
pseudo-norMal Mitral valve doppler diastolic flow pattern derivation   
Terence Rafferty, MD, Raj Modak, MD and Steve Plaziak, BA 
Yale University School of Medicine

Mitral valve and pulmonary vein Doppler flow velocity tracings represent left atrial afterload and volume hemodynamic 
loading conditions. Traces consist of normal, maximal volume, maximal afterload and supra-maximal load tracings. For 
the mitral valve, this last tracing is termed pseudo-normal because it resembles a normal tracing. This resemblance can 
cause confusion in data interpretation. Misinterpretation can be obviated by considering the genesis of the pseudo-normal 
tracing.

Tracings: Normal mitral valve diastolic flow traces feature a large initial wave (E), corresponding with passive flow 
from the left atrium into the left ventricle. This is followed by a smaller wave (A) which represents left atrial contrac-
tion. Increased left atrial afterload  (left ventricular filling constraints) causes the left atrium to contract more vigorously. 
This causes the A wave peak to exceed the E wave peak. By contrast, volume loading causes the E wave peak to greatly 
exceed the A wave peak. Normal pulmonary vein flow traces feature a large initial wave (S), corresponding with systolic 
filling of the left atrium. This is followed by a smaller wave (D), corresponding with diastolic filling of the atrium. With 
increased left atrial afterload, the D wave peak increases. With volume loading, the D wave peak continues to increase.

Ratios: The relationship between the E and A wave peak velocities can be expressed as ratios. When E wave peak veloc-
ity exceeds A wave peak velocity, the ratio exceeds unity and vice versa. The relationship between S and D wave peak 
velocities can also be expressed as ratios. When S wave peak velocity exceeds D wave peak velocity, the ratio will, 
again, be greater than unity and vice versa.

Parabolas : The expression of E/A wave relationships as ratios facilitates graphic representation of the impact of volume 
and afterload. Directional changes in E/A ratios for volume and afterload are oppositely directed. When the left atrium is 
faced with excessive volume/afterload combinations, left atrial pump failure supervenes. Aggregate summation of mitral 
valve ratio values will result in a normally appearing trace (E >> A + E < A = E > A). Corresponding S/D ratios are uni-
formly directed. (S < D + S < D = S << D). These changes can be represented as mirror image parabolas. 

Summary : Parabolic representation of mitral valve and pulmonary vein Doppler flow tracing values is an original con-
cept. With this concept, it becomes self-evident that the summation of left atrial volume and afterload to overwhelming 
levels will result in a mitral valve trace that mimics normalcy and coincident with a definitively abnormal pulmonary 
vein trace.
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