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electro-magnetic field. Notably, a magnetic induction field strength is derived from the acquired magnetic resonance signals. Also
the electrical field strength associated with the excitation electro-magnetic field is computed. The electrical permittivity and/or con-
ductivity distribution is computed on the basis of the electric field strength and the magnetic induction field strength.



WO 2007/017779 A2 | NI DA 000 0T 0000000 0 O

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



10

15

20

25

WO 2007/017779 PCT/IB2006/052501

Electric impedance imaging system

The invention pertains to an electric impedance imaging system to explore the
electrical conductivity and permittivity distribution of an object.

Such an electric impedance imaging system is known from the US patent
application US2003/0160622.

This known electric impedance imaging system concerns an apparatus that
utilises an array of RF probes to measure along multiple signal channels the non-resonant
thermal noise, which is produced in a sample. From this measurement the non-resonant
thermal noise correlation is derived. The detected noise correlation is a function of the spatial
overlap of the electro-magnetic fields of the RF probes and the spatial distribution of the

conductivity of the sample, i.e. an object to be examined. In fact, the noise correlation

between the respective channels (j and k) is equal to JG (r)E;(r)E ; (r)dV , where E, is the

electric field strength phasor for channel i and o is the electrical conductivity distribution.
The electrical conductivity distribution is obtained by way of an inverse problem approach
that involves a matrix-inversion or back-projection.

The known electric impedance imaging system has the function of electrical
impedance tomography (EIT). The EIT techniques involves generating an electrical current
distribution in the object, either through direct contact or inductive coupling and then
measuring this distribution through an array of detectors designed to measure either current
or voltage. These measurements are then used to calculate an impedance map.

An aim of the present invention is to provide an electric impedance imaging
system which relative to the known electric impedance imaging system has an improved
spatial resolution for the electrical conductivity and permittivity distribution.

This aim is achieved by the electric impedance imaging system of the
invention to explore an object’s electrical conductivity and permittivity distribution, the
electric impedance imaging system having the functions of

- application of an excitation electro-magnetic field to excite spins of the object
- acquisition of magnetic resonance signals from the object and generated due the

excitation electro-magnetic field
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- computation of an electric field strength distribution associated with the excitation
electro-magnetic field

- derivation of a magnetic induction field strength distribution from the acquired
magnetic resonance signals and

- computation of the electrical conductivity and permittivity distribution from the
electric field strength distribution and the magnetic induction field strength
distribution.

The electric impedance imaging system is capable for imaging both the
electrical conductivity and permittivity. These quantities may alternatively be considered as
the real and imaginary parts of a complex electrical impedance. The electric impedance
imaging system according to the invention derives the magnetic induction field strength
distribution from the magnetic resonance signals. These magnetic resonance signals are
acquired with a very good spatial resolution when magnetic field gradient encoding is
applied. An RF receive antennae system is employed to acquire the magnetic resonance
signals. Such magnetic field gradient encoding schemes are known per se in the field of
magnetic resonance imaging. The electric impedance imaging system of the invention is
provided with a signal acquisition system of a modern magnetic resonance imaging system.
In this way sub-millimetre resolution for the magnetic induction field strength distribution
that is derived from the magnetic resonance signals is achieved.

Additionally, the electrical conductivity and permittivity distribution is
obtained in a more direct way as compared to how the known electric impedance imaging
system operates. Notably, no inverse problem needs to be solved and accordingly there does
not occur a problem related to the inverse problem being ill-posed. The known electrical
impedance tomography is prone to problems being ill-posed since the spatial frequencies of
the electric field distributions are generally much lower than the spatial frequencies of the
electrical impedance distribution

Furthermore, the computational effort that the electric impedance imaging
system of the invention requires is less, because the electric impedance imaging system of the
invention requires differentiation that is mathematically less complex than the matrix
inversion or back-projection that the known electric impedance imaging system uses.
Notably, the aspect of ill-position is avoided. Further, the electrical impedance imaging
system is able to efficiently handle a large amount of data. Notably, according to the
invention the computation of the electrical conductivity and permittivity is made on a pixel-

by-pixel basis. The electric impedance imaging system is for example employed to explore
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the electrical permittivity distribution of a patient to be examined. Notably, different
biological tissues appear to have different values of the electrical permittivity, so that
different tissues can be distinguished on the basis of their values of the electrical permittivity.

