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Quantitative Evaluation of Myocardial Blood
Flow and Ejection Fraction with a Single
Dose of 1SNH; and Gated PET
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To evaluate myocardial blood flow (MBF) and cardiac function
with a single dose of '8NHj, electrocardiographically (ECG)
gated PET acquisition was performed after a dynamic PET scan
was obtained. Gated blood-pool (GBP) imaging with C'°0 PET
was also performed to compare the left ventricular ejection
fraction (LVEF) obtained using the 2 methods. Methods: Six
healthy volunteers and 34 patients with cardiovascular disease
were studied. Each subject underwent dynamic PET scanning
after a slow intravenous injection of approximately 740 MBq
13NHs, followed by ECG gated PET scanning. MBF images were
calculated by the Patlak plot method. Before obtaining the
8NH; scan, the GBP image was obtained with a bolus inhalation
of C'%0. Twenty patients also underwent left ventriculography
(LVG) to compare the value of the LVEF obtained using this
technique with that determined using the gated PET method.
Results: The mean regional value of MBF calculated for healthy
volunteers in the resting condition was 0.61 = 0.10 mL/min/g.
The LVEF obtained using GBP PET (EF¢o) was consistent with
that obtained using LVG. The LVEF calculated from gated 3NH;
scans (EFyys) correlated well with EF¢o, although EFyys slightly
underestimated the LVEF (EFyy3 = 0.97 - EFgo — 2.94; r = 0.87).
EFwns was significantly different from EF¢q in patients with a
perfusion defect in the cardiac wall (EFyyz = 39% = 11% vs.
EFco = 45% = 11%; n = 19; P < 0.001), whereas no signifi-
cant difference was found between them in subjects with no
defect (EF\ys = 58% = 13% vs. EFco = 61% * 10%; n = 21).
Conclusion: Gated PET acquisition accompanied by obtaining
a dynamic PET scan with a single dose of 18NHj; is a promising
method for the simultaneous clinical evaluation of MBF and
cardiac function. However, in patients with a defect in the
cardiac wall, EFyy3 showed a tendency to underestimate the EF
compared with EFgo.
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Cardiac function, left ventricular (LV) volume, and
myocardial blood flow (MBF) are important factors for
evaluating the prognosis of patients with cardiovascular
disease (1-4). Recently, assessment of cardiac function has
been reported to be important for prediction of the prognosis
in patients with early-phase myocardial infarction (5,6).
Simultaneous measurements of the gection fraction (EF)
and MBF with a single dose of tracer would be ideal for
studies of patients with cardiovascular disease because such
measurements could quantitatively evaluate global (EF) and
regional (wall motion) cardiac function in addition to per-
fusion. The EF can be assessed noninvasively using nuclear
cardiology with planar radionuclide angiography or with
electrocardiographically (ECG) gated tomography (7,8);
however, the relatively long half-life of *™Tc-labeled trac-
ers prevents simultaneous assessment of perfusion and car-
diac function when using tracers for blood-pool imaging.
Recently, the technique of ECG gated SPECT with a tracer
for perfusion imaging has been established and applied to
measure the LVEF in the scanning of perfusion images
(9-11). 3NH;, commonly used for measurement of quan-
titative MBF in PET studies (12-17), is therefore expected
to be an appropriate tracer for making the 2 measurements
with asingle dose of tracer. MBF can be calculated from the
initial several minutes of dynamic acquisition, and the
LVEF can be obtained from the subsequent ECG gated PET
acquisition. Because the half-life of NH; is 10 min, re-
peated measurement of both parameters with or without
stress would be possible after an interval of =60 min (13).
To evaluate our new protocol for the measurement of
MBF, LV volume, and LVEF with a single injection of
13NH3, dynamic and ECG gated PET acquisition was per-
formed in healthy volunteers and patients with cardiovas-
cular disease. Gated blood-pool (GBP) imaging with C50
was also applied to all subjects to compare the LVEF with
that obtained from the 3NH; PET. The patients who under-
went coronary angiography also underwent left ventriculog-
raphy (LVG) to compare the LVEF obtained using this
technique with that obtained by the gated PET method.
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MATERIALS AND METHODS

Subjects

Six healthy volunteers (5 men, 1 woman; age, 28-53 y; mean
age, 38.2 = 10.4 y) were recruited for the PET study as control
subjects. Thirty-four patients (22 men, 12 women; age, 39—-80 y;
mean age, 68.8 + 8.1 y) with cardiovascular disease were studied
with 18NH; PET to evaluate myocardial perfusion and function.
Fourteen of the patients were diagnosed with angina pectoris, and
the rest of them had an old myocardia infarction (OMI). Twenty
of the patients also underwent coronary angiography and LVG to
assess coronary circulation and cardiac function on a different day
from that of the PET study. All patients were classified into 2
groups. those with or without a perfusion defect on the resting
perfusion PET image. The Ethical Committee of the ShigaMedical
Center approved the study. Written informed consent was obtained
from each subject before the study.

