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Quantiiative Gated Biood Pool Tomographic Assessment of Regional
Ejection Fraction: Definition of Normal Limits

MANUEL D. CERQUEIRA, MD, FACC, GEORGE D. HARP, PuD,

JAMES L. RITCHIE, MD, FACC
Seattle, Washington

Objective. Our aim was to select a method of analysis for gated
blood pool tomograghy that reduced variability in a group of
normal subjects, allowed comparison with normal limit files and
displayed results in the bull's-eye format.

Background. Abnormalities in left ventricular function may
not be accurately detected by measures of global function because
hyperkinesia In normal regions may compensate for abnormal
regional function. Gated blood pool tomography acquires threv-
dimensional data and offers advantages over other noninvasive
modalities for quantitative assessment of global and regional
funetion.

Methods. Alternative methods for selecting the ventricular
axis, caleulating regional ejection fraction and choosing the num-
ber of ventriculav divisions were studicd in 15 normal volunteers
4o select the combination of that p the lowest

variability in quantitative regional ejection fraction. Methods for
quantitative comparison of regional ejection fraction with normai
limit files and for display in the buil’s-eye format were also
examined.

Results. A fixed axis {the geometric center of the ventricle
defined for end-diastole and used for end-systole) gave ejection
fractions that were significantly higher in the lateral wall versus in
the septum, 82 + £ /mean = 1 SD) versus 39 £ 17 (p < 0.001) at
the midcavity and 66 = 11 versus 21 = 20 (p < 0.001) at the base.
A fioating axis system (axis defined individually for end-diastole

and end-systole and realigned at the center) gave more uniform
regional ejection fraction: 63 = 6 versus 64 = 8 (p = NS) at the
midcavity and 44 % 16 versus 45 + 15 (p = NS) at the base, The
coefficient of variability for regional ejection fraction was consis-
tently lower using a floating axis, Calculating regional ejection
fraction by dividing the regional strake volume by the end-
diastolic volume of the region gave a lower coefficient of variability
and a more easily understood value than dividing the regional
stroke volume by the total end-diastolic volume of the ventricle,
Although the variability was lower using five versus nine ventric-
ular divisions, nine regions offer greater spatiat resolution. Com-
parison of regional ejection fraction with normal data identified
regions >2.5 SD below the mean as abnormal. We described the
two-dimensiona) bull’s-eye format as a method for displaying the
regional three-dimensional data and illustrated abnormalities in
patients with prior myocardial infaretion.

Conclusions. Gated blood pool tomography performed using a
floating axis system, regional stroke volume calculation of ejection
fraction and nine regions uses all the three-dimensional blood pool
data to calculate regional ejection Eraction, allow quantitative
comparisan with rorinal limi dies, display the functional data in
the two-dimensional bull’s-eye format and demonstrate abnormal-
ities in patients with myocardial infarction.

(J Am Coll Cardiol 1992;20:934-41)

Although indexes of global left ventricular function are
important reference luati

for |dem|fymg abnormalities, and techmques capable of

in the of heart ly ing regional fi may improve diagnos-
disease, sensitive indexes of regional function are needed tic ability.
because patients with regional ischemia or infarction may Currently availab} hod for regional func-

have normal global function as a result of compensatory
hyperkinesia in normal regions (1,2). Thus in a given patient,
global indexes of ventricular function may lack sensitivity

tion include contrast ventri y (3-6), ech di
raphy (7-11), ultrafast computed !omography (12), nuclear
magnetic resonance (NMR) i lmagmg (13) and radmnucllde
techniques (14) Contrast ventr hy is an i
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two-di hnique that makes assumptions about
ventricular geometry that may not be applicable to a ventri-
cle distorted by i or ia. Ultrafast puted
tomography and NMR imaging overcome these planar limi-
tations but are not widely available. Echocardiography is
limited by technically inadequate studies in some patients,
and digital approaches to edge recognition and three-
dimensional reconstruction of ventricular regions, optimal
for ch ization of regional function, remain ir develop-
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mental stages. Radionuclide ventriculography can be per-
formed in all patients, is free of geometric assumptions. is
noninvasive and kas a low radiation dose. Although planar
methods of acquisition are limited by overlap of adjacent
ventricular walls and surroundmg background gated single-
photon enitssion o {SPECT) imaging of
the blood pool, so-called gated blood pool tomography.
overcomes thest: limitations.

