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Motion correction (MC) affects myocardial blood flow (MBF) measure-
ments in 82Rb PET myocardial perfusion imaging (MPI); however,
frame-by-frame manual MC of dynamic frames is time-consuming.
This study aims to develop an automated MC algorithm for time–
activity curves used in compartmental modeling and compare the pre-
dictive value of MBF with and without automated MC for significant
coronary artery disease (CAD). Methods: In total, 565 patients who
underwent PET-MPI were considered. Patients without angiographic
findings were split into training (n 5 112) and validation (n 5 112)
groups. The automated MC algorithm used simplex iterative optimiza-
tion of a count-based cost function and was developed using the
training group. MBF measurements with automated MC were com-
pared with those with manual MC in the validation group. In a separate
cohort, 341 patients who underwent PET-MPI and invasive coronary
angiography were enrolled in the angiographic group. The predictive
performance in patients with significant CAD ($70% stenosis) was
compared between MBF measurements with and without automated
MC. Results: In the validation group (n 5 112), MBF measurements
with automated and manual MC showed strong correlations (r 5 0.98
for stress MBF and r 5 0.99 for rest MBF). The automatic MC took
less time than the manual MC (,12s vs. 10min per case). In the
angiographic group (n 5 341), MBF measurements with automated
MC decreased significantly compared with those without (stress
MBF, 2.16 vs. 2.26mL/g/min; rest MBF, 1.12 vs. 1.14mL/g/min; MFR,
2.02 vs. 2.10; all P , 0.05). The area under the curve (AUC) for the
detection of significant CAD by stress MBF with automated MC was
higher than that without (AUC, 95% CI, 0.76 [0.71–0.80] vs. 0.73
[0.68–0.78]; P , 0.05). The addition of stress MBF with automated
MC to the model with ischemic total perfusion deficit showed higher
diagnostic performance for detection of significant CAD (AUC, 95%
CI, 0.82 [0.77–0.86] vs. 0.78 [0.74–0.83]; P 5 0.022), but the addition
of stress MBF without MC to the model with ischemic total perfusion
deficit did not reach significance (AUC, 95% CI, 0.81 [0.76–0.85] vs.
0.78 [0.74–0.83]; P 5 0.067). Conclusion: Automated MC on 82Rb
PET-MPI can be performed rapidly with excellent agreement with
experienced operators. Stress MBF with automated MC showed sig-
nificantly higher diagnostic performance than without MC.
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PET myocardial perfusion imaging (PET-MPI) with pharma-
cologic stress can assess absolute myocardial blood flow (MBF),
which relates to disease severity in patients with coronary artery
disease (CAD) (1). Myocardial motion is frequently observed dur-
ing pharmacologic stress PET-MPI and can significantly affect
MBF measurements (2–6). Hence, motion correction (MC) is cru-
cial to obtain reliable MBF measurements by PET-MPI (3,7). We
recently showed that the diagnostic performance of stress MBF
and myocardial flow reserve (MFR) computed with the compart-
mental model and manual MC of time–activity curves was supe-
rior for predicting significant CAD when compared with stress
MBF and MFR without correction in 18F-flurpiridaz PET-MPI (8).
However, frame-by-frame manual adjustment of image positions
to correct time–activity curves is tedious and operator-dependent.
This manual step adds difficulty to highly complex cardiovascular
PET protocols. Recent studies showed that the automated MC
yields MBF measurements similar to those of manual MC and
improves repeatability and reproducibility (9,10). However, the
diagnostic performance of MBF measurements with automated
MC for predicting significant CAD compared with those without
MC has not been studied.
We aimed to develop an automated MC algorithm for MBF

quantification, compare MBF measurements with automated MC
to those with manual MC, and assess the predictive performance
of MBF with automated MC compared with MBF without MC for
significant CAD by invasive coronary angiography (ICA).

MATERIALS AND METHODS

Study Population
To develop and validate the automated MC algorithm, 224 patients

who underwent stress and rest 82Rb PET-MPI at Cedars-Sinai Medical
Center were retrospectively selected. The 224 patients were split into
a training (n 5 112) and a validation group (n 5 112). Apart from this
population, 341 consecutive patients without a history of prior CAD
who underwent 82Rb PET-MPI and ICA within 6mo at Cedars-Sinai
Medical Center from 2011 to 2018 were enrolled as an angiographic
group. The study complies with the Declaration of Helsinki and was
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approved by the institutional review board at Cedars-Sinai Medical
Center. All participants gave informed consent.

