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Abstract

Objective The aim of this study was to investigate the

utility of gated PET/CT and CT attenuation correction

(AC) for the quantitation of radioactivity.

Methods An ellipse phantom containing six spheres,

ranging from 10 to 37 mm in diameter, was filled with

36.7 kBq/mL of F-18. The respiratory motion was simu-

lated by a motor-driven plastic platform to move the

phantom with a displacement of 2 cm in the craniocaudal

direction at a frequency of 15/min. With the phantom at

rest, PET/CT data were acquired and used as a standard

(nonmotion). With the phantom in motion, PET data were

acquired in both the static and gated modes (sPET and

gPET, respectively). Helical CT (HCT), slow CT (SCT),

average CT (ACT), and four-dimensional CT (4DCT) were

acquired and used to correct attenuation. On both PET and

CT images, the maximum radioactivity, dimensions, and

CT numbers were measured on the central slices.

Results In nonmotion, recovery coefficients whose

spheres were 22 mm or smaller gradually decreased.

Regarding motion, the PET counts of the spheres in the

static acquisition were lower than those acquired in

nonmotion with either type of CTAC (sPET–HCT:

-43.8%, sPET–SCT: -51.4%, sPET–ACT: -49.5%).

Gated acquisition of PET significantly improved the PET

counts (gPET–HCT: -30.1%) (p \ 0.05), while additional

gated acquisition of CT significantly improved them fur-

ther (gPET–4DCT: -15.2%) (p \ 0.01). The dimensions

of sPET were overestimated, but those of gPET were close

to the standard values. The SCT significantly overestimated

the dimensions, and the water density area decreased

(p \ 0.01). The 4DCT images were similar to the HCT

images.

Conclusions In respiratory motion, PET acquisition in the

static mode underestimated the radioactivity and overesti-

mated the dimensions. Neither SCT nor ACT improved

these errors. Although PET acquisition in the gated mode

improved the quantification of PET/CT images, the addi-

tional gated CT acquisition using 4DCT is required for

further improvement.

Keywords Respiration motion � Gated � PET/CT �
4DCT � Attenuation correction

Introduction

PET/CT, which provides anatomical and functional infor-

mation, can be useful for tumor diagnosis, particularly

regarding differential diagnosis, staging, response evalua-

tion, and prognosis [1]. However, PET emission data

acquisition is required for a few minutes per bed and also

consists of several respiratory cycles. Therefore, the usual

PET images are taken over an averaged state of respiration.

The respiration-averaged PET images result in an under-

estimation of radioactivity and an overestimation of tumor

volume in the thoracic and abdominal regions, especially in
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the vicinity of the diaphragm [2]. The underestimation of

radioactivity increases the incidence of false-negative

results. Some faint accumulations are not visible on ima-

ges, and the standardized uptake values (SUV) of some

lesions become low. Furthermore, the difference in tem-

poral resolution results in a spatial misalignment between

PET and CT data [3, 4].

To eliminate spatial misalignment between PET and CT

images in motion objects, the averaging of CT images over

respiratory phases has been proposed. Slow CT (SCT) is

acquired with a long gantry rotation time that includes

several respiratory cycles [5, 6]. Average CT (ACT) ima-

ges were developed by averaging the CT images in all

respiratory phases observed by four-dimensional CT

(4DCT) acquisition in the cine mode [7]. These blurred CT

images are reported to minimize misregistration between

the CT attenuation correction (CTAC) and PET data

acquired in static mode [6, 7]. Another method is gated

acquisition to eliminate the effect of respiratory motion for

PET emission data [8]. In the gated-acquisition protocol,

PET emission data are continuously acquired in list mode

as respiratory motion is monitored. The data are divided

into several respiratory phases and are used to reconstruct

PET/CT images of each respiratory phase. In addition,

4DCT was developed to better register CT and PET data

acquired in gated mode [9]. 4DCT is acquired in cine mode

using the respiratory system and is divided into phases

similar to those of gated PET [10]. However, the effect of

the combination of PET acquisition mode and CTAC has

not yet been evaluated.

