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With the replacement of ionizing CT by MR imaging, integrated

PET/MR in selected clinical applications may reduce the overall

patient radiation dose when compared with PET/CT. Further potential
for radiotracer dose reduction, while maintaining PET image quality

(IQ) in integrated PET/MR, may be achieved by increasing the PET

acquisition duration to match the longer time needed for MR data

acquisition. To systematically verify this hypothesis under controlled
conditions, this dose-reduction study was performed using a stan-

dardized phantom following the National Electrical Manufacturers

Association (NEMA) IQ protocol. Methods: All measurements were

performed on an integrated PET/MR whole-body hybrid system.
The NEMA IQ phantom was filled with water and a total activity of

50.35 MBq of 18F-FDG. The sphere–to–background activity ratio

was 8:1. Multiple PET data blocks of 20-min acquisition time were
acquired in list-mode format and were started periodically at multi-

ples of the 18F-FDG half-lives. Different sinograms (2, 4, 8, and

16 min in duration) were reconstructed. Attenuation correction of

the filled NEMA phantom was performed using a CT-based attenu-
ation map template. The attenuation-corrected PET images were

then quantitatively evaluated following the NEMA IQ protocol, in-

vestigating contrast recovery, background variability, and signal-

to-noise ratio. Image groups with half the activity and twice the
acquisition time were evaluated. For better statistics, the experi-

ment was repeated 3 times. Results: Contrast recovery, back-

ground variability, and signal-to-noise ratio remained almost con-
stant over 3 half-life periods when the decreasing radiotracer

activity (100%, 50%, 25%, and 12.5%) was compensated by in-

creasing acquisition time (2, 4, 8, and 16 min). The variation of

contrast recovery over 3 half-life periods was small (−6% to 17%),
with a mean variation of 2%, compared with the reference setting

(100%, 2 min). The signal-to-noise ratio of the hot spheres showed

only minor variations over 3 half-life periods (5%). Image readers

could not distinguish subjective IQ between the different PET
acquisition setups. Conclusion: An approach to reduce the injected

radiotracer activity in integrated PET/MR imaging, while maintaining

PET IQ, was presented and verified under idealized experimental
conditions. This experiment may serve as a basis for further clinical

PET/MR studies using reduced radiotracer dose as compared with

conventional PET/CT studies.
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Integrated PET/MR hybrid imaging in selected clinical appli-
cations inherently reduces the overall patient radiation dose when
compared with PET/CT by replacing ionizing CT imaging by
nonionizing MR imaging. Depending on the clinical indication,
replacing CT by MR imaging in the context of PET hybrid imag-
ing theoretically may save half of the overall radiation dose or an
even higher fraction when compared with high-resolution diag-
nostic CT imaging (1).
Further potential for radiotracer dose reduction in integrated

PET/MR resides in the possibility of decreasing the applied
activity deriving from the administered PET radiotracer. PET
image quality (IQ) in general is influenced by 2 key factors,
acquisition time and injected activity, as both affect count
statistics, image signal, and image noise. In PET/MR imaging,
radiotracer dose reduction by injecting less tracer activity may
be achieved by turning the comparatively prolonged data
acquisition times into an advantage. In conventional PET/CT
hybrid imaging, the PET data acquisition times typically last
around 2–3 min per bed position (1). In integrated PET/MR
hybrid imaging, MR examinations can be longer and depend on
the clinical application. Although data acquisition times in
whole-body PET/MR imaging are in the range of 5–10 min
per bed position (2,3), MR examinations in specific single-
bed or single-organ imaging (e.g., head/neck, liver, cardiac,
prostate MR imaging) with dedicated multicontrast protocols
may last up to 20 min (4). These comparatively longer imaging
times in PET/MR are associated with acquiring additional di-
agnostic information based on MR examinations using various
contrast weightings and corresponding imaging sequences
(Fig. 1). The longer MR examinations, thus, can be considered
as the workflow-limiting factor in simultaneous PET/MR imaging.
Therefore, adapting and increasing the PET data acquisition
times to the prolonged MR examinations may allow for decreas-
ing the injected patient radiotracer activity, compared with clin-
ical PET/CT protocols. Initial results from a clinical study investi-
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gating workflow aspects in integrated PET/MR indicated that pro-
longed PET acquisition times per bed may allow for reduced radio-
tracer dose (5).

