Abnormal Circulation

and

Shunts

Bruce M. McManus, MD, PhD

March 16, 2000

Definition

· Shunt
- a pathway or connection to divert blood flow from its normal channels

· primary

· compensatory

· unidirectional

· bi-directional

Anatomic Classification

· Left-to-Right
-     Blood flowing from the ‘side’ of the circulation wherein blood is fully 

      oxygenated to that ‘side’ which is desaturated (eg. left atrium to right 

      atrium, left ventricle to right ventricle, aorta to pulmonary artery)

· Right-to-Left
-     Reverse of above

· No net shunt
-     There may be no net shunting of blood if there is bi-directional, 

      balanced shunting, however there may be mixing of blood

When are Shunts Normal Versus Abnormal?

· Pre-natal:
with high resistance in the pulmonary circulation, the ductus allows arterialized blood from placenta to reach the aorta and systemic organs.  The open fossa ovale also allows inferior vena caval blood to reach to left atrium, left ventricle, and aorta.

· Post-natal:
 shunts are abnormal, but may be life-saving

Atrial Septal Defects

· Normal


-     Fossa ovale region is patent in 25% of people throughout life

· The left venous valve of the IVC is ‘slammed shut’ against the limbic bands 

· by higher left atrial pressure post-natally; the septum does not leak

· Will leak if right atrial presure > left atrial pressures

· Ostium Primum

-     Most apical portion of the atrial septum is deficient or absent

· Ostium Secundum

-     Fossa ovale region has a deficiency of fossa tissue and/or 

      effacement of the limbic bands
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[Diagram of 5 types of ASD]
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[Diagram of primum defect + VSD]

[Picture: AVCD – longitudinal section of

[Picture:  AVCD – longitudinal section of
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 autopsy heart–opposite ½ of previous slide]
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[Picture: Secundum ASD – fossa ovale ASD]

Atrial Septal Defects:  Sinus Venosus
- Defect may exist in the upper atrial septum near the entrance of the superior vena cava and it 

  may be associated with connection of the right pulmonary vein 

  to the right atrium instead of the left

· Anomalous Right Upper Pulmonary Veins

Atrial Septal Defects:  Coronary Sinus

- When the left verticle vein persists is may become a left superior vena cava connecting to the 

   coronary venous system on the posterior aspect of the heart and into the coronary sinus (right   

   atrium)

- Such a structure does not present any difficulties because systemic venous blood is returning to 

   the proper chamber

- However this vein may be ‘unroofed’ in the posterior left atrium allowing systemic venous
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   blood to enter the chamber

· Left superior vena cava

[Picture: Coronary Sinus ASD]

Atrial Septal Defects:  Shunts
- Right-to-Left (prenatal)

· Blood flow is normally from right-to-left across the atrial septum during fetal life and will become left-to-right postnatally if a defect persists

· Pulmonary vascular obstructive disease causes rising pressures in the pulmonary artery, right ventricle, and right atrium

· This ultimately causes reversal of the shunt and is not good for the prognosis of the patient

- Left-to-Right (early)

- Right-to-Left (late)

Atrial Septal Defects:  Sequelae
- Cyanosis, congestive heart failure

-     conversion from L-R back to R-L desaturates 

       systemic arterial blood and results in cyanosis

· failure of the heart as a pump may occur

· RV due to pressure and volume overload

· LV due to chronic volume overload

- Paradoxical embolism
-     blood flow is from R-L at the atrial level

· thrombi entering the right heart may pass across the atrial septum into the systemic circulation

· source of the embolus is venous circulation; target is arterial side

- Brain abcess


-     shunting is from R-L in the late stages of an unoperated atrial 

      septal defect

· circulation of blood through the lungs is diminished and the immunologic housekeeping is diminished

· CNS infections

Ventricular Septal Defects:  Normal
-  Uppermost ventricular septum is the last place to close embryologically

Ventricular Septal Defects:  Types
· Subpulmonic 
- Type 1, supra-cristal

· Subaortic

- Type 2, infra-cristal, membranous, membranomuscular, perimembranous

· Muscular

- away from either semilunar valve

[Picture: Subaortic (perimembranous) VSD]


[Picture: Muscular VSD]
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Ventricular Septal Defects

Ventricular Septal Defects:  Shunts
· Same sequence occurs as with atrial septal defects, except earlier due to both pressure and volume overload of the pulmonary circulation

· Right-to-Left (prenatal)

· Left-to-Right (early)

· Right-to-Left (late)

· Significance depends on: 
-    size

· location

· level of pulmonary vascular resistance

· function of pulmonic valve

Ventricular Septal Defects:  Sequelae
· cyanosis and cyanosis tardive
- early if VSD is large or positioned for R-L shunting

- late as pulmonary vascular obstructive disease ensues

· congestive heart failure

· Infective endocarditis

- may occur at the rim of VSD and related to injury of 

  endocardium by jetting of blood under pressure combined 

  with bacteremia

[Picture: Photomicrograph of thickened pulmonary arteries]
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Patent Ductus Arteriosus

Patent Ductus Arteriosus

· Functional (reversible) closure

· Anatomic (irreversible) closure

· Early after birth the normal ductus arteriosus (left-sided) closes functionally

· Early post-natally the ductus may close and reopen

· Within a few days it is anatomically closed by a progressive healing phenomenon

Patent Ductus Arteriosus:  Shunts
· Left-to-Right

- in absence of other lesions, infantile ductus arteriosus allows 

  over-circulation of the lungs

· Right-to-Left

- longstanding ductus arteriosus will cause shunts similar to ASD 

  and VSD

[Photgraph of normally constricted ductis

[Graph: Blood pressure of 7 year old…]
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 arteriosus]
[Picture:  Patent ductus arteriosus]


[Picture: Pre-ductal coarctation]
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Patent Ductus Arteriosus:  Sequelae
· Pulmonary vascular obstructive disease

-     due to high blood pressure and flow in chronically open ductus is the earliest lesion

-     includes progressive intimal thickening which becomes more fibrotic and potentially 

                  occlusive

-     arteritis may be seen
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[Picture:  Large PDA, RVH, and 
pulmonary vascular 
obstructive disease]

Aorto-Pulmonary Window

Aorto-Pulmonary Window

· Large connection between the pulmonary trunk and the aortic root

· Shunt left-to-right until plexigenic pulmonary arteriopathy and pulmonary hypertension
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Sequelae similar to large ductus arteriosus

[Picture:  Aorto-pulmonary window]

Other Shunts Causing Cyanosis
· Tetralogy of Fallot

· Transposition of the great arteries

· Truncus arteriosus

· Tricuspid atresia

· Total anomalous pulmonary venous connection

· Atrioventricular canal defect

Anomolous Connections

· Transposition of the great arteries

· Double outlet right ventricle

· Truncus arteriosus

· Anomalous pulmonary venous connection   - complete or partial

[Diagram:  Coarctation of the Aorta]
[Diagram:  Ventricular Septal Defect with Resultant Left-to-Right Shunting]
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[Diagram:  Patent Ductus Arteriosus

[Diagram:  Atrial Septal Defect with 

with Resultant Left-to-Right Shunting]
Resultant Left-to-Right Shunting]
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[Diagram:  Eisenmenger’s Syndrome]
[Diagram:  Ebstein’s Anatomy]
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[Diagram:  Tetralogy of Fallot – 

Outflow tract obstruction]

[Diagrams:  Transposition and Switching of the Great Arteries]
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