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(54) Title: PATIENT TRANSPORTER FOR IMAGING AND INTERVENTION

FIG. 1A

side view with patient table removed

(57) Abstract: A patient transport and patient support tabletop for medical imaging is disclosed. The patient transporter includes
a pedestal and or other support surface which are configured to provide gaps in the upper surface to provide access to a patient.
A tabletop for receiving a patient can be assembled from a standard component and interchangeable specialized anatomical patient
support modules, which are selectively connected to provide a tabletop for a specific imaging application. The specialized anatomical
patient support modules are configured to provide interventional gaps to allow access to the anatomy of interest by medical personnel.

PATIENT TRANSPORTER FOR IMAGING AND INTERVENTION

TECHNICAL FIELD
The invention relates to medical imaging systems for viewing anatomical structures and
functions of a patient, such as Magnetic Resonance Imaging (MRI) and x-ray Computed
Tomography (CT) imaging scanners. More particularly, this invention relates to a patient
transporter which enables hospital or medical center personnel to transport a patient from an
imaging scanner to another imaging scanner or to radiation therapy equipment or to a location
remote from the scanner for performing additional imaging examinations or interventional
procedures without the necessity for transferring the patient from one patient support device to
another.
BACKGROUND
For many clinical indications, improvements in diagnostic imaging technology have
resulted in a trend away from open surgical procedures to less invasive image-guided
interventional procedures. Non-invasive imaging modalities may be used to localize pathology
and to navigate the anatomy for performing biopsy procedures or therapeutic interventions in
lieu of more invasive surgical procedures. MRI and CT imaging provide excellent visualization

of a patient's anatomy, whereas Positron Emission Tomography (PET), nuclear imaging,
ultrasound, optical tomography and other imaging modalities may be used to enhance
sensitivity to disease.
While it is preferable to perform interventional procedures with direct real-time image
guidance, access to a patient for performing interventional procedures while the patient is
positioned for imaging in a conventional MRI, CT or PET scanner is limited. These scanners
require positioning of the patient inside a circular tunnel during imaging, limiting a physician's
access to the patient's anatomy while images are being acquired. Open MRI scanner designs
have been commercialized for interventional use; however, the magnetic field strength of these
open magnets is necessarily decreased compared to conventional MR imaging scanners

resulting in significant degradation of image quality. In addition, performing procedures in this
setting requires the use of specialized non-magnetic interventional instruments which are

expensive and suffer from decreased rigidity and sharpness compared to their magnetic
equivalents. Robotic solutions have also been proposed for performing interventions with a
patient positioned in a conventional imaging scanner. These solutions are expensive, and may
not be appropriate for all clinical applications due to the increased patient anxiety that typically
results from the lack of human contact and the lack of direct surveillance by an anesthesiologist
or other medical professionals during a procedure.

Solutions have been presented for combining additional imaging modalities with MRI
and/or CT with the patient positioned in the bore of the imaging scanner. For example, optical
imaging technologies have been designed to operate in the bore of a MRI scanner. These
solutions are limited by the requirement for using non-magnetic materials for MRI scanners, and
the inability of many of these ancillary imaging modalities to be operated in high magnetic field
environments. Ultrasound examinations share similar requirements as interventional
procedures for accessing the patient's anatomy directly by a medical professional during
scanning.
Systems have been proposed for imaging a patient using multiple imaging modalities
and/or performing interventional procedures by positioning the patient on a specialized
apparatus that retains the patient in the same position for multiple exams. For example, a
system for transporting a patient between a CT scanner and a PET scanner has been
described, in which the CT and PET scanners are aligned along a common axis with a space
between them for performing interventions (US 7,254,438). This system requires permanent
alignment of the CT and PET scanners end-to-end in a single room, complicating siting
requirements and limiting usefulness of the scanners for single modality procedures. Systems
of multiple imaging scanners and an interventional/surgical suite in which the relative positions
of the imaging scanners are fixed are also known in the art. For these systems, the patient is
typically constrained to move between the imaging and interventional stations using a railguided or other similar transporter. The patient tables proposed for use with these systems are
simply flat tables, of the kind typically used for routine clinical imaging on a conventional CT or
PET scanner.
Recently, a method and system (U.S. Patent Application Serial Number 10/916,738) has
been proposed for transporting a patient between a conventional MR, CT or PET scanner and

locations away from the scanner for examinations using other ancillary imaging devices and/or
for performing interventional procedures while maintaining the position of an anatomy of interest
in the same position throughout. The system comprises a mobile patient transporter and a

dedicated tabletop that is specially configured to support a patient comfortably with a specific
anatomy of interest immobilized throughout the imaging and/or interventional procedures.
Apertures in the patient support structure under the anatomy of interest allow access for
interventional procedures without repositioning the patient after an imaging procedure. This
allows the images obtained by the conventional imaging scanner to be used to guide the
ancillary imaging exams or interventional procedures without the need for real-time MRI or CT
imaging throughout. U.S. Patent Application Serial Number 11/447,053 similarly teaches the
use of a patient transporter that can interchangeably receive a number of dedicated tabletops,

each of which is designed specifically for imaging and interventional medical procedures for a
selected, specific anatomy.
A single generic patient transporter that may be configured for imaging and intervention
in a particular anatomy of interest by assembling a modular patient table from components

selected from a kit of table modules specialized for holding different anatomies of interest during
multiple imaging or interventional procedures, is desirable to facilitate the use of 3D imaging
modalities such as MRI, CT and PET to guide interventional procedures or imaging with other
modalities such as ultrasound or conventional x-ray. The present invention addresses these
issues.

