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Abstract

Objectives Respiratory motion during PET imaging intro-
duces quantitative and diagnostic inaccuracies, which may
result in non-optimal patient management. This study inves-
tigated the effects of respiratory gating on image quantifica-
tion using an amplitude-based optimal respiratory gating
(ORG) algorithm.

Methods Whole body FDG-PET/CT was performed in 66
lung cancer patients. The respiratory signal was obtained
using a pressure sensor integrated in an elastic belt placed
around the patient’s thorax. ORG images were reconstructed
with 50 %, 35 %, and 20 % of acquired PET data (duty cycle).
Lesions were grouped into anatomical locations. Differences
in lesion volume between ORG and non-gated images, and
mean FDG-uptake (SUV ,can) Were calculated.

Results Lesions in the middle and lower lobes demonstrated a
significant SUV .., increase for all duty cycles and volume
decrease for duty cycles of 35 % and 20 %. Significant
increase in SUV ., and decrease in volume for lesions in
the upper lobes were observed for a 20 % duty cycle. The
SUV ean increase for central lesions was significant for all
duty cycles, whereas a significant volume decrease was
observed for a duty cycle of 20 %.

Conclusions This study implies that ORG could influence
clinical PET imaging with respect to response monitoring
and radiotherapy planning.
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Key Points

* Quantifying lesion volume and uptake in PET is important
for patient management

* Respiratory motion artefacts introduce inaccuracies in
quantification of PET images

» Amplitude-based optimal respiratory gating maintains im-
age quality through selection of duty cycle

» The effect of respiratory gating on lesion quantification
depends on anatomical location

Keywords Respiratory gating - Standardized uptake value -
""F_FDG - PET/CT - Lung cancer

Introduction

Positron Emission Tomography (PET) in combination
with X-ray computed tomography (CT) is an essential
multimodality molecular imaging platform for accurate
staging and diagnosis of a variety of diseases, particu-
larly in oncology [4, 15]. The advantage of PET/CT
imaging is that it permits the acquisition of both ana-
tomical and functional images of the patient; improving
detection, localization and characterization of disease
sites [4, 26]. In addition, quantitative indices in PET,
such as the standardized uptake value (SUV) [2] and
total lesion glycolysis (TLG) [8, 28], can be used to
provide important prognostic information. Furthermore,
it has been established that molecular imaging with PET
is valuable in the early assessment and prediction of
therapy response of several cancers [10-12, 21].
However, due to the relatively long image acquisition
times, typically 3-4 minutes for a single bed position, patients
are instructed to breathe freely during PET imaging. As a
consequence, motion artefacts due to the respiratory cycle
can result in significant blurring of structures within the thorax
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and upper abdomen, resulting in underestimation of lesion
radiotracer uptake and overestimation of lesion volume in
PET images [5, 7, 13]. If uncorrected, these artefacts can
introduce diagnostic uncertainties, inaccuracies in definition
of target volumes for radiation treatment planning, and hinder
adequate monitoring of therapy response

Different respiratory gating approaches have been devel-
oped in order to correct PET images for respiratory motion
artefacts, relying on the selection of data in specific time
intervals within the respiratory cycle, thereby creating an
image in which the main respiratory motion components are
removed. This is usually accomplished by simultaneously
recording a surrogate signal correlated with the patient’s re-
spiratory cycle with the PET data [19, 22]. Using the surrogate
signal acquired, PET data can be selected by means of divid-
ing each respiratory cycle into a fixed number of gates (phase-
based gating) or by defining a certain amplitude range
(amplitude-based gating) [7, 9, 18], as depicted in Fig. 1.

However, difficulties in retrospective gating ap-
proaches are related to the maintenance of acceptable

Fig. 1 Phase-based and

amplitude-based gating a
approaches for PET. a) Phase-
based gating b) Amplitude-based
gating. In phase-based gating,
each respiratory cycle is divided
in a fixed number of gates (in this
case, four) and data acquired in a
specific gate is used for image
reconstruction. Amplitude-based
gating relies on definition of an
upper and lower amplitude limit.
PET data acquired when the
amplitude of the respiratory signal
falls in the defined amplitude
range will be used for image
reconstruction. In case of the

