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(3) Radiofrequency field penetrability studies of an electrically floating PET insert
for simultaneous PET/MR

Craig S. Levin, Brian J. Lee, Alexander M. Grant, and Chen-Ming Chang

Abstract—-Combined positron emission tomography
(PET) and magnetic resonance imaging (MRI) has shown
potential to provide a powerful tool for disease
characterization as it enables the simultaneous
measurement of molecular, functional and anatomical
information of the body. However, the availability of
whole-body simultaneous PET/MRI has been limited by its
high cost. To address this issue, we have developed an RF-
penetrable PET technology that can be inserted into an
MRI system without requiring modifications to the MR
hardware.

The prototype PET insert consists of 16 PET detector
modules in a 32 ¢cm ring pattern with 1 mm inter-modular
gaps. By using electro-optical coupling technology, and
batteries for power, the PET insert is electrically floating
relative to the MRI RF ground which allows the RF field
transmitted from the built-in body coil to penetrate
through the PET ring.

‘We performed experiments with various configurations
to study the RF-penetrability of the PET insert in the MR
system: No PET insert, with PET insert (powered with
batteries), with PET ring gaps blocked with copper
conductor but ends open, and with PET inserted, ends
blocked with copper conductor but gaps open. With these
configurations, we acquired Bi1 maps and performed
electromagnetic simulations. We then compared the
magnitude and homogeneity of the acquired Bi1 maps and
simulation results.

We have found that negligible amount of RF field enters
through the gaps with the ends blocked, but this
contributes to increasing the uniformity by ~400% when
ends and gaps are both open. Then, the electromagnetic
simulations show that by either decreasing the detector
height and/or widening the inter-module gaps improve the
RF-penetrability by nearly 300%.

1. INTRODUCTION

Combining magnetic resonance imaging (MRI) and
positron emission tomography (PET) shows promise
to be a powerful tool as it provides complementary
anatomical and molecular information about diseases (/,
2). However, the availability of integrated PET/MRI
(with PET and MRI “locked” together) has been limited
due to its high cost. A few research groups have
developed PET inserts for simultancous PET/MRI
operation with the insert sharing the same electrical
ground as the MRI RF coil; in this case the RF field
cannot penetrate the grounded insert, requiring the RF
transmitter to be moved inside the PET ring (3-5).
Instead, we have developed a PET insert that is
electrically floating with respect to the MR system,
enabling an external RF field from the MR body coil to
penetrate inside.
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In our previous work, we have shown that the RF
transmit field penetrates through the gaps between
detectors as well as the ends PET insert with no
significant mutual interference (6-8).

In this work, we analyzed the B; maps and performed
EM simulations with various PET configurations to
better understand how the RF field enters the PET insert.

2.  MATERIALS AND METHODS

To investigate the RF penetrability in various
configurations we have performed MR experiments
using 3-Tesla MRI (GE Healthcare) and simulation
studies using XFdtd (Remcom) for 3D analyses and
Maxwell (ANSYS) for 2D studies.

2.1 MR experiments and Electromagnetic simulations

[
Batteries &
Voltage Regulators

N PET Illsert‘

lnter-hodular
gaps blocked

(a) Without PET
(b) With PET, Powered (with batteries)
(c) With PET, Powered, gaps blocked
(d) With PET, Powered, Ends Blocked
Fig. 1. PET insert configurations to test RF-penetrability

We experimentally and numerically examined the
effect of powering the PET detector modules and the
importance of inter-modular gaps and end openings of
the PET insert to achieve the goal of RF-penetrability.
The PET system comprises a ring of 16 copper-shielded
PET detector modules with 1 mm inter-module gaps.
Electrical isolation was achieved via analog optical links
and floating battery power. The gaps or ends of the PET
insert were alternately blocked using the copper
shielding tape (Figure 1). For the MR experiment, B,
field maps were acquired using the MRI body coil as
both transmitter and receiver (requiring the RF field to
penetrate into and out of the PET insert). The B, field
maps were acquired using the double angle method.
Configuration (a,b,c) in Figure 1 were auto-prescanned
and (c, d) were manual-prescanned to the TG of (b).



