INVITED COMMENTARY

Gated SPECT and the Visual Gold Standard:
Gold Standard or Not?

parameters of regional ventricular functionally meant confirmation of the ac-
I n this issue ofThe Journal of Nu- tion asstudied in the report by Sharir etcuracy of a new technique in compar-
clear Medicine,Sharir et al. {) report al. Commercially, we compete directlyison with an accepted independent
normal limits for quantitative regional With Sharir et al. Although this may be standard (e.g., perfusion imaging has
motion and thickening measurement§een as a conflict of interest, we haveenerally been compared with coro-
by gated myocardial perfusion SPECT!ried to be objective and fair both to thenary angiography). Gated blood-pool
These investigators sought to “assesarticle by Sharir et al. and to the med-imaging and echocardiography have
the normal heterogeneity in poststresigal community. Any criticisms of been validated against contrast ven-
motion and thickening by*"Tc gated their article can generally be regardedriculography (CVG). Subsequently,
myocardial perfusion SPECT and toas equally self-critical. We have in pre-they also have been used as gold stan-
determine and validate quantitative cridiminary form, and in the near future dards. More recently, gated and fast
teria for abnormal poststress motiorhope to publish, somewhat similarcine MRI and 3-dimensional (3D)
and thickening for individual myocar- findings resulting from our own com- echocardiography have been used as
dial segments.” Specifically, they re-puter algorithms ). Just as it can be confirming standards. The study de-
port “a substantial apex-to-basectiee  surmised that Sharir et al. will furthersign by Sharir et al. is in most ways
in thickening” and “circumferential het- pursue the quantitative analysis ana@xcellent. The authors developed ref-
erogeneity irendocardial motion.” Ad- clinical application of these gatederence ranges for regional wall motion
ditionally, they report that the criteria SPECT methods, we also will continueand wall thickening in a healthy pop-
they developed for assigning semi-our pursuits. ulation. Using receiver operator char-
guantitative measures of abnormality During the 1990s, stimulated by theacteristic (ROC) analyses, they taught
were accurate for the identification ofavailability of ®°™Tc perfusion tracers their algorithms the required thresh-
motion and thickening abnormalitiesand advances in imaging hardware andlds for grades of abnormality so that
using these algorithms. The gold stansoftware, gated perfusion SPECT bethe program “saw” what the expert in-
dard for these studies was expert visuatame the standard image acquisitioterpreters saw7). Finally, they tested
interpretation of the same images anaechnique used in most nuclear meditheir algorithms and thresholds in a
lyzed quantitatively for the validation cine laboratories3,4). Gated perfusion separate test population, comparing the
of the automatic computer algorithmsSPECT has been shown to have imporalgorithm-determined semiquantitative
reported in the study. It is an unusuatant applications in the assessment afegional function scores with similar
experimental design that relies on vi-coronary heart disease, patient prognascores determined by expert visual in-
sual interpretation of the same imagesis, regional viability, and the differen- terpretation of the same images. This
rather than independent gold standardsation offixed attenuation artifacts from study does not compare the algorithm-
from 1 or more different imaging mo- myocardial infarction §,6). Quantita- determined automatic quantitative re-
dalities. We might call this the “visual tive computer software for the analysissults with an independent gold standard.
gold standard.” and visualization of these studies ha3he visual interpretationgported were
Before discussing the interestingplayed an important role in these denot of an independent imaging tech-
article by Sharir et al. ), it should velopments. Computer applicatioisch nique (e.g., CVG, echocardiography,
be stated that the authors of this comas these are mandatory for the accwer MRI). The algorithm-determined
mentary have also developed andate, reproducible, and time-efficientscores were derived from the same
commercialized quantitative softwareinterpretation of the large volumes ofgated SPECT images that served as the
that automatically analyzes gated perdata that these studies provide. gold standard for visual interpretation.
