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The purpose of the study was to evaluate the reliability of ejec-
tion fractions obtained from first-pass radionuclide ventriculogra-
phy with a large field-of-view tomographic single-crystal gamma
camera. Methods: A SPECT camera had its electronics rede-
signed to improve counting efficiency and was equipped with an
experimental ultra-high sensitivity collimator. Left ventricular
ejection fraction (LVEF) was measured in 28 patients by 30°
RAO first-pass imaging and by “best septal view” LAO planar
equilibrium radionuclide ventriculography on a conventional
small field of view Anger camera. For 28 other patients, first-pass
ejection fractions were compared to multicrystal gamma camera
values. Visual analysis was performed to judge clinical accept-
ability of first-pass images for identification of wall-motion abnor-
malities. Results: Linear regression analysis of first-pass
against equilibrium ejection fraction demonstrated good correla-
tion (r = 0.92; slope = 0.90; intercept = 3.8; s.e.e. = 6.4%).
First-pass ejection fraction values also correlated linearly with
multicrystal camera values for the left ventricle (r = 0.94; slope =
1.05; intercept = 1.3; s.e.e. = 5.3%). For a subgroup of 19
patients, single-crystal camera right ventricle ejection fraction
demonstrated good correlation with multicrystal camera values
(r = 0.82; slope = 1.15; intercept = 1.3; s.e.e. = 6.1%). Inter-
observer variability correlated as r = 0.99 for LVEF ejection
fraction and r = 0.92 for RVEF. Chi-square analysis of single-
crystal first-pass image visual scores versus those from the
gated equilibrium acquisitions showed close agreement (p <
1078). Conclusions: The evaluated camera/collimator system
measured left and right ventricular ejection fraction accurately.
Lung frame cormrection and dual regions were superior to
paraventricular background correction and a fixed end-diastolic
region.
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Early Anger camera count rates were so much lower
than multicrystal cameras that counts acquired with single-

crystal cameras were inadequate for left ventricular ejec-
tion fractions (LVEF), and most first-pass nuclear cardiac
imaging was performed with multicrystal cameras (1-3). In
radionuclide imaging there have always been trade-offs
between higher count rates from multicrystal cameras ver-
sus better spatial resolution with Anger cameras (4). Dur-
ing the 1980s the electronics of small field of view digital
Anger cameras were sufficiently improved to obtain accu-
rate first-pass ejection fractions (5,6). But during that pe-
riod camera manufacturers concentrated on improving ro-
tational stability of spatial resolution, energy resolution
and flood uniformity characteristics of SPECT cameras
rather than on augmenting their count rate capability (7-9).
In recent years, large field-of-view single-crystal SPECT
camera detector electronics have also been enhanced to
provide higher count rates (10).

With the introduction of *™Tc labeled myocardial per-
fusion tracers for which as much as 1.11 GBq (30 mCi) may
be injected, it is possible to obtain ventricular function
information (11-17), which is adjunctive to SPECT myo-
cardial perfusion data in the evaluation of patients with
coronary artery disease (18). In reports incorporating func-
tion and perfusion information, first-pass imaging of *™Tc-
sestamibi was performed with a multicrystal camera
(11-14), or with a digital Anger camera (15,16), but subse-
quent myocardial perfusion tomograms were acquired us-
ing separate large field of view SPECT cameras. However,
there may be circumstances under which it is desirable to
use just one camera for both first-pass imaging and tomog-
raphy, especially considering the expense of a two-camera
approach.

This investigation was undertaken to determine the fea-
sibility of using a current generation large field of view
SPECT camera/collimator system for first-pass cardiac im-
aging. To further exploit the increased count rate capability
afforded by faster electronics of a single-crystal detector
(“XC/T”, General Electric Medical Systems, Milwaukee,
WI), an experimental ultrahigh sensitivity collimator was
fashioned for acquisition of first-pass cardiac images. First-
pass radionuclide ventriculography obtained on this sys-
tem was compared to both equilibrium radionuclide ven-
triculography performed on a standard small field of view
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single-crystal gamma camera (General Electric mobile
camera), and to first-pass imaging with a first-generation
multicrystal camera (Baird System-77, Bedford, MA).

