
Links et al. (1) and Starling et al. (2) introduced atten
uation-corrected count-based distance methods to deter
mine left ventricular volumes using blood count activity
obtained from a blood sample, and an estimate of the
distance from the chest wall to the center of the left
ventricle, in order to correct for isotope attenuation. Geo
metric techniques (4,5) using methods developed for con
trast angiography are simpler to perform but have not
received widespread use. Massardo et al. (3) recently pub
lished a count-based ratio method that does not require
attenuation correction or blood sampling.

The original reports by Links, Starling, and Massardo
all had very good correlations between radionudide esti
mates and contrast angiographic volumes, but the relative
accuracies and reproducibiities of these three different
manual methods of measuring left ventricular volumes
have not been evaluated. All three methods found that
manual edge detection was superior to commercially avail
able automated programs. However, manual methods of
edge detection have a higher variability (2) and are less
useful in evaluating serial studies or changes resulting from
interventions. It is uncertain if the same manual regions
of interest (ROIs) can be used with the count-based dis
tance methods (Links and Starling) and the count-based
ratio method of Massardo.

The first purpose of this study was to compare the
accuracy and reproducibility ofpreviously described meth
ods ofleft ventricular volume determination using manual
edge detection as described by Links, Starling, and Mas
sardo. In addition, we describe a new count-based ratio
method based on the assumption that the ventricle is a
prolate ellipse. The second purpose of this study was to
determine if left ventricular volume measurements could
be successfully automated using an edge detection algo
nthm developed in our laboratory.

MATERIALS AND METHODS

Patient Selection
Weprospectivelystudied 19men whowereundergoingclinical

diagnostic cardiac catheterization and had good quality contrast
ventriculograms. Fifteen subjects had significant coronary artery

This study compared the accuracy and reproducibility of three
previouslydescribedand one new radionuclidemethodof
measuringleft ventricularvolumesin 19 subjectsusingcon
trast ventriculographic volumes (n = 38, mean volume =
126.6 ml) as the gold standard. The four methods were
comparedusingbothmanualandautomatedROls.Forman
ual ROls, the Links (189.7 ml, r = 0.85), Starling (183.2 ml, r
= 0.77) and the new count ratio method (1 41 .4 ml, r = 0.90)

overestimatedcontrastvolumes,whilethe Massardomethod
(122.5 ml, r = 0.91) provided accurate volumes. For the
automated ROls, we performed an interpolative background
subtraction and used a 50% threshold of the highest count
pixel to define the venthcular reg@ns.The automated Mas
sardomethodseverelyunderestimatedthecontrastvolume
(59.5ml,r= 0.90),whiletheotherautomatedmethodsyielded
accurate volumes: Unks (122.4 ml, r = 0.89), Starling (118.1
ml, r = 0.81) and the new countratiomethod(125.0 ml, r =
0.90). The interobserverreproducibilityof the automated
methodswas excellent (mean difference= 1%-4%) corn
pared to the manualmethods(2%â€”8%).Because no addi
tionalimages,bloodcounting,attenuation,or decay correc
tion were necessary,the manualMassardomethodand the
automatedcountratiomethodare the simplestto perform.
We concludethat automateddeterminationof leftventricular
volumes using the new count ratio method is rapid, accurate,
reproducible and could readily be incorporated into routine
clinical use.
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entricular volumes can be measured by contrast an
giography, echocardiography and planar (1â€”5)and single
photon emission computed tomographic radionucide an
giography (6-8). Although radionuclide imaging is widely
used for evaluating ventricular function and regional wall
motion, left ventricular volumes are not determined rou
tinely in clinical laboratories due to the additional steps
required.
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disease (12 with and 3 without myocardial infarction), 3 had
idiopathic dilated cardiomyopathy, and 1 had coronary artery
spasm. This study was approved by the Human Subjects Corn
mittee of the Universityof Washington and all patients gave
informedconsent.

ContrastVentnculography
Left heart catheterization and coronary arteriography were

performed by standard techniques. Following coronary arteriog

raphy, contrast ventriculography was performed in the 30Â°RAO
view at 30 frames/sec, using Renograffin 76 or Isovue. Left

ventricular volumes were calculated using the single plane area
length method with the Kennedy regression equation (9).