ICA
Significant CAD was visually evaluated using ICA by an experi-

enced interventional cardiologist. Significant CAD was defined as hav-
ing at least 50% stenosis in the left main trunk or at least 70% stenosis
in the left anterior descending artery, left circumflex artery, or right
coronary artery (RCA). For per-vessel analysis, significant left main
trunk CAD was considered a disease in the left anterior descending
and left circumflex arteries.

PET Protocol
Same-day, rest, and pharmacologic stress 82Rb PET-MPI studies

were performed for all patients on a Biograph 64 PET/CT scanner
(Siemens Healthineers) or a Discovery 710 scanner (GE Healthcare).
A 6-min rest list-mode acquisition was started immediately before the
injection of weight-based doses of 10–12 MBq/kg of 82Rb (925–1,850
MBq [25–50mCi]). Pharmacologic stress with regadenoson, adeno-
sine, or dipyridamole was performed, and a 6-min stress imaging
acquisition was simultaneously initiated with the start of the 82Rb infu-
sion (10–12 MBq/kg). A low-dose helical CT scan was acquired
before each rest and stress PET scan for attenuation correction as pre-
viously described (11).

Reconstruction
PET images were reconstructed using standard PET corrections

(attenuation, randoms, scatter, dead time, decay). The 6-min list-mode
data were reconstructed into 16 frames (12 frames, 10 s; 2 frames,
30 s; 1 frame, 60 s; and 1 frame, 120 s).

Automated Myocardial Contour Positioning
Left ventricular (LV) and right ventricular (RV) contours were auto-

matically segmented from the summed image data from the last 4min
of the 6-min list-mode acquisition by QPET software (Cedars-Sinai)

(12). PET images were automatically reoriented into short-axis and ver-
tical and horizontal long-axis views. Quality control for all myocardial
contours was performed by experienced technologists. Stress and
rest total perfusion deficit was derived automatically using QPET soft-
ware (12).

Manual MC
MC for the LV contour was performed manually in 1-mm steps at

stress and rest to align the myocardial tracer uptake frame by frame by
2 experienced operators. For each frame, the operators shifted the
image position to match the position of the LV contour. The third
experienced operator reviewed the motion-corrected data and recon-
ciled the MC results by a consensus with each operator. The MC in
millimeters was quantified in 3 orthogonal directions (septal–lateral,
superior–inferior, and apical–basal).

Automated MC
The motion of the heart in 3-dimensional space was automatically

detected on each frame using the automatically segmented LV and RV
contours as references. The image of each frame was translated in all
3 axes (septal–lateral, superior–inferior, and apical–basal directions)
by the algorithm to align with the static contours. A previous study
showed that over 5mm of myocardial motion can lead to significant
alterations in the MBF measurements (13), so we defined significant
myocardial motion as a maximum shift greater than 5mm in an acqui-
sition. All cases were processed in a fully automated batch mode.

Algorithm for Automated MC
The LV and RV contours generated by segmenting the summed

image of the last 4min of the acquisition were used to define a static
3-dimensional geometric model of the ventricles, which included the
endocardial and epicardial surfaces of the left and right ventricles, the
cavities within the endocardial surfaces, and the myocardium between.
Our automated MC algorithm was based on aligning individual image

FIGURE 1. Mean automated and manual MC on stress (top) and rest (bottom) acquisition per phase in validation group. Solid lines indicate means,
and shaded areas indicate 95% CIs (blue for automated and red for manual MC).
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frames to this geometric model using 3-dimensional rigid-body trans-
lations. Stress and rest acquisitions were corrected independently.

For image frames in the LV blood-pool phase, the LV myocardium
phase, and the transition between, 3 key frames based on the time–
activity curves of the LV input region of interest (ROI) and LV myo-
cardium were identified: an LV blood-pool peak frame where the LV
input ROI activity curve had a maximal value, an LV blood-pool and
myocardium crossover frame where the LV input ROI and LV