These and other aspects of the invention will be further elaborated with
reference to the embodiments defined in the dependent Claims.

An RF transmit antennae system is employed to transmit the electro-magnetic
excitation field. Often, the RF transmit antennae system and the RF receive antennae
systems, respectively, make use of the same hardware components that are operated in a
receive and a transmit mode, respectively. The magnetic resonance signal level that is
measured due to the electro-magnetic excitation depends on the circular polarisation
components of magnetic induction field strength having excitation polarisation orientation
and receive polarisation orientation, respectively. More in particular, the signal level of the
magnetic resonance signals is about proportional to the receive circular polarised component
of the magnetic induction field strength. Further, the signal level of the magnetic resonance
signals is about proportional to a goniometric function of the excitation circular polarised
component of the magnetic induction field strength. In particular, it appears that the
goniometric function is the sine function, since at zero flip angle, zero signal is obtained.

The respective excitation and receive circular components of the magnetic
induction field strength can be accurately obtained from magnetic resonance signal
acquisitions at respective different flip angles associated with the electro-magnetic excitation
field applied in the individual series of acquisitions. Namely, the electro-magnetic excitation
field causes a precession of spins in the object around an axis along the direction of a main
magnetic field that is applied by the electric impedance imaging system. The precession
occurs in that the spins rotate at an angle, i.e. the flip angle around the direction of the main
magnetic field. The respective circularly polarised components of the magnetic induction
field strength are derived on the basis of fitting the signal levels of the acquired magnetic
resonance signals to the goniometric function dependence.

An accurate result for the electric field strength distribution is obtained in an
iterative approach. This iterative approach is initialised on the basis of a first estimate of the
electric field strength distribution that is made on the basis of (i) the geometry of the RF
transmit antennae system that is employed to generate the excitation electro-magnetic field,
(ii) the electric voltages applied to various elements (e.g. coils) of the RF transmit antennae
system, (iii) the size and shape of the object to be examined and (iv) a coarse estimate of the

electrical conductivity and permittivity of the object to be examined. On the basis of this
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initialisation there is computed a better, more accurate, estimate of the electrical conductivity
and permittivity distribution. This update is then again employed as an input, replacing the
previous coarser estimate of the electrical conductivity and permittivity distribution. On the
basis of the updated distribution the computation is re-iterated to obtain successive electrical
conductivity and permittivity distribution that are increasingly accurately representing the
actual electrical distribution of the object to be examined. The first estimate of the
distribution is for example taken as a single mean value or is taken as literature values for
respective compartments of the object to be examined.

According to another aspect of the invention one of the polarisation
components of the magnetic induction field is derived from the electric field strength
distribution, notably as obtained from the iterative estimate. Then the received magnetic
resonance signals from a receive-only RF receive antenna can be analysed to derive the
electrical impedance distribution, without the need to include control over the polarisation
component of the magnetic induction field of the excitation electro-magnetic field. Notably,
this allows to perform the excitation with a quadrature body-coil (QBC) of a magnetic
resonance imaging system and acquire the magnetic resonance signals by means of a receive-
only surface coil.

According to a further aspect of the invention the RF transmit/receive antenna
system can use a switchable polarisation orientation of the emitted electromagnetic field. In
this embodiment the RF transmit/receive is operated in the transmit mode in the excitation
polarisation orientation and is operated in the receive mode in the receive polarisation
orientation. The excitation polarisation and the receive polarisation are opposite circular
polarisations. From measurements at the respective polarisation orientation the respective
circularly polarised components of the magnetic induction field strength are derived which
are then employed together with the electric field strength distribution to compute the
complex electrical permittivity. An alternative, slightly more cumbersome way to effectively
perform measurements at respective polarisation orientations is to perform respective
measurements in which the orientation is changed patient to be examined.