PET Procedures

All subjects underwent PET scanning using a whole-body to-
mography scanner (ADVANCE; Genera Electric Medical Sys-
tems, Milwaukee, WI), which permits simultaneous acquisition of
35 image dlices with an interslice spacing of 4.25 mm (18).
Performance tests showed the intrinsic resolution of the scanner to
be 4.6-5.7 mm in the transaxia direction and 4.0-5.3 mm in the
axial direction. A transmission scan was obtained using %8Ge/%¢Ga
for attenuation correction in each subject before administration of
the tracer. PET images were blurred to 6.0-mm full width at half
maximum in the transaxial direction using a Hanning filter for the
reconstruction of data.

The subjects lay on the scanner bed in a supine position and
their arms were raised and laid above their head. The scanning
range was determined using echocardiography by identifying the
position of the heart. Electrodes for the ECG gated PET were
attached to the subject’s body. Each subject inhaed C°0O as a
single dose of 1,200 MBq to perform a GBP study before obtaining
the 18NH; scan. The GBP scanning was started after the arrival of
the peak count of C1%0 in the cardiac cavity and continued for 5
min with 8 frames per cycle. After an interval of 15 min, approx-
imately 740 MBq 3NH3 were administered into the right antecu-
bital vein over 40 s with a constant flow rate using a liquid tracer
injector (M-110; Sumitomo Heavy Industries, Ltd., Tokyo, Japan).
A 5-min dynamic PET scan was started at the time of the tracer
administration with frame durationsof 5s X 12, 10s X 6, 20 s X
3, and 30 s X 4, followed by a 10-min-gated scan in the same
mode as the GBP scans (8 frames per cycle). The decay of
radioactivity in the dynamic PET data was corrected to the starting
point of each scan.

Calculation of MBF and EF

The MBF images were calculated using the Patlak plot method
(15,16,19). Thelast 4 frames of dynamic PET data(i.e., frametime
of 3-5 min from the start of the scan) were summed and used to
draw regions of interest (ROIs). The ROIs were drawn in the
cavity and in the myocardia wall of the LV to obtain time—activity
curves for the arterial blood and myocardial tissue; these values
were used as the arterial input function and the time—activity curve
for the globa tissue (15). In the graphic plotting, all frames of
dynamic data were used to determine appropriate time frames for
applying them to the pixel-by-pixel calculation. The time frames of
30 s to 25 min were generaly used to obtain the influx rate
constants (K*) and MBF in the dynamic scans with 13NH; to avoid
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effects of metabolites of 13NH5 (15,17). When the slope of the
graphic plotting did not show excellent linearity during the above
time frames, the appropriate time frames were selected so that the
slope could be used for image calculation. After the time frames
for MBF calculation were determined, the K* values were calcu-
lated pixel by pixel as the slopes of the graphic plotting for each
pixel value (20). The table-lookup method was then applied to
convert K* values into MBF values using the following equation
(12,16):

K* = MBF-[1 — 0.607¢/~125M7],

A constant recovery coefficient of 0.75 was used for calculation of
K* in the graphic plotting method (16). The transaxia MBF
images thus obtained were reoriented into LV short-axis planes to
obtain regiona MBF values. Multiple circular ROIs (diameter, 6
mm) were drawn in the LV short-axis planes of the MBF images,
and 40 regional MBF values were obtained for each subject.

