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First-pass radionuclide angiographic (FPRNA) analysis, using the
standard, single-fixed region of interest (ROI) drawn at end-diastole,
often underestimates the left ventricular ejection fraction (LVEF) as
determined by other standard techniques. This study examined the
hypothesis that correction for the anatomic motion of the aortic
valve plane toward the apex during systole, which results in im-
proper inclusion of aortic counts within the single-fixed ROI, using a
two-ROI method to compensate for this motion would eliminate this
underestimation. Methods: In 70 patients who underwent FPRNA
and planar gated equilibrium radionuclide angiography (GERNA) on
the same day, Fourier transform phase and amplitude images were
used to generate functional maps of the aorta and the left ventricle
on the FPRNA representative cycle. The region of low amplitude
between the aorta and left ventricle, which corresponds to the
degree of aortic valve plane motion, was used to guide the manual
placement of two ROls. The first was over the left ventricle at the
end-diastole including the aortic valve plane area, and the second
was a smaller end-systolic ROl drawn over the first ROI, excluding
the valve plane area. Results: Both the fixed- and dual-ROI FPRNA
methods had excellent correlation with GERNA (r = 0.92 and 0.91,
respectively). The mean FPRNA LVEF using a fixed ROl (45%=*
14%) was significantly lower than GERNA (51% = 15%, p < 0.001),
but the mean LVEF calculated from the dual-ROI (51% * 14%) was
essentially identical to those obtained with GERNA. The method of
manual placement of the two ROIs had extremely high levels of
inter- and intraobserver reproducibility (r = 0.98 and 0.99, respec-
tively). Conclusion: Despite good correlation, the standard, fixed-
ROI method of FPRNA analysis systematically underestimates the
LVEFs of GERNA. This problem can be eliminated by taking into
account valve plane motion during the cardiac cycle by using
Fourier-guided, dual-ROI analysis on FPRNA. These differences in
methods and results should be considered when substituting or
comparing LVEFs derived from these techniques.
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’rhe noninvasive assessment of resting left ventricular (LV)
performance has become an integral part of the evaluation of
patients with known or suspected cardiac disease, having
important diagnostic, therapeutic and prognostic significance
(1-10). In particular, the exercise first-pass radionuclide angio-
graphic (FPRNA) left ventricular ejection fraction (LVEF) has
greater prognostic value in patients with ischemic heart disease
than many other clinical, noninvasive and invasively-derived
variables (5-9).

An exercise LVEF of 0.50 (50%) has been detected as the
inflection point below which patients with coronary artery
disease demonstrate a probability of cardiac death that increases
as the LVEF decreases (7). However, the direct applicability of
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these numerical data when the LVEF is obtained with other
protocols or techniques, such as the more widely used multiple-
gated acquisition (MUGA) or gated equilibrium radionuclide
angiographic (GERNA) technique, is uncertain.

There has been renewed interest in FPRNA, at least in part,
because of the availability of *™Tc-labeled perfusion tracers
that allow simultaneous evaluation of myocardial perfusion and
ventricular function (//-22). However, the widespread appli-
cation of FPRNA has been limited by the need for a high-count
rate capable gamma camera, dependence on impeccable bolus
technique and the absence of valvular (especially tricuspid)
incompetence for data quality (23).

Despite good correlation coefficients between FPRNA and
other LVEF techniques (22,24-27), it has been reported that
FPRNA may underestimate both invasively- and noninvasively-
derived EFs by as much as 12% to 25% (22,24-26). One
potential reason for this underestimation is the use of a
single-fixed region of interest (ROI) drawn at end-diastole,
which does not account for valve plane motion (base toward
apex) during systole (22,26). This shortening motion of the
heart is more pronounced in vigorously contracting ventricles
(28-31). If this motion is not considered during LVEF analysis,
inclusion of counts from above the aortic valve plane within the
LV ROI during systole results in a lower calculated LVEF.

