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Basic principles of doppler hemodynamics
• Measuring pressure gradient
• Flow/Volume quantification
• Continuity Equation
• Pressure half-time
• Proximal isovelocity surface area

Clinical application of echo hemodynamics

Learning Objectives



Case 1
A 25-year-old woman with dyspnea on exertion underwent transthoracic echocardiography. 
The study revealed patent ductus arteriosus and the following:

Left ventricular outflow tract (LVOT) diameter 2 cm
LVOT velocity time integral 32 cm
Right ventricular outflow tract (RVOT) diameter 2.5 cm
RVOT velocity time integral 11 cm
Heart rate 90 beats/min



Case 1
Which of the following statements is TRUE?

A. Systemic blood flow (Qs) is 9.0 L/min.

B. The ratio of pulmonic to systemic blood flow (Qp:Qs) is less than 1.

C. Stroke volume entering the lungs is 54 mL per beat.

D. Patient is cyanotic in the lower parts of the body.

E. The ratio of stroke volume through the LVOT and the stroke volume through the RVOT 
is equal to the Qp:Qs ratio in this patient.



Case 2
A 50-year-old woman was admitted to the hospital after a 1-week history of intermittent 
fever and progressive shortness of breath. Blood cultures grew S. aureus. On 
transesophageal echocardiogram, perforation of the anterior mitral leaflet and mitral 
regurgitation were seen. On the color Doppler image, a well-formed flow convergence 
(PISA) shell was visualized on the ventricular side of the mitral valve in systole. In addition, 
the following was noted:

Maximal mitral regurgitation PISA radius 1 cm
Aliasing velocity at which PISA radius measured 40 cm/s
Peak velocity of mitral regurgitation jet 500 cm/s
Velocity–time integral of mitral regurgitation 150 cm



Case 2
Which of the following statements is TRUE?

A. Vena contracta of the mitral regurgitant flow is expected to be less than 0.5 cm.

B. Effective regurgitant orifice area of mitral regurgitation is approximately 0.5 cm2.

C. Instantaneous flow rate across the mitral valve using the PISA method is 70 mL/s.

D. Mitral regurgitation is moderate (2+).

E. Regurgitant volume is 40 mL per beat.



Case 3
A 30-year-old woman is being evaluated for percutaneous closure of her secundum atrial 
septal defect (ASD). Transthoracic echocardiography demonstrated mild tricuspid 
regurgitation, no pulmonic stenosis, and the following:

Pulmonary artery systolic pressure 55 mmHg
Pulmonary artery diastolic pressure 25 mmHg
Left atrial pressure 10 mm Hg
Right ventricular outflow tract (RVOT) diameter 2.5 cm
RVOT velocity–time integral 35 cm
Left ventricular outflow tract (LVOT) diameter 2.0 cm
LVOT velocity–time integral 25 cm
Heart rate 80 beats/min



Case 3
Based on the aforementioned data, one can conclude:

A. Patient should be advised against ASD closure because pulmonary hypertension is 
present.

B. Pulmonary vascular resistance is approximately 16 Wood units.

C. The ratio of pulmonary to systemic blood flow (Qp:Qs) is approximately 2.2:1.

D. Shunt flow is larger than the pulmonic flow (Qp).

E. Patient is cyanotic.



Case 4
A 40-year-old man was diagnosed with perimembranous VSD by transthoracic 
echocardiography. His blood pressure is 100/50 mm Hg and his end-diastolic right atrial 
pressure is estimated at 10 mm Hg. There was no aortic or tricuspid valve stenosis. The 
continuous wave spectral Doppler was obtained across his VSD. What is this patient’s left 
ventricular end-diastolic pressure (LVEDP)?

3.4 m/s

1.4 m/s 1.9 m/s

A. 54 mmHg
B. 7 mmHg
C. 14 mmHg
D. 24 mmHg
E. 34 mmHg



Case 5
A 35-year-old man on transesophageal echocardiography in preparation to have a 
secundum atrial septal defect (ASD) closure was found to have a left-to-right shunt with this 
continuous wave Doppler flow pattern. Her right atrial pressure was estimated at 10 mm Hg. 
What is the peak left atrial pressure in this patient?

