral valve stenosis

· Other diverse factors – hyperthyroidism, ischemia, pericardial constriction, systemic hypertension

· May occur in absence of structural heart disease

· Replacement of SAN by fibrofatty tissue
     ( Supra-ventricular Arrhythmias: Paroxysmal Atrial Tachycardia

· Consequent to ischemia, hypertensive hypertrophy, aortic valvular stenosis, infections, drugs

· Therapy uncertain

· Morphology undefined

     ( Ventricular Arrhythmias: Ventricular Tachycardia

· May be paroxysmal, recurrent, intractable

· Pre-excitation (Wolf-Parkinson-White)

     ( Ventricular Arrhythmias: Ventricular Fibrillation

· Neurogenic factors may be a cause without structural heart disease

· Morphology of the heart is directly related to the circumstances of fibrillation

Radiofrequency Ablation: Endocardium




Sudden Death in Young Adults Including Athletes

· Physiological Responses to Exercise Training

· Enhanced oxidative capacity, central and peripheral

· Adaptive myocardial hypertrophy and ventricular function

· Resting sinus bradycardia

· Intermittently enhanced fibrinolysis

· Improved lipid profile, weight control, body composition

· Reduced blood pressure

· Sudden Death and Exercise

· Neither static nor dynamic forms of exercise seem to be excluded as possible contributors to death in athletes with abnormal hearts

· Sudden death during exercise or an athletic event is more frequent than occurs at rest, however the period following acute exercise is potentially life threatening as well

· In general, the younger the person exercising, the greater the likelihood that the cause of associated cardiac death is congenital

· Those who undertake very vigorous activity, but only for a short time per week appear to have the greatest increase in relative risk

· Extensive discussions have been held regarding whether to, how to, and what to evaluate or screen in people undertaking athletic competition

Congenital Fundamental Patho-Anatomical Defects

· Atresia

( interruption of the conducting pathways from the atria to the ventricles

( attributed to differing tissue origins in the crucial interface between 

conducting fibres of the His bundle, central fibrous body, and endocardial 

cushion tissue

· Otherwise Normal Heart

( discontinuity between:

· Atrial musculature and AV node

· Atrial musculature and His bundle (if AV node absent)

· AV node and main His bundle or within bundle itself (less often)

     ( no known etiology

· Congenitally Abnormal Heart

( Commonly associated with corrected TGA – related to abnormal course of 

His bundle secondary to AV discordance

( less often, block associated with endocardial cushion defects, atrial and/or 

ventricular septal defects

Congenital Complete Atrioventricular Block





The normal atrial axis and associated 

developmental components





Atrial axis discontinuity





Nodoventricular discontinuity

Congenital Fundamental Patho-Anatomical Defects

· Displacement

( in certain congenital heart lesions, the SA node may be significantly 

displaced-out of the sulcus terminalis, toward the left side of the right atrial 

appendage

( displacement of the SA and AV nodes is seen in the atrioventricular canal 

defect, transposition of the great arteries, and VSDs

· Duplication

( in situs ambiguous, the SA node may be duplicated

Located subepicardially in the sulcus terminalis


Approaches the junctions of the right atrial appendage and the superior vena cava


Shape of an upside down teardrop, 1 – 1.5 cm in length; 0.5 by 0.3 cm transversely





SAN is supplied by the sinus nodal artery from the right coronary artery (50%), left circumflex coronary artery (40%) or both (10%).





Depiction of the coronary artery supply to the AV node and the distal conduction pathways.  The right coronary artery is the primary supply to the node.





Whorled, interlacing, small, pale myofibers with collagenous matrix of the AV node





Central thickened AV nodal artery comes from crux of heart





The central fibrous body underlies the node





Continues from AV nodal axis


Main bundle projects through the central fibrous body and descends along posterior border of membranous septum


On the exit from the central fibrous body, multibranching of the left bundle occurs


The right bundle continues as an extension of the main bundle











