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T h e  proximal  isovelocity surface area (PISA) technique 

has b e e n  used to evaluate valvular regurgi tant  f l o w ,  

regurgitant orifice area, and  stenotic valve area. This 

report  shows the usefulness of this Doppler  technique 

in  quant i fying the stenotic valve area of a pu lmon ic  
valve homograft  prosthesis after the Ross procedure. 

T h e  p a t i e n t  w a s  a 3 5 - y e a r - o l d  m a n  w h o  h a d  a R o s s  

procedure  3 years earl ier  for aortic stenosis, wh ich  

inc luded  r e p l a c e m e n t  o f  the p u l m o n i c  valve wi th  a 
c r y o p r e s e r v e d  homograf t  p u l m o n i c  valve. With a n  

aliasing velocity set at 40  c m / s  a n d  a PISA radius of 1.1 
c m,  the pu lmonic  v a l v e  area  w a s  ca lcu la ted  as f o l l o w s :  

Pt!lmonic valve peak flow rate = 2 x 3.14 x 1.12 x 40 = 
304 mL/s; Pnlmonic  valve area = Peak flow rate / Peak 

velocity = 284/350 = 0.87 cm 2. (J Am Soc Echocardiogr 

2001;14:67-9.) 

T h e  Ross p rocedure  has emerged as an alternative 
to rou t ine  aortic valve r ep lacement .  1 Because the  

pa t i en t ' s  p u l m o n i c  valve and  a s e g m e n t  of pul- 

mona ry  artery are t ransplanted  into the aortic posi- 
tion, the pu lmon ic  valve is replaced by a homograft.  

The subsequen t  deve lopmen t  of stenosis of the pul- 
mon ic  valve homograft  is u n c o m m o n  and has b e e n  
repor ted  in 4% of pat ients  2 (and in  12% of pat ients  

w i th  homograf t  valve condu i t s  used  to repair  the  
right ventr icular  ou t f low tract in various congeni ta l  

defects3). The  p r o x i m a l  i soveloci ty  surface area 
(PISA) t echn ique  has b e e n  used over the past  decade 

to add informat ion  about  valvular regurgi tant  flow, 
r egurg i t an t  orif ice area, and  s t eno t i c  valve area, 

wh ich  can be ob ta ined  noninvasively wi th  Doppler  
echocardiography.  4,5 This repor t  shows the useful- 

ness  of this t e c h n i q u e  in  quan t i fy ing  the  s tenot ic  
valve area of a pu lmon ic  valve homograf t  prosthesis  

after the Ross procedure .  

CASE REPORT 

The patient was a 35-year-old man who had surgery for 

severe aortic stenosis (bicuspid valve) 3 years earlier.A Ross 
procedure was performed, with pulmonary artery/pul- 
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monic valve transplantation for the aortic valve replace- 
ment and a cryopreserved homograft replacement of the 
pulmonic valve. Postoperatively, aortic insufficiency was 

noted, which worsened significantly over the next 2 years, 

resulting in significant left ventricular dilatation (7 cm). He 
subsequently underwent aortic valve replacement with a 
No. 29 Carpentier-Edwards (Edwards Lifesciences Corp, 

Irvine, Calif) pericardial valve. Echocardiography, per- 
formed because of a systolic murmur, revealed a normally 
functioning aortic tissue prosthesis and high flow velocity 

across the pulmonic valve homograft (Figure 1).The peak 

systolic flow velocity was 350 cm/s, and the calculated 
peak gradient was 50 mm Hg.With an aliasing velocity set 
at 40 cm/s and a PISA radius of 1.1 cm, the pulmonic valve 

area was calculated as follows: 

Pulmonic valve peak flow rate = 2 × 3.14 x 
1.12 x 40 = 304 miffs 

Pulmonic valve area = Peak flow rate / 

Peak v e l o c i t y  = 284 / 350 -- 0.87 cm 2 

Because the patient was asymptomatic, no further treat- 

ment was advised at that time. 

