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Measurement of Myocardial Blood Flow with
PET Using 11'C-Acetate
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C-acetate has been used extensively for the noninvasive as-
sessment of myocardial oxygen consumption and viability with
PET. The use of early uptake of acetate by the heart to measure
myocardial perfusion has been proposed. This study evaluated
the application of ''C-acetate for absolute measurement of
myocardial blood flow using a simple compartmental model that
does not require blood sampling. Methods: Eight healthy vol-
unteers and 13 subjects with concentric left ventricular hyper-
trophy were studied under resting conditions with both 'C-
acetate and 50O-water. Myocardial blood flow with 1'"C-acetate
was obtained by fitting the first 3 min of the blood and tissue
tracer activity curves to a two-compartment model. Flows ob-
tained were compared with a validated approach using '°O-
water. Results: In healthy volunteers, regional myocardial per-
fusion at rest estimated with "C-acetate was comparable with
values obtained with °0O-water (1.06 + 0.25 and 0.96 *= 0.12
mL/g/min, respectively). Perfusion in subjects with left ventric-
ular hypertrophy was also comparable if the recovery coefficient
(Fmm) used was corrected for ventricular mass. If a fixed Fy was
used, flow was greatly overestimated. Fy;, could be estimated
from left ventricular mass (Fyy = 0.46 + 0.002 X mass, r =
0.86, P < 0.0001). Conclusion: The results of this study sug-
gest that "'C-acetate can be applied to quantitatively estimate
myocardial perfusion under resting conditions using a two-
compartment model without the need for blood sampling, pro-
vided that an appropriate Fy, is chosen. This approach should
increase the usefulness of this tracer and obviate administration
of a separate tracer to independently measure perfusion.
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increase in time, expense, and radiation burden to the pa-
tient.

Because the initial distribution 8fC-acetate is related to
blood flow, Gropler et al. &) proposed that imaging this
early distribution could be used as a semiquantitative mea-
surement of perfusion. More recently, compartmental mod-
eling has been used to simultaneously determine myocardial
oxygen consumption and blood flow withC-acetate and
PET (9-11). However, implementation of these approaches
requires correction for the conversion of labeled acetate to
11C0O,, as well as correction for the conversion of other
labeled metabolites in arterial blood. Because acetate is
readily taken up by the myocardium with little clearance of
the isotope during the first 3—4 min after injecti@y(1,12),
even simpler models could be used to characterize the initial
uptake and distribution of tracer. These less complicated
models would not attempt to characterize the complexity of
acetate metabolism in myocardial tissue; rather, they repre-
sent approximations to the kinetics of the initial tracer
distribution, which depends on blood flow.

Accordingly, the objective of this study was to assess the
possibility of using a simplified compartmental model to
obtain valid measurements of myocardial blood flow with
1-11C-acetate in resting patients. Studies were performed on
healthy volunteers and patients with left ventricular hyper-
trophy to test the hypothesis that accurate measurements of
wall thickness (using echocardiographic measurements) can
improve the accuracy of myocardial blood flow estimates by
providing an independent estimate of the tissue recovery
coefficient (fym) specific to each patient.

J\ cetate labeled witkiC can be used for the noninvasiveMATERIALS AND METHODS

assessment of myocardial oxygen consumptibr4( and

The protocol was approved by the institutional review board of

for predicting viability 6,6). However, interpreting changeshe Columbia-Presbyterian Medical Center, New York, NY. Writ-
in myocardial metabolism requires concomitant assessmégit informed consent was obtained from each subject before the
of regional myocardial perfusion. Although blood flowstudy-

measurement with PET usiftgO-water or*®N-ammonia as
tracers represents a suitable approach for obtaining per

ubjects
UThe study population consisted of a control group of eight

sion information (7), use of the tracers brings an attendafiythy volunteers (four men, four women; mean age [+ SD}:42
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8 y) and 13 patients with concentric left ventricular hypertrophy
secondary to elevated arterial pressure (nine men, four women;
mean age, 54 11 y) (Table 1). None of the healthy volunteers
had a history or clinical evidence of heart disease, and all were free
of cardiac risk factors and had normal results from electrocardi-
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TABLE 1
Summary of Clinical Data of Study Subjects