myocardium curves intersected, and the very
last frame with nearly all the counts in the
myocardium. These key frames were selected
for the well-defined correspondence of their
tracer activity distribution to the regions
defined in the geometric model of the heart.
Each of the 3 key frames was aligned inde-
pendently to the geometric model by numeric
maximization of similarity metrics. Compo-
nents of similarity metrics included total
counts in different regions defined in the
model (to be maximized or minimized), gra-
dients of counts at the epi- and endomyocar-
dial surfaces, uniformity of counts within the
LV myocardium, and mutual information
between the original image and a pseudo one
generated from numerically labeling the
model regions. Three different similarity
metric functions based on these components
were used to reflect the different characteris-
tics of tracer activity distribution to sepa-
rately align each of these 3 key frames of the
kinetic study to the model as follows: LV
blood-pool peak, where tracer activity was
expected to concentrate in the cavity within
the LV endocardial surface; LV blood-pool
and myocardium crossover, where activity

was expected to fill both the LV cavity and myocardium; and end
of acquisition, where activity was concentrated within the LV
myocardium.

For each frame between the LV peak and LV crossover key frames,
the 2 key frames were linearly blended into a synthetic reference using
the ratios of total counts in the LV myocardium to counts in the LV
input ROI as weights. Similarly, a synthetic reference was generated
for each frame between the LV crossover and the end of acquisition

FIGURE 2. Correlation and Bland–Altman plots between MBF measurements with automated
and manual MC in validation group for global stress MBF (mL/g/min) (top) and global rest MBF
(mL/g/min) (bottom).

TABLE 1
Patient Characteristics of Angiographic Group

Parameter Overall Significant CAD No significant CAD P

n 341 206 (60.4) 135 (39.6)

Age (y) 71.36 12.2 73.56 11.5 68.0612.6 ,0.001

Male sex 229 (67.2) 142 (68.9) 87 (64.4) 0.411

Body mass index (kg/m2) 28.56 6.7 28.066.1 29.267.4 0.127

Hypertension 260 (76.2) 161 (78.2) 99 (73.3) 0.362

Dyslipidemia 214 (62.8) 130 (63.1) 84 (62.2) 0.909

Diabetes 122 (35.8) 74 (35.9) 48 (35.6) 0.999

Family history of CAD 50 (14.7) 29 (14.1) 21 (15.6) 0.755

Smoking 31 (9.1) 14 (6.8) 17 (12.6) 0.083

PVD 38 (11.1) 29 (14.1) 9 (6.7) 0.035

History of CAD 0 (0) 0 (0) 0 (0)

Stress agent

Regadenoson 324 (95.0) 196 (95.1) 128 (94.8) 0.576

Adenosine 16 (4.7) 10 (4.9) 6 (4.4)

Dipyridamole 1 (0.3) 1 (0.7) 0 (0)

PVD 5 peripheral vascular disease.
Categoric values are expressed as n with percentage in parentheses; continuous values are expressed as mean 6 SD.
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by the same linear blending process. These in-between frames were
then registered to the references using simplex maximization of the
mutual information criterion (14).

Lastly, image frames in the RV phase before the LV blood-pool
phase, which were defined as any frames at or after the RV input ROI
peak and before the LV input ROI peak, were individually registered
to the geometric model using a fourth similarity metric designed to
align the activity with the right ventricle while minimizing counts in
the LV myocardium.

MBF and MFR Quantification
Rest and stress MBF was calculated by clinical software (QPET)

with a 1-tissue-compartment kinetic model (15). MBF and the spill-
over fraction from the blood to the myocardium were computed by

numeric optimization. Stress and rest MBF values in mL/g/min were
computed for each sample on the polar map. The rate–pressure prod-
uct (RPP) was calculated by heart rate (bpm) times systolic blood
pressure (mmHg) and used for rest MBF adjustment in the angio-
graphic group by (rest MBF 3 RPP average)/RPP. The average RPP
value in the angiographic group was 9,720 bpm 3 mmHg (16). MFR
was computed as the ratio of stress over the rest MBF adjusted by
RPP. All MBF values were calculated automatically in batch mode.

Diagnostic Performance for Predicting Significant CAD
To evaluate the diagnostic performance for significant CAD, mini-

mal vessel stress MBF or MFR (lowest stress MBF or MFR value
in the left anterior descending artery, left circumflex artery, and RCA
territories) was used.