The LVEF was caculated from the gated 3NH; PET data
acquired for 10 min. A program named Perfusion and Function
Assessment by Myocardial SPECT (pFAST, version 2; Sapporo
Medical University, Sapporo, Japan), which is operated on Win-
dows 98 for personal computers, was used for the calculation of
the LVEF from the gated PET data (10). The program providesLV
end-systolic and end-diastolic volumes (ESV and EDV) and the
LVEF. The ESV, EDV, and LVEF were also calculated from the
gated C0 PET data. Using the GBP images, the LV volume in
each frame was obtained from summation of the voxel volume
inside of the LV determined in each dlice. A threshold to define the
LV volume from GBP images was determined using fusion images
of gated 3N H3 PET and GBP on healthy volunteers. The threshold
for each subject was determined in a percentage of the peak
radioactivity judged by visual evaluation to fit in the outer bound-
ary of the blood-pool image meeting the inside of the ventricular
wall of the perfusion image. To apply the threshold for GBP
images to patients' data, amean threshold value was obtained from
6 volunteers. The ESV and EDV were determined to be the
smallest and largest volumes of LV, respectively, in the 8 frames
of the GBP images.

Statistical Analysis

Differences between the values of the LVEF obtained using the
different methods in the 20 patients who underwent LVG were
compared statistically using repeated-measures ANOVA. If a dif-
ference was observed among the 3 methods, a post hoc comparison
was done using a protected least-significant difference method
(Fisher's PLSD). Differences between the LVEFsand LV volumes
(ESV and EDV) obtained from gated 13NH; PET (pFAST) and
GBP PET images were also compared in al subjects or in the 3
subgroups of subjectsusing apaired t test. Differences between the
LVEFs obtained from LVG and GBP and those between GBP and
pFAST were assessed according to the Bland—-Altman plot method
(21). The Student t test was used to determine whether the result-
ing difference from zero was significant. P < 0.05 was considered
to indicate a statistically significant difference.

RESULTS

A stable speed of tracer infusion by means of an auto-
matic injector for liquid tracers provided a constant influx
rate and excellent linearity in the graphic plotting (Fig. 1).
Pixel-by-pixel image calculation of MBF based on the Pat-
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lak plot method yielded quantitative regional values in
healthy volunteers and in patients with cardiovascular dis-
ease (Fig. 2). MBF calculated for healthy volunteers showed
a mean value of 0.61 = 0.10 mL/min/g, with a range of
regiona flow values of 0.48—1.03 mL/min/g, which is con-
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FIGURE 2. Representative images of MBF of healthy volun-
teer (NV) and of patient with OMI (with defect) in anterior wall.
Images of MBF were calculated pixel by pixel on basis of
graphic plotting method. Slopes of linear fit using time frames of
30-150 s in plots (Fig. 1) were converted into MBF values.
Images were resliced into LV short-axis and long-axis planes.
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sidered to be within the normal range under the resting
condition. Regional values of MBF in patients showed good
accordance with the severity of their disease. Nineteen of 20
patients with an OMI had a perfusion defect on the resting
MBF image; the other 15 patients, including 1 patient with
a minor OMI, showed no perfusion defect.

Myocardial wall motion images generated from gated
13NH; PET and pFAST clearly reflected the movements of
the cardiac wall in a 3-dimensional (3D) mode, and the
LVEF (EFyy3) of each subject could be calculated from the
ESV and EDV of the LV (Fig. 3A). The LVEF was aso
calculated from the GBP image (EFcp) by determining the
voxelsinside the LV (Fig. 3B). A threshold of 25% of the
peak radioactivity inthe LV blood pool, which was obtained
from the mean of 6 healthy volunteers, was used to distin-
guish voxels in the LV from those in the myocardial wall.
The ESV and EDV of the LV were obtained from the
corresponding frames of the GBP image. A good linear
correlation was found between the LV EFs obtained by the 2
methods of LVG and GBP PET in 20 patients (Fig. 4A: r =
0.94; P < 0.0001). The mean difference of the 2 LVEFsin
the Bland-Altman plot was —1.62% =+ 5.36% (Fig. 4B),
which was not significantly different from 0%. The mean
values for the EFyys, EFco, and LVEF obtained from LVG
(EF_vg) in the 20 patients are shown in Table 1. The LVEFs
obtained from GBP PET and LV G were very similar, and no
significant difference was observed between the 2 methods
in either patient group. However, gated perfusion PET with
pPFAST underestimated the LVEF, especially in patients
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FIGURE 3. Images of gated 8NH; PET in
3D mode of pFAST (A) and of GBP PET in 2D
mode (B). Ratio of volumes in end-systolic
phase (red part) and end-diastolic phase
(meshed frame) provides LVEF. In GBP im-
aging, right and left ventricles (RV and LV)
are clearly separated by septal myocardial
wall. Bitmap images (pink transparent areas)
were generated on each short-axis slice in
end-diastolic and end-systolic phases of
GBP PET. ANT = anterior; LAT = lateral;
INF = inferior.

with a perfusion defect. The EFyy3 in the group with a
defect was significantly lower than the EF-o or EF g,
although no significant difference was found among the 3
methods for patients without any defect.