Subject Age Height Weight BSA WT Mass

Group no. (y) Sex (cm) (kg) (m?) (mm) (9)
Control 1 34 F 175 68 1.820 9.1 135
2 38 F 147 52 1.433 6.0 108

3 41 F 165 70 1.768 10.0 94

4 57 M 165 72 1.792 10.7 166

5 45 M 170 72 1.831 55 92

6 43 F 170 68 1.782 9.8 135

7 42 M 173 79 1.928 9.8 132

8 33 M 165 65 1.713 8.5 124

Mean 42 166 68 1.758 8.7 123

SD 8 9 8 0.145 1.9 25

Hypertrophy 1 42 M 178 90 2.079 NA 154
2 57 F 157 68 1.694 11.0 119

3 45 M 180 115 2.332 12.9 204

4 77 M 168 101 2.090 12.9 201

5 44 M 178 93 2.109 12.3 167

6 57 M 170 124 2.309 15.5 220

7 57 M 180 95 2.144 12.3 184

8 63 M 168 74 1.835 11.0 158

9 54 M 185 81 2.049 13.9 217

10 42 F 168 86 1.949 13.0 208

11 46 M 185 102 2.255 15.0 284

12 56 F 165 76 1.834 12.3 160

13 68 F 168 77 1.859 12.8 150

Mean 54 173 91 2.041 12.9 186

SD 11 9 17 0.198 1.4 42

BSA = body surface area; WT = wall thickness; NA = not available.

ography and echocardiography. The patients with hypertrophy hAdalysis of PET Images
hypertension, a left ventricular wall thickness greater than or equalData from the 47 transaxial planes in each scan were decay
to 11 mm as assessed by echocardiography, and no electrocardigrected and reoriented into short-axis slices as previously de-
graphic evidence of prior myocardial infarction (Table 1). scribed (14). ThélC-acetate study frames obtained 4—6 min after
injection were summed, and 6—8 midventricular slices were se-
PET . . . ' .
Imaging was performed on a whole-body tomograph (ECAchted for analysis. Regions of interest were defined for eight

EXACT-47; CTI-Siemens, Knoxville, TN) with simultaneous ac_equally spaced sectors (457 each), with each sector _havmg aW'.dth
fsapprommately 1 cm centered around the peak circumferential

quisition of 47 transaxial images. The performance characteristics 2P - . . .
of the tomograph have been reported previous8) (Although the actlylty within the myocardium4). The regions of interest were
intrinsic in-plane resolution was 6.5 mm (full width at half max-COp'G(_:i onto f"‘" fram(_as_ of th€C-acetate andSO-W{;\ter.studles,_ .

imum), images were reconstructed with a Hanning filter (cutoffnd tissue time-activity curves were generated. Time-activity

frequency, 0.4 cycles per pixel), yielding an effective resolution &rves for arterial blood were defined from small regions of
10.5 mm. interest within the left ventricular cavity derived from two to three

A short scan obtained with tH8Ge-58Ga rod source was used Planes close to the base of the left ventricle. These blood curves
to assess patient positioning and was followed by a 20-min traryéere averaged for use as input in the compartmental model. For
mission scan to correct for photon attenuation. Indelible marR&ch collection, data acquisition was started just before the begin-
were placed on the subject's torso, and positioning was check@ig of tracer administration.
frequently through laser localization.

For assessment of myocardial perfusion i-water, a bolus Estimation of Myocardial Blood Flow
of 555-740 MBq®O-water was injected through a large-bore Myocardial blood flow was determined witfO-water using a
catheter into an antecubital vein and data were collected for a ta&¢Vviously validated one-compartment model relating arterial in-
of 5min (24x 55, 6 X10's, and 8x 15 s). After a period to allow Put to myocardial tissue activity’(15). The parameters estimated
for tracer decay (average, 10 min), 555-925 MBgracetate were from the model include myocardial blood flow, the spillover frac-
injected intravenously as a bolus. Data were collected for a totaltign of tracer activity from blood to myocardial tissues(f}, and
29 min (18X 55,10 X30's, 15X 60 s, and 3< 2.5 min), but only the Fuv. Because the coefficient of variation for flow was small
the first 3 min were used for the acetate flow data. Administratidd2% *+ 5%), blood flow measurements were averaged across all
of tracers was designed so as not to exceed a system dead timeegions of interest to obtain a mean value for myocardial blood
greater than 30%. flow.
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FxE

