
TABLE I
IntegralandDifferentialUniformityin % UsingNEMA

Definition (GE-400AT)lnte@'al

uniformity DifferentialuniformityUFOV
CFOV UFOVCFOV5.77

Â±0.37 4.39Â±0.35 4.35Â±0.44 2.6Â±0.17

mm per day (Ref. 5, Table I). Such a schedule would, in effect,
take a camera out of servicefor almost a wholeday and this
would, we are sure, be unacceptable in most busy depart
mentsâ€”particularly when such tests are unlikely to yield in
formation that will result in substantial clinical benefits.
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REPLY: In response to the letter from Drs. Cradduck and
Busemann-Sokole, we offer the following comments:

Our paper does not address any specific deficiencies of the
NEMA standards. Our goal wasto demonstratethat a set of
traceable standards could be used for daily quality assurance.
Other papers (1,2) have addressed deficienciesand recom

mended changes in the standards; these changes would not
influence the measurements discussed in our paper (3).

Drs.Cradduckand Busemann-Sokoleidentifycertaintopics
(count density of the flood image and ambiguity about the
numberof pixelsto be usedin thecalculationof thedifferential
uniformity) that they believe are deficiencies of the NEMA
protocol. In Fig. 1of their reference it is difficult to detect an
absolute minimum for integral uniformity. Our data reveal an
uncertainty of 6% or less in the integral uniformity at 4000
counts/pixel. These data are presented in Table 1, where 18
uniformity measurements are reported for the same camera.

The daily monitoring ofdifferential and integral uniformity
revealedconsiderablefluctuations (up to 11%),as described
in Fig. 2 of our paper. No more than 1%of the fluctuation in
integral uniformity is attributable to random variation. In our
paper we mention possible deficiencies in the NEMA de
scniptionof differentialuniformityunderRef. 19.Whetherthe
differential uniformity is computed from five or six pixels does
not influencethe practicalityof the computation.

We agree that one major performancecheck (uniformity)
should be performed daily and that other procedures can be
performed less frequently, but we disagree that it should be
done preferably according to a decision-tree structure. One
drawback of this approach is the subjective nature of the de
cision to initiate additional performance tests. Tests of pa
rameters such as linearity and resolution are not difficult if one
or a few NEMA phantom images are analyzed by computer.
We believethat a department should be able to spare 5 hrs
monthly for quality-assurance work in addition to the 15-30
minutes designated daily for routine monitoring.

In our paper weare concernedwith NEMA standards (4)
that have been established for U.S.A. manufacturers of
imaging equipment. Our recommendation is that NEMA
protocols be adopted for quality assurance and acceptance
testing of cameras that carry NEMA-based performance
specifications. We disagree that visual evaluation of a flood
image is imperative, especially if uniformity can be monitored
with a simple number in a manner traceable to NEMA. The
latter approach is much more likely to reveal a degradation in
performance before the performance becomes a detriment to
the diagnostic process.
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radionuclide cardiac angiography or nuclear probe. On the
other hand, since these fluid shifts often lag behind the he
modynamic changes, pulmonary radionuclide imaging would
be an expensivemeansfor yieldingthe sameinformationthat
the stethoscope and chest radiography have provided for
years.

We would like to stress that the study by Slutsky and
Higgins was confined to dogs and should not be extrapolated
to humans without first confirming that pulmonary Tl-201
imaging in cardiogenic and noncardiogenic pulmonary edema
gives clinically useful and reliable information that is not
otherwise easily available.
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REPLY: White the initial comments by Drs. Movahed and
Wait were gratifying, the majority of their comments made
me feel a bit like the innocent man asked to state when he'd
stopped beating his wife. In fact, I feel somewhat like a â€œstraw
manâ€•for expensive medical technology, who neither volun
teeredfor thejob noraskedto stand in the â€œcornfield.â€•I reread
the article in question and believethat Drs. Movahed and Wait
have made their assertions based on comments in the article
on the potential clinical uses (all of which would need any va
riety of clinical studies involving many possible questions).

It should be pointed out that Dr. Higgins and I are quite
familiar with the effects of PEEP (I ), therapy (2), and phase
lag (3â€”5)on pulmonary congestion and gas exchange. Fur
thermore, we are also familiar with the potential problems with
scintignaphy in hydrostatic pulmonary edema (6). We alluded
to these concepts, pitfalls, and potentials in the discussion of
our article.

Drs. Movahed and Wait are kind enough to review the
standard clinical approaches to medical management of ARDS
and cardiogenic edema. While undoubtedly familiar to most

4. National Electrical Manufacturers Association: Standards
Publication NU I-80. Performance Measurements of
Scintillation Cameras, Washington D.C., NEMA, 1980
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Radionuclide Imaging in Pulmonary Edema

TO THE EDITOR: The studies in dogs by Slutsky and
Higgins (1) with oleic acid injury to the lungs was an out
standing investigative work on acute respiratory distress syn
drome (ARDS). It is now clear that increased thallium-201
(Tl-201) lung uptake may be seen in patients with ARDS and
in patients with LV failure (2,3). While the animal study was
well conducted and the data obtained were valuable, we feel
the authors may have overextended the possible clinical ap
plications of these findings. A cautionary note is warranted
before an expensive test is utilized and judgments are made
without further experimental evidence to substantiate the va
lidity of this test in this specific clinical setting.

The authors suggestedthat serial pulmonaryimagingmay
provide useful noninvasive monitoring of therapeutic results
in patients with ARDS. Presumably this would be an indirect
way of measuring decreases in extravascular lung water
(EVLW) as the ARDS resolvesdue to propertherapeutic in
tervention. The problem we have with this suggestion is that
while EVLW is increased in ARDS, disturbances in gas ex
change are not characterized by similar changes in EVLW
content. In fact, animal studies in sheep with endotoxin-induced
ARDS showed that the EVLW bore no relationship to the
measurement of gas exchange expressed as the alveolar-arterial
(A-a) oxygengradient (4).

The primary danger to the patient with ARDS is organ
damage due to severe hypoxemia from the large R-L shunting
caused by blood perfusing poorly ventilated or unventilated,
liquid-filled lung units. Hence, the first step in managing the
patient with ARDS is to improve gas exchange, usually by
ventilatory support, oxygen, and PEEP. This treatment mo
dality is known to improve gas exchange and promote survival,
but not directly by decreasing EVLW, as has been well docu
mented experimentally (5). In fact, PEEP may actually pro
mote an increase in the EVLW even though gas exchange is
improved (6). Other effects of PEEP, such as a decrease in the
cardiac output, require that careful hemodynamic monitoring
beutilizedwhilehighlevelsofPEEP are employed.To promote
the use of lung TI-201 measurements of EVLW in such a set
ting could lead to erroneous or confusing data regarding the
clinical response to treatment.

A similar cautionary note is warranted for the suggestion
by the authors that a dual-radionuclide study might be used
to examine noninvasivety the pulmonary fluid shifts in car
diogenic pulmonary edema. The use of such a technique for
clinical research is acceptable, but the use of radionuclide
pulmonary imaging as a clinical tool to characterize the flux
of lung fluids in cardiogenic pulmonary edema seems unnec
essary. Accurate hemodynamic monitoring is essential and
limited information is available noninvasively with the use of
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