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CABLE LOOP DETECTION MECHANISM
FOR IMPROVED MRI SAFETY

BACKGROUND

[0001] The following relates generally to Magnetic Reso-
nance Imaging (MM) and to ancillary components such as
local radio frequency (RF) coils, MR-compliant electrocar-
diographic instrumentation, and so forth.

[0002] Magnetic resonance (MR) systems use radio fre-
quency (RF) pulses to create the MR signal. This RF energy
is transmitted through free space from the transmit RF coil
to the patient. When conducting materials are placed within
the RF field, a concentration of electrical currents sufficient
to cause excessive heating and tissue damage may occur.
The patient may be burned, for example, at the point where
an electrocardiography (ECG) electrode attaches to the
patient.

[0003] The nature of high frequency electromagnetic
fields is such that the energy can be transmitted across open
space and through insulators. Therefore, only devices with
carefully designed current paths can be made safe for use
during MR procedures. Simply insulating conductive mate-
rial (e.g., wire or lead) or separating it from the patient may
not be sufficient to prevent excessive heating or burns from
occurring for some devices.

[0004] Flexible electrically conductive cables present a
special problem, because RF-resonant loops can be formed
depending upon how the cable happens to lay out. For
example, electrocardiograph (ECQ) electrode wires can
form loops, which may be resonant at the MR resonance
frequency depending upon loop size (e.g. circumference or
perimeter length) and orientation respective to the RF elec-
tric field vector. If a resonant loop is so formed, high
electrical current can be induced in the ECG electrode wire,
and since this wire contacts the imaging subject a burn can
result. Similar issues can arise with surface RF coils placed
onto or in close proximity to the imaging subject.

[0005] Because the electrically conductive cable is located
inside the MR bore, it is not readily visible to the MR
technician so that potentially resonant loops are not readily
detected by visual observation. Even if the technician looks
for such a problem during the imaging session preparation,
patient movement can result in formation of a resonant loop
during the imaging session. Moreover, there is typically no
way for the technician to visually identify whether a given
loop will be resonant at the MR frequency.

SUMMARY

[0006] In accordance with one aspect, a magnetic reso-
nance imaging (MRI) system including: a cable bundle
including an electrically conductive cable and a multi-core
optical fiber bundled together with the electrically conduc-
tive cable to form the cable bundle; an electrical component
connected with the electrically conducive cable of the cable
bundle; a fiber shape readout device optically coupled with
the multi core optical fiber of the cable bundle and config-
ured to measure reflectance of light injected into the multi
core optical fiber and to compute the shape of the cable
bundle based on the reflectance measurements; and a pro-
cessor configured to detect a portion of the electrically
conductive cable that is potentially resonant at a magnetic
resonance frequency based on the shape computed for the
multi core optical fiber bundled with the electrically con-
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ductive cable. The fiber shape readout device may compute
the shape of the cable bundle by performing a method
comprising: detecting changes in optical length in cores in
the multi-core optical fiber based on the reflectance mea-
surements; and determining an angle or direction at a point
on the multi-core fiber based on the detected changes in
optical length. The processor may be configured to detect a
loop in the electrically conductive cable that is potentially
resonant at the magnetic resonance frequency. A loop may,
be detected by, for example, detecting a crossing point of the
shape computed for the multi-core optical fiber bundled with
the electrically conductive cable. The MRI system may
further comprise a magnetic resonance scanner with at least
a portion of the cable bundle being disposed in an exami-
nation region of the magnetic resonance scanner. The elec-
trical component may be connected with the electrically
conducive cable of the cable bundle comprises a radio
frequency (RF) coil. An alarm may be connected to be
activated by the processor upon detection of a portion of the
electrically conductive cable that is potentially resonant at
the magnetic resonance frequency. The MM system may
further comprise: a radio frequency excitation coil; and a
radio frequency amplifier operatively connected to cause the
radio frequency excitation coil to output radio frequency
pulses; wherein the processor may be further configured to
interlock the radio frequency amplifier upon detection of a
portion of the electrically conductive cable that is potentially
resonant at the magnetic resonance frequency.