Statistical Analysis
Categoric variables are presented as frequencies, and continuous

variables as mean 6 SD or median and interquartile ranges. Variables
were compared using the Pearson x2 statistic for categoric variables.
For continuous variables, a 2-sample t test was used to compare
unpaired samples, and a paired t test was used to compare paired sam-
ples. The correlation of stress and rest MBF values between automated
and manual MC was assessed using Pearson correlation analysis and
Bland–Altman plots. Homogeneity of variances between automated
and manual MC was checked by the Levene test for stress and rest
MBF. The diagnostic performance of minimal vessel stress MBF,
MFR, and ischemic total perfusion deficit (iTPD) (stress total perfu-
sion deficit – rest total perfusion deficit) for predicting significant
CAD was evaluated by pairwise comparisons of the areas under the
receiver operating characteristic curve (AUC) by DeLong et al. (17)
and paired binary comparisons using a threshold of 2.0mL/g/min for
MBF and 2.0 for MFR (18) by the McNemar test (19). Since minimal

TABLE 2
ICA Results in Angiographic Group (n 5 341)

Result Number

Significant LM disease 12 (3.5%)

Significant LAD disease 137 (40.2%)

Significant LCX disease 90 (26.4%)

Significant RCA disease 112 (32.8%)

Significant CAD 206 (60.4%)

LM 5 left main trunk; LAD 5 left anterior descending artery;
LCX 5 left circumflex artery.

TABLE 3
Global and Territorial MFR, Stress MBF, and Rest MBF According to Myocardial Motion in Angiographic Group

Overall (n 5 341) Motion # 5mm at stress* Motion . 5mm at stress†

Parameter Auto MC No MC P Auto MC No MC P Auto MC No MC P

MFR

Global 2.026 0.85 2.106 0.85 ,0.001 1.996 0.77 1.986 0.76 0.788 2.0460.89 2.156 0.89 ,0.001

LAD 2.026 0.89 2.006 0.89 0.201 2.026 0.82 1.986 0.80 0.071 2.0260.93 2.016 0.93 0.554

LCX 2.006 0.82 2.046 0.80 0.009 1.946 0.72 1.936 0.69 0.521 2.0360.86 2.126 0.87 0.002

RCA 2.066 0.93 2.236 1.02 ,0.001 2.006 0.84 2.046 0.88 0.141 2.0860.89 2.296 1.03 ,0.001

Stress MBF

Global 2.166 0.86 2.266 0.86 ,0.001 2.276 0.87 2.296 0.90 0.229 2.1160.85 2.256 0.84 ,0.001

LAD 2.196 0.91 2.216 0.93 0.232 2.336 0.92 2.326 0.95 0.861 2.1260.91 2.156 0.91 0.175

LCX 2.196 0.85 2.306 0.86 ,0.001 2.276 0.85 2.306 0.88 0.085 2.1660.86 2.306 0.85 ,0.001

RCA 2.116 0.89 2.286 0.95 ,0.001 2.206 0.92 2.246 0.97 0.117 2.0760.87 2.306 0.95 ,0.001

Rest MBF

Global 1.126 0.42 1.146 0.41 0.021 1.186 0.44 1.186 0.44 0.241 1.0560.38 1.076 0.37 0.042

LAD 1.146 0.44 1.176 0.44 ,0.001 1.196 0.46 1.216 0.45 0.005 1.0860.39 1.116 0.41 0.008

LCX 1.156 0.42 1.176 0.42 0.002 1.206 0.45 1.216 0.45 0.110 1.0760.37 1.106 0.37 0.009

RCA 1.086 0.42 1.086 0.42 0.474 1.146 0.44 1.136 0.44 0.262 1.0060.39 1.006 0.38 0.963

*n 5 106 for MFR and stress MBF but 202 for rest MBF.
†n 5 235 for MFR and stress MBF but 139 for rest MBF.
LAD 5 left anterior descending artery; LCX 5 left circumflex artery.
MBF measurements according to significant myocardial motion, myocardial motion greater than 5mm.
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vessel stress, MBF, and MFR showed higher diagnostic performance
than global stress MBF and MFR, we used minimal vessel stress MBF
and MFR to assess the diagnostic performance (8). The vascular terri-
torial segmentation was based on standardized myocardial segmenta-
tion (20). A 2-tailed P value of less than 0.05 was considered
statistically significant. All statistical analyses were performed with R
version 4.2.0 (R Foundation for Statistical Computing) or MedCalc
version 20.210 (MedCalc Software).