A. 55 mmHg
B. 18 mmHg
C. 28 mmHg
D. 41 mmHg
E. 51 mmHg

1.4 m/s

3.2 m/s



Doppler and the “Pitch Phenomenon”

Image source: imagine.gsfc.nasa.gov; Principle of Doppler Echocardiography

Detect direction and speed
(velocity of vector) of blood flow



Doppler Shift
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Pressure Gradient
Bernoulli Equation

ΔP = 4 V2

RVSP = 4(Peak TR velocity)2 + RAP

PAEDP = 4(PR End diastolic velocity)2 + RAP

LAP = 4(ASD velocity)2 + RAP

LAP = LV Pressure - 4 (MR velocity)2 

LVEDP = Diastolic BP – 4(AR diastolic velocity)2

LVEDP = 4(VSD end diastolic velocity)2 + RAP



Flow and Volume Quantification

Volume Quantification

Volume 
cm3

Area
cm2

TVI
cm

Flow Quantification

Flow rate 
cm3/s

Area
cm2

Velocity
cm/s

Area = ¶ x (radius)2 =  ¶  x (diameter/2)2 = 0.785 x (diameter)2



Stroke Volume
Volume Quantification 

Volume Quantification

Volume 
cm3

Area
cm2

TVI
cm

Area = ¶ x (radius)2 =  ¶  x (diameter/2)2 = 0.785 x (diameter)2

Image source: Feigenbaum’s echocardiography

SV = LVOT area x LVOT VTI = 0.785 x (2.4)2 x 19  = 
86 cm3



Cardiac Output and Index

Cardiac output = Stroke volume x Heart rate

Cardiac index = Cardiac output/Body surface area 



Conservation of Mass Principle
Continuity Equation

Image source: Feigenbaum’s echocardiography

Area LVOT x TVI LVOT = Area Valve x TVI Valve

Area Valve =  Stroke Volume / TVI Valve



Valvular regurgitation
Continuity Equation

Regurgitant volume MR = SV MV  - SV LVOT

Regurgitant volume AR = SV LVOT  - SV MV

J Am Soc Echocardiogr 2017; 30(4):303-371



Pressure half time

Image source: Feigenbaum’s echocardiography

MVA = 220/PHT



PISA
Proximal Isovelocity Surface Area

Lower velocity
Higher velocity

Flow = 2¶r2 x  Velocity (aliasing)

Zoghbi WA, et al. J Am Soc Echocardiogr 2017; 30(4):303-371.



Effective Regurgitant Orifice
PISA

ERO 
cm2

Flow before 
the hole

cm3/s

MR Velocity 
cm/s

=



Regurgitant Volume
PISA

ERO 
cm2

Regurgitant 
Volume

cm3

MR VTI 
cm

= X



Case 1
A 25-year-old woman with dyspnea on exertion underwent transthoracic echocardiography. 
The study revealed patent ductus arteriosus and the following:

Left ventricular outflow tract (LVOT) diameter 2 cm
LVOT velocity time integral 32 cm
Right ventricular outflow tract (RVOT) diameter 2.5 cm
RVOT velocity time integral 11 cm
Heart rate 90 beats/min



Case 1
Which of the following statements is TRUE?

A. Systemic blood flow (Qs) is 9.0 L/min.

B. The ratio of pulmonic to systemic blood flow (Qp:Qs) is less than 1.

C. Stroke volume entering the lungs is 54 mL per beat.

D. Patient is cyanotic in the lower parts of the body.

E. The ratio of stroke volume through the LVOT and the stroke volume through the RVOT 
is equal to the Qp:Qs ratio in this patient.
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Case 1 (Math)

Qs = 0.785 x (2.5)2 x 11 x 90 = 4.86 L/min
Qp = 0.785 x (2)2 x 32 x 90 = 9.00 L/min
Qp:Qs = 9/4.86 = 1.85
SVp = 0.785 x (2)2 x 32 = 101 ml/beat



Case 2
A 50-year-old woman was admitted to the hospital after a 1-week history of intermittent 
fever and progressive shortness of breath. Blood cultures grew S. aureus. On 
transesophageal echocardiogram, perforation of the anterior mitral leaflet and mitral 
regurgitation were seen. On the color Doppler image, a well-formed flow convergence 
(PISA) shell was visualized on the ventricular side of the mitral valve in systole. In addition, 
the following was noted:

Maximal mitral regurgitation PISA radius 1 cm
Aliasing velocity at which PISA radius measured 40 cm/s
Peak velocity of mitral regurgitation jet 500 cm/s
Velocity–time integral of mitral regurgitation 150 cm



Case 2
Which of the following statements is TRUE?