2.2 Methods to improve RF-penetrability: 2D
electromagnetic simulations

EM simulation studies with various module shielding
dimensions and inter-module gap size were performed to
improve the RF-penetrability. For Maxwell 2D
simulations, AC conduction solver was used to
numerically solve the simulation problems. The transmit
RF field was generated by applying voltages with
azimuthal phase difference. To study the dimensional
effects of the PET insert on the RF-penetrability, the
inter-modular gap was increased from 1 to 21 mm with
increments of 5 mm and the detector height was
shortened from 40 to 20 mm with decrements of 5 mm
(Figure 2). The magnitudes and uniformities of the
electric field inside the PET field-of-view (FOV) were
compared between various configurations.

Fig. 2. 2D electromagnetic simulation schematic of detector module
height and inter-module gaps

3 RESULTS AND DISCUSSION
3.1 Results of MR experiments and electromagnetic
simulations

The results from MR  experiments
electromagnetic simulations are shown in Figure 3.

and

From the B; map analysis, surprisingly, higher B
uniformity was acquired with the PET detector present
(auto-pre-scanned) (b) compared to the no-PET case (a).

When either gaps (c) or ends (d) are blocked, poor B
maps are acquired due to extremely low receive
sensitivity. RF field entering through the ends
contributes to the B; field magnitude, but poor
uniformity (Figure 3 (c)). On the other hand, RF field
entering through the gaps is negligible when the ends are
closed; however, contribute extremely to the uniformity
as long as the ends are open (Figure 3 (b), (c)) by

increasing the uniformity from 17.28% (c) to 95.83% (b).
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Fig. 3. Results of MR experiments (B maps) and 3D simulations with
various configurations

99.49% 92.83% 91.83%

2.30%

Similar trends were observed in the simulation results
as well. Negligible RF field was measured when the ends
were blocked and the RF field entering through the ends
(c) were contributing to the majority of the RF fields
through the ends and gaps (b).

3.2 Results of MR experiments and electromagnetic
simulations

For improving the RF-penetrability, shortening the
length, height of the PET detector module shielding
and/or widening the inter-module gaps can improve the
RF-penetrability of the PET insert (Figure 4).

2D Simulations

vs Inter-Modular Gap 3 OB PET Detector Height
(V/m] . [v/m]
90 | 30
60 | 27
0 [{ . ‘ . | 24 ‘ v |
Omm 5 10 15 20 25 20 mm) 30 40

Fig. 4. Results of 2D electromagnetic simulations to improve the RF-
penetrability versus (LEFT) the inter-modular gap and (RIGHT) PET
detector module height

By increasing the inter-module gap from 1 mm to 21
mm, the RF penetrability was increased significantly by
~300%. By decreasing the height from 40 mm to 20 mm,
the RF penetrability was increased by 37.5%.

4. CONCLUSION

We have shown that the RF field from the MR body
coil penetrates through the inter-modular gaps and the
ends of an electrically floating PET insert. The RF field
transmitted through the ends mostly contributes to the
field magnitude while the field entering through the gaps
improves the uniformity when the ends are also opened.
The electromagnetic simulations show that decreasing
the detector height and/or widening the inter-modular
gaps enhance the RF-penetrability by ~300%.
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1. INTRODUCTION

In advance ion therapy it is important to monitor the
delivered dose in the tumor and surrounding normal
tissues [1]. PET imaging, in-beam or off-beam imaging,
is the only diagnostic technique that allows non-invasive
3D monitoring of dose delivered to the patient [2, 3]. In-
beam PET imaging, i.e., a PET measurement during
patient irradiation, is desired for accurate evaluation of
the delivered dose by considering positron emitters with
short half-lives (e.g., 1°C, ~19 s; and 0, ~ 2 min) which
are produced through fragmentation reactions of
treatment beam with tissue atoms. A prototype open PET,
OpenPET, for in-beam PET has already been
developed by Yamaya et al and three dimensional
distribution of positron emitters was successfully imaged
in a phantom irradiated by carbon ion beams [4-6].