[0007] In accordance with another aspect, a system may
include: a magnetic resonance scanner configured to operate
at a magnetic resonance frequency to acquire a magnetic
resonance image of a subject disposed in an examination
region of the magnetic resonance scanner; a cable bundle
disposed at least partially in the examination region of the
magnetic resonance scanner, the cable bundle including an
electrically conductive cable and a multi-core optical fiber
bundled together with the electrically conductive cable to
form the cable bundle; a fiber shape readout device config-
ured to measure reflectance of light injected into the multi
core optical fiber and to determine the shape of the cable
bundle disposed inside the examination region of the mag-
netic resonance scanner based on the reflectance measure-
ments; and a processor programmed to detect a loop in the
electrically conductive cable based on the shape of the cable
bundle.

[0008] In accordance with another aspect, in a system as
set forth in the immediately preceding paragraph, the fiber
shape readout device may include an electronic data pro-
cessing device optionally programmed to: compute a change
in optical length in cores in the multi-core optical fiber up to
a point on the multi-core optical fiber based on the measured
reflectance; and determine a location or direction at the point
on the multi-core optical fiber based on the computed
changes in optical length. The processor may further be
programmed to analyze a detected loop in the electrically
conductive cable with respect to resonance at a magnetic
resonance frequency. The system may further include a radio
frequency coil or electrocardiographic electrode connected
to an end of the electrically conductive cable disposed inside
the examination region of the magnetic resonance scanner.
The system may further include an alarm. The processor
may further be configured to interrupt current in a radio
frequency excitation coil upon detection of a loop in the
electrically conductive cable. The system may further
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include an alarm or radio frequency excitation interlock,
wherein the processor is further configured to analyze a
detected loop in the electrically conductive cable and to
activate the alarm or radio frequency excitation interlock if
the analysis indicates the detected loop is potentially reso-
nant at the magnetic resonance frequency.

[0009] In accordance with another aspect, a method is
provided including: applying a radio frequency (RF) pulse
generated by an RF coil to an imaging subject; determining,
with a shape sensor, a shape of a multi-core optical fiber
bundled with an electrically conductive cable and exposed to
the applied RF pulse; and determining if a portion of an
electrically conductive cable is resonant at the frequency of
the RF pulse based on the shape of the multi-core optical
fiber. The shape sensor may compute the shape of the multi
core optical fiber by operations including: measuring reflec-
tance of light injected into the multi-core optical fiber;
detecting a change in optical length in cores in the multi-core
optical fiber at successive points along the multi-core optical
fiber based on the measured reflectance; and determining a
location or a direction of the multi core optical fiber at
successive points along the multi-core optical fiber based on
the detected changes in optical length. The multi core optical
fiber may be in contact with the imaging subject and the
method may further include determining a motion of the
imaging subject based on change in time of the shape of the
multi core optical fiber. The method may further include
determining a motion signal of a patient based on informa-
tion gathered by the shape sensor; and determining a depth
of sedation or patient distress level based on the motion
signal.

[0010] One advantage resides in monitoring in real-time
the shape of a flexible electrically conductive cable disposed
in the examination region of an MR scanner.

[0011] Another advantage resides in preventing patient
burns before they occur. For example, once it is detected that
the shape of an electrically conductive cable may cause
resonance in the cable, the MRI system may be shut down
(or the RF emission turned off) before such a patient burn
occurs.

[0012] Other advantages will become apparent to one of
ordinary skill in the art upon reading and understanding this
disclosure.

[0013] The invention may take form in various compo-
nents and arrangements of components, and in various steps
and arrangements of steps. The drawings are only for
purposes of illustrating the preferred embodiments and are
not to be construed as limiting the invention.

[0014] FIG. 1 diagrammatically shows an MRI system in
an embodiment.

[0015] FIG. 2 shows a flow chart in accordance with an
embodiment.

