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For the first time a double turn breast coil has been described which can be used for !H imaging,
1H spectroscopy and 31P spectroscopy. The paper describes basic technical features of the coil,
coil design, Bl field/excitation field distribution for *H and 31P, sensitivity, and feasibility for 31P
Spectroscopic in vivo studies. The main advantage of the double frequency tuneable coil is that
*H imaging for tumor localization and 31P spectroscopy for response control can be done without
an additional repositioning of the patient.
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Erstmalig wird eine Mammadoppelspule beschrieben, die für die ^-Bildgebung sowie für die
^-und 31P-Spektroskopie verwendbar ist. Diese Arbeit beschreibt die grundlegenden techni-
schen Merkmale der Spule, das Spulendesign, das BrFeld mit Anregung, die Feldverteilung für
1H- und 31P, die Sensitivität und die Durchführbarkeit der 3 ̂ -Spektroskopie in vivo. Der we-
sentliche Vorteil der für zwei Frequenzen abstimmbaren Mammadoppelspule liegt in der
^-Bildgebung zur Tumorlokalisa tion und der Möglichkeit der 3 ̂ -Spektroskopie zur Kontrolle
der Tumoransprechrate bei Patientinnen unter Chemotherapie. Diese Untersuchungen können
ohne Umlagerung der Patientin durchgeführt werden.

l Introduction

In recent years magnetic resonance spectroscopy
(MRS) has gained in importance in medicine äs a tech-
nique for investigating tissue and organ metabolism.
Spectroscopy is a non-invasive technique which per-
mits conclusions about physiological and pathological
metabolic processes in tissues and organs in vivo. In
contrast to magnetic resonance imaging (MRI), MRS is
not yet an established clinical procedure. Various stu-
dies have been published in which MRS has been used
to determine the metabolic Status of certain tissues
and for therapy monitoring, e.g. in chemotherapy, ra-
diation treatment and hyperthermia [l, 2, 3, 4, 5].

Magnetic coils produce the alternating, high fre-
quency (HF) magnetic field necessary for nuclear reso-
nance excitation and detection of the HF field irradia-
ted by the sample. They are the components of any MR
System involved in direct exchange with the object
being investigated [6],

To our best knowledge no double breast coil for

both XH imaging and 31P spectroscopy is available
commercially or has even been described in the litera-
ture until now. The coils currently used for spectrosco-
py are mostly surface coils[7, 8].

The present work describes for the first time a
double turn breast coil which can be used for XH ima-
ging, 1H spectroscopy and 31P spectroscopy. The paper
describes basic technical features of the coil, coil de-
sign, Bj field/excitation field distribution for 1H and
31P, sensitivity, and feasibility for 31P Spectroscopic in
vivo studies. The main advantage of the double fre-
quency tuneable coil is that *H imaging for tumor lo-
calization and 31P spectroscopy for response control
can be done without an additional repositioning of the
patient. ,

2 Materials and Methods

All the MR investigations were conducted employing a
commercial MR Scanner (Magnetom 63/83 SP, 1.5 T,
Siemens AG, Erlangen) at the University Medical Cen-
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1. Spulenwindung = 1st coil turn
2. Spulenwindung = 2nd coil tum

Fig. 1. Geometrie design of the double breast coil with the ar-
rangement of the coil turns. (1. Spulenwindung = lst coil turn,
2. Spulen Windung = 2nd coil turn)

ter, Campus Virchow Clinic of the Medical Faculty of
the Humboldt University in Berlin. The resonance fre-
quencies were: 63.3 MHz for *H and 25.7 MHz for 31P.
A double turn breast coil from Siemens Company was
redesigned so that, in addition to MR imaging, 31P MR
spectroscopic investigations (1H and 31P spectroscopy)
could be carried out. In all investigations the breast
coil was used for both transmission and detection.

nance matching (C2) and tuning (Cl) capacitors have
been selected so that for a loaded coil they permit a re-
sonance matching to 50 Ω and a tuning to 63.3 or
25.7 MHz. There was no additional symmetrification of
the matching circuit. The quality f actor (Q) of the coil
under loaded conditions (1L 0.1 mol H3PO4) was ap-
proximetely 115 for 63.3 MHz and 190 for 25.7 MHz.