Respiratory signal amplitude A(t)

image quality in the presence of irregular breathing
frequencies. Particularly in phase-based respiratory gat-
ing approaches, discarded PET data due to rejection of
inappropriate triggers results in reduction of image qual-
ity whilst acceptation of inappropriate triggers results in
the definition of gates in different phases of the respi-
ratory cycle, as depicted in Fig. la. In this study, the
effects of respiratory gating in modern high resolution
PET imaging on quantification of lesion volume and
FDG-uptake for lesions in the thorax were investigated
using an amplitude-based optimal respiratory gating
(ORG) algorithm. In contrast to many other respiratory
gating algorithms, ORG safeguards image quality
through calculation of an optimal amplitude range for
a specified percentage of acquired PET data. The per-
formance of ORG in a clinical whole body imaging
protocol was evaluated in a large representative group
of patients with primary lung cancer. In particular, the
effect of lesion anatomical location and different inputs
for the algorithm were investigated.
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Materials and methods
Patients

This study was approved by the institutional review board
(IRB) of the Radboud university medical center. A total of
66 patients from our fast-track outpatient diagnostic program
with histologically confirmed primary lung cancer were in-
cluded in this study. Patient characteristics are summarized in
Table 1.

Image acquisition

Whole body FDG-PET imaging was performed using a
Biograph 40 mCT (Siemens Medical Solutions, Knoxville
Tennessee, USA) PET/CT. The PET system has an extended
axial field of view (FOV) of 216 mm with four lutetium oxy-
orthosilicate (LSO) detector rings (TrueV). The amount of

Table 1 Characteristics of the patient population used for this study

Characteristics of patient population

Male(Female) 44(22)
Median age (range) [y] 66 (33-85)
Body mass’ [kg] 78+15
Administered FDG activitys” [MBq] 253+49
Histological type
Small cell lung cancer 6
Non-small cell lung cancer 60°
Squamous cell carcinoma 29
Adenocarcinoma 26
Large cell carcinoma 1
Bronchioloalveolar carcinoma 2
Adenosquamous carcinoma 1
Disease stage®
Ia 5
Ib 7
Ila 8
1Ib 0
IIla 13
11Ib 14
v 19

Data are reported as mean+standard deviation

® Histology confirmed the presence of a NSCLC lesion in one patient.
However, further immunohistological differentiation was not possible
due to the quality of the obtained histological specimen and additional
invasive diagnostic procedures were waived due to severe morbidity of
the patient

¢ Disease stage at the time of the gated PET acquisition
FDG="? F-Fluorodeoxyglucose

NSCLC=Non-small cell lung cancer

PET=Positron emission tomography

@ Springer

administered FDG was adjusted to the patient’s weight (3.2
+0.2 MBqg/kg). Respiratory gating was performed on bed
positions covering the thorax and upper abdomen. Gated
and non-gated bed positions were acquired during patient free
breathing for six minutes and two minutes, respectively. The
respiratory signal was obtained using an Anzai AZ-733 V
respiratory gating system (Anzai Medical Co. Ltd., Tokyo,
Japan). This system consists of a pressure sensor integrated in
an elastic belt ,which is placed around the patient’s thorax. A
whole body low dose (LD) CT was acquired during free-
breathing for the purpose of attenuation correction and ana-
tomical reference. The X-ray tube peak voltage (kVp) was set
to 100 kVand 120 kV for patients with body mass <70 kg and
>70 kg, respectively. Appropriate conversion of CT images
acquired using different kVps to 511 keV annihilation photon
attenuation maps was performed using a kVp-dependent
transformation, as implemented in the Siemens mCT software
[6]. The X-ray tube current was modulated using CARE
Dose4D, with a reference tube current of 50 mAs.

Respiratory gating

Respiratory gating was performed on the list-mode data with
an amplitude-based ORG algorithm, integrated in the Syngo
2011A MLPET/CT software, designated HD-Chest by Sie-
mens. The main user input for the ORG algorithm is the
percentage duty cycle, which is the percentage of the total
acquired true coincidences used for image reconstruction. The
ORG algorithm calculates an optimal amplitude range for a
given duty cycle [13]. The algorithm starts by calculating the
amplitude range for different values of the lower limit (L).
With each value of L, the upper limit (U) is adjusted to include
the specified percentage of the acquired PET data, and an
amplitude range (W) is calculated through a simple subtrac-
tion (U-L). The optimal amplitude range is defined as the
smallest amplitude range obtained and calculated by minimiz-
ing W, as depicted in Fig. 1b.