The purpose of this study is to assess the usefulness of

gated CT acquisition for the quantification of PET/CT by

comparing the different acquisition protocols using a

moving hot sphere phantom.

Materials and methods

Phantom and motion tables

The National Electrical Manufacturers Association

(NEMA) 2001 International Electrotechnical Commission

(IEC) phantom (Data Spectrum Corp., Hillsborough, NC)

consisting of a quasicylindrical cavity (280 9 210 9

180 mm) and six spheres (Model ECT/IEC -BODY/P) was

used for this study. The spheres were 10, 13, 17, 22, 28,

and 37 mm in diameter, and their wall thickness was

1 mm. All of the spheres were filled with 18F solution of

36.7 kBq/mL, and the background was filled with air. The

radioactivity was equal to SUV = 15. A newly designed

motion system was used in this study to simulate respira-

tory motion. The NEMA phantom was placed on a moving

table, and a motor-driven table oscillated with a

displacement of 2 cm in the craniocaudal direction and a

frequency of 15/min. The parameters were selected to

simulate displacements and respiratory cycles typically

observed in normal respiratory motion.

The motion tracking was recorded by a real-time posi-

tion management (RPM) respiratory gating system (Varian

Medical Systems, Palo Alto, CA). The motion was sinu-

soidal. A trigger was set at a defined phase within the

respiratory cycle and initiated the acquisition cycle in gated

PET and dynamic CT. Finally, the respiratory cycles were

divided into eight phases.

Data acquisition

PET/CT scans were acquired in both a nonmoving status

(nonmotion) and a moving status (motion) on a Discovery

ST Elite (GE Healthcare, Milwaukee, WI). The 16-slice CT

scanning parameters were 120 kV, 30–154 mA, matrix

512 9 512, slice thickness 5 mm, and transaxial field of

view 500 mm. Gantry rotation was 0.5 s/rotation for con-

ventional helical CT (HCT), 5.0 s/rotation for SCT, and

0.5 s/rotation in the cine mode for ACT and 4DCT. The

HCT was performed in a nonmoving status with spheres

placed at the center position of movement, which is the

midpoint between phases 2 and 3. A 5 s cine duration time

and a 0.45 s interval time between image reconstructions

were used as the cine mode parameters. The total scan

length was set to cover the full displacement of the phan-

tom. The ACT data sets were generated based on fixed cine

duration image averaging. However, the ACT images were

not available.

Emission data were acquired in the 3D mode with

128 9 128 matrices (5.47 9 5.47 9 3.27 mm). The acqui-

sition times per bed position were 3 min in static mode and

8 min in gated mode. PET was reconstructed using a 3D

ordered subsets-expectation maximization (3D-OSEM)

algorithm [VUE Point Plus, 2 iterations, 28 subsets, and a

post-filter of 6 mm full width at half maximum (FWHM)].

The PET/CT images in nonmotion scans were recon-

structed with a combination of static PET and helical CT data

and were used as a standard. The static PET (sPET) in motion

was reconstructed with HCT, SCT, and ACT, and the gated

PET (gPET) was reconstructed with HCT and 4DCT.

Data analysis

For the PET data, the maximum radioactivity and the

dimensions of each sphere were measured on each central

coronal slice using a region of interest (ROI). On the

monitor displaying PET images, upper and lower SUV

were set to 6.0 and 0.0, respectively, according to routine

clinical use. To measure the maximum counts of the
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sphere, the circular ROI equal to the known sphere size was

placed to delineate the sphere under careful visual obser-

vation. The ROI must include the area of highest activity.

The dimensions of each sphere were measured by manual

delineation of the sphere images during the visual assess-

ment. To evaluate the quantification of the PET data,

recovery coefficient (RC), %counts, and %dimensions

were calculated by:

RC ¼ Ci=Cr � 100

% counts ¼ ðCi � CrÞ=Cr � 100

% dimensions ¼ ðDi � DrÞ=Dr � 100

where Ci and Di are interest values, and Cr and Dr are

reference values. As a reference for each parameter, the

maximum radioactivity of the 37 mm sphere in nonmotion,

that of each sphere in nonmotion, and the actual inside

dimensions of each sphere were used.