The LV volumes (ESV and EDV) obtained from pFAST
were overestimated compared with those obtained from
GBP PET in al subject groups (Table 2). However, the
EFuns and EFo were consistent with each other in healthy
volunteers. The 2 LVEFs obtained from gated PET scans
were well correlated linearly when all subjects data were
plotted (Fig. 5), although a slight underestimation was ob-
served in the LVEF of pFAST (EFNH3 = 097 - EFCO -
294; r = 0.87; P < 0.0001). The Bland-Altman plot
showed a mean difference of —4.58% = 7.49%, which was
significantly biased from 0% (P < 0.001). Subjects without
a perfusion defect in the cardiac wall (6 healthy volunteers
and 15 patients) showed a good linear correlation, and the
LVEF difference between the 2 methods was not significant

End-diastolic End-systolic

RV Lv

(EFnH3 = 58% * 12% vs. EF¢o = 61% = 10%). However,
patients with a perfusion defect showed underestimation of
the LVEF when it was calculated with pFAST compared
with that obtained from GBP images, and the difference was
significant (EFyns = 39% = 11% vs. EFco = 45% =+ 11%;
P < 0.001; paired t test). The Bland-Altman plot between
EFynz and EF¢g aso showed no systematic bias from 0% in
subjects with no perfusion defect, although patients with a
perfusion defect showed a significant bias from 0% (Fig.
5B).

DISCUSSION

The new procedure evaluated in this study, using asingle
dose of ¥NH; and PET, can be used to determine simulta-
neously myocardial perfusion and LV function in 15 min.
MBF and cardiac function are considered to be important
for evaluating the prognosis of patients with coronary artery
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FIGURE 4. (A) Correlation of LVEF obtained from LVG and GBP PET (C'0) in 20 patients who underwent both studies. LVG and

GBP PET show excellent linear correlation regardless of whether defect was ([J) or was not (®) on perfusion image. Dashed line
is line of identity. (B) Bland—-Altman plot shows no significant degree of systematic measurement bias between 2 methods. Lines

indicate mean and mean = 2 SD.
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TABLE 1
Comparison Between LVEF Obtained Using LVG and Gated PET
Patients n LVG GBP pFAST
With CVD 20 54 =16 53 + 14 46 = 16*
No defect 8 67 =13 66 =9 59 + 16
With defect 12 46 £ 12 44 =10 38 + 8t

*P < 0.001 in comparison with LVG.
TP < 0.005 in comparison with GBP (post hoc Fisher’s PLSD).

GBP = PET with C'50; pFAST = perfusion PET with 3NH3; CVD = cardiovascular disease.

Data are mean = SD.

disease (CAD) (2—4,22). The relatively short half-life of
13N H; would enable quantitative, repetitive measurement of
the 2 parameters with a 1-h interval with or without stress
(13,15); therefore, thisis a promising procedure for patients
with CAD in variable phases. The advantage of 3NH; PET
for perfusion measurement is that an additional scan is not
required to correct for blood-pool radioactivity, which is
needed on H,10 PET scans (17). Furthermore, the longer
half-life of 13NH; than that of H,'0 enables one to obtain
additional functional images with gated PET. Simultaneous
evaluation of multiple parameters would provide a great
benefit for patients (23), and this method using PET can
measure quantitatively MBF and myocardial function.

MBF calculated pixel by pixel for healthy volunteers
showed a normal flow range in the resting condition as
determined by 3NH; PET and the graphic plotting method
(13,16,24). The regional values of MBF in patients were in
good accordance with the severity of their disease. Pixel-
by-pixel image generation based on the graphic plotting
method seems appropriate for quantitative MBF evaluation,
because perfusion images depicted as quantitative values
are useful for clinical assessment and can be used easily to
compare regional values with normal MBF (3,16). To main-
tain a constant rate of tracer infusion, the automated tracer
injector is ideal for obtaining a precise influx rate and
accurate graphic plotting.

