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Comparison of Modified Technetium-99m Albumin
and Technetium-99m Red Blood Cells for
Equilibrium Ventriculography
Anne-Sophie E. Hambye, Kristin A. Verbeke, Rudi P. Vandermeiren, Eric J. Joosens, Alfons M. Verbruggen and

Michel J. De Roo
Nuclear Medicine and Radiotherapy Departments, Middelheim General Hospital, Antwerp; and Radiopharmacy and Nuclear
Medicine Departments, University of Leuven, Leuvin, Belgium

A newly developed modified form of ""To-labeled human serum
albumin reconstituted from a kit ("Tc-dimercaptopropionyl-hu-
man serum albumin; "Tc-DMP-HSA) was prospectively com
pared to ""To-labeled red blood cells (RBC) in patients referred for

equilibrium radionuclide ventriculography at rest to evaluate its poten
tial use as a blood-pool imaging agent. Methods: A Paired compar
ison between "Tc-DMP-HSA and either in vitro or in vivo ""re

labeled RBC was performed within 2 days in 20 patients. For each
study, two sets of images were acquired, starting at 15 min and 180
min postinjection, respectively. Each set consisted of a gated blood-
pool cardiac study and a planar static image centered on the patient's

thorax. All data were processed by two independent observers. Early
and late postinjection parameters were calculated: ejection fraction
(EF)value, activity within the main organs surrounding the left ventricle
(LV),ratio of activity between the LV and these surrounding organs for
each study separately, and temporal (late/early) evolution of the
intraorgan activities and of the LV/organ ratios after decay correction.
Results: The imagesand the visualwall-motionanalysiswere of good
quality with both agents in most patients, without significant image
degradation at 180 min postinjection. Calculated EF values were
highly comparable with the two tracers. Interobserver variability was
0.17% (RBC) and 1.08% (DMP-HSA) for the early EF value (EF1), and
0.62% (RBC) and 0.27% (DMP-HSA) for the late EF (EF2). Mean
difference between EF2 and EF1 was 0.74% (Observer 1)and 0.28%
(Observer 2) for "Tc-RBC, and -2.88% (Observer 1) and -2.07%
(Observer 2) for "Tc-DMP-HSA. When comparing "Tc-DMP-
HSA to ""Tc-RBC the mean difference was 1.27% (Observer 1)and
0.36% (Observer 2) for EF1, and -2.35% (Observer 1) and -1.99%

(Observer 2) for EF2. Also, the biodistribution and temporal evolution
of the organ repartition of both compounds were stable and similar,
with values of late/early activity ratios very close to one for all the
studied organs [mean intraorgan ratio: 0.946 for "Tc-RBC (range:
0.881-1.086) and 0.979 for ""Tc-DMP-HSA (range: 0.914-1.141);
mean late/early LV/organ ratio: 0.964 for ""Tc-RBC (range: 0.919-
1.016) and 0.967 for "Tc-DMP-HSA (range: 0.912-1.035)].
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Conclusion: Paired comparison of kit-prepared "Tc-DMP-HSA to
"Tc-labeled RBC demonstrated that both agents were very closely

related regarding as well the calculated EF value as the in vivo stability
up to more than 3 hr postinjection. Technetium-99m-DMP-HSA may
constitute a practical and useful replacement for "Tc-labeled RBC.

Key Words: technetium-99m-DMP-HSA; technetium-99m-labeled
red blood cells; gated blood-pool imaging
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AJuring the past two decades, radionuclide ventriculography
has been one of the main performed tests in nuclear cardiology,
earning a well-established position in cardiology because of its
reliability and reproducibility in the assessment of left ventric
ular function, which is the most frequently used parameter in
the evaluation of cardiac performance (1-10). Nevertheless, the

future of this technique could be threatened by the rapid growth
of alternative imaging modalities such as echocardiography
(//), ultrafast computed tomography (12) and nuclear MRI
(73). Since all these methods suffer from some restrictions such
as observer experience ( 14,15), high cost or limited availability,
radionuclide angiography still enjoys an important position in
the field of noninvasive functional imaging modalities. How
ever, further developments are certainly required to ensure its
maintenance as one of the references of left ventricular function
assessment.

Two 99mTc-labeled agents, autologous radiolabeled red blood
cells (99mTc-RBC) and human serum albumin (99mTc-HSA) are

at our disposal to measure the ejection fraction (EF) in daily
practice. Due to the relatively weak binding of the radionuclide
to the protein and the resulting important and rapid extravas-
cular diffusion, radiolabeled albumin is not the agent of first
choice (16.17). Therefore, in vitro or in vivo labeled RBC are
the preferred radiopharmaceutical in many nuclear medicine
departments (18), despite the practical disadvantages of time
and labor consumption and the necessary manipulation of blood
samples with potential risk of contamination (19-21). More-
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over, whatever RBC labeling procedure used, two venopunc-
tures are required, and the delay between the first manipulation
(blood withdrawal or injection of stannous agent) and the start
of the acquisition lasts more or less 30 min.