In a further aspect of the invention several RF receive antennae are employed
that have complementary spatial sensitivity profiles. This enables to avoids spatial regions
where the total electrical field strength is close to zero. This avoids that the computation of
the electrical permittivity distribution requires division by small numbers, which would lead

to numerical instability.
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According to another aspect of the invention, an image, e.g. in the form of a
volumetric dataset or a tomographic, cross-sectional tomographic image is reconstructed
from the electrical permittivity distribution. Thus an image that represents the electrical
permittivity distribution is formed that shows differences in e.g. tissue type that are
represented by the differences in electrical permittivity value. Thus, differences between
tissue types that are not distinguished by conventional diagnostic imaging modalities, such as
magnetic resonance imaging, x-ray imaging, ultra-sound imaging, nuclear medicine etc. are
now seen as different by the electric impedance imaging system of the invention.

The invention also relates to a method of electrical impedance imaging. The
method of electrical impedance imaging of the invention is defined in the independent
method Claim . Because the method of electric impedance imaging of the invention employs
the magnetic resonance signals to derive the electrical permittivity distribution of the object
to be examined, a good (i.e. sub-millimetre) spatial resolution of the electrical permittivity
distribution is achieved. It is noted that the method of the invention is conveniently operated
by way of a computer program.

Further, the invention relates to a computer program for electric impedance
imaging. The computer program of the invention is defined in the independent computer
programme Claim. The computer program of the invention can be installed in a processor,
e.g. in the processor of a magnetic resonance imaging system. Then, the magnetic resonance
imaging system having the computer program of the invention installed is enabled to perform
the method of electric impedance imaging of the invention. The computer program of the
invention may be supplied on a data carrier such as a CD-rom disk. Alternatively, the
computer program of the invention may be downloaded from a data network, such as the
world-wide web. In particular, the computer programme of the invention may be installed in
the processor of a magnetic resonance imaging system to enable the magnetic resonance
imaging system to perform electrical impedance imaging. Also, different versions or updates
of the computer programme of the invention may easily be installed to replace a previous
version without the need for substantial adaptation of the system hardware, such as RF

excitation and/or RF receiver antennae (coils).

These and other aspects of the invention will be elucidated with reference to
the embodiments described hereinafter and with reference to the accompanying drawing

wherein
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Figure 1 shows diagrammatically an electric impedance imaging system in the
form of a magnetic resonance imaging system that is adapted to carry out the function of
electrical impedance imaging;

Figure 2 shows a flow chart for Electrical Conductivity Imaging;

Figure 3 shows the results of a demonstration of the basic numerical feasibility

of the approach of the invention.

Figure 1 shows diagrammatically an electric impedance imaging system in the
form of a magnetic resonance imaging system that is adapted to carry out the function of
electrical impedance imaging. The magnetic resonance imaging system includes a set of main
coils 10 whereby the steady, uniform magnetic field is generated. The main coils are
constructed, for example in such a manner that they enclose a tunnel-shaped examination
space. The patient to be examined is placed on a patient carrier which is slid into this tunnel-
shaped examination space. The magnetic resonance imaging system also includes a number
of gradient coils 11, 12 whereby magnetic fields exhibiting spatial variations, notably in the
form of temporary gradients in individual directions, are generated so as to be superposed on
the uniform magnetic field. The gradient coils 11, 12 are connected to a controllable power
supply unit 21. The gradient coils 11, 12 are energised by application of an electric current by
means of the power supply unit 21; to this end the power supply unit is fitted with electronic
gradient amplification circuit that applies the electric current to the gradient coils so as to
generate gradient pulses (also termed ‘gradient waveforms’) of appropriate temporal shape.
The strength, direction and duration of the gradients are controlled by control of the power
supply unit. The magnetic resonance imaging system also includes transmission and
receiving coils 13, 16 for generating the RF excitation pulses and for picking up the magnetic
resonance signals, respectively. The transmission coil 13 is preferably constructed as a body
coil 13 whereby (a part of) the object to be examined can be enclosed. The body coil is
usually arranged in the magnetic resonance imaging system in such a manner that the patient
30 to be examined is enclosed by the body coil 13 when he or she is arranged in the magnetic
resonance imaging system. The body coil 13 acts as a transmission antenna for the
transmission of the RF excitation pulses and RF refocusing pulses. Preferably, the body coil
13 involves a spatially uniform intensity distribution of the transmitted RF pulses (RFS). The
same coil or antenna is usually used alternately as the transmission coil and the receiving