We (15,16) and others (17-19) have previously validated
the accuracy of gated blood pool tomography in quantitating
ventricular volumes and global ejection fraction. However.,
this technigue has been used to assess regional funciivn only
with the use of subjective visual analysis or quantitative
analysis of representative slices (17-19). A quantitative
analysis technique utilizing data from the entire ventricle will
improve sensitivity and allow comparison with file data on
normal limits. In developing such a technique, alternative
methods exist for selection of ventricular axis, calculation of
regional ejection fraction and allotment of ventricular divi-
sions. During contraction, the center of the ventricular long
axis shifts between end-diastole and end-systole. and re-
gional ejection fraction may be calculated by using a fixed
method (center defined at end-diastole and used for end-
systole) or floating method (axis defined and realigned at the
individual end-diastolic and end-systolic centess) of axis
selection. Regional ejection fraction may be calculated by
dividing the stroke volume for the individual region by the
total end-diastolic volume of the veniricle {the so-called
global methed) or by dividing the stroke volume by the
volume for the region (the sc-cailed local method). 'n
addition, a region may be defined as a single tomographic
slice or as a combination of slices.

Although regional function is heterogencous in normal
hearts (12), identification of methods that minimize variabil-
ity in normal hearts should optimize identification of abnar-
mal regional function due to disease. Thus, the purpose of
our study was to 1) select the combination of gated blood
pool graphic analysis variables that gave the Jowest
variability in quantitative regional ejecuon fraction in normal
human s, 2) perform q ive comparison with
data from files on normal limits, and 3) display the three-
dimensionat data in the bull's-eye fermat as originally de-
scribed by our group for perfusion imaging (20).

Methods
Study group. Fifteen normal male vel s with a
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Gated blood pool phic protocol. Acquisition. All

studies were acquired with use of a 40v-mm rotating gamma
camera equipped with a low energy all-purpose collimator
and interfaced with a dedicated computer system. After red
blood cell pool labeling with 30 mCi of technetivm-59m
pertechnetate using a modified in vitro technique (22), each
subjec: was placed supine on the imaging table and heart rate
was saiapled for | min to measure the mean RR interval for
selecting end-systole and di ing the p of arthyth-
mias. None of the subjects had arrhythmias at rest or during
acquisiiion. We acquired the Ist 50 ms after the peak of the
R wave for the end-diastolic frame. The 50-ms interval for
the end-systolic frame was determined by using the mean RR
interval and our previously described algorithm for identify-
ing end-systole (23). Studies were acquired in a 64 X 64
image matrix during 2 180° rotation from the left posterior
oblique to the right anterior obligue positicn for 30 beats at
each of 64 prajections. Data for each beat were acquired
only during end-diastole and end-systole.

Reconstruction. Each projection image was low pass
filtered in the object domain by using a 3 X 3 spetial
convolving kernel with a frequency cutoff of 0.15 cycles/
projection pixel. Next, each projection was corrected for
uniformity and ramp filtered in the Fourier domain. Each
projection image was back-projected and simultancously
corrected for the center of rotation, and the transverse
images were reconstructed. The fuily reconstructed trans-
verse images were used to define the long axis of the
ventricle and oblique angle images generated in planes
orthogonal to the long axis of the ventricle, as we have
previously described for myocardial perfusion imaging (20).

Gated blood pool tomographic volume analysis. Left
ventricular volumes were determined with visual definition
of the apex and automated definitisn of the lateral borders
and mitral valve plane (15). This technigue is highly repro-
ducible and only two interventi First,
the operator uses the summed short axis slices at end-
diastole to define a generous region of interest around the left
ventricle. Next, the apex is visually defined for end-diastole
and end-systole on two orthogonal views as the first slice
containing blood pool activity. The cavity borders are de-
fined by an automated algorithm using a 45% threshold of the
left ventricular maximal counts in each tomographic slice.
Selectian of the base or mitral valve plane involves calcu-
lating the stroke volume curve of each slice from the apex
threugl the lcﬁ atrjum by using the region of interest

described . The base is defined as the slice with

mean age of 33.7 = § years (range 24 to 40) were studied after
an overnight fast. All subjects had a <1% probability of
having coronary ariery disease on the basis of age, absence
of cardiac risk fastors and normal findings on physical
examination, rest and exercise electmcardlograms (ECGs)
and rest M-mode and two-di

(215 This protocol was approved by the Umversuy of
Wasuil Human Subj Review Committec and all
subjects gave written informed consent.