Recently, the preclinical evaluation of a new 99mTc-labeled

blood-pool tracer agent has been presented (22,23), which was
developed by modification of HSA by adding a dimercaptopro-

pionyl (DMP) side chain to some of the lysine residues. This
new compound met the requirements of the test on abnormal
acute toxicity as described in the European Pharmacopoea.
Animal studies in mice and rabbits showed a favorable behavior
of 99mTc-DMP-HSA as compared with I25I-HSA (22). A

potential sensibilizing effect was tested in a volunteer using a
scratch and intracutaneous test. Skin reaction was negative at all
time points ( 15 min. 24 hr, 48 hr) and for each concentration (up
to 1.4 mg/ml).

Technetium-99m labeling of DMP-HSA can easily be done
by simple reconstitution of a kit with generator eluate. This kit,
available as a multidose preparation, shows a good stability at
room temperature up to 6 hr after reconstitution (22). Prelimi
nary results with 99mTc-DMP-HSA in a normal volunteer were

very promising, demonstrating a blood retention very similar to
that of in vitro labeled RBC (23). Moreover, this tracer agent
offers the advantage of avoiding the handling of blood samples
and requires only a single injection before starting the imaging,
thereby dramatically shortening the time and labor consump
tion.

This article describes the first clinical prospective evaluation
of kit-prepared 99mTc-DMP-HSA, pairly compared to ""re

labeled RBC used as a reference. Three well-defined objectives
were pursued: (a) evaluate the feasibility of this new kit-
prepared agent in daily practice; (b) determine the accuracy and
reproducibility of the EF value obtained with this tracer as
compared with standard procedures; and (c) assess its in vivo
stability as a function of time by means of measurement of
ratios of activity and evolution of the image quality.

MATERIALS AND METHODS

Patients
Twenty patients (10 men, 10 women) were prospectively in

cluded in the study (mean age Â±s.d.: 60.8 Â±11.5 yr). Each patient
received written information and gave informed consent to the
investigation, which had been approved by the Ethical Committee
of the Middelheim Hospital.

The study population consisted of 10 men referred for evaluation
of left ventricular function within 10 days after an uncomplicated
acute myocardial infarction (mean age Â±s.d.: 64.6 Â±11.4 yr,
range: 48-75 yr), of whom some had previously suffered from
another infarction, and 10 women (mean age Â±s.d.: 57.0 Â±10.9
yr, range: 41-72 yr) treated with chemotherapy regimens contain
ing anthracycline or derivatives, [9 with breast cancer (3 right and
2 left total breast amputations, 2 right and 1 left breast prostheses),
1 with lymphoma].

In all patients, ''9mTc-DMP-HSA was pairly compared to 99mTc-

RBC with a 48-hr interval, using an in vitro RBC labeling in 13
patients, and an in vivo method in the remaining 7. In both
subgroups, five patients were first studied with 99mTc-DMP-HSA

and five others first studied with the standard radiopharmaceutical.
Exclusion criteria were: age less than 18 yr or more than 75 yr,

presence of severe acute illness, pulmonary hypertension or val
vular disease (due to potential influence on lung activity), severe
arrhythmias (especially atrial fibrillation, ventricular extrasystoly
or tachyarrhythmias), lung edema or pulmonary stasis, pregnancy,

overweight (>25% on ideal weight according to reference tables),
very large breasts (>100C bra size, european size).

Radiopharmaceuticals
Technetium-99m-DMP-HSA. Derivatization of albumin was per

formed by incubation of a 2% m/V HSA solution with a fourfold
excess of N-hydroxysuccinimidyl 2,3-di(S-acetylmercapto)propi-
onate. After 2 hr, the reaction mixture was purified using size
exclusion chromatography and, consequently, the thiol-protective
groups were removed by incubation with hydroxylamine in the
presence of dithiothreitol. After two more size-exclusion chroma-
tography-purification steps, the DMP-HSA solution was asepti-
cally dispensed after filtration through a sterile 0.22-/xm membrane
filter. Lyophilized DMP-HSA labeling kits (containing 6.16 Â±0.40
mg DMP-HSA, 10 mg sucrose and 5 /Ag SnCl2 â€¢2H,O) and
Sn-diethylenetriaminepentaacetic acid (DTPA) kits (containing 10
mg DTPA, 0.5 mg ascorbic acid, 0.5 mg SnCl2 â€¢2H2O and 3.75 mg
CaCl2 â€¢2H2O) were supplied by the Laboratory of Radiopharma
ceutical Chemistry, University of Leuven, Belgium. The DMP-
HSA kit was reconstituted by the addition of 1-5 ml of fresh
generator eluate containing 1.85-5.55 GBq "'"Tc-pertechnetate. In

the mean time, 10 ml of normal saline was added to the Sn-DTPA
kit. After complete dissolution, 0.25 ml of this solution was added
to the vial containing 99mTc-DMP-HSA.

