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None 
 



2 

75 mL 

75 mL 

Christian Andreas Doppler 
1803 - 1853 Positive Frequency Shift 

Emitted Frequency (fo) 

Reflected Frequency (fr) 

(fr-fo) = 2fo v (cosθ) / c 

C= average speed of sound in tissue (1540m/sec) 

Time 

Velocity 

Instantaneous  
velocity at tx 

tx 

Flow = velocity x cross sectional area 
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Time 

Velocity 

TVI cm 
Linear distance 

 
Stroke Distance 

TVI = stroke distance (cm) Vel (cm/sec) 
  time (sec) = 

= Area π r2 = Area (cm2) 

Area (cm)2  x Distance (cm) = volume (cm)3  

TVI = stroke distance (cm) Vel (cm/sec) 
  time (sec) = 

= Area π r2 = Area (cm2) 

Area (cm)2  x Distance (cm) = volume (cm)3  
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d= 

TVI = 

Stroke Volume = CSA x TVI         
= .785 
= 72 cm3 or ml 

2cm 

x 

23cm 

(        )2 

LVOT 
d=2 

TVI=23 

SV = 72cc 

Mitral 

d=2.9 
TVI=12 

SV = 79cc 

Tricuspid 

d=3.4 

TVI=8 SV = 72cc 

Flow (volume/time) Pressure (mmHg) 

Resistance (WU) 

Pressure (mmHg) 
Conservation of Energy 
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1700-1782 

P1-P2 = 1/2ρ(V2
2-V1

2) 

P1&V1= proximal to obstruction 
P2&V2= distal to obstruction 
ρ=mass density of blood 
R=viscous resistance 
µ = viscosity 

Convective acceleration 
+ 
ρ ∫ (dv/dt) * ds  Flow acceleration 

+ 
R(µ) Viscous Friction 

V1 P1 

V2 
P2 

∆P = 1/2ρ(V2
2-V1

2) Convective acceleration 
+ 
ρ ∫ (dv/dt) * ds  Flow acceleration 

+ 
R(µ) Viscous Friction 

V1 <<< V2   therefore ignore V1 

∆P = 4V2
2 
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TR CW Doppler 

2.6m/sec 

RVSP = 4( 2.6 )2   +  5 
 =  32mmHg 

Echocardiography as a 
Noninvasive Swan-Ganz 

Catheter 
Jae K. Oh, MD 

Circulation 2005;111;3192-3194 
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RAP 

Tricuspid 
inflow 

Tricuspid 
annular 
motion 

E/e’ 

Hepatic 
veins 

SVC 

IVC 

rIVRT 
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S’ 

e’ 
a’ 

Normal Values 
S’ > 9.5cm/s 
e’ > 7.8 cm/s 
a’ > 8 cm/s 
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E = 45cm/s e = 10cm/s 

E/e’ = 45/10 = 4.5  

Nageh MF et al:  Am J Cardiol 584:1448, 1999 
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E/e’ 

y=0.8 + 1.7x 
r=0.75 
n=62 

RAP 
(mm Hg) 

An E/e’ ratio >6    
79% sensitivity    
73% specificity          
mean RAP≥10mmHg 

 TVI HVs          
        TVI HVs + TVI HVd 

 
Hepatic Venous Flow 

84 
85 
86 
87 
88 
89 
90 
91 

Sensitivity Specificity SFF = 

Nageuh et al Circulation 1996;93:1160-69 
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Eustacian Valve 

 
Inferior Vena Cava 

 
Inferior Vena Cava 

“IVC > 12mm had no predictive value for right atrial pressure”  
Jue et al J Am Soc Echocardiogr 1992;5:613-19 
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Noninvasive Assessment of Right Atrial 
Pressure Using Doppler Tissue Imaging 

J Am Soc Echocardiogr 2004;17:1155-60 

 
Regional Right Ventricular Isovolumic Relaxation Time 

85 
86 
87 
88 
89 
90 
91 
92 
93 

Sensitivity Specificity 

rIVRT >59ms; RAP<8mmHg 

Abbas et al J Am Soc Echocardiogr  2004;17:1155-60 

 RV rIVRT = 113 msec 
RAP = 2 mmHg 

RV rIVRT = 33 msec 
RAP = 20 mmHg 

 
Regional Right Ventricular Isovolumic Relaxation Time 
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 Systolic Pressure 



