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Evaluation of Myocardial Oxygen Consumption with "C-Acetate and 3D PET/CT:
By Applying Recirculation Correction Method and Modified One-Compartmental
Tracer Kinetic Modeling
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Purpose: We intended to evaluate myocardial oxygen consumption (MVO, by applying recirculation correction and
modified one-compartment model to have a reference range of MVO; in normal young population and to reveal the
effect of recirculation on time-activity curve (TAC. Materials and Methods: In nine normal male volunteers with
mean age of 263440, MVO, was estimated with 925 MBg (25mCi) of "C-Acetate (Neuroscience Research Institute,
Gachon University of Medicine and Science, Incheon, Korea) and PET/CT (Biograph 6, Siemens Medical Solution,
Germany). Analysis software such as MATLAB® v7.1 (Mathworks, Inc, United States), Excel® 2007 {(Microsoft, United
States), and 5PSS® 120 (Apache Software Foundation, United States) were used. Twenty three frames were of 12%10,
560, 3%120, 2X300's duration, respectively. The modified one-compartmental model and the recirculation correction
method were applied. Statistical analysis was performed by using Test of Normality, ANOVA and Post-Hoc (Scheffe’s)
analysis, and p-value less than 0.05 was considered as significant. Results: The normal reference ranges of MVO; were
presented as 318-464 x10* mi/g/sec, 191-394 x10* ml/g/sec, 431640 x10° mi/g/sec, 284-453 x10* mi/g/sec
and 342-500 x10* ml/g/sec in the septum, the inferior wall, the lateral wall, the anterior wall and the entire wall,
respectively. In addition, it was noted that the dual exponentiality of the clearance curve is due to the recirculation
effect and that the characteristic of the curve s essentially mono-exponential. Conclusion: CAcetate is a
radiotracer worthwhile to assess MVO,. Re-circulated "'C can influence TAC of "'C in myocadia and so the recircula-
tion correction must be considered when measuring MVO,, (Nucl Med Mol Imaging 2008:42(4:275-284)
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Table 1. ""C-Acetate Clearance Rates (fzs) in Five Cardiac Walls
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D ko (sec™)
Septum Inferior Lateral Anterior Entire LVBP
1 0.0007 0.0007 0.001 0.0011 0.0010 0.0046
2 0.0010 0.0008 0.0012 0.0008 0.0011 0.0055
5 0.0011 0.0009 0.0014 0.0008 0.0009 0.0052
7 0.0009 0.0008 0.0012 0.0008 0.0008 0.0052
8 0.0008 0.0006 0.0012 0.0009 0.0010 0.0055
9 0.0011 0.0006 0.0010 0.0007 0.0007 0.0057
10 0.0008 0.0006 0.0011 0.0012 0.0010 0.0051
1 0.0010 0.0012 0.0013 0.0009 0.0012 0.0061
12 0.0009 0.0008 0.0007 0.0008 0.0010 0.0052
AVR 0.0009 0.0008 0.0011 0.0009 0.0010 0.0053
SO 0.0001 0.0002 0.0002 0.0002 0.0002 0.0004
Table 2. Fraction of Recirculated 'C (FR)
D FR (%)
Septum Inferior Lateral Anterior Entire LVBP
i 0.01 001 0.01 001 0.01 0.68
2 001 0.01 0.02 0.01 0.01 2.1
) 0.01 001 298 001 0.01 0.35
7 0.01 001 506 001 0.01 0.63
8 0.01 0.01 0.12 1.84 0.01 0.50
9 024 001 0.01 001 29 0.49
10 0.01 0.01 0.01 009 001 0.38
1 001 0.69 001 0.01 001 028
12 0.04 0.01 0.01 0.01 001 0.55
AVR 0.04 0.09 091 022 0.34 0.66
SD 0.08 0.23 1.83 0.61 099 0.56
Table 3. Arrival Time of Recirculated "'C (ATR)
D AIR (sec)
Septum Inferior Lateral Anterior Entire LVBP
1 1375 1375 1375 1375 1375 125
2 1375 1375 1330 1375 1375 1205
5 1375 1375 1375 1375 1375 485
7 1375 1375 1370 1375 70 285
8 1375 1375 1000 1375 1375 700
9 110 1375 1375 1375 60 535
10 1375 1375 1375 360 1375 185
11 1375 1365 1375 1375 1375 785
12 110 1375 1375 1375 1375 705
23 ATk @ 2328 GAS FolM wHEWA(short axis  H, AAE S 549 #e) 19 ROIil,:‘—Ei ge .
view)oll 54, o2y, 71&d, 9 T3 A4 Wl 7 Acetate A4 &L 27} 00009+0 0001 sec™ 00008+0 0002