METHODS

Initial Camera Characteristics Evaluation

Two experimental camera/collimator systems were employed
for this investigation, one at St. Luke’s-Roosevelt Hospital in
New York and one at Christ Hospital in Oak Lawn, Illinois.
Line-spread functions of the new ultrahigh sensitivity collimator
were evaluated from digitized images of a commercially available
1-mm diameter, 40-cm long line source filled with 37 MBq (1 mCi)
of ®™Tc in 1 cc of water, placed behind a scattering medium of 10
cm of particle board. Images were acquired with a 20% energy
window for 2 million counts as 642 matrices at a resolution of 0.4
mm/pixel. Count profiles were summed to incorporate all image
counts.

The count rate at which a 20% count loss occurs for this class
of detectors has been reported as 170 Kcps for *™Tc with no
scatter using a 20% energy window (10). To determine the count
rate response of the detector to sources with scatter, 1.11 GBq
(30 mCi) of *™Tc were divided into 10 equal 1-cc samples in
bottles. After each bottle’s activity was measured with a dose
calibrator, count rates registered by the camera were observed as
more of the bottles were placed behind a 10-cm thick plastic and
water phantom.

System response to large, rapid changes of the input count rate
was established for realistic clinical situations by observing
changes in counts from a point source at the edge of the field of
view during eight patient studies.
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Patients

For single-crystal first-pass versus equilibrium comparisons, 28
patients scheduled for routine resting equilibrium tests at St.
Luke’s-Roosevelt Hospital (Group 1) were studied (67% males;
age = 63 + 12 yr). Group 2 consisted of 28 other patients (36%
males; age = 63 + 16 yr) who had first-pass imaging performed
with an identical high-count rate single-crystal camera at Christ
Hospital, and were later re-imaged by resting multicrystal first-
pass studies (delay time = 30 min). Of the Group 2 patients,
first-pass data for 19 (26% males; age = 61 * 17 yr) were judged
suitable for right ventricular (RV) EF analysis based on adequacy
of bolus integrity. All patients granted written informed consent.

Single-Crystal First-Pass Data Acquisition

Group 1 patients were injected with a bolus of 740-925 MBq
(20-25 mCi) ™ Tc-red blood cells labeled using the modified in
vivo method. Boluses were delivered into patients’ right antecu-
bital veins via an 18-gauge indwelling intravenous catheter,
pushed by a 20-30-cc saline flush. A 30% energy window centered
on 140 keV was used. First-pass images were acquired using the
ultrahigh sensitivity collimator in the RAO-30° projection as 64 x
64 matrices for 1200 frames over 30 sec, simultaneously with
R-wave trigger information. The protocol for Group 2 patients
differed from the Group 1 patient protocol only in that a bolus of
814-925 MBq (22-25 mCi) ®™Tc-DTPA was injected instead of
labeled red blood cells.

Single-Crystal Equilibrium Data Acquisition

For Group 1 patients, equilibrium imaging was performed with
a conventional single-crystal camera and low-energy, general-
purpose collimator 5 min after injection with the 740-925 MBq
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FIGURE 1. Time-activity curve (top) dur-
ing the left ventricular phase generated from
the RO (lower left) superimposed on image
data reframed at 0.5 sec/frame. The R-R
intervals which were automatically accepted
(lower right) are portrayed on the graph as
hatched areas.
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(20-25 mCi) of a ®™Tc red blood cell (RBC) bolus. Images were
cardiac gated at 32 frames per R-R interval and acquired as ante-
rior, left posterior oblique and left anterior oblique with a caudal
tilt angle judged to best separate the LV, left atrium and ventric-
ular septum.

Multicrystal First-Pass Data Acquisition

A first generation multicrystal camera having 14 x 21 Nal(Tl)
crystals collimated by a 1.5-inch thick (long bore) multihole lead
collimator was used to acquire first-pass data for Group 2 patients.
Thirty minutes following single-crystal first-pass *™Tc-DTPA
studies, RAO-30° projection data was acquired of a bolus injection
of 740-925 MBq (20-25 mCi) ®™Tc pertechnetate delivered via an
indwelling 18-gauge intravenous catheter line followed by a 20-cc
saline flush. First-pass images were ungated, acquired as 14 x 21
matrices for 1000 frames at 50 msec per frame.