2.2 1H Imaging

Firstly, the breast coil was used for aH imaging to mea-
sure the Bx field distribution of the coil. Suitable phan-
toms consist simply of two 2 L water bottles (d =
120 mm; h = 245 mm which were placed directly into
the two cups of the breast coil. For determining the
transmitter voltage for a 90° pulse the phantoms were
placed into the coil and the transmitter voltage was
varied between 0 and 90 V. Standard gradient-echo se-
quences were used with TR = 20 ms, TE = 11 ms, slice
thickness = 4 mm, acquisition number = l, FOV =
350 mm, matrix size = 192 χ 256, corresponding to a
planar resolution of 1.8 mm χ 1.4 mm. 2D images in
coronal, sagittal and transverse orientation through
the phantom were taken to obtain the Ba field distribu-
tion in the corresponding orientation. Image analysis
was carried out on a Macintosh Power PC (8100/80)
using the program package NIH Image 1.54 (Institute
of Health, Bethesda, USA).

No 31P imaging was performed due to the low sen-
sitivity of the 31P nucleus. However, to measure the B1
field distribution for this frequency s well 31P spec-
troscopy was used.

2.1 Coil Design

The coil consists of two figure-eight turns (d = 155 mm,
Fig. 1) made of copper tubing (thickness: 5 mm), which
are located one above the other and connected either
in parallel (*H frequency) or in series (31P frequency).
The two turns surround two cylindrical cups at a radi-
al distance of 5 mm (height: 130 mm; inner diameter:
145 mm) which for placement of the patient's breasts
during the investigation. The lower turn is at a di-
stance of 55 mm from the bottom of the cup and is par-
allel to it. The upper turn is in the middle between the
two cups at a distance of 27 mm from the lower turn, is
slanted upwards at an angle of 15° and has an exter-
nally distance of 65 mm from the lower turn. The swit-
ching is achieved by high-ohmic, pretuned rejection
circuits for the Signal in the corresponding frequency
r nge (63.3 MHz for 1H or 25.7 MHz for 31P), allowing
the measurements of *H or 31P without the need for a
switch. Parallel connection of the two turne corre-
sponds to the high resonance frequency (Fig. 2a: JH)
and series connection of the two turne corresponds to
the low resonance frequency (Fig. 2b: 31P). The reso-

«tz

Fig. 2a. Circuit diagram of the parallel connection of the coil
turn.
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Fig. 2b. Circuit diagram of the series connection of the coil
turn.

2.3 31P Spectroscopy

For this purpose special phantoms have to be develo-
ped. For the investigations in the coronal and sagittal
planes six acrylic glass tubes (maximal area of the
cross section: 78 cm2, minimal area: 0.78 cm2) were
attached concentrically to a baseplate, (Fig. 3a). For
the actual 31P measurement a pipette closed at its lo-
wer end containing 0.1 mol H3PO4 (pure, Sigma, Ger-

many) with a total volume of 10 ml was used. To ensu-
re a constant loading the whole ring phantom was fil-
led to the very top with water. The pipette was then
moved into the coronal or sagittal plane depending on
the orientation in question either from right to left or
top to bottom (cranial to caudal). In each position of
the pipette (four for each ring) the dependence of the
Signal intensity on the transmitter amplitude (the
transmitter amplitude profile) was recorded.

For the measurements in the transverse plane Petri
dishes were used which were placed on top of each
other to give a constant height of 120 mm (Fig. 3b). At
the beginning the phosphoric acid was in the lowest
Petri dish; this dish was then moved upwards one level
after each transmission amplitude profile was recor-
ded. All the 31P spectroscopic experiments were mea-
sured using a simple transmit recieve sequence (FID).
The other measiuing parameters were: TR = 1500 ms,
TD = 500 us, Dwell Tüne = 500 ms, Sample Width =
1000 Hz, Vector Size = 1024, Acquisitions = l to 1024
(variable), Transmitter Amplitude = variable, Receiver
Gain = 95 dB.

Evaluation of the spectroscopic results was done
using the Standard Spectroscopy Software package
from Siemens, äs well äs Software developed by us (ad-
apted for Igor Pro, Wave Metrics, USA).