RadionuclideAcquisition
Radionuclide angiography was performed 1â€”3days following

cardiac catheterization in 18 patients and 3 days prior to cardiac
catheterization in one patient. No subject had a change in medi
cations or clinical status between studies. Red blood cells were
labeled with approximately 1100 MBq @mTcusing the modified
in vivo technique of Callahan et al. (10).

All radionuclide angiographic studies were acquired by the
same experienced technologist. Imaging was performed in the left
anterior oblique (LAO) projection providing the best septal sep
aration of the ventricles with 0â€”10Â°of caudal angulation. We
acquired 15 million count studies (20 ms/frame) using a GE300
A/M camera with a general all-purpose collimator, a software
zoom of 1.5,a 64 x 64 pixel 16-bitword mode image, a 20%
energy window, a beat rejection window ofÂ±lO%using dynamic
arrhythmia filtration (11) and a forward/backward reconstruc
tion of the time-activitycurve (12). Blood samplingand chest
imaging, required for the Links (1) and the Starling (2) methods,
were performed as described in the original publications.

Data Processing
Manual Threshold.The imageswerespatiallyand temporally

smoothed using commercial software (Siemens Microdelta/
Maxdelta Imaging System, Des Plaines, IL) prior to manual edge
definition. All regions were handdrawn on smoothed unback
ground subtracted images by an experienced technologist who
was blinded to the angiographic results. A manually drawn region
inferior and lateral to the left ventricle was used for background
correction. The count data from the hand drawn ROIs were used
to calculate left ventricular volumes by the methods as described
below. These results will be described as the manual Links,
manual Starling, manual Massardo and manual count ratio
methods.

Automated Threshold.The imagesweretemporally smoothed
usingthe Â¼,Â½,Â¼filterand spatiallysmoothed usinga 15 x 15
pixel approximation to a cylindrical Butterworth filter with a
frequency parameter of 0. 1 cycles/pixel (0.33 cycles/cm) and an
order of4 (13). A generous, user-defined, computer-drawn ellipse
was placed around the left ventricle on the end-diastolic frame.
An interpolative background (14,15) illustrated in Figure 1, was
calculated for each image. The background constant (V) was
calculated by sorting the counts in the pixels on the edge of the
end-diastolic image ellipse from the lowest to highest, and aver
aging the lower one-third ofthe counts. The background constant
(V) is very similar in magnitude to a manually drawn background.
The interpolative background was subtracted from the image to
isolate the left ventricle. The left ventricular ROI was defined by
a 50% threshold ofthe highest count pixel. The computer-drawn
ellipse and the background constant (V) were held constant on

FIGURE1. A generoususer-definedcomputer-drawnellipse
is placedaroundthe left ventricleon the end-diastolicimage.The
backgroundconstant(V) is calculatedon the end-diastolicimage
bysortingthecountsinthepixelsontheellipseedgefromthe
lowest to highestandaveragingthe countsof the lowerone-third
(0â€”33percentile).Thebackgroundconstant(V)isheldconstant
forallcalculationsonsubsequentimages.Aninterpolativeback
ground is calculated for each pixel inside the ellipse for each
image with the above formula and is subtracted from the tern
porallyand spatiallysmoothed images to providean isolatedleft
ventricle.A 50% count threshold is used to define the ROl. The
ROlisthenappliedto theunfilteredimageto obtainend-diastolic
andend-systoliccounts.

all subsequent images for the calculation of the interpolative
background. A separate left ventricular ROl was obtained for
each image by repeating the above process. These ROIs were then
applied to the corresponding unfiltered images to obtain end
diastolic and end-systolic counts. A manually drawn region in
ferior and lateral to the left ventricle on the unfiltered image was
used for background correction. The count data were used to
calculate ventricular volumes by the methods described below.
These results will be referredto as the automated Links, auto
mated Starling, automated Massardo and automated count ratio
methods.

VolumeDetermination
Links. A 57Co point source was placed over the center of the

left ventricle as visually estimated on the camera persistence
scope. The camera was then repositioned and an anterior image

ofthe heart was acquired for 60 sec at the 140 Â±10% keY peak
for 99mTcand at the 122 Â±10% keV peak for 57Co.Subsequently,
duplicate 3-mi blood samples were positioned 5 cm from the
collimator and counted for 5 mm. A separate 5-mm acquisition
without any radioactivity was made to correct for background
activity. Ventricular volumes were calculated using previously
published formulas (1) with the linear attenuation coefficient of
water, @i= 0.15 cm'.