DATA ANALYSIS AND STATISTICS

Image Processing

Single-crystal camera first-pass images were reframed at
0.1 sec, on which an observer placed a region of interest
(ROI) over the superior vena cava to identify beginning and
ending times for quality assurance analysis of the bolus
shape. The study was discarded if the bolus was frag-
mented, and transit time was estimated from a gamma
variate fit to the first 10 sec of this curve (19). Next, the
observer identified a frame of the right lung while viewing
a composite image of the entire study to draw a region
sampling the lung but avoiding the heart. A gamma variate
fit to this region’s lung curve produced transit time in terms
of the number of heart cycles (20).

FIGURE 2. End-diastolic (left) and end-
systolic (right) frames along with ROIs (bot-
tom) used to compute LVEF for a normal
patient (LVEF = 56%).

1294

For LV processing, the observer then made an initial
estimate of which frames comprised the LV phase of the
study by examining a data density curve framed at 0.1 sec
while viewing images reframed at 0.5 sec. All images were
summed for the selected LV phase time period to form a
composite image on which the observer drew an initial
estimated LV region. The original 1200-frame dataset was
used to construct an initial LV curve including R-wave
triggers, and was analyzed automatically for probable ac-
ceptable heart beats, excluding those outside +10% of the
average R-R interval (Fig. 1). The observer examined the
automatically accepted R-R intervals, modified their selec-
tion if necessary, and chose a “‘lung” frame from those
following the RV phase and prior to the LV phase. A
filtered representative cycle of 12 frames per R-R interval
for the time segments corresponding to accepted represen-
tative heart beats within the LV phase was generated from
the complete 1200 frame dataset. Guided by the end-dia-
stolic, end-systolic, phase and amplitude images, the ob-
server next refined the LV region as seen on the represen-
tative cycle images. EF was computed using the newly
refined end-diastolic and end-systolic ROIs superimposed
on data of the original data set (Fig. 2).

For LV processing, two background correction methods
were evaluated at the beginning of this investigation. Cor-
rection for background counts was performed by either
subtracting counts of a para-ventricular region defined by
the operator, or by a “‘lung method” (6,21) of removing
counts to varying degrees throughout the LV phase of the
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SEGMENTAL EJECTION FRACTION

study based on the observance of lung counts. For each
background method, data were further analyzed as to
whether LV counts were taken from a single end-diastolic
region, or from separately defined end-diastolic and end-
systolic regions.

Right-ventricle data analysis proceeded identically to
that for the LV up to the point of chamber phase selection,
for which RV phase times were estimated from the data
density curve by the observer while viewing 0.5-sec im-
ages. Data during those times were summed into a single
image on which the observer outlined an estimated RV
region. Automatic analysis of the original data then identi-
fied heartbeats falling within 10% of the average during the
RV phase. No form of background correction was applied
to RV images. A Hanning filter (cutoff = 0.5) was used on
the original 1200-frame gated data to generate a 12-frame
image set representative of heartbeats adhering to the pre-
defined R-R limits during the RV phase of bolus transit.
Finally, the observer modified the region defining the RV
as necessary while observing RV end-diastolic, end-sys-
tolic, phase and amplitude images to aid in the separation
of the atrium from the ventricle and for outflow tract def-
inition. The original dataset was used to compute RVEF
from the final end-diastolic ROI.

Multicrystal first-pass data were processed using stan-
dardized methods associated with first-generation multi-
crystal gamma cameras (Baird System-77 Software Ver-
sion 10) (22), relying on the analysis of the curve of the first
pass of the bolus resolved at a sampling time of 50 msec

First-Pass Ejection Fraction  Nichols et al.
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FIGURE 3. An example of an abnormal
patient study (LVEF = 27%) demonstrating
wall motion abnormalities. End-diastole and
end-systole are shown in the upper left and
upper right, respectively. The location of
segments along with corresponding seg-
mental wall motion values appear in the
lower left. The lower left image portrays rel-
ative count differences between end-dias-

tole and end-systole.

EF IMAGE

(23). The multicrystal camera/computer system’s software
for residual activity correcting was used to compensate the
9mTc-pertechnetate injection for the previous *™Tc-
DTPA injection.