The low activity of the produced positron emitters is
an issue for PET imaging in ion therapy using stable
beams. The issue can be solved properly using
radioactive ions as treatment beams. The stopping
position of ''C ion beams, which are available for
physics experiment in the carbon therapy facility of the
Heavy Ion Medical Accelerator in Chiba (HIMAC) [7],
has already been imaged clearly in a polymethyl
methacrylate (PMMA) phantom by OpenPET [6].

Oxygen ion is a good candidate for treatment of
hypoxia tumors because it exhibits an increased relative
biological effectiveness (RBE) in the Bragg peak as
compared to the entrance region [8]. A combination of
different ion beams such as protons plus carbon ions or
oxygen ions might be favorable for a selected clinical
situation in the near future. Moreover, the ion beam of
130, which is a positron emitter ion, has a high potential
to be used for tumor treatment and accurate monitoring
of dose delivery in tumors.

We recently produced radioactive ion beams of '*O in
the HIMAC for the first time using an optimized target
of polyethylene and we also investigated the feasibility
of in-beam PET [9]. But there was an issue related to the
low purity (about 75%) of the produced beam, which
makes the produced beam inconvenient for clinical
utilization. The goal of this study is to improve the O
beam purity by applying a wedge-shape degrader in the
secondary beam line. Production rate and purity of 'O
beams were measured for two polyethylene targets and
in-beam PET imaging were performed for the improved
beam.
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2. MATERIALS AND METHODS

A polyethylene target was selected from simulations
as the optimum material [9]. The polyethylene target
with a thickness of 5 cm or 11 cm was set in the HIMAC
secondary beam line as a production target and irradiated
with %0 beam of 430 MeV/u, as shown schematically in
Fig. 1 [9]. The production rate and purity of the '°O beam
were measured by inserting an aluminum degrader with
the thickness of 1.76 cm in the middle of the beam line
at F1. In the secondary beam line SB1, momentum and
angular acceptance were set to £2.5% and +13 mrad,
respectively.

0 5 10m
| I T—
50 beam

e m TS 4_‘_’__* SB—I
F2 F3

TOF (stop)

Degrader

dE

/160 primary beam from HIMAC

Fig. 1. Layout of the secondary beam line, SB1, used to produce *O
beams.

A PMMA phantom of 10x10x30 ¢cm® was irradiated
with the produced *O beams and in-beam PET images
were obtained using our whole-body dual-ring OpenPET
prototype [9], Fig. 3 (a).

3. RESULTS

The production rate and purity of the produced beams
were measured at F2 by a time-of-flight (TOF) counter
and an energy loss (AE-E) counter. The maximum
production rates (%) of the 1*O beams with and without
the Al degrader at F2 position are illustrated in Fig. 2.

Purity of the '*O beams produced with and without the
degrader are compared for both targets in Table 1. The
beam purity was increased to 97% by inserting the
degrader into the beam line; however, the production rate
was decreased more than 30% for both targets.

A PMMA phantom of 10x10x30 cm?® was irradiated
with the 130 beams from a polyethylene target of 5 and
11 cm thicknesses as shown in Fig. 3(a).
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Fig.2. Maximum production rate of 'O beams produced by 'O with
energy of 430 MeV/u from polyethylene targets with and without the
Al degrader.

Table L. Purity (%) of *O beam from irradiated polyethylene targets
with and without the degrader.
Polyethylene thickness (cm) Degrader 5 11
Purity (%) - 75.9 73.8
Al 97.4 97.1

Fig.3. Experimental setup for in-beam PET imaging in the HIMAC (a)
In-beam PET image of the irradiated PMMA phantom with the '*O
beams produced without (b) and with (c) the Al degrader.

In-beam PET imaging was performed for the
produced beams and the images are shown in Figs. 3(b)
and (c) for the polyethylene target of 11 cm thickness
with and without the degrader in the beam line,
respectively. The irradiation time was about 6.6 s and the
PET data were measured immediately after irradiation
for 13 min by our whole-body OpenPET.

The total activity of the produced positron emitters
within the PMMA phantom were extracted from the PET
images (Fig. 4). The high purity of the produced *O
beam is clearly observable from the in-beam PET image
in Figs. 3(c) and 4(b). Additionally, the reduction of the
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beam range when the aluminum degrader is in the beam
line is observed in Figs. 3 and 4.
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Fig.4. Total activity of positron emitter fragments as a function of
PMMA thickness extracted from the in-beam PET images for O
beams produced without (a) and with (b) the Al degrader.