The EFy3 was well correlated with the EF, in healthy
volunteers and patients without a defect in the cardiac wall.
In addition, the EF, ¢ and the EFco showed an excellent
correlation in 20 patients who underwent both studies. Thus,
the consistency between the EFyy3 and the EFcg indicates
that gated 3NH; PET can measure LVEF in good accor-
dance with LVG. The method for determining the blood
volume inside the LV with GBP PET was a manua method
using a threshold of 25% of maximal radioactivity. This
method may have provided more accurate values of the
ESV and EDV than automated methods (8). *3NH; PET and
pFAST overestimated the ESV and EDV in all subject
groups compared with GBP PET. The agorithm of pFAST
estimated the LV volumes using the midpoint of tracer
accumulation in the myocardial tissue and mathematic cal-
culation (10). This algorithm for calculation of the endocar-
dia surface may tend to overestimate the LV volume.
Nakajimaet a. (11) reported the accuracy of the LVEF and
EDV measured by gated myocardia perfusion SPECT and
4 different software programs in comparison with the values
measured using GBP in 30 patients. Their results using
pPFAST were consistent with those of our study—that is,
overestimation of ventricular volume and no significant
difference of the LVEF compared with the GBP images.
Theratio of the true volume and the volume estimated using
pPFAST is amost the same in the end-systolic and end-

TABLE 2
LVEF, ESV, and EDV Obtained Using Different Methods
GBP PFAST

Subjects n LVEF (%) ESV (mL) EDV (mL) LVEF (%) ESV (mL) EDV (mL)
Healthy volunteers 6 65 +5 33+5 93 + 10 63 + 6 55 + 9* 149 = 17
Patients with CVD 34 51 +14 61 + 31 113 + 33 46 + 15t 96 + 58F 168 = 621
No defect 15 60 = 12 43 + 21 96 + 25 56 = 13 57 + 21% 130 = 32f
With defect 19 45 + 11 75 + 32 127 = 32 39 + 11t 127 + 59°f 198 + 63f

*P < 0.005 comparing 2 methods of gated PET (paired t test).
TP < 0.001 comparing 2 methods of gated PET (paired ¢ test).
P < 0.05 comparing 2 methods of gated PET (paired t test).

GBP = PET with C'50; pFAST = perfusion PET with 8NH3; CVD = cardiovascular disease.

Data are mean *= SD.
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FIGURE 5. (A) Correlation of LVEF obtained from GBP PET (C'°0) and pFAST ('3NHg PET) in all subjects (n = 40). LVEF values

from GBP and pFAST correlate well, although there was slight underestimation of LVEF with pFAST, and stronger tendency for
underestimation was observed in patients with defect ((J) compared with patients without defect (®). Dashed line is line of identity.
(B) Bland-Altman plot also shows underestimation of LVEF by pFAST compared with GBP by -4.58% =+ 7.49%. Lines indicate

mean and mean * 2 SD.

diastolic phases, which should lead to a consistent value for
the LVEF compared with that obtained by GBP imaging.
PFAST was used in this study because it was the only
software applicable to our PET system and file format.
Three of the 4 software programs compared in the study of
Nakajima et al. showed 5%—-10% mean differences of the
LVEF compared with the GBP results, and pFAST showed
the smallest difference in the Bland—-Altman plot (11). The
mean difference (EFyy3 — EFco) of —4.58% + 7.49% in this
study was smaller than the differences obtained using the
other 3 software programs (11), suggesting that pFAST isan
appropriate program for measuring the LVEF. As Nakgima
et al. reported, pFAST provides an LVEF that corresponds
to that obtained using GBP PET or LV G in subjects without
a perfusion defect, although it tends to overestimate the LV
volume.

The EFyy3 underestimated cardiac function in patients
with a perfusion defect, which is also consistent with the
report of Nakajima et a. (11). The difference between the
EFunz and the EFo in those patients was significant, al-
though subjects without a defect showed no significant
difference between the 2 LVEFs. To evaluate cardiac func-
tion and LV volume in patients with CAD, the differences
among the methods would be crucia. Sharir et al. (4)
defined athreshold of LVEF < 45%, ESV 70 mL, and EDV
120 mL as related to a high mortality rate. Severa other
studies have aso shown the importance of the LV volume.
White et al. (25) reported that the ESV is the primary
predictor of survival after myocardial infarction and has
greater predictive value than the LVEF or the EDV. Borow
et a. (2) concluded that preoperative ESV could identify
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patients at high risk for perioperative cardiac death. Over-
estimation of the LV volume and underestimation of the
LVEF with pFAST may require a correction for measure-
ment of accurate values. However, if the same tendency is
generally observed among subjects, the estimated values of
parameters might be sufficient for clinical use. Our findings
suggest that the equation EFyyz = 0.97 - EFco — 2.94 can
estimate the LVEF (EFcp) from the EFyy3 more accurately
when using pFAST (Fig. 4). However, when using different
software programs for calculation of the LVEF and the LV
volume, appropriate corrections should be applied for each
program with different algorithms and properties (11).