13 



14 

 
 Systolic Pressure** 

 
Assumptions 

1. Velocity is only dependent on 
pressure. 
 (fr-fo) = 2fo v (cosθ) / c Doppler Frequency Shift Equation 

•  If V1 is significant  ( >1.5 m/sec) 
•  Presence of anemia (viscous friction) 

 
Assumptions 

1. Velocity is only dependent 
on pressure. 
 Flow = Area x Velocity 

Heart 
Rate 

Contractility 
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Velocity = 
Flow 
Area 

 
Assumptions 

1. Velocity is only dependent 
on pressure. 

2. You can accurately estimate 
right atrial pressure. 

- Non simultaneous 
- Peak systole 
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Assumptions 

1. Velocity is only dependent 
on pressure. 

2. You can accurately estimate 
right atrial pressure. 

3. Right ventricular systolic 
pressure = Pulmonary artery 
systolic pressure 

 

 
 Diastolic Pressure 

Cath PADP =       mmHg  
 Echo PADP = 4(      )2 + = 15mmHg 

RAP = 12 

ERV =       m/s 0.8 

Cath PADP = 16mmHg 
Echo PADP = 4(0.8)2 + 12 = 15mmHg  

33 / Pulmonary Pressure = 16 

Echocardiographic Determination of 
 Mean Pulmonary Artery Pressure 

Am J Cardiol 2003;92:1373-1376 



17 

 
 Mean Pressure 

PRV=      m/s 1.4 

Cath PA mean =       mmHg 
Echo PA mean = 4(       )2 + = 20mmHg 

Pulmonary Pressure =  33/16/ 23 

RAP = 12 

Cath PA Mean = 23mmHg 
Echo PA mean = 4(1.4)2 + 12 = 20mmHg  

Flow (volume/time) Pressure (mmHg) 

Resistance (WU) 
Resistance (wu) 
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• 65 y/o women 
• Chronic kidney disease status 
post renal transplant.  

• Left arm AV fistula 
• Cirrhosis felt secondary to 
alcohol abuse and NASH 
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RVSP= 4 (4.1)2+RAP 
= 67 + 10 

= 77mmHg 

x 

PVR = Transpulmonary pressure (   p) 
  Transpulmonary flow (Qp) 

   =     PAM – PCWP 
    CO   
 PAM = Mean pulmonary artery pressure 
 PCWP = Mean pulmonary capillary wedge 
pressure 
 CO = Cardiac output 
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A Simple Method for Noninvasive Estimation 
Of Pulmonary Vascular Resistance 

J Am Coll Cardiol 2003;41:1021-7 

TRV = 4.1m/sec RVOTTVI = 25cm 

TRV = 4.1m/sec 

RVOTTVI = 25cm 
PVR = = 0.164 
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Echo 

PASP = 77mmHg 
 
PVR = (TRV/RVOTtvi  ) 10 + 0.16 

 = 1.64 + 0.16 
  
 =1.76 WU 

PVR Cath 
PASP = 72mmHg 
 
PVR = 2.0 Wu 

Simplified formula 
 

PVR = 10 x TRV/TVI RVOT 
 

Noninvasive Assessment of Pulmonary Vascular 
Resistance by Doppler Echocardiography 

J Am Soc Echocardiogr 2013;26:1170-7 
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TRV / TVIRVOT  

No 

Normal PVR 

Yes 

Elevated PVR 
>2WU 

> 0.275 

Yes 

PVR=TRV2/ TVIRVOT *5 

PVR>6WU 

No 

PVR=TRV/ TVIRVOT *10 

> 0.175 

J Am Soc Echocardiogr 2007;20:270-275 

The Noninvasive Evaluation of  
Exercise-induced Changes in Pulmonary 

Artery Pressure and Pulmonary  
Vascular Resistance 

x
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Bidart CM et al J Am Soc Echocardiogr 2007;20:270-5 

Bidart CM et al J Am Soc Echocardiogr 2007;20:270-5 
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