Starling. A mark wasplacedon the chestwall over the center
of the left ventricle in the LAO projection using the persistence
scope. A second mark was placed on the chest wall over the
center ofthe left ventricle in the anterior view, defined as halfway
between the apex and the aortic valve and the anterior and
inferior walls. The horizontal distance between the two marks on
the chest wall was measured and used to calculate the distance
from the center ofthe left ventricle to the chest wall. This distance
was used in previously published formulas (2) to calculate yen
tricular volumes with the linear attenuation coefficient of water,
@i= 0.15 cm'.

Massardo.The Massardomethod(3) requiresthe total counts
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in the ROl from the unfiltered image without background sub
traction, the average counts of the four highest count pixels in
the ROI and the pixelwidth in cm (M),whichvariedfrom0.294
to 0.302 cm during the study. The counts from the unfiltered
end-diastolic frame were applied in the following formula to
calculatevolumes:

I . @3/2
I Total counts in ROl

Volume = 1.38 M I . .
\Average of 4 highest count pixels

The end-systolic volume was calculated from the end-diastolic
volumeand the ejectionfraction.

CountRatio Method.The Massardomethodassumesthat the
left ventriclecan be viewedas a sphere from the appropriate
viewingangle(3,16). It does not correctfor backgroundactivity,
Compton scatter or for noise in the raw images. The new count
ratio method assumesthat the ventricleis a prolate ellipsewith
the major axis 1.8 times the length of the minor axes (15,16),
uses background correction, corrects for Compton scatter and
filters the image with a nine-point spatial smooth to reduce noise
prior to the measurementofthe highestcount pixel.The volume
(V,)is calculatedby the formula:

Vt = 2.02 M3 C312R312,

where M is the width of a pixel (cm), R is the ratio of the total
background corrected counts in the ROl divided by the average
of the four highest count pixels selected from the filtered back
ground-correctedimageand C is the transmissionfactor of the
highest count pixel divided by the transmission factor of the
whole ROt. C, which corrects for differences in contribution of
Compton scatter in the highestcount pixeland the whole ROI,
was determined in a 4-cm, 96-mi cylindrical phantom in water
and was 1.24 Â±0.01 for the 50% count threshold method and
0.91 Â±0.03 for the manual method. The end-systolic volume
(ESV)wascalculatedfrom the end-diastolicvolume (EDV)and
the ejection fraction. The derivation of our method is given in
the Appendix.

Reproducibility. To determine interobserver reproducibility, a
secondtechnologistanalyzedall studies.

StatisticalAnalysis.The radionuclide methodsof volume de
terminationwerecomparedwith contrastvolumesby means,
linear regression, correlation coefficients, and standard error of
the estimate (s.e.c.). The coefficient of variation error of the
estimate, [CVEE = 100 (s.e.e./mean)J, was used to evaluate
reproducibility. The Student's t-test was used to compare paired
data. To determineifthe correlation(precision)betweencontrast
(y) and method i(r,@)was significantlydifferentfrom the corre
lation between contrast and method 2 (r2@),we used the equation
(19):

T = (r,@â€” r2YXnâ€” 3)h

[2(1â€”R2Xlâ€”r12)]
wheren is the numberof observations,r,2 is the correlation
between method 1 and method 2 and R2 is from the regression
model in which contrast is regressed on both method 1 and
method 2. The significance of T can then be determined from a
table of the t distribution with (n â€”3) degrees of freedom. For
all comparisons, significance was defined as p@ 0.05.