To systematically verify this hypothesis
under controlled circumstances and to ex-
clude potential biophysical changes in lesion
activity over time, the present study was
performed using a standardized phantom
following the National Electrical Manufac-
turers Association (NEMA) IQ protocol (6).
Within this study, 2 aspects of poten-
tial radiotracer dose reduction in integrated
PET/MR are systematically examined. First,
PET IQ is investigated as a function of de-
creasing radiotracer activity. Second, PET IQ
is investigated as a function of decreasing ra-
diotracer activity offset by increasing data ac-
quisition time. IQ in this study has been
assessed qualitatively and quantitatively by de-
termination of the following parameters: con-
trast recovery (CR), background variability
(BV), and signal-to-noise ratio (SNR).

MATERIALS AND METHODS

Integrated PET/MR System

All phantom measurements were perfor-

med on an integrated PET/MR whole-body
hybrid system (Biograph mMR, software ver-

sion VB20P; Siemens AG Healthcare Sector,

Erlangen, Germany), which allows for simul-
taneous PET and MR imaging (7).

The PET detector consists of 8 detector rings
of 56 detector blocks each. One detector block

is divided into 8 · 8 lutetium oxyorthosilicate
scintillator crystal elements read out by 3 · 3

avalanche photodiodes (8). The PET detector is
fully integrated; therefore, it is positioned be-

tween the gradient coil and the radiofrequency
body coil of the MR system. The MR system

contains an actively shielded 3.0-T supercon-
ducting magnet, with a total system length of 199 cm and a patient bore

diameter of 60 cm. The gradient coil system provides a maximum
amplitude of 45 mT/m and a maximum slew rate of 200 T/m/s.

Phantom Setup

A PET emission phantom was used that is
defined by NEMA as a standard for PET IQ

determination (Fig. 2) (6). The NEMA IQ
phantom mimics the shape of an upper hu-

man body; it is made of acrylic glass and has
an inner volume of approximately 9.5 L. It

contains a cylindric inlay filled with a spongeous
material with the attenuating properties of hu-

man lung tissue. Furthermore, 6 hollow glass
spheres with different inner diameters (10,

13, 17, 22, 28, and 37 mm) are located inside
the phantom (PTW, Freiburg, Germany). The

spheres can be filled with water, with or with-
out the addition of PET radiotracer, to be

detected either as hot or cold lesions in contrast
to the phantom background volume (Fig. 2).

For the measurements, the 4 smallest
spheres were filled with the radioactive PET

tracer 18F-FDG, with an activity concentration
of 42.4 kBq/mL 6 1% to represent hot

FIGURE 1. Simultaneous PET/MR whole-body data acquisition. PET (left) and MR (right) data

acquisitions are performed simultaneously during multistep examination with typically 5 bed

positions for whole-body coverage; cross-hatched sections represent overlapping field of view.

Standard MR data acquisition encompasses localizer, sequences for AC, and, for example, T1-

and T2-weighted imaging for anatomic reference. Further sequences may be added to MR pro-

tocol. Simultaneous PET data acquisition requires only 2–4 min per bed position. Relatively longer

MR data acquisition times thus provide potential for increased PET data acquisition times.

FIGURE 2. (A) Three-dimensional rendering of NEMA IQ phantom. (B) PET image with ROIs marking

spheres and background. Four hot lesions and 2 cold lesions are marked with red and blue ROIs,

respectively. Altogether, 60 concentric background ROIs (green) are used on each PET image for quan-

titative evaluation. (C) From beginning of experiment (100% starting activity) and at each subsequent half-

life period, list-mode data blocks of 20 min were acquired. Overall, 5 half-life periods (for 18F every 110

min) were covered. In between first 3 half-life periods, additional 20-min data blocks were sampled. Of

20-min list-mode blocks, images were reconstructed with 2-, 4-, 8-, and 16-min acquisition times.
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lesions. The phantom background volume

was filled with pure water and 5.3 kBq/mL 6
1% of 18F-FDG, resulting in a sphere–to–

background activity concentration ratio of
8:1. The 2 largest spheres were filled with

nonradioactive water and therefore represent
cold lesions.

