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- SURGICAL SCANNING SYSTEM
AND PROCESS FOR USE THEREOF

Related Application

This application claims priority of United States Provisional Patent
5 Application 60/145,349 filed July 23, 1999 and is incorporated herein by
reference.

Field of the Invention

The present invention relates to a surgical scanning system and more
particularly to a scanning system selectively positionable about a surgical table.

10 Background of the Invention

Computerized tomography (CT) has developed as a powerful diagnostic
tool affording a surgeon detailed imagery as to the location of abnormal tissue
intended to be incised. CT scanning is typically performed as a diagnostic in
response to clinical manifestations of disease such as neurological disorders.

15 CT scanning is also used in the context of pre- and post-surgical evaluations to
assess the location and size of an abnormal tissue mass, and the success of the
abnormal tissue mass incision, respectively. When post-surgical CT scanning
is performed during surgical recovery, the discovery of a residual abnormal
tissue mass requires the scheduling of an additional surgical procedure. With

20 current conventional procedures and equipment, CT scanning performed while
a patient is still under surgical anesthesia requires the transport of the patient to
a CT scanning facility thereby compromising surgical field sterility and risking
injury to the anesthetized patient.

As CT scanning allows for earlier diagnosis and more complete

25 assessment as to an abnormal tissue mass, a physician is better able to assess a
favorable outcome for a surgical intervention as compared to radiation or
chemotherapeutic treatments. While irregularly shaped, deeply situated or
multiple abnormal tissue masses were previously likely to be deemed
inoperable, technological advances involving position sensing surgical aids

30 such as catheters and robotically controlled surgical instruments will
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increasingly allow for successful complex surgical interventions. The usage of
position sensing surgical instruments requires a reference frame within the
patient’s body relative to the fixed components of the surgical aid. Once a
frame of reference exists, a catheter or other position sensing surgical aid is
5 free to navigate a preselected pathway to a desired location within the body of
a patient, thereby allowing access to body tissues which would otherwise not
be accessible through line of sight manual surgical techniques.
Owing to the limitations in current applications of CT scanning, there
exists a need for CT scanning to be performed while an anesthetized surgical
10 patient lies on an operating table. Such a CT scanning system affords a
surgeon instant feedback as to the success of abnormal tissue excision and with
less likelihood of surgical field contamination. Further, such a system would
provide a standard frame of reference between a body tissue and position
sensing surgical aids.

15 Summary of the Invention

A surgical scanning system includes an operating room table having a
long axis, a scanner supported on a carrier and a guide adapted to engage the
carrier. The carrier being movable relative to the operating room table along
the guide. The long axis of the operating room table being collinear with the

20 guide.

An 1mmprovement to a wheeled medical scanner including a scanner
mounted on a wheeled platform adapted to encompass an operating room table
portion along a long axis of the operating room table is disclosed. The
improvement to the wheeled medical scanner includes a guide roller attached to

25 the wheeled platform of the scanner such that the guide roller is adapted to
engage a mechanical guide affixed to the operating room floor collinear with
the long axis of the operating room table.

With the ability to move a medical scanner relative to an operating
room table, a method becomes available for performing a medical scan during

30 a surgical procedure. The process including identifying a scan region proximal
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to a long axis of an operating room table. Thereafter, moving a scanner along a
linear guide collinear with the long axis of the operating table so as to
encompass the scan region. A scan of the scan region is then collected. The
scanner is then retracted along the guide to a location remote from the
5 operating room table, thereby allowing surgical personnel access to the
operating field.
Brief Description of the Drawings

Figure 1 is a side view of a surgical scanning system according to one
embodiment of the present invention.
10 Figure 2 is a partial cutaway side view of the embodiment shown in
Figure 1 with drapes in position.

Detailed Description of the Preferred Embodiments

“CT gantry” as used herein refers to those structures within a CT scan

ring capable of obtaining cross axial transmission information from any of
15 360° of the projection across the central bore of the CT scanner.

The present invention has utility in obtaining computerized tomography
(CT) images during the conduct of a surgical procedure on a patient. The
present invention directly addresses patient safety issues by minimizing the
chances of collision between a moving CT gantry, the patient and associated

20 surgical equipment.