Another option for precisely evaluating the LV volume
with PET is to obtain an additional GBP scan with C'®0
before obtaining the NH; PET scan. GBP PET is more
reliable for measuring the LV volume and the LVEF than
gated perfusion images, especialy in patients with a perfu-
sion defect (Table 2). The image can be depicted in the 3D
mode, which is an advantage of GBP PET compared with
LVG. Three-dimensional GBP images that can be observed
from multiple angles are very useful for clinical evaluation
of cardiac function and wall motion. The only disadvantage
of this 3D GBP tomography is its limited spatial and tem-
pora resolution compared with that of LVG (22). GBP
tomography can provide additional information about right
ventricular (RV) function. Determination of RV function is
reported to be important for assessing the timing of surgery
in mitral valve regurgitation (26). GBP PET would be ideal
for evaluating patients in whom precise measurement of the
LV and RV volumes is needed.
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CONCLUSION

Gated PET acquisition accompanied by dynamic PET
scanning with a single dose of 3N Hj; is a promising method
for clinical studies to evaluate simultaneously MBF and
cardiac function. However, in patients with a perfusion
defect in the myocardia wall, the EFy; showed a signifi-
cant underestimation compared with the EFcy obtained
from GBP imaging. Additional GBP PET studies will pro-
vide more accurate information about cardiac function and
the LV volume, especially in patients with a perfusion
defect.

ACKNOWLEDGMENTS

The authors thank Hidekazu Matsugi, Kiyomi Kato, and
other staff of the PET Unit (Research Institute, Shiga Med-
ical Center) for technical assistance. The authors also ap-
preciate the doctors in the Department of Cardiology and
Yoshiharu Iwadate, Shigeru Tanaka, and Tadashi Miya-
gawa in the Department of Radiology (Shiga Medical Cen-
ter) for clinical assistance.

REFERENCES

1. The Multicenter Postinfarction Research Group. Risk stratification and survival
after myocardial infarction. N Engl J Med. 1983;309:331-336.

2. Borow KM, Green LH, Mann T, et a. End-systolic volume as a predictor of
postoperative left ventricular performance in volume overload from valvular
regurgitation. Am J Med. 1980;68:655—663.

3. Hachamovitch R, Berman DS, Shaw LJ, et a. Incremental prognostic value of
myocardial perfusion single photon emission computed tomography for the
prediction of cardiac death: differential stratification for risk of cardiac death and
myocardial infarction. Circulation. 1998;97:535-543.

4. Sharir T, Germano G, Kavanagh PB, et al. Incremental prognostic value of
post-stress left ventricular ejection fraction and volume by gated myocardial
perfusion single photon emission computed tomography. Circulation. 1999;100:
1035-1042.

5. Li YH, Teng JK, Tsai WC, et a. Prognostic significance of elevated hemostatic
markers in patients with acute myocardial infarction. J Am Coll Cardiol. 1999;
33:1543-1548.

6. Christiansen JP, Liang CS. Reappraisal of the Norris score and the prognostic
value of left ventricular gjection fraction measurement for in-hospital mortality
after acute myocardial infarction. Am J Cardiol. 1999;83:589-591.

7. Vanhove C, Franken PR, Defrise M, Momen A, Everaert H, Bossuyt A. Auto-
matic determination of left ventricular ejection fraction from gated blood-pool
tomography. J Nucl Med. 2001;42:401-407.

8. Daou D, Harel F, Hela BO, et a. Electrocardiographicaly gated blood-pool

MEASUREMENT oF MBF anp LVEF witH 13NH3 » Okazawa et al.

10.

1L

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

SPECT and left ventricular function: comparative value of 3 methods for ejection
fraction and volume estimation. J Nucl Med. 2001;42:1043-1049.

. Germano G, Kiat H, Kavanagh PB, et a. Automatic quantification of ejection

fraction from gated myocardia perfusion SPECT. J Nucl Med. 1995;36:2138—
2147.