DISCUSSION 

Color  D o p p l e r  f low m a p p i n g  genera tes  a visual  
d e p i c t i o n  of b lood  m o v i n g  w i t h i n  the  hear t  and  
b lood vessels. The u l t rasound beam re tu rn ing  from 
moving  b lood has a Doppler  shift in frequency, and 

this  is displayed as a color  signal. In  addi t ion,  the  
Doppler  shift is de t e rmined  by  blood f low velocity, 
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Figure 1 A, Continuous wave Doppler of flow velocity across the pulmonic valve homograft. The peak 
flow velocity is 350 cm/s. B, Color Doppler of flow velocity across the pulmonic valve homograft. The 
red line represents the level of the valve. The arrowheads demarcate the proximal isovelocity surface area 
radius. PV, Pulmonic valve; CW, continuous wave Doppler; r, radius; VA, aliasing velocity; Cc, cubic cen- 
timeters; V, velocity; PVA, pulmonic valve area. 

which can be measured quantitatively with the use 
of  a spectral tracing. The visual color f low signal is 
used routinely to estimate the severity of  valvular 
regurgitation, and the f low velocity (V) is used clini- 
cally to estimate valvular gradient (AP) by the sim- 
plified Bernoulli formula: ziP -- 4V 2. 

The PISA technique is a newer  method4, 5 that may 
add quantitative information to the est imation of 
valvular regurgitation and stenosis. It takes advantage 
of the fact that blood flowing from a higher pressure 
chamber  to a lower  pressure  chamber,  th rough  a 
stenotic valve or regurgi tant  orifice, accelerates  
proximal to the orifice. This laminar f low accelera- 
tion can be seen on color Doppler  imaging.The f low 
converges proximally toward the center  of a stenot- 
ic or regurgitant orifice, and the area of  f low conver- 
gence can be quantitated because as the orifice area 
narrows, the f low velocity increases along stream- 
lines.At differing velocities approaching the orifice, 
the display changes color abruptly (referred to as 
aliasing) in hemispheres with a measurable radius. 
The surface area (PISA) of each hemispheric "shell" 
can therefore be calculated. If this area is multiplied by 
the velocity at which the color changes (the aliasing 
velocity), this yields a quantitative estimation of the 

amount  of  blood f low passing through the orifice. 
Thus regurgitant or forward flow may be calculated: 

(Regurgitant or forward) Flow = 2 x mr 2 x 
Aliasing velocity 

Similarly, the regurgitant orifice area may be calcu- 
lated. For the sake of convenience,  the largest PISA 
for a given aliasing velocity is used (yielding the max- 
imum, or peak, instantaneous flow) along with the 
peak  f low velocity, to give a measu remen t  of  the 
regurgitant orifice area: 

Regurgitant orifice area = Peak regurgitant f low / 
Peak f low velocity 

In patients  wi th  valvular regurgitation, these cal- 
culations yield information tha t  is complemen ta ry  
to the semiquantitat ive visual est imation of  regur- 
g i ta t ion on  co lo r  Doppler ,  wh ich  is in c o m m o n  
clinical use. 

For the estimation of stenotic valve area, the for- 
ward f low volume obtained in the same manner  can 
be divided by the f low velocity passing through the 
valve (from the spectral continuous wave Doppler): 
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Valve area = Peak forward f low rate / 

Peak f low velocity 

In  addi t ion to mitral and aortic regurgi tant  flOW, 6,7 
the PISA m e t h o d  has b e e n  used to measure  mitral 
valve area in  pa t i en t s  w i t h  mitral  stenosis,  8 shun t  

f low in  pat ients  wi th  ventr icular  septal defect,9 and  

norma l  prosthet ic  mitral valve area. l° 

We used the PISA m e t h o d  for the measu remen t  of 
pu lmon ic  valve area.This area may also be calculated 

w i t h  the  c o n t i n u i t y  equa t ion .  W h e n  the  f lows  

th rough  2 parts  of the hear t  are equal, and the area 
of 1 par t  can  be directly measured,  this informat ion  

can be  used to obta in  valve area: 

Pulmonic  valve area = (RVOT area × RVOT velocity) / 
Pulmonic  velocity 

However, the accuracy of the con t inu i ty  equa t ion  

depends  on  an accurate measu remen t  of the area of 
the right ventr icular  ou t f low tract (RVOT) (or alter- 

natively of the mitral or t r icuspid  r ing or the left ven- 

tr icular  ou t f low tract), and  these measuremen t s  may 

be  inexact .  There fore  the  PISA m e t h o d  may add 
quan t i t a t ive  in fo rmat ion ,  and  in  this  r epo r t  it has 

b e e n  used to demons t ra te  the severity of stenosis in 
a prosthet ic  (homograft)  pu lmon ic  valve. 
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