Wall Motion Evaluation

A consensus of experienced observers quantified their
impressions of wall motion by using a 5-point scale (3 =
normal, 2 = mild hypokinesis, 1 = marked hypokinesis,
0 = akinesis, —1 = dyskinesis). They viewed the cinematic
playback of the representative cycle of first-pass RAO-30°
filtered images, from which motion of inferior, apical and
anterior myocardial walls were assessed. On a separate
occasion, the observers viewed filtered cinematic play-
backs of “‘best septal view’” LAO, anterior and left lateral
or LAO-70° equilibrium views displayed simultaneously,
and used the same subjective scale to quantify their im-
pressions of the same myocardial regions. The septal and
lateral walls, though assessed in the equilibrium views,
could not be evaluated from the RAO-30° first-pass images
(Fig. 3).

Statistics

Patient population information is indicated in the text as
mean *1 s.d. Linear regression analysis was used to com-
pare EFs from the different methods, and to assess intraob-
server and interobserver variability. Evaluation of agree-
ment between wall motion scores was performed by
Spearman rank-correlation and chi-square analysis of con-
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tingency tables in which scores were paired for each terri-
tory.

RESULTS

Collimator Characteristics

While the FWHM of the new ultrahigh sensitivity colli-
mator line-spread function is 21 mm at 10 cm in scatter for
$mTc (Fig. 4), and therefore on the order of 2 times that of
the 10 mm FWHM of the low-energy, general-purpose
collimator typical of those routinely employed for nuclear
cardiac scanning, it is only 60% of the estimated
37 mm FWHM of the multihole collimators used with first-
generation multicrystal cameras employed successfully
throughout the 1980s (2). The degradation of spatial reso-
lution of the ultrahigh sensitivity collimator is accompanied
by increased collimator sensitivity of 4.7 times, compared
to the general-purpose collimator, whereas the conven-
tional high-sensitivity collimator is 2.3 times more sensitive
than a general-purpose collimator.

Detector Counting Characteristics

For the large field-of-view, single-crystal detector, the
count rate at which 20% loss occurred was 140 Kcps for
#mTc with 10 cm of water scatter (Fig. 5), implying a
deadtime of 1.6 - 107 sec (24). An extrapolation of the
Figure 5 curve to a 100% count loss suggests a maximum
count rate of 350 Kcps, although maximum count rates of
600 Kcps have been reported for this detector class (10).
These values may be compared to maximum count rates of
65 Kcps for the conventional single-crystal camera used in
this study for gated equilibrium acquisitions, 250 Kcps for
the first-generation multicrystal camera used in this study
and 1 Mcps for newer generation multicrystal cameras (4).

For the eight-patient data acquisitions performed with a
point source in the field of view, point source time-activity
curves were generated and corrected for background

Collimator Line Spread Functions
Tc-99m with 10cm scatter

Relative %
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FIGURE 4. Measured line spread functions for ®*™Tc in 10-cm
plexiglass scatter versus source location for the low-energy, general-
purpose (LEGP), high-sensitivity (HSENS) and ultrahigh sensitivity
(UHSENS) collimators.

1296

Camera Count Rate Response Characteristics
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FIGURE 5. Percent count rate loss versus input count rate mea-
sured for ®™Tc in 10 cm of water scatter using a 20% energy
window without collimators.

counts from neighboring regions. The count rate during the
LV phase of first-pass studies averaged 122 + 20 Kcps
(maximum = 179 *+ 33 Kcps). Counting efficiency of the
camera was 71% = 8% throughout the LV phase, which
lasted 4.3 = 1.5 sec.

For Group 1 patients, end-diastolic background-cor-
rected counts were 5.0 = 2.9 Kcounts for the single-crys-
tal, first-pass images and 20.9 = 11.0 Kcounts for the
single-crystal equilibrium images. For Group 2 patients,
end-diastolic background-corrected counts were 4.6 + 2.1
Kcounts for the single-crystal, first-pass images and
6.2 = 3.5 Kcounts for the multicrystal first-pass images.
Thus, for clinical first-pass studies the single-crystal
method provided a LV end-diastolic count density approx-
imately 74% of that obtained with the first-generation mul-
ticrystal camera.

Ejection Fractions

The results of examining data processing options for the
first 20 patients studied are graphed in Figure 6. These
methods consisted of the combinations of:

1. para-ventricular region background correction with
fixed end-diastolic outline only

2. para-ventricular region background correction with
separate end-diastolic and end-systolic outlines

3. “lung frame”” background correction with fixed end-
diastolic outline only

4. “lung frame” background correction with separate
end-diastolic and end-systolic outlines.

