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ORIGINAL ARTICLE

Motion frozen 18F-FDG cardiac PET

Ludovic Le Meunier, PhD,a,c Piotr J. Slomka, PhD,a,b Damini Dey, PhD,a,b

Amit Ramesh, MSc,b Louis E. J. Thomson, MBChB, FRACP,a

Sean W. Hayes, MD,a John D. Friedman, MD,a Victor Cheng, MD,a

Guido Germano, PhD,a,b and Daniel S. Berman, MDa,b

Background. PET reconstruction incorporating spatially variant 3D Point Spread Function
(PSF) improves contrast and image resolution. ‘‘Cardiac Motion Frozen’’ (CMF) processing
eliminates the influence of cardiac motion in static summed images. We have evaluated the
combined use of CMF- and PSF-based reconstruction for high-resolution cardiac PET.

Methods. Static and 16-bin ECG-gated images of 20 patients referred for 18F-FDG myo-
cardial viability scans were obtained on a Siemens Biograph-64. CMF was applied to the gated
images reconstructed with PSF. Myocardium to blood contrast, maximum left ventricle (LV)
counts to defect contrast, contrast-to-noise (CNR) and wall thickness with standard recon-
struction (2D-AWOSEM), PSF, ED-gated PSF, and CMF-PSF were compared.

Results. The measured wall thickness was 18.9 ± 5.2 mm for 2D-AWOSEM, 16.6 ± 4.5 mm
for PSF, and 13.8 ± 3.9 mm for CMF-PSF reconstructed images (all P < .05). The CMF-PSF
myocardium to blood and maximum LV counts to defect contrasts (5.7 ± 2.7, 10.0 ± 5.7) were
higher than for 2D-AWOSEM (3.5 ± 1.4, 6.5 ± 3.1) and for PSF (3.9 ± 1.7, 7.7 ± 3.7) (CMF vs all
other, P < .05). The CNR for CMF-PSF (26.3 ± 17.5) was comparable to PSF (29.1 ± 18.3), but
higher than for ED-gated dataset (13.7 ± 8.8, P < .05).

Conclusion. Combined CMF-PSF reconstruction increased myocardium to blood contrast,
maximum LV counts to defect contrast and maintained equivalent noise when compared to static
summed 2D-AWOSEM and PSF reconstruction. (J Nucl Cardiol 2011;18:259–66.)

Key Words: Metabolism: PET Æ cardiac motion frozen Æ point spread function Æ
cardiac imaging

INTRODUCTION

The cardiac PET image quality can be limited by

several factors including the intrinsic performance of the

PET scanner. The distortions in the photon detection

process due to the circular geometry of PET scanners and

consequent increased tilting of the crystals off the center

of the field of view (FOV) have a negative impact on the

spatial resolution and on the noise in the reconstructed

images. The recently introduced High-Definition Positron

Emission Tomography (HD�PET) technology (Siemens

Healthcare Molecular Imaging, Knoxville, TN), recon-

struction, significantly improves image spatial resolution

and signal-to-noise ratio in the images using spatially

variant detector spatial response with 3D-specific Point

Spread Function (PSF) during the reconstruction step.1,2

This type of resolution recovery reconstruction was

introduced by other vendors as well and is termed in this

manuscript as PSF reconstruction.

However, even with the improvements of PSF-

based reconstruction in terms of spatial resolution and

noise control, high-resolution myocardial imaging still

faces the challenges of cardiac and respiratory motions,

which degrade the static image quality by blurring the

image. To address cardiac motion, the ‘‘Cardiac Motion

Frozen’’ (CMF) technique has been developed previ-

ously by Slomka et al3 for myocardial perfusion single-

photon emission computed tomography (SPECT) ima-

ges. This algorithm tracks the motion of the left

ventricle (LV) in cardiac gated images, and then adjusts

all cardiac phases to one phase (typically end diastolic)

resulting in an image free of cardiac motion.
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To our knowledge, CMF has never been evaluated

in PET cardiac images. We hypothesized that CMF

technique can further improve image quality of cardiac

PET above that offered by resolution recovery as

recently described.2 In this study, the authors tested this

hypothesis in cardiac PET with Fluorine-18 fluorode-

oxyglucose (18F-FDG).4 We describe the technique, and

evaluate the improvement of CMF processing on image

contrast, noise, myocardial wall thickness, and detect-

ability of myocardial defects.

