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Image Enhancement of Severely Hypoperfused
Myocardia for Computation of Tomographie
Ejection Fraction
Kenneth Nichols. E. Gordon DePuey, Alan Rozanski, HÃ©lÃ¨neSalensky and Marvin I. Friedman
Department of Radiology and Division of Cardiology, St. Luke's-Roosevelt Hospital and Columbia University College of

Physicians and Surgeons, New York, New York

Ejection fractions computed from 99nTc-sestamibi myocardial per

fusion gated tomograms have demonstrated a high degree of
accuracy and reproducibility. Although automated algorithms ap
pear to provide reasonable endocardial outlines for patients over a
broad spectrum of cardiac diseases, in cases of severe hypoperfu-
sion, it is necessary to manually adjust contrast and brightness to
judge whether borders are correct or must be altered. Methods:
Midventricular horizontal and vertical long axis gated tomograms
were generated for 116 studies chosen on the basis of extensive,
severe myocardial perfusion defects. Automated software trans
formed cinematic tomograms into images demonstrating uniform
appearance of the myocardium throughout the cardiac cycle. Trans
formed images were introduced to edge detection algorithms for
subsequent calculation of ventricular volumes and ejection frac
tions. Results: Linear regression analysis demonstrated excellent
intraobserver reproducibility for ejection fractions (r = 0.95) and
volumes (r = 0.98). There was also good agreement of ejection
fractions (r = 0.86) and volumes (r = 0.94) with values derived from
an expert's manual drawings. In a subgroup of 22 patients, auto

mated ejection fractions from transformed images demonstrated
better agreement with independent first-pass values (r = 0.90) than
did manual measurements derived from original data (r = 0.85).
Conclusion: Image enhancement algorithmssucceeded in provid
ing accurate, reproducible gated SPECT ejection fractions in the
most difficult class of patients exhibiting severe hypoperfusion.

Key Words: gated SPECT; image enhancement; ejection fraction
J NucÃMed 1997; 38:1411-1417

Ahe importance of left ventricular (LV) ejection fraction (EF)
measurements in the clinical management of cardiac patients is
well established (1,2). EF calculations using 99mTc-sestamibi

myocardial perfusion gated tomograms have been reported
using different approaches, including simple manual techniques
(3,4), relaxation labeling combined with computed wall thick
ening (5,6) and Gaussian midmyocardial detection (7). Excel
lent reproducibility of gated SPECT EF has been reported (8),
and these measurements correlate well with those obtained by
gated blood pool equilibrium studies (9, JO), first-pass radionu-
clide angiography (7,9,11,12), echocardiography (lÃ¬),magnetic
resonance imaging (5,14) and x-ray contrast ventriculography
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FIGURE 1. Automatic endocardial borders for a case of severe hypoperfu
sion of the apico-lateral territories.

(4,11). Additionally, gated SPECT EF processing has been
automated successfully (7,9), as has selection of LV limits and
axes needed to provide input to gated SPECT EF software
(15,16).

Despite these validations and regardless of which computa
tional method is used, proper interpretation of myocardial
perfusion tomograms remains problematic in cases of severe
myocardial hypoperfusion (Fig. 1). Endocardial borders shown
in Figure 1 were generated automatically (9), and although
these are plausible, it is difficult to ascertain whether these truly
represent the actual myocardium because the apico-lateral wall
is nearly invisible in horizontal long axis (HLA) images and
because apical counts are greatly reduced in vertical long axis
(VLA) views. In addition, greatly reduced counts can defeat
algorithms, which are based on gated SPECT count densities,
designed to detect heart walls.

It is important to review images in recognizing and compen
sating for artifacts in interpreting studies (17,18). Yet, some
gated SPECT EF methods are largely divorced from a visual
appreciation of original myocardial perfusion images, despite
displaying final results in four dimensions (5,7). Some auto-
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FIGURE 2. Stress and rest perfusion polar maps corresponding to the
myocardial perfusion images of Figure 1.

mated techniques show few intermediate steps during execution
(7,76), whereas others rely on Fourier fits to time series of
perfusion polar maps, which observers do not see as part of data
review (5,6). Only one gated SPECT EF method altered the
display of original gated tomograms through image inversion
(11,19) but more as a preprocessing step to enhance edges than
as an aid in visual interpretation.