For determining the transmitter voltage for a 90°
pulse for 31P a l L 0.1 mol H3PO4 phantom was placed
in the right or left cup of the coü, with a water phan-
tom being placed in the other cup, and then the trans-
mitter voltage was varied over the ränge 0 to 90 V. The
investigation was repeated with a l L 0.1 mol phospho-
ric acid phantom in both cups.

3 Results

Since the primary interest is in using the coil for in vi-
vo measurements the shim and imaging were conduc-
ted first at a proton frequency of 63.3 MHz. At the start
of the shim procedure inhomogeneities of the main
magnetic field (BJ usually led to two peaks in the
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Fig. 3a. 31P phantom for investigation in coronal and sagittal
planes.

Fig. 3b. 31P phantom for investigation in a transverse plane
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Fig. 4.1H transmitter profile of a l liter water phantom.

spectrum of the water phantom, which have to be bro-
ught in coincidence by suitable choice of the shim cur-
rents. Typical water line width of «10 Hz were reached
in about 5 minutes.

3.1 1H Imaging

Figure 4 shows the *Η excitation profile of a water
phantom in dependence on the transmitter voltage and
the corresponding measured relative Signal intensity.
The maximum is attained at a transmitter voltage of
85 V (±5).

For practical reasons, the following descriptions
are based on a 3-dimensional coordinate system with
the z-axis running through the midpoint of the figure-
eight coil turns and the origin (x = y = z = 0) at the base
of the cup. The x,z coordinate plane is the coronal pla-
ne, the x,y coordinate plane is the transverse plane
and the t/, z coordinate plane is the sagittal plane.

For the x,z plane a coronal surface plot was placed

through the water phantom (Fig. 5). At the outer right
and left edges of the coil (x-axis) the relative signal in-
tensity was highest (defined s 100%); it decreased
continuously with increasing distance from the coil
turns to a relative signal intensity of 30 % at the medi-
al edge of the water phantom. Along the z-axis the ma-
ximum relative signal intensity of 100 % was at 0 cm;
this decreased cranial and caudal to 10 % at -6 cm and
+6 cm.

For the x, y plane (transverse plane) the same pro-
cedure was used. A transverse surface plot was placed
through the water phantom (Fig. 6). The intensity dis-
tribution of the relative signal intensity along the τ/-
axis shows a maximum of 100 % at 4 cm and 13 cm,
which declines in the right water phantom to 80 % at
-8 cm and in the left water phantom to 70 % at 8 cm.

For the t/, z plane a sagittal surface plot was placed
through the water phantom (Fig. 7). As it is clear from
Fig. 7a relative signal intensity along the t/-axis of
100 % is reached at 4 cm and 12 cm, which decreases to
90 % at 8 cm. Along the ventral axis the signal intensi-
ty decreases to 77 %. Cranial the signal is no longer
measurable at 5 cm.

3.2. 31P Spectroscopy

Figure 8 shows the relative signal amplitude of the
0.1 M H3PO4 phantom in dependence on the transmit-
ter voltage. The maximum is obtained at a voltage of
65 V (±5). This is true both for the individual coil hal-
ves and for the two coil halves taken together.

3.2.1 B! Field Distribution

The results with respect to the B1 field distribution in
the coronal plane are given in Fig. 9a. In 31P spectros-
copy a clear loss in signal can be observed in the coro-
nal plane in the direction of the center of the coil. The
relative signal intensity drops for both cups from
100 % in the lateral coil regions to about 50 % in the
medial part of the coil. The following results were ob-

z-Achse

Fig. 5. Conmal .urface plot through two w.ter ph.ntom.. Fig. β. Ττ.η,νβη* .urf-ce plot through two w.ter ph.ntom..
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Fig. 7. Sagittal surface plot through two water phantoms.

290

B Signal rlght a. left "P
J Signal r1ght*1P/ H. H»0
H elgnaJ right H,9/left "P

O 10 20 30 40 50 60 7O ΘΟ 9Ο
Trensmlllarspannung tn y

Fig. 8. 31P transmitter profile for a 0.1 M phosphorous phan-
tom.

tained in the transverse plane (Fig. 9b). There is a clear
maximum signal intensity of 100% at about 5 cm
along the z-axis. Ventral and dorsal there is a clear re-
duction in signal intensity to about 60 % at 0 cm and
50 % at 12 cm, respectively. The relative signal intensi-
ty maximum of 100% in the sagittal plane is in the
middle, dropping cranial and caudal to 70 %.