To ensure an exact and reproducible posi-
tion of the phantom in the PET/MR field of

view, the phantom was placed on a Styrofoam
(The Dow Chemical Co.) holder on the

patient table at a predefined table position. This exact placement
enables attenuation correction (AC) of the phantom and its fluid

fillings with a CT-based template m map, as described in the following
sections.

AC

Human tissue and hardware components, such as phantoms or
radiofrequency coils that are placed in the PET field of view during

simultaneous PET/MR data acquisition, attenuate PET photons. To
obtain quantitative PET images, AC needs to be performed. To correct

for attenuation caused by human tissue, MR-based methods for AC
are currently applied (9), whereas CT-based template m maps are used

to correct for attenuation caused by rigid hardware components such
as the patient table and radiofrequency coils (10,11). Because it is

known that MR-based AC of the NEMA IQ phantom currently con-
siders only the fluid filling but does not account for the phantom

housing (12), in this study, a CT-based NEMA IQ phantom m map
was generated instead using a 128-slice PET/CT system (Biograph

128; Siemens AG, Healthcare Sector) with the parameters 500 effec-
tive mAs and 140 kV. Images were reconstructed with 0.6-mm slice

thickness, 512 · 512 image matrix sizes, and a B30f smooth convo-
lution kernel.

The CT-based 3-dimensional phantom template m map was inte-
grated into the PET/MR system and is defined for a fixed position of

the NEMA IQ phantom on the patient table of the PET/MR. Accurate
and reproducible positioning of the phantom on the table was achieved

using a phantom holder made of Styrofoam, which provides negligible

photon attenuation. Because of the exact positioning of the NEMA IQ
phantom on the patient table, the location of the phantom matches the

CT-based phantom m map. All PET sinograms were reconstructed
using the registered phantom m map and the hardware m maps of

the PET/MR components (patient table and spine radiofrequency coil)
for AC. Qualitative and quantitative image evaluation was thus based

on attenuation-corrected PET data.

Imaging Protocol

PET data were acquired as list-mode files to allow for retrospective

reconstruction of various measurement durations (2, 4, 8, and 16 min)
starting at different points in time. PET list-mode data blocks of

20 min each were recorded. The acquisitions were started periodically
at multiples (1–5) of the 18F-FDG half-life (every 110 min) and

additionally in between 2 half-lives (Fig. 2C). For improved data
statistics, the entire experimental protocol was repeated 3 times in

independent measurements.

Experimental Setups for IQ Analysis

IQ as Function of Decreasing Radiotracer Activity. From the

multiple acquired 20-min list-mode files, sinograms of specific PET
acquisition durations were reconstructed using the e7 reconstruction

tools (Siemens AG, Healthcare Sector, Knoxville, TN). To evaluate
the impact of the radioactive decay on PET IQ, sinograms of 2-min

acquisition duration each were generated at multiples of the 18F-FDG
half-life periods. The respective PET images were reconstructed with

FIGURE 4. Quantitative evaluation of CR (A), BV (B), and SNR (C) as

function of decreasing radiotracer activity over time (derived from Fig.

3). Two-minute data acquisitions were sampled and reconstructed at

each of 6 half-life periods. (C) SNR was plotted only for 4 hot spheres.

All graphs represent mean values from 3 independent experiments.

Note that CR for all spheres remains relatively constant up to third

half-life period (A).

FIGURE 3. PET IQ as function of decreasing radiotracer activity over time. Two-minute data

acquisitions were sampled and reconstructed at each of 5 half-life periods. Relative radiotracer

activity, compared with starting point (100%), is provided in parentheses.
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a 3-dimensional ordinary Poisson ordered-subsets expectation maxi-

mization iterative reconstruction algorithm with the following param-
eters: 3 iterations, 21 subsets, 344 · 344 image matrix size, 3-

dimensional gaussian filter (4 mm). Decay correction was performed
for each acquisition block to the start of each phantom experiment

(time point T0), which enables the qualitative comparison between
the different image datasets. In this experiment, the acquisition time

remains 2 min, whereas the activity decreases because of the radio-
active decay to 50%, 25%, 12.5%, 6.25%, and 3.125% of the initial

100% activity at time point T0. In addition, 3 intermediate steps
between the first half-life periods were recorded.

