
A dynamic cardiac phantom was used to provide identical inputdata at 11 different
nuclear medicine laboratories throughout the Philadelphia area, and the variability in
the resulting calculations of ejection fraction (EF)was assessed.The variability
observed between different operators using the same computer system averaged 3 EF
units, which was similar to that between different observers usingdifferent types of
computers. In the range of low ejection fractions, however, there was a suggestion
that EFs calculated with an MDS computer were slightly lower than those from a DEC
computer.
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he ejection fraction is the most commonlydetermined
parameter of left-ventricular (LV) function (1). There are
many nuclear medicinecomputer systemsavailable for per
formingand analyzinga gated equilibriumcardiacstudy,and
each of these gives results that correlate well with those from
cardiac catheterization. The comparability of results obtained
with different computers, however, has not been established.
Such an evaluation requires the same input data to each
computer. We useda dynamiccardiac phantomto performa
surveyof I 1computer systemsin the Philadelphiaarea. We
analyzed (a) the variabilityimplicitin an observeranalyzing
the same data on one computer, (b) the variability between
different observersusingthe same computersystem,and (c)
the difference between computer systems.

METHODS

Phantom

A dynamiccardiac phantom*wasusedto provideidentical
data at each of 11 nuclear medicine laboratories in the Phila
delphia area. The phantom (Fig. 1) consists of two compart
ments, one of which is fixed and simulates the background
areas (right ventricle, lung field, and descending aorta). The
other compartment, which simulates the left ventricle and
atrium, is a double oval in configuration and is mounted on a
turntable that rotates at a speed selected by the operator. Both
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compartments are fitted with technetium-99m. Also on the
turntable is a lead attenuator that passes between the oval
left-ventricle chamber and the gamma camera once during
each rotationand causesa drop in the observedcountingrate,
which mimics systolic contraction. Three attenuators are
provided with the phantom to result in high, medium, and low
simulated ejection fractions. Data collection is synchronized
to the rotation of the turntable by an electrical output to the
R-wavetrigger. Figure 2 showsthe â€œleftventricularâ€•time
activity curve, and Fig. 3 shows the â€œend-diastolicâ€•and
â€œend-systolicâ€•images. All hospitals imaged the phantom in
the â€œuprightâ€•position since the phantom was not designed to
be turned on its side.

Data collection
Computers. At four hospitals, the data were collected using

a DEC Gamma- 11 computer systems. One hospital used a
ADAC computer,and six had MDS A2computers.

Data collection. Simulated â€œheartratesâ€•of 60, 120, and 180
bpmwereprovidedat each laboratory,usingeachof the three
attenuators. At each institution the number of frames per
cardiac cycle was kept constant for all nine collections, but
varied slightly between institutions (mean 18, range 16 to 20).
Total counts per frame averaged I50,000 in all data collec
tions.

Ejection fraction calculation. The studies were analyzed
in each hospital by the person who usually performs the anal
ysis at that site. No advice was given regarding the method of
analysis (e.g., spatial or temporal smoothing, selection of
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option of accepting the ROI or manually drawing his own (if
the selectedROl wasoverlayinga focusof increasedactivity
area such as the â€œaortaâ€•).

Data evaluation
Nine EFs were calculated at each site: three different at

tenuators at each of three heart rates. Becausethere was no
significant effect of heart rate (see Results), the three calcu
lations with each attenuator could be used to determine the
intraobservervariability.The results from institutionshaving
the same computer systemwere used to assessinterobserver
variability. Finally, the variability between DEC and MDS
computer systems (independent ofthe operator variability) was
assessedbycomparingtheobserveddifferenceto thevariability
implicitineachsystem.ThesingleADACsitewasnot included
in the analysis.

Statistical analysis
Data are expressedas the mean Â±1s.d.The effectsof heart

rate and EF level(with regard to computer system)werean
alyzed using two-way analysis of variance with repeated
measures design. The effects of heart rate, EF level, and
computer system were similarly analyzed, eliminating data
from the singleADAC site. Differencesbetweenmeanswere
analyzedusingthe two-tailedt-test.The Mann-WhitneyRank
Sum test was used to compare subgroup data.