CT movement is constrained herein along a predefined guide collinear
with the long axis of the CT compatible operating room (OR) table. When not
active, the CT gantry is moved in a precise manner along the axis of the patient
to the distance sufficient to allow conventional unimpeded access to the patient

25 by OR personnel.

The movement of the CT gantry is constrained by a mobile carrier
illustratively including a platform, pallet or doily. This mobile carrier moves
the CT gantry in a controlled fashion along a guideway. An OR table is

positioned collinear with the axis of movement of the CT gantry and carrier
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system. Movement of the carrier is guided by manual, mechanical, electronic,
or optical systems.
The “CT compatible OR table” of the present invention is characterized
as a patient support table which allows a patient to be safely positioned for a
5 surgical procedure and which has structural design characteristics which permit
CT images to be obtained during surgery. The table is optionally movable.
Prior to CT scanning, the table is positioned on the floor allowing safe
scanning of the patient.
Movement of a CT gantry of the present invention is constrained along
10 a predefined guide collinear with the long axis of a CT compatible OR table.
The CT gantry is mounted on a mobile pallet. This pallet moves the CT gantry
and carrier system 10 in a controlled fashion along a line dictated by a guide.
Preferably, the guide track is linear.
In another embodiment, a conventional wheeled pallet CT scanner
15 designed to encompass an OR table portion is adapted with retractable guide
rollers, the guide rollers adapted to engage a mechanical guide installed in the
OR collinear with the long axis of an OR table. It is appreciated that the
mechanical guide is installed in either a temporary or permanent basis.
In still another embodiment, a ceiling or wall mounted track and dolly
20 system allows a single CT scanner to be shared between a plurality of operating
rooms. The track and dolly system operating as described herein with regard to
a floor mounted guide system.
The CT compatible OR table allows a patient to be safely and properly
positioned for a cranial, spinal, or other surgical procedure. The table has
25 design characteristics which permit CT images to be obtained during surgery.
Specialized surgical drapes and patient protection systems are also
provided with the surgical scanning system of the present invention.
While the present invention is detailed herein with reference to a CT

scanner, it is appreciated that the present invention readily incorporates other
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instruments illustratively including x-ray, magnetic resonance imaging and
ultrasound.
In reference to Figure 1, a CT gantry and carrier system 10 is
selectively positioned along a temporary or permanent guideway 11 which is
5 installed in the OR. The guideway 11 is an alignment aid used to control the
movement of a CT carrier 12. The guide 11 provides positional information to
aid in the accurate positioning of a CT compatible OR table 14 and of a distant
alignment target device 16. If the guide is mounted on the floor, it optionally
also provides a surface to facilitate movement of the CT carrier 12 and of the
10 OR table 14. The guide 11 is preferably fabricated in sections to ease initial
on-site delivery and installation. The guide surface finish or a replaceable
cover thereof is compatible with standard OR requirements for cleaning
purposes.
A CT gantry 9 rests on the movable carrier 12, together making up
15 gantry and carrier system 10. The transport of the carrier 12 moves the CT
gantry 9 from its initial disengaged position, which allows normal unfettered
access to a patient on the OR table 14, to the scan position over a patient on the
OR table 14. The carrier 12 engages the guide 11 in a manner which assures
the axis of movement of the CT 10 is collinear with the axis of the guide 11
20 and, therefore, with the OR table 14. The carrier movement may be motorized
or non-motorized.
The OR table 14 has controls to allow the patient support surface to be
accurately leveled as well as positioned as needed for a surgical procedure. The
OR table 14 accepts ancillary tubing and monitoring lines 18. The OR table 14
25 optionally includes at least one articulation 20 to promote positional
adjustments. A patient is safely supported beyond the footprint of the table
base 22.
The CT compatible extension 24 supports a patient while allowing
radiolucent imaging in 360 degrees transverse to the long axis of the OR table

30 14. The table extension 24 is fabricated from carbon fiber/graphite composite



WO 01/08558 PCT/US00/20019

or other radiolucent materials. Optionally, embedded within the extension 24
or attached thereto are specialized markers of contrasting radiodensity which
allow accurate positional information to be encoded in CT images obtained
herein. The table extension 24 is optionally engineered to engage fittings on

5 specialized surgical drapes and rigid patient protection devices described
hereinbelow. Preferably, the table extension edges are engineered to engage
fittings.