MATERIALS AND METHODS

PET Acquisition and Reconstruction

All images were acquired on a Siemens Biograph-64

TruePoint PET/CT with the TrueV option. This 3D system

consists of a 64-slice CT and a PET scanner with 4 rings of

Lutetium Oxyorthosilicate (LSO) detectors with a detector

element dimensions of 4 9 4 9 20 mm3.5 The image plane

spacing is 2 mm. The PET axial and transaxial FOV are 216

and 605 mm respectively. The coincidence time window and

the energy window are respectively 4.5 ns and 425-650 keV.

The data was acquired in list mode format. A full description

of the system performance can be found in.6

Patient Acquisition

The authors retrospectively evaluated 18F-FDG myocar-

dial viability patient studies performed for clinical indications.

Investigational Review Board (IRB) permission was obtained

for retrospective analysis of this data. The overall study pop-

ulation consisted of 20 consecutive patients (16 males and 4

females) referred for myocardial viability assessment. Details

about our patient cohort can be found in Table 1.

After at least 4 hours of fasting, 370 MBq of 18F-FDG

was injected intravenously to all patients. A 60-minute uptake

phase followed the injection. After a 2.8 second standard

topogram acquisition (120 kVp), the patient underwent a CT

scan for attenuation correction (CTAC) using the following

parameters: spiral mode, slice thickness 3.0 mm, total scan

time 3.36 s, pitch 1.5, rotation time 0.5 s, collimation

24 9 1.2 mm, tube voltage 120 kVp, tube current 11 mAs.

The estimated radiation dose for this CTAC acquisition was

0.3 mSv. Subsequently, 18F-FDG emission data were acquired

for 1 bed position around the heart (identical to the CT cov-

erage of 210 mm). 3D PET ECG-gated 10-minute acquisition

was performed in list mode. During both the CT and the PET

acquisitions, the patients were instructed to breathe normally.

Reconstruction Protocols

After sorting of the list file, static summed images were

reconstructed with the standard reconstruction technique rou-

tinely used at our institution, 2D-Attenuation Weighted

Ordered Subsets Expectation Maximization (AWOSEM) (3

iterations and 8 subsets), and with PSF (4 iterations and 14

subsets).2,7 The number of iterations for the 2 reconstruction

methods varies because of the difference in convergence speed

between 2D-AWOSEM and PSF-based reconstruction. All

the reconstruction parameters were optimized based on a

phantom study in a previous work by our group.2 16-bin ECG-

gated images were generated for PSF. Since the optimal spatial

resolution with HD�PET was previously established in the air as

2 mm,1 the authors chose to filter all patient images with a

2 mm Gaussian Filter (GF). The reconstruction matrix was

168 9 168 9 109 with a zoom of 2 and the pixel size was

2 9 2 9 2 mm3. Scatter correction, decay correction, and

random correction were applied to the reconstructed images.

CT-based attenuation correction was employed. When a mis-

alignment was identified, a manual registration matrix with

3D-translations was generated by an experienced technologist

and applied before the final reconstruction process. Both the

original CT-PET alignment and the alignment after manual

registration were checked by an expert imaging physician.

Manual registration between PET and CT was applied before

reconstruction. Manual CT-PET registration was performed in

5 cases out of the 20.

Cardiac Motion Frozen Principle

CMF processing tracks the motion of the LV in cardiac

gated images and then adjusts all cardiac phases to one phase

(typically at end-diastole (ED)) resulting in an image free of

cardiac motion. ‘‘Motion-freezing’’ is accomplished by motion

tracking of the LV endo- and epicardial borders (Figure 1).

The algorithm generates displacement vectors between each

cardiac phase, and utilizes those vectors to put all the gates in

the ED phase (Figure 1). The result is an image free of cardiac

motion blurring (i.e., with the same spatial resolution of a

single cardiac phase image), but with higher counting statistics

and noise similar to static summed images. This algorithm has

been previously described in details and validated for SPECT

versus invasive angiography in.3

Table 1. Characteristics of the 20 patients
included in this study

Characteristics Mean ± SD Range

Age (years) 62 ± 14 43–93

Weight (kg; lbs) 81 ± 13;

179 ± 29

63–107;

139–235

BMI (kg/m2) 28.5 ± 5.4 22.2–46.4

Diabetes 5/20 na

Prior MI 15/20 na

LV hypertrophy 12/20 na

EF 37 ± 12 21–59

Prevalence of MD 15/20 na

Extent of MD (%) 13.9 ± 15.8 0–47

BMI, Body Mass Index; MI, myocardial infarction; LV, left
ventricle; MD, metabolic defect.
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Image Processing and Analysis