L

K . FIGURE 1. Compartmental model used
Freely ! ; Metabolically to fit first 3 min of '"C-acetate tracer ac-
Exchangeable Trapped tivity data. Model assumes that tracer en-
ters freely exchangeable tissue pool at
rate of F X E, where F is myocardial blood
flow rate and E is extraction fraction for
acetate. Tracer in freely exchangeable
tissue pool either leaves that compart-
ment and enters metabolically trapped
¢/ pool with rate constant K, or is washed
out as function of blood flow.

A simplified two-compartment model was used to analjgz The second set of analyses was performed to investigate the
acetate data (Fig. 1). In this model, tracer extracted from bloalkgree of improvement in the accuracy of model-derived estimates
entered the freely exchangeable compartment, where it could dfenyocardial blood flow using patient-specifigs. These anal
either transported into the metabolically trapped tissue compaytes proceeded as follows. The first step was to refit'tbecetate
ment or washed out of the freely exchangeable compartment agisgue activity data estimating,fz, K1, and gy with the parameter
function of blood flow. No provision was made for metabolism of set to each individual's value for myocardial blood obtained with
tracer. Importantly, only the first 180 s of the acetate dataset w&®-water. The estimated values fofyr were then related to

used. echocardiographic measurements (left ventricular mass or wall
The differential equations defining tracer kinetics are describggickness) to develop a regression equation for predictingtRat
by the following: could be used with the original model to yield revised estimates of
F, Ky, and Fgy.
dQ1 1 FBM

=—-(F+K) X Q;+F X EX C, Eqg.1 To obviate the effect of using the same set of subjects to both

dt develop a regression equation and test its predictions, a jackknife
dQ procedure was used (17). The jackknife procedure consisted of cal-
d—tz =K; X Q Eqg. 2 culating a separate regression curve for each subject, in which that

subject’s values were not used for calculating a slope and intercept of
where Q and Q are tracer activity in the freely exchangeable anthe regression curve. That subject’s value for the independent variable
metabolically trapped compartments, i€ tracer activity in arterial (left ventricular mass or wall thickness) was then used to provide an
blood, F is myocardial blood flow, E is first-pass extraction fractiorgstimate of v from the slope and intercept of the regression curve
and K, is the rate of transport into the metabolically trapped pool. THBat excluded that subject's data. This technique provided almost
observed tissue activity is expressed as: unbiased estimates of the dependent varialjg, Ehat mimicked the

results that would have been obtained from a prospective study in

Qussuie= Fum X (Q1+ Q2)+ Fgy X Ca.  EQ. 3 another group of subject&§).

Fgy includes both spillover of counts from blood in the adjacen}
left ventricular cavity and counts from the fractional blood volume

within the tissue region of interes. ardiography was used (19-21). A three-dimensional echocardio-

To .flt the 1C.a(:etate tissue Qct|V|ty curves, the dlﬁerem'agraphic system (K3 Systems, Inc., Darian, CT) with an acoustic
equations were integrated numerically and the model parametgrs

were estimated using an iterative multivariate secant meth6ég (spanal locator (model GP8—3D; Science Accessories Corp., Stam-

contained in PROC NLIN from SAS 6.12 (SAS Institute, Caryford’ CT) connectgd to .a personal co.mputerlwas linked to a
nventional two-dimensional echocardiographic system (model

NC). ThellC-acetate tissue tracer activity curves for each sect E . .
were averaged across planes, and the first 3 min of data were u QZOAC’ Hewlett-F?ackard, Andover, MA)' The conventllo.nal
.5b-MHz sonographic transducer was fitted with three rigidly

for analysis. . ) .
mounted sound emitters that were energized in sequence. The

Data Analysis sound waves emitted a frequency of 60 kHz received by an array

Two separate sets of analyses were performed. In the first setpFfour microphones positioned approximately 0.75 m above the
K4, and gy were estimated while E was fixed at a value of 0.7patient. The sound emitters and overhead microphone array and
and fyy was set to 0.65, corresponding to thg Fexpected for a their electronics composed the acoustic spatial locator. The image,
uniform wall thickness of 1 cm. The value for extraction fractiomlong with its Cartesian coordinates, was stored in the personal
was chosen to correspond to values previously obtained@r computer for subsequent off-line reconstruction of the heart
acetate analyzed with compartmental modé(3,11). chambers.