For the CT images, the dimensions and the CT number

of spheres were measured on a center slice of each coronal

image using a manually placed ROI that delineated the

outside surface of each sphere. The %dimensions and

%numbers of the CT images were calculated to evaluate

the CT data as CTAC. The %dimensions were defined in

the same way as PET data. The CT number of pixels in

each sphere was segmentally classified into two categories:

water density (from -30 HU to 30 HU) and noise density

(from -800 HU to -30 HU), using the profile curves of the

CT images. The %numbers were the ratio of the number of

pixels with each CT number to that of all pixels in the ROI.

As a reference for %dimensions and %numbers, the actual

outside dimensions and the number of all pixels in the ROI

of each sphere were used.

Statistical analysis

Multiple comparisons of the %counts, %dimensions, and

%numbers among the difference acquisition protocols were

performed using the Tukey–Kramer method. The levels of

significance were set at p \ 0.05 and p \ 0.01.

Results

Comparison of PET counts

The RC curve of each examination is shown in Fig. 1. The

top curve represents the RC of the nonmotion static PET.

The gradual decrease of the RC was observed in spheres

with diameters of 22 mm or smaller. For the RCs in

motion, the sPET–HCT decreased markedly, and the

10 mm sphere was not observed. The RCs of sPET–SCT

were lower than those of sPET–HCT. The RCs of sPET–

ACT were similar to those of sPET–SCT. On the other

hand, the gPET–HCT showed improvement of RCs, and

the gPET–4DCT improved further.

The PET count of each sphere in the different acquisi-

tion protocols was compared with that of sPET–HCT in the

nonmotion status and was expressed as %counts (Table 1).

The %counts of the sPET–HCT, sPET–SCT, and sPET–

Fig. 1 The RC curves of differences in PET/CT acquisitions. The

maximum radioactivity of the 37 mm sphere in nonmotion sPET/

HCT is used as a reference. The smaller the sphere size, the lower the

RC. In motion sPET, a sphere with a diameter of 10 mm cannot be

visualized

Table 1 Comparison of PET counts in different PET/CT protocols

Sphere diameters (mm) Mean

10 13 17 22 28 37

sPET–HCT – -65.3 -44.4 -29.8 -15.1 -8.0 -43.8*

sPET–SCT – -77.1 -51.7 -38.7 -25.2 -15.7 -51.4**

sPET–ACT – -63.50 -52.37 -41.46 -24.58 -15.21 -49.5***

gPET–HCT -70.5 -26.9 -22.1 -18.4 -22.5 -20.2 -30.1

gPET–4DCT -39.0 -17.7 -11.6 -9.5 -8.0 -5.8 -15.2

The numbers are the %counts in comparison to the PET counts of sPET–HCT in the nonmotion status

* The mean %counts of the sPET–HCT were significantly lower than those of gPET–4DCT (p \ 0.01)

** The mean %counts of the sPET–SCT were significantly lower than those of gPET–HCT (p \ 0.05) and gPET–4DCT (p \ 0.01)

*** The mean %counts of the sPET–ACT were significantly lower than those of gPET–HCT (p \ 0.05) and gPET–4DCT (p \ 0.01)
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ACT decreased, especially in the small spheres; their

respective mean %counts were -43.8, -51.4, and -49.5%,

respectively. On the other hand, the degrees of decrease in

the %counts of the gPET–HCT and the gPET–4DCT were

mild relative to that of the sPET. The mean %counts of

the gPET–HCT and the gPET–4DCT improved to -30.1

and -15.2%, respectively.

