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Abstract— Clinical PET imaging of the abdomen and thorax
rely on standardised uptake values using static imaging but more
robust quantification can be performed using dynamic protocols
and estimating kinetic parameters from the dynamic PET data.
However quantitative parameters both in static and dynamic
imaging suffer from patient motion. In dynamic imaging the
motion-induced data blurring and emission-attenuation
mismatch results in erroneous time-activity curves potentially
leading to erroneous parametric maps. Furthermore the effects
of motion on direct parameter estimates using 4D image
reconstruction algorithms are not known. In this work using a
novel 5-D numerical body phantom we evaluate the impact of
body motion on kinetic parameters in dynamic abdominal and
thoracic PET imaging. Furthermore we compared parameter
estimates obtained using both conventional post-reconstruction
analysis as well as direct 4D image reconstruction.
Index Terms—Direct 4-D image reconstruction, respiratory
motion, kinetic modelling

I. INTRODUCTION

T

horacic and abdominal PET imaging in the clinic typically
relies on a static image acquisition for staging newly
diagnosed tumours, treatment monitoring or restaging in
the event of disease recurrence, with analysis usually restricted
to standardised uptake values. Kinetic analysis on the time
course of the activity distribution using dynamic image
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acquisition protocols can provide improved quantification by
estimating macro- or micro-parameter maps which directly
relate to biologic parameters of interest. However parametric
imaging is not routinely using in clinical practice due to its
complexity but also due to the fact that dynamic PET data in
the body tend to be noisy, resulting in parametric maps of poor
precision and accuracy. Direct reconstruction of kinetic
parameters can provide parametric maps of improved accuracy
and precision in dynamic thoracic and abdominal imaging [1].
However both static and dynamic data suffer from different
sources of patient movement occurring during the course of
the scan. In the context of static imaging data blurring from
motion itself and the mismatch between emission and
transmission results in erroneous reconstructed activity
concentration images. In the context of dynamic imaging these
effects are translated into erroneous time-activity curves
(TACs) consequently leading to erroneous voxel-wise
parametric maps. In post-reconstruction kinetic analysis such
errors are expected to occur at the boundaries of organ
structures with diverse kinetics as well as within regions, such
as malignant tumours, exhibiting heterogeneous kinetic
behaviour. However, analysis so far has been restricted to
neuroreceptor imaging studies, where head motion can be
considered rigid, and only to macro-parameters [2].
Furthermore the impact of respiratory motion in direct
parameter estimates using 4D image reconstruction methods
has not be investigated yet.
In this work we use a novel realistic 5-dimensional
anthropomorphic phantom to simulate respiratory-induced
body motion during a dynamic PET protocol from an
[15O]H2O (single-tissue model) and an [18F]FDG (two-tissue
model) scan. Based on this computational phantom we
evaluate the impact of respiratory motion both due to data
blurring and emission-attenuation mismatch on microparameter maps generated using post-reconstruction analysis
as well as direct 4D image reconstruction.
II. METHODS
To evaluate the impact of respiratory motion on kinetic
parameters from dynamic PET data, a realistic computational
5-D body phantom was developed. The anatomical
information, covering the thoracic and upper abdominal area
were generated using MRI-derived data to segment the

Fig. 2 Bias parametric images of K1, vd and bv reconstructed using the
reference gate (no motion) (a), after using all gates (data blurring) (b) and
after introducing attenuation (data blurring + emission-attenuation mismatch)
(c) both using direct 4D reconstruction and post-reconstruction analysis of the
[15O]H2O dynamic dataset.

Fig. 1 Simulated parametric images of K1, vd and bv (a) and reconstructed
using the reference gate (no motion) (b), using all gates (data blurring) (c and
after introducing attenuation (data blurring + emission-attenuation mismatch)
(c) both using direct 4D reconstruction and post-reconstruction analysis of the
[15O]H2O dynamic dataset.

different regions (soft tissue, bones, liver and lungs). The
myocardium, heart ventricles and large vessels were
segmented using an ECG triggered MRI scan while 9 tumours
of different sizes where manually inserted in the liver and lung
regions [3-6]. Kinetics typically encountered in dynamic
[15O]H2O and [18F]FDG scans were assigned in the MR
segmented phantom and TACs were generated using a singletissue 3 parameter model (K1, k2 and blood volume: 28
frames)

