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Pressure recovery phenomenon



Pressure recovery phenomenon

➢ The phenomenon of pressure recovery in aortic stenosis is 
shown in previous slide. 

➢ Two patients with same stroke volume and valve effective 
orifice area but different sizes of ascending area (2.0 cm 
diameter in patient # 1 vs 4.0 cm in patient # 2.

➢ Peak and mean gradient across the AoV measured by Doppler is 
the same in 2 patients but patient # 1 with the small aorta has a 
large amount of pressure recovery .

➢ Consequently, the net “irreversible” gradient (∆P net; measured 
by catheter) in patient # 1 is lower than patient # 2. In other 
word, in patient # 1 Doppler is overestimating the gradient 
across the LVOT compared to cath.





Gorlin Formula for calculation of aortic and mitral valves area



Pressure recovery phenomenon

ASE guidelines, JASE 2009



Continuity equation

The conservation of the mass of fluid 
through two sections (be they A1 and A2) 
of a conduit (pipe) or tube of current 
establishes that the mass that enters is 
equal to the mass that leaves.



Continuity equation

A2 =   A1 X LVOT  VTI1

AoV  VTI2



Stroke volume & Cardiac output



Pressure half time







Surface area 
of a sphere



A = π X r1 X r2
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Question 1
Which of the following statements about using Bernoulli’s equation 
in Doppler echocardiography IS CORRECT?

A. This equation was described based on the law of conservation 
of the mass

B. Based on this equation when velocity of blood flow increase, 
blood pressure increases

C. Bernoulli’s equation is not applicable if the blood flow is not 
steady

D. Simplified Bernoulli’s equation should be used when we have 
combination of the aortic stenosis and coarctation of the aorta



Question 2
Which of the following statements about effect of pressure 
recovery phenomenon IS CORRECT?

A. Pressure recovery in a patient with aortic stenosis and dilated 
ascending aorta is more than narrow aorta

B. Overestimation of the Doppler gradient in a bioprosthetic aortic valve 
is more than mechanical double-disk AVR

C. In a patient with a long coarctation of the aorta, using Doppler 
echocardiography will overestimate the peak gradient

D. Peak Doppler gradient across the stenotic aortic valve is less than net 
gradient measured by catheter in the OR or Cath lab



Question 3
All of the following statements about blood flow pattern are 
correct EXCEPT:

A. Turbulent flow happens in a dilated tubular ascending aorta
B. Aortic regurgitation flow is an example of turbulent flow
C. In a patient without aortic stenosis, turbulent flow can 

happen in a hyper dynamic state
D. In a patient with dilated cardiomyopathy, blood flow inside 

the left ventricle in laminar



Question 4
Which of the following statements in using continuity equation 
in Doppler echocardiography IS CORRECT?

A. This equation is described based on the principle of conservation of 
the energy

B. Can be used in assessment of severity of aortic stenosis
C. Continuity equation can not be used for calculation of the aortic valve 

area if there is mixed lesion of aortic stenosis and regurgitation
D. Continuity equation can not be used for calculation of the aortic valve 

area if there is a combination of AS and coarctation of the aorta



Question 5
All of the following statements about assessment of degree of 
aortic regurgitation (AR) by PISA method are correct EXCEPT:

A. Nyquist limit colour bar should be moved towards 
regurgitant jet

B. Regurgitant volume more 60 ml/beat is compatible with 
(c/w) severe AR

C. EROA less than 0.10 cm2 is c/w mild AR
D. Regurgitant fraction more than 60% is c/w severe AR



Question 6
Which of the following statements in using continuity equation 
in assessment of degree of AR IS CORRECT?

A. LVOT VTI for calculation of stroke volume should be 
measured by PW Doppler

B. LVOT diameter should be measured at the mid diastole, 
same time of maximum AR

C. MV VTI should be measured at the level of the tips of mitral 
valve

D. EROA can be measured with dividing regurgitant volume by 
LVOT SV



Question 7
Which of the following statements in using echocardiography in 
assessment of degree of AR IS CORRECT?

A. Vena contracta in severe AR is more than 0.7 cm2
B. Pressure half time of AR jet in severe AR is between 200-500 

ms
C. Jet width/LVOT width, central jet in severe AR is more than 

65%
D. EROA of severe AR is more than 0.40 cm2



Question 8
Which of the following statements about assessment of degree 
of aortic stenosis by Doppler IS CORRECT?

A. LVOT diameter should be measured at end-diastole
B. Aortic valve area (AVA) is measured based on continuity 

equation
C. Calculation of AVA using LVOT and aortic VTI will give us 

aortic valve area at mid systole (peak opening)
D. Assumption to calculate cross sectional area of the LVOT is 

based on ellipsoid shape of LVOT



Question 9
All of the following statements about severe aortic stenosis (AS) 
by Doppler are correct EXCEPT:

A. Peak velocity across the aortic valve is more than 4.0 m/s
B. Indexed aortic valve area is less than 0.6 cm2/m2
C. Mean gradient across the aortic valve is more than 40 

mmHg
D. Dimensionless Index is less than 0.35



Question 10
All of the following statements about assessment of degree of 
mitral regurgitation (MR) by PISA method are correct EXCEPT:

A. MR max. velocity should be measured in 4-chamber view in 
TEE

B. Colour bar of Nyquist limit should be moved towards LV 
apex in TEE

C. Stroke volume through the mitral inflow is equal to sum of 
LVOT flow and MR regurgitant volume

D. Regurgitant flow of MR is calculated in ml/s



Question 11
All of the following statements about assessment of degree of 
mitral regurgitation (MR) by PISA method are correct EXCEPT:

A. Regurgitant volume is calculated as EROA divided by MR VTI
B. EROA more than 0.40 cm2 is compatible with (c/w) severe 

MR
C. Regurgitant volume more than 60 ml/beat is c/w severe MR
D. Regurgitant fraction more than 50% is c/w severe MR



Question 12
All of the following statements about assessment of degree of 
mitral regurgitation (MR) by continuity method are correct 
EXCEPT:

A. MR VTI should be measured by PW positioning sample 
volume at the level of the mitral leaflets tip

B. Regurgitant volume is equal to difference between MV 
inflow stroke volume and LVOT stroke volume

C. EROA is calculated as regurgitant volume divided by MR VTI
D. Mitral inflow stroke volume is calculated based on 

assumption of circular shape of mitral annulus



Question 13
Which of the following statements about assessment of degree 
of mitral stenosis (MS) by PISA method in TEE IS CORRECT?

A. MS maximum velocity is measured at mid systole in TEE 4 
chamber view

B. The angle of funnel shaped MV orifice should be measured 
at LV side to be used in MVA calculation

C. MVA is calculated as PISA flow rate multiply by MS 
maximum velocity

D. For measuring the radius (r) of the PISA by TEE, Nyquist limit 
colour bar should be moved towards the apex of the heart



Question 14
Which of the following statements about assessment of degree 
of MS by pressure half time method (PHT) IS CORRECT?

A. In significant AR, PHT method underestimates the mitral valve area
B. PHT is equal to mitral deceleration time divided by 0.29
C. PHT is defined as the time interval between the maximum mitral 

gradient in early diastole and the time point where the gradient is the 
half of the maximum initial value

D. PHT is defined as the time interval between the maximum mitral 
inflow velocity in early diastole and the time point where the velocity 
is the half of the maximum initial value



Question 15
All of the following statements about assessment of tricuspid 
regurgitation (TR) by PISA method are correct EXCEPT:

A. Effective regurgitant orifice area (EROA) measured by 2D 
PISA is larger than 3D PISA

B. TR maximum velocity should be measured in TEE 4 chamber 
view

C. EROA more than 0.40 cm2 is c/w severe TR
D. Regurgitant volume more than 45 ml/beat is c/w severe TR



Question 16
All of the following statements about echocardiographic 
assessment of tricuspid stenosis (TS) are correct EXCEPT:

A. Doppler tricuspid inflow VTI more than 60 cm is c/w severe 
TS

B. Mean diastolic gradient more than 5 mmHg is c/w severe TS
C. Tricuspid valve area by PHT less than 1.0 cm2 is c/w severe 

TS
D. PHT more than 190 ms is c/w severe TS



Question 17
In a patient with systemic blood pressure of 140/60 mmHg and 
moderate to severe AR, pulmonary capillary wedge pressure 
was measured at 24 mmHg. Which of the following statements 
IS CORRECT?

A. Left ventricular end diastolic pressure (LVEDP) is about 60 
mmHg

B. AR jet early peak velocity by Doppler is about 3 m/s
C. AR jet peak velocity by Doppler is about 4 m/s
D. AR jet end diastolic velocity by Doppler is about 3 m/s



Question 18
In Doppler assessment of a patient with VSD and mitral 
regurgitation (MR), VSD LV to RV shunt maximum velocity was 5 
m/s and MR jet peak velocity was 6 m/s. RVSP measured by TR 
velocity was 60 mmHg. What is your estimation about mean LA 
pressure?

A. Mean LA pressure is same as RVSP and is about 60 mmHg
B. Mean LA pressure in this patient can not be estimated 

without knowing the systolic blood pressure
C. Mean LA pressure is about 16 mmHg
D. Mean LA is about 26 mmHg.



Question 19
In Doppler assessment of pulmonary artery pressure (PAP) in a 
patient, RVOT acceleration time (RVOT AcT) was measured at 80 
ms. RVSP measured by TR velocity was 63 mmHg. What is your 
estimation about PA diastolic pressure (PADP)?

A. PADP is about 33 mmHg
B. PADP is about 43 mmHg
C. PADP is half of RVSP which is about 31.5 mmHg
D. PADP can not be calculated without having IVC diameter



Question 20
In Doppler assessment of a patient with pulmonary 
hypertension and no PS, RVOT VTI was measured at 10 cm. TR 
maximum velocity was 4 m/s. IVC diameter was measured at 
2.5 cm with 20% collapsibility. Which of the following 
statements IS CORRECT?
A. Pulmonary vascular resistance (PVR) in this patient is in normal range 

and pulmonary systolic pressure is about 64 mmHg
B. PA systolic pressure in this patient is about 80 mmHg and PVR is more 

than 4 Woods unit
C. PVR is in patient is 0.56 Woods and patient has severe RV dysfunction
D. This patient has severe pulmonary hypertension due to volume 

overloading
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