Radiopharmaceutical purity was determined 15 min after recon
stitution. Paper chromatography on Whatman 4 strips with acetone
as the mobile phase was performed to calculate the percentage of
99mTcO4~,while ITLC with acid-citrate-dextrose buffer (0.068 M

citrate, 0.074 M dextrose, pH 5.0) was used to quantify the
percentage 99mTc-DMP-HSA. A mean labeling efficiency of 95.4%

was obtained (range: 90.8-99.1%).
A mean dose of 779 MBq (range: 688-884 MBq) 99mTc-DMP-

HSA was administered intravenously using a metal needle.
Technetium-99m-RBC. In all women and three men, an in vitro

technique was applied (UltratagR RBC, Mallinckrodt Medical, St.

Louis, MO ), since they belonged to groups with a high likelihood
of poor tagging using the common in vivo method (24). In the
remaining seven men, an in vivo method was used (Amerscanâ„¢

stannous agent, Amersham, Buckinghamshire England), according
to a strictly standardized administration procedure.

For both labeling techniques, freshly eluted 99nTc-pertechnetate

solution at a mean dose of 820 MBq (range: 640-1132 MBq) was
used. All injections were administered with metal needles. For the
in vivo labeling, Amerscanâ„¢ stannous agent at a dose of 15 fxg

stannous ion per kg body weight was injected, followed after a
30-min lag time by the administration of the pertechnetate diluted
in 1.5 ml saline solution. Whenever possible, two separate injection
sites were used. The in vitro labeling was realized under aseptic
conditions with UltratagR RBC kits according to the manufactur
er's instructions.

Image Acquisition
Two sets of data were obtained with a 165-min interval.
A first equilibrium electrocardiogram-gated radionuclide angio-

gram of the left ventricle (LV) was started 15 min postinjection
using a small field-of-view camera (22-cm detector size) and a
low-energy high-resolution collimator. "Best septal" left anterior

oblique (LAO) and left posterior oblique (LPO) views were
acquired, collecting 6.4 million counts for the LAO and 4.5 million
counts for the LPO, and using a gated protocol of 32 bins per heart
cycle and a beat rejection window of 10%.

At 40 min postinjection, the patients moved to a circular, large
field-of-view camera equipped with a high-resolution collimator. A
planar anterior view centered on the thorax was acquired during
180 sec using a 256 X 256 matrix, to quantify the distribution of
the different agents among the main organs surrounding the LV.
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At 180 min postinjection, a second radionuclide angiogram was
acquired in the LAO projection only, followed 25 min later by a
new planar anterior view of the thorax as described above.

Image Processing
Image quality was blindly assessed by two observers who used

as criteria the ease of delineating the end-diastolic (ED) and
end-systolic (ES) left ventricular edges and the target-to-back
ground ratio, as reported elsewhere (24). Quality was described as
(very) good, mild or poor for both early and delayed acquisitions,
and for the two agents (called RBC1 and RBC2, and DMP-HSA1
and DMP-HSA2, respectively).

Two observers evaluated the wall motion independently by
visual inspection of the cinematic display as well as on the phase
and amplitude images obtained by Fourier analysis of the raw data.
Six different segments (anteroseptal, apical and posterolateral on
the LAO view, and anterolateral, apical, inferior and posterobasal
on the LPO view) were examined. The delineation between the LV
and the surrounding organs (especially the liver and spleen) was
described as good, mild or poor, and contractility was classified as
normal, hypokinetic, akinetic or dyskinetic on the cineloop display.

All radionuclide angiograms were processed by two independent
and well-trained observers. Left ventricular ED and ES ROIs were
manually outlined on the LAO data. After the subtraction of a
horseshoe-shaped background region surrounding the LV, EF was
calculated by means of a count-based method, according to the
following equation:

EF(%) = ([ED counts - ES counts]/ED counts X 100.

Activities within the abovementioned background region and
the ED image of the LV were measured on early and late
images and reported in counts per pixel to calculate the
LV/background ratio. Interobserver variability for the evalua
tion of EF (usually in the range of 1.5-3% in our department)
was calculated for both tracers on the early and delayed images.
The change in EF value between early and delayed acquisition
according to the used tracer was evaluated for both observers,
reflecting the time-dependent EF variability for each observer,
and thus a kind of 'time-dependent "intraobserver" variability.'

Because of the very high reproducibility of the EF calculation
method commonly used in our department (with a mean Â±s.d.
intraobserver variability of 1.27 Â±2.44%), the real intraob
server variability was not calculated in this study.