Visual verification of success of endocardial border identifi
cation is always important, and in cases of severe hypoperfu-
sion, observers must adjust contrast and brightness of computer
displays and must do so manually, to decide whether they are
satisfied with results and to aid in effecting edge changes.
Therefore, we sought to simultaneously address issues of
improving algorithmic endocardial border detection and of
visual verification by automatically altering regional contrast of
gated myocardial perfusion tomograms, our main goal being to
augment quality assurance of automated EF calculations in
cases of severe hypoperfusion. The approach that was chosen
was to produce transformed images that optimally depict
myocardial walls throughout the cardiac cycle. In the process,
two types of "mapped" cinematic images were generated of use
to observers: "brightening-mapping," for aiding visual appreci
ation of myocardial wall thickening, and "motion-mapping," to

facilitate discernment of regional wall translation associated
with ventricular contraction.

MATERIALS AND METHODS

Patients
Technetium-99m stress myocardial perfusion data from January

1, 1992, to December 31,1995, were reviewed retrospectively, and
from this data, 123 patient studies were selected at random solely
on the basis of exhibiting severe myocardial hypoperfusion, de
fined by stress quantitative perfusion polar maps with defect counts
below 15% of normal maximum counts, along with defect extent
>25% of polar map area (Fig. 2). Seven of these studies were
subsequently discarded when it was found that splanchnic activity
greatly exceeded severely hypoperfused LV inferior wall myocar
dial activity. No other criteria were imposed to select or exclude
patient data. The 116 remaining patients (aged 66 Â±13 yr; 58%
men) were characterized by quantitative perfusion polar map

"defect extent" of 167 Â±58 and "defect severity" of 830 Â±394

(20). Defect count density was 7% Â±3% of normal maximum
myocardial counts.

First-Pass Imaging

Among patients studied were a subgroup of 22 (aged 60 Â±10 yr;
50% men) who also had gated first-pass (GFP) Anger camera data
acquisitions of the 814 MBq of 99mTc-sestamibi bolus used for the

resting portion of a 2-day sestamibi perfusion protocol (21). Their
perfusion scans exhibited quantitative perfusion polar map defect
extent of 152 Â±64 and defect severity of 719 Â±365 (20). Defect
count density was 7% Â±3% of normal maximum myocardial
counts. Quality assurance criteria were applied such that GFP
studies were discarded if bolus transit time exceeded 2.0 sec or if
lung transit time exceeded 10 heart beats. All GFP data were
analyzed by software previously validated against both equilibrium
gated blood pool and multicrystal first-pass gamma camera correl
ative studies (22).

Gated SPECT Imaging
Technetium-99m-sestamibi injections were performed during

peak exercise of a Bruce protocol with a treadmill using 1.11 GBq
for a 1-day protocol or 814 MBq for a separate-day protocol (21).
Tomograms (64 X 64) with a pixel size of 6.4 mm were acquired
with high-resolution collimation for 20 sec at 64 projections over
180Â°with a biplane camera so that acquisitions were performed in

12 min. Tomograms were acquired of the stress perfusion distri
bution with patients at rest, greater than 30 min after stress, at 8
frames per R-R interval with a 100% beat acceptance window.

Standard clinical data processing parameters were used (20):
Butterworth (0.40,10) prefilters for gated tomograms, followed by
quantitative ramp x-filtering (23), interslice spatial averaging and
time-filtering among the eight gated frames. Images were reori
ented into VLA, HLA and short axis (SA) sections using manual
choices by an observer of anterior, inferior, septal and lateral limits
and approximate LV symmetry axes. Commercially available
software (20) was used to produce stress and rest perfusion polar
maps (Fig. 2) from SA images and to generate cinematic midven-
tricular VLA and HLA images. These cinematic tomograms were
input to previously described software that automatically generated
endocardial borders on end-diastolic (ED) and end-systolic (ES)
frames (9). An observer had the option of altering automated LV
centers, ED and ES frame identification and endocardial borders.
During automatic endocardial border generation (Fig. 1), estimated
points of intersection of the valve plane with the myocardium from
ED and ES images were output to a computer file for later use by
image transformation algorithms described below. Subsequent
transformations were performed from the valve plane forward to
the apex, but for the valve plane to the outflow tract, transforma
tions were modulated linearly to leave outflow tract counts unal
tered and dark.

