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Basics of Cardiac Hemodynamics

• First living human cardiac catheterization was 
performed in 1929 by Dr. Werner Forssmann
at age 25 and shared the 1956 Nobel Prize in Medicine

• Proper cardiac diagnosis and disease management relies on 
accurate hemodynamics

• Adequate flushing of catheters, avoidance of bubbles and 
equipment calibration (transducer placed at the mid-chest 
level)

• Underdampening – vigorous catheter movement or air 
bubble oscillation produces artifact in peaks and dips of the 
pressure waveform

• Overdampening – catheter kink or blood, contrast media or 
air in catheter can result in reduced pressure transmission  



Figure  1  Left ventriclePressure waveform (a) underdampening, (b) overdampening, and (c) normal.

(a) Underdampening of pressure waveforms results when either excessive catheter movement or air 
bubble oscillations produce artifacts in peaks and dips of the pressure waveform, with falsely elvated 
systolic pressure. (b) Catheter kink or blood, contrast media, or air in the catheter can result in reduced 
pressure transmission and overdampening of the pressure waveform, with smooth contour of the 
waveform and falsely low diastolic pressure.(c) normal waveform.  (s) systolic (d) diastolic (e) end-
diastolic pressure.
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Right Atrial Pressure Waveform

“v” wave – Atrial “Venous” or Passive Filling 
“a” wave – Atrial contraction

“c” wave – Closure and protrusion of the tricuspid valve into the right atrium

“x” descent – Relaxation of RA (pulling of tricuspid annulus downward by RV contraction)
“y” descent – TV opening and RA emptying into RV



Examples of Common Abnormalities in RA filling 

• Increased “a” wave 
- Tricuspid stenosis
- Right Heart Failure
- Decreased RV compliance
- Pulmonary HTN

• Cannon “a” wave
- Atria contracting against closed TV (i.e. VT, 3rd degree AVB)

• Absent “a” wave 
- Atrial flutter or fibrillation

• Elevated “v” wave
- Tricuspid regurgitation

• Prominent “y” descent
- Tricuspid regurgitation

• Prominent “x” and “y” descents 
- Constriction/Restriction

• Slow “y” descent 
- Tricuspid stenosis
- Tamponade
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Aortic Stenosis 
(Aortic-Left Ventricular Systolic Gradient) 

Maximal instantaneous gradient is the maximum pressure gradient between the aorta (purple) and left ventricle 
(yellow) at a single point in time. Peak-to-peak gradient is the absolute difference between peak aortic systolic 
pressure and peak left ventricular systolic pressure.  Mean gradient is defined by the area between the systolic left 
ventricular and aortic hemodynamic tracings (green shaded area). Use the mean gradient for Gorlin equation. 



Mitral Stenosis 
(diastolic gradient LV vs. PW or LA pressure)

Grolin Formula: 
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Hypertrophic Obstructive Cardiomyopathy 

Post PVC Potentiation in Hypertrophic Obstructive Cardiomyopathy 

An increase in the intra-cavitary gradient following a premature ventricular contraction (PVC) is seen 
in HOCM as a result of increased myocardial contractility.  The post PVC beat (arrow) is associated 
with a reduction in aortic systolic pressure and pulse pressure known as the Brokenbrough-
Braunwald-Morrow sign.   (LV) Left ventricle, (Ao) Aorta.
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Left Ventricle Outflow Gradient Pre-and Post 
Alcohol Septal Ablation
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Dip and Plateau Configuration (RV filling)
Constrictive Pericarditis and Restrictive Cardiomyopathy 



Sensitivity and Specificity of 
Hemodynamic Parameters



a

LV

Restrictive Cardiomyopathy
(ventricular concordance of 

right and left ventricle pressures)

Constrictive Pericarditis
(ventricular discordance) 
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