¢, 0.001120.0002 sec”, 0.0009£0.0002 sec™, 0.0010+
0.0002 secolgich

Table 20 A3 5ol E3HE MW FR 9 H33}
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Clearance rate in each ROI
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Figure 1. "'C-Acetfate clearance rates (kzs) in five cardiac wals
are around 0.0010 sec” and ﬁve times less than that in left
ventricular blood pool (LVBP). "'C-Acetate clearance rate in
LVBP is greoTer because there is no absorption and metabolic
process like in myocardium and so "'C-Acetate escapes the left
ventricle without any delay.
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Figure 3. Most of arrival time of recirculated 'C (ATR) are ot
1375 sec except some outlying data points such as points with
the index of 6, 9, 17, 20, 23, 34, 40 and 42, and appear greater
than that of LVBP. This means recirculations do not show up in
the middie of the observation time period, 45-1375 sec.
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Figure 2. Fractions of recirculated "'C (FR) are all less than 1.00%
of total omount of the Initially injected ''C-Acetate except some
outlying data points such as poinfs with the index of 21, 22, 32,
34, 42 and 47, which means FR is very small.
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Table 4. MVO5s Calculated in Each Region of Interest (ROI)

Septum Inferior Lateral Anterior Entire LVBP

AVR ks (x10% sec™ 9.22 7.78 11.33 8.89 9,67 53.44
LB of ks in 95% C (x10* sec“? 8.15 6.30 9.80 7.65 8.51 50.20
UB of k2 in 95% CI (x10* sec™ 10.29 9.26 12.87 1013 10,82 56.69
Estimated MVO, leo*‘ sec’™) 391 2.92 5.35 3.68 421 -
LB of MVO; (x107 ml/g/sec) 3.18 1.91 431 284 3.42 -
UB of MVO; (x10¥ mi/fg/sec) 4.64 3.94 6.40 453 500 -
Tijz from AVR ko (min) 12.5 14.9 10.2 13.0 12.0 22
Table 5A. Results of ANOVA

Sum of Squares df Mean Square F p-value
Between Groups 0.000 4 0.000 5.222 0.002
Within Groups 0.000 40 0.000
Total 0.000 44

This shows that all the mean values of the clearance rates from each cardiac wall are not always same and that there will be at least one cardiac wall which
has a significantly different mean value from those of others.

Table 5B. Results of Post-Hoc Analysis (Scheffe’s analysis)

, " .
() factors ) factors Meon Difference Std. Error p-value 9% Confidence Infervol
Y] Upper Bound Lower Bound
Septum Inferior 0.0001444 0.0000803 0527 -0.0001147 0.0004036
Lateral -0.00021M1 0.0000803 0.163 -0.0004703 0.0000481
Anterior 0.0000333 0.0000803 0.996 -0.0002259 0.0002925
Entire -0.0000444 0.0000803 0.989 -0.0003036 0.0002147
Inferior Septum -0.0001444 0,0000803 0.527 -0.0004036 0.0001147
Lateral -0.0003556 0.0000803 0.003 -0.0006147 -0.0000964
Anterior -0.0001111 0.0000803 0.751 -0.0003703 0.0001481
Entire -0.0001889 0.0000803 0.257 -0.0004481 0.0000703
Lateral Septum 0.0002111 0.0000803 0.163 -0.0000481 0.0004703
Inferior 0.0003556 0.0000803 0.003 0.0000964 0.0006147
Anterior 0.0002444 0.0000803 0.074 -0.0000147 0.0005036
Entire 0.0001667 0.0000803 0.380 -0.0000925 0.0004259
Anterior Septum -0.0000333 0.0000803 0.996 -0.0002925 0.0002259
Inferior 0.0001111 0.0000803 0.751 -0.0001481 0.0003703
Lateral -0.0002444 0.0000803 0.074 -0.0005036 0.0000147
Enfire -0.0000778 0.0000803 0917 -0.0003370 0.0001814
Entire Septum 0.0000444 0.0000803 0.989 -0.0002147 0.0003036
Inferior 0.0001889 0.0000803 0.257 -0.0000703 0.0004481
Lateral -0.0001667 0.0000803 0.380 -0.0004259 0.0000925
Anterior 0.0000778 0.0000803 0917 0.0001814 0.0003370

This shows there is a significant difference in the mean values of the clearance rates between the inferior and the lateral walls.

A

Septum

Inferior | 191

Lateral E
Anterior i ;
Entire é é . ] ; MV,
2.00 3.00 4.00 5.00 6.00 (x10* ml/g/sec)

Figure 4. Reference ranges of MVO; in five walls are obtained from 95% confidence infervals of
MVOss. Any two reference ranges are partially overlapped except the case of lateral and inferior
walls. MVO; in the lateral wall seems to be higher than that in the inferior wall.
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Figure 5. (A) The one-compartmental tracer kinetic model, where Cy and C; mean

concentrations of

"C-Acetate and |Ts metabolites in LVBP and myocardial fissue,

respectively. K is The rate constant of ''C-Acetate moves from Cy to C; and kz is the

rate constant of

'C-Acetate maoves in the opposite direction. (B) The modified

one-comparmental tracer kinetic model with k, in one-compartmental fracer kinetic
model changed fo « « has two different values, k, and ko+4ks before and offer time
1, respectively. This configuration is made under the assumption that recirculation
comes back into Cq af 7 and it continues constantly.
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Figure 6. Recirculation correction method: Time-activity curve (TAC) shows a dual
exponential curve as the result from the modified one-compartmental tracer kinetic model.
If an appropriately selected recirculation function is obtained, the TAC can be changed to
a mono-exponential curve by subtracting the recirculation function.
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