Linear correlation coefficients of the single-crystal, first-
pass LVEF measurements performed with these four pro-
cessing methods compared to equilibrium LVEF values
were 0.86, 0.91, 0.91 and 0.96, respectively. Based on the
highest value of r = 0.96, the lung method background
correction together with using separate end-diastolic and
end-systolic regions was used for processing all subsequent
single-crystal, first-pass LVEF acquisitions and for repro-
cessing of the initial 20 patient studies.
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Data Processing Methods Comparison
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FIGURE 6. Single-crystal (SC) first-pass (FP) LVEF measure-
ments using four data processing methods compared to SC equi-
librium (EQ) values in an initial group of 20 patients. Dashed lines =
unity and solid lines = least-squares fit.
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For Group 1 patients, the number of heart cycles used
for the representative heart cycle was 4.7 + 1.3 beats.
Bolus transit averaged 1.6 = 0.9 sec (19), and lung transit
was 7.0 = 2.2 heart beats (20). A high degree of linear
correlation was found between single-crystal, first-pass
LVEF values and equilibrium LVEF measurements (r =
0.92) for Group 1 patients, as well as between the single-
crystal, first-pass LVEF and multicrystal first-pass LVEF
values for Group 2 patients (r = 0.94) (Fig. 7, Table 1).
Excellent intraobserver variability (r = 0.98) and interob-
server variability (r = 0.99) correlations of single-crystal,
first-pass LVEF measurements were found (Fig. 8, Table
1). No trends were discerned in evaluating measurement
differences versus measurement averages of either intraob-
server repeatability (r = 0.08), or interobserver agreement
(r = 0.19) (Fig. 8).

Linear regression analysis of single-crystal, first-pass
RVEF with multicrystal first-pass RVEF values are shown
in Figure 9 and Table 2. Individual observer’s correlation
coefficients ranged from r = 0.69 to r = 0.82 for single-
crystal, first-pass RVEF compared to multicrystal first-
pass RVEFs. Interobserver variability of single-crystal,
first-pass RVEF was r = 0.92 (Table 2, Fig. 10). While
there was a significant average difference between the two
observers (mean difference = 13.7), no trend was seen in
differences versus averages (r = 0.14) (Fig. 10).

First-Pass Ejection Fraction * Nichols et al.

Wall Motion Assessment

The number of territories rated at each visual wall mo-
tion score for first-pass and equilibrium images are pre-
sented in Table 3. For these data, the chi-square was 100.03
for 12 degrees of freedom (p < 1078). Seventy-four terri-
tories were judged, for which the Spearman rank correla-
tion test yielded rg = 0.915 (p = 0.000).

DISCUSSION

Our study has shown that LVEF values computed from
data acquired with the large field of view camera/collimator
combination correlate well with established methods and
that data processing is highly reproducible. Previous inves-
tigators reported correlations between first-generation mul-
ticrystal camera first-pass LVEFs compared to small field
of view digital single-crystal equilibrium LVEF values
ranging from r = 0.83 in 135 patients (1) tor = 0.94 in 26
patients (3) and r = 0.94 in 64 patients (25), consistent with
the r = 0.94 correlation we found between multicrystal and
large field of view single-crystal camera first-pass LVEFs.
Likewise, the r = 0.92 correlation we found between large
field of view, single-crystal camera first-pass LVEF values
compared to equilibrium values agrees with others’ studies
comparing first-pass LVEFs to equilibrium LVEFs on the
same small field of view, single-crystal digital camera, for
which results were r = 0.89 for 19 patients (26), and r =
0.91 (27) for a group of 17 patients for whom end-diastolic
counts exceeded 2000 counts. Previously reported first-
pass LVEF interobserver variability linear correlation co-
efficients ranged from r = 0.77 (1) to r = 0.98 (21), the
latter being consistent with our r = 0.99 result.