RESULTS
Volumes

ManualMethods. The results for the four manual meth
ods are shown in Table 1 and Figures 2â€”3.As the slopes

Contrast angiog
raphy

ManualLinks
ManualStarling
ManualMas

sardo
Manualcount
ratio

l89.7@
l83.2@
122.5

0.85@ 1.24 32.8 49.0
0.77 1.12 41.4 58.3
0.91* 0.95 2.2 26.3

141.4 0.90* 1.13 â€”1.4 34.5

and intercepts for EDV alone and ESV alone were not
significantly different for any method, they were combined
and are shown as a single plot. The mean contrast ventri
culographic volumes (n = 38, 19 EDV and 19 ESV) were
126.6 ml, with a range of 79â€”292ml for EDV and 26â€”225
ml for ESV. The manual Links and Starling methods
overestimated the contrast volumes by 50% and 45%,
while the manual count ratio method overestimated the
contrast volumes by only 12%. The manual Massardo
method was superior to the others, as indicated by the
accurate mean volume and the lowest s.e.c. Thus, in our
laboratory with manual ROI, the Massardo method pro
vided the most accurate volumes. The Starling method
was less precise (lower correlation coefficient) than the
Links, Massardo and the count ratio method (all p < 0.05).
There was no significant difference in precision between
the other methods.

Automated Methods. The volumes obtained using
the automated algorithm for each method are shown in
Table 2 and Figures 2 and 4. The automated Links,

Mean volumes with Manual and Automated ROl
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Contrast Unk Starling Mauardo Count Ratio

FIGURE2. The meanvolumesobtainedusingmanualand
automatedROIswith the four differentradionuclidemethodsare
comparedwith contrast volumes.
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FIGURE3. Contrastvolumesarecomparedwithradionuclide
volumesobtainedwith the MassardomethodusingmanualROls.

Starling and count ratio methods all provided accurate
volumes, while the automated Massardo method under
estimated the contrast volumes by 53%. The automated
count ratio method and the automated Links method were
comparable, as indicated by a similar correlation coeffi
cient and s.e.e. Both methods had a lower s.e.e. and a
higher correlation coefficient than the automated Starling
method. The Starling method was less precise than the
Links, Massardo and the count ratio method (all p < 0.05).
There was no significant difference in precision between
the other methods.

Ejection Fraction. The mean ejection fraction was 46.4
(range = 23â€”67)for contrast angiography, 49.6 for the
automated technique, and 50.7 for the manual technique.
The manual and the automated ejection fractions had
similar correlation coefficients and s.e.e. (Table 3).

Reproducibility. The reproducibilities ofthe manual and
automated methods are shown in Table 4. The mean
differences between observer 1 and observer 2 was less for
the automated methods (2â€”5ml, l.3%â€”3.9%)than the
manual methods (3â€”14ml, 2.2%â€”7.6%).Additionally, the
interobserver CVEE was also less for the automated meth

TABLE 2
Comparison of Automated Radionudide Volumes and

Contrast Volumes FIGURE4. Contrastvolumesarecomparedwithradionuclide
volumesobtainedusingautomatedROls with: (A) the Links
method,(B) the Starlingmethodand (C)the count-ratiomethod.

ods (7.5%â€”8.4%)compared to the manual methods
(9.l%â€”l0.5%).The reproducibilitiesfortheLinksandthe
Starling methods underestimates the true reproducibilities
since they do not include the additional variability that
would be introduced by resampling and recounting the
blood radioactivity or remeasuring the distance to the
center of the left ventricle.

The interobserver reproducibility ofthe automated ejec
tion fraction was excellent with a mean difference of â€”0.4
EF units and a CVEE of4%. This was less than the manual
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Comparisonof RadionuclideandContrastEjectionFractionsMean(ml)rs.e.e.Contrast

46.4Manual
50.70.858.1Automated

49.60.809.4Abbreviations

as in Table1.

Manualvolumes
(ml)Mean

difference
(ml)rCVEELinks*â€”14.4

(â€”7.6%)0.9810.5%Starling*â€”13.4
(â€”7.3%)0.9810.7%Massardoâ€”2.7
(â€”2.2%)0.999.1%Count

ratioâ€”7.6(â€”5.4%)0.999.7%Automated

VolumesMeandifference(ml)(ml)rCVEELinks51

.6 (1.3%)0.997.9%Starling51

.8 (1.5%)0.998.4%Massardo2.3
(3.9%)0.998.1%Count

ratio4.8 (3.8%)0.997.5%

r = correlationcoefficientandCVEE= coefficientof variationerror
of the estimate.

U Reproducibility testing for the Links and the Starling methods did

notincluderepeatmeasuresof thebloodradioactivityor thedistance
to thecenterof the leftventricle.Inclusionof thesefactorswould
result in additionalvariability.

TABLE3 end-diastolic and end-systolic ROIs were used, rather than
separate ROIs for each 20 msec image.