To evaluate the temporal evolution of the activity in different
organs surrounding the LV, rectangular regions of interest
(ROI) of 150 pixels in size were manually drawn over the
spleen, liver, midportion of the right lung, LV and a distant
background region located in the right axilla on the static
anterior dataseis. Ratios of activity between the early and
delayed images were calculated for each organ reported to the
LV as well as individually, taking the radioactive decay into
account.

Data Analysis
Time-dependent EF variability, interobserver and intertracer

variabilities were first expressed as mean differences and their s.d.
The mean differences were then plotted against the average of the
two values, in order to evaluate their dispersion and their distribu
tion around zero, and to check if the differences found could not be
related only to the size of the absolute EF values, using the average
as the best estimate of the unknown value (25). Paired Student's

t-test, Wilcoxon signed rank test and Mann-Whitney two sample
test were used to analyze the data. A p value of 0.05 or less was
considered significant.

RESULTS
Early and delayed results obtained after injection of ""re

labeled DMP-HSA or RBC were compared. To facilitate their
identification, the four studies were respectively named RBC1
and RBC2, and DMP-HSA 1 and DMP-HSA2.

On the other hand, the different parameters were also
assessed by analyzing the results of the RBC group separately,
in order to determine the reproducibility of the routinely used
labeling methods (respectively called In vivo 1 and In vivo 2,
and In vitro 1 and In vitro 2 for the early and late studies). In
this way, the time-dependent EF variability, interobserver
variability and the temporal stability of tracer distribution
obtained when applying usual RBC tagging techniques could be
compared to those resulting from the use of the new agent.

Image Quality
The images were of very good quality with both agents in

most patients, without significant image degradation at 180 min
pi. All RBC1 and RBC2 images were considered of good
quality by both observers. For DMP-HSA, 18 (Observer 1) to
16 (Observer 2) DMP-HSA1 images were classified as good, 2
(Observer 1) to 3 (Observer 2) as mild and 1 as poor (Observer
2), while 17 (Observer 1) to 16 (Observer 2) DMP-HSA2
images were considered good, 2 mild (both observers) and 1
(Observer 1) to 2 (Observer 2) poor. None of these results raised
statistical significance (p values between 0.25 and 0.99).

Wall Motion Analysis
Visual inspection of the raw data on a cinematic display and

assessment of the contractility on the phase and amplitude
Fourier images were performed in all patients on both LAO and
LPO views.

A completely normal contractility pattern on the LAO view
was unequivocally identified by the two observers in all women
regardless of the used tracer. Moreover, Observer 1 found the
evaluation of the inferior wall contractility on LPO view overall
slightly, although not significantly, easier with DMP-HSA than
with RBC, due to the lower splenic activity with the former.

Among the men there were seven inferior, three lateral, one
posterior, one anteroseptal and three anterior myocardial infarc
tions. Both observers assessed the wall motion identically. In
total, 33 segments were considered abnormal with the DMP-
HSA 1 study (20 hypokinetic, 11 akinetic and 2 dyskinetic), and
32 with RBC I (19 hypokinetic, 11 akinetic and 2 dyskinetic).
Due to the absence of LPO acquisition at 180 min pi, only 17
segments were classified as abnormal with both DMP-HSA2
and RBC2 (10 hypokinetic, 6 akinetic and 1 dyskinetic). None
of these results was statistically significant. However, the
inferior wall motion was significantly more easily evaluated
with DMP-HSA than with RBC in three (Observer 1) and two
(Observer 2) patients showing an akinetic inferior wall due to a
severe and extended inferior and right ventricle myocardial
infarction (p = 0.002).

Interobserver Variability
Comparison between the EF values obtained by the two

observers at 15 min (EF1) and 180 min (EF2) postinjection is
reported in Table 1 for each of the used tracers. A mean
interobserver variability value of less than 1.1% was found for all
studies, with a rather small s.d. of at the most 3.44% and no
statistically significant difference. As an example, Figure 1 ex
presses the difference between the EF values of both observers for
each individual patient on the ordinate, and the average of this EF
of the two observers on the abscissa, calculated for RBC2 and
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DMP-HSA2. The delayed study was chosen because it showed a
greater dispersion of values than the first acquisition set.

Time-Dependent Variability of Ejection Fraction
This naming corresponds in fact to the difference in EF value

between the early and the delayed studies calculated by each
observer for the two agents, and can be considered as a
time-dependent intraobserver variability. In keeping with the
interobserver variability results, quite small mean and s.d.
differences were found (Table 2). However, a systematic lower
EF value was found for the delayed DMP-HSA study compared
with the early, whereas the values obtained with labeled RBCs
were very similar for both studies. Statistical analysis confirmed
the significance of this finding for both observers, with p values
of 0.023 and 0.005, respectively. The difference in calculated
EF between the early and late studies according to the used
tracer is graphically depicted for one of the observers in Figure
2 for RBC and DMP-HSA.