A distant alignment target device 16 is used in conjunction with an
alignment device 26. The alignment device 26 is used in conjunction with a

10 laser mounted on the OR table 14 or table extension 24. The device 26 is
secured to the table either directly or indirectly through drapes as detailed
hereinbelow. Use of the target device 16 ensures that the axis of the OR table
14 and table extension 24 have been accurately aligned co-axially with the axis
of the CT guide 11. It is appreciated that the relative positions of target device

15 16 and alignment device 26 can be transposed. Thus positioned, collision
between the CT system 10 and the table extension 24 is prevented.

It is appreciated that alternate alignment configurations and methods are
operative within the present invention including photodetectors, acoustic
sensors and referencing fixtures secured within the OR at locations remote

20 from the OR table. Thus, the origin of frame of reference is arbitrary and
mathematically can be transferred anywhere within the OR.

An alignment device allows a physician to measure an angle subtended
between a medical instrument and a reference platform or an OR table. A
reference platform (not shown) is temporarily secured to a surgical patient.

25 The reference platform is constructed of an x-ray and/or magnetic resonance
compatible, temporary structural material illustratively including plastics such
as TEFLON and HDPE; low Z metals such as aluminum; and cartilaginous
materials. The platform straddles the surgical site and is secured to the patient
via small screws, posts, clamps or pads. The attachment points are optionally

30 permanently mounted on the reference platform or are selectively detachable.
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Optionally, irregularities are incorporated into the surfaces or edges of the

reference frame to form the basis of position and unique identification
information as is determined by medical imaging equipment.

A trajectory measurement device (not shown) is optionally secured to

5 the reference platform during surgery. The device geometry allows it to

securely engage the reference frame mounted to the patient. The trajectory

measuring device allows the physician to pass the medical instrument to the

entry point. As the physician holds the medical instrument at the entry point

and later as he advances the medical instrument past the entry point further into

10 the body, the trajectory measuring device measures two angles between the

axis of the medical instrument and the reference frame. These two angle

measurements can be passed to a display system via electronic, optical, or other

means. The display system presents the information to the physician in a

clinically meaningful fashion. The display system may use a computer to

15 present medical image information superimposed upon the trajectory

information. Optionally, the system is capable of calculating the depth of the

instrument.

One method that the trajectory measuring device is used to measure the

angle of the axis of the medical instrument would be as follows: a planar

20 imaging device is incorporated into each of two walls of the central clear

channel. Opposite each planar imaging device is fixed with a planar light

source. The light sources and 1maging devices may be fitted with polarizing

filters to improve signal to noise ratio. As the medical instrument is passed

through the central clear channel, each imaging device will detect one view of

25 the instrument by changes in the image. This information is passed to

information processing equipment by electric, optical, magnetic, or other

means. A second method of measuring the angles would be achieved by

substitution of the planar arrays with multiple linear arrays of detectors and

sources or by multiple pointlike detectors and sources. Other methods to

30 measure the angle of the medical instrument within the central clear channel
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would be based on magnetic, electromagnetic, acoustic or mechanical
principles.

The system is designed to allow the trajectory measuring device to be
placed successively on each of several reference frames which had already

5 been secured to the patient. This is of importance when the patient may require
use of the system to address clinical needs such as biopsy at each of several
locations. Optionally, the trajectory measuring device has embedded systems
which allow the device to sense which of the several reference frames to which
it is attached. In sensing these irregularities, the system can detect secure

10 seating of the trajectory measuring device on the reference frame. Optionally,
the trajectory sensing device can confirm secure seating on the reference
frames. This additional information can be passed from the reference frame,
via the properly seated trajectory device, to the information processing system.
This information may be used to simplify the overall use protocols of the
15 surgical scanning system of the present invention.