0" slmke volume at the mitral valve plane separating the
left atrium from the left ventricle. That is, because the atrium
and ventricle are beating out of phase, a slice by slice apex
to left atrium stroke volume curve (using ventricular end-
diastole and end-systole) wili show a positive stroke velume
for the ventricle, a negative stroke volume for the lefi atrium
and 0" volume for the mitral valve plane bztween ific
atrium and ventricle. The total number of pixels'slice con-
taining hlood pool was calculated and multiplied by the pixet
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Figure L. Fixed and floating axis systems and orientation of the

ventricular regions shown in the short-axis view. For the fixed axis

method, the end-diastolic geometnc cemer is fixed in space and !hc
d-systolic contour is { on it without

the ﬂoalmg axis method, the ceater is 1nd1v1dua[[y defined for
d-diastole and end-sysiole and the ti metion is

carrected by realignment at the centers,

volume, and individual slices were summed to obtain total
ventricular volume (15).

The reconstruction, obligue angle reformatting and global
volume determinations were performed once for each sub-
ject and used in all the subsequent regional analyses. This
procedure minimizes variability introduced by repeated
pracessing and allows the variability due to axis selection,
method of calculating ejection fraction and number of re-
gions to be delcrmined independent of processing variahil-
ty.

Axis selection. After the outer borders of the ventricular
walls (anterior, inferior, septal and lateral, Fig. 1) were
defined, the geometric center of the blood pool activity for
each end-diastolic and end-systolic region of interest was
identified with use cf an automated algorithm. The stroke
volume, cnd-diastolic minus end-systolic, for each region
within a slice was calculated by using either a fixed or a
floating axis system. Thz fixed axis system *‘fixes” in space
the geometric center of the ventricular blood pool at end-
diastole and superimpcses on it the end-systolic contour
without compensating for translaticn of the ventricle during
contraction (Fig. 1). A floaling axis system attempts to
comp for the time-dependent iranslation of the ventri-
cle by realigning the end-diastolic and end-systolic frames at
their center (Fig. 1). Regional ejection fractions were ralcu-
lated by using the fixed and floating systems with a variable
number of regions and the two methods of ejection fraction
calcutation to be described.

Regional ejection fraction calculation. Use of either the
floating or the fixed axis selection method allowed the
regional stroke volume to be calculated in each stice. The
regional cjection fraction was calculated nsing two different
methcds: 1) Global = Regional stroke volume/End-
diastolic volume for entire ventricle; 2) Local = Regional
stroke volume/End-diastolic volume for region.

Thus, by the global method, the stroke vclume for each
region was divided by a single number, the total end-
diastolic ventricular volume, and the local methed involved
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Figure 2, The left ventricular blood pool was divided perpendicular
<o the long axis of the heart into three equal sections. The base and
midcavity were further divided into four circumferential regions
corresponding to the lateral, inferior, septal and lateral walls for a
total of nine regions. Combining the base and midcavity sections
results in a total of five regions.

Number of regions. Although ejection fraction can be
calculated for each region in each ventricular slice, we
clected not to analyze or display individual slice data for
several reasons. Display is more complex, variability is
increased and this level of division, which exceeds the
resolution limits of the tomographic system, is not accurate
or clinically useful. We therefore investigated dividing the
ventricle perpendicular to the long axis into cither two or
three apex to base sections (Fig. 2). When three sections are
used, they will be referred to as apex, midcavity and base
sections. The boundary slices for these three sections were
defined such that each of the three sections contained
approximately one third of the total slices. Divisions were
made for the end-diastolic and end-systolic data sets. The
midcavity and base sections were further divided intc 90°
circumferential regions that correspond to the lateral, infe-
rior, septal and anterior ventricular walls and gave a total of
nine ventricular regions. The midcavity and base sections
also were summed to create a single base section consisting
of two thirds of the entire blood pool and having four regions
corresponding to the lateral, inferior, septal and anterior
ventricular walls. With the apex this procedure resulted in a
totat of five regions.