coil. Furthermore, the transmission and receiving coil is usually shaped as a coil, but other
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geometries where the transmission and receiving coil acts as a transmission and receiving
antenna for RF electromagnetic signals are also feasible. The transmission and receiving coil
13 is connected to an electronic transmission and receiving circuit 15.

It is to be noted that it is alternatively possible to use separate receiving and/or
transmission coils 16. For example, surface coils 16 can be used as receiving and/or
transmission coils. Such surface coils have a high sensitivity in a comparatively small
volume. The receiving coils, such as the surface coils, are connected to a demodulator 24
and the received magnetic resonance signals (MS) are demodulated by means of the
demodulator 24. The demodulated magnetic resonance signals (DMS) are applied to a
reconstruction unit. The receiving coil is connected to a preamplifier 23. The preamplifier
23 amplifies the RF resonance signal (MS) received by the receiving coil 16 and the
amplified RF resonance signal is applied to a demodulator 24. The demodulator 24
demodulates the amplified RF resonance signal. The demodulated resonance signal contains
the actual information concerning the local spin densities in the part of the object to be
imaged. Furthermore, the transmission and receiving circuit 15 is connected to a modulator
22. The modulator 22 and the transmission and receiving circuit 15 activate the transmission
coil 13 so as to transmit the RF excitation and refocusing pulses. The reconstruction unit
derives one or more image signals from the demodulated magnetic resonance signals (DMS),
which image signals represent the image information of the imaged part of the object to be
examined. The reconstruction unit 25 in practice is constructed preferably as a digital image
processing unit 25 which is programmed so as to derive from the demodulated magnetic
resonance signals the image signals which represent the image information of the part of the
object to be imaged. The signal on the output of the reconstruction monitor 26, so that the
monitor can display the magnetic resonance image. It is alternatively possible to store the
signal from the reconstruction unit 25 in a buffer unit 27 while awaiting further processing.

The magnetic resonance imaging system according to the invention is also
provided with a control unit 20, for example in the form of a computer which includes a
(micro)processor. The control unit 20 controls the execution of the RF excitations and the
application of the temporary gradient fields. To this end, the computer program according to
the invention is loaded, for example, into the control unit 20 and the reconstruction unit 25.
According to the present invention the control unit and the reconstruction unit are arranged to
control the magnetic resonance imaging system to operate as an electric impedance imaging
system. Notably, the RF excitation is performed with a circular excitation polarisation, the

magnetic resonance signals are acquired at the circular receive polarisation that is e.g.
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opposite the excitation polarisation. Further, the reconstruction unit is arranged, e.g.
programmed to compute the electric field strength distribution, derive magnetic induction
field strength distribution from the acquired magnetic resonance signals and compute the
electrical permittivity distribution. Further, of course, the reconstructor is also arranged to
reconstruct volumetric datasets or tomographic cross sectional images from the electrical
permittivity distribution.

In the electric impedance imaging system of the invention, the measurement
instead of the noise correlations between different coil measurements is employed of the
magnetic induction field (H field) of the coils involved. The measured H field might have the
same spatial resolution as standard MR images, i.e. typically 0.5-1.0 mm, and so do the
derived conductivity/permittivity images. Moreover, both the electric conductivity and the
permittivity can be derived within the current approach in opposite to “noise tomography”
[3], where only the electric conductivity can be derived.