Image Transformations
In the simple regional contrast transformation, referred to here as

brightening-mapping, a radial search was performed in 2Â°incre

ments at every angle, 0, of the centered ED VLA frame to find the
local maximum count, Dmax(0) (Fig. 3). Then the factor, f(0),
needed to boost Dmax(0)up to the maximum myocardial count of
the entire image, Mmax, was computed as f(0) = Mmax/Dmax(0).

Finally, the counts, c[r,0], in each radial pixel at fixed angle 0 were
multiplied by that factor f(0) along the entire radius, r, of the input
image to form the output transformed ED image. This mapping
rendered the ED midmyocardium uniformly bright. The same set of
ED angular factors, f(0), were then applied to all other frames to
reveal relative percentage of regional brightening (Fig. 3). This was
postulated to reflect myocardial thickening by way of well-known
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FIGURE 3. A schematic of the image
transformations. The top left depicts the
set of radial pixels through the apical VLA
image at angle 0 = 0Â°,with a maximum
count Dmax(e=0Â°)of 115 counts at the

middle of the myocardium. The radial
count profile along that ray is shown
(dashed line) in the graph at the top right.
This input curve was multiplied by the
factor necessary to bring the maximum of
the output curve (solid line) up to 255
counts. The bottom left depicts the set of
radial pixels through the infero-apical 0 =
45Â°angle, with a maximum myocardial
count Dmax(0=45Â°)of 202 counts. The
radial count profile along the ray at 8 =
45Â°is shown (dashed line) in the graph at

the bottom right, which was multiplied by
a different factor needed to produce an
output curve (solid line) at the same new
255 count maximum level. This process
was performed at every angle in 2Â°incre

ments. The input curves shown here are
taken from the VLA images of Figure 1.

partial volume effects (24). Other investigators have computed
polar myocardial thickening maps analogous to perfusion polar
maps (6,19,25), but the implications of this approach had not
previously been rendered visualizable. The midmyocardial ED
HLA tomogram was then used to find a new set of factors, f(0),
which were applied to all midmyocardial HLA cinematic frames.

The motion-mapping algorithm differed from that of brighten-
ing-mapping only in that angular mapping factors f(0) were
determined from and applied to each cinematic frame separately.
Because the maximum radial count at every angle of every frame
was used as the basis of normalizing each ray of each cinematic
image, this transformation provided uniform appearance of the
myocardium for every frame throughout the cardiac cycle, at the
expense of any impression of brightening.

Effects of brightening-mapping and motion-mapping are illus
trated in Figure 4 for the same patient data input. In the example

shown, only the infero-apical territory brightened and only by a
small amount. The corresponding ED brightening-mapped image
demonstrated a uniform appearance of the myocardium, as ex
pected, but at ES areas at lowest count density intensified in
discrete, disconnected "globules." Anomalous count density
"gaps" have also been observed in some brightening-mapping-

transformed images. These globules and gaps were merely noise
artifacts, which would be distracting if the goal were to identify
either midmyocardial or endocardia! points. However, there were
no noise artifacts for motion-mapped images at ES and, as
expected, no systolic brightening (Fig. 4). Thus, for purposes of
tracking endocardium, either visually or algorithmically, motion-
mapping provided more consistent and more easily interpretable
input images than either original data or brightening-mapped
images. For this reason, motion-mapped images and not brighten-

RGURE 4. The results of the radial image transformations. The top row
shows the original four cinematic midventricular VLA tomograms from ED on
the left to ES on the right. The middle row consists of brightening-mapped
output Â¡mages,and the bottom row displays corresponding motion-mapped
images. The example shown is for the same patient of Figures 1-3.