ManualMethods
In a direct comparison of four different methods of left

ventricular volume determination using manual ROIs,
only the Massardo method provided accurate volumes
compared to contrast angiography. We thus confirmed the
accuracy and reproducibility of the initial report of Mas
sardo using manual ROIs. Thus, although Links, Starling
and Massardo all used manual ROIs in their original
reports, we have shown that the same manual ROIs cannot
be used with these different methods.

The use of an attenuation coefficient of 0. 15 cm@ with
a manual ROI, as originally described by Links and Star
ling, resulted in mean volumes that were 45%â€”50% too
large in the current study. This overestimation was prob
ably due to inclusion ofCompton-scattered photons in the
ROI. The manual ROI identified an area significantly
larger than the left ventricular cavity. Links used an in
vivo RBC labeling technique and Starling used 99mTc
labeled albumin. Both of these methods result in a higher
background activity (and thus greater background subtrac
tion) than the modified RBC labeling technique (25) that
we utilized. Thus, in the original reports, the effects of
Compton scatter may have been compensated for by ov
ersubtracting the background activity.

AutomatedMethods
We have developed an automated edge detection algo

rithm based on Butterworth filtering, an interpolative
background subtraction and a 50% count threshold-based
ROI. This new automated method was successfully applied
to the Links, Starling and a new count ratio method to
provide automated volume determinations. Prior attempts
to automate cardiac volume measurement using a com
mercial second derivative algorithm have resulted in the
following underestimation of contrast volumes: 41% by
Links (1), 15% by Starling (2) and 22% by Massardo (3).
In comparison, our results using an interpolative back
ground algorithm with a 50% count threshold yielded
accurate volumes for the following three methods; â€”3%
for Links, â€”7%for Starling, and â€”1%for the count ratio
method. However, the automated method significantly
underestimated volumes with the Massardo method
(-53%).

The automated ROI was 49% smaller than the manual
ROl, presumably excluding many scattered photons. The
automated ROI did not differ significantly from left yen
tricular dimensions estimated by echocardiography in 10
patients (data not shown).

The accuracy and precision ofthe automated Links and
the automated count ratio method are similar. The Starling
method was less precise than the other three methods, for
both the manual and the automated ROIs. A major
strength of the automated method is the high reproduci
bility which is optimal for serial studies in a given subject.

interobserver reproducibility (mean difference â€”0.8 EF
units and CVEE of 6.0%).

DISCUSSION

The prognostic importance of ejection fraction and left
ventricular volumes, especially ESV, have been well estab
lished in patients with a wide variety of heart disorders
(20â€”24).The ability to accuratelymeasurecardiacvol
umes is useful, but due to time constraints, it is generally
not employed in routine clinical nuclear cardiology labo
ratories. The automated count ratio method described in
this report requires no additional images, blood counts or
attenuation correction for the determination of cardiac
volumes, and thus can be applied in the clinical laboratory
for the measurement of both ejection fraction and cardiac
volumes. The total processing time to measure ejection
fraction and cardiac volumes is approximately 10 mm.
The processing time could be substantially shorter if only

TABLE4
Interobserver Reproducibility

EjectionFraction
Manual
Automated

Mean difference

â€”0.8
â€”0.4

r CVEE

0.98 6.0%
0.99 4.0%
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Comparison
The automated method provides precision comparable

to theoriginalreportsasestimatedby s.e.e.for EDV and
ESV combined (current versus original) for the Links
(s.e.c. = 30 versus 34 ml) and Starling methods (s.e.e. =
36 versus 27 ml) (26). The Massardo manual method
provided similar precision as the original report by Mas
sardo (s.e.e. = 26 versus 23 ml). The correlation coeffi
cients are lower in the current report due to a smaller
range of volumes than were present in the original reports
of Links and Starling.