Intertracer Variability
The significant and systematic lower EF value obtained with

DMP-HSA at 180 min postinjection was confirmed by the
calculation of the intertracer variability (Table 3). However, as
previously observed with the time-dependent EF variability, the
mean Â±s.d. differences remained rather small, ranging from
-2.35 Â±3.93% (observer 1) to -1.99 Â±4.08% (observer 2),

while the calculated p values were of borderline significance
(p = 0.015 and 0.042, respectively). This difference between
both tracers is graphically represented for one observer in
Figure 3 for the early and delayed data.

Temporal In Vivo Stability of Both AgentsBesides the evaluation of the reliability of 9''mTc-DMP-HSA
in terms of EF calculation as compared to WmTc-RBC, the

respective stability of biodistribution of both compounds as a
function of time was also compared in terms of intraorgan and
LV/organ ratios of activities between the late and the early
studies. For this purpose, ROIs were drawn over the LV, liver,
spleen, right lung and a distant background region located in the
right axilla on the static images, and the activity measured in
these ROIs was compared between the early and the delayed
dataseis. Intraorgan stability, representing the relationship be
tween the activity measured in an organ on the delayed and the

early studies taking the radioactive decay into account, was
calculated for all aforementioned organs. On the other hand,
possible interorgan displacements of activity in the course of
time were assessed by the evaluation of the temporal evolution
of the ratio between the activity measured in the LV and these
surrounding organs (LV/organ ratios). The temporal course of
activity in and around the LV was determined by measurement
of the activity in the diastolic image of the LV and in an
automatically drawn background region surrounding the LV on
the early and late radionuclide ventriculography studies.

The tracer distribution was very stable and similar for both
compounds with mean values nearing the unit and rather small
s.d., except for the distant background region where larger s.d.
values were found. This last observation is however not so
surprising since neither the patient positioning nor the position
of the rectangular ROI on the static image were exactly
identical for the early and the delayed acquisitions, and all the
more between the two different days dataseis, thereby making a
very accurate comparison quite difficult. Mean inlraorgan ratios
(depending on the concerned organ) were between 0.881 and
1.086 for RBC, and between 0.914 and 1.141 for DMP-HSA
(Table 4), and mean late/early LV/organ ratios ranged from
0.917-1.016 for the former and 0.912-1.035 for the latter

(Table 5). Slightly more stable ratios were obtained with
DMP-HSA than with RBC, thereby confirming the absence of
significant diffusion of 99mTc-DMP-HSA to the extravascular

compartment (22,23).
Nevertheless, despite the high similarity between both prod

ucts, clear differences in the distribution of activity were
observed, each tracer showing specific target organs corre
sponding to its biological characteristics (23). DMP-HSA ac
cumulated preferentially in the liver, with mean ratios for the
early and delayed studies, respectively, of 2.37 and 2.30 for
liver/spleen, 3.32 and 3.18 for LV/spleen and 1.41 and 1.38 for
LV/liver. RBC showed no specific target organ, with mean
ratios for the early and the delayed images of, respectively, 1.05
and 1.11 for liver/spleen, 2.07 and 2.06 for LV/spleen and 1.97
and 1.87 for LV/liver. However, the splenic activity was clearly
higher with RBC than with DMP-HSA, as shown by the
comparison between their respective liver/spleen ratios (1.1:1
for the former versus 2.3:1 for the latter).
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TABLE 1
Interobserver Variability of Ejection Fraction for the Two Tracers

[EFobs1(%) - EFobs2

Early EF (%)
Delayed EF (<

""Tc-RBC "Tc-DMP-HSA

Mean s.d. p value Mean s.d. p value

0.17
0.62

2.77
2.29

0.79
0.24

1.08
0.27

3.44
2.91

0.18
0.69

TABLE 3
Intertracer Variability of Ejection Fraction for the Two Observers

Observer 1 Observera

Mean s.d. p value Mean s.d. p value

EF1 (%) 1.27
EF2 (%) -2.35

4.26
3.93

0.20
0.015

0.36
-1.99

3.49
4.08

0.65
0.042

Comparative Analysis of the Two RBC Labeling
Techniques

As previously reported (18), in vivo RBC labeling is easier
and less time-consuming than an in vitro method, and is
therefore preferred in many nuclear medicine departments.
However, some factors such as chemotherapy/radiotherapy or
intravenously administered heparin are associated with a high
risk of poor labeling when using an in vivo method (24). In this
study, in vitro labeling was systematically performed in all
patients with those risk factors, while a strictly standardized
labeling protocol was followed when the RBC were labeled in
vivo (24). Applying this in vivo labeling, a mean Â±s.d. labeling
efficiency of 92.7% Â±1.6% was obtained.