Quantitative analysis and display. The mean and standard
deviation of the ejection fraction for each region were
calculated in the |5 normal subjects by using the various
combinations of axis selection, method of ejection fraction
calevlation and number of regions. These values established
the limits of normal for regional ejectlon fraction. Each of
the 15 subj was then p with the p
normal file to determine the range of variability and the
tower limits of standard deviations that correctly identified
each individual as having a normal regional ejection fraction.

division by the individual regionally caleulated end-diastoli
volume.

Statistics. All data arc expressed as the mean valre * |
SDin the text and diagrams and as the mean value = | SEM
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Table 1. Effects of Axis Selection and Method of Calculation on Regiona! Ejection Fraction in Normal Subjects

Locai Mathad

Global Method

Fixed Floating p Value Fixed Floating p Vale

Apex =8 (VRS ] NS 135226 135226 N$
Midcavity

Lateral 82+8 <Ll 6.1:-09% ‘8= <0.0601

Inferior L) NS 7011 78>12 NS

Septal P17 <0.0001 34z lb 33+09 <0.6001

Anterior S NS 7912 73+09 NS
Base

Lateral 66 > il <0.0001 <0.0001

Inferior 54545 NS N§

Septal <0.0001 <0000

Anterior 55 =11 NS NS
Total base

Lateral RS M= <0.800) 8621 <0.000%

Inferior 61 = 10 60 x4 NS 129=13 NS

Septal PN 539 <0.0001 94218 <(.0001

Anterior 6327 REN) NS I-t s 18 M0=22 NS

[n the fixed method of calculaling ejection fraction. the center of the ventricular long axis is defined at end-diastole and used for cnd-systele: in the floating
method the axis is defined and realigred at individual end-diastolic and end-systaiic centers. In the global method the stroke volume for the individual region is

divided by the totat end-diastolic volume of the ventricle: in the ivcal method it is divided by the volume for the region.

in graphs. The coefficient of variability in each region using
all 15 subjects was calculated as: Cocfficient of variability =
(SD/Mean) x 100, Comparisons between methods were
performed using a two-tailed Student ¢ test for paired daia
and the Benferroni correction applied 1o correct for perform-
ing multiple comparisons. A p value =< 0.0005 was consid-
ered significant.

Results

Apex to base variation in regional ejection fraction. Table
I shows the regional ejection fraction at the apex. mid-
cavity, base and total base sections obtained by using the
fixed or floating axis and local or global methods of ejection
fraction calculation. The apical ¢jection fraction was not
changed by axis selection or hy the number of base divi-
sions. For both the floating and the fixed axis method,
ejection fracticn was 66 + 8% (range 54% to 82%) with a
coefficient of variability of 13% for local and 13.5 * 2.6%
{range 10.3% to 17.8%) with a coefficient of variability of
19% for global methods. The ejection fraction for a given
section (mean of the four regions in the midcavity or base)
was the same for the fixed and floating axis systems with
either the local or the global method: 66% and 6.1% for the
midcavity and 48% and 5.1% for the base.

Efffect of axis selection. Figure 3 shows the effect of axis
selection on regional ejection fraction at the midcavity and
base level obtainea with the loca' method of calculation. 'n
the midcavily with use of a fixed axis, ih2 mean septal
gjection fraction is 39 = 17% (range 2% to 64%) and the
mean lateral gjection fraction is 82 + 8% (range 65% 10 94%).
With use of a floating axis, septal gjection fraction increases
to 63 * 6% (range 53% o 74%) and lateral ¢jection fraction

decreases to 64 * 89% (range 49% to 79%) relative to the
comparabie areas measured with the fixed method. These
differences were highly significant {p < 0.0001). The regionai
ejection fraction changes resulting from axis system selec-
tion in the anterior and inferior regions were smaller and rot
statistically significant.

Ejection fraction for the base regions was lower than that

of tha mat

mslocs fo
ing midcavity rogions for both axis sysicms. A

similar pattern of low septal (21 = 20%, range —34% to 49%)
and high lateral (66 + 11%, range 47% to 84%) sjection
fractions was found by using the fixed axis. With the floating
axis, septal ejection fraction increased and the lateral ejec-
tion fraction decreased {p < 0.001) withoui signitcantly
altering the values for the inferior and anicrior segments.