Short axis reorientation and automatic contouring of the

LV in static and gated images were done automatically using

QPET software (Cedars—Sinai Cardiac Package), for which

input were transverse slices of reconstructed PET image.8

CMF image processing technique was then applied to the gated

datasets. The myocardial wall segment analysis was done with

the 17-segment American Heart Association (AHA) model.9

Myocardium to blood contrast and con-
trast-to-noise ratio. Volumes of interest (VOI) over

the LV and the blood pool (significantly larger than the spatial

resolution in the image) were automatically derived based on

the QPET segmentation of the LV. We calculated the contrast

(Cont) between the blood pool and the myocardial wall, and

the contrast-to-noise (CNR) as follows:

Cont ¼ meanðVentricular VOIÞ
mean(Blood VOIÞ

CNR =
meanðVentricular VOIÞ �meanðBlood VOIÞ

RMS Noise(Blood VOI)
;

where RMS_Noise is the root mean square of the noise

as defined by the standard deviation of the blood VOI.

Contrast and CNR were calculated globally and for each

of the 17 AHA-segments, from static summed images

and CMF processed images.

Contrast between defect and maximum
uptake in myocardium (maximum LV counts to
defect contrast). The authors calculated the contrast

between the average of the closest neighbors around the

minimum (27 voxels) in segments with defects, and the aver-

age of the closest neighbors (27 voxels) around the maximum

of the myocardium. The segments with defects were identified

using the original physician report based on standard

2D-AWOSEM images.

Myocardial wall thickness. Using the contours

automatically detected by QPET, the authors estimated the

wall thickness defined as the full width half maximum

(FWHM) of a profile taken on the images at three different

levels of the long axis (basal, mid, and apical) and with two

orientations (septal to lateral and inferior to superior) for a total

of 6 profiles per dataset.

Statistical Analysis

All continuous variables are expressed as mean ± one

standard deviation. Paired t tests were used to compare differ-

ences in paired continuous data, and McNemar’s tests were used

to compare differences in paired discrete data. For unpaired

continuous data, one-way ANOVA was used. All statistical tests

were 2-tailed, and a value of P \ .05 was considered significant.

RESULTS

Myocardial Wall Thickness

The measured wall thickness was significantly

smaller with CMF-PSF reconstruction as compared to

2D-AWOSEM and PSF reconstruction alone. We found

that on average in 20 patients and over the 6 measured pro-

files, the wall thickness was 18.9 ± 5.2 mm for 2D-

AWOSEM, 16.6 ± 4.5 mm for PSF, and 13.8 ± 3.9 mm

for CMF-PSF (all P \ .05). The CMF-PSF wall thickness

was comparable to the thickness of the ED phase in the

Figure 1. Diagram illustrating the principle of Cardiac Motion Frozen technique. (Left) Motion
tracking of the left ventricle using selected points on endo- and epicardial surfaces. (Middle)
Displacement vectors are generated between each cardiac phase. (Right) Starting from those vectors
and using a warping technique, all the counts are put back in the end-diastole (ED) phase. The result
is an image free of cardiac motion with the noise of a summed static image.
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gated dataset reconstructed with PSF (13.3 ± 3.3 mm,

P = NS). The results are summarized in Table 2. An

example of improvements with CMF-PSF reconstruction

in terms of visual image quality can be seen in Figure 2.

Myocardium to Blood Contrast
and Contrast-to-Noise Ratio

The authors found that the myocardium to blood

contrast was significantly increased with CMF process-

ing. The average ratio of counts between the blood pool

and the myocardium for 20 patients increased from

3.5 ± 1.4 for 2D-AWOSEM, 3.9 ± 1.7 for PSF, 3.9 ±

1.6 for ED-gated PSF, to 5.7 ± 2.7 for CMF-PSF

reconstructions (CMF vs all, P \ .05). Meanwhile, the

CNR was also significantly increased with CMF or similar

to summed static image. The CNR was increased by 30%

compared to 2D-AWOSEM, and by 90% compared to

ED-gated image reconstructed with PSF (both P \ .05),

and was similar to PSF (29.1 ± 18.3 vs 26.3 ± 17.5 for

CMF-PSF, P = NS). The full results can be found in

Table 3. An example of the contrast and CNR comparison

for all different reconstructions and processing is shown in

Figure 2. Furthermore, the authors have found that as

expected, the increase of contrast between the blood pool

and the mean in each segment when CMF was used is

significantly correlated to the amount of wall motion per

segment (Figure 3).