RESULTS

Comparison of Stress and Rest MBF with Automated MC and
Manual MC Table
Figure 1 shows the mean MC and 95% CI per frame for stress

and rest imaging in each direction in the validation group. Although
the direction of MC was similar between automated and manual
MC, the variances (ranges of the adjustment) were greater for the
automated software (all P , 0.005). Supplemental Figure 1 shows
the scatterplots of the automated and manual MC per frame for stress
and rest imaging (supplemental materials are available at http://jnm.
snmjournals.org). MC at stress in the inferior direction, especially
in the early phase, was greater than in the other directions (Fig. 1;
Supplemental Fig. 1). The processing time of the automatic MC was
less than 12 s, which was faster than the manual MC, which took
approximately 10min per case. Figure 2 shows the correlation and
Bland–Altman plots between stress and rest MBF with automated
and manual MC. Strong correlations between automated and manual
MC were seen in the stress MBF (r 5 0.98, P , 0.001) and the rest
MBF (r 5 0.99, P , 0.001). There was no significant difference
between stress and rest MBF with automated and manual MC
(P5 0.068 for stress MBF and P5 0.157 for rest MBF).

Patient Characteristics of the Angiographic Cohort
The baseline characteristics of the angiographic group are

shown in Table 1. The mean age was 71 y, and 67% (229/341)
were male. The mean interval between the PET-MPI and ICA was
19 d, and 60% (206/341) of patients had significant CAD. Table 2
shows the results of the ICA.

Comparison Between MBF and MFR With and Without
Automated MC
Similar to the validation group, myocardial motion in the inferior

direction, especially in the early phase at stress, was greater than in
the other directions in the angiographic group (Supplemental Fig. 2).
The MFR and stress and rest MBF measurements before and after
MC for global and each vascular territory measurement are shown in
Table 3. Overall, mean flow measurements and SD were lower for
those with automated MC than without MC (Table 3). In the angio-
graphic group, 52 of 341 (15.2%) and 62 of 341 (18.2%) patients
had a change of more than 20% before and after MC in global stress
MBF and global MFR, respectively. Among the 3 vascular territo-
ries, the stress MBF and MFR in the RCA territory showed the
largest decrease after automated MC compared with those without
MC (mean stress MBF in RCA, 2.1160.89mL/min/g vs. 2.286
0.95mL/min/g; P , 0.001; mean MFR in RCA, 2.0660.93 vs.
2.2361.02; P , 0.001) (Table 3). When patients were divided into
groups with and without myocardial motion greater than 5mm, those
with greater myocardial motion showed larger differences in flow
measurements before and after MC than those with less myocardial
motion (Table 3). Myocardial motion over 5mm was observed in
69% (235/341) of patients at stress and 41% (139/341) at rest
(Table 3). Global and territorial spillover fractions for stress and

rest images were lower for images with automated MC than for
those without (Supplemental Table 1). Figure 3 and Supplemental
Figure 3 show a case example of a significant change in flow mea-
surements before and after automated MC.

Diagnostic Performance of Stress MBF and MFR With and
Without Automated MC
The AUC of minimal vessel stress MBF with automated MC

for predicting significant CAD was significantly higher than that
without MC (AUC, 0.76 vs. 0.73; P 5 0.047) (Fig. 4). The AUC

FIGURE 3. Case example of automated MC in patient with significant
myocardial motion: early dynamic images before (above) and after (below)
automated MC. LV contours before MC were automatically computed
from summed frames after 2min. Before correction, inferior LV contour
overlapped substantially with activity of blood pool, and anterior LV con-
tour was far from actual LV myocardium (orange arrows). Time–activity
curve shows LV myocardial activities are overestimated before MC (red
curve). Curves were corrected after automated MC (blue arrows); how-
ever, myocardial contours after automated MC contain some remaining
activity at apex. Middle graph shows MC results for each direction and
each frame (maximum magnitude of MC was 19.9mm at stress and
6.3mm at rest). Global MFR decreased from 2.90 to 1.33 after MC.
Although patient showed normal perfusion, coronary angiography showed
significant stenosis in proximal left anterior descending (LAD) artery and
RCA (Supplemental Fig. 3). Ant 5 anterior; Apx 5 apical; Bas 5 basal;
HLA 5 horizontal long axis; Inf 5 inferior; Lat 5 lateral; SA 5 short axis;
Sep5 septal; VLA5 vertical long axis.