A. Vena contracta of the mitral regurgitant flow is expected to be less than 0.5 cm.

B. Effective regurgitant orifice area of mitral regurgitation is approximately 0.5 cm2.

C. Instantaneous flow rate across the mitral valve using the PISA method is 70 mL/s.

D. Mitral regurgitation is moderate (2+).

E. Regurgitant volume is 40 mL per beat.



Case 2 (Math)
Instantaneous flow rate = 2 x 3.14 x (1)2 x 40 = 251 ml/s
ERO = Instantaneous flow rate/MR Peak velocity = 
251/500 = 0.5 cm2
Regurgitant volume = ERO x TVI MR= 0.5x150=75 ml/beat



Case 3
A 30-year-old woman is being evaluated for percutaneous closure of her secundum atrial 
septal defect (ASD). Transthoracic echocardiography demonstrated mild tricuspid 
regurgitation, no pulmonic stenosis, and the following:

Pulmonary artery systolic pressure 55 mmHg
Pulmonary artery diastolic pressure 25 mmHg
Left atrial pressure 10 mm Hg
Right ventricular outflow tract (RVOT) diameter 2.5 cm
RVOT velocity–time integral 35 cm
Left ventricular outflow tract (LVOT) diameter 2.0 cm
LVOT velocity–time integral 25 cm
Heart rate 80 beats/min



Case 3
Based on the aforementioned data, one can conclude:

A. Patient should be advised against ASD closure because pulmonary hypertension is 
present.

B. Pulmonary vascular resistance is approximately 16 Wood units.

C. The ratio of pulmonary to systemic blood flow (Qp:Qs) is approximately 2.2:1.

D. Shunt flow is larger than the pulmonic flow (Qp).

E. Patient is cyanotic.



Case 3 (Math)
Qp = 0.785 x (2.5)2 x 35 x 80 = 13.7 L/min
Qs = 0.785 x (2)2 x 25 x 80 = 6.28 L/min
Qp:Qs = 2.18
MPAP = PADP + 1/3 (PASP-PADP) = 35 mmHg
PVR = (MPAP – LAP)/Qp = (35 – 10)/13.7 = 1.8 Wood units



Case 4
A 40-year-old man was diagnosed with perimembranous VSD by transthoracic 
echocardiography. His blood pressure is 100/50 mm Hg and his end-diastolic right atrial 
pressure is estimated at 10 mm Hg. There was no aortic or tricuspid valve stenosis. The 
continuous wave spectral Doppler was obtained across his VSD. What is this patient’s left 
ventricular end-diastolic pressure (LVEDP)?

3.4 m/s

1.4 m/s 1.9 m/s

A. 54 mmHg
B. 7 mmHg
C. 14 mmHg
D. 24 mmHg
E. 34 mmHg



Case 4 (Math)
LVEDP = 4 (VSD end diastolic velocity)2 + RAP 
= 4 x (1.9)2 + 10 = 24 mmHg



Case 5
A 35-year-old man on transesophageal echocardiography in preparation to have a 
secundum atrial septal defect (ASD) closure was found to have a left-to-right shunt with this 
continuous wave Doppler flow pattern. Her right atrial pressure was estimated at 10 mm Hg. 
What is the peak left atrial pressure in this patient?

A. 55 mmHg
B. 18 mmHg
C. 28 mmHg
D. 41 mmHg
E. 51 mmHg

1.4 m/s

3.2 m/s



Case 5 (Math)
LAP = 4 (ASD peak velocity)2 + RAP 
= 4 x (3.2)2 + 10 = 51 mmHg



Questions? 

@PSuksaranjitMD

Promporn-Suksaranjit@uiowa.edu
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