FIGURES
Embodiments are illustrated by way of example and not limitation in the figures of the
accompanying drawings, in which like reference numerals indicate corresponding, analogous or
similar elements, and in which:
FIG. 1A shows a side view of a patient transporter with a modular patient table

configured for routine MR imaging in accordance with an embodiment of the invention, with the
patient table removed;
FIG. 1B shows a top view of the patient transporter of FIG. 1A;

FIG. 1C shows a side view of a patient transporter with the modular patient table aligned
on the transporter;

FIG. 1D is a front view of the patient transporter of FIG. 1C;
FIG. 1E is a top view of the patient transporter of FIG. 1C;
FIG. 1F is a side view of the patient transporter of FIG. !C with the upper surface of the

transporter lowered;
FIG. 1G is a front view of the patient transporter of FIG. 1F ;

FIG. 2A shows a top view of a patient transporter with a patient table configured for

prostate imaging and interventional procedures;
FIG. 2B is a top view of the patient transporter and patient table of FIG. 2A with stirrups

provided on the tabletop;
FIG. 2C is a top view of the patient transporter of FIG. 2C with a patient positioned on

the table;
FIG. 2D is a side view of the patient transporter of FIG. 2D is a side view of the patient

transporter of FIG. 2C;

FIG. 3A is a top view of an alternate exemplary patient table embodiment for prostate

imaging and intervention;
FIG. 3B is a view of the patient table of FIG. 3A with a patient supported on the table;
FIG. 3C is a side view of the table of FIG. 3B;
FIG. 4A is a side view of a patient transporter including a table top for breast imaging;

FIG. 4B is a side view of a patient transporter including a table top for lung imaging;
FIG. 4C is a side view of a patient transporter including a table top for liver imaging;

FIG. 4D is a side view of a patient transporter including a table top for head imaging;
FIG 4E is a side view of the patient transporter of FIG. 4D with the RF coil removed;
FIG 4F is a side view of the patient transporter of FIG. 4D, illustrating the head support

within the RF coil;
FIG. 4G is a front view of the patient transporter of FIG. 4D;
FIG. 5A shows a first embodiment of a backbone structure embodiment for a patient

table compatible with an MRI scanner comprising electrical cabling and electrical connectors;
FIG. 5B shows the backbone structure of FIG. 5A with a simple patient table top

attached;
FIG. 5C shows a second embodiment of a backbone structure embodiment for a patient

table compatible with an MRI scanner comprising electrical cabling and electrical connectors;
FIG. 5D shows a third embodiment of a backbone structure embodiment for a patient

table compatible with an MRI scanner comprising electrical cabling and electrical connectors;
FIGs. 6A - 6K illustrate various embodiments of patient transporters, each of which

include gaps or spaces to provide access to an anatomy of interest of a patient positioned on
the transporter; and
FIGs. 7A - 7H shows a series of exemplary patient transporter embodiments including

reinforcing support structures for supporting the patient table during translation of the patient
table.
It will be appreciated that for simplicity and clarity of illustration, elements shown in the

figures have not necessarily been drawn to scale. For example, the dimensions of some of the
elements may be exaggerated relative to other elements for clarity.

DETAILED DESCRIPTION
In the following detailed description, numerous specific details are set forth in order to

provide a thorough understanding of embodiments. However it will be understood by those of
ordinary skill in the art that the embodiments may be practiced without these specific details. In
other instances, well-known methods, procedures, components and circuits have not been
described in detail so as not to obscure the embodiments.
A mobile patient transporter that engages with and supports a modular patient table is
presented that enables hospital or medical center personnel to transport a patient from a first
imaging scanner to a location remote from the first scanner for performing additional imaging
examinations or interventional procedures without the necessity for transferring the patient from
one patient support device to another or repositioning an anatomy of interest. The patient
transporter comprises vertical supports for the patient table. The vertical supports are
constructed such that open areas between the supports provide access to the patient at multiple
anatomical locations from below the patient table large enough for performing ancillary imaging
exams such as ultrasound imaging, or for performing medical interventions. The modular
patient table may be configured using a standard patient support module, and a selection of
anatomically-specific patient support modules designed to support and constrain a single
selected anatomy throughout the imaging and other procedures, each of which include an
interventional gap sized to allow access to the particular anatomy at least from below the patient
for performing interventions in that anatomy. For a given procedure, a specialized anatomical
patient support module can be selectively coupled to the standard patient support module to
provide a tabletop specifically for positioning the patient for imaging of the selected anatomy.
FIGs. 1A -1F show an exemplary patient transporter with an exemplary modular patient

table configured for routine MR imaging in accordance with an embodiment of the invention.
FIG. 1A is a side view of a patient transporter 100 with a detachable patient table 180 that has

been removed from the patient transporter 100 by a horizontal translation. FIG. 1B is a top view
of the patient transporter 100 with the patient table 180 removed. The patient transporter 100
comprises a base 140 with wheels 150, a central vertical pedestal 1 10 rising from the center of
the base 140, and two arms 120, 122 projecting horizontally from the central pedestal 110
toward the back and front ends of the patient transporter 100 respectively. The arms may have
circular cross-section to enhance mechanical strength.

Wheel locks (not shown) may be

provided for parking the patient transporter 100. The central pedestal 1 10 supports a central
horizontal platform 132.

The arms 120, 122 angle upward near the ends of the patient

transporter 100 to provide cantilevered support for additional horizontal platforms 130, 134. The
arms 120, 122 may preferably be removable from the central pedestal 1 10, to provide increased

access to a patient's anatomy of interest with the patient bed cantilevered from the pedestal 110
for performing ancillary imaging procedures, for example, an ultrasound examination, or for
interventional procedures.