FIGURE 5. The use of HLA and VLA motion-mapped images for endocardial
border generation is illustrated for a patient exhibiting severe hypoperfusion
of the infero-apical territories. The top row shows the original images at ED
and ES, the middle row shows the motion-mapped Â¡magesand the bottom

row shows the automatically determined endocardial borders, as generated
using the motion-mapped images as input.
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TABLE 1
Intraobserver Reproducibility of Motion-Mapped Parameters:

Linear Regression Analysis

Parameter N Intercept Slope SEE

EFEDVESVAEFAEDVAESV1161161161161161160.950.980.980.070.010.030.9%5.0ml2.9ml-1.1%2.3ml0.8ml0.970.960.970.02-0.02-0.014.5%13.2ml13.0ml4.5%13.4ml13.1

ml

TABLE 3
Automated Motion-Mapped Compared with Manual Unmapped

Measurements: Linear Regression Results

Parameter N Intercept Slope

EFEDVESVAEFAEDVAESV1161161161161161160.870.940.940.210.030.034.0%6.6ml-0.4

ml-1.7%-1.9ml-6.0

ml0.960.930.930.11-0.01-0.017.2%22.6

ml20.5
ml7.0%23.1

ml20.9
ml

ing-mapped images were used for automated endocardial edge
detection as shown in Figure 5.

It was not necessary to alter existing edge-tracking software (9)
to generate automatically the endocardial borders of Figure 5.
Rather, it was sufficient to normalize input images to the appro
priate maximum count level because previously written algorithms
assumed input data would always have the same normalized
maximum counts. The final VLA and HLA endocardial border
dimensions were then corrected for the camera's line spread

function and combined to compute ventricular volumes and EF
values with the Simpson's rule formula (3).

Manual Computations
In the absence of algorithms to enhance visual appearance of the

myocardium, EF values computed from severely hypoperfused
myocardial perfusion gated SPECT studies would have required
careful review by an observer who was experienced in analysis of
such data. Therefore, an observer who was already well versed in
manual methods (3) reviewed VLA and HLA ED and ES images
along with the cinematic playback of these data using simultaneous
monochrome and color displays, while manually drawing endocar
dial borders. The observer was free to alter contrast and brightness
of all displays to derive as much helpful information as possible as
to likely locations of the endocardium. These edges where then
used for independent computation of LV volumes and EF values,
as previously described (3,9).

Statistical Analysis
All numerical results are reported as mean values Â±s.d. Linear

regression analysis was used to compare calculations of LV
volumes and EF values among independent observations and
between modalities. Linear regression analysis was also performed
in conjunction with Bland-Altman analysis of differences versus
averages of paired values, to search for trends and systematic errors
(26,27). Paired Student's t-tests were used to compute two-tailed

probabilities (p) that measurements were substantially different in
comparing two techniques, with p values < 0.05 considered to be
statistically significant. Statistical significance of two different
regression results was assessed with the Fisher Z-test.

RESULTS

Reproducibility
EF processing was highly reproducible (Table 1). There was

excellent agreement between EF values computed indepen-

TABLE 2
Intraobserver Reproducibility of Motion-Mapped Parameters:

Paired t-Test Results

ParameterEFEDVESVN116116116Observation140

Â±14%136
Â±67ml87
Â±61 mlObservation240

Â±14%136
Â±65ml87
Â±60 mlP0.570.690.84

dently on different occasions, with Pearson product-moment
correlation coefficients, r, of 0.95 and with a slope of 0.98.
Likewise, ED volume (EDV) and ES volume (ESV) reproduc-
ibility was very high (r = 0.98). Regression analysis of
Bland-Altman plots revealed no significant trends, with abso
lute values of slopes of <0.02 (Table 1). Mean EF values and
EDVs and ESVs all agreed nearly perfectly (Table 2).

Manual Measurements
Comparing automatic motion-mapped measurements to man

ual values demonstrated good correlation both for EF (r = 0.87)
and for ventricular volumes (r = 0.94) (Table 3). However,
there was a weak trend (slope = 0.11 ) of the Bland-Altman plot
for EF. This was confirmed by paired Student's t-test results

between EF values showing that motion-mapped EF values
were significantly (p = 8 X 10~5) higher than manual EF

values, by 3% (Table 4).

Accuracy
Automated motion-mapped EF values compared somewhat

better (r = 0.90; slope = 0.87) to 22 correlative GFP EF values
than did manual values (r = 0.85; slope = 0.68) (Table 5).
Regression analysis of Bland-Altman plots revealed less of a
trend for automated motion-mapped EF (r = 0.10; slope =
-0.05) than for manual values (r = 0.40; slope = -0.24)
(Table 5 and Fig. 6). The paired Student's t-test result again

indicated a significant difference (p = 0.03) between motion-
mapped EF (47% Â± 15%) and manual EF (44% Â± 12%).
However, as the mean GFP EF (46% Â± 15%) fell midway
between these two distributions, there was no statistically
significant difference between GFP EF values and motion-
mapped EF values (p = 0.33) or GFP EF values compared to
manual EF values (p = 0.20). In comparing linear regression
results, the Fisher Z-value was 0.76, with a high probability
(p = 0.45) that motion-mapped and manual EF samples were
derived from a population with the same degree of correlation
to GFP measurements. Thus, on the basis of the Z-test, the
apparent improvement in EF correlation to GFP values with
motion-mapping was not statistically significant.