Figure 2. Example of an 89-year-old female patient (W = 87 kg [193 lbs], BMI = 32.1) referred
for myocardium viability assessment. Image quality is improved with CMF-PSF (D) compared to
end-diastole (ED) gated PSF (A), 2D-AWOSEM (B) and regular PSF (C). The wall thickness with
CMF-PSF (D) is reduced compared to the summed static images and similar to the ED phase of the
gated images but the noise is drastically decreased compared the gated dataset (A).

262 Le Meunier et al Journal of Nuclear Cardiology

Motion frozen 18F-FDG cardiac PET March/April 2011



Contrast Between Defect and Maximum
Uptake in Myocardium

In the 20 patients considered in this study, there were

a total of 71 segments identified as abnormal by visual

analysis. With CMF, the authors found a significant

change in the contrast between the average of the closest

neighbors around the minimum in segments with defects

and the average of the closest neighbors around the

maximum of the myocardium. In these segments, the

contrast increased from 6.5 ± 3.1 for 2D-AWOSEM, and

Table 2. Myocardial wall thickness (in mm) measured on profiles taken at basal, mid, and apical levels
from septal (sep) to lateral (lat) and from superior (sup) to inferior (inf)

Wall
thickness
(in mm)

Basal Mid Apical

AverageSep-to-lat Sup-to-inf Sep-to-lat Sup-to-inf Sep-to-lat Sup-to-inf

2D-AWOSEM 17.6 ± 4.6 19.0 ± 3.6 18.3 ± 5.4 19.4 ± 4.6 21.8 ± 8.4 17.0 ± 4.4 18.9 ± 5.2

PSF 16.5 ± 4.5 17.2 ± 3.5 15.8 ± 3.3 17.3 ± 4.7 18.1 ± 7.7 14.8 ± 3.1 16.6 ± 4.5

ED–Gated PSF 12.9 ± 3.8 12.8 ± 2.0 13.7 ± 2.4 13.8 ± 3.6 14.1 ± 4.4 12.7 ± 3.3 13.3 ± 3.3

CMF-PSF 13.0 ± 3.0 14.0 ± 3.6 13.7 ± 2.7 14.2 ± 4.6 14.8 ± 5.9 13.0 ± 4.0 13.8 ± 3.9

Results for 2D-AWOSEM, PSF, end-diastole (ED)-gated PSF and cardiac motion frozen (CMF)-PSF.
All P\ .05 except ED-Gated HD�PET versus CMF-HD�PET where P = NS.

Figure 3. Segmental contrast increases with CMF against wall motion per segment. For each
patient, the authors calculated the contrast between the blood pool and the mean value in each of the
17 segments. We then calculated the contrast increase for each segment with the use of Cardiac
Motion Frozen technique and the authors plot the results against the segmental wall motion. The
plots show the average over the 20 patients. This figure shows linear correlation between the
segmental contrast increase with CMF, and the corresponding wall motion.

Table 3. Myocardial to blood contrast and contrast-to-noise (CNR) for 2D-AWOSEM, PSF, end-dias-
tole (ED) gated PSF and cardiac motion frozen (CMF) PSF

2D-AWOSEM PSF ED-Gated PSF CMF-PSF

Contrast 3.5 ± 1.4 3.9 ± 1.7 3.9 ± 1.6 5.7 ± 2.7

CNR 21.0 ± 11.9 29.1 ± 18.3* 13.7 ± 8.8 26.3 ± 17.5

P\ .05 for CMF-PSF versus other techniques except for the value marked with *.
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from 7.7 ± 3.7 for PSF to 10.0 ± 5.7 for CMF-PSF

reconstructions (P \ .05). An example illustrating the

improved maximum LV counts to defect contrast is

shown in Figure 4.

DISCUSSION

‘‘CMF’’ image processing technique compensates

for the cardiac motion blur in the static images and has

been shown to improve myocardial perfusion SPECT.3,10

In this study, we have demonstrated that it further

improves the technical cardiac image quality obtained

with PSF reconstruction.