These same 2xis system relations for regional ejection
fraction wer¢ fornd for the midcavity and base sections by
using the global method of calculation ard zre shown in
Figure 4.

Figure 5 compares the mean seciionai cucfficient of
variability, the average of the four regions within a section,
at the midcavity and base, for the fixed and floating axis and
global and local methads of ejection fraction calculation. fhe
coefficient of variability shows three distinct trends: [} it is
largest in the base, 2) it is largest with the global method, and
3) it is largest with a fixed axis system.

Effects of ejection fraction calculation methods. Regional
ejection fraction calculated with the plobal method (dividing
the stroke volume for each region by the total ventricular
volume) is shown in Table | and Figure 4. This methcd
resulted in very low regional ejection fraction values that do
not convey the range of normal that we have come to
associate with the total ventricular ejection fraction, and for
this reason the local method is more easily understcod. The
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Figure 3. Regional cjection fraction {meaa = SEM) in 15 normal
subjects ubtainzd with the local method is plotted at the mideavity
{A) and base (B} levels for the lateral, inferior, septal and anterior
walls for the use of the fixed and floating axis systems. The floating
syslem produces a more uniform circumferential distribution of
regional ejection fraction.

global methed also produced greater variability in normal
values as reflected by the higher coefficient of variability for
all regional comparisons (Fig. 5).

Effects of number of regions. When the midcavity and
base sections were combined to give a total basc section or
five regions (Table 1), the relations for normalization and
method of axis selection were similar to these described
eartier. However, the standard deviations and coefficient of
variability are lower, suggesting a lesser degree of variability
and more homogeneous regional ejection fractions when
turger regions are used.

Defirition of normal limits. After regional ejection frac-
tion means and dard d were gl d for all
possible ¢ of the af; d variables in the
15 normal subjecis, each region in each subject was com-
pared with the group mean and the number of standard
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Figere 4. Regional 2jection fraction (mean *+ SEM) in 15 normal
subjects obtained with the global method is plotted at the midcavity
{A) and base (B) levels for the lateral, inferior, septal and anterior
walls with use of the fixed 2nd floating axis systems. Similar to the
Tocal method, the floating system produces a more uniform seciional
distribution of regional ejection fraction.

deviations above or betow the group mean was determined.
The lowest number of standard deviations below the mean in
any region for any subject was —-2.8 with the global method
and ~2.5 with the local method of calculating ejection
fraction.

Display of three-dimensional ejection fraction data. We
have previously described a technigue (bull’s-eye) for dis
playing the three-dimensional perfusion data acquired by
SPECT thallium-201 imaging (20). This method not 0.’y
allows the actual three-dimensional data to be displayed in 2
two-dimensionat format bt facilitates the display of a quan-
titztive comparison to aormal limits. The bull’s-ey¢ format in
Figure & displays data in the hic left anterior
oblique view, such that major coronary artery beds are
easily distinguished: the septal and anterior walls supplied
by the left anterior descending coranary artery are on the ieft
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Figure 5. Mean scctional ccefficient of variability. This value is
greatest for the global method, in the base as opposed to the
midcavity section, and with use of the fixed axis system. Each bar
represents the mean coefficient of variability in all 15 patients of the
four circumferential regions in a section.

and at the top; the inferior wall supslied by the posterior
descending coronary artery is at the bottom, and the lateral
wall supplied by the left circumflex artery is to the right. The
apex is shown as the center of the bull's-eye, the midcavity
is ithe middie ring and the dase is the vutermost ring. Each
segment keeps the same orientation as described above. This
format allows the regional topographic variability in ejection
fraction to be appreciacd.

Figure 6. Quantitative gated biood pool tomographic regional ejec-
tion fraction bull's-eye display in a patient with two prior myocardial
infarctions. Analysis used a floating axis system, local ejection
fraction calculation and nine ventiicular regions. See fext jor
orientation. Regional ejection fraction is markedly abnorma; in the
septum (black), abnormal in the base and midcavity of the inferior
wall, apex and base of the anterior wall (gray). The basal and
midcavity portions of the lateral wall and the midcavity portion of
the anterior wall are normal (white).