4. DISCUSSION AND CONCLUSION
Radioactive beam of 'O beam have recently been

produced at the HIMAC using polyethylene targets but
the produced beams were highly contaminated with >N
and ''C fragments. In this study we improved the purity
of the beam produced by using an aluminum degrader
with thickness of 1.76 cm in the middle of the secondary
beam line. The production rate and purity of the
produced beam were measured for the polyethylene
targets with thicknesses of 5 cm and 11 cm. The in-beam
PET images of the beams with and without the aluminum
degrader in the beam line were obtained using our
whole-body OpenPET prototype system. The beam
purity was increased from 75% to 97% by inserting the
degrader into the beam line although the production rate
was reduced more than 30%.
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1. INTRODUCTION

Dedicated brain PET scanner becomes an important
tool for early diagnosis of Alzheimer’s disease and brain
function studies. Improving the sensitivity and achieving
high spatial resolution of such scanner are active areas of
research. The spatial resolution of the PET system can
be improved by use of advanced depth-of-interaction
(DOI) detectors, and its sensitivity can be increased by
increasing the solid angle coverage. A four-layer DOI
detector has been proven to achieve high spatial
resolution in the jPET [, Recently, there is a high
interest to develop a PET system which can be placed
near the subject; the PET-hat ! and HelmetPET B! are
examples of such a system. In the former, the sensitive
area is constructed from 2-layer GSO scintillation
detectors coupled with flat-panel PMTs. In the latter
system, the PET scanner is developed using LYSO
detectors coupled with SiPMs and the detectors can be
arranged in a helmet and can be placed near the patient’s
head. In both systems mentioned above, the geometry of
the scanners is based on the conventional cylindrical
geometry. However, the design based on a cylindrical
geometry limits the solid angle coverage of the scanner,
and may not be the most efficient design for brain
function studies and early diagnosis of brain disease. On
the other hand, we have proposed a dedicated brain-PET
scanner based on a hemispheric geometry and a chin
detector (referred to as the helmet-chin PET) ™! for high
sensitivity. The chin detector helps to increase the
number of possible lines-of-response (LORs) in the
hemisphere. In this study, we evaluate the sensitivity and
count rate performance of the helmet-chin PET under a
realistic scanner design using a Monte-Carlo simulation.
The performance of the helmet-chin PET was compared
to that of the conventional cylindrical PET under similar
conditions such as use of the same type and number of
detectors as well as similar positioning of a point source
at several positions in the file-of-view (FOV). Recently,
we developed the first helmet-chin PET prototype using
the 4-layed GSO detectors ), which were originally
developed for our OpenPET 7, The simulation was
carried out by using the same type of detector.
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2. Methods

2.1.Scanner Design

The photon tracking simulations were performed
using Geant4. Geant4 is a simulation toolkit which has
been successfully applied to simulate the passage of
particles through matter . In the simulation, the
helmet-chin PET was constructed from four-layer DOI
block detectors arranged in a hemisphere of radius 126.5
mm and a chin detector. The specifications of the
scanner are given in Table 1. The helmet part had three
rings with different radii and number of block detectors,
and a top cover with 5 block detectors arranged in a
cross-shaped geometry (Fig. 1).

(a) Helmet-chin PET

(b) Cylindrical PET
Helmet detector

Top cover, 5 det. 3 rings, 18 det./ring

3" ring, 11 det.
74 2" ring,15 det.

1% ring, 16 det.

Chin detector,7 det.

Fig. 1. Block Detector configurations of the (a) helmet-
chin PET scanner, and (b) cylindrical PET scanner.