Selection of the percentage duty cycle permits the user to
control the amount of noise versus the residual motion com-
ponents in the reconstructed images. In this study, ORG
images were reconstructed using duty cycles of 20 %, 35 %,
and 50 %, corresponding with 72 seconds, 126 seconds and
180 seconds of PET data, respectively. For the non-gated
images, the first 126 seconds of the acquired data were used
for image reconstruction, resulting in an equal amount of
acquired true coincidences as the ORG images reconstructed
with a duty cycle of 35 %.

Image reconstruction
The CT images used for attenuation correction were recon-

structed with a B19f convolution kernel and a slice thickness
of 5.0 mm, whereas CT images used for the purpose of
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anatomical reference were reconstructed with a B31f convo-
lution kernel and a slice thickness of 3.0 mm. The PET images
were reconstructed with the TrueX algorithm (with a spatially
varying point spread function (PSF)) and the incorporation of
time-of-flight (TOF) measurements (Ultra-HD PET). Image
reconstruction was performed with three iterations, 21 subsets,
and a matrix size of 400400 (pixel spacing of 2.04 mm). The
slice thickness of the PET images was matched to the slice
thickness of the attenuation CT and post reconstruction filter-
ing was performed with a 3D Gaussian filter kernel with a full
width at half maximum (FWHM) of 3.0 mm.

Image analysis

Analysis of the FDG PET images was performed using the
Inveon Research Workplace 4.1 Software (Preclinical Solu-
tions, Siemens Medical Solutions USA, Knoxville Tennessee,
USA). Lesions were delineated using a region growing seg-
mentation algorithm with a segmentation threshold at 40 % of
SUVax [14]. Differences in lesion volume between non-
gated and ORG images, as determined by the 40 % SUV .«
isocontour, and in mean FDG-uptake of the corresponding
volumes (SUV ,can) Were calculated. In addition, noise char-
acteristics were determined by placing a volume of interest
(VOI) in the parenchyma of the contralateral lung and record-
ing the mean and standard deviation of the SUV voxel values
within these volumes. Image noise was expressed by the
coefficient of variation, defined as the ratio of the standard
deviation to the mean.

Fig. 2 Schematic representation
of the three anatomical groups
defined.

Lesion localization

It has been well established that the nature and magnitude of
the motion of structures within the thorax are dependent on
anatomical location [19]. Therefore, it is expected that the
effects of respiratory gating also demonstrate such an anatom-
ical dependency. In order to determine the effect of anatomical
location on the quantification of lesion volume and FDG-
uptake, lesions were grouped according to their anatomical
location within the lungs. These locations are the 1)
mediastinum/lung hilum (central group), 2) middle and lower
lobes, 3) and upper lobes. Lesions which demonstrate invasive
growth into or attachment to large structures (i.e., the main
bronchi, arteries and veins) of the lung hilum or mediastinum,
are assigned to the central group. The anatomical groups
defined for this study are depicted in Fig. 2.

Statistics

Statistical analysis was performed using the Wilcoxon signed-
rank test for paired variables using SPSS Statistics 20 (IBM,
Chicago Illinois, USA) and statistical significance was de-
fined for p<0.05. Lesion volume and SUV ., in the ORG
images reconstructed with different duty cycles were com-
pared with the non-gated images of the same patient. A
Bonferroni correction was performed to correct for multiple
testing through multiplication of the p-value with the number
of statistical tests (in this case, six). Reported p-values have
been Bonferroni corrected unless otherwise stated.

:] Mediastinum/ Lung hilum
|: Upper lung lobes

- Middle and lower lung lobes
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Results

Lesions in the ORG images demonstrated a statistically sig-
nificant increase in SUV ey values when compared to the
non-gated images. The SUV ¢, increase was 6.2+£12.2 %
(»<0.0001), 7.4£13.3 % (p<0.0001), and 9.2+14.0 %
(»<0.0001), for duty cycles of 50 %, 35 % and 20 %, respec-
tively. Furthermore, a concomitant decrease in lesion volume
0f6.9£19.6 % (p=0.02), 8.5+19.3 % (p<0.0001), and 11.3+
20.2 % (p<0.0001) was observed. The mean volume of the
lesions, as determined on the non-gated images, was 18.7+
33.9 mL (range 0.37-230 mL). The absolute SUV ¢, Value
of the lesions on non-gated images was 10.7£6.3 gomL™". In
ORG images reconstructed with a duty cycle of 50 %, 35 %,
and 20 %, the absolute SUV ,c., increased to 11.2+6.5, 11.4+
6.6, and 11.5+6.6, respectively. In addition to the observed
differences in SUV,,,can and volume, some lesions also dem-
onstrated marked changes in morphology when respiratory
gating was performed. These effects of respiratory gating are
readily shown in Fig. 3 that depict non-gated and ORG PET
images of a patient with a non-small cell lung cancer
(NSCLC) lesion in the left lower lobe.