The horizontal platforms 130, 132, 134 comprise engaging tracks

131, 133, 135 for the patient table 180 at their lateral edges. The patient table 180 may slide

horizontally onto the patient transporter 100 when engaged in the engaging tracks 131 , 133,
135.

The engaging tracks 131 , 133, 135 control alignment of the patient table 180 during

translation and may preferably be configured to prevent tipping of the patient table 180 during
translation. Foot-operated pedals 160 may be used to dock the patient transporter 100 to a MRI
scanner (not shown) or other imaging scanner or station (not shown) or to an interventional
station (not shown), as is known in the art. Additional foot-operated pedals 162 may be used to
raise/lower the central pedestal 110.

The central pedestal 1 10 may comprise telescoping

segments 112, 1 14 arranged about a common vertical axis to allow raising/lowering of the
horizontal platforms 130, 132, 134 synchronistically.

Mirrors 170 may be located on the base

140 under the open spaces between the horizontal platforms 130, 132, 134 for use during

ancillary imaging and/or interventional procedures. The central pedestal 1 10 is preferably made
from materials with sufficient mechanical strength to support a patient's weight on the patient
table 180 without the requirement for a large cross-sectional area of the central pedestal 110 in
a horizontal plane. Preferably, the cross-sectional area of the central pedestal 1 10 is made as
small as possible in order to increase the amount of space available adjacent to the central
pedestal 1 10 above the base 140 to allow access to the patient through the openings between
horizontal platforms 130, 132 and 134. Likewise, the cross-sectional area of the arms 120, 122
is also reduced to decrease restrictions to access to the patient.

Although the patient

transporter is described as including one or more horizontal platform 130, 132, and 134, it will
be apparent that the central pedestal 1 10 and other surfaces can be sized and dimensioned to

receive or support a patient tabletop, and that the horizontal platforms are not necessary.
To provide a substantially flat, general purpose tabletop, the patient table 180 may
comprise two segments, a substantially flat patient support module 182, and a substantially
horizontal patient support module 184, joined together using a coupling element that can be a
friction joint (not shown), a butt joint with biscuit 183 or dowel reinforcement (not shown),
clamping devices (not shown), or any other mechanical joining method known in the art that
provides sufficient longitudinal rigidity of the patient table 180 to support a patient. FIG. 1C is a
side view of the patient transporter 100 with the patient table 180 supported by the horizontal
support members 130, 132, 134 and engaged laterally by the lateral engaging tracks 131, 133,
135.

The patient table 180 is shown centered over the patient transporter 100 in its "home"

position.

The patient transporter 100 may be configured such that the docking/undocking

pedals 160 may only be used to dock or undock to an imaging scanner or interventional station
when the patient table 180 is in the home position. In addition, wheel locks (not shown) may be
configured to allow movement of the patient transporter 100 only when the patient table 180 is
in the home position.

FIG. 1D is a front view of the patient transporter 100 and patient table

180. FIG. 1E is a top view of the patient transporter 100 with the patient table 180 in the home

position. FIG. 1F is a side view and FIG. 1G is a front view of the patient transporter 100 with
the patient table 180 in the home position and the central pedestal 110 arranged in its lowest
position for patient loading/unloading. While the exemplary patient transporter shown in FIG. 1
is free-moving with wheels, alternative embodiments may include patient transporters that

engage with tracks on a floor, or are otherwise constrained to move along a particular path.
While the exemplary patient transporter embodiment shown in FIG. 1 uses a telescoping
method for providing vertical adjustment of the patient table, other standard techniques may be
alternatively used, for example, ball screws, worm gears, hydraulic lifts, rack and pinions,
scissor lifts, etc.
The horizontal platforms 130, 134 are shown in FIG. 1 at the same height as the central
horizontal platform 132, supporting the patient bed 180 in a level horizontal position.
Alternatively, a patient bed may have a more complicated geometry configured for supporting
the patient in other positions, and the horizontal platforms 130, 132, 134 may be adjusted to
different heights as appropriate to support the desired patient position. The arms 120, 122, may
be height adjustable to allow the horizontal platforms 130, 132, 134 to be positioned at different

selected heights.
The patient table 180 is preferably constructed from materials that are MRI-compatible
(i.e., that are non-magnetic and non-conductive), for use with MR imaging. Examples of such

materials are polycarbonate, Kevlar composite, fiberglass, interrupted carbon-fiber, wood, and
other polymer or composite blends.

More preferably, the patient table 180 is constructed of

materials that are MRI-compatible and radiolucent.

Alternatively, materials whose x-ray

attenuation may be well-characterized and corrected for in CT imaging reconstructions may be
used. Patient table 180 is shown assembled as a flat patient bed comprising two joined patient

structural modules 182 and 184, similar to the flat patient beds that are used conventionally with
MRI and CT imaging scanners. Wheels (not shown) may be incorporated into the underside of

the patient table 180 to facilitate translation of the patient table 180 on the patient transporter
100.

The engaging tracks 131, 133, 135, may comprise dovetail constraints or the like to

prevent the patient table 180 from tipping during translation.
As described above, the patient support module 182 is a common component that is
configured to be mated mechanically to a specialized table component configured to support a

particular anatomy of interest for imaging and intervention. To provide specialized tabletops,
the substantially horizontal patient support module 184 may be removed and replaced by
specialized anatomical patient support modules (not shown in FIG. 1) that provide interventional
gaps under a particular anatomy of interest that align with the spaces between horizontal
support members 132, 134 when the table is in the home position. These interventional gaps
provide access to a patient's anatomy of interest from below the patient table for ancillary
imaging and/or interventional procedures.