Table 1. Scanners Specifications

Scintillation material GSO
Size of scintillator crystal 2.8x2.8x7.5 mm?
Number of crystals per detector 16x16x4
Energy window 400-600keV
Coincidence time window 20 ns
Helmet-chin PET
Hemisphere radius 126.5 mm
Radius of: 1% rings 126.5 mm
2" ring 122.5 mm
3" ring 92 mm
Number of detectors 54
Cylindrical PET
Ring radius 137.5 mm
Number of rings 3
Number of detector per ring 18




The chin detector had 7 block detectors arranged on
a circle of radius 140 mm and whose center was placed
60 mm below the center of the bottom ring. This
arrangement would give enough space between the chin
detector and the chin of the subject. A cylindrical PET
scanner with the same type and number of block
detectors and having a radius of 137.5 mm was simulated
(Fig. 2 (b)) for sensitivity comparison. A non-
paralysable dead time of 250 ns was applied on each
block detector. At this point, the coincidence events have
been acquired without multiplexing among the detectors.

2.2 Sensitivity and noise equivalent count rate
(NECR)

The sensitivity of the scanners was evaluated using
a point source placed in the FOV at offset positions along
line 1 and line 2 as shown in Fig. 2. True coincidence
counts were obtained to evaluate the sensitivity. The
count rate performance of the two scanners was
evaluated using a hemispherical phantom of radius 114
mm. The phantom was placed so that its center coincides
with the centers of the 1% rings of the scanners (Fig. 2).
The NECR, which is an indirect measure of the signal-
to-noise ratio of the image, was evaluated using the
formulae given by [1%

2

NECR=T+S+2R’

eq.(1)

where T, S, and R are the true, scatter, and random count
rates, respectively.
(a) Helmet-chin PET (b) Cylindrical PET

Line 1 z-axis

; Line 1 Z-axis
Jomden, |
5.7 cm I_,’“%,;-Xq:m 8c1‘1;‘ﬁ \‘\ i C-/Sr;m Xu;i \-‘.l\ y
- t@:}::ﬁmfﬂj --E oyt - Linc2
\ | z
'®® i @ Sem l—
%E%@ Hemispherical X
5cm Phantom

Fig. 2. Setup for sensitivity of (a) the helmet-chin PET
and (b) the cylindrical PET.

3. Restlts

3.1. Sensitivity profile

Figs. 3 (a) and (b) show the sensitivity profiles of a
point source along line 1 and line 2, respectively. The
helmet-chin PET had higher sensitivity around the
bottom part of the helmet due to the chin detector effect.
At the top part of the helmet, the sensitivity of the
helmet-chin PET had a significant increase compared to
the cylindrical PET (Fig. 3 (a)).
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3.2.NECR

Fig. 4 shows the NECR curves of the two scanners.
The peak-NECR of the helmet-chin PET occurred near
40 MBq and had a value of 506 kcps which was more
than twice compared to that of the cylindrical PET which
occurred at 60 MBq having a peak NECR of 223 kcps.
The apparent shift of the peak NECR of the Helmet-chin
PET towards lower activity is due to its high efficiency
for singles which is expect in PET scanners with high
solid angle coverage.

(a) Along Line 1

20 >
= —s—Helmet-chin PET
=15 -e-Cylindrical PET
2
£10
3
»n 5 -

/d/
O T T T T T T T T T T
-90 -60 -30 0 30 60
z-offset (mm)
b) Along Line 2

20 - (b) g
< —s—Helmet-chin PET
<15 7 -e-Cylindrical PET
I
210 -
% i)\ ,G.
R o ) ey

07\\I\\l\l\\I\l\\I\\I\\\\I\\l\\\\l\\]\l\\

-80 -60 -40 -20 O 20 40 60 80

x-offset (mm)

Fig. 3. Sensitivity profiles of the two scanners for a point
source placed at several positions along (a) line 1, which
is parallel to z-axis at a distance of 50 mm, and (b) line
2, which passes through the center of the 1% ring parallel
to the x-axis.