Butterworth filtering provides a very smooth image
which is necessary for applying this method to low count
studies (i.e., exercise), but for routine higher count clinical
studies (i.e., 4 million frame mode), conventional temporal
and spatial smoothing is adequate (data not shown). The
Links, Starling, and the count ratio methods are also valid
with low count studies, but the highest count pixel for the
count ratio method must be selected from the Butterworth
filtered image because the nine-point smooth does not
adequately reduce the noise in these studies (data not
shown). The interpolative background subtraction is the
unique characteristic which allows excellent septal, aortic,
and atrial separation. Although manual override of the
automated ROl is possible when applying the count
threshold, this was necessary in only one patient where
inadequate ventricular separation from the atria occurred
at end-systole. Because this method requires only a single
ellipse at end-diastole to obtain an individual ROI for each
image, it should be applicable to diastolic function analy
sis, radionuclide pressure volume loop analysis, as well as
determination of ventricular volumes and ejection frac
tions.

Method Limitations
All four methods are sensitive to variations in the ROI.

Count-based ratio methods, i.e., Massardo and the new
count ratio method, are influenced by the viewing angle
of the ventricle (16) and noise in the image, because this
influences the highest count pixel. Both count-based ratio
methods would be expected to overestimate ventricular
volumes if the heart is imaged perpendicular to the long
axis(i.e., vertical hearts) rather than a usual 40â€”50Â°viewing
angle (16). The new count ratio method reduces the van
ability due to noise by spatial smoothing, but introduces
background subtraction variability and a constant derived
from phantoms to correct for the inclusion of Compton
scatter photons that vanes between different methods used
to define the ROI and may vary between different gamma
cameras. The count-based ratio method may tend to over
estimate cardiac volumes in severely dilated ventricles
(EDV > 350 ml) as the length to diameter ratio approaches
1.4â€”1.6:1rather than the 1.8:1 in ventricles <300 ml (17,
18). Because we had no contrast volumes greater than 300
ml, we were unable to test this.

On the other hand, count-based distance methods, i.e.,
Links and Starling, are subject to variations in background

subtraction and assume uniform attenuation within and
between subjects. Most importantly, however, the count
based distance methods of Links and Starling require an
accurate estimate of the distance from the chest wall to
the center of the left ventricle as well as accurate blood
sampling. Both of these steps would introduce additional
variability, which was not measured in this study. Thus,
our estimates of the interobserver reproducibility of the
Links and Starling methods almost certainly underesti
mates their total variability if repeat blood sampling and
determination of the distance to the center of the left
ventricle were included.

Study Limitations
The 50% threshold was determined retrospectively. We

used a single estimate of the distance from the chest wall
to the center ofthe left ventricle as did Links, while Starling
used the average ofsix measurements (three measurements
by two different observers). Finally, contrast ventriculog
raphy is used as a reference method because of the vali
dation performed in post mortem studies with AP-lateral
biplane angiocardiograms (27). However, it is influenced
by geometric assumptions, prior contrast load, fluctuating
hemodynamics and represents a single contraction. The
interobserver variability for contrast ventriculography is
5.9% Â±3.4% for EDV, 8.0% Â±2.3% for ESV and 5.3%
Â± 1.5% for ejection fraction in our reference laboratory

(28).Thecontrastventriculographicvariabilityis similar
to the 7.0% for EDV, 8.9% for ESV and 4.0% for ejection
fraction for with the automated algorithm used in this
radionuclide study.

CONCLUSION

We have developed an automated edge detection algo
rithm to determine absolute left ventricular volumes with
the Links, Starling, and our own count ratio method. Our
automated count ratio method is as accurate, precise and
reproducible as earlier methods, but requires no additional
images, blood counts, attenuation or decay correction. The
count ratio method could readily be incorporated into
routine clinical laboratory use.

APPENDIX

Derivation of the Count-Based Ratio Method for
VolumeDetermination

The following derivation is based on the original den
vation by Massardo et al. (3). The count proportional
volume theory states that the total number ofgamma rays
that pass through a collimator(total counts) is proportional
to the total volume independent of its shape. The maxi
mum pixel count for a uniform activity distribution is
proportional to an effective reference volume defined as
the product of the length of the longest axis perpendicular
to the collimator and the cross-sectional area of the pixel.
The left ventricle can be represented by a prolate ellipse
with the major axis 1.8 times the minor axes for left
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ventricular volumes <300 ml (1 7,18). If we assume the
left ventricle is a prolate ellipse and the major axis is 1.8
times the minor axis (length of major axis = 1.8 x minor
axis (D)), and the minor axes are equal, the volume of the
prolate ellipse (V1) is:

Vt = (ir/6XDXD)( 1.8D) = 0.3 @rD3.