A considerable difference in magnitude of the effect of
ORG on lesion volume and on SUV .., for the different
anatomical locations was observed. The mean increase in
lesion SUV can and reduction in volume as a function of the
percentage duty cycle and anatomical location are summa-
rized in Tables 2 and 3, respectively. The changes in SUV,can
and in volume were largest for lesions in the middle and lower
lobes. For lesions located in the middle and lower lobes,
statistically significant increases in SUV .., Were observed
for duty cycles of 50 %, 35 % and 20 %, whereas statistically
significant volume reductions were observed for duty cycles
of 35 % and 20 %. However, for lesions located in the upper
lobes and centrally located lesions, the effect of ORG was
smaller. For centrally located lesions, a statistically significant
SUV j1ean increase was observed for duty cycles of 50 %, 35 %
and 20 %, whereas a statistically significant volume reduction
was only observed for a duty cycle of 20 %. For lesions
located in the upper lobes, a statistically significant increase
in lesion SUV ,e., and reduction in volume was observed only
for duty cycles of 20 %. Figure 4 readily depicts such an
anatomical dependency of the effects of ORG in a single
patient with two NSCLC lesions, one located in the left lower
lobe and one in the left lung hilum.

In this patient, the large NSCLC lesion located in the left
lung hilum (depicted in Fig. 3c and d) exhibits invasive
growth into the left main bronchus, causing a post obstructive
atelectasis of the left lower lobe in which a second NSCLC
lesion is located. For the lesion in the left lung hilum, the
SUV jean increase in the ORG image was 5.3 % when com-
pared to the non-gated image, and a concomitant decrease in
volume of 1.9 % was observed. The effects of ORG on the

@ Springer
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Fig. 3 Coronal non-gated and ORG PET images of a patient with a
NSCLC lesion in the left lower lobe fused with LDCT images. a) Non-
gated PET image fused with a LDCT image, b) ORG PET image
reconstructed with a 35 % duty cycle fused with a LDCT image. The
PET and CT images are displayed with equal window level settings. In
addition to a different morphological appearance of the lesion between
the non-gated and ORG PET images, there is a considerable increase in
SUV nean of 69.5 % and a decrease in volume of 80.2 %.
SUV=standardized uptake value

lesion in the left lower lobe were considerably larger, showing
a SUV ean increase of 31.9 % and a concomitant volume
decrease of 23.0 %. Analysis revealed no correlation between
lesion size, as determined on the non-gated images, and rela-
tive increase in SUV .. The Spearman correlation coeffi-
cient ‘p’, describing the relation between lesion size and
SUV jean increase, was -0.129, -0.169, and -0.212 for duty
cycles of 50 %, 35 %, and 20 %, respectively.

The values for the coefficients of variation revealed that the
amount of image noise is increased when lower percentages of
the duty cycle are used for image reconstruction. The mean
coefficients of variation of the VOIs located in the
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Table 2 Relative SUV,,cq, in-

crease of lesions in the ORG im- Anatomical location

Duty Cycle [%]

ages compared to the non-gated
images for different anatomical 50

35 20

locations and percentages duty

cycle. Upper lobes (n=28)

Middle and lower lobes
(n=26)

Central (n=29)

All locations (n=83)

Data are reported as mean
+standard deviation

3.6+11.6 % (p=0.8)
12.3+15.7 % (p<0.0001")

3.2+5.8 % (p=0.04)"
6.2+£12.2 % (p<0.0001)

6.9+13.5 % (p=0.02) "
15.5+17.7 % (p<0.0001")

5.04122 % (p=0.2)
13.7+16.8 % (p<0.0001")

42473 % (p=0.01)"
7.4+£13.3 % (p<0.0001)

5.8+7.7 % (p<0.0001)"
9.2+14.0 % (p<0.0001)

* Statistically significant

contralateral lung parenchyma of the 66 patients are summa-
rized in Table 4. Although selection of a higher percentage
duty cycle for image reconstruction reduces the amount of
image noise, this will inevitably result in calculation of a wider
amplitude range and a larger residual motion component
residing in the reconstructed images. The mean width of the
amplitude range for duty cycles of 50 %, 35 %, and 20 %, is
summarized in Table 5.