Knowledge of RVEF is helpful in some classes of sus-
pected cardiac disease (28), although measurement of
RVEEF by first-pass radionuclide ventriculography is more
problematic, primarily due to right atrial overlap, as re-
flected in the literature for studies reporting little correla-
tion between multicrystal first-pass RVEF compared to
single-crystal equilibrium RVEF (r = 0.28) and poor inter-

SC FP LVEF vs. EQ LVEF SC FP LVEF vs. MC FP LVEF
r=0.92 r=0.
FP LV Ejection Fraction SC First Pass LV Ejection Fraction
0| 80|
60| 0| /)
40| 40|
20| 20
] 20 40 60 80 100 o 20 40 60 80 100
EQ LV Ejection Fraction MC First Pass LV Ejection Fraction
(A) (8)

FIGURE 7. (A) Single-crystal (SC) first-pass (FP) LVEF mea-
surements versus EQ values. (B) SCFP LVEF values versus multi-
crystal (MC) FP LVEF measurements.
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TABLE 1
LVEF Data Processing Statistical Comparisons

Observer 1 Observer 1A Observer 1
SCFP LVEF Observer 1 SCFP LVEF SCFP LVEF
vs. SCFP LVEF vs. vs.
SCEQ vs. observer 1B observer 2
LVEF MCFP LVEF SCFP LVEF SCFP LVEF
No. 28 28 28 16
r 0.92 094 0.98 0.99
Slope 0.90 1.05 0.99 1.02
Intercept 38 13 0.70 -1.00
s.0.6. 6.4 53 3.60 2.90

SCFP = single-crystal, first-pass; SCEQ = single-crystal equilibrium; and MCFP = multicrystal first-pass.

observer variability (r = 0.42) for multicrystal first-pass
RVEFs (1). More recent studies (3) found somewhat better
correlation (r = 0.78) between first-pass and equilibrium
RVEF from a small field of view gamma camera in 15
patients, and good agreement (29) (r = 0.96) between small
field of view, single-crystal camera gated first-pass RVEF
compared to ultrafast computerized tomography, but
weaker correlation between equilibrium RVEF and cine
computerized tomography (r = 0.71) and between ungated

first-pass curve measurements and cine computerized to-
mography (r = 0.63) (29).

Our correlation of a large field of view, single-crystal
camera first-pass RVEF compared to multicrystal RVEF
ranged from r = 0.69 to r = 0.82 and our interobserver
variability was r = 0.92. We did not attempt to compare
first-pass RVEF with equilibrium values due to difficulties
with the equilibrium technique for the right heart, as al-
ready noted (I). Therefore, whereas agreement of RVEFs
with the multicrystal camera values is less striking, we
attribute this to the relatively greater difficulty of accessing

a proven gold standard rather than with inherent limita-
Itrao b APty Ity 2oty tions of the equipment we investigated. The relatively
=0. r=0. . . ope. .
poorer interobserver variability which we observed for
Obeerver #18 FP LV Ejection Fraction Obeerver #2 FP LV Ejection Fraction
00} }: 80|
“ . SC FP RVEF vs. MC FP RVEF
T - r=0.82
o o« ® o o o 2 ® o © 0o SC FP RV Ejection Fraction
A Observer #1A FP LV Ejection Fraction Obeerver #1 FP LV Ejection Fraction 100
Intraobserver Repeatibility Interobserver Agreement
of LVEF Calculations LVEF Calculations )
Offference of Messurements Dierence of Measurements 80
s . 60 [ ] [ o’
* Mean : 40 :/ l: ‘ /
(C)  swomen cosenimnm (D) Avarege o hessumerts ”
FIGURE 8. (A) Single-crystal (SC), first-pass (FP) LVEF values ’
assessed by an observer on one occasion versus SCFP LVEF ot
measurements on the same patient group by the same observer on 0 20 40 60 80 100
a different occasion. (B) SCFP LVEF measurements made by an MC FP RV Eiection Fraction
observer versus SCFP LVEF measurements of the same data by ie ractio

another independent observer. Differences between values are piot-
ted versus averages of values to generate (C) intraobserver repeat-
ability and (D) interobserver agreement.
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FIGURE 9. Single-crystal (SC) first-pass (FP) RVEF versus mul-
ticrystal (MC) FP RVEFs in 19 patients.
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TABLE 2
RVEF Data Processing Statistical Comparisons
Observer 1
Observer 1 Observer 2 SCFP RVEF
SCFP RVEF SCFP RVEF vs.
vs. vs. Observer 2
MCFP RVEF MCFP RVEF SCFP RVEF
No. 19 19 19
r 0.82 0.69 0.92
Slope 1.14 0.83 0.79
Intercept 1.2 14.9 103
s.e.e. 6.1 6.60 3.50

SCFP = single-crystal first-pass and MCFP = multicrystal first-pass.

RVEF calculations was most likely due to difficulty in
defining pulmonary and tricuspid valve planes, as others
have noted (30).