This study was undertaken to examine the degree of under-
estimation of the standard GERNA LVEFs by FPRNA and to
determine if the use of a Fourier transformation guided dual-
ROI approach to FPRNA LVEFs could correct this underesti-
mation.

MATERIALS AND METHODS
Patient Population

Resting FPRNA and GERNA were performed on the same day
for clinical indications in 70 patients (47 men, 23 women; mean
age 56 * 14 yr). These patients included 31 patients with known
ischemic heart disease. Resting regional wall motion abnormalities
were present in 45 patients. No patient had valvular heart disease
of the severity that would preclude good bolus transit for FPRNA
(23). No patient had persistent resting arrhythmias that would
interfere with electrocardiogram (ECG) gating.

First-Pass Radionuclide Angiography with a Single-Fixed Re-
gion of Interest. After placement of a large bore (14- or 16-gauge)
antecubital intravenous line, 1.5 mg of stannous pyrophosphate
was mixed with 30 ml of the patient’s blood for approximately 60
sec and was then infused. Resting FPRNA was performed after a
10-min delay, to allow further red blood cell uptake of the stannous
ion. Technetium-99m-pertechnetate (25-30 mCi), in a volume of
less than 1 ml, was given by rapid flushing with at least 30 ml of
normal saline through the indwelling catheter. Images were ob-
tained using a single-crystal, high-count rate gamma camera fitted
with a high-sensitivity, parallel-hole collimator (Elscint Apex
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FIGURE 1. Anterior projection first-pass radionuclide angiographic images
are shown. (A) Representative cycle end-diastolic frame, (B) Fourier-phase
and (C) amplitude are shown. Note presence of amplitude in both left
ventricle and aorta, which are easily distinguished by opposite values on
phase image and are separated by low-amplitude region. (D) Valve plane of
end-systolic region of interest (ROI) is drawn using inferior margin of this
amplitude image. (E) End-diastolic ROI is obtained by tracing end-systolic
RO, except for valve plane, which is drawn using upper margin of low
amplitude region. (F) These dual ROIls are shown comparatively.

409AG, Hackensack, NJ). Images were acquired in the anterior
projection using 25 (* 4) frames per cardiac cycle.

FPRNA data were analyzed using the frame method for LVEF
using commercially available Elscint computer software (/3,32,33).
This software creates a representative LVEF volume curve by
summing frames of several (usually 5-10) cardiac cycles, which
are aligned by matching their end-diastoles (histogram peaks) and
end-systoles (histogram valleys) during the operator-defined
levophase of tracer transit. The pulmonary frame background-
corrected representative cycle was then interrogated with a fixed
ROI to obtain the final first-pass LVEF time-activity curve. This
ROI was drawn over the LVEF as defined by a first-harmonic,
Fourier transformation phase image that distinguishes clearly the
LVEF from the aortic counts (Fig. 1). End-diastole was taken as the
first frame of the representative cycle, and end-systole was defined
as the frame with the minimum counts in the histogram. The LVEF
was taken as the end-diastolic counts minus the end-systolic
counts, divided by the background subtracted end-diastolic counts.

First-Pass Analysis with Dual Regions of Interest. As shown in
Figure 1, a second ROI (end-diastolic) was derived from a Fourier
transformation amplitude image with masking of the lower 10% of
image intensity, which extended the ROI in a basal direction,
usually 1-3 pixels, up to the amplitude signal of the aortic root. The
remainder of this ROl was drawn to match the first ROI (end-
systolic). The dual-ROI LVEF was determined as the end-diastolic
ROI counts minus the end-systolic ROI counts, divided by the
background subtracted end-diastolic ROI counts.