These specialized anatomical patient support

modules may also include support structures on their upper surfaces for supporting and
immobilizing a particular anatomy of interest.

Patient support module 182 may preferably

comprise electrical connection components (not shown in FIG. 1) for making an electrical
connection between a MRI scanner and RF coil components that may be placed on or coupled
to the patient table 180, more particularly to the specialized table segment.

The specialized

anatomical patient support modules may also comprise electrical connections to connect to
table segment 182 and to RF coil components.

The patient support module 182 or the

specialized anatomical patient support module may also comprise integrated RF coil elements
for transmitting and/or receiving RF signals from the patient's anatomy of interest during MRI
scanning. Alternatively, the patient support module 182 or the specialized anatomical patient
support module may comprise a receptacle for an x-ray film cartridge, or components for optical
imaging, or for treatment modalities such as focused ultrasound tissue ablation.
FIGs. 2A - 2D show the patient transporter 100 from FIG. 1 with patient table 180

replaced by a patient table 200 that is configured for prostate imaging and intervention. FIG. 2A
is a top view of the patient transporter 100 with the prostate table 200 in the home position. The

prostate table 200 is shown assembled from patient support module 182 and a specialized
anatomical patient support module 202 designed for prostate imaging and intervention.
Specialized anatomical patient support module 202 comprises a superior segment 204 and an
inferior segment 206 joined on a lateral edge by a bridge segment 208. The gap between the
superior segment 204 and the inferior segment 206 is preferably more than 12" and less than
30" in the superior-inferior direction to provide space for a physician to access a patient's

perineum and rectum. The inferior segment 206 comprises receptacles 210 for vertical stirrups
posts 212 (better shown in FIG. 2D). FIG. 2B is a top view showing stirrups 214 mounted on

the vertical stirrups posts 212.

FIG. 2C shows a patient positioned for prostate imaging and

intervention on the patient transporter system of FIG. 2A. The patient's buttocks are shown
positioned at the superior edge of the opening in the prostate table 200. The patient is shown
lying supine with knees raised to increase access to the rectal and perineal areas from below

the legs for performing interventional procedures such as prostate biopsy or brachytherapy for

example, or for performing a transrectal ultrasound exam using an endorectal probe.

An

exemplary use of the patient transporter 100 would be to constrain the patient to be in the same
positioning for a prostate MRI exam and a transrectal ultrasound-guided biopsy. The bridge
segment 208 may be positioned either on the left or right lateral edge of the prostate table 200
according to the preference of the physician.

The patient transporter 100 may preferably

include a mirror situated in or near the medial plane in a horizontal plane near (within 12" of) the
patient's prostate, allowing the physician to visualize the region of the rectum/perineum for the
purpose of patient positioning, device positioning and device delivery.

The prostate table 200

may additionally include shoulder braces (not shown) that may be adjusted to rest against the
patient's shoulders, preventing him from sliding towards the head end of the table by pushing
with his legs. FIG. 2D shows a side view of the patient transporter 100 and the prostate table
200 with a patient positioned for prostate imaging and intervention.

Stirrups 214 are shown

supported on vertical stirrups posts 212 that are held in the receptacles 210. The stirrups 214
may be supported on the vertical stirrups posts 212 in a fixed arrangement, or they may be
attached using lockable ball joints or other such arrangements to allow adjustment of the
stirrups 214 position for individual patients. While stirrups 214 that comprise leg support are
shown in FIG. 2 , it would be apparent to those skilled in the art that other means for supporting
a patient's feet and/or legs may be substituted for stirrups, including but not limited to: heel
pads, boots, or calf supports.

The common table segment 182 and the specialized table

segment 202 preferably comprise electrical connections for providing an RF connection
between an MRI scanner and RF coil elements that may be plugged into the specialized table
segment 202.

For example, it may be desirable to perform a prostate MRI exam using an

endorectal RF coil (not shown). The endorectal RF coil may preferably be plugged into the
specialized table segment 202 (instead of into the MRI scanner directly), thereby limiting the
length of external cabling required. This is desirable to reduce movement of the cabling (and
potentially, the RF coil) due to the patient's motions, and to reduce the possibility of looping of
the cabling.

Alternatively, the endorectal RF coil may be plugged directly into the patient

support module 182. Additional RF coil elements compatible with the endorectal RF coil, for
example an RF coil element array that is positioned on the patient's anterior lower torso, may
also be plugged into the specialized anatomical patient support module 202, thereby connecting
to the MRI scanner.

RF coil elements may be built into the specialized anatomical patient

support module 202 to provide additional posterior coverage of the pelvis for MRI scanning.
Specialized anatomical

patient support module 202 may additional comprise mounting

structures (not shown) for RF coil elements, patient immobilization or interventional instruments.

FIG. 3 shows an alternate embodiment for a patient table configuration for prostate

imaging and intervention. FIG. 3A shows a top view of a prostate table 300 assembled from the
patient support module 182 and a specialized prostate patient support module 302 designed for
prostate imaging and intervention.

The prostate specialized imaging module 302 extends

inferiorly only as far as is necessary to support the patient's buttocks. The specialized prostate
patient support module 302 comprises slots 310 positioned laterally for stirrups mounts 312.
FIG. 3B is a top view of the patient transporter 100 and prostate table 300 with a patient

positioned for prostate imaging and/or intervention. FIG. 3C shows a side view of the patient
transporter system of FIG. 3A with a patient positioned on prostate table 300. The patient is
shown with legs supported by stirrups 314. The stirrups 314 may be coupled to stirrups mounts
312 in a fixed arrangement, or the stirrups 314 may be attached to stirrups mounts 312 using
lockable ball joints or other such arrangements to allow adjustment of the stirrups position for
individual patients.