The %counts of the gPET–HCT and the gPET–4DCT in

each respiratory phase are shown in Fig. 2. In gPET–HCT,

the %counts of the central phases (phases 2, 3, 6, and 7) were

smaller than those of edge phases (phases 1, 4, 5, and 8). The

sphere position during the HCT scan was the midpoint

between phases 2 and 3. On the other hand, the %counts of

edge phases (phases 1, 4, 5, and 8) were smaller than those of

central phases (phases 2, 3, 6, and 7). Figure 3 shows the

gated PET and CT images in each respiratory phase. In the

gPET–HCT images, the distribution of radioactivity was not

homogeneous. The hot area was located in the center posi-

tion of the respiratory movement where the sphere was

placed during HCT scanning. In gPET–4DCT, the distri-

bution of radioactivity was homogeneous.

Comparison of the sphere dimensions

The sphere dimensions of the CT and PET images are

shown in Table 2 and Fig. 4. The %dimensions of sPET–

HCT (89.7%), sPET–SCT (82.4%), and sPET–ACT

(84.5%) were significantly higher than those of nonmotion

(p \ 0.01), gPET–HCT (p \ 0.05), and gPET–4DCT

(p \ 0.05). However, those of gPET–HCT (28.1%) and

gPET–4DCT (24.9%) were close to the standard values.

Considering the sphere dimensions on the CT images, the

dimensions of the SCT were significantly higher than the

standard values (p \ 0.01). Those of the 4DCT were also

close to the standard values.

Comparison of sphere density

The %numbers of the water density and that of the noise

density are shown in Fig. 5. The %numbers of the water

density of SCT in motion were significantly lower than that

of the nonmotion HCT (p \ 0.01). Those of 4DCT also

decreased significantly (p \ 0.01), while the degree of

decrease was milder than in those of SCT. The %numbers

of the noise density of SCT in motion significantly

increased (p \ 0.01). Although that of 4DCT also

increased significantly, it was lower than that of SCT

(p \ 0.01). The smaller the sphere size, the greater the

increase in the %numbers of the noise density. Represen-

tative images are shown in Fig. 4.

The %numbers of 4DCT in each respiratory phase are

shown in Fig. 6. In 4DCT, the mean %numbers of the

water density decreased and that of the noise density

increased in the central phases. However, those of both the

water and noise densities in the edge phases were close to

those of the HCT in nonmotion.

Fig. 2 The %counts of the

gated PET in each respiratory

phase. a gPET–HCT,

b gPET–4DCT
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Discussion

This study examined the usefulness of gated CT acquisition

for the quantification of gated PET/CT by comparing a

different acquisition protocol using a moving hot sphere

phantom.

In nonmotion, the RCs of the sPET–HCT were more

than 90% in the spheres with diameters of at least 17 mm.

Fig. 3 Gated PET and CT

images in respiratory motion.

Coronal images of the 37 mm

sphere in each respiratory phase

are shown; a HCT, b gPET–

HCT, c 4DCT and d gPET–

4DCT. Broken lines indicate

the center position of the

displacement. The radioactivity

distribution in the sphere of

the gPET–HCT was not

homogeneous. The hot area in

the sphere differs among phases.

That of gPET–4DCT was

homogeneous

Table 2 Comparison of sphere dimensions on PET and CT images

Sphere diameters (mm) Mean

10 13 17 22 28 37

PET

Nonmotion

sPET–HCT 11.2 16.5 14.7 4.8 2.4 0.6 8.4

Motion

sPET–HCT – 173 151 109 50.2 54.5 89.7*

sPET–SCT – 172 125 90 49.1 57.8 82.4**

sPET–ACT – 173 130 97 51.2 55.6 84.5***

gPET–HCT 17.1 44.3 48.2 27.3 19.7 11.7 28.1

gPET–4DCT 8.2 46 38.5 22.2 23.4 11.1 24.9

CT

Nonmotion

HCT 14.6 11.4 13.7 11.5 5.8 0.2 9.5

Motion

SCT 208.1 174.5 149 117.4 80.6 63.1 132.1****

4DCT 62.4 61.5 58.2 44.3 30.5 28.9 30.1

The numbers are the %dimensions in comparison to the actual dimensions

* The mean %dimensions of the sPET–HCT were significantly higher

than those of nonmotion sPET–HCT (p \ 0.01), gPET–HCT (p \ 0.05),

and gPET–4DCT (p \ 0.01)