Gated Planar Equilibrium Blood-Pool Image Acquisition and
Analysis. ECG-gated planar equilibrium blood-pool images also
were acquired using an Elscint Apex-409AG large-field of view
gamma camera equipped with a high-resolution collimator. Images
for LVEF calculation were obtained in the best-septal (shallow),
left-anterior oblique view in 64 X 64-byte mode. Each planar-gated
image was acquired for 6-10 min duration, dividing each cardiac
cycle into a minimum of 32 frames.

Automated variable ROIs were generated throughout the cardiac
cycle using the commercially-available software. This method
automatically determines the LV master ROI by Fourier-phase
imaging, requiring no operator intervention, followed by the edge
detection technique described earlier. An automated periventricular
background ROI was adjusted routinely to avoid inclusion of

high-count structures (e.g., spleen, ventricle and descending aorta),
which could artifactually increase the LVEF.
Statistical Analysis

Linear regression analysis was performed to determine the
product-moment correlation coefficient (r), reflecting the degree of
random error, between the LVEFs using the three radionuclide
techniques. Statistically significant differences between correlation
coefficients were assessed by using a two-tailed Fisher’s z trans-
formation (34). The degree of systematic error between these
performance indices, as well as their degree of agreement, was
assessed using Bland-Altman plots (35,36). This technique plots
the mean of the paired observations of the two techniques on the
abscissa (x-axis) and the difference between their values on the
ordinate (y-axis). The mean difference between the two techniques
and 2 s.d. above and below this mean also are shown. This analysis
determines the limits and degree of agreement between the values
obtained with each technique, the degree of bias of one method to
give results that are higher or lower than the other technique and
whether or not a relationship exists between the degree of under- or
overestimation and the mean value of any two techniques (e.g.,
greater overestimation at higher test values). Paired Student’s
t-tests also were performed on these data to determine if the values
obtained with any of these techniques were substantially numeri-
cally different from the other techniques. These data are presented
as mean * | s.d. A p-value of < 0.05 was considered statistically
significant.

RESULTS

Comparison of Ejection Fractions

The mean LVEF obtained with FPRNA using the standard-
fixed ROI approach was 0.45 * 0.14, which was significantly
lower than that obtained with GERNA (0.51 * 0.15, p < 0.001
versus FPRNA), a 13% underestimation of GERNA values.
Reprocessing the FPRNA data using the dual-ROI approach
gave a mean LVEF essentially identical to that of GERNA
(0.51 = 0.14, also p < 0.001 versus FPRNA). Consistent with
the presence of other differences between the FPRNA and
GERNA (e.g., preload alteration from upright to supine position
and the effects of regional wall motion abnormalities on LVEFs
obtained from two different projections), there were occasional
patients with striking differences between FPRNA and GERNA
(Fig. 2). These differences ranged from —0.23 to +0.07 in
LVEF; these differences were shifted upward, but not reduced,
by the dual-ROI analysis to a range of —0.19 to +0.12 units.

The correlation coefficients between the LVEFs obtained
with each of the three techniques were very high (Fig. 2),
ranging from 0.91 between GERNA and dual-ROI (z = 18.1) to
0.98 between FPRNA and dual-ROI (z = 42.7). Average versus
difference (Bland-Altman) plots demonstrated a significantly
greater difference between the single- and dual-region tech-
niques in the higher LVEF range (r = 0.234, p = 0.0478). This
observation is consistent with the need for a greater degree of
correction for a greater degree of valve plane excursion that
occurs with more vigorous systolic contraction.