Furthermore, the proposed invention provides the possibility to estimate the
local SAR via

local —

SAR = [0(PEFE F)av (0)
region
which would provide a more accurate SAR measure than the global SAR estimations used up
to now. Also via MR-temperature measurements a thermal model including thermal capacity
and conductivity of the patient can be generated.
From Maxwell’s equations, the following equation containing a complex

permittivity can be derived

VxH(F) = ioe (F)E(F) M)
with H the magnetic field strength, E the electric field, @ the Larmor frequency, and ¢ the
permittivity. The underlines denote complex variables. Eq. (1) can be solved for the unknown
€ by regarding only the z-component

0. H,(F)~0, H(F))/E. (7) = iwe () . )

Here, H, and H, can be measured via MRI, and E; has to be estimated via

simulations. The real and imaginary part of € can be identified with the (non-complex)

permittivity € and the electric conductivity c, respectively.

Central equation

We start from Maxwell’s extension of the Ampere law,
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VxH(F,t) = +0,D(7,1), (3)
with j denoting the current density and D the electric displacement field. Using
D=¢FE
and
j=cE,
Eq. (3) can be rewritten as
V x H (¥,t) = 6 (F)E (¥,t) + € (F)3 ,E (¥ ,1) (4)
assuming € constant in time. Further assuming
E(7,t) = real {E(r) exp(icot)}, H(#,t) = real {E(r) exp(iwt)},
Eq. (4) reads as given in Eq. (1)
VxH(7) = (0 (F) +ive (ME(F) =ioe (PERF) , (1)
introducing the complex permittivity
e(F)=e(@)-ioc(Ho . )
The real and imaginary parts of the right hand side of Eq.(1°) are sometimes
called “eddy current” and “displacement current”, respectively. As mentioned above, Eq. (1)
can be solved for the unknown ¢ by regarding the z-component
0.5, ~0,H,())/E. () = ioe7) . @)
In principle, Eq. (2) can also be formulated for the x- or y-component,
however, the occurring H, cannot be measured within MRI (assuming B, in z—direction).
Using N coils producing the fields H” and E” (n =1...N), Eq. (2”) can be
replaced by
(0,12 7) -0, HY ()| E¥ ) = iooe () ")
with

ns<N ns<N
Using N>1 coils, it is easier to avoid regions with E* close to zero, which
would lead to noise amplification in the resulting images. In other words, for every pixel
there should be at least one coil producing a significant £ field, avoiding the division by

small numbers. Also more than one combination of coils can be used to measure at least

twice and solve simultaneously the same conductivity and permittivity distribution.
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Determination of H field
The spatial transmit sensitivity distribution of an RF coil is given by the H
component circularly polarized in one direction (which might be defined as the “positive*
direction) [4] If the static magnetic field has a negative z-direction, the transmit component is
given by
H'=(H,+iH,)/2 . ©
The spatial receive sensitivity distribution of an RF coil is given by the H

component circularly polarized in the opposite direction than in the transmit case (i.e. the
“negative* direction) [4]
H =(H,-iH,] 2 . ™
Thus, the wanted components H, and H, can be deduced from Egs. (6,7).
Alternatively, the numerator in Eq. (2) might be replaced by

0,H,()~0,H,7) =i, (") -H' 7)-0,(H"®+H @) .®)
The transmit and receive sensitivities can be determined, e.g., using the
relation [4]
S(F)~ M ,(F)H (F)sin(const - H (7)) . ®
Here, S is the image signal intensity and const is a system dependent constant.
Thus, H and H can be obtained by acquiring a series of images with different flip angles and
fitting a sinus in each pixel according to Eq. (9).
Using a quadrature body coil, it might be a good approximation to set H to
zero, since this coil is designed to produce only one direction of the circularly polarized field.
An alternative method is to rotate the patient, i.e., to measure him a second
time placing feet first instead head first. Ideally, also the coil is rotated, which should be
possible in case of using a head or surface coil.
It would also be sufficient to switch the main field, which is, of course, out of

the scope for today’s high field systems, but might be realized with a low field system.