Discussion

The clinical role of FDG PET for management of patients with
primary lung cancer is increasingly being recognized [20, 25,
26]. Several authors report a correlation between changes in
lesion glucose metabolism in subsequent PET imaging and
treatment response [10, 17, 27]. However, respiratory motion
can introduce random errors during image quantification in
PET and, if uncorrected, may hinder adequate patient man-
agement. Reducing inaccuracies regarding quantification of
lesion volume and radiotracer uptake may improve monitor-
ing treatment response in early stages of cancer therapy,
facilitating clinical decision making by switching to a different
treatment regimen, thereby avoiding administration of several
cycles of ineffective anti-cancer treatment [21]. Furthermore,
with the increasing tendency to incorporate functional infor-
mation provided by PET imaging into radiation treatment
planning schemes, correction of PET images for respiratory
motion artefacts may enable the possibility to employ a more
individually tailored radiation therapy [1, 3, 24]. Particularly,
the reduction in target volume could be used to perform

radiation dose escalation on the lesion whilst limiting the dose
to organs at risk.

Traditionally, techniques that rely on the use of a respira-
tory surrogate signal in order to perform respiratory gating can
be characterized as either phase-based or amplitude-based.
Phased-based respiratory gating methods perform sorting of
list-mode data by dividing each respiratory cycle into a fixed
number of respiratory gates of equal duration. Respiratory
gating of PET data is then performed by using PET data
collected in a specific gate for image reconstruction. However,
these methods are sensitive to the emergence irregular breath-
ing patterns during image acquisition. These irregular patterns
hinder appropriate detection of respiratory peaks in the signal
resulting in rejection of respiratory cycles that can be used for
gating. Discarding PET data can considerably reduce diag-
nostic quality of the PET images due to increased amounts of
image noise. Several authors reported that amplitude-based
approaches are more robust in the presence of irregular breath-
ing patterns when compared to phase-based gating approaches
[7, 9, 18]. However, most of these algorithms do not take the
characteristics of the respiratory signal into consideration. The
advantage of the ORG algorithm is that it finds the optimal
amplitude range for the specified duty cycle. Calculation of
the optimal amplitude range is achieved by searching through-
out the entire respiratory signal of the gated bed positions the
smallest amplitude range, which still contains the specified
amount of PET data. The ORG algorithm, therefore, makes
optimal use of specific characteristics of the respiratory signal,
such as plateau phases, to define an optimal amplitude range
while maintaining image quality. Selection of the duty cycle
permits the user to control the amount of noise and residual
motion in the image.

Table 3 Relative volume decrease

of lesions in the ORG images Anatomical location

Duty Cycle [%)]

compared to the non-gated images
for different anatomical locations 50

35 20

and percentages duty cycle

Upper lobes (n=28)

Middle and lower lobes
(n=26)

Central (n=29)

All locations (n=83)

Data are reported as mean
+standard deviation

" Statistically significant

334175 % (p=1)
13.3424.9 % (p=0.07)

47+15.1 % (p=1)
6.9+19.6 % (p=0.02)"

5.8+19.9 % (p=1)
14.8+23.3 % (p=0.006) "

8.2+23.3 % (p=0.03)"
17.7£21.0 % (p<0.0001) *

8.6+14.9 % (p=0.02)"
11.3+20.2 % (p<0.0001) *

5.3+13.1 % (p=0.4)
8.5£19.3 % (p<0.0001)

@ Springer
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Fig. 4 Non-gated and ORG PET images fused with LDCT images of a
patient with NSCLC lesions in the left lower lobe and lung hilum. a) Non-
gated PET image fused with a LDCT image depicting a lesion in the left
lower lobe, b) ORG PET image, reconstructed with a duty cycle of 35 %,
fused with a LDCT image of a lesion in the left lower lobe, ¢) Non-gated
PET image fused with a LDCT image depicting a lesion in the left lung
hilum, d) ORG PET image, reconstructed with a duty cycle of 35 %,
fused with a LDCT image of a lesion in the left lung hilum. The PET and

The results of this study show that respiratory gating with
HD- Chest considerably affects quantification of lesion vol-
ume and FDG-uptake during PET imaging of the thorax. The
effects are dependent on the anatomical location of the lesion
and percentage duty cycle used for image reconstruction. In
general, lesions in the middle and lower lung lobes demon-
strate a considerable increase in SUV .., and reduction in
volume when ORG is performed. However, the effect of ORG
on lesions located centrally and in the upper lobes is more
heterogeneous. The heterogeneity of the observed effects can
be explained by the classification of the lesions into three main