The stirrup mounts 312 may be attached to the specialized prostate

anatomical support module 302 by sliding into the slots 310 and locking. The embodiments
shown in FIG. 2 and FIG. 3 may alternatively be used for performing any other pelvic procedures
for either male or female patients, including for performing a biopsy of a solid mass in the pelvis,
or for performing minimally invasive therapies for cervical, ovarian or rectal cancers etc.
FIG. 4 shows a series of additional patient table configurations that may be used with

patient transporter 100 (shown in FIG. 1) in place of the flat imaging configuration that is shown
in FIG.1 or the prostate/pelvis patient tables shown in FIG. 2 and FIG. 3 .

FIG. 4A shows a

female patient positioned prone for a breast imaging exam and/or intervention.

A dedicated

breast imaging and intervention tabletop is shown assembled from the patient support module
182 and a specialized breast anatomical patient support module 410 designed for breast

imaging and intervention.

The specialized breast anatomical patient module 410 comprises

apertures through which the breasts hang pendant. Preferably, these apertures are more than
6" and less than 12" wide in the superior-inferior direction.

The specialized breast patient

support module 410 may also include receptacles for compression plates (not shown) that hold
the breast in a fixed position, grid plates or other guide devices for biopsy needles and other
interventional instruments (not shown), and/or receptacles for RF coils (not shown). Electrical
connections for RF coils (not shown) may be included in the common table segment 182 and in
the specialized breast patient support module 410. Although a specific breast patient support
module is described here, the specialized breast patient support module 410 can be
constructed to include any of the features described in U.S. Patent Application Serial Number
10/916,738 and U.S. Patent Application Serial Number 11/447,053, both of which are hereby

incorporated

by reference for their disclosure of breast imaging tabletops,

prostate imaging

tabletops, and tabletop constructions for imaging other specific anatomical areas.
FIG. 4 B shows a male patient positioned supine for lung imaging and/or intervention.

A

dedicated lung imaging and intervention tabletop is shown assembled from the patient support
module 182 and a specialized lung patient support module 420 configured for lung imaging and
intervention.

The specialized table segment 420 may be constructed from radiolucent material,

facilitating a CT examination of the lungs with the patient positioned on the patient table. The
specialized lung patient support module 420 may include an aperture under the lungs with a
removable

cover (not shown) that may be removed for intervention.

The specialized

lung

patient support module 420 may also include guidance devices for performing a lung biopsy, or
other interventional procedures.

The specialized lung patient support module 420 may include

mounting devices for coupling hyperpolarized gas equipment to the patient transporter.
shows a male patient positioned supine for liver imaging and/or intervention.

FIG. 4C

A dedicated liver

imaging and intervention tabletop is shown assembled from the patient support module 182 and
a specialized liver patient support module 430 designed with an aperture under the liver for liver
imaging and intervention.

A removable insert 432 may be used to cover the aperture during

imaging and removed from the bottom side of the specialized liver patient support module 430
for an interventional procedure without repositioning the patient. The removable insert 432 may
comprise RF coil elements for imaging the liver using MRI, or it may comprise an x-ray film
cartridge.

The specialized liver patient support module 430 may also include guidance devices

for performing a liver biopsy, cryotherapy, or other interventional procedures.

FIGs. 4 D through

4G illustrate a male patient positioned supine for head imaging and/or intervention.

A dedicated

head imaging and intervention tabletop is shown assembled from the patient support module
182 and a specialized head patient support module 440 designed with a back support portion
446 that ramps up to a head support portion 444. A n head RF coil 442 can be coupled to the
head support portion, substantially

surrounding the head of the patient.

A s shown here, the

head RF coil 442 includes internal flanges 448 and 450 that can be slid into corresponding
grooves

452 and 454 formed

in the sides of the head support

portion 444.

Electrical

connections for connecting the RF coil 442 to a MRI scanner are preferably included in the
patient support module 182 and specialized head patient support module 440. The patient table
is shown translated horizontally from the home position s ch that access to the patient's head

from 360 degrees in a vertical plane is provided for perfo. ming interventional

procedures.

For

all patient tables, apertures may be covered over during IVlRI or CT imaging or patient transport,
for example. In addition, the patient table may include interventional

or therapeutic

devices

integrated into the table design, for example, focused ultrasound ablation systems or
cryoablation systems may be integrated into the table or coupled to the table.
The patient table may be assembled from modules that are completely removable from
the patient transporter as shown in FIGS. 1-4. Alternatively, some components of the patient
table may be permanently attached to the patient transporter.

These permanently attached

components may comprise an electrical cabling system for connecting RF coil components to a
MRI scanner through the patient table.

Electrical connectors on the back end of the patient

table may be used to affect an RF connection to an MRI scanner, and there may be multiple
electrical connectors along the length of the patient table to allow connection to RF coil
elements that may be placed on or coupled to the patient table. The connection of the RF coils
to the MRI scanner through the patient table may be effected using direct electrical cabling, or

by using fibreoptic connections, wireless or optical connections. Specialized table modules may
be coupled to the permanently attached table segments to assemble a full patient bed with

dedicated structure and function for facilitating imaging and/or intervention in a particular
anatomy.
Although the patient support module is described above as connecting horizontally to
specialized anatomical patient support modules, the patient support module may also be
assembled common backbone structure that receives specialized patient support modules in
the top surface.

