
EDITORIAL

Use of Perfusion Agents to Measure Cardiac Output

'ardiac output (CO) is recognized

as one of the most important param
eters describing the clinical status of
cardiac patients. Maintaining adequate
CO is essential to supporting life be
cause otherwise sufficient nutrients will
not be available for sustaining tissue
metabolism. A drop from normal rest
ing CO of one third has long been
considered a level below which further
reductions are life threatening (/). For
most cardiologists, CO represents only
systemic output. However, in the article
in this issue of The Journal of Nuclear
Medicine by Taki et al. (2), which
describes a method for noninvasive
determination of CO with 99mTc-tetro-

fosmin, a distinction is made specifi
cally for forward CO to account for
that percentage of cardiac stroke vol
ume regurgitating backward because of
valvular disorders. In cases of valvular
disease, forward CO is less than stroke
volume times heart rate, and the rÃ©gur
gitant fraction is nonzero.

Scintillation cameras have been used
extensively for first-pass imaging not

only to compare forward CO (3) but
also to determine ejection fraction (EF)
(4). First-pass techniques also have

yielded stroke volume ratios for quanti
fication of cardiac shunts (5). Although
direct rÃ©gurgitant fraction measure
ments are possible with radionuclide
angiography (6), scintigraphy has
played a more central role in predicting
prognoses for patients with valvular
disorders based on measurements of
ventricular size, performance and func
tion (7). Equilibrium studies sup
planted first-pass measurements for EF

determination in the 1970s (8), and
these in turn were replaced largely by
EF measurements derived from gated
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perfusion SPECT data in the 1990s
(9-77). These developments left deter

mination of CO by the wayside. The
ability of gated SPECT methods to
compute CO accurately has been disap
pointing. Stroke volumes have a rela
tively poor correlation with thermodilu-

tion measurements (72). Gated SPECT
end-diastolic (ED) and end-systolic vol

ume correlations with those of other
modalities have been more encourag
ing, with linear regression coefficients
ranging from 0.87 to 0.94 (12-14).

The article by Taki et al. rejuvenates
the ability of data acquired for SPECT
perfusion imaging to provide forward
CO and EF. With the declining use of
first-pass scintigraphy, there has been

no readily available noninvasive means
of obtaining CO. The method pre
sented by Taki et al. uses radionuclide
time-activity curves obtainable with
any "mTc agent used for subsequent

myocardial perfusion imaging. The
technique uses first-pass imaging at 1

frame/s of transit of the bolus through
the left ventricle, from which maxi
mum and time-integrated counts are
obtained. The left ventricular (LV) time-

averaged volume is estimated in this
implementation using the Dodge-San
dier single-plane area-length approxi

mation. This method does not require
acquisition of gated data. Because im
ages are obtained in the anterior projec
tion, geometric corrections are applied
to estimate what volume values would
have been obtained had data been col
lected instead in the true vertical long-

axis orientation.
A number of assumptions are in

volved in this method that are reason
able for healthy subjects. These include
the supposition that average camera
sensitivity during the LV phase of
first-pass transit equals sensitivity dur

ing the superior vena cava phase. Using
older cameras or studying unusually
small patients may involve dead-time

complications (75). Also, it is assumed

that average attenuation factors over
the whole thorax equal those over the
left ventricle. This may not be the case
for some patients, such as females with
unusually dense breast tissue for whom
artifacts associated with regional attenu
ation differences are problematic (76).
It is further assumed that volumes
estimated from time-averaged images

are the same as true ED volumes. For
patients with vigorously contracting
hearts, time-averaged count distribu

tions may be shifted toward being
concentrated into end-systolic vol
umes. Also, the Dodge-Sandier volume

approximation may be more reliable
for patients with normal function and
more nearly symmetric left ventricles
than for those with severely ischemie
myocardial areas and aneurysms. Re
lated to this, the application of geomet
ric corrections to anterior LV dimen
sions to estimate volumes, which would
have been computed from true vertical
long-axis views, presumes prolate

spheroid shapes.
For these reasons, validation of this

new technique would be worthwhile
for broader classes of patients than
were studied. The most important exten
sion will be for patients with valvular
disease with substantial rÃ©gurgitantfrac
tions. This is a class of patients for
whom the observation of larger LV
volumes corresponding to lower EFs
(77) can be expected to break down.
Other specific patient groups for whom
the accuracy of CO measured by this
technique needs to be verified are those
with large LV volumes and those with
low EFs. This is particularly important
for patients with abnormally low CO
who have not yet been studied by this
new method. In addition, the effect of
arrhythmias during the collection of
data can markedly affect measured CO
and needs to be closely monitored.
Finally, the data of this study were
collected using tetrofosmin. Although
other 99mTc-basedperfusion agents may
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provide CO estimates that are similar
to those obtained with the proposed
methodology, it is possible that tracer
kinetics and extraction fraction differ

ences could produce different measure
ments; therefore, correlative studies will
be important. The verification of this

nuclear technique against another
nuclear procedure should be extended
to include correlations with other meth
ods for computing CO, such as thermo
dilution and MRI. These validations
would be helpful for calibrating CO
measurements from this technique with
more established methods.

To perform high-quality first-pass

studies for any purpose, several precau

tions must be observed. These include
testing that neither bolus transit time
nor lung transit time is overly long,
thereby compromising the assumptions
underlying the use of tracer curves
(18). Arrhythmias also are of concern,
and their prevalence and implications
relating to physiologic measurements
from gated perfusion SPECT have re
cently been addressed (19). Taki et al.
are correct in stating that their method
is not as vulnerable to arrhythmias as
gated techniques, but measurements
made during transient arrhythmias may
not represent a patient's usual CO. No

method is immune to error in patients
with markedly irregular rhythms. Fi
nally, the precision of the method needs
to be studied more extensively because
of the necessity of manually drawing
regions to encompass the time-aver

aged LV volume. Automation of these
techniques and the use of automatic
gated SPECT ED volumes (10,11,20)

could prove helpful to minimize in-

terobserver disagreements.

CONCLUSION

This is an important new method
that has potential in evaluating patients
with cardiac disease. However, further
study is warranted in specific patient
populations with validation against other
non-nuclear techniques to assess the

accuracy and precision of the method for
patients with valvular disease and for
any cardiac disease for which CO is
low. The approach described, if further
validated, adds to the armamentarium
of nuclear cardiology to provide nonin-

vasive measurement of CO.
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