Table 4 Mean coefficient of variation for the VOIs in the contralateral
lung parenchyma for duty cycles of 50 %, 35 %, and 20 %. The non-gated
images were reconstructed with 360 s (100 %) and 126 s (35 %) of the
acquired true coincidences per bed position

Percentage duty ~ Non-gated 50 Non-gated 35 20
cycle [%)]
True coincidences 360 180 126 126 72

[s]
Coefficient of
variation [%]

26.1+6.4 30.1£8.0 31.8+5.6 32.846.4 39.4+75

Suv
49.0

0
Suv

‘u 49.0

0

CT images are displayed using equal window level settings. In this
patient, the anatomical dependency of the effects of ORG is clearly
demonstrated. For the lesion in the left lung hilum, the SUV,;c,, increase
in the ORG image was 5.3 % while a concomitant decrease in volume of
1.9 % was observed. A considerable larger increase in SUV ., 0£31.9 %
and decrease in volume of 23.0 % was observed for the lesion in the left
lower lung lobe. SUV=standardized uptake value

anatomical groups used during this study. The exact location
of a lesion, as well as the extension of lesion growth (e.g.,
attachment to other anatomical structures), determines the
displacement of the lesion during the patient’s respiratory
cycle. For the upper lung lobes, lesions in the apical segments
usually experienced limited displacement during the respira-
tory cycle, whilst lesions in the inferior segments demonstrat-
ed more substantial displacement. The same differences were
observed for centrally located lesions, where lesions located in
the periphery of the lung hilum demonstrated larger increases
in SUV can and reduction in volume whereas almost no
effects were observed for mediastinal and subcarinal lesions.

In this study, we examined a representative patient popu-
lation from our fast-track outpatient diagnostic program.
However, a number of these patients presented with additional

Table 5 Mean width of the amplitude range used for ORG for duty
cycles of 50 %, 35 %, and 20 %. The amplitude range is calculated by
subtracting the value for the lower amplitude limit from that of the upper
amplitude limit

Percentage duty cycle [%] 50 35 20
Width of Amplitude range [%] 20.9+£5.9 12.9+5.1 73424

Data are reported as meantstandard deviation

@ Springer
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pulmonary diseases such as lung emphysema and fibrosis.
Particularly in patients with severe lung emphysema, thoracic
wall excursions and displacement of anatomical structures can
be reduced due to hyperinflation. In this patient population,
approximately one third of the patients had radiological evi-
dence of mild lung emphysema. However, no considerable
reduction in breathing excursions on the acquired respiratory
signals were observed as compared to the patients without
emphysema. Furthermore, there was no correlation other than
anatomical location between the presence of lung emphysema
and observed increases in SUV .., and decreases in volume.

It should be mentioned that the ORG algorithm deals with
PET data only. Since the CT examinations have been per-
formed without respiratory gating and without breathing in-
structions, a spatial mismatch between the PET and CT images
can exist, particularly for structures which exhibit a large
displacement during the respiratory cycle. Spatial mismatch
between the PET and CT datasets may result in inappropriate
attenuation correction and subsequent inaccuracies in quanti-
fication of the PET images. Several authors report strategies to
improve spatial match between PET and CT images [16, 23].
These strategies include the use of breathing instructions, and
respiratory triggered or gated CT acquisitions using the same
respiratory signal as during PET gating. Optimizing the spatial
matching of PET and attenuation CT images in combination
with the ORG algorithm will be the subject of future study.

Respiratory gating with HD-Chest permits convenient in-
tegration of respiratory gating of multiple bed positions in a
whole body PET imaging protocol and can easily be integrat-
ed in a routine clinical PET workflow. Furthermore, the ad-
vantages of modern PET reconstruction algorithms, including
the incorporation of TOF and a spatially varying PSF, can be
used in image reconstruction of respiratory gated PET data.
The results of this study suggest that respiratory gating could
influence clinical PET imaging with respect to therapy re-
sponse monitoring and radiation treatment planning.

Conclusion

ORG with HD - Chest markedly affects quantification of lesion
volume and FDG-uptake in PET imaging of the thorax, par-
ticularly for lesions located in the middle and lower lung
lobes. The results of this study show that the magnitude of
the effects is dependent on the anatomical location of the
lesion and the percentage duty cycle used for image recon-
struction. These results imply that ORG could influence clin-
ical PET imaging with respect to therapy response monitoring
and radiation treatment planning.
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