The common backbone structure may accept specialized patient support

modules designed specifically for supporting a particular anatomy of interest for MR, CT or PET
imaging, for example, a breast, a prostate or other target organ in the pelvis, a liver, a lung, a
knee, or a head. These specialized patient support modules are preferably constructed from

materials that interfere minimally with imaging techniques such as x-ray, CT, ultrasound, PET
and optical imaging.

FIG. 5 shows a backbone structure embodiment for a patient table

compatible with an MRI scanner comprising electrical cabling and electrical connectors for RF
connections.

FIG. 5A is a top view of a backbone structure 510, with a scanner connection

point 512 for providing an RF connection to an MRI scanner via electrical cabling 513 to the
scanner. Connection points for RF coils 514, 515 are located at the front end of the backbone
distal to the MRI scanner to allow for convenient attachment of the RF coils to the patient table
and obviating the need for having long cables positioned alongside the patient during scanning.

The connection points 514, 515 are connected by cabling 516, 517 in the backbone structure
510 to the scanner connection point 512. The backbone structure 510 comprises a bottom layer

for assembling a patient table and serves as a foundation for additional specialized structural
components.

FIG. 5B shows a simple imaging patient table component 520 coupled

mechanically to the top of the backbone structure 510 via mating mechanical connectors 514,

522, on the top of the backbone structure 510 and on the patient table 520. While FIG. 5A and

5B shows a single mechanical connection 514, 522, between the backbone structure 510 and

the patient table 520, multiple connections may alternatively be used. Alternatively, the patient
table 520 may couple mechanically and electrically to the backbone structure 510, and the
patient table 520 may additionally comprise connectors for RF coils and electrical connections
for providing RF connectivity to the MRI scanner.

FIG. 5C-5E show alternate backbone

structure embodiments with RF connectivity. The backbone structures shown in FIG. 5C and
5D have been designed to provide increased access to the patient from below the patient table,

while still providing RF connections for RF coil elements at the end of the patient table distal to
the MRI scanner.

FIG. 5C shows an l-shaped backbone structure 530, with RF connections

532 at the proximal and distal ends for connecting RF coil elements.

Cabling 534 inside the

backbone structure 530 allows for electrical connections between RF coil elements at the distal
end of the table to the MRI scanner through the l-shaped backbone structure 530.

FIG. 5D

shows a backbone structure 540 designed for improved prostate and other pelvic imaging and
intervention. RF connections 542 are located at the proximal and distal ends for connecting RF
coil elements. This backbone structure 540 provides space for a physician to better access a

prostate patient's perineum and/or rectum while performing interventional procedures.
The patient transporter may have a single vertical pedestal as shown in FIGs. 1A - F, or it
may have multiple pedestals supporting horizontal platforms.

Multiple combinations of

pedestals and arms providing cantilevered support to the patient table may be used.

The

pedestals may be completely separate (i.e., each supported separately on the shared base), or
they may be joined together with bridges or other connecting segments. The pedestals may be
constrained to move synchronistically to provide vertical adjustment for the patient table, or they
may be separately adjustable to provide support at multiple vertical locations for the patient
table segments. FIGs. 6A - K show a series of alternate exemplary embodiments for a patient
transporter in accordance with the invention. This series of embodiments is not intended to be
exhaustive or limiting. FIG. 6A and FIG. 6B show an exemplary patient transporter 600 with
three pedestals 602, 604, 606 supporting a patient table 608, with the patient table 608 in the
highest and lowest positions respectively. FIG. 6C shows an exemplary patient transporter 610
with two telescoping pedestals 612, 614 and a single arm 616 that supports a cantilevered
horizontal platform 617 at the front end of the patient transport. Telescoping pedestals 612 and
613 also support horizontal platforms 614 and 615 respectively. FIG. 6D shows an exemplary
patient transporter 620 with a single telescoping pedestal 622 located at one end of the patient
transporter 620 supporting an extended arm 624 that supports two cantilevered horizontal
platforms 626, 627.

FIG. 6E shows an exemplary patient transporter 630 with a central

telescoping pedestal 632. Two arms 634, 635 extend horizontally toward the back and front
ends of the patient transporter 630 from the central pedestal 632. The back arm 634 supports
one end of a long horizontal platform 636 that is also supported at the other end by the central
pedestal 632.

The front arm 635 supports a second horizontal platform 638.

The space

between the back horizontal platform 636 and the front horizontal platform 638 provides access
to the patient from below the patient bed for ancillary imaging and interventional procedures.
FIG. 6F shows an exemplary patient transporter 640 with a central telescoping pedestal 642.

Two arms 644, 645 extend horizontally toward the back and front ends of the patient transporter
640 from the central pedestal 642. The front arm 645 is removable from the central pedestal
642, and may be inserted and locked into place on the central pedestal 642 using a locking

means 643.

FIG. 6G shows the patient transporter 640 with the arm 645 removed.

In an

alternative embodiment (not shown) the arm 645 may be extendable from within the pedestal
642 by having a telescoping arm extension inside the pedestal 642, such that upon extension of

the arm 645, the cantilevered horizontal platform 648 translates horizontally away from a central
horizontal platform 649. By removing the arm 645 or retracting the arm 645 into the pedestal
642 when a patient is positioned on a patient table 641 , the underside of the patient table 641
may be exposed beneath the patient's head, providing complete access to the patient's head for
intervention through apertures in the patient table (not shown).

FIG. 6H and 6I show an

exemplary patient transporter embodiment 650 with two removable arms.

FIG. 6J shows an

exemplary transporter embodiment 660 with two pedestals, 662, 663, located one on each end
of a wheeled base 661 . The pedestals 662, 663 each support a horizontal platform 666, 667,
and also provide support to a horizontal arm 664 at each of its ends.

supports a central horizontal platform 665.