Optionally, additional patient safety is provided by a selectively
retractable and/or removable shield 28, which is secured to the table extension
24. The shield 28 serves to limit patient exposure to the CT gantry 9 in cases
in which patients have some residual or unintended movement. Provision is

20 made to ease the task of maintaining sterility during retraction and deployment
of the shields.

A shield of the present invention is formed as a rigid article designed to
protect surgical patient regions such as the head, neck, and other extremities
from physical contact with a CT gantry. Further, a shield also promotes

25 surgical field sterility when used adjacent thereto. A shield is formed to nearly
any shape provided the size and shape adequately cover a desired region of a
surgical patient. Illustrative shapes include a dome, bucket and cylinder.
Preferably, the shield is optically transparent, else one or more optically
transparent viewing windows are incorporated therein. More preferably, the

30 shield is also x-ray transparent. A shield according to the present invention is
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optionally secured to the operating room table. Securing means illustratively
include a bow, three point fixation, dovetail clamp, interlocking grooves and
the like.

A shield is used to check whether a bundled surgical patient will fit

5 within the bore of a CT gantry. Optionally, the shield is segmented such that
portions thereof are removable.

To promote aseptic conditions in the operating field, specialized
surgical drapes are optionally provided which serve to maintain sterility of the
surgical field as the CT gantry 9 moves over a patient as shown in Figure 2.

10 Drapes 30 and 32 are preferably placed on both the OR table patient volume
and over CT system, respectively. Adhesive or mechanical fixturing means are
integrated into the drape material to secure the drapes 30 to the underlying OR
table 14 and CT system 10. Additionally, at least one fixturing fitting is
optionally integrated into the drapes 30 to secure external medical equipment

15 (not shown) to the drape 30 or, indirectly, to the OR table 14 or CT gantry 10.

The surgical drape 30 is provided herein to maintain an aseptic surgical
field both above and below a patient supported upon a surgical table. While it
is appreciated that numerous configurations of drapes can be created to
surround a patient above and below a supporting table, preferably a tube-type

20 drape encompasses a patient supported on a table. Employing similar surgical
drapes about medical equipment, such equipment is safely and repeatedly
placed around the surgical field without contaminating the surgical field or the
medical equipment. Both open and closed tube drapes are operative herein.

According to one method of the present invention, a drape is collapsed

25 along its long axis which preferably has a fold facilitating regular and compact
disengagement, such fold illustratively including an accordion fold. Rigid or
semi-rigid structures incorporated with a drape operate as hand holds such that
sterile gowned personnel selectively expand and collapse the drape along the

length of the patient. Preferably, the mechanical structures are formed as ring
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handles. Ring handles optionally engage fixtures on the operating room table
or are selectively removable.
An alternative method of utilizing a drape according to the present
invention entails collapsing a drape to the edge of a surgical table. A
5 drawstring or other means is optionally incorporated into the drape to gather
the drape together to more closely conform to surgical table and patient
contours.
A fixture is optionally bonded to the exterior surface of a drape. A
fixture is optionally included to engage complementary fixtures on the
10 operating room table. A similar fixture on the internal surface of the drape
permits complementary fixtures to be secured thereto. Thus, sterile equipment
is securely fastened to the operating room table through the drape without
destroying the sterile integrity of the mechanical drape barrier. Other types of
ncorporated fixtures facilitate placement and attachment of medical
15 equipment, tubing, wires and the like. A drape according to the present
invention is optionally provided with a preformed opening in the drape. The
drape opening is positioned in the vicinity of the surgical incision upon
extension of the drape over a patient supported on an operating room table.
The specialized drape 32 is provided herein to allow a CT scan device
20 to be used during a sterile procedure. The drape 32 permits the CT scanner to
encompass a patient without violating the sterile field. The CT drape 32
optionally incorporates several fixtures bonded to the drape. Fixtures on the
non-sterile side of the drape engage complementary fixtures on the CT scanner,
whereas fixtures on the sterile side of the drape permit complementary fixtures
25 to be secured to the drape and by way of the incorporated drape fixture to the
CT scanner. Thus, sterile equipment is attached to the CT through the drape
without destroying the integrity of the sterile mechanical barrier. It is
appreciated that other types of fixtures are incorporated to one side of the drape

in order to place and secure medical equipment, tubing, wires and the like.
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A similar specialized drape is adapted for imaging devices such as a C-
arm.