IQ as Function of Decreasing Radiotracer Activity While
Increasing Acquisition Time. In this second set of experiments, data

acquisition time was increased while the radiotracer activity in-
herently reduces over time. More specifically, whereas the tracer

activity concentration of the radionuclide 18F was divided into half
after every 110 min by radioactive decay, the PET acquisition time

was doubled at each half-life period, accordingly. Four datasets were
examined and compared, corresponding to activity concentrations and

acquisition durations of 100% and 2 min, 50% and 4 min, 25% and
8 min, and 12.5% and 16 min, respectively. The respective PET

images were reconstructed with the previously used parameter setting.
Similarly, decay correction was performed to the beginning of the

phantom experiment.

Quantitative Image Analysis

To analyze and compare all generated PET images quantitatively,
the IQ parameters CR and BV, as defined by NEMA, and the SNR

were calculated (6). For quantitative analysis, the transverse image
slice of each dataset was used, in which the maximum diameter of

all 6 spheres was depicted. For each sphere, hot or cold, a region
of interest (ROI) was drawn to equal diameter as the inner diameter

of the respective sphere. In the central slice, additional background
ROIs were analyzed. Twelve ROIs with diameters equal to each

sphere were investigated in the background of the phantom as
shown in Figure 2B. The set of background ROIs are additionally

placed in 5 neighboring slices, resulting in 60 background ROIs in
total for each sphere size. The analysis was performed with the tool

ImageJ (version 1.48a; Wayne Rasband, National Institutes of
Health) (13).

In these ROIs, the quantitative NEMA image parameters CR and
BV were analyzed. The percentage CR for each hot sphere and the

corresponding background ROIs is defined by:

CRHot 5

�
ROI hot sphere

Mean background
2 1

���
Activity hot sphere

Activity background
2 1

�
;

where ROI hot sphere 5 mean value of an ROI, with specific di-

ameter of a hot sphere; mean background 5 mean value of all

ROIs in the background with the same dia-

meter as the corresponding sphere; activity
hot sphere 5 injected activity in the hot

spheres, 42.4 kBq/mL 6 1%; and activity
background 5 injected activity in the back-

ground, 5.3 kBq/mL 6 1%.
The percentage CR for each cold sphere

was calculated by:

CRCold 5

�
1 2

ROI cold sphere

Mean background

�
;

where ROI cold sphere 5 mean value of 1
ROI, with specific diameter as the cold

sphere.
The SD was defined by:

SD 5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
+

K 5 60

k 5 1

ðBackground valuek2mean backgroundÞ2
�

ðK 2 1Þ
s

;

where K 5 60, the number of background ROIs in total for each
specific sphere size.

The percentage BV for each sphere was calculated by the following
equation:

BV 5 SD = mean background:

The third evaluated quantitative parameter is the SNR of the 4 hot
spheres, defined as:

SNR 5
ROI hot sphere 2 mean background

Standard deviation
:

Qualitative Image Analysis

In addition to the systematic evaluation of quantitative image
parameters, subjective IQ was rated in a masked study. For this

purpose, 5 readers who are experienced in the field of hybrid imaging
and image processing were instructed to rate and group potential

visual differences in IQ. For this evaluation, 16 different images
representing a combination of 2-, 4-, 8-, and 16-min acquisitions with

100%, 50%, 25%, and 12.5% activity were reconstructed. Images
were presented on a computer using identical window/level settings

across all images. The images were then randomized, and the readers
were masked to the image acquisition and reconstruction parameters.

Readers were asked to group these 16 images from best to worst
subjective IQ. In the case of images showing no detectable differences

in subjective IQ, readers were asked to sort these images into the same
group of comparable IQ.