hree-Dimensional Echocardiography
For evaluation of left ventricular mass, three-dimensional echo-
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TABLE 2
Summary of Myocardial Blood Flow
11C-acetate
Subject Fixed Fuu Jackknife estimate of Fyy
Group no. 150-water (0.65) LVM WT BSA
Control 1 0.96 1.02 0.89 0.90 0.80
2 1.12 1.09 1.03 1.24 1.12
3 1.02 0.98 0.98 0.81 0.81
4 1.07 1.61 1.25 1.30 1.38
5 0.74 0.74 0.72 0.84 0.59
6 0.92 1.1 0.97 0.97 0.95
7 0.99 0.93 0.76 0.78 0.72
8 0.89 0.96 0.85 0.88 0.83
Mean 0.96 1.06 0.93 0.97 0.90
SD 0.12 0.25 0.17 0.20 0.25
Hypertrophy 1 0.81 1.27 1.03 NA 0.94
2 1.27 1.44 1.30 1.13 1.25
3 0.85 1.23 0.78 0.82 0.71
4 1.00 1.60 1.09 1.12 1.13
5 1.05 1.38 1.04 1.00 0.96
6 1.38 1.88 1.18 1.11 1.17
7 1.04 1.52 1.12 1.14 1.09
8 1.09 1.53 1.23 1.23 1.29
9 0.90 1.61 1.08 1.13 1.21
10 1.28 2.00 1.34 1.41 1.56
11 0.69 1.34 0.80 0.85 0.93
12 0.99 1.53 1.15 1.07 1.22
13 1.39 1.62 1.36 1.20 1.34
Mean 1.06 1.53 1.12 1.10 1.14
SD 0.22 0.22 0.18 0.16 0.22
Entire population Mean 1.02 1.35 1.05 1.05 1.05
SD 0.19 0.33 0.19 0.18 0.25

LVM = left ventricular mass; WT = wall thickness; BSA = body surface area; NA = not available.

Left ventricular volume was computed from a series ORESULTS
real-time short-axis images acquired using a novel line-o

. ; . ! . Echocardiographic Measurements

intersection display as a guidé9-21). Temporary short-axis . .

) . Echocardiographic measurements for the two groups of
images were obtained at the base and apex. These temporar

Egl_ﬂgjects are listed in Table 1. For healthy volunteers, wall

images were used to correctly position the two reference long-, .
axis images through the center of the aortic valve and the ap I_Ckness averaged 87 1.9 mm and left ventricular mass

Subsequent real-time short-axis images intersected the ref@¥€raged 123+ 15 g. The corresponding values for the
ence long-axis image, creating a single line to both images, tR¥pertrophy patients were markedly elevated, with a mean

line of intersection. wall thickness of 12.9- 1.4 mm and a left ventricular mass
of 186 + 42 g (P < 0.001 for each comparison).
Preparation of Tracers Myocardial Blood Flow Measurements with 150-Water

*O-water and'C-acetate were prepared as described in detail For the entire study population, myocardial blood flow
elsewhere (1,22). The radiochemical purity 8C-acetate was measured at rest witR5O-water averaged 1.02= 0.19
typically greater than 99.5%. mL/g/min (Table 2). Blood flow at rest ranged from 0.69 to

1.39 mL/g/min. No significant difference was observed
Statistical Analysis between average blood flow in the healthy volunteers,
Values are reported as mean one SD. The significance of 0.96 + 0.12 mL/g/min, and average blood flow in the

differences betweetO-water and''C-acetate estimates of myo hypertrophy patients, 1.06 0.22 mL/g/min (Table 2).
cardial blood flow was assessed by a pairé¢est. Differences in

the accuracy of the techniques for measuring blood flow wifRstimates of Myocardial Blood Flow with ''C-Acetate
11C-acetate were assessed by the Wilcoxon paired-sample®st ( Figure 2 depicts a representative example of the model fit
Bland-Altman analysis was performed to assess methodologic bigs''C-acetate data. For the entire study population, myo
and to calculate the limits of agreeme@#y. cardial blood flow with the model using a single fixed value
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FIGURE 2. Blood (dashed line) and
myocardial "'C-acetate tissue tracer ac-
tivity data (symbols) along with model fits
(solid line) from one subject. Parameter
0 i 2 3 estimates are displayed along with their
Time (min) associated SEs derived from variance-

covariance matrix of model parameters.