** The mean %dimensions of the sPET–SCT were significantly higher

than those of nonmotion sPET–HCT (p \ 0.01), gPET–HCT (p \ 0.05),

and gPET–4DCT (p \ 0.05)

*** The mean %dimensions of the sPET–ACT were significantly higher

than those of nonmotion sPET–HCT (p \ 0.01), gPET–HCT (p \ 0.05),

and gPET–4DCT (p \ 0.05)

**** The mean %dimensions of the SCT were significantly higher than

those of nonmotion HCT (p \ 0.01) and 4DCT (p \ 0.01)

Fig. 4 CT and PET images. In comparison with the nonmotion HCT

image (a), the SCT image blurs due to motion (b). The 4DCT image

shows only a little blurring (c). In comparison with the PET image of

sPET–HCT in nonmotion (d), that of the sPET–SCT appears to be

blurred (e). The gPET–4DCT appears to be less blurred (f)
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In motion, the PET counts decreased with motion. Fur-

thermore, the smaller the sphere size, the more the PET

counts decreased. Pevsner et al. [11] also compared the

maximum radioactivity of spheres in motion with a dis-

placement of 2 cm with those in nonmotion. They reported

that the RCs of 13 and 22 mm spheres in motion were

underestimated by as much as 75 and 40%, respectively.

Okubo et al. [12] examined the quantification of PET/CT

using a moving phantom oscillating with a displacement of

10, 20, and 30 mm. They reported that the SUVmax of 22

and 28 mm spheres also decreased when the displacement

was 30 mm. The PET counts in motion decreased because

the PET counts of the sphere were distributed into the

widely smeared area determined by both the sphere

diameter and displacement distance. This phenomenon was

caused by the overlap in PET emission data interacting

between the sphere diameter and the displacement

distance.

The %counts of the sPET–HCT, sPET–SCT, and sPET–

ACT markedly decreased in motion, while those of the

gPET–HCT and gPET–4DCT mildly decreased. The gated

PET acquisition is thus considered to improve the disper-

sion of radioactivity in comparison with the static PET

acquisition. Nehmeh et al. [8] evaluated the effect of gated

acquisition on motion-induced underestimation using an

oscillating point source. They reported that the gated

acquisition improved the distribution of radioactivity.

Vines et al. [13] compared the static PET acquisition in

motion to the gated PET acquisition in motion. They

reported that the PET counts of gated PET in motion,

compared with those of static PET in motion, were closer

to those of static PET in nonmotion. These results suggest

that the gated acquisition of PET is necessary to obtain an

accurate PET count in motion. Although the gPET–4DCT

improved quantitative accuracy, it could not obtain com-

plete recovery in comparison to the sPET–HCT in non-

motion in this study. The difference may be due to

the residual movement of the spheres during respiratory

phases in spite of the gated acquisition. Another possibility

is the short acquisition time of gPET (1 min/phase 9

8 phases = 8 min), resulting in an increase of statistical

variance.

CTAC is also important for the quantification of PET.

Some clinical studies have reported that the misregistration

Fig. 5 The %numbers of pixels

with CT numbers for water

density and noise density in

different CT scan modes

Fig. 6 The %numbers of pixels with CT numbers for water density

and noise density in each respiratory phase of 4DCT. The %numbers

shows the mean of all spheres
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between PET emission data and CTAC caused the under-

estimation of PET counts. Erdi et al. [4] reported that

misregistration between PET emission data and CTAC

resulted in SUV variability of up to 30%. Some studies

have reported that the application of both SCT and ACT for

CTAC was useful for improving quantification [6, 7].