CARDIAC PET AUTOMATED MOTION CORRECTION � Kuronuma et al. 143

http://jnm.snmjournals.org
http://jnm.snmjournals.org


of minimal vessel MFR with automated MC was trending higher
than that without MC (AUC, 0.74 vs. 0.72; P 5 0.073) (Supple-
mental Fig. 4). When the patients were stratified into groups with
and without motion greater than 5mm at stress (n 5 235), a myo-
cardial motion greater than 5mm trended toward higher AUC by
stress MBF with automated MC than that without MC (AUC, 0.74
vs. 0.71; P 5 0.056), but the AUCs with and without automated
MC were comparable in patients with myocardial motion less than
5mm (AUC, 0.78 vs. 0.77; P 5 0.148) (Fig. 4).
Figure 5 shows the sensitivity and specificity for predicting signifi-

cant CAD by minimal vessel stress MBF with and without auto-
mated MC using the threshold of 2.0mL/g/min. The sensitivity using
automated MC was significantly higher than that without (75.2% vs.
68.4%; P 5 0.002). Overall, the minimal vessel stress MBF mea-
surements with automated MC performed significantly better than
without MC (difference, 5.9% [95% CI, 2.5%–9.3%]; P 5 0.001)
(Supplemental Table 2). Supplemental Figure 5 shows the results of
the same analysis using minimal vessel MFR. Although there was no
significant difference for sensitivity (77.7% vs. 77.2%, P 5 0.999),
the specificity using automated MC was significantly higher than that
without MC (57.0% vs. 49.6%, P 5 0.021). Overall, minimal vessel
MFR measurements with automated MC tended to agree better with
ICA; however, the difference was not significant (difference, 3.2%
[95% CI,20.1%–6.5%]; P5 0.080) (Supplemental Table 3).
The addition of minimal vessel stress MBF with automated

MC to the model with iTPD alone improved discrimination for
predicting significant CAD (AUC, 0.82 vs. 0.78; P 5 0.022), but

the addition of stress MBF without MC to
iTPD alone did not (AUC, 0.81 vs. 0.78;
P 5 0.067) (Fig. 6). Similar findings were
observed when using minimal vessel MFR
(Supplemental Fig. 6).

DISCUSSION

We developed an algorithm of automated
MC for dynamic PET-MPI to improve the
reliability of MBF measurements. We com-
pared, for the first time to our knowledge,
the diagnostic performance of MBF mea-
surements with automated MC to those
without MC. The main findings of this study
are as follows: in the validation group, there

were strong correlations and no significant difference between MBF
measurements with automated and manual MC; in the angiographic
group, MBF measurements decreased significantly after automated
MC compared with those before MC; minimal vessel stress MBF
with automated MC showed higher diagnostic performance for pre-
dicting significant CAD; and adding stress MBF with automated MC
to the model with only iTPD significantly improved the diagnostic
performance, but adding stress MBF without MC did not.
In the validation group, stress and rest MBF results with auto-

mated MC were strongly correlated with manual MC by experienced
operators (r. 0.95), and there was no significant difference between
those (P . 0.05). These results were in line with previous studies
using automated MC by different software (9,10). In addition, the
processing time of the automatic MC was shorter than that of the
manual MC (,12 s vs. 10min per case). Thus, MBF quantification
using automatic MC software could be incorporated into clinical
practice, reducing cardiovascular PET protocol complexity. Our
algorithm performs the rigid-body translation. It is possible that
excluding rotational correction may lead to suboptimal MC espe-
cially for the patients with rotational heart motion. However, the
degree of rotational correction is usually small. In previous studies, it
was reported to be less than 2� for over 90% of patients (21). It is
unclear how the addition of rotational MC to a simple 3-dimensional
translational MC affects the MBF measurements. Adding rotational
correction may provide an optimal MC, especially for the patients
with rotational motion of the heart; however, the addition of rota-
tional correction is complicated and may not be suitable for MC in
daily clinical settings because of time-consuming quality checks. The
algorithm was designed to automate only the steps that are currently
performed manually by the clinicians, so in the case of failure, they
could be easily adjusted by a human operator. In the angiographic
group, we compared MBF measurements before and after automated
MC. Overall, MBF measurements with automated MC decreased
significantly compared with those without automated MC, which is
consistent with prior studies (3,4,9). The most significant changes in
the MBF and MFR were in the RCA territory (Table 3), consistent
with previous studies (4,9). The etiology of myocardial motion dur-
ing dynamic scanning is considered to be primarily myocardial creep
(22). Previous studies showed that up to 66% of patients undergoing
pharmacologic stress dynamic PET-MPI showed significant myocar-
dial motion (.5mm) or myocardial creep during dynamic scans, pri-
marily in the inferior direction (3–6). This largely inferior direction
of myocardial motion, myocardial creep, could cause a spillover of
blood-pool activity during the early phase into the LV myocardial
contour and increase MBF measurements, especially in the RCA