A subset of the control and display functions, generally shown at 34,
are positioned at any location within the sterile field for surgical access.

5 To aid in calibration of the present invention, a phantom (not shown) is
provided to verify performance. The phantom contains elements which
represent Hounsfield densities typical of the central nervous system (CNS) and
surrounding structures.  Spatial, density and contrast resolution is then
calibrated with the phantom positioned where the patient torso would rest by

10 moving the CT system 10 in a scan position over the OR table extension 24.
Prior to each clinical case, a protocol is preferably followed, and an
initialization protocol with setup and calibration phases should be followed.
This protocol confirms that the CT system 10 and patient safety systems are
functioning properly.
15 An exemplary protocol according to the present invention includes: Ifa
CT guide is of the temporary configuration, it is secured at this time.
Thereafter, a CT compatible extension is secured to the end of the OR
table. Proper placement is required in order to assure safe load bearing of a
patient’s weight. Moreover, the axis of a CT compatible table extension is
20 essentially collinear with the axis of the remainder of the OR table in order to
avoid potential collision between system components.
The CT compatible table extension includes an embedded or attached
x-ray contrasting radiodensity shape to locate a scan image relative to a
reference point. The opaque shape is constructed from a variety of
25 conventional radio-opaque materials. The shape is alternatively a complex
structure which allows identification based on the complexity of the shape or is
well defined to allow calculation of a scan slice based on mathematical
calculation.
Laser alignment devices are then secured to the radiolucent extension.

30 The devices project illuminated alignment cues onto a target. The target or
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preferably a plurality of targets located at preselected intervals are positioned
so as to assure a safe location of a patient with respect to a CT gantry.

A CT calibration phantom is then placed on the OR table in a position
corresponding to the head and spine of the patient and a rigid patient protection

5 shield is positioned thereover.

CT scans of the phantom are then collected. Phantom scans verify: the
movement control system; the CT scan mechanism; and the CT spatial and
density resolution.

Thereafter, the CT gantry is returned to the disengaged position, leaving

10 the OR table freely and widely accessible for full clinical use.

Following a calibration procedure, a patient is positioned on the OR
table. Routine clinical precautions for placement and padding are followed.
Care is taken to position the anatomic region of CT interest within the
allowable scanning locations of the radiolucent table extension.

15 Typically, physiologic monitoring lines and anesthetic airway
management equipment are installed. All lines and tubing are then placed
within the guideways of the radiolucent table extension and/or the table.

The laser alignment devices are then secured to the radiolucent table
extension.

20 Reconfirmation of the proper alignment of the radiolucent extension
allows for correction of any misalignment associated with the patient=s weight
or from the preceding positioning steps. Thereafter, no movement of the OR
table volume encompassing the patient is performed.

The rigid patient protection shields are then secured to the OR table.

25 Such shields can be repositioned both before and after sterile draping.
Preferably, such shields are in position prior to moving the CT gantry.

Optionally, an initial scan is obtained prior to draping. This scan is

useful, for example, in refining the planned surgical incision site.
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The patient is then draped, and the shields are placed in the retracted
position to allow the routine aspects of the clinical procedure to proceed in
conventional fashion.

The CT gantry is then draped. Typically, standard perioperative

5 precautions are followed with regards to respecting the sterility of the draped
equipment. Draping of the CT is optionally postponed until the physician has
decided that intra-operative scanning will be performed. Thereby saving the
cost of the CT drape if scanning is not going to occur during a surgical
procedure.

10 At the election of the operating physician, scans are performed during
the surgical procedure. Prior to each of these intra-operative scans, the rigid
protection shields are repositioned in the SCAN position and the laser
alignment aids are used to reconfirm alignment of the radiolucent table
extension. The CT gantry is optionally repositioned in a disengaged position

15 while not in use to facilitate access to the patient.