CEROUEIRA ET AL.
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Fegional ejection fractions were calculated by using a
floating axis cystem with local normalization in a patient with
prior :nyocardial infarctions in the tervitory of the right and
left anterior descending arteries (Fig. 6). Each of the nine
regional gjection fractioas was compared with normal limits
established from the 15 young hsalthy subjects. Ali regions
=-2.5 SDs are displayed as white and all regions <—2.5SD
are shown on a gray scale with black representing the lowest
value,

With use of this bull's-eye mathod of display, compari-
sons ctn be made between perfusion, measured at rest with
thalliam, and veniricutar function. Figure 7 shows data from
2 patient with a lateral wal myocardial infarction. Regional
gjection i d by gated blood
pool tomography and compared with data in normal limit
files, are abnormal in the regions with thallium-201 abnor-
malities. The greater size of the thallium-201 perfusion
defect reflects, in part, the difference in resolution between
the thailium and gated blood pool tomographic methods.

Discussion

Our results demonstrate the feasibility of nsing the three-
dimensicnat data from gated blood rool comography to
auantititc jegionad sjecticn fractiva, perform ;taatitative
comparisons with normal ¥mits, display the three-
diriensional data in the two-dimensional bull’s-eye fyrmat
and demonstrate abaormalities in patients with mvacardial
infarction.
ed versus flonting xs frame of referevce. Theuseof a
bals 5y wikin e wiar methoa of ejection frac-
uon calculation produced the lowest degree of variability in
normal hearts and should be optimal for demonstrating
regional abnormalities in diseased heams. Im 15 normal
subjects, we found that the fixed axis sysiem rsulied in
greater regional ejection fraction heterageneity; ejection
fraction was low in the septum and high in the lateral wali
rezion, Because the normal subjects had a low probability of
any form of heart disease and no prior infarction, we belicve
that this heterogeneity in ejection fraction derives, in pari,
from the method of analysis. That is, during contraction, the
cardiac long axis transates toward the septum, preducing a
low ejection fraction if this translatioa is net corrected.
When a floating axis system is employed. the cjection
fraction in the lateral and septal segments is mor2 uniform
(24,25). Potel et al. (25) studied the three-dimensional motion
of coronary artery bifurcations in humans using biplane
coronary arteri Using p tech-
niques, they concluded that a moving ar floating axis syste
gave the best representation of wall motion. In patients with
visuaily defined regional abnormalities, this method was the
most pramising for correctly identifying such regions. Sim-
ilar findings (7) of reduced regional heterogeneity obtained
with the floating axis system have been reported for fwo-
dimensional echocardicgrapme analysis of reg!onal wall mo-
tion. Ultrafast d hi analysis is i
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performed by using a floating axis system to minimize
variability (12). Because all the data obtained with gated
blood pool tomography are both digital and three-
dimensional, realiginment along a geometrically appropriate
axis can be and is accomplished in an automated fashion.
This approach has not been implemented in contrast ventric-
ulography and is rarely performed for echocardiography.

Number of ventricular regions. Variability was lower
when five as opposed to nine ventricular regions were used.
‘This was true for both methods of ejection fraction calcula-
tion and axis systems. However, nine regions provide better
spatial resolution and may be more sensitive for detection of
regionai differences in a given patient or populations. This
hypothesis remains to be proved.

Tull’s-eye display. The absolute three-dimensional re-
gonal sjection fraction values from gated blood pool tomog-
raphy <an be displayed easily in the two-dimensional bull’s-
eye format (Fig. 6 and 7). This format facilitates assimilation
of the th-ee-dimensional functional data with an appreciation
of the topography relative to the coronary anatomy. Alter-
native visua! display methods have been proposed (26). Qur
method allows quantitative comparison with normal lirits
and provides a format for displaying the results. Pilot studies
in patieats with known myocardial infarction have shown
good agreement between the tomographically localized
quantitative thallium-201 perfusion defect and the quantita-
tive gated blood pool tomographically defined regional ejec-
tion fraction abnormalities.

