
Editorial

Should clinical cardiologists incorporate the proximal
isovelocity surface area (PISA) method into their ever enlarging
armamentarium?

This issue contains a paper comparing measurement of
ventricular septal defect shunt ratio by a proximal iso-
velocity surface area technique (usually abbreviated as
PISA) method and by the Fick method.' The authors used
some shortcuts in the PISA method, perhaps to make the
measurements easier and more appealing to the cardiolo-
gist, and demonstrated a reasonable correlation of shunt
calculation by the two techniques.

Measurement of flows
Although the PISA technique and theory may be only
minimally familiar to many cardiologists, non-invasive
measurement of flow, forward or regurgitant, has long
been a goal of physicians treating patients with cardiac
malformations. Various techniques for flow computation
have been reported and all have limitations. For the
echocardiographer, the earliest methods used assumptions
about ventricular shape.2 Such assumptions worked well
for normal ventricles and somewhat less well for diseased or
excessive volume loaded ventricles. Doppler computations
provided the next major wave of enthusiasm for non-inva-
sive measurement of cardiac output,' 4 but these methods
required accurate measurements of flow area and velocity.
The product of flow area (cm2) and velocity (cm/s) is flow
(cm3/s); Although both flow area and velocity can be mea-
sured in many instances, examples in which one or both
cannot be measured, particularly in hearts with malforma-
tions, limited the usefulness of this technique. Further-
more, measurement of shunting or regurgitation require
determination of the difference between two flows, thus
increasing the opportunity for error. An excellent example
of a difficult measurement is determining the shunt
through a septal defect.

Echocardiographic imaging of the size of the defect
does not provide an estimate of the shunt volume that
passes through the defect. Further, echocardiographic siz-
ing of atrial defects for device closure has demonstrated
the inadequacy of this method.5 Qualitative estimation of
shunt size by colour Doppler may also be misleading.
Accordingly, such two dimensional echocardiographic
measurements of defect size and shunt magnitude provide
a mere approximation of the actual situation.

Proximal isovelocity surface area
AN INTRODUCTION
The search for the Holy Grail of accurate flow measure-
ments led, at the beginning of the 1990s, to detailed inves-
tigation of the PISA technique.67 It has been long known
that velocities accelerate and converge in radial stream-
lines before an obstruction. If the rate of isovelocities can be
measured and if PISA can be determined accurately,
application of the familiar flow formula (flow area x

velocity) can be applied. Further, the continuity equation
assures, absent loss of fluid, that the volume flow rate on
either side of an orifice is identical. Clearly, the isovelocity
lines can be measured by assessing the velocity of aliasing
proximal to an obstruction and the radius of aliasing can
be assessed by lowering the velocity range of interrogation
as shown in fig 1 of the paper by Kurotobi et al.'

CHARACTERISTICS OF PROXIMAL ISOVELOCITY SURFACE
AREA
Is the application of PISA deceptively too simple? All
methods have positive features and drawbacks. Even PISA
is not immune to the laws of physics. (1) Assumptions are
based on passage of non-viscous fluid through a very small
orifice. (2) The shape of the PISA is inconstant at a range
of flow rates. Critical flow rate for forming a PISA is deter-
mined by the product of orifice size and aliasing velocity.
Below a critical flow rate (indexed by orifice size) PISA
cannot be detected, and at critical flow rate PISA is flat.
These shape characteristics usually prevent use of PISA in
non-restricted flow, but make it applicable to restrictive
orifices in which higher flow rates produce a hemispheric
flow closer to the orifice (but still > 1 orifice diameter
proximal to the orifice) and a more hemielliptical PISA
still further from the orifice. Zhang et at8 also demon-
strated that the first alias proximal to the orifice, in a more
hemispheriodal field, overestimated flow rate, and the
third alias, in the more hemielliptic field, underestimated
flow rate, but the second velocity alias provided more
accurate volume flow information. (3) The radius mea-
surement is for maximal velocity and a volume flow event
that occurs over the whole of systole would require inte-
gration of temporal velocities over systole rather than just a
peak measurement. Temporal integration is usually not
done, but the authors in the present paper took systolic
duration into account. (4) Measurement of the alias
radius is not easy, even when employing zoom. (5) Cape et
al9 demonstrated that recorded velocity with respect to the
transducer is a combination of orifice movement and
velocity relating to flow convergence. This combination,
depending upon the direction of orifice movement, could
add or subtract from the true convergence aliasing velocity.

What is the future of proximal isovelocity surface
area?
The PISA method in the past has been used mainly in
investigational protocols for assessing the peak flow rate of
mitral regurgitation and, early in the experience, for
assessing ventricular septal defect peak flow rate.'0 Will it be
adopted by the cardiology community for general clinical
use? The most attractive features are that it may be com-
puted relatively rapidly during the course of a clinical
echocardiogram and that it may provide a reasonably reli-
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able measurement, particularly for serial follow up of a
given patient. However, the field of cardiology is littered
with remnants of seldom or never employed techniques
for approximating a clinically important data point. Only
time will tell whether PISA will be adopted by the clinical
community, relegated to investigational protocols, or for-
gotten. However, the technique clearly has promise and
demonstrated usefulness.
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