The horizontal arm

FIG. 6K shows an exemplary transporter

embodiment 670 that comprises a wide central pedestal 672 on a wheeled base 671. The
central pedestal 672 supports two horizontal platforms 676, 677 with a large space between
them for accessing the patient's torso for interventions.

Arms 673, 674 support additional

horizontal platforms 675, 678.
The patient transporter may include removable or adjustable structures that provide
additional support to the patient table during translation of the patient table into an MRI or CT
scanner, for example. These structures may be removed or adjusted to a position remote from
the anatomy of interest during an imaging or interventional procedure. For example, insertable
or adjustable surfaces may be positioned between the horizontal platforms to create a
continuous horizontal surface supporting the patient table during translation. Sliding, rotating,
adjustable, foldable, or repositionable surfaces or bridging components may be transposed or
repositioned to create a continuous horizontal surface for supporting the patient table.

FIGs. 7A - H show a series of exemplary embodiments including reinforcing support

structures for supporting the patient table during translation of the patient table. This series of
embodiments is not intended to be exhaustive or limiting. FIG. 7A and 7B show an exemplary
patient transporter 710 with a central telescoping pedestal 712 that supports a horizontal
platform 714. The horizontal platform 714 comprises two sliding support surfaces that may be
translated horizontally into the spaces between the horizontal platform 714 and the horizontal
platforms 717, 718 as shown in FIG. 7B. FIG. 7C and 7D show an exemplary patient
transporter 720 with a central telescoping pedestal 722 that supports a horizontal platform 724.
Support surfaces 725, 726 are coupled to the horizontal platform 724 by hinges or other
attachment means that allow pivoting from a vertical rest position (shown in FIG. 7C) to a
horizontal position (shown in FIG. 7D). Support surfaces 725, 726 are used to fill the spaces
between horizontal platform 724 and horizontal platforms 727, 728 to provide support for a
patient table during horizontal translation. FIG. 7E and 7F show an exemplary patient
transporter 730 with a central telescoping pedestal 732 that supports a horizontal platform 734.
Hinged bridge members 735, 736 are attached to the central telescoping pedestal 732 at the

front and back ends. These hinged bridge members 735, 736 pivot upward to close off the
spaces between central horizontal platform 734 and horizontal platforms 737, 738. FIG. 7G and
7H show an exemplary patient transporter 740 with a central telescoping pedestal 742 that

supports a horizontal platform 744. Horizontal arms 741 , 742, project horizontally from the
central pedestal 746 toward the back and front ends of the patient transporter 740 respectively.
Support blocks 745, 746 may be placed on the horizontal arms 741 , 742 to provide a
continuous horizontal top surface for supporting a patient table during translation. The support
blocks 745, 746 may have open mesh sides to allow insertion of devices through the sides.
Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific features or acts described above.
Rather, the specific features and acts described above are disclosed as example forms of
implementing the claims.

What is claimed is:

1.

An apparatus for medical imaging and image-guided intervention, the

apparatus comprising:
a modular patient table compatible with a medical imaging scanner, the
modular patient table comprising:
a patient supportjmodule; and
a specialized anatomical patient support module removably coupled to
the patient support module, the specialized anatomical patient
support module being configured to support the patient in a
position appropriate for imaging a selected anatomy of interest

while also providing an interventional gap under the specific
anatomy of interest sized to allow access from below the modular
tabletop to the selected anatomy of interest using medical
instruments; and
a transporter comprising:
a base;
a vertical pedestal supported on the base for supporting the modular
tabletop, wherein the cross-sectional area of the vertical pedestal is smaller
than a cross sectional area of the modular table wherein when the modular

table is positioned on the vertical pedestal, the vertical pedestal is offset from
the interventional gap to provide an open space adjacent the interventional
gap to allow access from below the modular tabletop to the selected anatomy
of interest using medical instruments.

2.

The apparatus of claim 1, further comprising a horizontal

platform supported by the vertical platform, wherein the horizontal platform is
configured to support the modular patient table such that the interventional
gap in the modular patient table is aligned above the open space adjacent to
the vertical pedestal and over the base.

3.

The apparatus of Claim 2 , wherein the horizontal platform comprises

engaging tracks configured for engaging the modular patient table and for preventing
tipping of the modular patient table during a horizontal translation of the modular
patient table relative to the transporter.

4.

The apparatus of Claim 1, wherein the vertical pedestal of the transporter is a

telescoping vertical pedestal.

5.

The apparatus of Claim 1, wherein the vertical pedestal is substantially

centered in the base and an arm projects from a side of the pedestal to a position
substantially parallel with the top of the vertical pedestal to provide a second support
for the modular patient table.

6.

The apparatus of Claim 5 , further comprising a second arm projecting from an

opposing side of the pedestal from the first arm and projects to a position
substantially parallel with the top of the vertical pedestal to provide a third support for
the modular patient table, and wherein each of the arm and the second arm angles
upward away from vertical pedestal.

7.

The apparatus of Claim 6 , further comprising a first and a second horizontal

platform coupled to the arm and the second arm, respectively, and a third horizontal
platform coupled to the vertical pedestal.

8.

The apparatus of Claim 7 , further comprising a wherein the first, second and

third horizontal platforms are height-adjustable.

9.

The apparatus of Claim 1, further comprising an upward-facing mirror coupled

to the base.

10.

The apparatus of Claim 1, further comprising a second and a third pedestal,

the pedestal, the second pedestal, and the third pedestal being positioned at a
center, a proximal end, and a distal end of the wheeled base to support the modular
patient table.