of 0.65 for K,y averaged 1.35 0.33 mL/g/min, whichwas  Values for K, in individual subjects were obtained by
significantly greater than the value measured Witwater refitting thellC-acetate tracer activity curves after fixing the
(P < 0.001; Table 2). Average blood flow in the healthynyocardial blood flow to the value obtained wil®-water.
volunteers (1.06+ 0.25 mL/g/min) was not significantly For the healthy volunteersyz averaged 0.6% 0.09. For
different from the value obtained witO-water, whereas hypertrophy patients, i, averaged 0.84- 0.08, reflecting
1iC-acetate measurements of myocardial blood flow in thiee increased left ventricular mass and wall thickness in this
hypertrophy patients (1.53 0.22 mL/g/min) significantly group.
overestimated myocardial blood flow measured whiD- The estimated values foryl; were related to left ven
water (P< 0.001) (Table 2). tricular mass by linear regression. Figure 3 shows the cor-
Although many models for estimating myocardial perfurelation obtained for the entire study population with the
sion with tracers such aSN-ammonia use a fixed\f;, regression equationjy = 0.46+ 0.002X mass (r= 0.86,
patients with hypertrophy by definition do not have normd < 0.0001). A similar analysis using left ventricular wall
myocardial thickness; thus, use of a fixed, normgi, ks thickness (measured in millimeters) as the independent vari-
inappropriate. Accordingly, we applied the relationship bexble yielded the relationshipyf; = 0.41 + 0.033 X wall
tween echocardiographically defined myocardial mass atiidckness (r= 0.77,P < 0.0001). Finally, an additional

Fum to correct the estimates of myocardial perfusion usirenalysis was performed using body surface area as the
independent variable to evaluate whether a nonechocardio-

11C-acetate.
1.1 -
1.
09
£ 038 .
w
0.7 -
u —
06, ® . Fum = .46 +.002 Mass FIGURE 3. Relationship between tis-
r=.86, p <.0001 sue Fyw and echocardiographic mea-
surements of left ventricular mass. Echo-
0.5 e i i 1 | ‘ ‘ | cardiographic mass measurements were

80 100 120 140 160 180 200 220 240 260 280 300 used to provide regression-based esti-
mates of F\,, for each subject to be used

Mass
(@ in analyzing ''C-acetate tissue tracer ac-
tivity data.
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FIGURE 4. Histogram of average blood
flow data obtained from measurements
made with 1°0O-water and ''C-acetate us-
ing individual values of Fyy. Both in
healthy volunteers and in patients with
left ventricular hypertrophy, use of sub- 0
ject-specific Fyy vyielded myocardial Control Hypertrophy
blood flow (MBF) estimates comparable
with those obtained with *O-water.

[=]
3,
1

graphic variable could be useful for predicting,F= A square error for the entire study population was 0.12 mL/
relatively weak but statistically significant relationship wag/min. Figure 6 depicts the results of the Bland-Altman
found with the regression equatiogfr = 0.23+ 0.288X  analysis showing the bias and limits of agreement of the
body surface area (& 0.58,P < 0.01). jackknifed estimates of blood flow.

Tracer kinetic data were reanalyzed using jackknifed Myocardial blood flow estimates derived from left ventric-
values derived from myocardial mass, wall thickness mealar mass were more accurate than those obtained using wall
surements, and body surface area. The results from usthigkness measurements or body surface area (Talite<2;
subject-specific values forfy derived from left ventricular 0.01 for both comparisons). Using wall thickness measure-
mass measurements are displayed in Table 2. The jaokents yielded blood flow values that were not significantly
knifed values for myocardial blood flow were not signifi-different from those obtained withO-water: 0.97+ 0.20 for
cantly different from%0O-water measurements of bloodthe healthy volunteers and 1.19 0.16 for the hypertrophy
flow: 0.93 = 0.17 for the healthy volunteers and 1.#2 patients. The mean square error for the entire study population
0.18 for the hypertrophy patients (Fig. 4). The regressiamas 0.15 mL/g/min. These jackknifed estimates were signifi-
equation relating myocardial blood flow measured withantly more accurate than the original blood flow estimates in
150-water and!C-acetate is shown in Figure Bhe mean the hypertrophy patients (R 0.005).
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0