DISCUSSION
Automated motion-mapped ventricular function parameters

were highly reproducible and correlated well with an expert's

manual calculations and with independent first-pass measure
ments. The degree of agreement (r = 0.90; n = 22) of

TABLE 4
Automated Motion-Mapped Compared with Manual Unmapped

Measurements: Paired t-Test Results

ParameterEFEDVESVN116116116Motion-mapped40

Â±14%136
Â±65ml87
Â±60 mlManual37

Â±13%140
Â±66ml94
Â±60mlP8X10'50.105x 10~4
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FIGURE 6. Linear regression plots of
manual (A)and mapped (B) gated SPECT
EF compared with GFP EF. Dashed lines
are the least-squares fit, and the solid line
is the line of identity. The differences,
AEF, of (manual EF - GFP EF)compared

with averages of these values are plotted
in a Bland-Altman graph (C). The differ
ences, AEF, of (mapped EF - GFP EF)

versus EF averages are plotted in a
Bland-Altman graph (D).

automated motion-mapped EF with GFP values is consistent
with values found for comparisons between GFP data and gated
SPECT methods based on Dodge-Sandier analogs (r = 0.87;
n = 38) (11), relaxation labeling with wall thickening (r = 0.73;
n = 47) (12) and Gaussian midmyocardial detection (r = 0.91;
n = 65) (7). They are likewise similar to previous findings for
automated gated SPECT Simpson's rule techniques (r = 0.87;

n = 65) (9).
In addressing whether motion-mapped EF values were more

accurate than manual values, comparison with GFP values
demonstrated less of a trend of Bland-Altman plots (r = 0.10;
slope = -0.05) than did manual values (r = -0.24; slope =
â€”0.24),where r = 0.0 and slope = 0.0 would be ideal results
(Fig. 6). Likewise, a higher degree of correlation (r = 0.90
compared with r = 0.85) with regression slopes nearer to unity
(slope = 0.87 compared with slope = 0.68) and smaller error
estimates (SEE = 4.5% versus SEE = 7.2%) were obtained for
motion-mapped compared with GFP EF values than for manual
values compared with GFP EF values, in which r = 1.00 and
SEE = 0.0% constitute ideal results. However, all of these
improvements were slight, as demonstrated by the Z-test result.

The clearest indication of the degree of difficulty in analyzing
data such as that shown in Figure 1 is in the lower regression
slope of 0.68 of the Bland-Altman graph (Fig. 6) for manual
gated SPECT EF values compared with GFP EF values. The
main advantage of performing the motion-mapping image
transformation that was demonstrated numerically was in ob
taining processing reproducibility for severely hypoperfused
patient data (SEE = 4.5%; r = 0.95; n = 116) (Table 1)
comparable to previously reported results (SEE = 5.8%; r =
0.94; n = 126) obtained for a wide spectrum of patients (9).
These errors associated with repeated processing were also
similar to those obtained for automated processing of gated
SPECT data acquired on separate occasions in nonischemic
patients (SEE = 5.5%; r = 0.92; n = 101) (8).

In addition, eliminating the need to manually alter digital
display contrast and brightness removes subjectivity of quality
assurance both during processing and of final results. An
advantage of motion-mapping is that it should provide the same
degree of improvement in appreciation of myocardial shapes,
regardless of which color scale is used, because of normaliza
tion of every ray at every angle in every cinematic frame.
Independence from use of specific color tables should facilitate
quality assurance because, previously, it was necessary to have
simultaneous color and monochrome displays for optimal
processing of severely hypoperfused data (3).