fusion SPECT images for the same The validation procedure used in theln this case, it might be better stated by
report of Sharir et al.1) raises some the authors that they confirmed the cor-
concerns. Validation means to estabrespondence between automatic and
17?‘;8‘8‘;’?‘1 Jul. 11, 2001; revision accepted Jul.  |ish the soundness of a method or, irsemiquantitative visual assessments of
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study—the visual interpretation of meter is the width of 1.5-2.1 SPECT(22,23. There is no argument that
gated perfusion SPECT—iwither ac- short-axis sections, which typicallywhen one views gated SPECT studies
curate nor independent, which ipeob- vary in thickness from 4.8 to 6.5 mm.from patients with relatively normal
lem. It is also known that cardiac MR im- hearts, the apex appears to thicken and
Is an independent gold standard images have excellent in-plane resolutiomove more than any other segment,
portant? Perhaps more to the point, i$1-2 mm) but slices are 5- to 10-mmjust as Sharir et al.1j reported. Echo-
an accurate independent gold standarthick. Perhaps because of the severelgardiography and MRI have shown
important? The answer must be yes. lnisotropic voxels MRI provides, early high in-section endocardial area change
their study, Sharir et al1j report ref- studies analyzed wall thickening andas the LV cavity tends to ablate near the
erence values for regional myocardiamotion within individual slices without apexduring ventricular systolel(Q,14.
thickening and motion. The problem istaking into account motion parallel toThe tendency toward cavity ablation
that it is known from quantitative anal- the LV long axis and, like Sharir et al. near the apex, combined with the rel-
ysis of other highly credible imaging (1), they reported a large apex-to-basatively low spatial resolution of gated
modalities that the reference values regradient in wall thickening. When SPECT, undoubtedly contributes to the
ported by Sharir et al. err significantly MRI studies underwent 3D analysis tovisual impression of relatively high-
in several important respects. Imagingccount for the motion of the base anamplitude thickening and motion in
modalities such as CVG, echocardiogapex parallel to the long axis, verythis region. When the gold-standard
raphy, and MRI have much higher spadifferent results were obtained3-16). images are the same as the investigated
tial resolution than does gated SPECTThere was little if any gradient in thick- images, errors such as these may occur
perfusion imaging. In images obtainedening from apex to base, and the apeand, because they are the same images
during breath holding, resolutionfisr-  showed less motion than other ventricuas those that the experts interpreted,
ther enhanced compared with SPECT. Alar segments. Wall thickening measurethe errors are correlated and accepted
reported by Sharir et al., the high val-ments from gated SPECT are based oas correct. One must remember that the
ues for wall thickening and motion atthe percentage change in wall countautomatic algorithms were trained us-
the apex and the very low values forfrom end-diastole to end-systole. The auing ROC analysis and the same ex-
thickening at the base are incorrectthors have not clearly described how thgert interpreters’ visual analyses of the
according to other studie8{16). valve plane is handled by their algo-training population. Although it is pos-
At the apex, the excessive wallrithms (9-21). However, if the mitral sible that such an analysis or validation
thickening in normal hearts reportedvalve plane is artificially fixed or its mo- could be correct, in this case, higher-
by the authors is likely the result of ation is underestimated, depending on theesolution methods for making these
combination of factors, including the amplitude of its motion in the individual same measurements have proven that
steeper relationship between walhealthy volunteer or patient, the end-dithe SPECT measurements are wrong.
thickness and count density at the anastolic myocardial counts at the base oflthough the gated SPECT measure-
atomically thinned apex, as discussethe heart will be compared with end-ments are in error, because they are
in the article (7). Increased scatter systolic counts not only from the LV but closely correlated with expert visual
into the region of the LV apex as ad-also from the mitral valve apparatus andnterpretations, they will likely be ac-
jacent myocardial walls approach andeft atrium (LA). Because the LA wall is cepted as correct.
the papillary muscles descend into anuch thinner than the LV wall and the Inaccurate or not, quantitative mea-
more tightly packed distal LV chambervalve is not a muscular structure, thesurements obtained from gated SPECT
during ventricular systole also clearlybasal LV counts at end-systole will bemay still be useful. As long as the
plays a role, especially in relatively greatly underestimated and a significanfjuantitative andvisual interpretations
small normal hearts. These factorsinderestimation of LV thickening at theclosely match and the reader under-
probably contributed to the excessivd_V base will result. stands and recognizes these variations
apical thickening described by Sharir The exaggerated apex-to-base gradirom absolute truth, perhaps they are
et al. (). ent in wall thickening and the exces-good enough. Although these gated
The steep fall-off in wall thickening sive motion of the LV apical and distal SPECT measurements may be biased,
at the LV base noted in the article isanterior segments all run counter to théf normal and abnormal values corre-
another variance from other imagingestablished physiology of the normallate well with normal and diseased,
modalities. The explanation for this isheart. It has been established by CV&iable and nonviable, then it may not
less clear, although early reports fromand cine fluoroscopy in instrumentedmatter. It might be more comforting if
MRI literature may provide some in- animal models and man 2 decades agwalues were accurate in an absolute
sight @8). It is known from CVG, and, more recently, confirmed by echosense, but perhaps that is unnecessary.