DETAILED DESCRIPTION
[0016] With reference to FIG. 1, a diagrammatically illus-

trated MRI system 10 includes an MRI scanner 12 including
a scanner housing 1 (cylindrical in the illustrative embodi-
ment, and shown in side-sectional view to reveal selected
internal components) defining a scanner bore 2 (or, more
generally, scanner examination region 2, which in an open
bore MR scanner may not be a fully enclosed bore). The
scanner housing 1 contains a main magnet 3 generating a
static magnetic field typically denoted B,, for example
B,=3T in the case of a 3-Tesla MR scanner. Magnetic field
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gradient coils 4 superimpose magnetic field gradients on the
static field in the examination region 2 in order to spatially
encode magnetic resonance, spoil magnetic resonance, or
perform other functions. One or more radio frequency (RF)
coils 5, 6 provide magnetic resonance excitation and detect
excited magnetic resonance. In the illustrative embodiment,
a whole body RF coil 5 mounted in the scanner housing 1
serves as the RF excitation coil while a local coil 6 (or, in
some instances, an array of local coils) receives the magnetic
resonance excitation. The excitation coil 5 is driven by an
RF amplifier 7 while an RF receiver 8 is connected with the
receive coil 6 to receive, demodulate, and further process the
received MR signal. The main magnet 3 is typically a
superconducting magnet (although some MR scanners
employ a resistive main magnet) and is typically kept on
except during scanner shutdown/maintenance in order to
minimize power-up transients. An imaging subject, such as
a human medical patient, animal veterinary subject, inani-
mate subject (e.g. an archaeological mummy), or so forth is
loaded into the examination region 2 via a suitable subject
support couch 9 or the like. During an imaging scan, the RF
amplifier 7 applies an RF pulse (or pulse packet) to the
excitation coil 5 at the magnetic resonance frequency to
excite magnetic resonance. Magnetic field gradients are
applied by the gradient coils 4 in the X, y, z or other
direction(s) at predefined times before, during, or after the
RF pulse is applied in order to spatially limit and/or fre-
quency-and/or phase-encode the excited magnetic reso-
nance, and the RF receive coil 6 and RF receiver 8 receive,
demodulate and further process the MR signals. It will be
appreciated that diagrammatic FIG. 1 omits numerous con-
ventional MR system components such as magnetic field
gradient amplifiers, an MR controller, cryogenic systems (if
the magnet 3 is superconducting), optional patient physiol-
ogy monitoring components such as an electrocardiographic
(ECG) instrument and associated electrode leads extending
into the bore 2 to contact the patient, and so forth. It is to be
further appreciated that the MR scanner 12 is merely an
illustrative example, and that more generally the MR scan-
ner may be a horizontal closed-bore MR scanner (as shown),
or an open bore scanner (horizontal or vertical), or so forth.
For further illustrative purposes, the MR scanner may, for
example, be a Philips Ingenia™, Achieva™, Multiva™,
Sonalleve™, or other MR scanner (available from Konin-
Kklijke Philips N.V., Eindhoven, the Netherlands).

[0017] Various flexible electrically conductive cables may
extend into the examination region 2 of the MR scanner 12
for various purposes. As disclosed herein, a resonant loop
detector is provided for each cable that could pose a threat
to the subject (or possibly to equipment) if the cable were to
pick up an induced electric current due to the formation of
a resonant loop. In the illustrative example, an illustrative
resonant loop detector comprises fiber optic cables 14 (or a
multi-core fiber optic cable 14) bundled with an electrically
conductive cable 22 that connects with the illustrative
receive coil 6. The multi-core optical fiber 14 and the
flexible electrically conductive cable 22 are bundled
together, for example by cable ties (not shown), so that the
multi-core optical fiber 14 and the flexible electrically
conductive cable 22 maintain (for practical purposes) the
same shape as the cable bundle moves. For example, an
illustrative cable loop 23 is present in both the optical fiber
14 and the electrically conductive cable 22 because the two
are bundled together. For illustrative purposes, the fiber
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optical cable 14 is illustrated as a dashed line whereas the
electrically conductive cable 22 is illustrated as a solid line.
The fiber optical cable 14 and the electrically conductive
cable 22 need only be bundled together over the portion of
the electrically conductive cable 22 that is located inside the
examination region 2 of the MR scanner 12, as only that
portion of the electrically conductive cable 22 is susceptible
to RF-induced electric current formation. Thus, the portion
of the electrically conductive cable 22 extending outside of
the examination region 2 and running to the RF receiver 8
is not bundled with the optical fiber 14.

[0018] Certain shapes and/or lengths of cables exhibit the
phenomenon of “resonance” that increases their propensity
to concentrate RF currents. At the operating frequencies of
typical MRI systems, conducting loops of tens of centime-
ters in size can create problems and, therefore, should be
avoided, even if high impedance techniques are used to limit
the RF current. Even loops that include small gaps separated
by insulation may still conduct current and lead to burns.
Thus, even the close proximity of conductive materials with
each other should be avoided because cables and transmit
RF coils can capacitively-couple (without any contact or
crossover) when placed close together to form a resonant
loop. Approaches described herein enable the detection and
prevention of such contact or close proximity, and thus
makes monitoring in the MR environment safer by elimi-
nating the risk of cable loops inducing burns.