Determination of (raw) E field

First, the raw E field E, has to be determined in the framework of a numerical
simulation. The input for this simulation is (a) the geometry of the used RF coil(s), (b) the
feeding voltage(s) of the used RF coil(s), (c) the geometry of the patient’s body with respect
to the position of the RF coil(s), taken from the images acquired for the H field

determination, (d) a mean £ throughout the patient’s body or literature values of £ for
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segmented body compartments. The simulation can be performed using numerical
electromagnetic field calculations, e.g., a finite difference time domain algorithm or the
method of moments. The correctness of the model can be checked by comparing measured

and simulated H field components.

Iterative solution

With the help of the raw E field E,, a first estimation of the permittivity €; is
obtained. Then, an improved E field E; can be derived replacing g, by £; in the simulation
framework, leading to a refined patient model. With the help of £;, an improved permittivity
estimation &, is obtained, and so on (see Fig. 1). The iteration might be stopped using suitable

convergence criteria, e.g., if |&; - €.1/<9.

Comparison with Noise Tomography

In the presented approach, the obtained spatial resolution should be of the
order of the spatial resolution of the measured H field components. This seems to be the main
advantage compared with noise tomography [3], where the spatial resolution is limited by the
smoothness of the spatial E field distribution. Another advantage of the current approach is
the possibility to directly derive the permittivity of the tissue. A third difference is given by
the required mathematics. Noise tomography defines an inverse problem, which can be
solved, e.g., via matrix inversion or back-projection. The presented approach replaces the
inverse problem by a differentiation, which is also a non-trivial task. However, there is hope
that this differentiation might be easier to handle than the inverse problem of the noise

tomography.

Further remarks

In principle, Eq. (2) is applicable for a single slice. However, for the
simulation of the E field, a 3D volume is required. Thus, a 3D acquisition of the H field is
preferred to support the E field model.

In regions of low E field, Eq. (2) is prone to errors due to dividing by small
numbers. This problem might be circumvented by the use of multiple RF coils with
(spatially) complementary E fields. Additionally, the patient might be shifted relative to the
coils (or the coils might be shifted relative to the patient) to increase the amount of acquired

data and enhance the image reconstruction stability.
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If only one component H' or H is known, the missing component might also
be taken from the E field simulation. Thus, it is not necessary to use a transmit/receive coil,
but transmitting with the QBC and analysing data from a (receive-only) surface coil would
also be sufficient. In an ideal situation, the results should be the same as measuring both H
field components. In a real experiment, the reduced amount of experimental input data will
lead to an image quality reduction.

In Eq. (1), € and ¢ are assumed to be scalar, i.e., isotropic. In general, € and ¢
can be tensors, i.e., € and ¢ might differ for different spatial directions. Different directions of
¢ and G can be measured rotating the Bo field relative to the patient. This can be done, e.g.,
by tilting the patient on the side, or by measuring the patient in different MR systems, e.g., a
standard cylindrical system with Bo oriented parallel to the patient’s longitudinal axis, and an
open MR system with Bo oriented perpendicular to the patient’s longitudinal axis.

The basic numerical feasibility of the approach was demonstrated (see Fig. 2).
The electromagnetic fields in (e=80, 6=0.5S/m) and around (¢=1, 6=0) a homogeneous
sphere have been calculated for a single loop coil on the left hand side of the FOV to simulate
the measurement of the H field and the modelling of the E field. A tumour model has been
inserted with €=80, 6=0.6S/m. Then, the data have been analysed using Eq. (2) reproducing
the input values of ¢ (left) and ¢ (right). Five iterations according to Fig. 1 have been
performed, starting with E fields from a homogeneous sphere without tumour model. Noise
has been added to the simulated measurement of the H fields. The noise in the centre is
caused by E fields close to zero. To avoid this noise, a second measurement with a coil
located, e.g., above or below the FOV should be performed.