RESULTS

The nine â€œejectionfractionâ€•determinationsfrom each of
the 11 sites are given in Table I . Listed for each hospital is the
computer system and the calculated EF for each attenuator
at each rotation rate, with the mean and s.d. of all collections
with a givenattenuator and rotation rate. There was no sig
nificant difference in the calculated EFs attributable to dif
ferent heart rates, and for subsequent analysis the EFs with a
givenattenuator weretreated as repeated measurements.

Table 2(A) lists, for each institutionand at each EF level,
the meanâ€œejectionfractionâ€•and its associateds.d. Inspection
of the standard deviations shows that they are quite small at
though they are larger for the higher EFs.The variabilityob
served when different computer operators analyze the same

FIGURE3
â€œEnd-diastolicâ€•and â€œend-systolicâ€•frames from phantom
study. â€œAtriumâ€•appears brighter than â€œVentricleâ€•;this is
nonphyslologic,butwill notaffectcalculationsof LVEFbe
cause analysis programsall involve manual identificationof
LVandverificationof LVboundaries

FIGURE1
Dynamic cardiac phantom. Large arrow identifies oval
compartment representing â€œleftventricle,â€•and small arrow
Indicates lead attenuator that controls observed â€œLVâ€•
counting rate

backgroundregion,etc.), but all sites used the variable-ROt
technique. Analyses involvedoperator identification ofthe left
ventricle in the first data frame. For each frame of the study,
the computer then displayed its estimate of the LV border,
which estimate could be accepted or modified by the operator.
In practice, operator interventionwas necessaryonly occa
sionatly and in the high-EF collections. The computer also
selecteda backgroundregionof interestoverthe left lung.The
selected region was displayed to the operator, who had the
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FIGURE2
Observed time-activity curve from â€œleftventricleâ€•
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Lowâ€œEFâ€• Midâ€œEFâ€• Highâ€œEFâ€•Rotation
rate Rotation rate RotationrateHospital

Computer 60 120 180 60 120 180 60 1201801

DEC 0.40 0.38 0.37 0.57 0.59 0.58 0.86 0.850.872
DEC 0.40 0.35 0.37 0.52 0.54 0.56 0.84 0.830.843
DEC 0.39 0.39 0.39 0.51 0.52 0.53 0.79 0.810.824
DEC 0.42 0.41 0.38 0.55 0.50 0.56 0.82 0.730.825

ADAC 0.41 0.41 0.37 0.58 0.56 0.49 0.89 0.850.796

MDS 0.39 0.38 0.39 0.54 0.54 0.49 0.75 0.740.767
MDS 0.33 0.33 0.33 0.49 0.48 0.50 0.76 0.780.798
MDS 0.36 0.36 0.34 0.50 0.51 0.50 0.78 0.790.839
MDS 0.37 0.38 0.37 0.53 0.51 0.53 0.82 0.810.8110
MDS 0.34 0.36 0.35 0.55 0.53 0.52 0.89 0.910.921

1 MDS 0.35 0.35 0.37 0.50 0.50 0.51 0.78 0.780.79Mean

value 0.378 0.373 0.366 0.531 0.525 0.525 0.816 0.807 0.821Standard
deviation 0.030 0.025 0.019 0.030 0.030 0.031 0.047 0.0520.044data

is given in Table 2(B). The values obtained with the have been multiple measurements, it may not be valid to ana
ADAC systemwerecloselycomparableto thoseobtainedwith tyzea subset of the data, so we feel there is a suggestion,notthe

DEC systems, but the MDS results were slightly lower certain, that the MDS analysis may report a lower EFthan(Fig.
4). The difference between the results of the MDS and DEC in some EFranges.DEC
systems was not statistically significant for all mea- The overallvariabilitiesof the analyseswitheachattenuatorsurements