[0019] With continuing reference to FIG. 1, one such
approach to protect a patient is to determine a shape of a
fiber optic cable and, based on the determined shape, deter-
mine if resonance potentially may occur in an electrically
conductive cable; and generate an alarm if resonance may
potentially occur. In MM systems, once it is determined that
resonance will occur, it is also useful to stop pulses in the RF
coil or to stop current flowing into the electrically conduc-
tive cable.

[0020] Optionally, this cable monitoring system can addi-
tionally be used to monitor patient movement. This is
possible if the optical fiber 14 bundled with the electrically
conductive cable 22 is disposed on the patient such that
respiration, breath hold, or other motion causes correspond-
ing movement of the optical fiber 14 that can be tracked
without additional physiological sensors. Depth of sedation
can potentially be derived from these motion signals as can
patient distress. Additionally, a respiration rate and breath
hold may be determined from these signals. It is also
possible to use these functions for motion correction of
images.

[0021] The illustrative cable shape measurement device
operates as described in Froggatt et al., U.S. Patent Appli-
cation Publication No. 2011/0109898 A1 published May 12,
2011, which is incorporated by reference herein in its
entirety. The illustrative cable shape measurement device
includes the multi-core optical fiber 14 and a fiber shape
readout device 30. In this approach, it is assumed that the
core-to-core spacing of the cores of the multi-core optical
fiber 14 are constant in any cross-section of the multi-core
fiber 14, which holds true for (by way of example) a
multi-core fiber in which the cores are embedded in a glass
or polymeric matrix. As a consequence, any twisting or
curvature of the fiber 14 is accommodated by elongation or
compression of the cores along their lengths. For example,
in a bend of the fiber 14, the core or cores “inside” the bend
are compressed, while the cores or cores “outside” the bend
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are stretched, in order to accommodate the bend. As
described in U.S. Pub. No. 2011/0109898 A1, a technique
such as Optical Frequency Domain Reflectometry (OFDR)
can be used to measure reflectance of light injected into the
multi-core optical fiber and to determine, based on the
reflectance measurements, changes in core length for suc-
cessive small (i.e. quasi-differential) segments along the
entire length of each core of the optical fiber 14. The angle
or direction of the fiber at any position along the fiber 14 is
obtained based on summation of the changes in length of the
cores up to that position. To implement this shape measure-
ment, the fiber shape readout device 30 may, for example,
suitably include a tunable laser or other tunable light source
inputting to the multi-core optical fiber 14 and an optical
interferometer to perform the OFDR measurements, along
with an electronic data processing device programmed to
compute and sum fiber core length changes and associated
fiber angle or direction changes to generate the fiber shape.
The fiber shape output from the readout device 30 may, for
example, be formatted as a table of entries in which each
entry includes the fields (d, x;, y,, 7), where d, denotes a
location along the optical fiber 14 measured as a distance d,
from a reference point (such as the point at which the fiber
14 connects with the readout device 30) and the coordinates
(X5 ¥;, 7,) are the spatial coordinates of that position along
the fiber 14.