FIGURE 4. Diagnostic performance of minimal vessel stress MBF for prediction of significant CAD
in angiographic group in all patients (A), patients without significant myocardial motion (B), and those
with significant myocardial motion (C).

FIGURE 5. Sensitivity and specificity for predicting significant CAD by
minimal vessel stress MBF of 2.0mL/g/min in angiographic group.
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territory (23). In the present study, a trend similar to that in previous
studies was shown (3–6); myocardial motion at stress in the inferior
direction was greater than in the other directions, and 69% of patients
showed significant myocardial motion at stress (.5mm). Because
MC had a greater impact on MBF measurements in patients with sig-
nificant myocardial motion than in those without (Table 3), MC
would be important, especially for the patients with significant myo-
cardial motion (.5mm), to obtain dependable MBF measurements.
A previous study demonstrated the feasibility of automated MC

for MBF measurements on dynamic PET-MPI (9). In our study,
we show, for the first time to our knowledge, that the diagnostic
performance of stress MBF with automated MC for predicting sig-
nificant CAD was significantly higher than without MC. The
AUCs of minimal vessel stress MBF with automated MC were
significantly higher than those without. The addition of stress
MBF with automated MC to the model with iTPD alone showed
significantly higher AUC, but the addition of stress MBF without
MC to iTPD did not. There was significant difference between
stress MBF with and without MC alone (AUC, 0.76 vs. 0.73;
P 5 0.047; Fig. 4). This seemingly minor difference would have a
substantial impact on significant CAD prediction given the large
number of PET-MPI studies performed. Because MBF measure-
ments with automated MC showed a consistently higher diagnostic
performance for predicting significant CAD than those without,
MC should be considered an essential processing step when per-
forming MBF measurements.
Although there is an inherent uncertainty of MBF measurements of

approximately 20% (24), part of this variability is likely due to myo-
cardial motion. In our population, 52 of 341 patients (15.2%) changed
stress MBF by over 20% before and after the MC. Therefore, MC
can potentially reduce the variability of MBF measurements.
Our study results should be interpreted in the context of some

limitations. Our MC algorithm was developed using 82Rb PET-
MPI studies only; however, over 90% of cardiac PET studies in
the U.S. use 82Rb for PET-MPI (25). This MC algorithm has been
evaluated with a compartmental modeling approach. The effect of
this approach has not been evaluated for net retention models.
Because we defined significant CAD only by the visual assessment
on ICA, some patients without significant stenosis (,70%) may
have physiologically significant CAD and some with at least 70%
stenosis may not (26,27), and the use of flow fractional reserve
values may be more accurate for assessing physiologically signifi-
cant CAD. In addition, patients without significant stenosis may

have impaired stress MBF and MFR due
to coronary microvascular disease (28).
Finally, because our study is a single-
center retrospective study, it may have an
inherent selection bias, and our results
may not generalize to other populations.

CONCLUSION

An automated MC algorithm for dynamic
PET-MPI showed good agreement with
manual MC by experienced operators. Com-
pared with MBF measurements without
MC, those with MC were significantly
decreased and had a consistently higher
diagnostic performance for predicting signif-

icant CAD. Automated MC can be performed rapidly to obtain reli-
able MBF measurements; therefore, it should be incorporated into
routine PET-MPI studies to reduce the complexity of cardiovascular
protocols.
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KEY POINTS

QUESTION: What is the effect of the automatic MC algorithm for
MBF measurements of PET on the diagnostic performance of
MBF for predicting CAD?

PERTINENT FINDINGS: For the first time to our knowledge, we
demonstrated that stress MBF with automated MC had significantly
higher diagnostic performance in predicting significant CAD than
without the MC.

IMPLICATIONS FOR PATIENT CARE: MC for MBF measurements
can be performed fully automatically, and MBF with automated MC
has better diagnostic performance than without. Therefore, this
approach should be incorporated into routine PET-MPI studies.
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