However, the present results showed that the underesti-

mation of PET counts could not be improved even when

SCT or ACT was used for CTAC. Both SCT and ACT

include the motion of several respiratory cycles and pro-

vide density-averaged CT images because they were per-

formed with a long rotation time and fixed cine duration

images, respectively. Because SCT decreased the %num-

bers for water density, while conversely increasing that for

noise density, the CTAC of SCT might therefore not reflect

the actual attenuation map of the sphere. Chi et al. [7]

proposed an ACT using 4DCT for attenuation correction

with static PET data. They reported that it reduced PET/CT

misregistration by matching the temporal resolution

between PET and CT data. Although the misregistration

between PET emission data and CTAC of SCT and ACT

was minimized, the PET counts did not improve when

either SCT or ACT was used for CTAC. In addition, nei-

ther sPET–SCT nor sPET–ACT improved the underesti-

mation of radioactivity or the overestimation of tumor

volume in the static PET in motion. As a result, both SCT

and ACT were considered inadequate for CTAC.

The gated PET with 4DCT improved the quantification

of PET images in respiratory motion. Although the 4DCT

images showed slightly lower water density than HCT, the

%counts for gPET–4DCT were better than those for gPET–

HCT. This is thought to result from the better image reg-

istration of 4DCT to gated PET images at each respiratory

phase. In a recent study with gated PET acquisition, Nagel

et al. [14] evaluated the potential of 4DCT to improve PET

counts in comparison with HCT. They found that 4DCT

resulted in improved PET counts of up to 28%. In the

present study, the radioactivity distribution of the gPET–

HCT images was not homogeneous. The highest radioactive

area in the sphere was observed in a limited part of the

sphere where the PET images and the CTAC were spatially

matched. The highest radioactive area in the sphere was

located in a different part from phase to phase. The %counts

of the central phases were superior to those of the edge

phases. On the other hand, the %counts of the central phases

were inferior to those of the edge phase in the gPET–4DCT.

Although the PET images and CTAC showed good regis-

tration at each phase in gPET–4DCT, the displacement of

the edge phases was smaller than that of the central phases.

The differences in the degree of blurring are considered to

cause the different %counts among phases. However, the

distribution of radioactivity in gPET–4DCT was relatively

homogeneous, and the difference in the %counts among

phases was minimal. Therefore, the gated acquisition of

both PET and CT is considered the best acquisition protocol

in motion in this study.

The phantom background in this study was filled with

air because we were simulating human lung tumor. In the

case of abdominal tumors with respiratory motion, we must

consider the result when the phantom background is filled

with water. The density inside the phantom must be

homogeneous and around water density because the

phantom consists of only water and the phantom wall. We

can ignore the partial volume effect on the CT images of

the sphere. Thus, the %numbers should be 100% water

density regardless of the different CT protocol. Further-

more, misregistration between PET images and CT images

can also be ignored. These factors are thought to increase

the PET counts of spheres due to the improved accuracy of

attenuation correction. The differences in %counts between

the different CT protocols are thought to disappear too.

Vines et al. [13] estimated the difference in PET counts

among static and gated acquisition in motion and static

acquisition in nonmotion with corrected helical CT atten-

uation. The difference in PET counts between sPET–HCT

in nonmotion and gPET–HCT in motion was equal to or

less than 10% for spheres more than 17 mm in diameter.

This is in agreement with the result for gPET–4DCT in the

present study (Table 1).

The gated PET data in this study were divided into eight

phases, and the acquisition time of each phase was thus

1 min. The acquisition time of each phase determined by

the number of phases and the total acquisition time would

have an effect on the quantification of PET data. Motion-

induced underestimation would also be different for each

tumor size at different displacement distances and sphere

background ratios of radioactivity. The respiratory motions

of patients are not usually regular, though those in the

current phantom study were regular. Further examinations

under several different conditions and with clinical trials

are required to confirm the general usefulness of gPET–

4DCT for quantification.

Conclusions

In respiratory motion, PET acquisition in the static mode

underestimated the radioactivity and overestimated the

dimensions. Neither SCT nor ACT improved these errors.

PET acquisition in the gated mode improved the quantifi-

cation of PET/CT images, though gated PET acquisition

using 4DCT is necessary for further improvement.