E 1.25

2

E

E 1.00 -

8

@

8

o . a MBF[acetate] =.21 +.818 MBF[water]

m 075 + L]

s . r=.80, p <.0001
FIGURE 5. Relationship between myo-
cardial blood flow (MBF) measured with
1C-acetate and with O-water. 1'C-ace- 0.50 % , g .
tat.e blgoq flow gstimates were obtained 0.50 0.75 1.00 1.25 1.50
using individualized values of F that .
were derived from echocardiographic MBF[water] (ml/g/min)
mass measurements for each subject.
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.é. FIGURE 6. Bland-Altman analysis
5 0.2 1 - L] showing degree of concordance between
§ 03 L myocardial blood flow (MBF) measured
8, with '"C-acetate and with '5O-water.
'g.'; 0.4 ¢ Magnitude of bias was small (0.02 mL/g/
Z 051 ] - ‘ B . ‘ min), with limits of agreement ranging
from value of —0.22 mL/g/min to 0.27
0.50 0.75 1.00 1.25 1.50 mL/g/min. No trends in residuals were
MBF (ml/g/min) observed as function of increasing blood
flow rate.

Jackknifed estimates of myocardial blood flow derivetdons (1-4,11,12) but may not be applicable when the myo-
from body surface area measurements also yielded blomatdium has a higher metabolic level (i.e., under stress
flow values that were not significantly different from thoseonditions).
obtained with'®0-water: 0.90* 0.25 for the healthy vel In this study, myocardial perfusion estimated with ace-
unteers and 1.14& 0.22 for the hypertrophy patients. Thetate, when corrected for\f, correlated with estimates
mean square error for the entire study population was 0.@Btained from!>O-water over a flow range of 0.69-1.39
mL/g/min. These jackknifed estimates were also signifinL/g/min. The slope was 0.8, with an intercept of 0.2,
cantly more accurate than the original blood flow estimatgsiggesting some degree of systemic error over this rela-

in the hypertrophy patients (R 0.001). tively narrow flow range. Several factors may be involved,
including fixing the extraction fraction for acetate at 0.75.
DISCUSSION Although this approximation is based on experimental and

Estimates of myocardial metabolism with tracers such R&€liminary human data, it is likely to vary, depending on
11C-acetate have become useful in evaluating the metathgw. For this reason, extrapolation of this approach to cases
lism of the heart. However, for all estimates of metabolisn®f hyperemic flow should be viewed with caution. Other
myocardial perfusion must also be defined, typicall{actors that may decouple flow from extraction may also
through a separate acquisition using a flow tracer. The agflversely affect the relationship.
of this study was to determine whether, because the initial\We showed that using a fixed value ofyfis likely to
distribution of acetate is proportional to flow, a simpléesultin errors, especially when interrogating hearts that are

compartmental model could be used to estimate myocardi@t normal, as would be the case for patients either with
perfusion. hypertrophy or with infarction or wall thinning. We also

The first attempt at using’C-acetate for determining showed that echocardiographic measurements can be used
perfusion was by Gropler et al8), who used a simple to define v, which subsequently can be used in the
integral image of the first 3 min after administration ofompartmental model. This approach has been suggested
1C-acetate for obtaining an index of perfusion. Howeve(25,26) but has not been used widely because of the need for
this approach suffers from difficulties related to the deco@ separate echocardiographic measurement. However, as
pling of extraction from flow, partial-volume effects, andnathematic models to describe the kinetics of tracers be-
the lack of quantitative information. Subsequently, compai¢ome more complex, some parameters need to be fixed. For
mental models were proposed for estimating perfusion withany tracers of myocardial perfusion, such#$-ammo
11C-acetate (9-11). However, these require sampling angh, fixed values of fy have been used. Although errors
analysis of blood and also use a fixed value fggF can result, particularly with models in which blood esti-