Nakata T, Katagiri Y, Odawara, et a. Two- and three-dimensional assessments
of myocardia perfusion and function by using technetium-99m sestamibi gated
SPECT with a combination of count- and image-based techniques. J Nucl
Cardiol. 2000;7:623-632.

Nakajima K, Higuchi T, Taki J, Kawano M, Tonami N. Accuracy of ventricular
volume and ejection fraction measured by gated myocardial SPECT: comparison
of 4 software programs. J Nucl Med. 2001;42:1571-1578.

Schelbert HR, Phelps ME, Huang SC, et a. N-13 ammonia as an indicator of
myocardial blood flow. Circulation. 1981;63:1259-1272.

Krivokapich J, Smith GT, Huang SC, et al. 3N ammonia myocardial imaging at
rest and with exercise in normal volunteers: quantification of absolute myocardial
perfusion with dynamic positron emission tomography. Circulation. 1989;80:
1328-1337.

Kuhle WG, Porenta G, Huang SC, et a. Quantification of regional myocardial
blood flow using 3N-ammonia and reoriented dynamic positron emission tomo-
graphic imaging. Circulation. 1992;86:1004—-1017.

Choi Y, Huang SC, Hawkins RA, et a. A simplified method for quantification of
myocardial blood flow using nitrogen-13-ammonia and dynamic PET. J Nucl
Med. 1993;34:488—-497.

Choi Y, Huang SC, Hawkins RA, et al. Quantification of myocardial blood flow
using 3N-ammonia and PET: comparison of tracer models. J Nucl Med. 1999;
40:1045-1055.

Muzik O, Beanlands RS, Hutchins GD, Mangner TJ, Nguyen N, Schwaiger M.
Validation of nitrogen-13-ammonia tracer kinetic model for quantification of
myocardia blood flow using PET. J Nucl Med. 1993;34:83-91.

DeGrado TR, Turkington TG, Williams JJ, Stearns CW, Hoffman JM, Coleman
RE. Performance characteristics of a whole-body PET scanner. J Nucl Med.
1994,35:1398-1406.

Patlak CS, Blasberg RG, Fenstermacher JD. Graphical evaluation of blood-to-
brain transfer constants from multiple-time uptake data. J Cereb Blood Flow
Metab. 1983;3:1-7.

Okazawa H, Diksic M. Image generation of serotonin synthesis rates using
a-methyl-tryptophan and PET. J Comput Assist Tomgr. 1998;22:777-785.
Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurement. Lancet. 1986;1:307-310.

Cacciabaudo JM, Szulc M. Gated cardiac SPECT: has the addition of function to
perfusion strengthened the value of myocardial perfusion imaging? J Nucl Med.
2001;42:1050-1052.

Hattori N, Bengel FM, Mehilli J, et a. Global and regional functional measure-
ments with gated FDG PET in comparison with left ventriculography. Eur J Nucl
Med. 2001;28:221-229.

Sciacca RR, Hichey KT, Chou RL, Bergmann SR. Comparison of myocardial
blood flow estimates with H,*0O and 13NHs: effect of model configuration.
[abstract]. J Nucl Med. 2001;42(suppl):187P.

White HD, Norris RM, Brown MA, Brandt PW, Whitlock RM, Wild CJ. Left
ventricular end-systolic volume as the major determinant of survival after recov-
ery from myocardial infarction. Circulation. 1987;76:44-51.

Borer JS, Wencker D, Hochreiter C. Management decisions in valvular heart
disease: the role of radionuclide-based assessment of ventricular function and
performance. J Nucl Cardiol. 1996;3:72—81.

1005


http://jnm.snmjournals.org/

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

The Journal of

NUCLEAR MEDICINE

Quantitatl\ée Evaluation of Myocardial Blood Flow and Ejection Fraction with a Single
Dose of *°NH3 and Gated PET

Hidehiko Okazawa, Masaaki Takahashi, Tatsuhiko Hata, Kanji Sugimoto, Yoshihiko Kishibe and Takafumi Tsuji

J Nucl Med. 2002;43:999-1005.

This article and updated information are available at:
http://ilnm.snmjournals.org/content/43/8/999

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

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

The Journal of Nuclear Medicine is 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 2002 SNMMI; al rights reserved. I] AND MOLECULAR IMAGING


http://jnm.snmjournals.org/content/43/8/999
http://jnm.snmjournals.org/site/misc/permission.xhtml
http://jnm.snmjournals.org/site/subscriptions/online.xhtml
http://jnm.snmjournals.org/