NECR

——Helmet-chin PET
-e-Cylindrical PET

i

(=}

(=}
[ERRREN

N
[l
(=]

NECR (keps)
o
o

0’ C
0 100
Activity (MBq)
Fig. 4. NECR curves of the two scanner for a
hemispherical phantom.
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4. Discussion and conclusions
We showed that the helmet-chin PET had high
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sensitivity, and high count rate performance. Its
sensitivity was about 1.4 times higher than the
cylindrical PET near the bottom part of the helmet due
to the chin detector effect, which helped to obtain
additional LORs in the hemisphere. At the top part of the
helmet, the sensitivity of the helmet-chin PET was 4
times higher compared to the cylindrical PET. This
significant increase was obtained due to the close
arrangement of the detectors at the top part of the
hemisphere. If we assume a brain PET imaging with
beta-amyloid imaging tracer ''C-BTA-10''l with an
injected dose of 283 MBq and an uptake of 11% by the
brain at a specific time, the helmet-chin PET could
achieve about 2.4 time higher performance than that of
the cylindrical PET. This mean the reconstructed images
will have significantly high signal-to-noise ratio. It
should be pointed out that the uptake of the tracers by the
brain depends on the progress of the disease as well as
several other factors such as thinking and exercise of the
subject.

In the current prototype, the helmet part of the
helmet-chin PET was constructed from three cylindrical
rings and a top cover in a cross-shaped geometry (Fig.
1). This geometry was preferred to increase the packing
fraction of the scanner for the current block detector size.
As a future work, the size of the block detectors will be
optimized and the scanner will be constructed by
arranging the detectors on the surface of a hemisphere.
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In conclusion, the helmet-chin PET appears
promising for early diagnosis of Alzheimer's disease and
accurate brain function studies.
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Fig. 2 Setup of the performance test using 3 T MRI
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Fig. 3 Decreasing rate of SNR in the simultaneous
operations with and without the filter circuit for power
supply using 3 T MRI
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(20) Performance evaluation of a PET/RF-coil integrated modality for 3 T MRI
system
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1. Introduction

The simultaneous imaging of positron emission
tomography (PET) and magnetic resonance imaging
(MRI) systems (PET/MRI system) have emerged as a
potential tool for evaluating both the functional and
anatomical states of the subject under investigation.
Because of extremely high cost and requirements of
extra spaces for installation, the potentiality of this
multi-modal system could not be spread that much as it
is required all over the world. To mitigate these facts and
to further enhance the imaging performance, several
groups [1-3] are working on developing MRI compatible
extremity PET modality to be used with the existing MRI
systems. Brain imaging of PET/MRI is a highly potential
area to work with diseases like Alzheimer’s and different
brain tumors. We are developing an extremity PET/MRI
modality for human brain imaging [2]. In this design,
shielded PET modules are integrated with a Birdcage
radiofrequency (RF) coil.

The insertion of PET detector circuits with shielding
materials inside the MRI bore creates different hardware
design challenges. The MRI system, in general, uses
three types of magnetic fields generated by three type of
coils: (a) a large static magnetic field (e.g., 1.5 T, 3 T,
etc.); (b) gradient magnetic field; and (c) radiofrequency
(RF) field. Also magnetic field shimming and shielding
are done by different coil and shielding materials. The
PET circuits are prone to RF interferences generated by
the MRI RF coil and gradient coil assembly. Shielding
of these circuitries from RF interferences has been done
following different design criteria, like, the type of
material to be used for shielding, thickness vs. skin depth,
grounding the shield and so on. But inserting these
conductive shielding materials and PET circuits inside
the MRI bore generates different kinds of
electromagnetic couplings with the above mentioned
various coils and shielding materials, that results in the
unwanted changes in the static magnetic field (or, B,
inhomogeneity), gradient field (e.g., eddy current, noisy
sound and so on), and RF field (or, B; inhomogeneity)
performances; introduces noise or reduces the MR signal
intensity, degrades the MRI signal-to-noise ratio (SNR)
and ultimately affects the MR imaging performances. In
this study we have provided comparative results for the
MRI performance evaluation for the case of RF-coil-
only and PET/RF-coil modality inside the MRI system.
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2. Methods and Materials

We have implemented an 8-element Tx/Rx Birdcage
RF coil with inner diameter of 270 mm and axial length
of 280 mm. The hybrid modality with the clinical MRI
system is shown in Fig. a. 8 PET modules were designed
to integrate in between the 8 elements of RF coil. Each
PET module is consisted of scintillation crystals, MPPC
circuits, amplifiers and resistive-chain circuits that are
installed inside a copper (Cu) shielded rectangular cubic
FRP box (Fig. b).