The measured myocardial wall thickness was sig-

nificantly decreased with CMF-PSF (-27.0% compared

to 2D-AWOSEM and -16.9% compared to PSF recon-

struction alone). The average wall thickness (13.8 ±

3.9 mm) for the CMF-PSF reconstruction was compara-

ble to the ED thickness (which has no cardiac motion)

measured on gated PSF-reconstructed images (13.3 ±

3.3 mm) (P = NS). Also, our wall thickness results are

still larger than the average size in humans (10.3 ±

1.2 mm at ED) according to Kaul et al.11

The CNR for the CMF-PSF images was signifi-

cantly increased compared to 2D-AWOSEM, but not

compared to PSF reconstruction without CMF, for

which the results were equivalent. However, the CNR

was significantly improved with CMF-PSF and com-

pared to the ED phase of gated PSF reconstruction.

Increased contrast and equivalent CNR compared to

static reconstructions, and wall thickness comparable to

ED-gated images lead to a better image quality in gen-

eral with CMF processing, which can easily be seen in

the images. Furthermore, the authors have shown that

the contrast between the defects, and a region of interest

around the maximum of the myocardium was signifi-

cantly increased with CMF. An example of a patient

image with a metabolic defect, which is only clearly

visible with CMF processing, and which is likely to exist

based on the patient’s SPECT perfusion image findings

is shown in Figure 4.

As expected, our cohort of patients has a relatively

low EF. It is true that patients with low EF will have

hypokinetic regions benefiting to smaller extent from the

CMF technique. However, they often show both seg-

ments with preserved function and segments with

impaired function. Since the CMF processing technique

uses the wall motion as input, the segment-to-blood

contrast is more increased for the segments with a pre-

served myocardial function than for the segments with

an impaired function (as shown in Figure 3). In conse-

quence, the contrast between the viable segments and

unviable segments is increased with CMF (as shown by

our results).

Figure 4. Example of an 84-year-old patient (W = 76 kg [168 lbs], BMI = 27.1) with a history of
MI. The patient exhibits a non-reversible perfusion defect in the apical lateral region of the
myocardium (Left SPECT perfusion images) as well as a moderate hypokinesis in the same region
of the myocardium. The figure shows an example of increase of maximum LV counts to defect
contrast with CMF-PSF (column C) in the horizontal long axis view (top row) and in the 3D
rendering (bottom row). The apical lateral metabolic defect (red arrow) was not seen on 2D-
AWOSEM (column A) and not clearly on PSF (column B) images.
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Because of the limited spatial resolution of PET, the

partial volume effect leads to more counts/per pixel in

the systole. The CMF technique has originally been

developed for SPECT, which suffers from similar res-

olution limitations. CMF adds the counts from the

majority of the cardiac cycle after spatial registration to

the ED phase—as opposed to adding the counts in the

cardiac cycle without any adjustments for motion. The

CMF images are not only considered as diastolic ima-

ges, but also as improved summed images. Therefore,

CMF images of the dyskinetic myocardium will have

similar counts as the simply summed image, which

includes all phases (as it is performed in current clinical

practice).

In this study, CMF was only applied to FDG via-

bility studies. The authors did not have access to the raw

perfusion data for those specific patients since most of

them underwent SPECT perfusion imaging in a different

facility. However, CMF processing has been shown

previously to improve the image quality and the diag-

nostic in SPECT perfusion images in3,10. Therefore, for

clinical applications, CMF technique should perhaps be

used both for viability PET and perfusion SPECT when

they are compared for viability assessment. This study

was focused on a pilot application of CMF technique to

high-resolution data demonstrating improved image

quality. The improvement in quality should also be seen

in the future in PET perfusion images using new tracer

like flurpiridaz F18.12,13 However, the authors did not

have data in which both perfusion and viability were

obtained by high resolution PET.

Study Limitations

This study has several limitations. For instance, a

gold standard did not exist for wall thickness of the

myocardium. Also, there was no an external gold stan-

dard to confirm the presence or the absence of defects;

however, in this study the authors focused on demon-

strating the improvement in technical image quality.

Whether the authors achieve results closer to the true

tracer distribution, it remains to be further investigated.

Our cohort of patients had a limited range of BMI,

typical of our patient population. Our sample size was

small (N = 20) and limited to viability studies; further

studies with larger number of patients and PET perfu-

sion images are warranted. CMF images were

reconstructed with 16 gates only. Since 8-bin gating is

often used, the effect of the temporal resolution with the

8-bin gated datasets may need to be evaluated. However,

the initial validation study of CMF did test the differ-

ence between 8 and 16 gated datasets and the results

were comparable.3

CONCLUSIONS

Our study on 18F-FDG viability studies showed that

CMF processing increased myocardial-to-blood contrast

and maximum LV counts to defect contrast while main-

taining equivalent noise when compared to static summed

images reconstructed with standard and modern recon-

struction techniques incorporating resolution recovery.