Comparison with other gated blood pool tomographic
methods. Other published gated blood pool tomography
methods (17,19) of regional analysis have relied on calculat-
ing regional ejection fraction from a representative mid-
cavity long-axis slice and using a centerline method similar
1o lhal used to analyze contrast ventriculograms. These

the fractional shortening between end-
diastole and end-systole for a region and divide this change
by the end-diastolic length, These methods do not use all the
three-dimensional volume data available from the acqum-
tion. A second method of gated biood pool

JACC Vol. 20, No. 4
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Figure 7. Bull's-eye displays. Lefi, The quantitative
thallium-201 perfusion defect. Right, The quantitative
gated blood pool tomographic regional cjection frac-
tion. Regional ejection fraction for nine regions was
calculated using the local method and a floating frame
of reference axis system. Bath perfusion and ejection
fraction are abnormal in the midcavity portion of the
inferior and lateral walls.

quantitative regional analysis uses the entire three-
dimznsional volume data rather than selected slices, and the
results accurately reflect regional function of the entire
vertricle.

Comparison with contrast ventricutography and echocar-
diography. The centerline method for contrast ventriculo-
graphic analysis of regional function normalizes the frac-
tional shortening for each cord hy dividing a given cord by
the total ventricular end-diastolic perimeter length rather
than by the end-diastolic length for the specific cord (3-5).
This method of normalization decreases the variability of
motion in normal subjects, impruves the ability to detect
abnormal function in patients with prior myocardial infarc-
tion and compensates for differences in absolute veniricular
volumes (3). A similar centerline method using the end-
diastolic perimeter has been developed for echocardiog-
raphy, but methods using cither hemiaxis length, perimeter
length or the diastolic area for the local region also are used
(7.8). This method of normalization is similar to the global
meathod of ejection fraction calculation used in our study, but
it had a higher coefficient of variability and the very low
ejection fraction valaes are dlﬂlcult to understand. A I|m|ta-
tion of contrast ventri and echocardi by is
that analysis is performed on smgle or biplane studics or
selected slices and not routinely performed for the entire
ventricle. This geometric limitation results in sampling bias
and the three-dimensional information recorded by tomo-
graphic methods is theoretically more accurate,

Ultrafast computed tamography nml nuclear mngnellc res-
onance imaging, Ultrafast
three-dimensional data and is capable of generating reglonal
ejecuon fractions, bul lhlS techmque is not wxdely av:nlable
fequires contrast i ions and is teck ly
(12). Nuclear magnetic resonance imaging has the potential
to accurately assess regional function, but studies reported
to date {13) have relied on visual analysis of representative
slices.

Clinical implications. These results show that aithough

regional analysis also has been reported that relies on cord
changes from al! the three-dimensional daia but does not
readily allow quantitative comparison (27). Our method of

there is | ity in regional ejection fraction in normal
hearts when measured by gated blood pool tomography,
regional function can be well characterized and methods of
analysis selected to minimize the variabilitv. Qur technigue
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of gated blood pool tomographic regional ejection fraction
analysis avoids the liritations of planar methods of acquisi-
tion and the sampling ias introduced by the use of repre-
sentative ventricular slices in echocardiography and other
gated blood pool tomography methods of analysis. Prospec-
tive evaluation of this approach in patients with myocardial
infarction is needed to determine sensitivity. Gamma cam-
eras capable of performing gated blood pool tomography
exist in most nuclear medicine departments and this tech-
nique should be readily available in most hospitals. The
quantitative measurement of regional ejection fraction al-
tows display in the bull’s-eye format, and comparisons with
files on novmal limits can be readily performed. The time
required for acquisition of gated blood pool temography
currently precludes studies during exercise sticss. Another
poiential application of this method is gated acquisition of
technetium-labeled isonitriles, which may allow evaluation
of regional wall thickening.

Limitations. Our technique acquired only the end-

diastolic and end-systolic portinns of the heart cycle and did
not perform arrhythmia rejection. If arrhythmias or marked
changes in heart rate occur during acquisition. the end-
systolic period of minimal volume may be distorted and this
distortion vill introduce errors in both global and regional
gjection fraction. Because we documented the absence of
arrhythmias or changes in heart rate during Lhe 2cquisition in
our normal subjects, our results should not have been
affected by such changes. However, if this technique is to be
used in patients with arrhythmias, c..reful monitaring or the
use of an algorithm to perfors wrhythmia rejection is
recomenended. Such algorithms are commercially availabie,
The greater variability observed at the base of the heart may
be due to errass in accurately identifying the mitral valve
plane or transecting it at an angle. Our awnmated phase base
selection mathod minimizes user intervention and is highly
reproducible, but visual inspection and modification are
recommenced (15,20).
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