3.2.2 Detection Limit

The Spectroscopic detection limit of the breast coil (si-
gnal-to-noise ratio (SNR) < 3, measuring time < 30 min,
intratumoral concentration (<5 mM) was measured
with a phantom we developed ourselves: a small vial
(height about 40 mm; diameter = l cm) was repeatedly
filled with decreasing concentrations of H3PO4 and
placed in a 2 L bottle filled with water. The detection
limit was reached at about 5 mM.

4 In-vivo Results

In a clinical study 20 patients with primary inoperable
breast carcinoma underwent a neo-adjuvant chemo-
therapy. In order to monitor the course of the treat-
ment the patients were investigated before chemo-
therapy and two to five times during the course of the
chemotherapy treatment with 1H MR tomography and
31P MR spectroscopy (MRI), with a total of 72 1H MRT
and 72 31P MRS investigations being carried out [13].
The 31P MRS spectra comprised 7 resonances [a-, -,
and γ-adenosine triphosphate (ATP), phosphocreatine
(PCr), inorganic phosphate (Pi), phosphomonoester
(PME) and phosphodiester (PDE) which have been
shown to be present in malignant tumors in other in-
vivo 31P MRS studies of the breast [9,10,11,12]. Com-
bining JH MRI with 31P MRS it was possible to show a
positive response to chemotherapy.

x- Richtung

yaxis

Fig. 9a. Relative signal intensity of a l M phosphorous phan- Fig. 9b. Relative signal intensity in a transverse plane at a
tom in a coronal plane at a transmitter voltage of 70 V. transmitter voltage of 70 V.
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Fig. 9c. Relative Signal intensity in a sagittal plane at a trans-
mitter voltage of 70 V.

5 Discussion

The newly developed, two-fold tuneable double breast
coil for *H imaging and 31P spectroscopy was evalua-
ted äs to its MR properties; in particular, Bl field/exci-
tation field distribution for 1H and 31P, sensitivity, and
feasibility for 31P spectroscopic in vivo studies.

In aH imaging the volume within which the coil can
detect a Signal with intensity of approx. 90 % of the
maximum was 50 cm3 for the right cup and 52 cm3 for
the left cup. For 31P spectroscopy the volume within
which an isointense signal (« 90 %) was observed was
about two times smaller. It equals 20 cm3 for the right
cup and 15 cm3 for the left cup. The difference is not
well understood at the moment but maybe caused by
the much lower sensitivity of the 31P nucleus.

Furthermore, there are two more reasons for nonu-
niformity of B1 field distribution in the double breast
coil. At first, since the coil turns do not form a closed
circle but rather a figure-eight turn there is a lower
concentration of the magnetic field lines in the center
of the coil, leading to a decrease in the signal there. Se-
condly, a depletion of the signal for both MRI and
31P MRS was observed in the immediate vicinity of the
coil turns. In these areas the HF pulse reaches values
near 180° so that those spins do not contribute to the
observable net magnetization (M^).

The BJ field distribution obtained by the 31P spec-
troscopic investigations showed a complex pattern.
The signal intensity decrease along the x-axis in the
direction of the coil center and shows a maximum si-
gnal intensity along the y-axis at the level of the lower
coü turn. Along the z-axis the maximum was observed
in the center, which dropped off uniformly to both si-
des.

If the present coil in ueed to measure a non-locali-
zed 81P MR spectrum by averaging over the volume of

both mammae, the spectrum measured will be a super-
position of different tissue species. It will contain por-
tions from the tumor, healthy breast and muscle tissue
(M. pectoralis). These different tissue types have (very)
different concentrations of phosphorous metabolites.
In addition, the different Bx field and signal strength in
different parts of the volume of interest have also be
taken into account. Despite these considerations it
seems possible to detect the response of tumors to che-
motherapy at an early stage, when the size of the tu-
mor has not yet been changed considerably[13]. As the
latter can be confirmed easily by parallel aH imaging
the double tuneable breast coil maybe considered äs
useful for treatment evaluation in the decribed measu-
rement scenario.
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