[0022] With continuing reference to FIG. 1, from the
information obtained from the shape sensor 14, 30, a cable
loop detector 40 identifies any loops that may be present
along the optical fiber 14 (and hence also along the bundled
electrically conductive cable 22). For example, the cable
loop detector 40 detects the illustrative loop 23. Optionally,
a resonance analyzer 42 analyzes any detected loop to
determine loop circumference or length and/or diameter, and
assesses whether the loop in the electrically conductive
cable 22 is resonant at the magnetic resonance frequency.
The shape of the fiber optic cable 14 may be used to compute
the shape of the bundled electrically conductive cable
because the fiber optic and electrically conductive cables are
bundled together. If a potentially resonant loop is detected,
then a safety alarm and/or interlock 44 is triggered to inform
the MR technician of the potential problem and/or to auto-
matically shut off the RF excitation, for example by inter-
locking the RF amplifier 7. As illustrated in FIG. 1, the cable
loop detector 40 and optional resonance analyzer 42 are
suitably implemented by a computer 46 programmed to
process the fiber shape output from the readout device 30 of
the shape measurement device 14, 30 to detect loops. In
some embodiments the computer 46 may also be pro-
grammed to implement the MR controller that controls the
MR scanner 12. In some embodiments any data processing
component(s) of the fiber shape readout device 30 may
optionally be implemented by the computer 46 as well. The
alarm 44, if provided, may be variously embodied, for
example as warning text displayed on the display component
48 of the computer 46 (possibly in a highlighted fashion, e.g.
flashing, in boldface red font, or so forth), an audible alarm
(preferably in conjunction with displayed alarm text) or so
forth. Since the cable shape is available from the shape
detector 14, 30, it is contemplated in some embodiments to
display a three-dimensional rendering of the cable shape on
the display component 48. The interlock 44, if provided,
may be implemented as a digital or analog control signal
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transmitted from the computer 46 to the RF amplifier 7 (e.g.
via a digital cable, dedicated analog line, or so forth).

[0023] There are various ways by which the cable loop
detector 40 can detect a cable loop. For example, one such
way would be to gather the set of points on the cable ranging
from d, to d,,. Each two neighboring points d,. d,, , are spaced
apart by a distance d,,,-d,, and each point will have an
associated set of coordinates, namely (X, y,, 7;) for the point
d, and (x,,,, v,,,, Z,,) for the point d,,,. If the cable has
formed a loop, then the cable will have to “cross” itself. This
crossing point can be recognized as two points d,, and d,, for
which the distance d,—d,, is large enough to define a possibly
resonant loop and for which the respective coordinates are
close  enough  together, eg  the separation

\/(xb—xa)2+(yb—ya)2+(zb—za)2 is smaller than a designated
threshold T chosen to account for loop formation by induc-
tive coupling across insulation or a small air gap.

[0024] With reference to FIG. 2, a suitable process per-
formed by the cable loop detector 40 and optional resonance
analyzer 42 is described. The process operates on a detected
cable shape 50 output by the shape detector 14, 30. In an
operation S1, starting at location d, along the cable each
point d, for which d,-d, is greater than some minimum
threshold is searched for a crossing

\/(xb—xu)2+(yb—ya)2+(zb—za)2<T. The minimum threshold
is at least chosen so that d,—d_>T (otherwise a straight cable
portion would be erroneously detected as a “loop.” In some
embodiments the minimum threshold is chosen to be larger,
so as to avoid detecting small cable loops that are too small
to be resonant at the magnetic resonance frequency. The
operation S1 is suitably performed by the cable loop detector
40 of FIG. 1.

[0025] In an operation S2 of FIG. 2, if a cable loop is
detected then the resonance analyzer 42 determines its
perimeter length as d,—-d,, and in a decision S3 the reso-
nance analyzer 42 determines whether the cable loop is
resonant. In general, the resonance condition is satisfied if
the loop perimeter length is such that it can support a
standing wave at the magnetic resonance frequency 52. If a
resonant loop is determined, then in an operation S4 the
alarm or interlock 44 is activated. If the loop is determined
not to be resonant, then processing passes to S5 where the
next loop is identified.

[0026] As previously noted, the resonance analyzer 42 and
corresponding operations S2, S3 are optionally omitted. In
general, determining whether a given cable loop is likely to
be resonant at the magnetic resonance frequency can be
difficult. If the crossing is not exact (that Iis,