The use of two different RBC labeling methods allowed us to
compare them in terms of stability and reproducibility, thereby
representing a kind of validation of the observations reported in
the DMP-HSA/RBC comparison. For this purpose, the same
variables were compared between in vitro- and in vivo-labeled
RBC as in the DMP-HSA/RBC analysis, namely the image
quality, the interobserver variability and time-dependent EF
variability and the temporal stability of the in vivo biodistribution.

TABLE 2
Time-Dependent Variability of Ejection Fraction for the Two

Tracers [EF^ (%) - EF^ (%)]

""Tc-RBC "Tc-DMP-HSA

Mean s.d. p value Mean s.d. p value

Observer 1 (%) 0.74 3.38 0.34
Observer 2 (%) 0.28 2.99 0.68

-2.88 4.05 0.005
-2.07 3.73 0.023

Both early and delayed images were of excellent quality in all
patients with the in vitro method (13 patients), and in six of the
seven patients with the in vivo labeling (p = ns).

In addition, interobserver as time-dependent EF variabilities
were rather small, without any statistically significant differ
ence between the two tested techniques (Tables 6 and 7).

Furthermore, both methods demonstrated almost identical
intraorgan ratios of activity on late and early studies, with the
exception of the lung, showing less stable values with the in
vivo than with the in vitro tagging (mean value 0.88 versus
0.96, p = 0.04). Mean values of late/early activity ratios after
decay correction were 0.88 for LV and spleen, 0.94 for the liver
and 1.09 for the distant background region, with small s.d.
values (between 0.07 and 0.23 at the most) aside from the
distant background region where SD values of 0.41 (in vitro)
and 0.47 (in vivo) were noted, possibly because of different
ROI positions on the early and the delayed static images.

Similarly, the mean and s.d. values for the late/early LV/
organ ratios were very close for both tracers, ranging from
0.93-0.99 (SD 0.12-0.22) for the in vitro method, and 0.94-
1.06 (SD 0.13-0.20) for the in vivo labeling.

DISCUSSION
During the last few years, the use of 99nTc-labeled human

serum albumin for gated blood-pool imaging purposes has been
more or less abandoned due to the rather poor target-to-
background ratio and the high liver activity (Â¡6,17,26) in
comparison with labeled RBC, and despite its advantages of
immediate availability and minimal handling of patient's blood.

Technetium-99m-labeled DMP-HSA is a newly developed
tracer agent that can simply and rapidly be reconstituted from a

FIGURE 2. Time-dependent variability in
ejection fraction calculated from the re
sults of one observer for the two tracers.
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FIGURE 3. Intertracer variability in calcu
lated ejection fraction obtained from the
results of the early and delayed studies
for one observer.

labeling kit as a multidose preparation. In a study with a normal
volunteer, it was demonstrated that this new agent offered the
same practical advantages as the classical 99mTc-HSA, but does

not suffer from a poor target-to-background ratio, since the
addition of a DMP side chain to some of the lysine residues of
the native human serum albumin dramatically enhances its
blood retention (22,23). Since the behavior of this product in
clinical setting was still unknown, an extensive feasibility study
was required to confirm these promising first results.

Therefore, we prospectively investigated the stability, reli
ability, image quality and wall motion assessment of the new
tracer agent and a standard radiopharmaceutical for radionu-
clide angiography, namely 99mTc-labeled RBC, in two clearly

separated groups of patients using early and delayed postinjec-
tion dataseis.

Two different RBC labeling techniques were used, depending
on the patient's condition and used drugs. Indeed, when factors

known to be associated with a high risk of poor in vivo tagging
were present (24,27-31), an in vitro method was systematically
applied. Furthermore, when the RBC were labeled in vivo, a
strictly standardized labeling protocol was followed, which had
previously demonstrated its efficacy to provide a very high
labeling level (24). In this way, a mean labeling efficiency of
92.7% was obtained with the in vivo method. Therefore, despite
the generally reported better image quality and less variable
labeling efficiency with an in vitro technique, we assumed that
the results obtained with two different RBC labeling methods

TABLE 4
Ratio Between Decay-Corrected Organ Activity in Delayed and

Early Study for the Two Tracers

"Tc-RBCLVLiverSpleenLungDistantbackgroundMean0.8810.9410.8900.9321.086s.d.0.1160.1310.1670.2190.421""Tc-DMP-HSAMean0.9140.9990.9240.9181.141s.d.0.0880.1490.1700.1750.357p

value0.380.220.540.930.55

could be considered as a whole. However, to confirm the
correctness of this assumption, the two techniques were com
pared among themselves, using the same parameters as for the
comparison between RBC and DMP-HSA. The results obtained
were used as a control of the validity of the findings observed
when comparing 99mTc-DMP-HSA with 99mTc-RBC.