One of the assumptions of our approach is that no sigrates depend on tracer uptake, this issue has received
nificant amount of acetate extracted by the myocardiulimited attention. The data presented here show the sensi-
egresses as labeled €@ other labeled metabolites duringtivity of one such model to fixed values of,ff and show
the first 3 min of imaging. On the basis of studies othat when appropriate corrections are used, the compart-
isolated perfused hearts as well as on intact dogs amental model accurately estimates myocardial perfusion
humans, this assumption is reasonable under resting condiing*'C-acetate. Although echocardiography is a means to
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provide an estimate of\f; and will further simplify the Am J CafdiO'-199637811230—123:3- ol vert )

7. Bergmann SR. Quantification of myocardial perfusion with positron emission
approaCh: i i i tomography. In: Bergmann SR, Sobel BE, d@gsitron Emission Tomography of
Future investigations will need to assess the accuracy Of e Heart. Mount Kisco, NY: Futura Publishing, Inc.; 1992:97-127.
this approach in patients with wall thinning or infarction.s. Grqplgr RJ, Siggel BA, Gel?man EM. Myopardial uptake of carbon-11-acetate as

Nonetheless, the data show that estimates of myocardialzzgnggict estimate of regional myocardial blood flaWNucl Med.1991;32:
perfusmn in mL/g/mm al’(_E attainable with thIS tracer_andé). Chan SY, Bruken RC, Phelps ME, Schelbert HR. Use of the metabolic tracer
may obviate separate estimates of myocardial perfusion.

carbon-11-acetate for evaluation of regional myocardial perfugidducl Med.
1991;32:665-672.

van den Hoff J, Burchert W, Wolpers HG, Meyer GJ, Hundeshagen H. A kinetic
model for cardiac PET with [1-carbon-11]acetaté&ucl Med.1996;37:521-529.
The use of PET studies witAC-acetate has been increasll- Sun KT, Yeatman LA, Buxton DB, et al. Simultaneous measurement of myo-
. . . . T cardial oxygen consumption and blood flow using [1-carbon-11]acel&tkicl

ing both for delineation of myocardial viabilityp(6) and for Med. 1998:39:272280.

assessment of regional myocardial oxygen consumption. it Herrero P, Hartman 33, Gropler RJ, Bergmann SR. Quantification of myocardial

the approach we describe, myocardial perfusion can beperfusion with PET using carbon-11 acetate and a compartmental model in
: . . +  human subjects [abstract].Nucl Med.1996;37(suppl):83P.

eStImateq dlrectly with the Safme traper used to determl%e_ Spinks TJ, Guzzardi R, Bellina CR. Performance characteristics of a whole-body

myocardlal oxygen consumptlon. This approaCh should be positron tomographJ Nucl Med.1988;29:1833-1841.

useful in shortening clinical protocols, decreasing time if. Ratib O, Bidaut L, Nienaber C, Krivokapich J, Schelbert H, Phelps ME. Semi-

the scanner. and decreasing the radiation burden to patientsautomatic software for quantitative analysis of cardiac positron tomography
' studies SPIE.1988;914:412-419.

15. Bergmann SR, Herrero P, Markham J, Weinheimer CJ, Walsh MN. Noninvasive
quantitation of myocardial blood flow in human subjects with oxygen-15-labeled

ACKNOWLEDGMENTS
. . . . water and positron emission tomograpiyAm Coll Cardiol.1989;14:639—-652.
The authors thank Melanie Phlpps, Irene DIaZ, and Kr|§6. Ralston ML, Jennrich RI. DUD, a derivative-free algorithm for nonlinear least

tine Kulage for preparing the typescript. The authors also squaresTechnometrics1978;20:7-14.

thank the members of the PETNet Pharmacy for preparih? Miller RG. The jackknife: a reviewBiometrika.1974;61:1-15. o

150-water. the technoloaists of the Kreitchman PET Centér‘ Fiellin DA, Feinstein AR. Bootstraps and jackknives: new, computer-intensive

. . 9 X i statistical tools that require no mathematical theoddsvest Med1998;46:22—

for providing technical assistance with the scans, Dr. 2.