Limitations of this study include comparison of stress tomo-
grams to resting first-pass studies. It has been shown that, in
some ischemie patients, wall motion abnormalities can persist
beyond 30 min poststress that are not necessarily present at rest
(8,28). However, because only three of the first-pass patients
studied here demonstrated significant exercise-induced isch
emia, this is a minor concern. Algorithms presented here map
the entire image, and consequently, 7 of the original 123 studies
were discarded that demonstrated splanchnic activity greatly in
excess of adjacent severely hypoperfused inferior wall myocar
dial counts. Simple manual masking of input data to limit the
search for radial input counts would have remedied this. A final
drawback is that generating images of structures that strongly

TABLE 5
Gated SPECT Compared with Gated First-Pass EF:

Linear Regression Results

Intercept SEE
Method Slope

MappedManualAMappedAManual222222220.900.850.100.407.512.53.58.60.870.68-0.05-0.246.56.76.87.7
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FIGURE 7. An example of motion-mapping contrast enhancement for the
same patient shown in Figure 5. The top row shows original ES apical SA,
midventricular VLA, midventricular HLA and midventricular SA axis images,
from left to right. The second row shows the Fourier amplitude for each
image set of the same column. The third row shows the motion-mapped

transformed images, and the fourth (bottom) row shows corresponding
Fourier phase images. Myocardial outlines drawn on the motion-mapped
images are superimposed on all images.

suggest myocardial walls does not prove unequivocally that
structures so revealed always are genuine myocardia and never
artifacts. Further multimodality studies are warranted to verify
directly that myocardial locations revealed by this motion-
mapping algorithm agree with myocardia as seen on magnetic
resonance images or echocardiograms.

The original motivation in investigating brightening-mapping
was to make visible the intermediate steps inherent in gated
SPECT techniques, which rely on myocardial perfusion count
changes to locate endocardial surfaces (6,25,29). It was hoped
that, by so doing, it would become clear why some studies
found count-based gated SPECT EF methods to provide disap
pointing results for abnormal patients (25,29). Considerable
care is needed in handling data of the lowest count density,
containing the highest noise-to-signal ratio. Methods that im
plement Fourier time-filtering, intended to separate signal from
noise in data representative of severe hypoperfusion (6), may
not always prove helpful in depicting myocardia. This point is
illustrated in Figure 7, showing an example of severely hy-
poperfused images and their motion-mapped transformations,
along with associated Fourier amplitude and phase images.
Clearly, only motion-mapped images provided shapes resem
bling myocardia. Thus, the motion-mapping algorithm greatly
facilitates the ability of an observer to appreciate the location of
myocardia, even when Fourier transformed images do not.
Figure 7 also illustrates that even in cases of probable necrotic
apical myocardia, accompanied by diverging apical walls, there
are sufficient counts provided to the motion-mapping algorithm
to generate a complete annular structure strongly suggestive of
myocardium. It is not known at this time whether the small
amounts of activity of such aneurysmal tissue are genuinely
present or instead represent scatter of radiation from neighbor
ing structures by unperfused tissue.

A potential concern of using this approach for edge detection
is that it fails to take advantage of systolic count changes. These

can be significant in normal patients, accounting for different
myocardial mass estimates derived from ED and ES tomograms
(30). If partial volume effects linking count changes to myo
cardial thickening are linear (6,24,31), then the partial volume
phenomenon should be useful in algorithms that relocate
computed endocardial borders away from midmyocardial points
within a cinematic frame (6,7). The approach pursued in this
paper discards all impression of brightening and ignores the
relationship between count density and wall thickness. How
ever, the particular severely hypoperfused patient population
studied here exhibited depressed EF values and large LV
volumes, as would be expected (Table 4). Therefore, the degree
of brightening was minimal for the data analyzed and would be
expected to have the least influence on volumetric calculations
from among potential patient groups. Furthermore, recent
studies have shown that methods that only identify midmyocar
dial points without attempting to locate endocardial borders
nonetheless produce gated SPECT EF values that agree well
with gated blood pool equilibrium EF values (10) and that
relaxation labeling models that use myocardial thickening to
estimate endocardial borders produce results that are insensitive
to errors in myocardial thickness assumptions (52). General
questions of evaluating the degree to which motion-mapped
images aid in visual appreciation of myocardial wall motion and
of finding optimal means of combining myocardial brightening
information with myocardial locations to estimate endocardial
walls (29,33) remain, at the present time, active areas of
research.