\/(xb—xa)2+(yb—ya)2+(zb—za)2 is less than the threshold T
but is not exactly zero because there is some finite gap due
to insulation or an air gap), then the gap introduces a
capacitive element into the loop, and the resonance condi-
tion depends on both the loop perimeter length and the value
of this capacitance. The capacitance, however, also depends
on the dielectric constant of the gap material (which may be
air and/or insulation in various fractions). Still further, the
precise resonance frequency may depend on the applied
magnetic field gradients. Accordingly, in some embodiments
the resonance analyzer 42 is omitted and instead the cable
loop detector 40 operates over an interval L, <(d,-d,)
<L,,. Where the limits L, and L, ,, are chosen to detect
loops of any perimeter length that is possibly resonance (e.g.
if the resonance condition is expected for loops on the order
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s Lot 100 cm may be
appropriate). This approach is likely to be overinclusive
(that is, may detect cable loops relatively far away from the
resonance condition) but such overinclusiveness may be
useful to provide added safety, and also because once a loop
is formed its size can rapidly change due to subject motion.
[0027] Any cable loop that is located well outside of the
examination region 2, that is, outside of the space within
which the excitation coil 5 applies the RF pulses, cannot be
asource of induced electric current. Accordingly, in a variant
embodiment the coordinates of the cable shape output by the
cable shape detector 14, 30 are registered with the coordi-
nate system of the MR scanner 12, and the cable loop
detector 40 only processes the portion of the cable that is
located inside the RF excitation region. As a further benefit,
the MR image of the subject can be spatially registered with
the cable shape in the common coordinate system, and this
can be used to identify potentially resonant loops formed
between the cable 22 and the imaging subject.

[0028] In general, a fiber optic position monitoring bundle
(e.g. the multi-core optical fiber 14) can be attached to any
flexible electrically conductive cable for use in the MR
environment. This cable bundle is preferably made from MR
compatible and biocompatible materials. For example, the
multi-core optical fiber can be connected with a local RF coil
cable (as shown), or with an ECG electrode wire, or so forth.
Instead of forming the optical fiber/electrically conductive
cable bundle by cable ties or the like, it is also contemplated
to form the bundle more integrally, for example by providing
a cable conduit containing both the optical fiber and the
electrically conductive cable or by providing a common
sheath for the optical fiber and electrically conductive cable.
[0029] Bundling of patient cable into an umbilical using a
single position detection system is possible. If the shapes of
two (or more) electrically conductive cables are monitored
using respective bundled multi-core optical fibers, then
potentially resonant loops formed between different cables
can also be detected, again by detecting crossing points and
determining perimeter lengths.

[0030] It will be further appreciated that the patient pro-
tection techniques disclosed herein may be embodied by a
non-transitory storage medium storing instructions readable
and executable by an electronic data processing device (such
as the computer 46) to perform the disclosed techniques.
Such a non-transitory storage medium may comprise a hard
drive or other magnetic storage medium, an optical disk or
other optical storage medium, a cloud-based storage
medium such as a RAID disk array, flash memory or other
non-volatile electronic storage medium, or so forth.

[0031] Of course, modifications and alterations will occur
to others upon reading and understanding the preceding
description. It is intended that the invention be construed as
including all such modifications and alterations insofar as
they come within the scope of the appended claims or the
equivalents thereof.

1. A magnetic resonance imaging (MRI) system compris-

ing:

a cable bundle including an electrically conductive cable
and a multi-core optical fiber bundled together with the
electrically conductive cable to form the cable bundle;

an electrical component connected with the electrically
conducive cable of the cable bundle;

a fiber shape readout device optically coupled with the
multi-core optical fiber of the cable bundle and con-

of tens of centimeters, L, _~10cmand L
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figured to measure reflectance of light injected into the
multi-core optical fiber and to compute the shape of the
cable bundle based on the reflectance measurements;
and

a processor configured to detect a portion of the electri-

cally conductive cable that is potentially resonant at a
magnetic resonance frequency based on the shape
computed for the multi-core optical fiber bundled with
the electrically conductive cable.

2. The MRI system of claim 1 wherein the fiber shape
readout device computes the shape of the cable bundle by a
method comprising:

detecting changes in optical length in cores in the multi-

core optical fiber based on the reflectance measure-
ments; and

determining an angle or direction at a point on the

multi-core fiber based on the detected changes in
optical length.

3. The MRI system as in claim 1 wherein the processor is
configured to detect a loop in the electrically conductive
cable that is potentially resonant at the magnetic resonance
frequency.

4. The MRI system as in claim 3 wherein the processor is
configured to detect said loop in the electrically conductive
cable by detecting a crossing point of the shape computed
for the multi-core optical fiber bundled with the electrically
conductive cable.

5. The MRI system as in claim 1 further comprising:

a magnetic resonance scanner, at least a portion of the
cable bundle being disposed in an examination region
of the magnetic resonance scanner.

6. The MRI system as in claim 1 wherein the electrical
component connected with the electrically conducive cable
of the cable bundle comprises a radio frequency coil.