RESULTS

Quantitative Image Analysis

IQ as Function of Decreasing Radiotracer Activity. The
resulting images representing IQ as a function of decreasing
radiotracer activity are shown in Figure 3. The measured quanti-
tative IQ parameters CR, BV, and SNR are provided as mean
values of 3 independent measurements in Figure 4. The visual
degradation of IQ as a function of decreasing radiotracer activity
over time is demonstrated (Fig. 3). Image noise increases with
decreasing activity concentration over time. The 4 active (hot)
and 2 nonactive (cold) spheres are clearly discernible until the
activity is reduced to one eighth (12.5%) of the initial activity

FIGURE 5. PET IQ as function of decreasing radiotracer activity over time while increasing data

acquisition times. From left to right, radiotracer activities were divided into half (100%, 50%, 25%,

and 12.5% activity) whereas data acquisition times were doubled (2, 4, 8, and 16 min). Differ-

ences in resulting overall IQ are hardly perceivable.
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after 3 tracer half-lives (T3) (Fig. 3). The results of the quantitative
evaluation of CR show that CR remains almost constant for up to 3
half-lives (T3) (Fig. 4A). The graphs in Figure 4B and 4C show
the increase of BV and a corresponding decrease of SNR for all
spheres, respectively.
IQ as Function of Decreasing Radiotracer Activity Offset by

Increasing Acquisition Time. The resulting images as a function
of decreasing radiotracer activity (100%, 50%, 25%, and

12.5%) and increasing image acquisition times (2, 4, 8, and
16 min) are shown in Figure 5. By visual comparison, no
noticeable difference among the 4 images in Figure 5 can
be observed. The calculated quantitative IQ parameters CR,
BV, and SNR are provided as mean values of 3 independent
measurements in Figure 6. Figure 6 shows that CR, BV, and
SNR remain almost constant over 3 half-life periods when the
decreasing radiotracer activity (100%, 50%, 25%, and 12.5%)
is compensated by increasing the data acquisition time (2, 4,
8, and 16 min). The fluctuation of CR over 3 half-life periods
is quite small and in the range of 26% to 17%, with a mean
variation of 2%, compared with the reference setting (100%
activity and 2-min image acquisition time) (Fig. 6A). Only
small differences can be observed in the BV. The mean vari-
ation of the BV over 3 half-life periods is 4%, with a range
from 27% to 113% (Fig. 6B).
The SNR of the 4 hot spheres also shows only minor variations

over 3 half-lives (Fig. 6C). The largest variation in SNR was
observed for the smallest sphere (diameter, 10 mm), with 15%
(at the end of the third half-life) in comparison to the reference
image (100% tracer activity and 2-min acquisition time). Other-
wise, the SNR remained nearly constant, with a variation of 5%
(Fig. 6C). The maximum change in SNR of the 3 larger hot
spheres was 110% for the 13-mm sphere, 15% for the 17-mm
sphere, and 14% of the 22-mm sphere.

Qualitative Image Analysis

The rating of the subjective IQ by 5 masked and independent
reviewers was based on 16 different images that are shown in
Figure 7, arranged as a 4 · 4 image matrix. In this figure, all
columns are sorted from left to right with decreasing radiotracer
activity (100%, 50%, 25%, and 12.5%) and all rows are sorted
from top to bottom with increasing image acquisition time (2, 4, 8,
and 16 min). For image reading, the images were provided as
single images in randomized order, not in a matrix structure. All
5 image readers rated the IQ of the image with 100% activity and
16-min acquisition time as best (Fig. 7, lower left) and the quality
of the image with 12.5% activity and 2-min acquisition time as
worst (Fig. 7, upper right). All 5 readers grouped the 4 images
with 100% and 2 min, 50% and 4 min, 25% and 8 min, and 12.5%
and 16 min into the same group 1, indicating comparable sub-
jective IQ (Fig. 7, left upper corner to right lower corner). Three
of 5 readers additionally grouped the remaining images into fur-
ther groups, not showing any subjective IQ differences: group 2
(100% and 8 min grouped with 50% and 16 min), group 3 (100%
and 4 min, 50% and 8 min, 25% and 16 min), group 4 (50% and
2 min, 25% and 4 min, 12.5% and 8 min), and group 5 (25% and
2 min, 12.5% and 4 min). The 2 remaining readers each inter-
changed 1 image only between 2 neighboring groups (group 2
with 3 and group 4 with 5).