CONCLUSION
The motion-mapping image enhancement transformation

produced consistent myocardial shapes throughout the heart
cycle. This provided edge detection algorithms with highly
predictable input and facilitated quality assurance of borders.
As the technique is automatic, it simultaneously eliminated the
need for an observer to manually adjust brightness and contrast
displays to verify appropriateness of endocardial borders.

"Binary" image enhancement is used in some categories of

algorithms, classifying every pixel into target (myocardial) and
nontarget (nonmyocardial) areas (7,14). The algorithm pre
sented here retains the contrast range of images and is applied
to the entire radial extent of each image so that observers can
appreciate all structures, including counts emanating from the
right ventricle, spleen, liver, LV cavity and lung. Thus, this
algorithm is intended not only to provide well-behaved input to
edge detection software but also to simultaneously provide
helpful images in perceiving wall translation. We anticipate that
this algorithm will provide clinicians with a sensitive means of
assessing regional wall motion abnormalities, both visually and
quantitatively, in patients after myocardial infarction.
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Relationship of Decreased Chemotaxis of
Technetium-99m-HMPAO-Labeled
Lymphocytes to Apoptosis
C. Van de Wiele, J. Philippe, J.P. Van Haelst, J. Van Damme, H. Thierens, G.E. Leroux-Roels and R.A. Dierckx

Division of Nuclear Medicine; Department of Clinical Chemistry, Clinical Microbiology and Immunology; and Department of
Medical Physics, University Hospital Gent, Gent; REG A Institute, Laboratory of Molecular Immunology, University Leuven,
Leuven, Belgium

The purpose of this study was to evaluate chemotaxis and its
relationship to apoptosis in ""Tc-HMPAO-labeled lymphocytes.

Methods: Peripheral lymphocytes,obtained from 12 healthyvolun
teers using lymphoprep, were divided in three equal fractions. One
fraction was used as the control, one was labeled with cold HMPAO
and one was labeled with 1.5 mCi (55.5 Mbq) ""Tc-HMPAO.
Chemotaxis of T-lymphocytes was measured by the Boyden micro-
chamber technique (BMA) (n = 8) using human monocyte chemo-
tactic protein-3 (MCP-3) as chemoattractans. A chemotactic index
was calculated as the number of HMPAO and ""Tc-HMPAO-
labeled cells that migrated towards the MCP-3 solution, divided by
the number of nonlabeled migrated lymphocytes. Apoptosis evalu
ation (n = 10) of unlabeled, HMPAO-labeled and 99nTc-HMPAO-

labeled cells was performed using flowcytometry (FCM) forward
light scatter analysis, 90O light scatter analysis, fluorescein-isothio-
cyanate (FITC)-labeled Annexin V and dye exclusion of propidium
iodide. Results: Chemotaxis of 99rTTc-HMPAO-labeled T-lympho

cytes was found to be reduced by approximately 31% (migration
index of 0.69) (p = 0.01) as compared to both unlabeled and
HMPAO-labeled lymphocytes, both the latter showing no difference
in migration index. Whereas the mean percentages apoptotic lym-
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phocytes in the unlabeled, 18.5%, and HMPAO-labeled fraction,
16.6%, were more or less comparable (p = 0.1), the mean percent
age apoptotic cells in the ""Tc-HMPAO-labeled fraction was
51.8%, yielding a difference of 33.3% between 99nTc-HMPAO-
labeled and unlabeled cells (p = 0.003). The procentual concor
dance between apoptotic cells (33.3%) and chemotactic impaired
cells (31%) in the ""Tc-HMPAO-labeled fraction may be explained

by the formation of a rigid cytoskeleton early in the apoptotic
process that may theoretically limit chemotaxis. Conclusion: Using
the BMA, chemotaxis of 99mTc-HMPAO-labeled lymphocytes was

found to be reduced by approximately 31%. Furthermore, the
percentage apototic lymphocytes induced by irradiation after label
ing with """Tc-HMPAO concurs well with the percentage of che

motaxis impaired cells.
Key Words: technetium-99m-HMPAO-labeled lymphocytes; apo
ptosis; chemotaxis
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V^ontroversy has surrounded the diagnostic value of labeling
pure granulocytes as opposed to a mixed leukocyte population.
In a study by Schauwecker et al. (/), comparing mixed
leukocytes and pure granulocytes labeled in plasma, mixed
leukocytes showed a slightly greater sensitivity for detecting
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