CT = IRF(K1 , k 2 , t) ⊗ CP + bvCp = K1e −k2t ⊗ C p + bvCp

(1)

and a two-tissue 4 parameter model (K1, k2, k3 and blood
volume: 29 frames)
CT = IRF ( K1, k2 , k3 , t ) ⊗ CP + bvC p =

(
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p + bvC p

(2)

respectively. To simulate motion, motion fields derived from
4D MR images providing a uniform temporal sampling of a
complete respiratory cycle, were used to warp the simulated
PET data and generate 8 gates for each time frame in the
dynamic image sequence [7]. Similar procedure was followed
to generate the attenuation maps (air, soft tissue, lungs and
bone). The simulated gated emission and attenuation maps
were forwarded projected into a virtual scanner using the
geometry of the HiRez PET/CT to generate the projection
data. Two datasets, with and without attenuation, were
generated to decouple the effects on motion and evaluate them
separately and in combination. Noiseless datasets were
generated initially to evaluate the impact of motion without
noise masking any effects. All datasets were reconstructed
with 3D reconstruction followed by kinetic analysis, as well as
with direct 4D reconstruction [1, 8]. The kinetic models used
for parameter estimation matched the ones used to simulate
the data (Equations (1) and (2)) and were linearized using the
generalized linear least square (GLLS) method to generate the
parametric maps [9].
III. RESULTS
Fig. 1 shows the K1, vd and blood volume parametric images
from the dynamic [15O]H2O noiseless data estimated using the
post-reconstruction as well as 4D reconstruction methods.
When no motion is simulated (b) both the parameter
estimation methods give similar maps and close to the
simulated ones (a), with boundaries between regions with

Fig. 4 Bias parametric images of K1, Ki and bv reconstructed using the
reference gate (no motion) (a), after using all gates (data blurring) (b) and
after introducing attenuation (data blurring + emission-attenuation mismatch)
(c) both using direct 4D reconstruction and post-reconstruction analysis of the
[18F]FDG dynamic dataset.

Fig. 3 Simulated parametric images of K1, Ki and bv (a) and reconstructed
using the reference gate (no motion) (b), using all gates (data blurring) (c and
after introducing attenuation (data blurring + emission-attenuation mismatch)
(c) both using direct 4D reconstruction and post-reconstruction analysis of the
[18F]FDG dynamic dataset.

different kinetics, well delineated. When motion was taken
into account, parametric maps appear to be blurred with
erroneous kinetics at the boundaries of regions with sharp
transition in the kinetics. However both the direct and the
post-reconstruction methods appear to behave similarly.
Further deterioration in the parametric maps is obtained when
introducing the emission-attenuation mismatch in the
simulation however again both parameter estimation method
behave similarly. To better evaluate the different effects of
motion, bias parametric maps corresponding to Fig.1 are
shown in Fig. 2. Under motionless conditions (a) bias in all
regions and parameters is kept under ~3% and due to lack of
convergence (10th iteration). Both methods give identical
results which is to be expected under noiseless conditions.
When motion-induced data blurring was taken into account
increased positive and negative bias is observed at the
boundaries of structures with the ribs (K1:-23%, vd:-20%),
tumors (K1:-17%, vd:-5.3%, va:-13%) and myocardium (K1:36%, vd:-34%, va:+91%) exhibiting the highest mean bias,
with similar results between the 2 parameter estimation

methods. The myocardium wall is of particular interest as
being close to the ventricles and aorta is heavily contaminated
with the mean blood volume being ~90% positively biased.
Including the emission-attenuation mismatch results in
substantial voxel-wise positive and negative bias within
different regions in both parameter estimation methods,
however regional bias is only slightly deteriorated. Similar
behaviour is seen in the dynamic [18F]FDG datasets however
the blood volume components appears to be slightly more
affected compared to K1 and Ki.
IV. DISCUSSION - CONCLUSION
Respiratory motion-induced data blurring was found to affect
kinetic parameters
especially at
the boundaries of
regions. The emission-attenuation mismatch resulted in bias
appearing also within regions while at the same time
accentuating bias the boundaries of regions with
heterogeneous kinetics. No significant difference in bias was
found between the 2 parameter estimation methods with the
direct 4D reconstruction behaving similar to the postreconstruction kinetic analysis. It also appears qualitatively
that both micro- and macro-parameters are susceptible to
motion to a similar degree. Further work is under way to
evaluate the effect of motion under noisy conditions.
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