7. The MRI system as in claim 1 further comprising:

an alarm connected to be activated by the processor upon
detection of a portion of the electrically conductive
cable that is potentially resonant at the magnetic reso-
nance frequency.

8. The MRI system as in claim 1 further comprising:

a radio frequency excitation coil; and

a radio frequency amplifier operatively connected to
cause the radio frequency excitation coil to output radio
frequency pulses;

wherein the processor is further configured to interlock
the radio frequency amplifier upon detection of a
portion of the electrically conductive cable that is
potentially resonant at the magnetic resonance fre-
quency.

9. A system comprising:

a magnetic resonance scanner configured to operate at a
magnetic resonance frequency to acquire a magnetic
resonance image of a subject disposed in an examina-
tion region of the magnetic resonance scanner;

a cable bundle disposed at least partially in the examina-
tion region of the magnetic resonance scanner, the
cable bundle including an electrically conductive cable
and a multi-core optical fiber bundled together with the
electrically conductive cable to form the cable bundle;

a fiber shape readout device configured to measure reflec-
tance of light injected into the multi-core optical fiber
and to determine the shape of the cable bundle disposed
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inside the examination region of the magnetic reso-
nance scanner based on the reflectance measurements;
and

a processor programmed to detect a loop in the electri-
cally conductive cable based on the shape of the cable
bundle.

10. The system of claim 9 wherein the fiber shape readout
device includes an electronic data processing device pro-
grammed to:

compute a change in optical length in cores in the multi-
core optical fiber up to a point on the multi-core optical
fiber based on the measured reflectance; and

determine a location or direction at the point on the
multi-core optical fiber based on the computed changes
in optical length.

11. The system as in claim 9 wherein the processor is
further programmed to analyze a detected loop in the
electrically conductive cable with respect to resonance at a
magnetic resonance frequency.

12. The system as in claim 9 further comprising:

a radio frequency coil or electrocardiographic electrode
connected to an end of the electrically conductive cable
disposed inside the examination region of the magnetic
resonance scanner.

13. The system as in claim 9 further comprising:

an alarm wherein if the processor detects a loop in the
electrically conductive cable, an alarm is generated.

14. The system as in claim 9 wherein the processor is
further configured to interrupt current in a radio frequency
excitation coil upon detection of a loop in the electrically
conductive cable.

15. The system as in claim 9 further comprising:

an alarm or radio frequency excitation interlock, wherein
the processor is further configured to analyze a detected
loop in the electrically conductive cable and to activate
the alarm or radio frequency excitation interlock if the
analysis indicates the detected loop is potentially reso-
nant at the magnetic resonance frequency.

16. A method comprising:

applying a radio frequency (RF) pulse generated by an RF

coil to an imaging subject;
determining, with a shape sensor, a shape of a multi-core
optical fiber bundled with an electrically conductive
cable and exposed to the applied RF pulse; and

determining if a portion of an electrically conductive
cable is resonant at the frequency of the RF pulse based
on the shape of the multi-core optical fiber.

17. The method of claim 16 wherein the shape sensor
computes the shape of the multi-core optical fiber by opera-
tions including:

measuring reflectance of light injected into the multi-core

optical fiber detecting a change in optical length in
cores in the multi-core optical fiber at successive points
along the multi-core optical fiber based on the mea-
sured reflectance; and

determining a location or a direction of the multi-core

optical fiber at successive points along the multi-core
optical fiber based on the detected changes in optical
length.

18. The method as in claim 16 wherein the multi-core
optical fiber is in contact with the imaging subject and the
method further comprises:
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determining a motion of the imaging subject based on
change in time of the shape of the multi-core optical
fiber.

19. The method as in claim 16 further comprising:

determining a motion signal of a patient based on infor-
mation gathered by the shape sensor; and

determining a depth of sedation based on the motion
signal.

20. The method as in claim 16 further comprising:

determining a motion signal of a patient based on infor-
mation gathered by the shape sensor; and

determining a patient distress level based on the motion
signal.

21. The method as in claim 16 further comprising:

determining a motion signal of a patient based on infor-
mation gathered by the shape sensor; and

determining a respiration rate based on the motion signal.

22. The method as in claim 16 further comprising:

determining a motion signal of a patient based on infor-
mation gathered by the shape sensor; and

detecting a breath hold based on the motion signal.

I I T T
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