Reproducibility of Dual Region-of-Interest
Ejection Fractions

Since the dual-ROI method is dependent on manual place-
ment of two overlapping ROIs around the LV chamber,
differing in only the valve plane, the intra-and interobserver
variability of the technique was examined in 21 patients (Fig.
3). There was no significant difference between the LVEFs
obtained by two different observers, or between the first and
second analysis by the same observer. As shown in Figure 3,
both inter- and intraobserver differences were negligible, with
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FIGURE 2. Scatter plots (left) and Bland-Altman plots (right) are shown for left ventricular ejection fractions (LVEF) obtained with gated equilibrium radionuclide
angiography (GERNA) and first-pass radionuclide angiography (FPRNA) in 70 patients. Excellent comelation coefficients and regression line slope near unity
were found between each of three techniques. Significant mean differences were present between values obtained with FPRNA and GERNA and between
FPRNA and dual region-of-interest (ROI). On Bland-Altman analysis, there was significantly greater difference between single- and dual-ROI methods at
higher LVEF values. SEE = s.e. of y-estimate.

excellent correlation coefficients (0.98 and 0.99, respectively), significant bias or correlation between mean values and differ-
y-intercepts near 0, and regression line slopes of near unity. No ence was found on Bland-Altman plots.
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FIGURE 3. Intra-and interobserver variability of dual region-of-interest technique is shown. There was no significant difference between left ventricular ejection
fractions obtained by two different observers or between first and second analysis by same observer. No significant bias or correlation between mean values

and value differences was found on Bland-Altman plots.

DISCUSSION

The evaluation of LV systolic function has become one of the
most common applications of nuclear imaging using FPRNA,
planar GERNA and, more recently, gated tomographic perfu-
sion and equilibrium blood-pool imaging. Between these tech-
niques, FPRNA has some distinct advantages. These include the
acquisition of data in less than 30 sec, right ventricular function
with less overlap of activity in other chambers (23), the use of
multiple radiopharmaceuticals including bone, renal and myo-
cardial scintigraphic agents (/3), a proven robust measurement
of stress ventricular function at true peak exercise, and the
presence of a wealth of prognostic information available for
management of patients with ischemic heart disease based on
stratification by FPRNA exercise LVEFs (5,7,9). Despite these
advantages, widespread use of FPRNA has been limited by the
need for large-bore intravenous access (23), impeccable bolus
technique (32), and a high-count rate capable, often dedicated,
gamma camera. It has further been impeded by published data
indicating that FPRNA LVEFs cannot be substituted for those
obtained with GERNA or contrast ventriculography (/4,22,24-
26).

It has been shown by other imaging techniques, including
echocardiography and MRI (28-31), that the base of the heart,

including the aortic valve plane, moves toward the apex during
systole. The extent of this motion is an index of systolic
function. In patients with a normal LVEF, the descent of the
base of the heart exceeds 10 mm (29). Thus, the standard
method of FPRNA analysis with a fixed ROI drawn, end-
diastolic ROl is likely to have substantial contamination from
the end-systolic counts within the aortic root and sinuses of
Valsalva. Using a single ROI drawn at end-systole would
exclude the counts in the basal portion of the ventricle at
end-diastole. Both of these types of errors would result in a
lowering of the EF.

The dual-ROI correction for valve plane motion taken in this
study is similar to that used at many centers using the recent
versions of commercially available software for the SIM-400
(Picker International, Cleveland, OH). This correction resulted
in a mean increase of 0.06 in LVEF measurements (i.e., 6 EF
units, a 13% increase), to a range of values that was equivalent
to that obtained with GERNA, a technique that similarly uses a
variable ROI analysis. This increase in the measured EF should
be applicable to any scintigraphic device that uses a single ROI
throughout the cardiac cycle.

An automated selection of valve planes and ROIs would be
preferable in order to eliminate subjectivity from the measure-
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ment. However, due to the inherent objectivity provided by the
Fourier amplitude images, these results demonstrated a high
degree of inter- and intraobserver reproducibility.

CONCLUSION

Despite good correlation between the techniques, the stan-

dard single-ROI method of FPRNA significantly underesti-
mates the LVEFs of GERNA, as well as the LVEFs of other
imaging methods (/4,22,24-26). This can be eliminated by
accounting for valve plane motion during the cardiac cycle
using Fourier-guided, dual-ROI analysis of FPRNA, giving
LVEFs that are highly reproducible and similar in value to
GERNA.
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