The significantly decreased myocardial wall thickness

with CMF-PSF led to a better image quality in general.

Acknowledgments

The authors want to thank Jimmy Fermin and Brandi N.
Huber from Cedars-Sinai Medical Center for their help with
the PET acquisition, and Heidi Gransar for her help with the
statistical analysis.

Open Access

This article is distributed under the terms of the Creative
Commons Attribution Noncommercial License which permits
any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are
credited.

References

1. Panin VY, Kehren F, Michel C, Casey M. Fully 3-D PET recon-

struction with system matrix derived from point source

measurements. IEEE Trans Med Imaging 2006;25:907-21.

2. Le Meunier L, Slomka P, Dey D, Ramesh A, Thomson L, Hayes S,

et al. Enhanced definition PET for cardiac imaging. J Nucl Cardiol

2010;17:414-26.

3. Slomka PJ, Nishina H, Berman DS, Kang X, Akincioglu C,

Friedman JD, et al. ‘‘Motion-frozen’’ display and quantification of

myocardial perfusion. J Nucl Med 2004;45:1128-34.

4. Kudo T. Metabolic imaging using PET. Eur J Nucl Med Mol

Imaging 2007;34:49-61.

5. Jonsson C, Odh R, Schnell PO, Larsson SA. A comparison of the

imaging properties of a 3-and 4-ring biograph PET scanner using a

novel extended NEMA phantom. IEEE Nucl Sci Symp Conf Rec

2007;4:2865-7.

6. Townsend D, Jakoby B, Long M, Carr C, Hubner K, Guglielmo C,

et al. Performance and clinical workflow of a new combined PET/

CT scanner. J Nucl Med 2007;48:437.

7. Kadrmas D, Casey M, Conti M, Jakoby B, Lois C, Townsend D.

Impact of time-of-flight on PET tumor detection. J Nucl Med 2009;

50:1315.

8. Slomka P, Dorbala S, Berman D, Gerlach J, Germano G, DiCarli

M. Automated quantification and normal limits for myocardial

perfusion stress/rest Rb-82 PET/CT. J Nucl Med 2009;50:1164.

9. Cerqueira M, Weissman N, Dilsizian V, Jacobs A, Kaul S, Laskey W

et al. Standardized myocardial segmentation and nomenclature for

tomographic imaging of the heart a statement for healthcare profes-

sionals from the Cardiac Imaging Committee of the Council on Clinical

Cardiology of the American Heart Association. 2002. p. 539-42

10. Suzuki Y, Slomka P, Wolak A, Ohba M, Suzuki S, De Yang L, et al.

Motion-frozen myocardial perfusion SPECT improves detection of

coronary artery disease in obese patients. J Nucl Med 2008;49:1075.

Journal of Nuclear Cardiology Le Meunier et al 265

Volume 18, Number 2;259–66 Motion frozen 18F-FDG cardiac PET



11. Kaul S, Wismer G, Brady T, Johnston D, Weyman A, Okada R,

et al. Measurement of normal left heart dimensions using opti-

mally oriented MR images. Am J Roentgenol 1986;146:75.

12. Yu M, Guaraldi M, Mistry M, Kagan M, McDonald J, Drew K,

et al. BMS-747158-02: A novel PET myocardial perfusion imag-

ing agent. J Nucl Cardiol 2007;14:789-98.

13. Le Meunier L, Slomka P, Ramesh A, Thomson L, Hayes S,

Tamarappoo B, et al. Enhanced dual gated cardiac perfusion PET

using a new F-18 imaging agent (BMS747158). J Nucl Med

2010;51:522.

266 Le Meunier et al Journal of Nuclear Cardiology

Motion frozen 18F-FDG cardiac PET March/April 2011


	Motion frozen 18F-FDG cardiac PET
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and Methods
	PET Acquisition and Reconstruction
	Patient Acquisition
	Reconstruction Protocols
	Cardiac Motion Frozen Principle
	Image Processing and Analysis
	Myocardium to blood contrast and contrast-to-noise ratio
	Contrast between defect and maximum uptake in myocardium (maximum LV counts to defect contrast)
	Myocardial wall thickness

	Statistical Analysis

	Results
	Myocardial Wall Thickness
	Myocardium to Blood Contrast and Contrast-to-Noise Ratio
	Contrast Between Defect and Maximum Uptake in Myocardium

	Discussion
	Study Limitations

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