It was demonstrated in the 1970s that first-generation
multicrystal camera count rates were adequate for first-
pass imaging (31). Our investigation has found that count
rates with the experimental single-crystal camera/collima-
tor system were roughly comparable (74%) to those of a
first-generation multicrystal camera, and well above the
2000-count, end-diastolic LV minimum found to be re-
quired for accurate LVEF measurements (27), while spa-
tial resolution is 60% better than for a first-generation mul-
ticrystal camera.

Image quality was judged to be adequate for visual as-
sessment of wall motion, as demonstrated by the high
degree of correlation found between wall motion scores of
equilibrium and single-crystal, first-pass images (p < 1078).
Consequently, this device provides high quality LV images
from first-pass studies as well as accurate LVEF measure-
ments.

First-pass data acquisition does have its pitfalls, how-
ever. Patient motion, particularly during exercise testing, is

Interobserver Agreement
RVEF Calculations

Interobserver Variability
r=0.92

Obeerver #2 FP RV Ejection Fraction

&

° 20 0 ) ) 100 W ) =
Obeerver #1 FP RV Ejection Fraction Average of Measurments

(A)
FIGURE 10. (A) Single-crystal (SC) first-pass (FP) RVEF mea-
surements by an observer versus RVEF measurements from the
same patient group by ancther independent observer. (B) Differ-
ences of RVEF determinations between the two observers versus
averages of values are plotted.
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TABLE 3
Contingency Table of First-Pass Visual Wall Motion Scores
Against Equilibrium Visual Wall Motion Scores

Visual First-Pass Wall Motion

Scores
3 2 1 0 -1
Visual ®) 42 6 1 0 0
Equilibrium (i) 0 4 2 0 0
Wall (1) 0 0 8 1 0
Motion 0) 0 0 3 5 0
Scores (-1) 0 0 2 0 0

problematic and requires the use of special motion-correc-
tion algorithms (32). Also, as only a few heartbeats are
used to form representative cardiac cycles, some patients
with severe arrhythmias may not be suitable for first-pass
studies (33). Pulmonary hypertension can cause unduly
long lung transit times (33) with subsequent oversubtrac-
tion of background counts, and the uniformity of mixing
necessary for accurate EF calculations may not always be
achieved (30).

The type of machinery studied in this paper, a large field
of view SPECT camera with its fixed horizontal imaging
table, is less convenient than a small field of view machine
for first-pass imaging in performing peak exercise studies.
Also, the camera we studied needs a special ultrahigh sen-
sitivity collimator for first-pass imaging, different from the
high-resolution collimator typically used for gated sesta-
mibi SPECT studies, and hence requires changing collima-
tors between function and perfusion studies. It is doubtful
that a more standard collimator would have provided ade-
quate counts, considering that we observed average end-
diastolic counts of 5.0 + 2.9 Kcounts using the ultrahigh
sensitivity collimator. Given the relative collimator effi-
ciencies described above, a LEAP collimator would have
provided only 2.2 Kcounts and high-resolution collimation
only 1.1 Kcounts on average, far below the minimum 2
Kcounts per end-diastolic image other investigators have
found to be essential for adequate counts (27). With too
few counts, the delineation of end-diastolic and end-sys-
tolic regions becomes too uncertain. This situation can be
influenced by the matrix size used to digitize the images,
but since we had only 64 x 64 matrices available, we did
not explore the possibilities of using coarser matrices, as
other investigators have done (6).

In conclusion, we have demonstrated that the large field-
of-view camera, which is widely used for tomography, can
provide adequate first-pass studies. Current generation
multicrystal cameras have greatly improved spatial resolu-
tion and higher count rate capability than the previous
multicrystal camera generation (4), exceeding maximum
count rates of 1M cps. However, using one of those de-
vices in addition to a separate camera for perfusion tomog-
raphy is not practical in all institutions. It is anticipated that
the additional wall motion and LVEF information obtained
from a first-pass study in conjunction with ™Tc-sestamibi
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perfusion tomography will be valuable in forming the over-
all diagnosis when studying cardiac artery disease in indi-
vidual patients (17). Unlike previous methods which em-
ployed rarely used isotopes for the first-pass study (34-35)
different from those used for perfusion studies, protocols
which extract this combined function and perfusion infor-
mation from a single injection of one isotope are likely to
become widely used standards.
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