The volume of a prolate ellipse (Vi) is given by substi
tuting Equation 5 into 1:

or

V1 = 0.3@rD3= 0.3ir(1.66M2RC)3â€•2

V@= 2.02 M3C312R312,

Eq.6

Eq.7

where M is the width of a pixel (cm) determined for each
pixel matrix and R is the ratio of the total background
corrected counts in the ROI divided by the average of the
four highest count pixels selected from the filtered back
ground-corrected image. C was determined in a 4-cm, 96-
ml cylindrical phantom in water at depths of 5â€”15cm
(1.2â€”2.4cm increments) for each method used to define
the ROI. For a 50% count threshold ROl, C = 1.24 Â±0.01
and for the manual ROl C = 0.9! Â±0.03.
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(continuedfrompage 747)SELF-STUDYTEST

MedicineSkeletalNuclearANSWERS

ProximalfemoralBone
mineral

in spine or
femur(g/cm2)Prevalence

of L1â€”L4
vertebralfractures(%)fracture

incidence per
@ooopersonâ€”years
Neck Trochanter

>1.40 0 0 0
1.20â€”1.39 0.1 0 0
1.00â€”1.19 6.8 0.2 0.1
0.80â€”0.99 26.1 2.0 0.8
0.60â€”0.79 47.5 6.5 5.3

<0.60 48.8 8.8 17.6

[Table2 adaptedfromWahnerHW.Single-anddual-photonabsorp
tiometry in osteoporosis and osteomalacia. Semin NucI Med
1987;17:305â€”315.]
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ITEM 3: InterpretatIon of Lumbar Bone MIneral Measurements
ANSWER:E
Whensignificantdegenerativehypertrophicchangesarepresent,or
when markedly calcified plaques in the aorta overlie the spine, the
measuredbone mineraldoes notaccuratelyreflectbone density in the
vertebraealone and cannot be used to draw diagnostic conclusions
regarding bone massor fracture risk.Otherconditions interferingwith
measurementof spinal bone massare listedin TableI. Mostof the time,
thesecanbeidentifiedfromthespinalradiographsobtainedbeforethe
test.Occasionally,however,theseproblemsfirstbecomeapparentwhen
the bone mineral image is being reviewed.

The tracing depicted in Figure 1 is of good quality and shows no
evidenceofdegenerativedisease,spinaldeformity,artifacts,ortechnical
problems.Thereisauniformdistributionofbonemineralinthispatient's
lumbar spine.

Although the bone mineral imagesoccasionallyshow bone mineral
in the regionof the transverseprocesseson sometypes of instruments,
the processingalgorithmeliminatestheseareas.Further,a manualover
rideisavailabletoallowcheckingandcorrectingofthe edgesifnecessary.
The image can be displayedwith the edges identifiedfor final assess
ment. In this patient, this would not be necessary.

Lessthanhalfof allwomenwithbonemineralvaluesof0.75g/cm2
havea spinal compressionfracture (Table2). Thisstatisticstressesthe
distinction between the assessmentof fracture risk by bone mineral
measurementsand the diagnosisof fractureor otherirreversiblechanges
by radiography.

Bonemineralassessmentis theonlynontraumatictestthatcan be
used to measure bone mass in patientsat high risk of bone loss prior
to the occurrence of irreversiblechanges. Also, in patients with com
pressionfractures,the amount of bone mass actually presentand the
risk for further fracturescan be assessedonly by bone mineralmeas
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TABLE1
FalseResultsIn BoneMineralMeasurements

Conditionsresultingin falsely
low bone mineral

Laminectomy

[Table1 adaptedfrom FreemanLM, WeissmannHS,eds,Nuclear
Medicine Annual 1986 Raven Press 1986:195â€”226.]

TABLE2
RelationshipBetweenBoneMineraland FractureRisk

in Normal Women from Minnesota

Conditions resulting in falsely
highbonemineral

Marked aortic calcification
Hypertrophicdegenerative

joint and disc disease
Bonegrafts
Lipiodolin the spinalcanal
Calcium-containingtabletsin

the gastrointestinal tract

Conditions resulting in
falsely high or low bone
mineral

Compression fractures and
other post traumatic
changes

Marked scoliosis and other
spinaldeformities

Focalvertebrallesions(lytic
or sclerotic)
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