11.

The apparatus of Claim 1, comprising a second vertical pedestal and an arm

extending from one of the telescoping vertical platforms and angling upward, wherein
a top surface of the vertical pedestal, the second vertical pedestal, and the arm are
all substantially aligned horizontally.

12.

The apparatus of Claim 1, wherein the vertical pedestal is located adjacent

one end of the base and an arm is coupled to the vertical pedestal extending from a
side of the vertical platform, the arm angling upward at a first and a second position

to align with an upper surface of the vertical pedestal thereby providing three support

surfaces for supporting the modular patient table.

13.

The apparatus of Claim 1, wherein the vertical pedestal is substantially

centered in the base, and the patient transport further comprises an arm
extending from a side of the vertical platform and angling upward, wherein an
upper surface of the vertical pedestal is substantially aligned with an upper
surface of the arm, and further comprising a horizontal platform supported on the
upper surface of the vertical pedestal and the upper surface of the arm.

14.

The apparatus of Claim 1, wherein the patient support module comprises an

RF electrical connector and an MRI scanner electrical connector, and cables for

forming an electrical connection between a MRI scanner and a RF coil.

15.

The apparatus of Claim 1, wherein the specialized anatomical patient support

module is configured for prostate imaging and comprises:
a patient support portion configured to support a patient in a supine position,
the patient support portion sized to support the patient's body superiorly as far
inferior to and including the buttocks;
an adjustable strut coupled to a distal end of the patient support portion; and

a stirrup coupled to the adjustable strut, wherein the position of the stirrup is
adjustable relative to the patient support portion.

16.

The apparatus of Claim 1, wherein the specialized imaging module is a

prostate imaging and intervention table module comprising:
a superior section sized to support the patient's body superiorly as far inferior
to and including the buttocks;
an inferior section configured to support the patient's lower legs and feet and

offset a distance from the superior section to form an interventional gap
therebetween, the gap being inferior to the buttocks of a patient received on the
tabletop;
a bridging element coupling the inferior section to the superior section across
the interventional gap, the bridging element being narrower in width than the superior

section and the inferior section and extending between a first lateral edge of the
superior section and a corresponding lateral edge of the inferior section, wherein the
interventional gap is completely open at a second lateral edge of the tabletop
opposite to the bridging element.

17.

The apparatus of Claim 16, further comprising stirrups coupled to the inferior

section.

18.

The apparatus of Claim 1, wherein the specialized imaging module is a lung

imaging and intervention table module comprising:

a patient support portion configured to support a patient in a supine position;
an aperture located under the lungs when the patient is positioned supine on

the patient support portion; and
a cover for the aperture.

19.

The apparatus of Claim 20, further comprising a receptacle adjacent the

aperture for receiving an x-ray film cartridge.

20.

The apparatus of Claim 18, wherein the specialized lung imaging and

intervention table module is constructed from radiolucent materials.

2 1.

The apparatus of Claim 1, wherein the specialized anatomical patient support

module is a liver imaging and intervention table module comprising:
a patient support portion configured to support a patient in a supine position;
an aperture positioned to be beatable under the liver when the patient is

positioned supine on the patient support portion; and
a removable cover for the aperture.

22.

The apparatus of Claim 2 1 , wherein the specialized liver imaging and

intervention table module is constructed from MRI-compatible materials.

23.

The apparatus of Claim 22, further comprising an RF coil for imaging the liver

embedded in the specialized liver imaging and intervention table module.

24.

The apparatus of Claim 1, wherein the specialized table module is a breast

imaging and intervention table module comprising:

a patient support portion configured to support a patient in a prone position;
an aperture through which at least one breast may hang pendant.

25.

The apparatus of Claim 24, wherein the specialized breast imaging and

intervention table module is constructed from MRI-compatible materials.

26.

The apparatus of Claim 1, wherein the specialized anatomical patient support

module is a head imaging and intervention table module comprising:

a patient support portion configured to support a patient in a supine position;
a head support coupled to the patient support portion comprising apertures
for accessing the head for interventional procedures.

27.

The apparatus of Claim 26, further comprising RF coils for the head coupled

to the head support.

28.

The apparatus of Claim 1, wherein the patient transporter further comprises at

least one of a repositionable bridge, a removable structural support, a rotating

horizontal surface, and a foldable horizontal surface for providing increased support

of the modular patient table during translation of the modular patient table relative to
the transporter.

29.

A kit for medical imaging and image-guided intervention, the kit comprising:
a patient support module;
a plurality of specialized anatomical patient support modules that mate to the

patient support module, each configured to support the patient in a position
appropriate for imaging a selected anatomy of interest when removably coupled to
the patient support module to form a modular patient table compatible with an

imaging scanner and comprising an interventional gap positioned to be adjacent the

selected anatomy of interest, the interventional gap being sized and dimensioned to
provide access from below the modular patient table to the selected anatomy of

interest using medical instruments.

30.

The kit of Claim 29, wherein the patient support module comprises a

backbone structure and each of the plurality of specialized anatomical patient support
modules is configured to mate mechanically to the top surface of the common
backbone structure.

3 1.

The kit of Claim 30, wherein the backbone structure comprises an RF

electrical connector for connecting an RF coil and an MRI electrical connector for

connection to an MRI scanner, and cables for electrically connecting the RF electrical
connector to the MRI electrical connector..

32.

The kit of Claim 30, wherein the backbone structure is l-shaped.

33.

The kit of Claim 3 1 , wherein the backbone structure is substantially S-shaped.

34.

The kit of Claim 29, wherein the patient support module is permanently

attached to a MRI scanner in a translatable relationship.
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