Lastly, at the election of the operating physician, a final scan is
performed at the conclusion of the surgical procedure. Clinical indications for
so doing illustratively include documentation of the final anatomic result of the
procedure. Prior to such a scan, the rigid protection shields are repositioned in

20 the SCAN position and the laser alignment device is used to reconfirm current
alignment of the radiolucent table extension. The CT system is optionally
repositioned to the DISENGAGE position while not in use to facilitate access
to the patient.

Various modifications of the instant invention in addition to those

25 shown and described herein will be apparent to those skilled in the art from the
above description. Such modifications are also intended to fall within the

scope of the appended claims.
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Claims
1 1. A surgical scanning system comprising:
2 an operating room table having a long axis;
3 a scanner supported on a carrier, said carrier movable relative to said
4 operating room table;
5 a guide adapted to engage said carrier, wherein said guide is collinear
6 with the long axis of said operating room table.
1 2. The system of claim 1 wherein said scanner is a computerized
2 tomography scanner.
1 3. The system of claim 1 wherein said operating room table has an
2 immovable table base.
1 4, The system of claim 1 wherein said carrier is selected from the

2 group consisting of a pallet, platform and dolly.

1 5. The system of claim 1 wherein said operating room table
2 engages said guide, said operating room table movable relative to said carrier.
1 6. The system of claim 1 wherein said operating room table is
2 articulated.

1 7. The system of claim 1 wherein said operating table further
2 comprises a radiolucent extension.

1 8. The system of claim 7 wherein the radiolucent extension

2 comprises at least one marker of a contrasting radiodensity.
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1 9. The system of claim 1 further comprising an alignment device
2 affixed to said operating room table.
1 10.  The system of claim 9 wherein said alignment device is affixed
2 to the radiolucent extension.
1 11.  The system of claim 9 further comprising a stationary alignment
2 target a measurable distance remote from said alignment device.
1 12.  The system of claim 1 further comprising a surgical drape
2 adapted to engage said surgical table and a human body portion encompassing
3 volume above said table.
1 13.  The system of claim 1 further comprising a scanner drape
2 affixed over said scanner.
1 14.  The system of claim 12 wherein said surgical drape further
2 comprises at least one fixturing fitting.
1 15,  An improved wheeled medical scanner including a scanner
2 mounted on a wheeled platform, said scanner adapted to encompass an
3 operating room table portion along a long axis, wherein the improvement lies
4 in: a guide roller attached to said wheeled platform for said scanner, said guide
5 roller adapted to engage a mechanical guide affixed to an operating room floor
6 collinear with the long axis of said operating room table.

1 16.  The improved scanner of claim 15 wherein said guide roller is

2 retractable.
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1 17.  The improved scanner of claim 15 wherein said scanner has a
2 covering drape.
1 18. A process of performing a medical scan during a surgical
2 procedure comprising the steps of:
3 identifying a scan region proximal to a long axis of an operating room
4 table having a table surface;
5 moving a scanner along a guide collinear with the long axis of said
6 operating room table so as to encompass the scan region independent of
7 movement of the table surface along the long axis;
8 collecting a scan of the scan region; and
9 retracting said scanner along said guide to a location remote from said

10 operating room table.
1 19.  The process of claim 18 further comprising the step of aligning
2 said operating room table and said scanner prior to moving said scanner.
1 20.  The process of claim 19 wherein alignment involves extending a
2 laser beam from said operating table to a stationary alignment target.
1 21.  The process of claim 18 further comprising the step of attaching
2 a radiolucent extension to the long axis of said operating room table prior to
3 collecting a scan.
1 22.  The process of claim 18 further comprising the step of draping
2 said operating room table and a human body portion encompassing volume.
1 23.  The process of claim 18 further comprising the step of draping

2 said scanner.
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1 24.  The process of claim 18 further comprising the step of scanning
2 a calibrative phantom, said phantom positioned on said operating room table in
3 the scan region.
1 25.  The process of claim 22 further comprising the step of
2 positioning a protective shield adjoining the scan region and surrounding the

3 human body portion encompassing volume.
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