(p = 0.077), but it was if the data for the low and are given in Table 2(C) and the standard deviations at thethreemid
EF ranges were taken in isolation (p 0.05). When there â€œejectionfractionâ€•levels are 0.025, 0.029 and 0.047, respec

TABLE2Mean
@@EjectionFractionâ€•and s.d. (A) and Observed Variability(B)Low

â€œEFâ€• Midâ€œEFâ€• Highâ€œEFâ€•Hospital
Mean s.d. Mean s.d. Means.d.(A)1

0.383 0.015 0.580 0.010 0.8600.0102
0.373 0.025 0.540 0.020 0.8370.0063
0.390 0.000 0.520 0.010 0.8070.0154
0.403 0.021 0.537 0.032 0.7900.0525

0.397 0.023 0.543 0.047 0.8430.0506

0.387 0.006 0.523 0.029 0.7500.0107
0.330 0.000 0.490 0.010 0.7770.0158
0.353 0.012 0.503 0.006 0.8000.0279
0.373 0.006 0.523 0.012 0.8130.00610
0.350 0.010 0.533 0.015 0.9070.01511
0.357 0.012 0.503 0.006 0.7830.006(B)DEC

0.388 0.013 0.544 0.025 0.8230.031ADAC
0.397 â€” 0.543 â€” 0.843â€”MDS
0.358 0.020 0.513 0.016 0.8050.054(C)Total

0.372 0.025 0.524 0.029 0.815 0.047

TABLE 1
â€œEjectionFractionâ€•Determinations
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FIGURE 4
Average â€œejectionfractionsâ€•for each
computer system with each of three
attenuators.ADACandDECresultsare
virtually Indentical. Although MDSre
suits are sll@itlylower(speciallyin low
EF range), overall difference is not
statistically significant (see text for
details)

ADAC DEC MDS ADAC DEC MDS ADAC DEC MDS
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tively. These are all â€˜-â€˜-â€˜6%of the mean EF at the corresponding
level.

DISCUSSION

Cardiac patients are often evaluated at various times in the
courseof the disease.Whenserialmeasurementsofventricular
function are obtained, there is a minimum change that must
be observed before it is clear that cardic function is altered. This
minimum change is based, in part, on the variability in the
calculations of EF (I), and also may reflect short-term changes
in myocardial function (2,3). The variability at single insti
tutions has been examined, and changes in the observed EF of
@s5EF units are required before they can be considered sta

tisticatty significant (1â€”3).
Clinical experience shows that as the LVEF rises the van

ability in the results becomes larger (3). A similar pattern was
also found in the present study, in which the variability in the
three EF ranges were 0.025, 0.029, 0.047, respectively.The
reason for this is not certain, but it may be because the end
diastolic and end-systolic boundaries are similar at lowejection
fractions and become increasingly disparate at higher EFs.

Whenresultsfromdifferentinstitutionsare compared,there
are potentially two new variables: the different approaches
taken by the operators at each institution and, if different
computers are used, the algorithms by which various computers
calculate the EF.

The intraobserverreproducibilityat a single institution is
easily determined by reanalyzing the same dataâ€”but it is
difficultto compareinstitutionsbecauseit isnoteasyto provide
the same data for analysis at various locations (especially if the
institutions have different computer systems, precluding cx
change of patient data). For this reason we used a cardiac

phantom to provide identical data to a series of hospitals in our
area. Note that this study could not have been performed by
labeling the blood pool ofan individual patient and having him
travel around the city, because there are variations in an mdi
vidual's EF over the course of hours (1 ) and days (2).

Our findingsshowthat, throughouta metropolitanarea, the
resultsat severalhospitalswereconsistent,althoughthere was
a suggestion that the MDS may give a slightly lower EF value
than the DEC computer in the lower EF ranges. Our survey
thus shows that when EF results from different institutions are
compared, the operator is at least as great a source of variability
as is the computer system on which the data are analyzed, at
though both of these sourcesof variability are less than the
potential physiologic variation in an individual patient.

FOOTNOTE

* Capintec, Inc., Pittsburgh, PA.
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