DISCUSSION

In this phantom study, the potential for radiotracer dose
reduction in integrated PET/MR was explored. The possibility
for prolonged PET data acquisition times in PET/MR hybrid
imaging provides the basis for reducing radiotracer activity in
PET/MR imaging while maintaining high PET IQ. Two effects of
reducing radiotracer activity in integrated PET/MR imaging on
PET IQ were investigated qualitatively as well as quantitatively
using the NEMA IQ phantom. First assessed was the impact of

FIGURE 6. Quantitative evaluation of CR (A), BV (B), and SNR (C) as

function of decreasing radiotracer activity over time while increasing

data acquisition times (derived from Fig. 5). Although radiotracer ac-

tivities were divided into half (100%, 50%, 25%, and 12.5% activity),

data acquisition times were doubled (2, 4, 8, and 16 min). (C) SNR was

plotted for only 4 hot spheres. All graphs represent mean values from 3

independent experiments. Increasing acquisition time can compensate

reduced radiotracer activity with no notable loss of IQ (consistent CR,

BV, and SNR) up to 3 half-life periods.
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reduced radiotracer activity and second the effect of increasing
data acquisition times on PET IQ.
To provide a stable and constant hot sphere-to-background ratio

activity of 8:1 for each of the spheres over the course of each
experiment, the study was set up so that the NEMA IQ phantom
was injected with radiotracer only once. Measurements with
decreasing radiotracer activity were obtained by repeated mea-
surements over multiple half-life times of the radionuclide 18F
rather than by reinjecting progressively lower activities into indi-
vidual spheres and into the background volume. Additionally, the
potential impact of different data acquisition times on the results
was minimized by list-mode PET data acquisition over 20 min
and subsequent reconstructions of 2-, 4-, 8-, and 16-min acqui-
sition blocks. The 3-fold repetition of the whole experimental
setup and subsequent data evaluation provided improved statistics
and the evaluation of mean values and variation. The evaluation
of the IQ beyond the course of four 18F half-lives, while further
increasing the PET measurement times, was not evaluated in
this study, to remain within clinically applicable measurement
constraints.
When the impact of reduced tracer activity was investigated, the

qualitative and quantitative results demonstrated that all spheres
(hot and cold) are visible up to 3 half-life periods when the initial
tracer activity has decayed to only 12.5% of the initial value.
Down to this reduced tracer activity, the CR for all spheres
remains largely stable whereas the BV increases and the SNR
decreases with reduced tracer activity, as expected.
Assessing the effect of increasing data acquisition times

qualitatively and quantitatively demonstrated that increasing the
data acquisition time can compensate for reduced tracer activity
while maintaining PET IQ and lesion detectability up to a factor of
8 (i.e., 12.5% of the initial tracer activity and 16-min acquisition
time instead of 2 min).

Although all qualitative and quantitative
results of our study indicate high IQ and
sphere-to-background detectability up to an
8-fold-reduction of tracer activity, it needs
to be considered that this phantom study
was performed under controlled circum-
stances. Before conclusions for a clinical
application of tracer activity reduction can
be drawn, further factors such as biodis-
tribution of the tracer in different lesions
and background over time, as well as as-
sociated tracer washin and washout phe-
nomena, need to be considered that ulti-
mately may influence lesion detectability in
vivo (1,14). The results of this study, how-
ever, confirm the general potential for ap-
plication of reduced radiotracer activity in
the context of integrated PET/MR hybrid
imaging. A reduction in radiotracer activity
by one half seems realistic when transferring
the results of this phantom study to a clinical
setting.
Prolonging PET data acquisition times

in general may potentially lead to in-
creased influence of patient motion, such
as breathing, cardiac motion, and overall
motion of the patient on IQ and lesion
detection. Because of the nature of a phan-

tom study, the impact of motion on IQ has not been investigated
in this study. On the other hand, the simultaneous MR
acquisition may provide the means to detect and correct for
patient motion in a clinical setting.

CONCLUSION

The hypothesis to maintain PET IQ at lower injected tracer
activity by increasing the acquisition time is viable, as shown in
this phantom study and under idealized experimental conditions.
In this study, an approach to taking advantage of the prolonged
PET/MR patient examinations is proposed that may lead to
reduced radioactive tracer dose. This reduction of tracer dose
can be accomplished by increasing the PET acquisition duration to
match the amount of time needed for the MR patient examination.
The results of this study demonstrate the validity of the proposed
hypothesis and identify a further advantage of integrated PET/MR
hybrid imaging in the context of reducing patient radiation
exposure.
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