Electric conductivity imaging might result in a new modality of medical
imaging and many applications can be imagined. For instance, it could be used to distinguish
between tumours and healthy tissue [5] or between necrotic and vital tissue after a
myocardial infarction. It might also be used to support the characterization of brain tissue in
connection with stroke or cerebral haemorrhage. Another application might be given by
improved RF ablation planning. The method might also be applied in non-medical areas, e.g.,

contact-less material testing, as long as the material is suitable for MR.
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CLAIMS:

1. An electric impedance imaging system to explore an object’s electrical
permittivity distribution, the electric impedance imaging system having the functions of

- application of an excitation electro-magnetic field to excite spins of the
object

- acquisition of magnetic resonance signals from the object and generated due
the excitation electro-magnetic field

- computation of an electric field strength distribution associated with the
excitation electro-magnetic field

- derivation of a magnetic induction field strength distribution from the
acquired magnetic resonance signals and

- computation of the electrical permittivity and or conductivity distribution
from the electric field strength distribution and the magnetic induction field strength
distribution.

2. An electric impedance imaging system as claimed in Claim 1 wherein

- application of the excitation electro-magnetic field involves a circular
polarised magnetic induction field with an excitation polarisation orientation

- acquisition of the magnetic resonance signals involves a circular polarised

magnetic induction field with a reception polarisation orientation.

3. An electric impedance imaging system as claimed in Claim 2, having the
function of
- application of the excitation electro-magnetic field for several values of a flip

angle of the excited spins.

4, An electric impedance imaging system as claimed in Claim 1 having the
function of iteratively
- estimating the electric field strength distribution

- computing an electrical permittivity from the estimated electric field strength
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distribution

- computing an update electric field strength distribution from the computed
electrical permittivity distribution and

- employing the update electric field strength distribution as a new estimate of
the electric field strength distribution.

5. An electric impedance imaging system as claimed in Claim 3, wherein at least
one of the reception polarisation orientated or excitation polarisation orientated magnetic

induction field component is derived from the electric field strength distribution.

6. An electric impedance imaging system as claimed in Claim 1 comprising an
RF transmit antenna to emit the excitation electro-magnetic field and which has a switchable

polarisation orientation sensitivity.

7. An electric impedance imaging system as claimed in Claim 1, comprising
- several RF receive antennae and
- individual RF receive antennae having complementary spatial sensitivity

profiles for the electrical field strength distribution.

8. An electric impedance imaging system as claimed in Claim 1, having the
function of reconstructing an image data set from the electrical permittivity distribution, in

particular in the form of a volumetric data set or in the form of a tomographic image.

9. An electric impedance imaging method to explore an object’s electrical
permittivity distribution, the electric impedance imaging method including the steps of

- application of an excitation electro-magnetic field to excite spins of the
object

- acquisition of magnetic resonance signals from the object and generated due
the excitation electro-magnetic field

- computation of an electric field strength distribution associated with the
excitation electro-magnetic field

- derivation of a magnetic induction field strength distribution from the

acquired magnetic resonance signals and
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- computation of the electrical permittivity distribution from the electric field

strength distribution and the magnetic induction field strength distribution.

10. A computer program to explore an object’s electrical permittivity distribution,
the computer program including instruction for application of an excitation electro-magnetic
field to excite spins of the object

- acquisition of magnetic resonance signals from the object and generated due
the excitation electro-magnetic field

- computation of an electric field strength distribution associated with the
excitation electro-magnetic field

- derivation of a magnetic induction field strength distribution from the
acquired magnetic resonance signals and

- computation of the electrical permittivity distribution from the electric field

strength distribution and the magnetic induction field strength distribution.
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