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If the molecules of a fluid move within a large cavity toward a small orifice 
the velocity increases and the velocity profile is hemispherical with the 
cavity of the hemisphere facing the orifice. The velocity over the surface of 
the hemisphere is the same (isovelocity), and because the hemisphere is 
proximal to the orifice, the surface area is known as proximal isovelocity 
surface area (PISA).  
The flow toward a small orifice can be studied by color Doppler with the 
scale set. When the accelerated velocity exceeds the Nyquist limit 
(maximum value on the velocity scale), aliasing will take place and a 
semicircular shell of contrasting colors will cap the orifice. The semicircular 
shell is a hemisphere in three dimensions and its surface area can be 
calculated.  
 
PISA surface area (hemisphere) = 2 x r2 x π 
 
r: the distance from the orifice to PISA.  
 
 
The velocity of the flow at PISA is the maximum velocity on the velocity 
scale of the color Doppler spectrum or the aliasing velocity (Val). The flow 
at PISA: 
 
Flow at the PISA = PISA x Val 
 
Flow at the orifice = CSAorifice x Vorifice 
 
Vorifice: The flow velocity through the orifice can be measured by CWD. 
Continuous wave Doppler measures the maximum velocity at the smallest 
area in the direction of the measurement.  
 
Flow continuity: 
 
Flow at the PISA = Flow at the orifice 
 



Seres, Tamas, MD             Proximal Isovelocity Surface Area 

PISA x Val = CSAorifice x Vorifice 
 
CSAorifice = PISA x Val / Vorifice 
 
 
Summary for Clinical Paractice: 
 
Using color flow Doppler and continuous wave Doppler a narrow area at 
MR or MS can be measured. Color Doppler is used to measure the flow at 
the PISA where the flow velocity is the aliasing velocity which is the 
maximum velocity on the color Doppler scale. The velocity at the orifice can 
be determined by continuous wave Doppler. The orifice area can be 
calculated by the continuity equation.   

 
Example: 
 
Calculation of EROA in MR: 
 
The orifice area of mitral regurgitation is the effective regurgitant orifice 
area (EROA). The EROA is a volume independent parameter of the severity 
of MR. Calculation of EROA of the MR with PISA based on the continuity 
equation. 
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PISA radius = 0.96 cm Velocity at PISA (Val) = 49 cm/s 
  

  
PPIISSAA  ffllooww::  

  
TThhee  ffiigguurree  sshhoowwss  aa  ccoolloorr  DDoopppplleerr  ssttuuddyy  ooff  mmiittrraall  rreegguurrggiittaattiioonn..  TThhee  
ttrraannssiittiioonn  lliinnee  bbeettwweeeenn  bblluuee  aanndd  rreedd  rreepprreesseennttss  tthhee  pprrooxxiimmaall  iissoovveelloocciittyy  aarreeaa  
((PPIISSAA))  wwhheerree  tthhee  vveelloocciittyy  iiss  kknnoowwnn  eexxaaccttllyy  aass  tthhee  mmaaxxiimmuumm  vveelloocciittyy  ooff  tthhee  
ccoolloorr  ssccaallee  ((4499  ccmm//ss))..  
TThhee  ffllooww  ccaann  bbee  ccaallccuullaatteedd  tthhrroouugghh  tthhee  PPIISSAA  aarreeaa::    
  

FFllooww  ==  PPIISSAA  xx  Val  
    

PPIISSAA  ==  22  xx  ππ  xx  rr22  

  
rr  ==  00..9966  ccmm  
  
PPIISSAA  ==  55..7788  ccmm22  

  
VVaall  ==  4499  ccmm//ss  
  
FFllooww  aatt  PPIISSAA  ==  4499  ccmm//ss  xx  55..7788  ccmm22  ==  228833  ccmm33//ss  
  

VVeelloocciittyy  tthhrroouugghh  tthhee  MMRR  oorriiffiiccee::  
  

TThhee  mmaaxxiimmuumm  vveelloocciittyy  ((VVMMRR))  tthhrroouugghh  tthhee  MMRR  oorriiffiiccee  ccaann  bbee  mmeeaassuurreedd  bbyy  
CCWWDD..  
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VMR (Maximum velocity at the EROA) = 405 cm/s 
VTIMR (Velocity time integral of the MR) = 131.5 cm 

  
CCaallccuullaattiioonn  ooff  EERROOAA::  

  
UUssiinngg  tthhee  ffllooww  ccoonnttiinnuuiittyy  eeqquuaattiioonn::  
  

FFllooww  aatt  PPIISSAA  ==  FFllooww  aatt  EERROOAA    
  

PPIISSAA  xx  Val  ==  VVMMRR  xx  EERROOAA  
  
EERROOAA  ==  FFllooww  aatt  PPIISSAA//VVMMRR  

  
FFllooww  aatt  PPIISSAA  ==  228833  ccmm33//ss    

  
EERROOAA  ==  228833  ccmm33//ss//440055  ccmm//ss  ==  00..6699  ccmm22  

  
SSeevveerree  MMRR::  EERROOAA  ≥≥  00..44  ccmm22
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CCaallccuullaattiioonn  ooff  RReegguurrggiittaanntt  VVoolluummee  ((RRVV))::    
  
KKnnoowwiinngg  tthhee  EERROOAA  aanndd  tthhee  VVTTIIMMRR  tthhee      
rreegguurrggiittaanntt  vvoolluummee  ((RRVV))  ccaann  bbee  ccaallccuullaatteedd::    
  

RRVV  ==  EERROOAA  xx  VVTTIIMMRR  
  
EERROOAA  ==  00..6699  ccmm22  

  
VVTTIIMMRR  ==  113311..55  ccmm  
  
RRVV  ==  00..6699  xx  113311..55  ==  9900  ccmm33  
  
SSeevveerree  MMRR::  RRVV  ≥≥  6600  ccmm33  

    
CCaallccuullaattiioonn  ooff  RReegguurrggiittaanntt  FFrraaccttiioonn  ((RRFF))::  

  
RRFF  ==  RRVV  //  SSVV  ++  RRVV  
  
SSVV    ==  CCSSAAAAVV    xx  VVTTIIAAVV  
  
RRVV  ==  rreegguurrggiittaanntt  vvoolluummee  
SSVV::  ssttrrookkee  vvoolluummee  
CCSSAAAAVV  ::  ccrroossss--sseeccttiioonnaall  aarreeaa  ooff  tthhee  aaoorrttiicc  vvaallvvee  
  
CCSSAAAAVV  ==  dd22  xx  00..778855  
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d= 1.72 cm 
 
CSAAV = 1.722 x 0.785 = 2.3 cm2 

 

VTIAV can be measured as the area under the velocity curve of the aortic 
flow using either PWD or CWD:  
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VVTTIIAAVV  ==  1133  ccmm  ((ffrroomm  22  mmeeaassuurreemmeennttss))  

  
SSVV  ==  2.3 cm2 x 13 cm = 30 cm3 

 

    

RReegguurrggiittaanntt  FFrraaccttiioonn  ((RRFF))::    
  

RRFF  ==  RRVV//((RRVV  ++  SSVV))  xx  110000  
  

RRFF  ((%%))  ==  9900//((9900  ++  3300))  xx  110000  ==  7755  %%  
  

SSeevveerree  MMRR::  RRFF  ≥≥  5500  %%    
 