Both labeling techniques were very comparable and highly
satisfactory regarding their reproducibility (in terms of time-
dependent EF changes and interobserver variabilities), as well
as the stability of biodistribution as a function of time. Image
quality also was considered very good by the two observers in
almost all cases (instead of in 80-90% with DMP-HSA, p =

ns), without significant difference according to the labeling
technique. Nevertheless, despite this slight difference in image
quality between DMP-HSA and RBC, assessment of wall
motion was identical with the two compounds regarding as well
the number of normal and abnormal segments as the degree of
contractility impairment. Moreover, using the LPO view to
analyze the inferior wall motion on a cineloop display, signif
icantly better results were observed with DMP-HSA in patients
with a severely decreased contractility in this region.

Because of the previously reported very low urinary excre
tion with 99mTc-DMP-HSA (23), implying that the radioactivity

clears from the body essentially by physical decay, a similar
behavior of this new tracer and thus a similar stability of

TABLE 5
Temporal Evolution of Activity in Different Organs Related to the
Left Ventricle for 99mTc-RBC and 99mTc-DMP-HSA ([(LV/Organ)

Delayed Study/(LV/Organ) Early Study])

Tc-RBCLiverSpleenLungDistantbackgroundAutomaticbackgroundMean0.9360.9170.9760.9191.017s.d.0.1190.2090.2040.3510.166"Tc-DMP-HSAMean0.9480.9761.0350.9120.967s.d.0.1590.1390.2390.4120.142p

value0.780.940.390.950.37
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TABLE 6
Interobserver Variability of Ejection Fraction for the Two RBC

Labeling Methods [EFobs1(%) - EFobs2(%)]

In vitro
(n =13)EF1

(%)
EF2 (%)Mean-0.050.45s.d.3.032.65p

value0.95

0.55Mean0.570.93In

vivo
(n =7)s.d.2.36

1.16p

value0.55

0.17

biodistribution were expected with DMP-HSA and with RBC.
This expectation was completely fulfilled, both tested tracers
showing very comparable values regarding as well the intraor-
gan stability as the ratios of activity reported to the LV, despite
a higher accumulation of DMP-HSA in the liver.

This high similarity between the properties of 99mTc-DMP-
HSA and mTc-RBC was also demonstrated by the very small

interobserver and time-dependent EF variabilities, regardless of
the absolute EF value, especially for the early results. However,
both the time-dependent and the intertracer EF variabilities
(intended to evaluate the difference between the tracers in terms
of absolute EF values obtained by one observer processing one
series of data) showed a significantly lower EF value for the
delayed study only with DMP-HSA, and not for RBC. This
observation can possibly be imputed to an extravasation hardly
measurable with the quite rough procedure applied in this study.
Indeed, although the excellent stability reflected by all intraor-
gan and LV/organ ratios (even slightly more constant for
DMP-HSA than for RBC) suggested almost no extravascular
diffusion, the used method is certainly not sensitive enough to
detect very small amounts of intravascular loss of activity. This
could probably be accurately quantified only by a comparative
analysis of the decrease of blood activity of both tested tracers,
using sequential blood samples.

CONCLUSION
Technetium-99m-DMP-HSA is a new and promising agent

for gated radionuclide ventriculography, showing a stable
biodistribution, excellent image quality up to more than 3 hr
postinjection and almost no extravascular diffusion. Even on
the delayed study, a good contrast between the LV and the
surrounding organs is observed, allowing an accurate calcula
tion of the EF value with small interobserver and time-
dependent EF variabilities and a good reproducibility compared
with labeled RBC.

Nevertheless, a slight but significant trend towards lower EF
value at 180 min postinjection exists with 99mTc-DMP-HSA (in

the range of 2-2.5%).
However, as the usual delay between the tracer administra

tion and the acquisition does not exceed 30-60 min in most
clinical situations, this finding should not be expected to
interfere with the EF calculation and the usefulness of this new
agent in daily practice.

TABLE 7
Time Dependent Variability of Ejection Fraction for the Two RBC

Labeling Methods [EFdelayed(%) - EFearly(%)]

In vitro
(n =13)Observer

1 (%]
Observer 2 (%;Meanl

-1.14

i 1.75s.d.2.413.47p

value0.26

0.094Mean-1.51.24In

vivo
(n =7)s.d.3.23

2.47p

value0.27

0.095

Therefore, 99mTc-DMP-HSA, readily available and requiring

a single injection, constitutes an interesting alternative to
labeled RBC for the evaluation of LV function, especially in
patients with poor vein quality or departments with a high
throughput.
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Evaluation of Right and Left Ventricular Volume
and Ejection Fraction Using a Mathematical Cardiac
Torso Phantom
P. Hendrik Pretorius, Weishi Xia, Michael A. King, Benjamin M.W. Tsui, Tin-Su Pan and Bernard J. Villegas