echocardiography, and MRI that thecardiography and MRI as discussedilthough the higher spatial resolution
valve plane descends toward the apeabove that, in normal hearts, the LVand more-accurate measurements of
approximately 1 cm in normal heartsapex moves less than most other segvall thickening and motion from other
during ventricular systole. One centi-ments, including the mitral valve planeimaging modalities are not rivaled by
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those provided by gated SPECT, theo assess myocardial perfusion, a variand futile attempts at revascularizing
perfusion data provided by SPECT arable that SPECT imaging measuresreversibly injured myocardium be-
generally not rivaled by the higher-with reasonable accuracy comparedause of the bias to overestimate re-
resolution modalities. An extensivewith coronary angiography or PET gional function in the apical and distal
volume of work has revealed the diagperfusion imaging, it has not alwaysanterior segments typical of the distal
nostic and prognostic importance ofworked very well. In consecutive arti- left anterior descending coronary ar-
the perfusion assessments alone. Globeles, they reported the development ofery territory. Considerable additional
LV ejection fractions repeatedly havemethods and criteria for quantificationwork remains to prove the clinical util-
been shown to be accurate. The availef same-day°"Tc-sestamibi perfusion ity of regional assessments of regional
ability of regional wall function assess-images 25,29. In the first article, they wall function from gated SPECT.
ments from gated SPECT is not onlyreported 97% sensitivity and 67% In conclusion, expert visual inter-
convenient but, with robust quantita-specificity @5). In the second, they pretation of the same test images is not
tive methods, will be clinically useful reported 87% sensitivity and 36%a gold standard in the usual sense. As
and widely applied. specificity @9). The sensitivities and applied in the study by Sharir et all)(

Certainly, it is difficult to argue with specificities for motion (88% and 92%)it could turn out to be a misleading
the cost savings alone from having perand thickening (87% and 89%) re-standard. Whether their approach proves
fectly registered assessments of perfysorted in the current articlelf are not useful or not, these investigators and
sion and function. It has been showrcomparisons with independent goldothers who have developed quantifica-
that the retained wall function in re-standards but are comparisons withion software for gated myocardial per-
gions of abnormal perfusion is highlywhat expert interpreters saw in thefusion SPECT (including ourselves)
predictive of defect reversibility and same images. Because those interprehould not be satisfied. It is likely that
viability (5,24). It is not unreasonable tations are incorrect, it can be assumedhamber volume and geometry, recon-
to predict that visual and automaticthat the automatic scoring algorithmsstruction filters, systolic performance,
semiquantitative scoring of regionalare incorrect as well. The authors havehoton scatter, and respiratory motion
LV wall function from gated SPECT documented closely correlated errorénfluence these assessments. The influ-
will prove useful for the assessment ofn the current report, which is poten-ence of these factors may not be easily
several aspects of heart disease (e.dially a significant problem. resolved, but accurate, robust solutions
regional viability; the effectiveness of Confirmation that a quantitative al-should be pursued. While awaiting fur-
various medical, interventional, andgorithm provides values comparableher progress in this important method-
surgical therapies; and patient prognowith those of expert visual interpreta-ologic approach to regional LV func-
sis). Sharir et al. §) have previously tions is a reasonable part of the validation assessment, it seems clear that the
used similar comparisons to validatetion process. It is not surprising that“visual gold standard” can be a risky
semguantitative perfusion scores andvisual and computer-generated valueand potentially inaccurate standard.
summed stress, rest, and differenceare similar. The training population

scores, but comparing computed valand ROC analyses were used to teach James R. Corbett
ues with visual scores from the samehe algorithm how the experts saw Edward P. Ficaro
image is not a comparison with angated SPECT wall motion and wall University of Michigan Medical Center
independent gold standard, whatevethickening. However, even experts can Ann Arbor, Michigan
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