Dah-Ren Hwang and Norman Simpson for preparin@. Gopal AS, King DL, Katz J, Boxt LM, King DL Jr, Shao MY. Three-dimensional

11C-gcetate Lyna EI-Koury Coffin for performing the eeho echocardiographic volume computation by polyhedral surface reconstruction: in
L ’ . . . vitro validation and comparison to magnetic resonance imaging. J Am Soc

cardiography, and Dr. Donald King for interpreting the gcnocardiogr.1992:5:115-124.

echocardiographic findings. This study was supported in Gopal AS, Keller AM, Shen Z, et al. Three-dimensional echocardiography: in

part by an educational gram- from the Society of Nuclear vitro and in vivo validation of left ventricular mass and comparison with con-

Medicine, Reston, VA, and by grants RO1 HL46895, R0J,

ventional echocardiography methodsAm Coll Cardiol.1994;24:504-513.
) 8 Gopal AS, Schnellbaecher MJ, Shen Z, Akinboboye O, Sapin PM, King DL.
HL58408, and RR 00645 from the National Institutes of
Health, Bethesda, MD.

CONCLUSION 10.

Free-hand three-dimensional echocardiography for measurement of left ventric-
ular mass: in vivo anatomic validation using explanted hearsn Coll Cardiol.
1997;30:802-810.

Welch MJ, Lifton JF, Ter-Pogossian MM. Preparation of millicurie quantities of
oxygen-15 labeled water. J Labelled Com69;5:168-172.

REFERENCES 2

1. Brown MA, Marshall DR, Sobel BE, Bergmann SR. Delineation of myocardiaf3-
oxygen utilization with carbon-11 labeled aceta@rculation. 1987;76:687—
696. 24,

. Brown MA, Myears DW, Bergmann SR. Noninvasive assessment of canine
myocardial oxidative metabolism with carbon-11 acetate and positron emissidh.
tomographyJ Am Coll Cardiol.1988;12:1054—-1063.

. Brown MA, Myears DW, Bergmann SR. Validity of estimates of myocardiaR6.
oxidative metabolism with carbon-11 acetate and positron emission tomography
despite altered patterns of substrate utilizatibiNucl Med.1989;30:187-193.

70

Wilcoxon F. Individual comparisons by ranking methd8@metric Bull.1945;
1:80-83.

Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurememiancet.1986;1:307-310.

Hoffman EJ, Huang S-C, Phelps ME. Quantitation in positron emission computed
tomography. 2. Effects of object size. J Comput Assist Toni@jt9;3:804—-814.
Henze E, Huang S-C, Ratib O, Hoffman E, Phelps ME, Schelbert HR. Measure-
ments of regional tissue and blood-pool radiotracer concentrations from serial
tomographic images of the headtNucl Med.1983;24:987—-996.

THE JoURNAL OF NUCLEAR MEDICINE ¢ Vol. 42 « No. 1 ¢ January 2001


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

The Journal of

NUCLEAR MEDICINE

Measurement of Myocardial Blood Flow with PET Using 1-11c-Acetate
Robert R. Sciacca, Olakunle Akinboboye, Ru Ling Chou, Shilpi Epstein and Steven R. Bergmann
J Nucl Med. 2001;42:63-70.

This article and updated information are available at:
http://ilnm.snmjournals.org/content/42/1/63

Information about reproducing figures, tables, or other portions of this article can be found online at:
http://inm.snmjournals.org/site/misc/permission.xhtml

Information about subscriptions to JNM can be found at:
http://ijnm.snmjournals.org/site/subscriptions/online.xhtml

The Journal of Nuclear Medicineis published monthly.
SNMMI | Society of Nuclear Medicine and Molecular Imaging
1850 Samuel Morse Drive, Reston, VA 20190.

(Print ISSN: 0161-5505, Online ISSN: 2159-662X)

SOCIETY OF

NUCLEAR MEDICINE
© Copyright 2001 SNMMI; al rights reserved. Il AND MOLECULAR IMAGING


http://jnm.snmjournals.org/content/42/1/63
http://jnm.snmjournals.org/site/misc/permission.xhtml
http://jnm.snmjournals.org/site/subscriptions/online.xhtml
http://jnm.snmjournals.org/