Acknowledgments The authors thank Mr. Hirofumi Kawakami

(GE Healthcare Japan) and Mr. Naoyuki Tamamura (Nihon Medi-

Physics) for their technological assistance.

Ann Nucl Med (2010) 24:507–514 513

123



References

1. Weber WA, Figlin R. Monitoring cancer treatment with PET/CT:

does it make a difference? J Nucl Med. 2007;48:36–44.

2. Goerres GW, Kamel E, Heidelberg TN, Schwitter MR, Burger C,

von Schulthess GK. PET–CT image co-registration in the thorax:

influence of respiration. Eur J Nucl Med. 2002;29:351–60.

3. Cohade C, Osman M, Marshall LT, Wahl RN. PET–CT: accuracy

of PET and CT spatial registration of lung lesions. Eur J Nucl

Med Mol Imaging. 2003;30:721–6.

4. Erdi YE, Nehmeh SA, Pan T, Pevsner A, Rosenzweig KE,

Mageras G, et al. The CT motion quantitation of lung lesions and

its impact on PET-measured SUVs. J Nucl Med. 2004;45:1287–

92.

5. Lagerwaard FJ, Van Sornsen de Koste JR, Nijssen-Visser MR,

Schuchhard-Schipper RH, Oei SS, Munne A, et al. Multiple

‘‘slow’’ CT scans for incorporating lung tumor mobility in

radiotherapy planning. Int J Radiat Oncol Biol Phys.

2001;51:932–7.

6. Nye JA, Esteves F, Votaw JR. Minimizing artifacts resulting from

respiratory and cardiac motion by optimization of the transmission

scan in cardiac PET/CT. Med Phys. 2007;34:1901–6.

7. Chi PC, Mawlawi O, Nehmeh SA, Erdi YE, Balter PA, Luo D,

et al. Design of respiratory averaged CT for attenuation correc-

tion if the PET data from PET/CT. Med Phys. 2007;34:2039–47.

8. Nehmeh SA, Erdi YE, Ling CC, Rosenzweig KE, Squire OD,

Braban LE, et al. Effect of respiratory gating on reducing lung

motion artifacts in PET imaging of lung cancer. Med Phys.

2002;29:366–71.

9. Nehmeh SA, Erdi YE, Pan T, Yorke E, Mageras GS, Rosenzweig

KE, et al. Quantitation of respiratory motion during 4D-PET/CT

acquisition. Med Phys. 2004;31:1333–8.

10. Pan T, Lee TY, Rietzel E, Chen GT. 4D-CT imaging of a volume

influenced by respiratory motion on multi-slice CT. Med Phys.

2004;31:333–40.

11. Pevsner A, Nehmeh SA, Humm JL, Mageras GS, Erdi YE. Effect

of motion on tracer activity determination in CT attenuation

corrected PET images: a lung phantom study. Med Phys.

2005;32:2358–62.

12. Okubo M, Nishimura Y, Nakamatsu K, Okumura M, Shibata T,

Kanamori S, et al. Static and moving phantom studies for radi-

ation treatment planning in a positron emission tomography and

computed tomography (PET/CT) system. Ann Nucl Med.

2008;22:579–86.

13. Vines DC, Keller H, Hoisak JDP, Breen SL. Quantitative PET

comparing gated with nongated acquisitions using a NEMA

phantom with respiratory-simulated motion. J Nucl Med Technol.

2007;35:246–51.

14. Nagel CC, Bosmans G, Dekker AL, Ollers MC, Ruysscher DK,

Lambin P, et al. Phased attenuation correction in respiratory

correlated computed tomography/positron emitted tomography.

Med Phys. 2006;33:1840–7.

514 Ann Nucl Med (2010) 24:507–514

123


	Importance of gated CT acquisition for the quantitative improvement of the gated PET/CT in moving phantom
	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Phantom and motion tables
	Data acquisition
	Data analysis
	Statistical analysis

	Results
	Comparison of PET counts
	Comparison of the sphere dimensions
	Comparison of sphere density

	Discussion
	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