For the scintillation crystal, we implemented 4-layer
depth-of-interaction (DOI) LYSO (Lutetium Yttrium
Orthosilicate) detectors. The scintillators were arranged
as 19X6X4 matrix (Fig. ¢) block in which the dimension
of each crystal cube was 2 mmX2 mmX5 mm and the
gap between the crystal blocks were filled up with 0.065
mm thick multilayer polymer mirror of 98% reflectivity
(Sumitomo 3M, Ltd.). The axial FOV of the PET
detectors was 12 mm. 6 MPPC arrays (S11064-050P,
Hamamatsu Photonics, K.K.) were connected with DOI
scintillator sets. Each MPPC in one array of 4Xx4 readout
channels has 3 mmX3mm sensitive area. A weighted
sum circuit (WSC) concept was implemented to reduce
the total 96 readout channels of 6 MPPCs into 4 channels
and amplifier circuits were implemented with the
readout circuit board. The readout signals were collected
in the data acquisition system outside the MRI magnet
room by 10-meter long coaxial cables. The overall
dimensions of each shielding box (Figs. B.)) were 218
mmX95 mmX38 mm and the thickness of Cu sheet was
35 um. The distance between the shield box and a coil
element was around 4 mm and, the diameter of the PET
ring was 255 mm. Fig. a illustrated the complete PET-
integrated Birdcage RF coil. In this study a
homogeneous cylindrical phantom (NiCl, solution) with
axial length of 120 mm and diameter of 200 mm was
used for different MRI experiments.

Experiments were conducted using a 200 mm dia. X
120 mm length cylindrical homogeneous phantom
(Nickel Chloride Solution) in a 3T Siemens Magnetom
Verio MRI system. We have performed evaluation of RF
field distribution (B)), specific absorption rate (SAR),
and static field homogeneity (B,) for the RF coil with-
and without-PET modules. For B; mapping we have
implemented double angle method (DAM) [4]. Two
spin-echo (SE) magnitude images with longer TR (>5T})
were taken for the excitation flip-angle of one image
twice (i.e., 120°) than that of other image (i.e., 60°) —
keeping all other parameters same. The other imaging



parameters were: TR = 3000 ms; TE = 12 ms; slice
thickness = 5 mm, image matrix=128X128, FOV = 300
mm and refocusing flip-angle = 180°. For the SAR
calculation we have implemented electric properties
tomography approach [5] that calculates the SAR from
the B maps using Ampere’s law in differential form for
time-harmonic signal. For the By inhomogeneity
measurement we have followed the gradient echo phase
difference method [6]. Following this approach two
gradient echo phase images with different echo times (30
ms and 35 ms) were taken. The phase difference is used
to calculate B,.

3. Results and Discussion

The Bi, SAR and B, distribution maps for the central
transverse plane are shown in Fig. (d)-(i). For
comparative study, results are given for both the cases of
RF coil with and without PET modules. Because of the
RF currents generated on the shields and the effects of
coaxial cables on tuning-matching of RF coil, the B
field distribution was found slightly distorted than that
of without PET modules case. For PET data acquisition
we have used long (10 m) coaxial cables, which is highly
sensitive for generating impedance mismatch between

MRI Bore R —
P
Modules

B, map

Without PET

B, map

SAR map

Without PET
(d) (H)

SAR map

the coil and its power source. As result transmission
power changes from the expected level and changes the
field value. Still about 70% central area of the phantom
shows very high homogeneity and they agree to a greater
level — 96% without PET and 90% with PET. SAR was
calculated using the B, field distribution data. As SAR
represents the electric power absorption in the phantom,
higher SAR value was found at the boundary of the
phantom as there was smaller magnetic field in those
areas compare to the center. At the center transverse slice,
the B, inhomogeneity due to PET circuits increases from
absolute 2.5 uT to 6 uT due to PET modules.
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Fig. (a) PET/RF-coil system with MRI system; (b)-(c) shiclded PET module. (d)-(¢) B) map;
()-(g) SAR map; (h)-(i) B, map for RF-coil without and with PET modules
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