Department of Nuclear Medicine, University of Massachusetts Medical Center, Worcester, Massachusetts;
Department of Biomedicai Engineering, University of North Carolina, Chapel Hill, North Carolina;
and Department of Biophysics, University of the Orange Free State, Bloemfontein, South Africa

The availability of gated SPECT has increased the interest in the
determination of volume and ejection fraction of the left ventricle (LV)
for clinical diagnosis. However, the same indices for the right
ventricle (RV) have been neglected. The objective of this investiga
tion was to use a mathematical model of the anatomical distribution
of activity in gated blood-pool imaging to evaluate the accuracy of
two ventricular volume and ejection fraction determination methods.
In this investigation, measurements from the RV were emphasized.
Methods: The mathematical cardiac torso phantom, developed to
study LV myocardium perfusion, was modified to simulate the
radioactivity distribution of a "Tc-gated blood-pool study. Twenty

mathematical cardiac torso phantom models of the normal heart
with different LV volumes (122.3 Â±11.0 ml), RV volumes (174.6 Â±
22.3 ml) and stroke volumes (75.7 Â±3.3 ml) were randomly gener
ated to simulate variations among patients. An analytical three-
dimensional projector with attenuation and system response was
used to generate SPECT projection sets, after which noise was
added. The projections were simulated for 128 equidistant views in
a 360Â°rotation mode. Results: The radius of rotation was varied

between 24 and 28 cm to mimic such variation in patient acquisi
tions. The 180Â°and 360Â°projection sets were reconstructed using
the filtered backprojection reconstruction algorithm with Butter-
worth filtering. Comparison was made with and without application
of the iterative Chang attenuation correction algorithm. Volumes were
calculated using a modified threshold and edge detection method
(hybrid threshold), as well as a count-based method. A simple
background correction procedure was used with both methods.
Conclusion: Resultsindicatethat cardiac functionalparameters can
be measured with reasonable accuracy using both methods. How
ever, the count-based method had a larger bias than the hybrid
threshold method when RV parameters were determined for 180Â°

reconstruction without attenuation correction. This bias improved
after attenuation correction. The count-based method also tended
to overestimate the end systolic volume slightly. An improved
background correction could possibly alleviate this bias.

Key Words: SPECT; ventricular volume; ejection fraction; gated
blood-pool imaging

J NucÃMed 1997; 38:1528-1535

Received Sep. 16, 1996; revision accepted Nov. 27, 1996.
For correspondence contact: P. Hendrik Pretorius, PhD, Department of Biophysics,

University of the Orange Free State, P.O. Box 339 (G68), Bloemfontein, 9300, South
Africa.

For reprints contact: Michael A. King, PhD, Department of Nuclear Medicine,
University of Massachusetts Medical Center. 55 Lake Avenue North, Worcester, MA
01655.

Ã„PECT images can be used to determine left ventricular (LV)
volume, ejection fraction (EF) and stroke volume (SV). There
have been several investigations of LV function using gated
SPECT (1-6). However, the same indices for the right ventricle

(RV) have been neglected (7). The reasons for the LV emphasis
are twofold (#). First, the LV is affected by many cardiovascu
lar conditions before the RV is affected; and, second, its simple
geometric shape (prolate ellipsoid) makes the LV easier to
study than the complex quarter moon or crescent shape of the
RV.

Several techniques have been used to determine ventricular
volume in SPECT slices. Segmentation methods such as count
threshold methods (1,9-12), count-based methods (3,4) and

local gradient methods (13) have been used. In the count
threshold method, voxels with counts higher than a predeter
mined threshold or fraction of the maximum count in the
volume of interest (VOI) are included as part of the volume.
The threshold is usually determined in phantom studies. The
principle on which count-based methods are founded is that the
total counts from all the activity within a VOI, irrespective of its
location (in or outside the true edge), will be used in calculating
the volume. This total count is then divided by the maximum
count to obtain the number of voxels included in the VOI. Local
gradient methods were frequently used for edge detection in
planar gated blood pool studies. Both the threshold and count-
based methods rely on a visual or global threshold to select the
slices for inclusion in the three-dimensional volume determina
tion. Two-dimensional local gradient methods that search for
edges within two-dimensional slices are inaccurate because of
the three-dimensional nature of the true boundary. Algorithms
that perform in three dimensions provide more accurate deter
mination of the actual edge locations, at the expense of
increased algorithmic complexity (70).

When new methods or procedures are evaluated clinically,
they are usually compared with a well-known and accurate gold
standard. Inherent in any gold standard may be uncertainties
and errors because of the assumptions made in the course of
calculating the parameters of interest. The two major methods
used to calculate LV and RV volume other than with emission
imaging are x-ray angiography (14,15) and echocardiography
(Â¡6,17). Each of these techniques has its own uncertainties.
Accurate determination of the RV has been difficult because
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